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ABSTRACT 

Accompanying an international decline in achievement standards within secondary 

science education is the negative impact of social disadvantage in senior science 

participation and achievement. This trend is particularly evident within public 

schooling in developed countries and results in a lack of expertise for science 

employment and broader economic concerns. Exacerbating this sector specific 

‘socioeconomic achievement gap’ is an outdated model of cognition which affects 

science text design. This model is computationalist, as it adheres to cognitivist 

principles which identify specific neural architectural features and constraints in 

stimuli processing. By contrast, this doctoral thesis presents findings on the utility of 

‘socially congruent’ text design as a design variable hitherto absent in multimedia 

learning and details an alternative model of the cognitive architecture. This conceptual 

model emphasises an embodied mind-body dualism and the developmental role of 

socioeconomic status as a modulator of neuroendocrine activity in cognitive processes.   

This study involved a quantitative approach and a quasi-experimental research design 

which was considered expedient given the desire to leave students in classroom 

groupings. Despite lacking individual randomization, the use of a cluster randomised 

trial acted as a safeguard against threats to internal validity while retaining an external 

validity that was considered realistic and robust in the interpretation of findings. The 

study setting was an international primary to year twelve school located in Sharjah, 

United Arab Emirates (UAE); 214 of the school’s grade 7, 8, and 9 middle school 

students and five middle school teachers consented and participated in this multimedia 

learning research study. Theoretical and methodological inconsistencies in multimedia 

learning theory, as well as personal experience in teaching across a range of 

socioeconomic settings, helped inform the study objectives. These objectives included: 

(a) an examination of how textual visual-verbal modality affects retention of content 

in learners differentiated by social standing; (b) the parsing of socioeconomic status 

into objective and subjective measures as covariates in learning; (c) analysis of 

student-held attitudes towards science (as a learning area) and science learning texts 

that differ in degree of textual visual-verbal modality and (d) the development of a 

model of cognitive architecture consistent with the study results and existing 

neurological literature.      
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In analysis of the interaction of science learning, social standing, and textual visual-

verbal modality, several research instruments were adapted or designed during the 

study. To assess science learning, a novel instrument, the Middle School Science 

Achievement Test (MSSAT) was developed and validated by the researcher. This 

instrument, including pre- and post-test measures, was designed in accordance with 

school assessment at the research site in containing subsections conforming to science 

understanding, application of science content and analysis / evaluation questions and 

was presented in three grade-level variants for participating students. Social standing, 

meanwhile, was measured in objective and subjective forms and included modification 

of an existing instrument. Modified for measurement of objective SES, the instrument 

used in the study presented families with a range of socioeconomic indices including 

income, employment and educational achievement data; the subjective SES version of 

the instrument, meanwhile, contained two self-anchoring ladders in which each 

participating student ranked him / herself according to perceived position in (a) society 

and (b) the school. Lastly, textual visual-verbal modality was operationalised via the 

researcher’s design of a series of graphic novel worksheets (three worksheets per grade 

level) with each worksheet presented as either Multimodal Social (MS) text with 

graphics and corresponding speech bubbles or Bimodal Social (BS) text with the same 

graphics as the MS worksheets though with columnar text replacing speech bubbles. 

The control text was the corresponding section of the textbook used at the site.  

In summation of science cognitive outcomes, socialised multimedia text enhanced 

both recall and transfer learning for participating middle school students. Additional 

findings revealed that auditory mode distinctions (i.e. speech bubbles vs columnar 

text) between the Multimodal Social and Bimodal Social texts were less important than 

social congruence per se and that subjective SES, but not objective SES, covaried with 

student learning. Of the former SES measure, modelling subjective SES as a 

multivariate analysis of covariance covariate strengthened the associations between 

dependent variables and each of the cognitive domains and reduced extraneous 

variance in the model; objective SES, meanwhile, failed to satisfy pre-test checks for 

variance and covariance homogeneity and was removed as a study covariate.  

Additional to cognitive outcomes as a measure of science learning with socialised 

multimodal text was the gathering and analysis of student attitudinal data. As 
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mentioned above, this study objective included attitudinal data pertaining to (i) science 

as a learning area and (ii) socialised text. Correspondingly, an existing instrument was 

modified and administered before and after the interventions to assess subject-area 

attitudes, while a researcher-developed instrument, was used to gather affective 

responses towards the textual variants used in the study (i.e. Multimodal Social, 

Bimodal Social or control text). Analysis of questionnaire data revealed specific 

trends: (i) multimodal text was perceived as more engaging than control text; (ii) 

multimodal text was associated with cognitive gains though did not facilitate greater 

student interest in the subject area, and (iii) multimodal text did not disproportionately 

benefit low SES learners. These results are indicative of a learning effect whereby 

positive feelings towards the learning material correspond to cognitive gains via 

enhanced affective involvement. Nonetheless, unlike the previously described 

cognitive benefits for low SES learners, multimodal text – presented in a graphic novel 

format – appears to appeal to a wide grouping of middle school students.   

The final research objective, a conceptual model of the cognitive architecture, was 

formulated in accordance with the cognitive and affective findings from the study. This 

model, informed also by recent findings in developmental and cognitive neuroscience, 

provides an account of normal and abnormal processes in stimuli processing and 

presents an alternative picture of cognition to that forwarded by theorists in multimedia 

learning.  

The study contributes to the emerging multimedia learning theory literature. The 

primary contribution of the study is the development of a cognitive architecture 

inclusive of perceptual, cognitive and affective components that helps ground 

cognitive processes to developmental SES differences including the role of learner 

affect. Secondary contributions of the study pertain to pedagogy, material design, 

student administration and suggestions for further research. Key theoretical 

implications of the research suggest a reconsideration of neural modularity as a basis 

of the cognitive architecture, a revision of basic multimedia learning principles to 

emphasise socially congruent audiovisual elements of text and the primacy of SES as 

a developmental factor for learners.  
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Chapter 1  

INTRODUCTION 

1.1 Introduction  

The study reported in this thesis was motivated by an understanding of learning styles 

and learning effects accompanying gradients of socioeconomic status. Social standing 

is a universal moderator of neural structure and function, and the neurological 

literature offers causal relationships in accounting for this aspect of individual 

development and specific biobehavioural correlates (Gianaros et al., 2007; Miller, 

Chen & Cole, 2009; Nobles, Weintraub, & Adler, 2013). Accounts of social 

stratification and learning inequities also feature in educational research and draw from 

the social sciences as well as behavioural and cognitive psychology (see for example, 

Gee & Ford, 2011; Shavit, Arum, & Gamoran, 2007). This is ascertained by the rich 

variety of approaches and methods, as well as theoretical frameworks, in the research 

corpus. In enquiring about the relevance of social standing with respect to education, 

this research project poses questions of instructional methods and principles predictive 

of learning outcomes across the socioeconomic gradient. A particularly active area of 

educational research, in this regard, is that of textual learning which is influenced by 

the findings and principles, as well as applications, of the cognitive theory of 

multimedia learning (Mayer, 2005a) and cognitive load theory (Chandler & Sweller, 

1991; Sweller, 1999).  

The educational theories drawn on for the study reported in this thesis derive from 

parent disciplines of psychology and present various architectures of mind and 

behaviour. In turn, prominent learning theories assert methodological frameworks and 

assumptions in applied research. This thesis explores the cognitive architectures of 

cognitive theory of multimedia learning (CTML) and cognitive load theory (CLT), and 

their research traditions in the development of a suitable heuristic for text design within 

the discipline of secondary school science. Specific deficits within the dominant model 

are outlined, as well as methodological shortcomings within applied multimedia 

learning research.  
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This chapter presents an introduction to the thesis. To this effect, it provides a 

conceptual framework of the study (Section 1.2) which includes current views on the 

relationship between socioeconomic status and science outcomes in secondary 

education. Furthermore, a summary of theoretical and practical developments within 

the field of textual discourse comprehension is included to ground the study within the 

broader discipline of multimedia learning. Section 1.3 builds on these preliminary 

details with a discussion of current understandings in multimedia learning, before 

detailing the rationale for the current study (Section 1.4) and providing an overview of 

the current research (Section 1.5). Finally, Section 1.6 provides an overview of the 

theoretical and methodological significance of the current study and Section 1.7 

summarises the organisation of the thesis.  

1.2 Conceptual framework of the study 

The study advances theory in a bipartite manner, drawing from developmental 

neuroscience and multimedia learning as framing influences. Of the former discipline, 

socioeconomic status is considered to act in a central role in learning given its 

association with the developing brain; specifically, this involves hypothalamic–

pituitary–adrenal (HPA) axis pathophysiology and related learning dysfunction. In 

preliminary discussion, Section 1.2.1 describes the association between 

socioeconomic status (SES) and the so-called ‘socioeconomic achievement gap’ 

(Chmielewski, 2019; Huang & Sebastian, 2015) facing students in secondary science. 

As SES functions as an experimental variable in the study, Section 1.2.1 helps to define 

and operationalise social status as a study variable (described more fully in Sections 

4.5.1.1 and 4.5.1.2). Following this, the psycholinguistic basis of multimedia learning 

is addressed to explore cognitive modularity and computationalism within the field 

and their theoretical and pragmatic influences on learning text design. 

1.2.1 Socioeconomic status and science outcomes 

Identification of socio-economic disadvantage features as a worldwide funding and 

reporting protocol in education systems (Agasisti et al., 2021). The tacit 

acknowledgement of educational attainment corresponding to social background 

reflects the large achievement gaps observed between high and low socioeconomic 
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status (SES) groups in technical subjects (Goodrum & Rennie, 2007), including 

science. Education lobby group Save Our Schools, for example, presents data on the 

41% of students from low SES families failing to complete Year 12 compared to 22% 

of students from high SES families (SOS, 2008). Moreover, 22 to 23% of students 

from low SES families do not achieve expected international proficiency standards in 

middle-years science, and this is further reflected in the poor uptake into senior 

technical subjects (Kennedy et al., 2014). This latter point becomes even more 

concerning when considering the concentration of low SES students. Within Australia, 

for example, the Nous Group’s (2011) ‘Gonski Report’ aligns targeted funding with 

SES and reports that a third of all schools serve a student body with a below-national 

average socioeconomic standing. These discrepancies have influenced educational 

reforms within Australian education, including funding and assessment protocols. 

With relevance to this thesis, such reforms influence international schools following 

the Australian curriculum, including the school site used in this study (see Sections 

4.4.1 and 4.4.2 for details of the site and student body comprising the sample). 

While socioeconomic inequities in educational outcomes are well reported, 

disagreement exists in the measurement of social standing as well as elucidation of 

specific mechanisms of impairment accompanying social disadvantage. Illustrative of 

the former point, the Australian Council for Educational Research (ACER, 2000) 

identify inconsistencies between area-based measures and individual/familial accounts 

of social standing in accounting for learning outcomes. A multitude of area and 

familial data sources encompassing survey data, national census data, school records, 

and enrolment data exist within government and independent school systems in 

Australia. Nonetheless, aggregate area-based measures most commonly inform school 

practice and include the Australian Bureau of Statistics (ABS) subgroup of 

Socioeconomic Indices for Areas (SEIFA) and derived measures such as the Index of 

Relative Socio-economic Disadvantage (IRSD) and Index of Community Socio-

Educational Advantage (ICSEA). However, considerable variation exists between 

individual and aggregate area measures, with individual student outcomes more 

accurately described via individual measures (ABS, 2018). Area-based statistical 

issues involve misclassification errors such as assumed population homogeneity and 

can also include poor interrelationship between categorical indicators of social 

standing (e.g. occupational prestige scales) and socioeconomic indices using 
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continuous measures (e.g. level of education; earnings) (Lim & Gemici, 2011). Despite 

the high correlation between each aggregate measure and the social gradient, greater 

predictive and explanatory power is afforded with individual-level measures (ACER, 

2000). Notwithstanding its statistical utility, individual measurement of disadvantage 

has not yet extended beyond normative objective measures, and when used, simply 

reflects a narrowing of area statistics to the familial level. 

Measurement of socioeconomic status, as seen, involves potential misclassification 

and operationalisation in research. Moreover, the tension between aggregated and 

individual SES measures extends beyond the definition and analysis of indicators of 

social standing in that such measures are not standardized to any particular set of 

circumstances. By contrast, Nobles and colleagues (2013) report that self-anchored 

accounts of social standing, relative to the subject’s community, or schoolyard, yield 

greater explanatory power in health outcomes than traditional SES measures, either 

aggregated or individual. With the important caveat that research involving subjective 

SES measures typically involves health (see for example, Nobles et al., 2013) and not 

educational outcomes, the use of self-anchoring subjective SES measurement likely 

represents a more precise measure of social position than objective measurement given 

the monotonic relationship between health and the social and economic resources 

relative to all levels of society. In short, operationalizing SES in a subjective form 

offers a statistical averaging across all possible measures of social standing, and as 

such, offers predictive utility in its aggregation of relative social ranking as well as 

objective resources. 

Alongside disagreement in measurement of SES in education, a neurologically 

informed model of cognitive impairment for socioeconomically deprived individuals 

does not feature in Australian educational legislature or within its key informing 

documents. This is notable given the development of the Socio-Economic Indexes for 

Areas (SEIFA) measure which, as mentioned above, contains separate indices widely 

used in educational research and assessment reporting. These measures are descriptive 

and lack acknowledgement of any specific mechanisms of impairment. Compounding 

this is a lack of granularity and consistency in identifying a neurology of deprivation 

within educational psychology, including multimedia learning (Paas & Sweller, 2014). 

This is a significant omission given the expansive literature on socioeconomic 
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educational disparities (Chmielewski, 2019) including the association of low social 

standing with cognitive dysfunction (Farah, 2017; Foulkes & Blakemore, 2018).  

Understandably, disagreement in measurement of socioeconomic status, coupled with 

a limited understanding of stress-system dysfunction (Chrousos, 2009), has led to 

theoretical and methodological shortcomings. This is apparent in the aggregation of 

unrelated social determinants of learning in multimedia research, such as grouping 

immigrant status or English as second language (ESL) learners alongside social 

disadvantage (Neuman et al., 2011). As discussed in Section 3.8, this translates to a 

resistance in operationalisation of SES as an individual learning effect as well as 

preferential treatment of established multimedia effects in applied research. 

Compounding these effects is an outdated computationalist model of information 

processing. As described in Sections 2.4.1 and 2.4.2 the cognitive architectures of CLT 

and CTML are critiqued with respect to their alignment of perceptual and other 

cognitive processes with socioemotional processing and for their conception of 

memory processing.  

Having identified the importance of SES in education and establishing a basic 

distinction between objective and subjective social standing, the following section 

examines the origins of psycholinguistic models of textual discourse comprehension. 

This is of relevance to the thesis as it helps to contextualise contemporary 

understandings in multimedia learning research.  

1.2.2  Textual discourse comprehension 

Textual learning is an enduring classroom practice. Of importance to the conceptual 

framework under discussion is how current multimedia research approaches have 

drawn from established research traditions in textual discourse comprehension. An 

early distinction in text comprehension research saw the shift from a purely audio-

linguistic reinforcement of grammar and vocabulary, to psycholinguistic models of 

reading comprehension (Pearson & Cervetti, 2015). This movement mirrored the 

historic behaviourist-cognitive paradigm divergence in psychology, in which learning 

theories increasingly sought cognitive explanations for learning processes. Learner 

attributes in the newly diversified approaches corresponded to ‘reading components’ 
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and so-called ‘metaphoric’ approaches (Chun & Plass, 2005, pp. 105-107) and both 

reflected stage-based Piagetian development in the emphasis on learner experience and 

competence in textual comprehension (Chun & Plass, 1997). Stages of comprehension 

within these approaches were considered analogous to Piagetian cognitive 

development in progression between automatic recognition skills, formal discourse 

structure knowledge, content/world background knowledge and metacognitive 

knowledge and skills monitoring (Grabe, 1991).  

Modularised memory and perceptual systems also came to represent key learner 

attributes in psycholinguistic models of reading comprehension. Modularity reflected 

Fodor’s (1983) definition of a mental module, in which some, or all, of the following 

apply to a given cognitive structure: domain specificity; mandatory operation; limited 

central accessibility; fast processing; informational encapsulation; ‘shallow’ outputs; 

fixed neural architecture; characteristic and specific breakdown patterns, and 

characteristic ontogenetic pace and sequencing. 

Of these, limited central accessibility and information encapsulation are synonymous 

with the ‘cognitive impenetrability’ (Pylyshyn, 1984, p.30) of ‘sensory’ input and 

‘perceptual’ output in computer systems. Borrowing from computer science, Fodor 

(1983, p. 85) saw information encapsulation as a prerequisite for modularity, including 

that of perception in its auditory and visual modes. Analogous to computer systems, 

also, is the necessity of specialised (mode dependent) central and working memory 

systems. Fodor’s (1983) functionalism is apparent in subsequent computationalist 

accounts of memory processes, despite Fodor’s own rejection of the computationalist 

model in this context (Fodor, 2000, p. 105; Fodor & Pylyshyn, 1988). Accounting for 

the influence of linguistic input and prior knowledge in moment-by-moment 

processing, divergent views of working memory have influenced accounts of 

representational activation, comprehension and recall (see for example, Cowan, 1988, 

1999; D’Esposito & Postle, 2015). Within the field of textual discourse 

comprehension, the memory-based or resonance view suggests an automatic semantic 

or phonological activation of related concepts held in memory, either in serial or 

simultaneous schematic networking. Conversely, the constructivist view of working 

memory suggests a meaningful generation of inferences upon an effortful strategic 

‘search after meaning’ (Graesser et al., 1994). Despite the apparent inapplicability of 
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the former approach to biological systems, subsequent views of memory have 

absorbed Fodor’s conception of modularity and have morphed into current 

computational models including Resonance (Myers & O’Brien, 1998), Landscape (van 

den Broek et al., 1999, p. 71) and Construction-Integration (Kintsch, 1998) models of 

discourse comprehension. Common to these models is propositional networking, with 

localist or distributed nodes encoding discourse properties, memory trace or world 

knowledge. Such nodes have variously been theorised as activating either one-to-one 

mapping between represented object and processing network (Bower & Morrow, 

1990; Kintsch, 1998; Zwaan et al., 1998) or adopting a non-symbolic 

representativeness, relatively unconstrained by novelty (Simen, 2011). Either way, 

such approaches are reliant on stored rules and mental modules specific to the input of 

sensory features.  

In reference to Mayer’s (1984) description of aids in textual comprehension, including 

information selection and construction of internal and external connections, strategies 

have been nominated for the optimisation of propositional representation of textual 

information. Such strategies have formed templates for multimedia research in their 

prioritization of specific design and learner variates. Within Plaas and Chun’s (1997) 

model of cognitive architecture, for example, invested mental effort and perceived 

self-efficacy in ideation modulate the efficiency of cognitive processes, aspects of 

learning which, in line with Fodor’s (1983) modal-dependent processing, necessitate 

the differentiation of textual components into verbal and non-verbal components. 

Specifically, Plaas and Chun’s (1997) multiple-components model (see Figure 1.1) 

highlights the joint effects of cognitive constraints and learner attributes on the 

comprehension of verbal and non-verbal information. Mechanistically, the additive 

effect of split visual-verbal presentation on recall is an extension of dual-coding theory 

(DCT; Paivio, 1986), itself an extension of Fodorian modularity, and while the model 

represents a departure from prior accounts of discourse comprehension, it is consistent 

with contemporary understanding in multimedia learning. For example, learner 

attributes here are typical to the field of textual discourse comprehension in the 

modelling of prior knowledge (Kendeo & van den Broek, 2007) amongst other broad 

contextual variates. 
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Figure 1.1  Multiple components model of text comprehension with multimedia aids 

(Plaas & Chun, 1997) 

The multiple-components model of Plaas and Chun (1997) modularises short and long-

term memory, responsive to dedicated audio-visual sensory systems. Code-additive 

effects upon contiguous presentation of visual and verbal information are hypothesised 

and explained in this context as enhanced referential connections between audio / 

visual representations in separate channels at the micro (input) level. It is noted that 

Plaas and Chun (1997) did not actually present graphics alongside text for learners, 

only proposing that comprehension or design strategies be employed to represent 
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visual or verbal textual components. This modularised approach visualises discrete 

audio-visual subsystems, which as mentioned, is a cognitive feature that remains 

unchanged in current multimedia research. 

As seen in this brief overview, historical developments in textual comprehension 

reflect developments in cognitive psychology. Chief amongst these is the metaphor of 

cognition as computational, an associated emphasis on cognitive modularity 

influencing text design, and prior knowledge and aptitude as key learner attributes. 

Notably absent from any existing discussion of textual comprehension is the role of 

individual brain development and / or the primary influence of social standing. This 

study addresses these gaps by advancing the idea of cognition as a dynamic interplay 

between environments and immersed bodies. As discussed in Section 1.4 and again in 

Chapter 2 (Sections 2.7 and 2.8), the theory of embodied cognition advances a more 

direct interface between cognitive processes and sensorimotor processing, replacing 

the abstractness of computationalism and its rigid age-stage model of development 

with an individualized account of the learner. 

1.2.3 Textual learning: Theory to praxis  

Attempts have been made to relate science outcomes in education to textual 

comprehension. Best and colleagues (2005), for example, describe learner difficulties 

in understanding science learning texts due to the typical ‘low cohesiveness’ of science 

exposition. Students are described as often lacking word-level cohesion let alone 

sentence or paragraph-level comprehension due to poor understanding of terminology. 

This forces the generation of inferences, on the part of the learner, in filling conceptual 

gaps spanning sentences and paragraphs, and involves logic, syntactic knowledge, 

semantic memory recall as well as efficient recall of previously described material. 

Extending beyond a purely text-level comprehension, learners may require prior 

domain knowledge, alongside efficient recall of previously stated facts which may 

have initially been poorly understood (Ibid.). Accordingly, construction of a deep 

global understanding of a text involves competence beyond the lexicogrammar level 

(i.e. morphology, syntax, semantics) and involves representations beyond the words 

explicitly stated in the text.  
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Research traditions within textual discourse comprehension have thus focused on 

bridging gaps in understanding and span three main areas: reader ability including 

prior knowledge; development of reading strategies; and text design (Gruber & 

Redeker, 2014). As an example, the Construction-Integration model promoted the use 

of local and global cohesion features in reducing the need for reader inferencing which 

may have involved science misconceptions (Désiron et al., 2020). Knowledge deficits 

have also been addressed by researchers, with the acknowledgement that low prior 

knowledge may pose the greatest challenge to understanding (see for example, 

Lundeberg, 1987; Means & Voss, 1985). This is unfortunate given that science texts 

are intended to impart new knowledge to students. Additionally, reading strategies 

have bridged the ‘reading components’ and ‘metaphoric’ approaches mentioned 

previously (Section 1.1.2). Within metaphoric ‘feedforward’ and ‘feedback’ levels of 

comprehension, a disconnect may exist between decoding skills and higher-level 

comprehension processes such as meta-comprehension and backward causal 

inferencing. This interacts with the ‘reading approaches’ compartmentalisation of 

skills and domain areas, in that subject areas such as science may not involve the 

intensive comprehension skill development as mandated within other discipline areas. 

Text design, meanwhile, has been influenced by considerations of textual 

‘concreteness,’ author voice, and integrated visual-verbal information (McTigue & 

Slough, 2010). Unlike multimedia learning, however, multimodal integration in the 

field of textual discourse comprehension has mainly considered the quantity and 

quality of visual elements and the enhancement of textual readability and accessibility. 

Mirroring the rise of computing in education and computational approaches in 

psychology, multimedia learning has largely superseded the field of textual discourse 

comprehension (Niegemann & Heidig, 2012). Correspondingly, technological 

developments since the 1980s have theoretically and methodologically influenced 

textual learning research (Ozcinar, 2009; Samaras et al., 2006). Influences of dual-

coding theory and other developments in educational psychology have coincided with 

the proliferation of learning technologies and approaches such as computer-based 

training (Bedwell & Salas, 2010), computer-assisted learning (CAL; Mayer, 2017), 

and educational information and communications technology (ICT; McDougall & 

Jones, 2007). Moreover, such technological innovations have emerged as dominant 

features in educational research, including textual discourse comprehension (Clark & 
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Mayer, 2011). Consequently, since the mid-1990s educational multimedia has become 

virtually synonymous with multimedia learning in the presentation of five basic media 

formats: text; video; sound; graphics; and animation.  

1.3 Current understandings in multimedia learning 

This section builds on Section 1.2 in outlining current understandings in multimedia 

learning theory and practice. As seen in Section 1.2, multimedia learning has largely 

subsumed the field of textual discourse comprehension though maintains a basic 

theoretical and methodological continuity from its predecessor. This amalgamation 

has been influenced by various audio-visual and computer technologies, as well as 

eye-tracking research highlighting fixation patterns influenced by textual modality 

(see Alemdag & Cagiltay, 2018, for a systematic review). Reflecting the influence of 

dual coding theory (Paivio, 1986) and cognitive modularity (Fodor, 1983), two lines 

of research surviving the transition are a focus on learner ability and text design. 

Reflecting the role of the individual learner, multimedia research has examined 

individual-level variables in textual comprehension, including novice-expertise 

effects, and offers support for enhanced retrieval structures and task-relevance 

allocation of attentional resources (e.g. Gegenfurtner et al., 2011). Meanwhile, the 

importance of text design is seen in the high proportion of design features as variates 

of primary influence in published multimedia research (see Section 3.2.2.4). As a 

virtually ubiquitous research framework for these matters is found in cognitive theory 

of multimedia learning (CTML, Mayer, 2005b) and cognitive load theory (CLT, 

Chandler & Sweller, 1991; Sweller, 1999), an understanding of learning effects 

inherent to these paradigms is a necessary basis in defining and delimiting the purpose, 

methodology and significance of the current research project. As such, this section 

explores these dominant frameworks by presenting a theoretical (Section 1.3.1) and 

methodological (Section 1.3.2) overview of CTML and CLT. Section 1.3.3 then 

examines derived learning effects in the field of multimedia learning and suggests that 

such effects align well with existing theory though neglect individual differences in 

the prioritisation of CTML and CLT design features. 
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1.3.1 Theoretical overview 

Learning outcomes within multimedia learning research are often interpreted from an 

understanding of the cognitive architectures of CTML and CLT and are assessed in 

applied research via derived design and contextual variates (see Section 2.4 for more 

information). Multimedia learning research, correspondingly, is widely animated by 

the desire to test specific learning effects such as the multimedia (Mayer, 2001) or 

spatial and temporal contiguity principles (Clark & Mayer, 2011) as these effects are 

considered to mirror and facilitate normal perceptual and memory processes. 

Nonetheless, the influence of socioeconomic status has not influenced multimedia 

theory as a source of individual development (see Section 3.8.1.2) despite its wide 

acceptance as a moderator of learning outcomes in multimedia learning research (see 

for example, Dickerson & Kubasco, 2007; Neuman et al., 2011). A theoretical 

overview of CLT and CTML is important, therefore, in exploring architectural features 

that offer to explain developmental differences contributing to the socioeconomic 

learning divide evident within schooling systems. 

CTML and CLT are premised on assumptions within cognitive psychology supportive 

of a modularised view of human cognition (Li et al., 2019; Sweller et al., 2019). 

Domain-general processors include long and short-term memory, interfacing with 

autonomous sensory faculties in the serial processing of encapsulated, modality-

defined information. Rapid, mandatory processing of sensory data occurs within 

dedicated neural sites with verbal and non-verbal stimuli processed either as modelled 

analogues or one-to-one neural representatives within a rule-bound neural syntax. 

Derived instructional design principles draw from the foundational disciplines of 

Fodorian modularity, dual-coding theory (DCT, Paivio, 1986) and Baddeley’s (1992, 

1998a) model of working memory. Three assumptions permeate the literature on 

multimedia learning: the dual channel assumption; the limited capacity assumption; 

and the active processing assumption. Figure 1.2 presents a visual overview of 

processing stages within CTML. This model is compared with Figure 1.1 regarding 

the influence of distinct auditory / visual channels and purported learner attributes. 
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Figure 1.2  Visual representation of the Cognitive Theory of Multimedia Learning 

(adapted from Mayer, 2001) 

The efficacy of learning materials, in this system, is determined by content, delivery 

and contextual characteristics. Dominant design recommendations within the field are 

topologised in CTML’s basic principles (Sorden, 2005). These principles conform to 

content, delivery, and the learning context and aim to reduce cognitive load associated 

with to-be-learnt material, germane loading inherent to the learning process, and the 

learning process itself. The eponymous multimedia principle states that people learn 

better from graphics and narration than from words alone, though this has been 

amended by numerous other basic and ‘advanced’ principles following experimental 

ambiguity in the testing of design and context characteristics. Twenty-one basic and 

advanced principles are now found in CTML (detailed, respectively, in Tables 2.1 and 

3.2); the abundance of learning effects is critiqued in the current work as a conceptual 

and definitional consequence of the multimedia principle as currently understood. 

1.3.2 Methodological overview 

The multimedia learning research tradition features a methodology influenced by the 

theoretical framework of dual coding theory (DCT), CTML and CLT. Reviewing the 

literature reveals a recurrent conceptualisation of separate streams of information, 

modality-specific and limited capacity working memory subsystems, and active 

sensory processing (see Sections 2.3.1 & 2.3.2). Learner attributes, such as age, 

aptitude / prior knowledge, and race / social background, are often acknowledged 

though treated as boundary conditions, and rarely feature as primary learning effects 
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(Section 3.8.1.1). Moreover, variates of disadvantage typically represent loose 

groupings of contextual factors including normative individual or aggregated accounts 

of socioeconomic status. Focus on established multimedia learning principles and 

outcome variables take precedence over learner and contextual factors within 

published research, including that of systematic and meta-reviews (see Section 3.5 for 

more details).  

Multimedia research can be summarised, methodologically, as fulfilling three 

purposes: (a) examination of established multimedia effects; (b) assessment of 

multimedia resources; and (c) reading enhancement. Research aims in multimedia 

research are thus consistent with the aims of textual discourse comprehension, though 

are inclusive of differing multimedia formats. Experimental variates relate to CTML 

basic principles, and cover aspects of design and outcome and programmatic variates 

alongside the previously described influence variables of context. A notable absence 

amongst outcome variates is that of subject- or domain-specific attitudinal outcomes. 

Where qualitative and subjective self-accounts feature in multimedia research, they 

often occur as rating-scaled accounts of interest, effectiveness, or mental effort and 

pertain to CTML influenced design features. A broad summary of psychometric 

measures, provided in Section 3.8.2.2, incidentally, highlights the perception of 

multimedia in applied research as beneficial for learning though not interesting. Scales 

of perceptual measurement map to learning efficacy / interest from CTML basic 

principles and do not attempt to measure equivalent dimensions of the subject-area 

itself. Outcome variates in multimedia research are common to educational 

psychology and include transfer, recall, and comprehension type measures as well as 

subjective mental loadings. Consistent with above, mental loading is attributable to 

textual design and not considered in relation to the subject area.  

1.3.3 Multimedia learning effects 

Multiple learning effects within Multimedia Research are reported in the multimedia 

literature and conform with CTML basic principles (Sorden, 2012). These effects have 

important methodological implications as multimedia research often treats such 

principles as assumptions inherent to learning and textual design. Multimedia, 

modality and spatial / temporal contiguity principles are regularly presented as primary 
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learning effects and have generated longstanding research efforts in isolating 

moderating factors (see for example, Mayer, 2001, p. 63; Mayer & Moreno, 1998; Yue 

et al., 2013). Experimental inconsistencies, though, have prompted the development 

of ‘advanced’ boundary conditions augmenting basic principles and have been 

defended as an evolution of the principles into a more realistic framework (Mayer, 

2010). Boundary conditions relate to design or task characteristics with similar 

constraints theorised at the design-organisational or cognitive architectural levels as 

that of basic principles. The prior knowledge principle, meanwhile, is the sole effect 

relatable to the individual learner and is generally operationalised as low / medium / 

high. This partitioning of domain knowledge, along with aptitudinal measures, reflects 

the Piagetian influence within CLT and CTML theory, described in Section 1.1.2, 

which anchors learning efficacy to schema formation and automation. Individual 

learning effects within this system are treated as discrete developmental stages 

consistent with the computational architecture of multimedia learning theory. 

Experimental inconsistencies in CTML learning effects are reflected in primary 

analysis heterogeneity and effect size variation in follow-up study. As summarised in 

Section 3.5, most reviewed multimedia learning studies are premised on CTML 

principles and thus seek tautological confirmation of their efficacy. Accordingly, 

apparent contradiction exists in the development of seemingly discordant boundary 

conditions for learning. Examples of this are seen within the collaboration, guided-

discovery and self-explanation principles which purportedly demonstrate the 

beneficial effects of peer or expert assistance alongside benefits of individual learning. 

Also, within multimedia research, learning with multimedia has often been 

demonstrated as less effective with information presented at system pace, with rich 

texts, or with redundant auditory features (Ainsworth, 1999; Mayer et al., 2001; 

Mayer, 2008). These conditions have been explored as modality principle confounds 

although may more parsimoniously reflect a lack of appropriate textual 

contextualisation (see Section 2.3 for full details of the Modality principle as a 

recommendation for multimodal text design). By way of example, an alternate 

approach to the modality principle was raised by Schueler et al. (2008) who dispute 

the enhancement of cognitive resources governed by dual-coding, instead claiming 

that a more parsimonious explanation lies in the splitting of attention that can occur in 

non-successive presentations. 
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Methodological issues in multimedia learning follow the focus on CTML design 

principles as primary research variates. These design features are often arbitrary and 

lack meaningful social contextualisation in their presentation. Considering the 

structural constraints of the cognitive architecture inherited from cognitive 

psychology, though, this situation can be interpreted as a prioritisation of management 

of cognitive load attributable to external and internal conditions of learning. 

Nonetheless, contextualisation, as a feature of text design is developed via the CTML 

personalisation principle (Clark & Mayer, 2011) - perhaps in recognition of the 

potential fallibility of a fixed neural architecture and development amongst learners. 

To this end, Mayer (2005a, p. 32) emphasises instructional design involving a 

multimedia message as ‘a presentation consisting of words and pictures designed to 

foster meaningful learning.’ Additive to this premise is the personalisation of learning 

text in establishing a communicative connection between teacher and learner (Mayer, 

2005b) and is achievable with the presentation of textual features in a socially 

congruent manner. Notwithstanding these design ideals, multimedia research 

principles and learning effects can be critiqued for emphasising design features to the 

exclusion of individual developmental effects including the need for social 

contextualisation. In iteration of the computational cognitive architecture of CTML 

and CLT, current instructional design principles prioritise the enhancement of 

cognitive resources, while lacking a corresponding focus on individual development.  

1.4 Rationale for the current study 

This study sought to address proposed theoretical and methodological shortcomings 

within multimedia research. These pertain to current understandings of the cognitive 

architecture within cognitive and educational psychology and the methodological 

implications that they carry. As seen from existing research, the field of multimedia 

learning seeks cognitive explanations for learning text design though discounts the 

influence of personal development. By contrast, a dynamic view of developmental 

plasticity, amendable by environmental deprivation / enrichment may offer greater 

descriptive and explanatory power in learning styles and educational outcomes. A 

fundamental moderator of cognitive style is hypothesised in this study as 

socioeconomic status and is parsed into objective and subjective measures. This is 

intended to provide a richer measure of development than that currently used, and 
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socioeconomic status is presented as a primary learning effect. In methodological 

enactment of this learner variate, relevant neurological literature is unpacked and 

applied to multimodal textual learning. Furthermore, specific textual design 

characteristics are unveiled and applied to science learning amid the metamorphosis 

of adolescence and its social reorientations. To this end, the influences of embodied 

cognition are interpreted and applied to perceptual and attentional processes within 

memory, with hypothesised accounts of normal and aberrant abstractive ability 

amongst socioeconomically defined learners informing a revised cognitive 

architecture (Section 5.4).  

The following section examines attempts to address the current theoretical and 

methodological impasse facing multimedia research. Current theoretical and 

methodological inconsistencies are discussed, and novel learning effects are addressed 

and related to a redefined modality effect in multimedia learning. This is intended to 

act as a precursor to further discussion of the current research in addressing research 

gaps existing within this important field. As such, Section 1.4.1 addresses proposed 

theoretical inconsistencies in the field, including computationalism and cognitive 

modularity as components of the cognitive architecture. Section 1.4.2, then discusses 

methodological issues emanating from the current view of brain structure and function.  

1.4.1 Theoretical inconsistencies 

Approaches in cognitive psychology emerged alongside the rise of computers which, 

as a field, offered a terminology and metaphor in understanding human cognition. 

Information processing is central to the discipline and is typically nomothetic in its 

appraisal of general coding processes and the nature of stimuli input and behavioural 

output. Educational psychology has co-opted this approach and McLeod (2015) 

includes in its assumptions the following:  

1. Environmental information is processed by a series of processing systems 

(e.g. attention, perception, short-term memory); 

2. These processing systems systematically transform the information; 

3. The aim of research is to specify the processes and structures that underlie 

cognitive performance; 
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4. Information processing in humans is analogous to computer processing. 

Processing deficits, described in Section 1.2, are typically related in the field of 

multimedia learning to design and cognitive features. A fundamental assumption is 

that learning efficacy is amendable by manipulating inherent or extraneous loads 

associated with respective educational materials and learning processes. However, 

successful learning within this approach may reflect inadvertent learning upon 

congruent alignment of stimuli features within the presentation of learning material. 

An example of this is in modality effect research where learning gains cease upon 

student control of the learning pace (Tabbers, 2002). Coupled with the established 

superiority of presentation of graphics alongside text in learning, and the observation 

of learning difficulties with incongruent presentations, a simple amendment may be 

added to established principles – that of appropriate contextualisation. Multimedia 

research typically presents educationally relevant material, though devoid of social 

context including normal cues of social discourse. While images appear to provide 

deeper referential connections than text alone, audio-visual integrated text may 

represent an artifactual influence of social contextualisation, unintentionally 

reminiscent of Mayer’s (2005c) communicative connection (Section 1.3.3). Central to 

the theoretical framework of the study reported in this thesis is the assertion that 

understanding the basis of appropriate contextualisation requires examination of 

embodied memory systems; such a view emphasises modal simulation of experience 

without invoking discrete verbal and visual memory constituents. 

Embodied cognition is a system of semantic representativeness, in which perceptual 

and memory processes act in concert with embedded simulations and contrasted with 

the demands of current attentional foci (Koziol et al., 2012). Goal-directed processes 

activate representational and discriminative processing between corticolimbic bodies 

with automatisation of sensory and motor features a consequence of cerebro-cerebellar 

interactivity in initial learning stages (Koziol & Lutz, 2013). Relevant biological or 

mechanical stimuli attract preferential attention and prime the amygdala in episodic 

encoding – with privileged access and consolidation of socioemotional stimuli. 

Efficient recall is thus a collaboration between congruent stimuli features, including 

procedural motor analogues, within memory centres regulated by socioemotional 

salience in encoding ecologically relevant information. In short, learning within this 
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model is modulated by information processing in specific modalities that are also 

involved in later recall and recognition. Contrary to the dominant dual-channel model 

with separate audio-visual semantic processing, the embodied cognition model treats 

stimuli properties holistically and is inclusive of all modality codes. The inability to 

recode olfactory or haptic representations into visuospatial or verbal codes, for 

example, is a critique levelled at CTML in this regard.   

Theoretical inconsistencies within multimedia learning extend beyond static 

mechanistic shortcomings in the absence of individual models of development. As 

discussed, socioeconomic status and other contextual variables motivate multimedia 

research yet specific mechanisms of impairment have resisted elucidation. 

Nonetheless, plasticity attributable to developmental stress-dysfunction is 

mechanistically and evolutionarily consistent with an embodied model of cognition. 

The neurological literature provides wide coverage of the processes underpinning 

hypothalamic-pituitary-adrenal (HPA) glucocorticoid dysfunction in chronic 

(developmental) stress and a comprehensive literature review is provided in Chapter 

2. For present purposes, material and social deprivation is linked with stress 

dysfunction and consequent hippocampal and prefrontal pathophysiology. Inhibitory 

hippocampal / prefrontal dysfunction is contrasted with amygdala dendritic growth 

under chronic stress and is relatable to the amygdala’s role in regulating emotion. 

These emotional-cognitive pathways underpin observed cognitive trajectories shaped 

by development and highlight broad divergence between cognitive-regulatory and 

affective-reactive modes of cognition. This is addressed in neurological literature as a 

consequence of the stress susceptibility of prolonged prefrontal / language system 

development (see for example, Hackman & Farah, 2010; Urscahce & Noble, 2015). 

Abstractive ability was viewed in the study reported in this thesis as an extension of 

basic executive function within an embodied cognitive model. This view is consistent, 

for example, with hippocampal-prefrontal contextual modulation of memory, 

downstream and dependent on amygdala integrity. In this framework, it is 

hypothesised that abstractive ability will be modified in stress-impaired regulatory 

networks due to inhibitory amygdala activation. Abstractive ability, in this regard, may 

be considered plastic in response to stress with impaired amygdala functionality 

pivotal in disengaging attention from salient emotional qualities. Accounts of 
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abstractive function and prefrontal-cerebellar and parietal-cerebellar cortical 

dysconnectivity as targets of stress insult are further explored within the literature 

review (Section 2.3.4) and help inform a revised cognitive architecture (Section 5.4).  

Returning to the computational metaphor of multimedia research, we can see that the 

proposed deficits force a rethinking of the computer analogy. Ideally, the brain is 

viewed not as serial or modular but as a massively parallel machine. This view 

precludes discrete stimuli properties and relegates Baddeley’s (1996) central executive 

homunculus to a localised goal-directed bias system. Thus, sensorimotor anticipation 

is antecedent to goal-directedness with procedural knowledge forms foundational to 

declarative memory and higher-order cognition (Pezzulo, 2011). By contrast, implicit 

and explicit memory ontologies in serial computer systems resist automation 

(Barsalou, 2008). Within the field of artificial intelligence this is highlighted via the 

‘common sense’ semantic knowledge problem which highlights the processing 

discordance between propositional declarative and procedural knowledge forms 

(Levesque, 2017). Specifically, AI systems have generated deep domain knowledge 

which can mimic human expertise, but all attempts to translate implicit (subconscious) 

procedural representations to declarative ‘consciousness’ within serial networks have 

failed. With reference to the current study, this suggests that refinements to the 

cognitive architecture of CTML are needed due to its inadequacy in generating 

semantic meaning beyond a baseline syntax in symbol manipulation.      

Important for a holistic view of memory, sensorimotor processes are forms of 

procedural knowledge with supra-additive properties. Normal memory processes rely 

on integration of stimuli properties in congruent presentation within heteromodal 

cortex – with task-relevance modulating hippocampal and amygdala connectivity with 

the PFC (Von Kriegstein & Girraud, 2006). In turn, multimodality is a reliable 

ecological feature and imaging research has shown the heteromodality of 

phonological, lexical, and semantic aspects of language processing (see for example, 

Fiebach et al., 2006). Meanwhile, brain imaging research, premised on natural receipt 

of sensory information, highlights normal cross-modal and cross-temporal stimuli 

associations (Ghazanfar et al., 2005; Pekkola et al., 2005). Such associations occur 

across multiple stimuli such as face-voice and tone-colour pairings, highlighting: (a) 

prefrontal cortex as integrated networker of behaviourally meaningful cross-modal AV 
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associations; and (b) that reactivation is linked to the (original) simulation of 

perception and involves cortical activity as occurring during initial encoding. It is 

possible, therefore, that the serial processing of CTML theory is inadequate in 

representing multimodal stimuli in contextual isolation. Embodied cognition, 

meanwhile, could present a viable alternative to our considerations of the cognitive 

architecture in its assumptions of situatedness and perceptual, affective and cognitive 

decentralization. As seen, it is also appropriate in the context of individual 

socioemotional brain development.  

1.4.2 Methodological issues  

Methodological issues permeate the multimedia learning literature. This critique is 

premised on the experimental variability of CTML learning effects and the presumed 

modulatory influence of age or level of prior knowledge. As previously stated, these 

points are not intended to detract from general findings in multimedia learning 

research, as the superiority of integrated texts is not disputed. Accordingly, CTML 

design features often present moderate to high published effect size, although 

outcomes are inconsistent with the inclusion of contextual moderators in comparative 

analysis (see for example, Ginns, 2005; Reinwein, 2012). Two commonly reported 

contextual factors used to modulate learning outcomes are that of age and measures of 

aptitude, including prior knowledge and self-efficacy (Gegenfurtner et al., 2014; 

Mayer, 2002). However, no consistent patterns emerge from related multimedia 

findings. For example, while a low level of prior domain knowledge has been 

associated with better transfer test outcomes in simultaneous versus successive 

animation presentation (Reinwein, 2012; Tricot & Sweller, 2014), degree of self-

efficacy has emerged independent of multimedia characteristics in positive learning 

transfer (Gegenfurtner et al., 2014). Also, as discerned in the literature, effects of 

spatial contiguity appear contingent to age and high prior knowledge and this has 

necessitated the so-called expertise reversal effect and the generation of numerous 

boundary condition appends (see Section 2.4.2). By contrast, the stability of spatial 

contiguity disappears when temporal contiguity is controlled, such as in learner-paced 

(versus system-paced) learning (e.g. Gyselinck et al., 2008; Rummer et al., 2010). 

Learning gains are seemingly independent of prior knowledge or age in such 
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conditions, a situation that has attracted criticism of multimedia theory such as that 

mentioned above in Section 1.3.3. 

Nonetheless, aptitudinal measures typically help to remove experimental variability 

and are instructive in understanding the breaking down of established CTML 

principles. To overcome inconsistencies such as those noted above in the formulation 

of a more nuanced measure of the individual learner, the current study attempted to 

conflate learner aptitude with abstractive ability (as defined in Section 1.4.1 and 

elaborated on in Sections 2.7 and 2.7.2) with the use of individual social standing as a 

primary study variable. Aptitudinal measures can thus be equated with individual 

development in determination of meaningful variables of context. Numerous 

biobehavioural determinants of learning are associated with socioeconomic status and 

help flesh out a more meaningful aptitude-treatment interaction framework than that 

currently influencing multimedia research (Astleitner & Wiesner, 2004; Roberts et al., 

2007). For example, socioeconomic status has been associated with learning style 

(Lupien et al., 2001) including the field dependence / independence psychometric 

(Alevriadou et al., 2004; Garner & Cole, 1986). Regardless of construct definition, 

SES presents a well-established causal influence in cognition and should ideally 

supplant existing aptitudinal measures in multimedia research. Two arguments support 

this view: firstly, SES is predictive of cognitive development including abstractive 

ability and offers a transparent mechanistic and developmental etiology; secondly, 

SES features as a proximate, though often unacknowledged, aptitudinal measure in 

existing research. This latter point bestrides the current arrangement of accepting, 

though not modelling, SES as a learning determinant. 

Attitudinal measures, additionally, are potentially misapplied to the field of 

multimedia learning. This is discerned from the tendency in published research to align 

affective orientations with established CTML principles and / or the learning process 

itself. In most studies reviewed, learner perception is mapped to CTML basic 

principles with modality, coherence, signalling, redundancy, and contiguity principles 

predominating (Chapter 3 presents a systematic review of multimedia research 

literature). Subjective mental effort is often used as an auxiliary measure of ease of 

learning from material – and usually presented as a continuum of compliance to the 

tested principle or effect. In multimedia research, additionally, no located studies 
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feature perceptual measurement of the domain / content material being presented 

which represents a deficit in that attitudinal measures ideally relate to instructional 

content (see Section 3.8.2.1). Domain-specific attitudinal data also offers a measure of 

classroom climate which may be modelled alongside socioeconomic status as a finer 

measure of interest and effectiveness of modality-defined science texts.  

Individual learning effects attributable to social standing thus offer specific 

methodological features not demonstrated in multimedia learning research. This was 

relayed to me personally in communication with John Sweller, founder of cognitive 

load theory and Emeritus Professor within the school of education, UNSW. The 

following section outlines how the present study attempts to fill the gaps identified 

within existing multimedia research which according to Sweller is a ‘field wide open’ 

when applying effects of development to textual learning. 

1.5 Present research 

This thesis describes a research program carried out at an Australian international high 

school within the United Arab Emirates (UAE) to discern the utility of social standing 

as a variate in science text design and its export to the field of multimedia learning 

more broadly. A brief overview of research objectives (Section 1.5.1), research 

paradigm and methodology used in the study (Section 1.5.2), and significance of the 

research (Section 1.5.3) are outlined in the following pages.  

1.5.1 Research objectives 

To address the identified deficits and inconsistencies within existing multimedia 

research, the study posed specific research objectives. As seen in Section 1.4.1, 

memory is hypothetically enhanced upon receipt of congruent stimuli although subject 

to individual attentional and processing differences including abstractive ability. This 

differs from CTML in its assumed domain specificity and fixed developmental 

(ontogenetic) pace and sequencing (see Section 1.2.2). In the decentralised cognitive 

architecture of embodied cognition, deep semantic representativeness occurs on a 

simulatory basis, and is supra-additive in terms of holistic stimuli modulating normal 

cerebrocerebellar processes in encoding and recall. Importantly, goal-directedness 
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influences affective involvement, either positively or negatively, which positions 

learner affect as a potential gatekeeper of perceptual and cognitive processes. These 

theoretical positions within embodied cognition prioritised examination of text design 

in relation to its effects on positive affective-motivational states of learners as well as 

in discerning student attitudes towards socialised multimedia compared with the 

subject area itself. Specifically, visual-verbal modality, as a design component of 

paper-based text, was defined as a form of socialised text with personalisation and 

personification of scientific content.  

Additionally, unlike previous studies influenced by CTML and CLT principles, the 

current research program takes, as an assumption, that social standing is a better 

predictor of learning efficacy than other learner variates such as age, aptitude or prior 

knowledge. Allostasis, the systemic and adaptive responsiveness of body systems to 

environmental enrichment and deprivation, is put forward in the literature review 

(Section 2.7.1) as a likely mechanism underlying brain plasticity and cognitive style. 

As an evolutionary explanation of behaviour (Tinbergen, 1963), this concords with 

biological reasoning in viewing allostatic pathophysiology as a system of ‘fine tuning’ 

stereotyped behavioural responses to environmental stability early in development. 

‘Real time’ developmental mechanisms, meanwhile, are mediated by common 

physiological mediators such as glucocorticoids (McEwen, 2001), which in chronic 

overexpression in development, compromise hypothalamic-pituitary-adrenal axis 

(HPA) activity and memory processes including hippocampal- / prefrontal cortical- 

and amygdala-dependent cognition (Sections 2.7.3 and 2.8). Thus, social standing is 

likely associated with not only cognitive-regulatory, but also socioemotional 

processing; in the context of affective dysfunction in low SES learners (addressed in 

Section 2.7.2) this latter consideration has important implications in the design of 

learning texts. This includes the study context where research has demonstrated a 

similar link between SES and schooling outcomes (Bhoulila, 2017; Chmielewski, 

2015) as in other world regions Specifically, if a text fails to engage a learner’s 

affective network, simulatory modelling is disturbed within reciprocal 

cerebrocerebellar regions, resulting in disruptions to learning. Therefore, research 

objective 1 included SES as a primary contextual variable alongside the design 

variable of degree of textual visual-verbal modality. In summary:  
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Research Objective #1: To examine how the degree of textual visual-verbal modality 

affects retention of content in learners differentiated by social standing. 

In addition to the usage of SES as a primary variable in multimedia research, it is 

instructive to consider its measurement. As detailed in the literature review, SES is 

fractionated into objective and subjective components (see Section 2.7.2 for a 

discussion of socioeconomic status). While objective SES is strongly predictive of 

subjective SES, the latter measure predicts a host of mental and physical health 

outcomes even after controlling for traditional objective measures including education, 

occupation or income (Andersson, 2018). This can be explained by the more nuanced 

measurement of variables of social standing that are unaddressed by objective SES 

instruments; also, as a multidimensional quality, subjective SES records a relative 

rather than an absolute social position which can account for perceived differences in 

areas such as education and employment. Thus, social standing was operationalised as 

subjective as well as objective SES within the study and modelled to detect its 

influence on student learning from socialised multimedia texts. Research objective 2 

is presented below:  

Research Objective #2: To explore whether objective and subjective accounts of 

social standing covary with retention of content. 

Attitude represents a key variable in the current study given the central position of 

affect in cognition and learning. Akin to its role in adaptive behaviour, emotional 

regulation is highly interconnected with neural systems that underlie perception, 

cognition, homeostasis and learning behaviour (Pessoa, 2008). As discussed within 

Section 2.7.3 (‘Stress and brain plasticity’), socioemotional stimuli are salient and 

engage attention though influence cognitive-regulatory processes to a differing degree 

in individuals based on upbringing. This SES distinction appears to be due to the 

influence of circulating glucocorticoids and HPA dysfunction in chronic 

overactivation of the stress-response with implications for amygdala hypertrophy and 

hyperactivity. In low SES populations, including that of the study setting, this is often 

marked by impulsiveness, lack of cognitive-regulatory ability and low abstractive 

ability (Taylor et al., 2006). Attitudinal measures are thus important for what they can 

tell us about student engagement with learning materials; additionally, assessing 
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learner’s feelings of science, unlike other multimedia learning research, can help 

inform us of attitudinal distinctions between an intervention text and the learning area 

itself.  

Research Objective #3: To investigate how student-held attitudes toward science and 

science learning materials differ based on degree of textual visual and verbal modality 

integration. 

Cognitive models reflect an attempt to reduce complex neural processes to a 

formalised structure. Within the context of evaluating an existing model of the 

cognitive architecture, that of CTML, combining and generalising the theoretical 

framework of chapter 2 and the study findings of chapter 5 motivated a posteriori 

development of a revised cognitive model. This process proceeded from critiques of 

the existing model of cognition in CTML and was guided by the findings for research 

objectives 1-3. In reiteration of Section 1.4.1, specific theoretical inconsistencies in 

current CTML research stem from two sources: the influence of dual coding theory 

with its spatial and categorical separation of verbal and nonverbal symbolic systems 

and the developmental linearity associated with Piagetian schema theory. The 

incompatibility of these mechanistic and developmental processes with modern 

neuroscience literature are outlined in Section 2.3 and Section 5.4 presents an 

alternative model of the cognitive architecture with specific implications for normal 

and abnormal stimuli processing.   

Research Objective #4: To present a model of cognitive architecture consistent with 

the study results and existing neurological literature. 

1.5.2 Research paradigm and study methodology 

Research paradigms reflect presuppositions inherent to our understanding of the nature 

of reality as well as the best ways to comprehend natural phenomena (Howell, 2012, 

p. 1). In approaching research, therefore, it is essential to identify ontological and 

epistemological belief structures in formulating specific approaches and methods of 

data collection. The study described in this thesis was informed by a positivist ontology 

and can be described as realist in its assumptions of a context-free reality including the 
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temporal and spatial constancy of certain social phenomena. Allied to this position is 

an objectivism in viewing a broadly immutable basis for human development and 

behaviour.   

Since Comte (1856), the role of probabilistic explanation has extended beyond the 

physical sciences into the social sphere. A major criticism of positivism, though, is 

identified in its insistence on objectivity. In defence of the approach and methodology 

taken in this thesis, key arguments against positivism (aligned with post-positivism) 

are identified and rebutted. Firstly, criticism exists of positivism and its generalisations 

of social phenomena particularly when ‘positive reasoning’ extends beyond the 

confines of the rational and enters methodology (Giddens, 1977). Quine (1961), to this 

effect, asserts that any claim of certainty is corrupted by the perceptual machinery of 

the observer and, correspondingly, that ‘there is no way of classifying, or even 

describing, experience without interpreting it.’ Furthermore, Marsh and Furlong 

(2018) identify distinctions between the natural and social world in which positivism 

is unable to bridge. In this view, social structures and processes are a lived experience, 

shaped by the idiographic nature of physical and ideological interactions.  

In answer to such criticism, it can be asked whether any post-positivistic approach, 

with its methodological diversity, has a consistency necessary for meaningful 

interpretation and communication of research. To this end, Biestecker (1989) notes 

that ‘however desirable it may be to open research to methodological pluralism and 

relativism, post- positivist scholarship does not offer us any clear criteria for choosing 

among the multiple and competing explanations it produces.’ In addition, the claim of 

subjectivity in the lived experience is limited in post-modernism and critical theory 

given the purported lack of objectivity resident in the observer. As this extends to 

research methodology, the best outcome in such a paradigm is the triangulation of 

multiple fallible measures and observations. Objectivity, though, is arguably situated 

to a research paradigm by adherence to a suitably holistic etiological framework, free 

of rational interpretation. Such an etiology is offered in the premises of the biological 

sciences, including its genetic and epigenetic basis.   

This position should not, however, be taken as deterministic in analysis of social 

phenomena as it is acknowledged that individual development involves multiple levels 
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of causation inclusive of general evolutionary principles as well as the varying context 

of individual development. Such a framework was postulated by Tinbergen (1963), 

who, in appreciation of Aristotle’s final causes, observed that any meaningful causal 

framework in behavioural analysis requires an aggregation of evolutionary and 

developmental history. This complementary analysis offers proximate and ultimate 

explanations of the costs, benefits and evolutionary pathways governing individual 

behaviour. In reference to the conceptual framework of the currently described study, 

socioeconomic status can be viewed as a determinant of real-time learning behaviour 

as social gradients are predictive of psychopathology and variations in cognitive style 

(Gruenewald et al., 2011; Oort et al., 2010). Moreover, socioeconomic status, as a 

universal feature of social species, offers a diachronic framework of adaptive value. 

Taken together, this forms the basis of a ‘life-history’ model of cognitive development, 

developed further in Section 2.7. Important for methodology, this approach does not 

invoke a separation of epistemology from ontology, as in critical realism (Scott, 2010) 

whose proponents suggest that causality is inherently unobservable in its stratification 

of empirical, real and actual phenomena. Instead, it can be said that in lacking suitable 

levels of causality and related analysis, such an approach is condemned to a 

subjectivity rightly questioned by critics.   

Owing to these personal convictions, and the nature of the study constructs and their 

assumed co-dependencies, empirical analysis was deemed appropriate. Regardless of 

paradigm, standards of quality research dictate a methodology measurable by 

guidelines of validity and reliability and the adoption of a suitable experimental 

approach (Craner, Brewer & Lac, 2014). In consideration of such standards, a 

quantitative approach was considered expedient and, as educational research, a quasi-

experimental research design avoided the unnecessary manipulation of subjects within 

a school environment with fixed class groupings. Usage of a cluster randomised trial, 

furthermore, helped isolate extraneous variables as a safeguard against threats to 

internal validity while retaining an external validity that was both realistic and robust 

in the export of study findings. Section 4.7 explores these safeguards to research 

quality more specifically, where threats to internal and external validity are categorised 

and discussed.   
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Having discussed the principles governing the current research, the study tested 

specific research hypotheses (presented below) in a quasi-experimental, cluster-

randomised trial with 214 consenting grade 7, 8 and 9 international school students 

(see Section 4.4). Within the study, independent variables were formulated to represent 

the research objectives pertaining to the analysis of textual design and social standing. 

Details about the development and testing of the intervention texts are presented in 

Section 4.3. Social standing, acting as a proxy of individual development, formed an 

additional independent variable and is discussed in Sections 4.5.1.1 and 4.5.1.2. 

Additionally, existing and researcher-developed instruments were used to gather 

cognitive and attitudinal outcome data which were operationalised as dependent study 

variables. Full details of dependent variable conceptualisation, operationalisation, pilot 

testing and implementation in the study design are provided in Chapter 4.   

Research hypotheses were formulated from personal experience and educational and 

neurological literature and offer directional predictions from the intervention. These 

included: 

Ha1: Students will retain more information from multimodal learning texts. 

Ha2: Subjective SES will be associated with enhanced learning from 

multimodal learning texts.     

Ha3: Low SES students will exhibit greater learning from multimodal 

learning texts than high SES students. 

Ha4: Students will benefit most from the highest degree of visual-verbal 

integration. 

Ha5: Multimodal texts are perceived as more engaging than regular learning 

text. 

Ha6: Multimodal texts will enhance student enjoyment of the subject area. 

Ha7: Low SES students will perceive greater learning benefits from 

multimodal learning texts than high SES students. 

1.6 Significance of the current research 

This research has theoretical, methodological and practical implications for 

multimedia learning research and offers value in addressing socioeconomic disparities 



Introduction 

 30 

in education. To this end, remedies are provided in addressing the ‘socioeconomic 

achievement gap’ (Chmielewski, 2019; Huang & Sebastian, 2015) facing science 

education and are aligned with prominent recommendations for legislative enactment. 

Theoretical suggestions for multimedia research are provided in the conclusion chapter 

(Section 6.3) and include three major areas of benefit for educators and educational 

administrators as well as for ongoing research in this field. An initial task is the 

reframing of the cognitive architecture within multimedia learning to match current 

thinking in applied neurology on stimuli representation and memory processes. A third 

area of significance of the current study is the inclusion of subjective social standing 

as a multimedia instructional principle. Where social standing has been used in prior 

multimedia learning research, it has never involved subjective measurement, thus 

failing to involve this important social determinant as a rich measure of learning.  

Socioeconomic inequities in educational outcomes motivate this study. A major area 

of significance provided to educators are theoretically informed recommendations 

(summarised in Section 6.5) premised on the distributed, dynamic, and plastic neural 

circuitry physiologically and behaviorally responsive to stress in development. As 

informed by the study findings (Section 5.4), administrative recommendations concern 

instrumentation in appropriate measurement of SES in schools as well as adoption of 

specific textual design principles. Paramount amongst these is the socialised 

contextualisation of information, as a key factor in modulation of abstractive ability 

and learning efficacy. At a legislative level, equitable funding for socioeconomically 

defined student populations is suggested. Funding would ideally include resources for 

graphic novels as science learning texts as well as development of SES measures 

involving aggregated subjective / objective indices of social standing. Additionally, 

the alignment of best and standard teaching practice is raised. This can occur via 

understanding of SES-mediated dysfunction amongst school leadership, early 

intervention programs and ongoing in-service opportunities for staff. As mentioned 

above, these points are expanded on in the final chapter.   

1.7 Organisation of the thesis 

In the chapters that follow, a quasi-experimental intervention involving the design, 

testing and analysis of multimedia learning text for secondary science students is 
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described. The thesis is structured as a monograph, with sections recognizable as such. 

This approach was chosen for the afforded latitude in detailing multiple assumptions 

and exploring theory in depth, a decision necessitated by the theoretical framework 

drawing from multimedia as well as neurological research traditions. 

The first chapter presents a review of the literature with two broad aims. These relate 

to the theoretical inconsistencies and methodological issues described in Section 1.4 

which can be summarised as an inadequate formulation of the cognitive architecture 

as regards stimuli processing and an inappropriate focus on individual determinants of 

learning, including the role of development and social standing. As such, Chapter 2 

reviews developments within the field of textual learning, drawing attention to the role 

of cognitive psychology and the influence of computationalism in areas such as dual 

coding theory (DCT; Paivio, 1986) working memory, cognitive load theory (CLT; 

Sweller & Chandler, 1994) and the information processing model of cognitive theory 

of multimedia learning (CTML; Mayer, 2005a). In separate sections, the research 

traditions of CLT and CTML are summarised and it is shown that where individual 

learning factors inform research methods, they are viewed in terms of cognitive load, 

simplistic age / stage / competence measures, or, in interpretation of inconsistent 

results, as potential boundary conditions requiring further study.   

The second major aim of this literature review was to review cognitive and 

developmental neuroscience literature pertaining to individual development. This was 

conducted to provide a theoretical framework comprising both ultimate (evolutionary) 

and proximate (mechanistic) factors in the formulation of a cognitive architecture 

realistic in a phylogenetic as well as an ontogenetic sense. To address these concerns, 

this sub-section opens by linking brain development to environmental background 

with trends in cognitive style categorized as variations in life history traits. Viewing 

cognitive style as a necessary by-product of environmental enrichment or deprivation 

frames ongoing discussion of allostasis as a mechanism of adaptation and 

socioeconomic status as its agent of adaptive change.  

Additional to this narrative literature review, a systemic review of the literature was 

deemed necessary to delve more deeply into multimedia learning research. 

Specifically, where Chapter 2 established a basis for instructional design principles, 
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Chapter 3 examines specific patterns of theory and method within the extant literature. 

To this end, a systematic review of multimedia learning literature was conducted to 

examine the extent to which individual learner differences have influenced published 

research as well as to examine how student attitudinal measures are obtained and used 

within the field. With these aims, the chapter consists of two quantitative reviews and 

related analysis and discussion. The first quantitative review, a collation and analysis 

of published multimedia meta-reviews, was conducted to examine broad trends within 

the field. The second review, meanwhile, was conducted as a systematic review in 

order to examine how socioeconomic status, as a contextual variable, is treated in 

multimedia research. The analysis revealed that while attitudinal measures are used in 

assessment of multimedia design principles and other programmatic variables, 

measures of student affect regarding the subject-area itself are notably absent. This 

chapter concludes by restating the influence of the computational basis of CTML 

stimuli processing as a primary feature of multimedia research and relates the lack of 

personal learning characteristics as primary study variables to a diminished sense of 

their importance in a modular system.  

Following the literature review chapters, Chapter 4 describes the study methods used 

in this quasi-experimental research project. Firstly, research objectives are reiterated, 

as per Section 1.5.1, and are related to the study’s rationale of exploring the 

intersection between science learning, textual visual-verbal modality, socioeconomic 

status and perceptions of learning in middle school science students. The study design, 

a cluster randomised trial, with classrooms as fixed units of randomization, is then 

described; accompanying this is a brief discussion of the design’s rigor and suitability 

for the site – an Australian international primary to Year 12 (P-12) school, in Sharjah, 

United Arab Emirates (UAE). Within the study design, a pilot test is outlined which 

has the aim of validating two of the instruments used to gather data pertaining to two 

of the study’s dependent variables. Instruments are then described and categorized 

according to the experimental variable they represent. Two researcher-developed 

instruments, a measure of science outcomes and a measure of student affect associated 

with science learning text, were pilot tested and full details of this procedure and its 

outcomes are provided. The chapter describes potential ethical concerns, and the 

avoidance of such issues, in adherence to the ethical framework of the National 
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Statement on Ethical Conduct in Human Research (NHMRC, 2015) and ends with a 

chapter summary. 

Chapter 6 presents details of the research analyses and findings of the quasi-

experimental, cluster randomised trial described in Chapter 4. This chapter is 

structured according to the four research objectives described above in Section 1.5.1, 

and accordingly, present an overview of the specific analyses and findings. These 

results are then summarised and aligned with the research objectives and hypotheses 

and a conceptual model is derived as per research objective 4. This model presents a 

generalized view of the cognitive architecture that follows from the study findings and 

is framed in terms of normal and abnormal stimuli processing (Section 5.4).   

Chapter 7, finally, presents a discussion of the study results and juxtaposes them 

against the theoretical and methodological tenets of multimedia learning. While the 

theoretical framework for the study includes research and theory from developmental 

and systems neuroscience, it does not attempt to relate its findings to these disciplines 

given the primary focus on multimedia learning. As such, research objectives 1 to 4 

are unpacked and presented for further discussion within the context of multimedia 

learning and the identified inadequacies in its research methodology. Implications of 

the study are then discussed and related to connectionism and modularity as cognitive 

features in multimedia learning, the need to redefine multimedia principles on the basis 

of social contextualisation and the inclusion of socioeconomic status as a multimedia 

instructional principle. Limitations and recommendations of the research are then 

given. Of the former, a reiteration and justification is made of the internal and external 

threats to validity, raised initially in Chapter 4, while of the latter, recommendations 

are made for future research, in addition to those for material design, administrative 

purposes and pedagogy. The chapter continues with a section detailing theoretical, 

methodological and practical contributions, and ends with some concluding remarks. 
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Chapter 2  

REVIEW OF THE LITERATURE 

2.1 Introduction 

This chapter, one of two literature reviews, involves a review of literature that 

informed my research design. It establishes the theoretical framework of the research 

project described in this thesis and presents a critique of existing models of cognition 

and learning, as outlined within multimedia learning research. Furthermore, the 

chapter identifies neurological details pertinent to individual differences in 

development and relates these to textual learning for secondary school students. These 

broad areas of review are divided into subsections which correspond to: theoretical 

advances in multimedia learning (Sections 2.2 and 2.3); individual development 

(Sections 2.4, 2.5 and 2.6); and instructional design principles as informed by current 

multimedia theory (Section 2.7). In Chapter 3, quantitative reviews of multimedia 

learning literature are provided to elucidate specific methodological developments 

within the field. In that chapter, thematic analysis of meta-review research and 

systematic review of multimedia learning literature are assessed, and the findings are 

related to the research objectives (presented in Section 1.5.1).  

Various trends and gaps in the literature motivated the currently described study. As 

discussed in Section 1.2.1, the prevailing view of human cognition within multimedia 

learning co-opts core tenets of cognitive psychology (e.g. the multi-store model of 

Atkinson & Shiffrin, 1968). Correspondingly, multimedia theorists view the cognitive 

architecture as computationally analogous (e.g. Ginns, 2006; Mayer, 2001) and this 

theoretical basis has influenced specific multimedia learning effects and principles 

(Section 2.7). Furthermore, these concepts are operationalised as related design and 

task variates within multimedia research (described in Section 2.3 and elaborated on 

in Section 3.8.1). A deficit within this linear-processing view of perception and 

memory is the lack of meaningful learner variates that pertain to individual 

development. As mentioned in the introduction (Section 1.3), a rationale for the current 

study is the inclusion of social standing as a learner variate, divided into measurement 

of perceived and objective socioeconomic status as learning effects in multimedia 
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learning. Furthermore, the study attempts to forge a causative and mechanistic model 

of individual development via identification of adaptive homeostasis (allostasis) as a 

key agent of stimulatory and anticipatory neural pathophysiology (Section 2.7.1). The 

research objectives (outlined in Section 1.5.1) thus draw from theoretical and 

methodological issues inherent to the computational view of human cognition and 

acknowledge individual influences in neural development.  

The chapter is organised under the following headings:  

• 2.2 Textual learning 

• 2.3 Instructional design principles: theory 

• 2.4 Individual development  

• 2.5 Hippocampal, amygdala, and prefrontal-dependent cognition  

• 2.6 Cross-modal cognition  

• 2.7 Instructional design principles: praxis 

• 2.8 Chapter summary 

• 2.9 Chapter synthesis 

2.2 Textual learning 

“The medium is the message.” (McLuhan, 1964, p. 24) 

Successful learning requires the extraction, manipulation and, most importantly, 

comprehension of information. Information has long been presented to learners via 

media chosen or designed by educators to facilitate learning and has spawned 

substantial investigation in the field of text and discourse analysis (see Graesser et al., 

1997 for a review). An understanding of the effectiveness of texts in learning has 

influenced research given the ubiquity of texts in modern society, though the benefits 

of learning media employed to deliver instruction have been called into question (e.g. 

Clark, 1983). Central to the debate over the effectiveness of learning media are 

questions about the nature of cognitive and perceptual processes and individual 

differences in learning. In the following two subsections (Sections 2.2.1 and 2.2.2), I 

review the basis of theoretical advances in multimedia text design before discussing 

prominent multimedia design guidelines in Sections 2.3 and 2.4. These preliminary 
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sections of the literature review help develop the research objectives described in 

Section 1.5.1 in the articulation of currently held assumptions guiding theory and 

practice in multimedia research.    

2.2.1 Theoretical framework of multimedia design  

In the early nineties, the ‘media debate’ influenced educational media design. Clark 

(1983), taking a utilitarian view, downplayed the existence of any single media 

attribute being essential for learning, and argued for the replaceability of any chosen 

medium for another more cost-effective one. Kozma (1994) rebutted Clark by raising 

three particular characteristics of media: different technological capabilities of media; 

the usage of symbol systems within media; and related neural processing capabilities. 

Echoing Kozma, Mayer (2003) reported that deeper understanding in learners was 

capable with multimedia presentations, as integrated verbal and visual forms can 

promote student understanding. Mayer (2001) dubbed the facilitative quality of 

multimedia texts the ‘multimedia effect’, operating according to principles of his 

cognitive theory of multimedia learning (CTML). 

Combining static visualisations with complementary words has regularly been shown 

to improve learning outcomes with various tasks and measures (Gellevij & Leutner, 

2007). As an example, procedural instructions using combinations of text and pictures 

have led to better recall, verification of the order of steps, and reduced time in verifying 

the order of steps, compared with conditions using either text or pictures alone (Brunye 

et al., 2006). This effect was seen even when each separate modality contained all 

necessary information for the lesson. In another study, improvements in recall and 

transfer were obtained when visual illustrations were added to a verbal-descriptive 

summary used to instruct students on how lightning is formed. Additionally, adding 

visual screen shots to a text instruction manual led to a stronger mental model of a 

complex software application, and improved identification and manipulation of related 

elements and objects (Gellevij et al., 2002).   

Combinations of media, however, need to be carefully considered to aid learning 

(Scanlon, 1998). While recall and transfer following learning from textbooks can be 

improved by replacing the visual text with equivalent audio-narrations (Mayer & 
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Moreno, 1998; Moreno & Mayer, 1999; Mousavi et al., 1995) or by integrating text 

and pictures instead of keeping them separate (Chandler & Sweller, 1992), numerous 

studies have also shown that learners fail to benefit from the use of multimedia 

instructional materials (Ainsworth, 1999; Mayer & Anderson, 1992). This includes 

when information is not presented as student-paced instruction (Tabbers, 2002), when 

the text is very rich on its own (Mayer, 2001), or if redundant auditory information is 

presented (Mayer, 2008). 

The integration of verbal and pictorial information, and related theoretical frameworks, 

have thus come to define current research on multimedia learning. Moreover, specific 

cognitive processes involved in retention and transfer of presented information have 

generated interest within multimedia research. Contemporary assumptions within 

multimedia research identify specific neural architectural features and constraints 

including modality-specific subsystems within working memory (Baddeley, 1986, 

1998a; Paivio, 1986), limited subsystem processing capacity (Baddeley, 1986; 

Baddeley & Logie, 1999, p. 30; Chandler & Sweller, 1991) and active processing of 

sensory information. Such assumptions of the nature of information processing, 

including its representational organisation and integration within long-term memory, 

are important considerations as they help to frame the multimedia learning research 

tradition. 

2.2.2 The role of accompanying text in multimodal presentations 

Multimodality, in the current context, can be defined as the concurrent presentation of 

visual and verbal modalities (Mayer, 2002). This follows as graphics have historically 

been used to represent elements and relations that are visuospatial or metaphorically 

visuospatial (Schmandt-Besserat, 1992). Graphics provide utility in providing two 

codes of represented information (pictorial and verbal) and help to save words for 

relating naturally hard-to-describe items such as maps, systems or faces. Furthermore, 

a natural spatial correspondence exists between objects and their graphical 

representations which gives visual depictions an essentially concrete reality. 

Accompanying text, however, usually is necessary as visualisations alone aren’t 

always self-explaining (Serafini, 2010; 2011). 
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Language, in contrast to visualisations, is highly formalised and abstract (Gurr, 1999). 

Phonemes and letters constitute a finite set of basic characters in human language from 

which the symbols (words) are constituted. Arbitrary relations exist between the 

physical properties of language and depicted concepts, which are semantically 

connected according to social or linguistic convention (Yah & Barsalou, 2006). 

Moreover, language relies on explicit relational symbols such as prepositions and a 

finite set of syntactic production rules to construct clauses from single words. These 

properties of language allow us to describe concepts to any degree of abstraction 

required (Shatz, 2008). 

Visual depictions carry an emergent ‘meaning’ that maps to a natural cognitive    

correspondence in physical properties (such as distance or motion) via structural       

similarities (Tversky et al., 2002). However, as visual depictions lack explicit 

relational symbols between their constituent parts, verbal text is usually necessary to 

express the relations of specific visual entities (Kosslyn, 1989). Learning outcomes 

featuring incidental rather than conceptual learning can result unless visualisations are 

presented alongside verbal discourse. For example, Rieber et al. (2004) reported 

implicit learning outcomes from realistic video game simulations of Newtonian 

mechanics. Conceptual understanding was reported as occurring only upon receiving 

explicit verbal explanations of the underlying physical principles in addition to the 

graphic-only presentation. 

Accompanying text is usually required and, therefore, serves numerous purposes. 

Textual information can change in role depending on the nature of the depicted content 

but, most commonly, provides an indication of how the visualisation is to be 

understood (Ware, 2004). Often, expository text is necessary even to recognise the 

purpose and instructional message of the illustration (Gajria et al., 2013). Besides 

helping to understand what an illustration actually represents, accompanying text can 

serve as a guide for visual attention. At times, added text is descriptive (and 

informationally equivalent) and explains the salient concepts, or may be instructive in 

giving directions for ‘reading’ the visualisation.  

Yarbus (1967) conducted research on the mechanics of the oculomotor system and 

concluded that eye-movement patterns were task dependent and responsive to high-
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level cognitive demands. His work incorporates earlier findings, including Buswell 

(1935), on the interaction of an observer's cognitive goal and past experiences with a 

given visual stimulus. Figure 2.1 shows Yarbus' (1967) results from seven eye-tracking 

patterns, from one observer, within differing instructional contexts in a graphic-only 

presentation. In this instance, observed saccades – a measure of binocular visual 

coordination in goal-directed tracking (Seassau et al., 2014) – were seen to produce 

striking differences upon different instructions.  

 

Figure 2.1 Patterns of eye fixation in differing contexts in a graphic-only presentation 

(Yarbus, 1967) 
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With the recognition that gaze behaviour can be indicative of current attentional 

processes, provided that the available visual area is pertinent to a given task (Hyona, 

2010), eye movement studies give us an idea of how learners use integrated texts. An 

example of this is provided by Rayner et al. (2001) who examined fixation patterns 

and saccade length in people viewing print advertisements in order to learn important 

details in a self-paced presentation format. Figure 2.2 shows recorded eye-tracking in 

these integrated texts. 

 

Figure 2.2 Eye tracking in an integrated text (Rayner et al., 2001) 
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Rayner et al. (2001) noted idiosyncrasies among people examining integrated 

advertising texts and made generalisations about attentional processes. Firstly, 

processing of the pictorial and verbal components of text were relatively isolated 

events which didn’t involve eye gaze changes between picture and caption. Second, 

the caption was initially read before attention moved to the picture. When picture 

viewing preceded that of text, it was seen to be a quick, cursory viewing. When the 

viewing order of captions and pictures was alternated, viewing time was consistent.  

However, when the caption was presented first, more time was spent looking at it than 

when it was presented second. Andrews and Coppola (1999) found that, in 

comparisons of eye movement between scene perception and reading, however, 

fixation durations and saccade (rapid eye movement) length tended to be longer in 

scene perception. Rayner et al. (2001) speculate that this could be indicative of the 

denser informational content of visualisations than text as a consequence of including 

both visual and verbal content. This can also be seen as a consequence of a working 

memory constraint whereby visual and auditory modalities are presented in an 

incongruent manner.  

When Hegarty (1992a, 1992b) presented text and diagrams describing pulley systems 

to learners, construction of the representation was largely text directed. It was found 

that learners attempted to interpret clauses or sentences prior to inspection of graphical 

referents. Viewers tended to inspect the diagram at the ends of sentences or clauses, 

with around 40% of fixations on referent diagrams to the most recently read clause. 

Diagram inspection was considered as a confirmatory process in aligning certain types 

of configural or kinematic knowledge to the information presented textually. Other eye 

tracking studies have confirmed this pattern of multimedia inspection (e.g. Faraday & 

Sutcliffe, 1996; Underwood et al., 2004) though Rayner et al. (2001) caution that this 

could be a consequence of textual conditioning or could operate due to graphical 

information being less information dense than that of language. 

Accompanying text is thus seen as important for explicating conceptual understanding 

which is possibly absent from graphical representations alone. As described in Section 

1.5.1, a current research objective is to examine the role of social congruence as a 

feature of text design. This text design feature is informed by specific findings in 

neurological research that identify probable (a) evolutionary patterns of brain 
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development and (b) related mechanistic differences in individual development, 

including attentional, perceptual and cognitive intervariability to stimuli classes. 

Guided by these assumptions, current multimedia learning recommendations and 

theoretical frameworks are presented in the following section, Section 2.3, in relation 

to current guidelines on multimedia presentation. 

2.3 Instructional design principles: theory 

Two prominent recommendations for the design of multimodal texts are encapsulated 

within the principles of modality (Mayer, 2001) and spatial contiguity (Clark & Mayer, 

2011). Mayer and Moreno (1999), for example, found positive learning experiences 

associated with concurrently presented narration and animations versus learners with 

concurrent on-screen text and animations. Also, the physical proximity of the on-

screen text and animations was manipulated to be either close / integrated or separate 

from each other. Superior learning in the integrated condition was observed and 

conclusions were drawn about modality and contiguity effects inherent to textual 

design. In short, the modality principle states that learning is benefitted by presenting 

text aurally rather than visually. The spatial contiguity principle states that enhanced 

learning with multimedia is promoted if illustrations are presented physically close to 

associated text. Consequently, both principles emphasise separate stimuli modality in 

audiovisual processing.  

The idea that visual and auditory stimuli should be considered as discrete modalities 

that require separate processing is derived from dual-coding theories of working 

memory. Mayer and Moreno (1998) describe a general assumption of dual coding 

theories as including auditory working memory and visual-spatial working memory 

components, analogous to Baddeley’s (1986, 1998b) theory of working memory. A 

limited capacity for each working memory store is associated with modality-specific 

processing, and meaningful learning occurs upon retention and organisation of 

information into coherent representations. This can only occur, within dual-coding 

theories of learning, when corresponding pictorial and verbal information is 

concurrently held in working memory. Accordingly, visually presented information is 

processed initially in visual working memory, while auditorily presented information 

is processed in auditory working memory (Mayer & Moreno, 1998).  
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Discrepancies in the processing of verbal and pictorial information have been 

discussed extensively in the past without being conclusively explained. While some  

authors claim that pictorial and verbal information is processed in much the same way 

(Caramazza, 1996), proponents of dual coding theories (see for example, Glaser, 1992; 

Paivio, 1991) claim that information in pictures and words is processed separately and 

along distinct channels, thus creating separate semantic representations 

(Schlochtermeier et al., 2013). Caramazza (1996), in arguing for shared information 

representation and similar processing of pictures and words, claimed that semantic 

information is represented in a functional unitary system that is directly accessed by 

both visual objects and words. Alternatively, Glaser postulated a distinction between 

a semantic system, to which pictures have a privileged access, and a lexicon, which 

includes only linguistic knowledge (e.g. Glaser, 1992; Glaser & Glaser, 1989). More 

recently, semantic processing theorists have proposed that meaning is represented as 

embodied simulations of previous experiences (e.g. Pulvermüller & Kiefer, 2012), 

suggesting a unitary experience-based representation system. Theoretical 

developments within multimedia research, however, have largely focused on 

associations between discrete verbal and visual constituents of memory (Brunye et al., 

2008; Pylyshyn, 1973). This includes dual coding theory (Paivio, 1991) which draws 

from Baddeley and Hitch’s (1974) multicomponent model of working memory, as well 

as other developments within multimedia learning including cognitive load theory 

(Chandler & Sweller, 1991) and Mayer’s cognitive theory of multimedia learning 

(Mayer, 2005b). The theoretical framework and research findings of dual coding 

theory are discussed in the following sub-section.  

2.3.1 Dual Coding Theory 

According to dual coding theory, words and images are processed in separate, limited 

capacity working memory channels prior to crystallisation into a single, coherent 

mental model (Mayer, 2005b). Verbal and pictorial components of language provide 

unique contributions to mental model formation, with words contributing theory-based 

information, including explanations of complex relations, and images providing 

similarity-based information such as basic visual representations and exemplars 

(Bartholome & Brommel, 2009). Cognition within dual coding theory is considered as 

a generative process operating as a result of the interplay of the verbal and imaginal 
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systems, and involves numerous aspects of cognition, including memory, language 

phenomena and executive control functions. 

The verbal system is specialised for dealing with language, while the nonverbal 

(imaginal) system is specialised for processing nonlinguistic events and objects 

(Paivio, 1991). The theory incorporates logogens and imagens as internal verbal and 

nonverbal representational units that are activated when one manipulates, recognises 

or holds words or things in working memory (cf. iconogens, Morton, 1969; Seymour, 

1973). These representations are connected to sensory input and response output and 

can function independently or cooperatively to mediate verbal and nonverbal 

behaviour. Cognition, broadly, is the interplay of this representational activity, which 

can be experienced consciously as imagery and mentalising (inner speech).  

Although structurally independent, the two different systems share intersystem links 

which connect verbal and nonverbal symbolic systems to enhance the transformation 

of information between systems in schematic representation (Paivio, 1991). These 

links are theorised as being of two kinds: within-system and between-system 

connections. Within the dual coding theory framework, between-system links are 

referential links, which serve to activate the symbolic transformations of one kind of 

information from one system to the other (Paivio, 1976, 1982, 1986). Referential links 

are created, for example, when concrete objects are visualised within a particular 

context; the verbal information of the term is first encoded within the verbal system, 

and then the imagery is formed in the imaginal system via intersystem links. The 

corresponding visual to verbal linkage takes place for the naming of an object - i.e. a 

representational transfer from imagen to logogen. This process is portrayed in Figure 

2.3. 

Five steps within three stages have been identified to occur between systems in 

referential links. Taking the example of a student being asked to visualise a concrete 

noun, the initial stage involves this verbal input being processed in the verbal system. 

The verbal system interprets the instruction and transforms the information to the non-

verbal system through between-system connections. The image is generated, and then 

interpreted back in the verbal system, before the culminating verbal output from the 

verbal system is generated (Paivio & le Linte, 1982). 
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Figure 2.3 Separate streams for language and object information classes (figure adapted 

from Paivio, 1971)  

Linguistic information in the verbal system is processed sequentially, whereas 

imaginal representations in the non-verbal system are organised in a holistic and 

parallel manner (Paivio, 1986). Cognitive representational units in the two systems 

serve the function of mediators of performance in different cognitive tasks, such as 

memory, perception and language. Although the two systems are independent, inter-

system links connecting the verbal and non-verbal symbolic systems enhance 

transformation of information from one system to the other in schematic representation 

(Paivio, 1991).  

Associative connections function to join words and images to related forms within 

either system. The function of such connections is to form complexes or networks by 
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linking and integrating independent parts into unitary bodies of memory (Paivio, 1971, 

1986). Particular words and images are built with linkages of associated logogens and 

imagens and, after visual components are transformed in the verbal system via 

referential connections, higher order cognition is a function of these linked, though 

independent systems.  

Empirical evidence supports the superiority of recall of objects and their pictures to 

the recall of verbal representations (e.g. Bonin et al., 2018, Houts et al., 2006, Quak et 

al., 2015). Paired associate learning experiments distinguish verbal components into 

concrete and abstract nouns as the referential strength is assumed to be higher with 

concrete verbal categories. Imagery stimuli has been consistently found to facilitate 

better learning outcomes as it stimulates the non-verbal system and referentially 

activates the verbal system codes (Paivio & Yarmey, 1966). Additionally, images have 

been shown to have strong, consistent effects in paired-response learning as the role 

of the stimuli rather than that of the response.  

A picture superiority effect has also been documented in free recall presentations (e.g. 

Gillund & Shiffrin, 1981; Kaplan et al., 1968; Paivio & Csapo, 1969). Paivio and 

Csapo (1973) conducted five experiments and concluded that pictorially presented 

information effectively doubled the recall rate of pictures-to-word presentations. 

Additionally, a decreasing order of processing speed occurred from non-verbal coding 

of pictures, to verbal coding of words and, finally, to the image coding of concrete and 

abstract words, respectively. A picture superiority effect is also seen in semantic 

memory tasks. The superiority of pictures over words in semantic categorisation, for 

example, is explainable by the fact that an extra acoustic-phonemic decoding step is 

needed before words are understood (Pellegrino et al., 1977). However, paired 

associate learning, free recall and semantic memory tasks all involve single words and 

pictures and aren’t representative of normal texts used for middle or high school 

students. Research has also been conducted on whole sentences / full text with picture 

presentations and is outlined below. 

Within experiments examining children’s comprehension and memory of sentences, 

recall has been associated strongly with picture presentation. Even with partial pictures 

that aren’t informationally equivalent, recall has been stronger than with verbal cues, 
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and use of incongruent verbal / imaginal cues has raised the issue of congruency as a 

feature of textual design. Pressley et al. (1982) arranged preschool learners in seven 

experimental presentations which involved the delivery of 25 concrete sentences with 

a narrative technique. Matching congruent pictures to sentences had the greatest 

facilitative effect, though incongruent pictures led to the poorest recall of verbal 

information. No significant effects were found between presentations of partial 

pictures, which suggests a propositional format between   sentence and picture during 

encoding (Carpenter & Just, 1975). Guttman et al. (1977) had kindergarten children 

learn a sentence in four conditions: control group with no picture; a complete picture 

condition; an action-position condition; and a static-position condition. For the action-

position, no picture was presented but imagery conditions were given under partial 

picture conditions. The static-position condition involved a picture depicting the 

concrete reality of the sentence without associated context (imagery instructions). 

Subjects were found to correctly answer more questions in the three picture groups, 

suggesting that imagery instructions provide deeper referential connections than text 

alone.  

Two hypothesised effects have emerged from dual coding theory research and appear 

well-supported by behavioural studies. The code-additive effect occurs when pictures 

enhance the activation of both non-verbal and verbal codes, resulting in shorter and 

more accurate processing (Paivio & Yarmey, 1966). When words are encoded in 

different modalities, verbal representational units alone within the verbal system are 

being activated. Unless verbal codes are transformed into non-verbal codes, no visual 

imagery can be evoked. This results in spoken or printed words having less imagery 

value and less concreteness than pictures, which leads to difficulty in memory 

processing and recall (Paivio et al, 1989). Abstract words are especially difficult to 

image and thus least likely to be dually coded.  

The conceptual peg hypothesis states that compound images that link pairs are formed 

during presentation and are reintegrated during recall by a concrete stimulus. Paivio 

(1965) showed that stimulus-concreteness in a stimulus-response test using concrete 

(C) and abstract (A) nouns in every combination (CC, CA, AC, AA) strongly 

outperformed concreteness of to-be-recalled responses. Beggs (1973) found 

simultaneous support for the conceptual peg and additivity hypotheses using adjective-
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noun phrases which were either concrete and high in imagery value, or abstract 

constructs. Asked to recall individual words from phrases or entire phrases given one 

word as cue, participants exceeded prediction with a doubling of recall of concrete 

phrases versus that of abstract phrases. These free-recall results were consistent with 

the conceptual peg hypothesis as recall was six times higher with concrete cues. 

Moreover, this lent support for the image superiority appendum to the code-additivity 

hypothesis given that concrete imagens could more easily reintegrate entire mediating 

images in the case of concrete phrases (Thompson & Paivio, 1994).  

Behavioural and neuropsychological findings within dual coding theory offer mixed 

support for separate channels. Thompson and Paivio (1994) demonstrated additive 

effects on memory using object pictures and sounds. This finding supported the dual 

coding theory assumption of functional independence of sensory components of 

multimodal objects. Brain scanning and lesion studies have also lent support for dual 

coding theory in suggesting distinct representational substrates of most sensorimotor 

modalities (e.g. Metzler, 2001; Pobric et al., 2009; Lima et al., 2016). Scanning studies 

have also shown differential activation of brain regions of concrete and abstract words 

and pictures in comprehension and memory tasks (e.g. Sabsevitz et al., 2005; 

Schwanenflugel & Shoben, 1983). However, functional magnetic resonance imaging 

(fMRI) study conducted by Roxbury et al. (2014) found similar bilateral brain 

activation patterns for processing of concrete and abstract spoken words. The authors 

suggested that heteromodal association areas, which interface with a critical set of 

modality specific representations, were activated in a manner more consistent with a 

context availability theory (e.g.  Schwanenflugel, 1991; Schwanenflugel et al., 1988; 

Wattenmaker & Shoben, 1987). Interestingly, region of interest analysis, conducted 

by Roxbury et al. (2014), showed greater activation in left posterior cingulate cortex 

for concrete than abstract words. This region, implicated in many semantic memory 

tasks as a connector hub and involving episodic encoding (see Binder et al., 2005), can 

be utilised in concrete recall as a larger set of concepts and associations are associated 

with concrete than abstract words.  

Specific conclusions relevant for multimedia design can be drawn from dual coding 

theory. In comparison with pictures, words are considered less salient, which results 

in the superiority of pictures in memory tests. This is considered to occur because 
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pictures evoke visual and mental images in the imaginal system which are then 

linguistically coded via between-system referential connections (Paivio, 1991). By 

contrast, words and especially abstract words, are more likely to be stored within a 

unitary verbal code. Consequently, dual code processing of pictures has a processing 

advantage over words encoded within the single verbal code. Picture-word 

associations are often used in pedagogy for this reason (Paivio, 2006). Pictures 

dramatically increase memory codes and strengthen memory trace, and mediational 

strategies which have learners generate imagery of written text could thus facilitate 

better recall. Concrete words, naturally high in imagery value, are assumed to be dually 

coded similarly to pictures, and holistic presentation of concrete words within memory 

is preferable in recall and transfer than serially-coded abstract verbal terms. Finally, 

while the learning implications of dual coding theory aren’t disputed, the nature of 

dual coding can be called into question in light of functional brain imaging. Further 

analysis of sensory processing is provided in Section 2.6 where research on cross-

modal cognition is explored and related to the concept of embodied cognition.   

2.3.2 Working memory 

Working memory in cognitive psychology refers to an evolved system that deals with 

the short-term maintenance and management of information needed for complex task 

performance such as learning (Baddeley, 1998a). Working memory has also been 

called short-term memory, primary-memory and immediate memory (Klatzky, 1975), 

and is typically defined functionally for its momentary storage of information required 

for performance of cognitive tasks (Baddeley, 1986, 1988). The role of working 

memory for the matter of learning and understanding is that it operates as a gateway 

between the sensory world and internal cognitive architecture. The nature of working 

memory is also central to theories of stimuli processing and is thus relevant to the 

research objectives presented in Section 1.5.1. Within current multimedia learning 

theory, two aspects of working memory share consensus within the literature: 

limitations of working memory resources and modality specific subsystems. 

Logie (1996) surveyed the historical development of working memory and identified 

distinct theoretical stages of development. Beginning from the seventeenth century, 

distinctions in memory systems between short-term and permanent storage have been 
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made, such as the English philosopher John Locke’s division of ‘idea in view’ and 

‘storehouse of ideas.’ In subsequent developments, working memory is described as 

‘primary memory’ (Waugh & Norman, 1965) and rehearsal is seen as necessary for 

maintaining information in primary memory and transfer to secondary memory (long-

term memory). Logie’s third stage of development is defined by the shift of working 

memory as a passive storer of information to that of active processor. Atkinson and 

Shiffrin (1968) referred to short-term memory as a combination of storage and control 

processes and argued for a limited capacity system that is flexible in storage and 

processing capability. Cowan et al. (1994) extended the working memory as processor 

analogy of Craik and Tulving (1977) by proposing that working memory isn’t a 

separate entity, and that expertise could expand attentional limitations of working 

memory. Currently, working memory has been most influenced by Baddeley (1992) 

in which working memory is considered as composed of two modality-specific 

components alongside a central coordinating system. Figure 2.4 shows the three main 

components of the original Baddeley and Hitch (1974) model.  

 

Figure 2.4 Baddeley and Hitch model of working memory (figure adapted from Baddeley 

& Hitch, 1974) 

In Baddeley’s (1992, 1996) model, working memory consists of a central executive 

and two types of storage: a visuo-spatial sketchpad and a phonological loop. Within 
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the phonological loop, audio-based information enters and quickly decays within 

seconds unless rehearsed (Baddeley, 1996). Kemps et al. (2000) assumed that two 

subsystems reside within the phonological loop: a passive phonological store and an 

active mechanism that refreshes memory traces. The visuo-spatial sketch pad is 

assumed to be a more complicated component than the phonological loop (Baddeley, 

1996), and places heavier cognitive demands on the central executive. It is responsible 

for temporary storage and manipulation of visual and spatial input, and can be divided 

into separate visual, spatial and possibly kinaesthetic components. Logie (1996) 

further divided the visuospatial sketchpad into the visual cache and inner scribe which 

store information about form and colour, and spatial and movement information, 

respectively.   

The central executive is responsible for intentional control of working memory and 

coordinates the functions of other working memory components (Baddeley, 1996). It 

is an active component that is assumed capable of holding spatial and visual 

information concurrently. The three components of working memory are assumed to 

involve interactions amongst numerous brain regions (Baddeley, 1998b; Kemps et al., 

2000) and are thus fractionalised. While not specifically raised by Baddeley or others, 

working memory would probably involve the critical role of lateral frontal cortex in 

specific aspects of executive spatial and non-spatial working memory (e.g. Owen et 

al., 1990, 1995, 1996; Petrides & Milner, 1982; for a review see Petrides, 1989).  

2.3.2.1 Limitation of working memory  

Hermann Ebbinghaus (1885) studied human memory and concluded that seven or less 

items could be learnt from a list in one attempt. This ‘memory span’ limit was 

expounded on by Miller in a 1956 paper titled ‘The magical number seven plus or 

minus two’ which suggested a capacity limit of five to nine items (see Broadbent, 1975 

for related commentary). Cowan (2001) identified memory capacity as the maximal 

number of ‘chunks’ that could be recalled in a particular situation, while Baddeley 

(1986, 1998a) assumed that memory span is limited to a rehearsable number of items 

prior to representational decay. Temporal working memory constraints likewise exist. 

Researchers (e.g. Smith & Jonides, 1998; Smith et al., 1998) found a limiting range of 

zero to 60 seconds for items held in working memory. Furthermore, Baddeley (1998b) 
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suggested that working memory duration was dependent on the length of time that an  

object could be held active without rehearsal.  

Capacity limits of working memory have inspired research aimed at better 

understanding the architecture of working memory. Fougnie and Marois (2011) 

propose that the core question of working memory capacity centres around the issue 

of whether such limitations are mediated by subsystems specialised for maintaining 

distinct audiovisual representations, or whether limitations exist as a consequence of 

domain-general processing.  

Domain-general models of working memory view working memory as a system for 

maintaining focus of attention on currently maintained episodic and semantic memory 

processes, rather than as a set of distinct systems (Cowan, 2005). Within this 

perspective, executive control is involved in activation and maintenance of memory 

representations, attentional control and inhibition of irrelevant information. 

Limitations to the capacity of this model of working memory, thus, come not from 

modality-specific subsystems but as a result of coordination of domain-general 

cognition. These theoretical assumptions have prompted different lines of reasoning, 

and related research, on working memory limitations. While multiple-components 

models postulate limiting architectural and organisational constraints, domain-general 

proponents focus on task limitations given inherent cognitive limitations (Logie, 

2011).  

Following the separate-streams hypothesis, as an example of a modular cognitive 

architecture, Shallice and Vallar (1990) reasoned that, when verbal information is 

presented as print, visual analysis occurs and is followed by re-coding from visual to 

phonological format before this re-coded information is received by the phonological 

store via articulatory rehearsal. Penney (2003) extended this to include modality-

specific sensory processing streams that further contribute to retention of verbal 

information within working memory. He hypothesised that, in addition to activation 

of the phonological loop, auditory and visual stores are also automatically activated 

upon receipt of verbal information in the relevant modality, with the auditory store 

more durable and structured than the visual store. Numerous lines of experimental 

evidence from behavioural studies appear to support this hypothesis (Cowan, 2011): 
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1. Memory is improved when different items are presented in different modalities 

relative to presentation in a single modality. 

2. Presentation of additional stimuli at the end of lists (the ‘suffix’ effect) has 

different effects upon recall as a function of modality. 

3. Recall is enhanced when items are organised by modality rather than by time 

of presentation, and  

4. Two concurrent verbal tasks can be more effectively performed when different 

input modalities are utilised in comparison with a single input modality. 

Logie (2011) describes the separate-streams view of working memory as a conceptual 

and functional model, requiring no expectations of functional mapping of brain regions 

during memory tasks. Logie (2011) further theorizes that complex networks of brain 

function could overlap with other functional networks which would confuse brain 

imaging studies and render them less revealing than behavioural studies. Nonetheless, 

he presents evidence for differential patterns of brain activation associated with verbal 

immediate memory such as the angular gyrus and left hemisphere supramarginal 

gyrus. Additionally, localised brain damage patients provide examples of impediments 

to verbal memory, while retaining the ability to remember visual patterns, or vice versa 

depending on affected hemisphere. 

Conversely, brain imaging research provides evidence for domain-general perceptual 

and executive processing. Such research has been motivated by examination of neural 

structural-functional correlates of cognitive performance, despite the likely 

heterogeneity of cortical association regions. Schumacher et al. (1996), for example, 

conducted positron emission tomography (PET) to examine regional blood flow in 

memory and control detection tasks as correlates of verbal working memory. 

Consistent with prior PET studies (e.g. Ardila, 2014; Jeon & Han, 2012; Schulze et 

al., 2010) memory-related regional cerebral blood flow (rCBF) was seen in left 

hemisphere dorsolateral frontal cortex, Broca’s area, premotor cortex, and bilaterally 

in anterior cingulate and superior and posterior parietal cortices. This showed almost 

complete overlap between verbal and spatial modalities, leading Schumacher et al. 

(1996) to suggest an amodal processing of verbal working memory. In summary, this 

demonstration of amodal processing casts doubt on assumptions of separate streams 

of visual and verbal processing.  
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2.3.2.2 Cognitive and neuroscience models of working memory 

Computationalism plays a significant role in working memory research (Clark, 2008). 

For example, the existence of verbal and spatial storage buffers is a key component of 

Baddeley’s (1992, 1996) working memory model. Such buffers are computationally 

analogous to random-access memory which serves as a short-term cache of 

information between central processing unit and hard drive. Proponents of separate-

stream models of working memory assume that information is discrete and either in or 

out of working memory (D’Esposito & Postle, 2015), with retrievable representations 

stored in particular brain regions. However, this could be incommensurable with brain 

physiology because multidimensional coding (for example, involving odour or tactile 

sensations) would be extremely constrained within a system involving only verbal and 

visuospatial caches. Despite Baddeley’s (2000) addition of an integrated episodic 

buffer, the integration and maintenance of all forms of sensory input are not currently 

accounted for within this system. The inability to recode olfactory or haptic 

representations into visuospatial or verbal codes thus marks a significant detraction for 

Baddeley’s model of working memory.  

Cowan’s (1988, 1999) embedded processes model, by contrast, suggests that working 

memory contents are not stored within dedicated storage sites, but simply relate to 

information that is within the focus of attention at any given time. Within the 

embedded processes model, working memory is a subset of long-term memory 

(Cowan, 1999) and current attentional focus is made within hierarchically arranged 

faculties. With no separate working memory, task-oriented activation of 

representations has no constraints, and working memory performance is instead 

determined by the level of representational activation and discrimination between 

items based on task relevance (Kimberg et al., 1997). D’Esposito and Postle (2015) 

describe the embedded processes model as having the functional possibility of      

involving memory storage occurring within the same brain circuitry as that which 

supports the perceptual representation of information.  

Evidence for embedded cognition (c.f. embodied cognition, Lakoff & Johnson, 1980; 

Tversky & Hard., 2009) comes from brain imaging research. Central to such research 

is the assumption of integrated executive function. For example, researchers have long 
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known about the role of lateral prefrontal cortex (lPFC) as a site of executive control. 

Evidence has accumulated of neuronal activation in lPFC for tasks requiring 

information retention over time (e.g. Fuster & Alexander, 1971; Kubota & Niki, 1971; 

Sabsevitz et al., 2005). Also, lPFC activity in functional imaging is assumed to act as 

a bridge between the stimulus cue and its contingent response. In a functional imaging 

study involving oculomotor (eye motion) delay tasks in humans, Curtis and 

D’Esposito (2003) found that lPFC was involved in retention of information, but also 

that the magnitude of prefrontal cortex activity correlated accurately with memory-

guided eye movement. Curtis et al. (2004) suggest that such neural activity is evidence 

of active maintenance of task-relevant information. Non-human primate lesion lPFC 

studies complement human lPFC imaging study in showing impaired performance on 

delay tasks (Funahashi et al., 1993).  

Other integrated brain regions exhibit similar patterns of neuronal activity in 

processing of visuospatial task-relevant information such as cingulate and inferior 

temporal cortices and limbic regions such as the parahippocampal bodies (Pa et al., 

2008). Zelano et al. (2005) reasoned that evidence for cortical processing activity in 

brain regions that support perceptual processing should be seen — in the absence of 

stimuli — in areas of primary sensory cortex. Such effects have been observed in 

primary olfactory cortex (Zelano et al., 2009), in auditory cortex (Kraemer et al., 2005) 

and in modeling of volumetric pixel [voxel] data in fMRI haemodynamic response 

study involving visual cortex (i.e. forward-encoding study) (Ester et al., 2013). This 

effect mirrors that of associational cortical regions that integrate sensory input with 

top-down (conscious) cognitive processes (Buckner & Krienen, 2013) and 

demonstrates retention of goal-directed information consistent with embodied 

cognition. 

Behavioural studies of phonological working memory have found activation in left 

parietal lobe, posterior inferior frontal gyrus (Broca’s area), premotor cortex and 

cerebellum (e.g. Paulesu et al., 1993). Neuroscience research has aimed to determine 

if these areas, implicated in verbal working memory behavioural studies, are also 

responsible for maintenance of non-phonological processing (Cohen & Dehaene, 

2004). Fiebach et al. (2006) explored the existence of a discrete neural circuitry 

supporting the active maintenance of non-phonological linguistic representations. The 
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researchers used a delay task to assess whether a ‘word form’ area within left 

inferotemporal cortex was involved in active processing of visually displayed words. 

Analysis showed that this area of interest was preferentially recruited for   active 

maintenance of words, but not pseudowords. This demonstrated sustained activation 

of phonological, lexical and semantic aspects of language, because pseudowords 

(pronounceable and orthographically legitimate) should not elicit activation as no 

stored representations exist for them. With relevance to embodied cognition, these 

results highlight integrated processing in discrete brain regions.  

Neurological research on attentional control, as an aspect of executive function, 

complements findings on integrated stimuli processing. Baddeley (1986), for example, 

described subvocal articulations as mediators of verbal rehearsal, alongside other 

forms of active rehearsal in directional attention to stored representations. D’Esposito 

and Postle (2015) consider that the observed neural activity in delay tasks could 

constitute a neuroscience equivalent of rehearsal, though the authors state that limited 

research has been conducted on facilitative neural interconnections owing to 

methodological limitations. In summation of this aspect of executive function, 

suggestions for working memory interactions between brain regions most commonly 

include synaptic reverberations between recurrent circuits (Durstewitz et al., 2000; 

Wang, 2001) or via interneuronal synchronous oscillations (Engels et al., 2001; Singer 

& Gray, 1995).  

The lPFC has also been linked with working memory maintenance in accordance with 

its likely role as coordinator of executive control. Correspondingly, a broad range of 

lPFC executive roles have been proposed that extend its purported role in encoding of 

sensory features. For instance, the lPFC has shown a broad range of task variables in 

delay-response tasks in testing environmental versus representational memory. Task 

variables include differential preferences for task rules (Warden & Miller, 2010), 

contingent motor responses (Romo et al., 1999) and stimulus-response mappings 

(Wallis et al., 2001). An increasing number of population coding studies have shown 

multiple tasks within the same lPFC region (Barak et al., 2010; Meyers et al., 2008; 

Stokes et al., 2013). Additionally, Rigotti et al. (2010) showed that multiple working 

memory tasks in lPFC showed concurrent task-specific modulation in complex object-

sequence tasks. This finding persisted even when interference was added to test for 
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task selectivity and it highlights two conditions within embodied cognition: nonlinear 

responses of lPFC to sensory input; and neural networks supporting diverse and 

complex task-directed ends (Sussilo & Abbott, 2009).  

A likely role of the lPFC, given its task-specific neural activity, is that of a top-down 

modulator of sensory input (Miller & Buschman, 2013). In the execution of stored 

rules or goals, emanating from situational contextual cues, sensory input must be 

differentially enhanced or suppressed in goal-directed behaviour. Alongside other 

heteromodal association regions such as the prefrontal cortex, parietal cortex and 

hippocampus, the lPFC likely operates as the processing component of working 

memory in its attendance and control of actively maintained representations within 

primary and unimodal association regions (D’Esposito, 2007). This functional view of 

working memory removes Baddeley and Logie’s (1999) central executive homunculus 

and replaces it with a goal-directed bias system that acts to modulate visual and other 

sensory processes, as well as memory retrieval, response execution and emotional 

evaluation.   

Taken together, the diversity of approaches in working memory research underscores 

inherent cognitive limitations in processing. Perhaps more fundamentally, differences 

in the research aims and units of analysis between neuroscience and cognitive 

psychology reveal a wide divergence in cognitive models as understood amongst the 

respective disciplines. In addressing this gap, the goal-directedness of embodied 

cognition forces a reconsideration of research methods in working memory study, 

including individual brain development and executive function. The following 

sections (Sections 2.4 to 2.6) thus review literature related to individual development 

as well as hippocampal, amygdala and prefrontal cortical-dependent cognition. This 

analysis forms an important component of the literature review as it outlines a 

mechanistic and causative framework in the development, analysis and interpretation 

of the study’s research objectives (introduced in Section 1.5.1). 

2.4 Individual development 

The following three sections attempt to link established principles of multimodality 

and working memory, as forwarded within cognitive psychology (Section 2.3), with 
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specific instructional design principles held by multimedia learning theorists (Section 

2.7). Within this sub-section (Section 2.4), the role of socioeconomic status (SES), as 

a moderator of brain development and function, is explored for its developmental 

consequences including variations in cognitive style and abstractive ability. Section 

2.5 builds on these developmental principles and presents analysis of hippocampal, 

amygdala and prefrontal-dependent cognition in elucidation of a working model of 

embodied cognition. Following this discussion of information processing and memory, 

Section 2.6 examines the neurological basis of multimodality and supra-additivity in 

ecologically consistent presentations. 

Life history theory links trade-offs (strategies) between survivorship, reproduction and 

growth in response to cues such as resource availability and environmental stability 

(Pianka, 1970). While typically used by ethologists and evolutionary biologists, life 

history traits such as age of sexual maturation (adrenarche), sexual debut and care of 

young equally apply to educational research and can be broadly understood as trade-

offs between bodily development (somatic effort) and reproduction (reproductive 

effort) (Griskevicius et al., 2011). Age of sexual debut (Santelli et al., 2000) and 

adolescent birth rate (Singh & Yu, 1996), for example, are correlated with the SES 

gradient as measures of reproductive effort; somatic effort indicators in low SES 

populations, meanwhile, include increased psychiatric illness (McLeod & Shanahan, 

1996; Rutter, 2003; Seidman et al., 1998) and cardiovascular illness (Davis et al., 2000; 

Jones, 2013).  

Cognitive styles, in this context, can be viewed as behavioural agents of cognitive 

processing, and can serve as a proxy for underlying neural development. Within the 

context of the currently described thesis, this has implications for abstractive ability, 

and thus text design. Cognitive styles have been characterised as the ways in which 

learners perceive, organise and cue environmental stimuli. Messick (1984) describe 

how cognitive style motivates a learner’s attentional resources in perception and 

subsequent organisation and interpretation of information, and how these 

interpretations are used to guide behaviour. Cognitive style differences can also be 

viewed from the perspective of brain development. Nelson et al. (2016), for example, 

emphasise the differential development of brain nodes dedicated to executive control 

(frontal regions), perceptual and affective processing demands. Protracted, nonlinear 
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frontal lobe development, relative to maturation of affective-perceptive nodes, can lead 

to distinctions between cognitive-regulatory and affective-reactive response to 

socialised stimuli. Within cognitive psychology, an analogous dimension is that of 

Field Dependence / Independence, which has been researched in the context of 

socioeconomic status and found to relate to a continuum of cognitive styles (Evans et 

al., 2013). These cognitive styles map broadly to that of brain development and could 

be consistent with a life history developmental model. 

Field dependence / independence relates to two contrasting methods of processing 

information (Guisande et al., 2007). Individuals are placed on a continuum from 

extreme field dependence through to extreme field independence, with field dependent 

individuals purportedly having greater difficulty in separating incoming information 

from its contextual surrounds, and more likely to be influenced by external cues. 

Additionally, field dependent learners are more likely to be non-selective in their 

information uptake relative to field independent learners who have less difficulty in 

separating the most essential information from its context, are more highly influenced 

by internal rather than external cues, and exhibit greater selectivity in information 

uptake (Riding & Cheema, 1991; Zhang, 2004). Field dependence/independence has 

been linked with school performance, with field independent students showing greater 

learning efficacy across all areas of knowledge (e.g. Roszkowski & Snelbecker, 1987; 

Tinajero & Páramo, 1997).  

Three lines of research have been conducted on field dependence/independence 

(Guisande et al., 2007) with focus on associations between cognitive style and 

vigilance tasks, the relationship between cognitive style and attentional resources, and 

selective attention tasks. While vigilance studies have proved rather inconclusive 

(Amador & Kirchner, 1999), selective attention tasks have shown two behavioural 

differences in stimuli processing. Field dependence and Field independence subjects 

show differences in global versus analytical approaches to information attention, and 

orientation of attention to relevant and irrelevant stimuli. Field dependent students in 

these studies have tended to focus their attention on global aspects of the information, 

while field independent students focused on partial aspects. Field 

dependence/independence also appears to affect responses to relevant stimuli. In the 

presence of distracting stimuli, in auditory and visual tasks, field dependent students 
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found it difficult to selectively attend to relevant cues, relative to field independent 

students, when more salient distracting agents are present (Avolio et al., 1981; Burton 

et al., 1995). Studies of attentional resources have involved the extent to which subjects 

can focus and sustain attention on information of interest, while inhibiting attention 

towards irrelevant stimuli (e.g. Goode et al., 2002). Macizo et al. (2006) found that 

performance of field dependence and field independence subjects across a range of 

cognitive tasks, such as reading and listening comprehension, vocabulary acquisition, 

and complex learning in adults, adolescents and children, was modulated in efficacy 

by attentional resources. Specifically, field dependence subjects were characterised as 

having less effective process control and reduced efficiency in the use of attentional 

resources.  

In relation to social standing, a key contextual variate in the currently described study, 

Garner and Cole (1986) researched locus of control and field 

dependence/independence between achieving and non-achieving low- and mid-SES 

7th grade students. In this study, locus of control was defined as either internal 

(individual effort) or external (control by others). The Group Embedded Figures Test 

(Oltman et al., 1971) was used for measuring field dependence along with the School 

Attitude Measure (Dolan & Enos, 1980) for locus of control. The results indicated a 

significant difference between achievers and non-achievers in low-SES students, with 

the biggest failure predictors being external locus of control and field dependence. In 

another study on SES and cognitive style, Andrews (1990) describes the development 

of a learning style program in a low SES elementary school in North Carolina. When 

all students were given Kolb’s (1985) Learning Styles Inventory, 62% of low achievers 

showed a preference for tactile and kinaesthetic learning and all low-achieving 

students were profiled as field dependence.  

Cognitive style is one of numerous biobehavioural correlates of social standing. 

Hackman and Farah (2010) reviewed the literature on social determinants of health, 

and report that a strong relationship also exists between SES and cognitive ability (IQ, 

and school achievement among other measures). Noting the basic inability of 

traditional IQ tests in determining specific neurocognitive systems responsible for 

performance differences, they used behavioural tests to support more specific 

inferences. To regionalise task performance, they parsed the brain into five relatively 
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independent systems, drawing from lesion studies and functionality in healthy 

subjects. They describe their functional fractionalisation of language system (left 

perisylvian cortex), executive / declarative memory system (prefrontal cortices), 

memory system (medial temporal cortex), and spatial and visual cognitive systems 

(parietal / occipitotemporal lobes respectively). Analyses revealed significant 

language and prefrontal (executive function) disparities across SES in children (see 

also Mezzacappa, 2004) and adults. Likewise, Lipina (2005) reported that lower-SES 

infants were, on average, less advanced in working memory / inhibitory control, and 

adult studies using neuropsychological tests have also demonstrated SES disparities in 

executive function and language tests (Singh-Manoux et al., 2005; Turrell, 2002). By 

contrast, Hackman and Farah (2010) note that visual and spatial processing weren’t 

associated with SES. 

Hackman and Farah (2010) proposed mechanisms for SES disparities in cognitive 

tasks. They describe the prolonged process in which certain brain circuits and regions 

reach maturity and highlight the susceptibility of language and prefrontal regions to 

environmental influences in development. Perceptual and hippocampal / medial 

prefrontal memory systems innervate and mature relatively early in development 

(Pavlova et al., 2001; Tzourio-Mazoyer et al., 2002) and are presumably shielded from 

adverse environmental stressors. The authors conclude that lower SES is associated 

with higher levels of stress that can compromise physiological stress response systems. 

Highlighting this form of environmental stress, O’Donnell et al. (2014a,b) found that 

SES differences in the executive function of attention, planning and verbal working 

memory were mediated by maternal sensitivity and aspects of the child’s home 

environment.  

With further implications for the association between SES and cognitive style, in 

longitudinal study Wadsworth and Achenbach (2005) reported SES differences in 

scores of anxious / depressed behaviour, somatic complaints, thought problems, and 

delinquent and aggressive behaviour. In relation to accounts of elevated incidence of 

psychopathology as a feature of SES, Oort et al. (2010) tested the Social Causation 

Hypothesis (McLoyd, 1998) that suggests that SES adversity leads to poorer mental 

health outcomes. In contrast to the alternative hypothesis, that those with 

psychological problems drift down the social ladder, longitudinal assessment of Dutch 
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and US children (whose behaviour cannot determine the family’s social position) led 

to the conclusion that social causes lead to a number of syndromes, both 

emotional/behavioural and somatic. This effect strengthens the assumed link between 

SES and cognitive style in the context of resource availability; it also highlights the 

subjective nature of social gradients given the existence of universal health coverage 

in the Netherlands.  

Social gradients are predictive, therefore, of psychopathology and disease incidence. 

Moreover, the direction of causality is suggestive of social rank as a mediator of 

disease sequela in multiple body systems. Related cognitive styles can be predictive of 

underlying neural development and are possibly receptive to cues of social adversity. 

Additionally, dimensions of cognitive style can modulate perceptual and attentional 

processes which possibly translate to differences in learning style. Having presented 

social standing as a moderator of cognitive style and ability, research on allostasis and 

related mechanisms of physiological impairment are presented in the following 

section. These details inform the research design via elucidation of specific 

mechanisms of SES stress impairment prior to further examination of the stress 

response in cognition. 

2.4.1 Allostasis 

Allostasis originates from the work of Hans Selye (1976) as bodily processes involved 

in insuring viability in the face of challenge and change. Homeostatic mechanisms 

tend to resist changes of state; allostatic mechanisms, by contrast, are responsive to 

anticipatory needs and function in adaptive responses to seasonal or daily 

environmental fluctuations (Schulkin, 2003, p. 17). Sterling and Eyer (1998) describe 

how allostasis involves the whole brain and body rather than the simple feedback loops 

of homeostasis. Allostasis involves feed-forward, cephalic roles in regulatory 

physiology and differs from homeostasis in the possibility of chronic overactivation of 

stress networks involved in preparative and stimulatory neuroendocrine function. 

Allostasis highlights our evolved ability to anticipate and adapt to change. Schulkin 

(2003) describes key components of allostasis in terms of allostasis, allostatic state and 

allostatic overload. Allostasis, as mentioned, refers to processes by which an organism 
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achieves internal viability through bodily changes of state. Behavioural and 

physiological processes are employed in the maintenance of internal parameters in 

limits essential for life, and common physiological mediators include glucocorticoids, 

dehydroepiandrosterone (DHEA), catecholamines, pituitary hormones, neuropeptides 

and cytokines (McEwen, 1998a; 2001). Allostatic state is the chronic overactivation 

of regulatory systems and the alterations of body set-points (Schulkin, 2003, p. 21). 

Allostatic overload refers to the expression of patho-physiology as a consequence of 

chronic overload of regulatory systems. Viewed from the short term, allostatic 

regulatory mechanisms are adaptive and serve a beneficial role (Dorries, 2001; 

Sapolsky et al., 2000). However, long-term arousal of regulatory systems in allostasis 

can compromise bodily function, both in the central nervous system (CNS) and in 

peripheral body systems (Sapolsky, 2000a).  

Because glucocorticoids play a key role in stress reactivity, they have been the subject 

of allostatic research (e.g. Dallman et al., 2000; Schulkin, 2004, p.81). Sapolsky 

(2000b) reviewed glucocorticoids and stress and summarised their role in four 

contexts: permissive, suppressive, stimulatory and preparative actions. Adaptive, 

short-term allostatic responses include the stimulatory role of glucocorticoids in 

boosting immune mediators and amygdala-dependent memory formation (Cahill & 

McGaugh, 1998). Within the context of allostatic dysregulation, the stimulatory and 

preparative actions of glucocorticoids have downstream pathological effects in the 

cephalic regulatory role. With prolonged activation, glucocorticoids can compromise 

bodily function — stimulatory and preparative glucocorticoid action can compromise 

the function of the same immune mediators boosted in the glucocorticoid stimulatory 

role. Common examples of allostatic overload include loss of bone mass, immune 

dysfunction, depression and neural atrophy in the hippocampus and areas of neocortex 

(McEwen, 1998a). Compromising hippocampal function impairs normal 

hypothalamic-pituitary-adrenal axis (HPA) activity and memory processes and leads 

to greater allostatic overloading due to the HPA’s role in stress reactivity feedback 

(Sapolsky, 2000a). Glucocorticoids are multi-functional (pleiotropic) steroid 

hormones, although they primarily function in an immunological role and in the 

metabolism of glucose. Prolonged glucocorticoid secretion can therefore compromise 

glucose transport and use and energy storage and use which alongside its activation of 

excitatory amino acids, explains its effect on multiple body systems including 
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metabolic, psychiatric and immunological conditions (McEwen, 2001, p. 23). For this 

reason, cortisol, the main human glucocorticoid, is often the focus of research on stress 

activated neuronal toxicity, dendritic atrophy and reduced neurogenesis (Bremner et 

al., 1995, 2000; McEwen & Sapolsky, 1995; Sapolsky, 1992, 2000b).    

Schulkin (2003, p. 22) describes three forms of allostatic overload. Firstly, 

overstimulation by frequent stress results in excessive stress hormone exposure. As 

mentioned above, indicators of allostatic overload appear in multiple organs and organ 

systems and enhance susceptibility to disease from changes in immune sensitisation 

processes (Dhabhar, 2008). Secondly, allostatic overload is characterised as failure to 

inhibit allostatic responses when they aren’t required, or an inability to habituate to the 

same stressor. Both conditions result in overexposure to stress hormones. The inability 

to stimulate allostatic responses when needed constitutes a third variant of allostatic 

overload, with resultant pathophysiology due to hyperactivity of other systems (e.g. 

inflammatory cytokines) normally suppressed by stress hormones.  

An adaption becomes a pathology, within the allostasis literature, when its 

physiological expression continues for too long (Schulkin, 2003, p. 22). 

Correspondingly, the role of social gradients in allostasis was an initial impetus in the 

development of allostatic theory due to earlier work on social determinants of health 

inequality (e.g. Crimmins & Saito, 2001; Donkin et al., 2002). Seminal work by Eyer 

and Sterling (1977) on ‘Stress related mortality and social organisation’ addressed 

‘chronic arousal’ as a feature of low social standing as causal to the onset of a variety 

of disease states. Such chronic arousal, according to Koob and LeMoal (2001), results 

in overactivation of allostatic anticipatory mechanisms, feedforward mechanisms and 

eventual allostatic overload. Social rank is thus linked with allostatic overload which 

results in inequitable disease load in poorer communities through the chronic 

overactivation and exaggerated expression of cortisol. Moreover, dysfunctional 

behavioural expression and altered appraisal signals to danger are noted in low SES 

populations (McEwen, 1988b, 1999; Van Cauter et al., 2000). Higher cortisol levels 

in non-human primates relate to fight initiation, inability to distinguish between 

threatening and neutral stimuli, defeat and lower social dominance (Sapolsky, 2001). 

Lupien, King, Meaney, and McEwen. (2000) found in children that SES and a 

mother’s vulnerability to depression affect cortisol levels. Biobehavioural correlates 
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of cortisol in human research therefore relate to the altered reproductive and somatic 

strategies outlined previously. 

The ‘wear and tear’ of allostatic overload on body systems has been the focus of 

research on early-life socioeconomic disadvantage. Gruenewald and colleagues 

(2011), for example, note the inverse risk association between SES and health, 

including risk of disease-specific and all-cause mortality. The possibility of a common 

biological mechanism underlying health disparities linked with SES adversity was 

raised by the authors. To test this proposition, the researchers examined whether 

greater life course SES-adversity experience would be linked with higher scores in a 

multisystem allostatic load index of adulthood physiological function. Usage of a 

multisystem allostatic load index follows from the heightened risk that experiential 

and behavioural correlates of SES place on major morbid conditions affecting multiple 

body systems. Allostatic scores were aggregates of 24 biomarkers from seven distinct 

physiological systems. These systems included: sympathetic nervous system, 

parasympathetic nervous system, HPA axis, cardiovascular system, lipid metabolism, 

glucose metabolism and inflammatory immune activity. SES risk indices were 

computed at three time periods (childhood and two at adulthood - participants were a 

substudy of the Midlife in the US MIDUS longitudinal study). Childhood SES was 

computed by summing financial level while growing up, highest level of parental 

education and childhood welfare status. Adult SES measures were made by summing 

values at each time point: education level, family-adjusted income-to-poverty ratio, 

current financial situation, availability of money to meet basic requirements and 

difficulty in paying bills.  

The findings indicate higher levels of allostatic load in middle and later adulthood in 

those who have experienced greater levels of SES adversity across the lifespan from 

childhood to adulthood. Moreover, greater allostatic load was associated with greater 

life course SES adversity, irrespective of whether cumulative SES adversity was 

measured as higher summary scores of SES adversity information from childhood and 

two points in adulthood, or as persistent SES adversity in both childhood and 

adulthood. Additionally, inclusion of covariates of ‘risky’ behaviours associated with 

low social standing from a wide domain of potential mediators (health, status, 
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behavioural, psychosocial) in the analytical models resulted in little change in the 

magnitude of the associations between SES variables and allostatic load. 

This study and others (e.g. Goyman & Wingfield, 2003) have addressed the time 

course of associations between allostatic load and social standing. Different theoretical 

frameworks have motivated research, including accumulation of risk models, status 

mobility models and sensitive / critical period models (Seeman et al., 2010). 

Accumulative versus additive processes of risk have been investigated within these 

frameworks, as have possibilities of amendment in status adjustment. Additive 

processes, for example, are acknowledged in the literature in that individuals who 

consistently hold low-SES positions are predicted to fare the worst, while the upwardly 

mobile are likely to benefit physiologically over the life span (Geronimus et al., 2006; 

Weinstein et al, 2003). Sensitive and critical period models are used, for example, in 

mapping purported HPA sensitivity to stress hormones in mid-gestational and 

perinatal development (e.g. Ben-Shlomo & Kuh, 2002).  

Theorists assume differential effects on physiological functioning depending on the 

life course phase in which adversity is experienced, with early life SES adversity 

permanently affecting developing biological systems (Pollitt et al., 2005). The 

strongest experimental evidence points towards the cumulation of risk model as seen 

in cumulative health issues such as weight gain and inflammatory burden (Loucks et 

al., 2010). Gruenewald et al. (2011) describe less consistent support for protective 

effects and upward mobility, although some authors have reported adult measures as 

having greater explanatory power than childhood measures. Nonetheless, other 

researchers have found significant allostatic load associations for childhood SES that 

are independent of adult social standing (Tamayo et al., 2010). 

Allostasis and allostatic load research highlights the effects of stress on development 

and provides mechanisms of cognitive impairment. In providing an explanatory 

account of disease, including psychiatric disease, as a feature of social standing, 

allostasis offers a diachronic / ontogenetic and sequential perspective of causation and 

function (c.f. Tinbergen’s ‘four questions’, 1963). What is required for a fuller 

synthesis, though, is elucidation of specific mechanisms underlying perceptual, 

affective and cognitive processing. This is important for the current study for two main 
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reasons: firstly, SES should be viewed as a universal moderator of cognitive 

development and, in extension, (b) SES is likely associated with variations in 

abstractive ability. The specific association between social standing and stress 

hormone dysfunction is presented in the following sub-section (Section 2.4.2). After 

laying this developmental groundwork, analysis of stress-mediated neural plasticity is 

presented in Section 2.4.3 to establish mechanisms underlying perceptual and 

cognitive processes in learners. 

2.4.2 Socioeconomic stress 

When determining the cause of frequent stress activation, socioeconomic status is 

commonly implicated. Cohen et al. (2006) reason that people of lower SES are 

"embedded within environments characterised by high levels of psychosocial 

disruption that increase the risk of disease by continuously provoking stress-elicited 

dysregulation of key behavioural and biological systems" (p. 414). Lupien et al. (2001) 

suggest that individuals of lower SES are exposed to greater change and instability, 

and that instability has been found to produce a higher level of distress in lower-SES 

individuals.  

The SES and stress literature has emphasised the link between quality of early 

environments and later-life disease patterns. Chrousos and Kino (2007), for example, 

state that elevated plasma low density lipoproteins (LDL), decreased sensitivity to 

insulin and impaired immune response are all mediated by modified patterns of 

neonatal stress hormone activity. A growing body of research into fetal origins of adult 

disease (FOAD) likewise connects perinatal socioeconomic stress with ongoing 

disease, including psychiatric disorders (Gillman & Rich-Edwards, 2000). Snowdon 

et al. (1989), for example, conducted a prospective longitudinal study of elderly nuns, 

relating survival and independence to childhood socioeconomic status. The living 

arrangements of the nuns allowed the researchers the ability to control for multiple 

confounds as the sisters all lived in similar housing with similar diet and healthcare. A 

strong relationship reported between measures of SES and longevity and patterns of 

disease links quality of early environment with health in later life. Sapolsky (2004a, 

p.178) comments that it is remarkable that background SES status so precisely tracks 
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epidemiological data, including psychiatric pathology, in advanced age despite 

decades of uniformity in living conditions.    

Socioeconomic gradients appear to exert the greatest effect in unequal communities 

(Elo, 2009). However, even in nominally egalitarian societies such as Canada, SES is 

associated with chronic activation of the stress response. Lupien et al. (2001) measured 

diurnal glucocorticoid levels of SES-differentiated public-school children in Montreal 

to further understanding of the global association between SES and health. Six groups 

of children aged between six and 16 years were formed and divided into two categories 

of SES - high and low. Parental interviews were conducted, using the Derogatis Stress 

Profile (DSP) and Family Inventory Life Experience (FILE) surveys to determine SES 

information in addition to objective SES measures gained from the Montreal 

Schooling database.  

In this study, glucorticoid saliva assays showed marked rises in morning 

glucocorticoid levels in low SES students compared with high SES students. This 

effect persisted up until high school age. Moreover, the largest glucocorticoid 

difference occurred for 10-12 year olds, corresponding with the increased pubertal 

production of gonadal steroid hormones. Parental questionnaire data revealed how 

stress manifested in low- and high-SES households: low SES families reported greater 

environmental stressors, whereas high SES respondents attributed greater stress to 

work and family transitions. 

Cohen et al. (2006a) found that lower income and education were associated with 

higher levels of glucocorticoid during the evening and at bedtime in a sample of 781 

middle-aged adults in the CARDIA study. In a different study, Cohen et al. (2006b) 

found that lower levels of income and education were associated with higher levels of 

total glucocorticoid concentration over the day in a recruited sample of 193 adults aged 

21–55 years. Data from 6335 participants in the 1958 British Birth Cohort Study with 

saliva collected at age 45 years found that lower lifetime SES was associated with a 

greater risk of extreme post-waking cortisol values.  

Some researchers have noted the greater predictive ability of subjective versus 

objective social standing in studies of environmental stress. As an example, in an 
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extension of Gianaros et al. (2005) study of subjective social standing and anterior 

cingulate morphology, Wright and Steptoe (2005) provide mixed results on SES and 

glucocorticoid awakening response (GAR). Specifically, they found a relationship 

between lower subjective social status and higher GAR, but a weak relationship 

between level of education or financial strain and GAR in adults aged 65–80 years. It 

is noteworthy that Braveman et al. (2005) found that conventional measures of SES 

only modestly correlate with markers of stress pathology, seemingly highlighting the 

validity of subjective social standing as a measure of SES-induced stress. 

Drawing from 5486 British civil servants as a subset of the Whitehall II study, Singh-

Manoux et al. (2005) reported objective and subjective SES as global measures of 

socioeconomic status and found both to be significantly associated with health 

outcomes. However, when objective and subjective SES measures were modelled 

simultaneously in an analysis of mental and physical component scores, along with 

self-rated health, only subjective accounts continued to be significantly predictive of 

health outcomes. Nonetheless, the authors consider measures of objective and 

subjective SES to be composite measures of SES and concluded from correlation 

analysis that this is the case. The authors speculate that three aspects of subjective 

social standing make it a better health measure than objective SES. Subjective SES as 

a multidimensional quality could be more precise than traditional SES measures which 

do not account for nuances, such as the perceived quality of one university versus 

another for those graduating with equivalent degrees. Secondly, the authors emphasise 

the hierarchical nature of subjective social standing. Subjective status reflects a 

‘relative’ versus ‘absolute’ social position and emphasises the possibility of relative 

differences amongst environments of similar objective SES. Finally, the authors raise 

the point that subjective SES and health possibly represents a spurious association. It 

is possible that self-assessment of SES is mediated by health status, or that health 

ratings and measurement of subjective status are biased by a common variable such as 

response bias. However, previous research (e.g. Operario et al., 2009) and the method 

employed by Singh-Manoux et al. (2005) in this longitudinal study help to rule out 

response bias and reverse-causality. In explanation, Singh-Manoux et al. (2005) 

describe avoidance of validity issues in SES data being gathered at phase 4 (1997-

1999) and health data at phases 5 and 6 (2001-2002). This reduces response bias 
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through response set or social desirability issues where, for example, respondents who 

rank themselves highly in social rank also self-report better measures of health. 

Additionally, when examining social and economic status and dysregulation of stress-

emotion biological systems, it is essential to address the strength and direction of the 

relationship. Examining socioeconomic gradients and rates of mortality, Evans (2002) 

cites OPCS (1978) data which reveal a strong negative relationship between social 

class and mortality rate in longitudinal data drawn from British and Welsh men 

between 1911 and 1981. Moreover, Evans states that, despite improvements in living 

conditions and public health, and reduction of incidence of specific diseases, the SES-

disease gradient persists. This indicates that absolute levels of income per se are less 

important than gradients of relative wealth. Indeed, Evans notes that the "roots [of the 

SES health gradient] lie beyond the reach of medical therapy" (p.19). The association 

between SES-gradients and disease has attracted criticism due to the incidence of risky 

behaviours in low SES populations (e.g. Pickett & Pearl, 2001). However, the 

multivariate analyses of the Whitehall studies (Marmot et al., 1991) helps to rule out 

risk factors such as incidence of smoking and lung cancer in low SES groups. The 

longitudinal prospective Whitehall studies involved social determinants of health from 

nearly 30,000 British civil servants over a 20-year period. When factors such as 

smoking, cholesterol, blood pressure and level of exercise were controlled, social 

standing still accounted for over 60 percent of disease incidence (Bartley et al., 2000).  

Having established SES as a causative influence in stress activation and a likely 

contributor to dysfunctional allostasis, specific targets of stress are described in 

Section 2.4.3. As mentioned in Section 2.4, mediators of allostasis include brain 

networks involved in perceptual, affective and cognitive processes. Given the 

important role of affect as a contributor to cognitive style, including its hypothesised 

association with abstraction (see Sections 2.5 and 5.4) an understanding of stress and 

plasticity influences considerations of learning motivation and links with the learning 

objectives presented in Section 1.5.1. 
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2.4.3 Stress and brain plasticity 

Donald Hebb (1949) wrote that man is the “most emotional of animals” in reference 

to the fact that, with the development of more sophisticated nervous systems, the 

degree of emotionality increases across species. Brosch et al. (2013) suggest that 

emotion can thus play an adaptive function, requiring a high degree of processing 

complexity in allowing for decoupling of stimuli from behavioural response. Flexible 

adaptation to environmental contingencies, such as that explored from the context of 

social standing, affords the individual specific physiological response such as in 

stimuli processing. Manifesting as motivated behaviour, attentional and cognitive 

strategies can be understood via emotional stimuli processing as opposed to inflexible 

stimulus-response action tendencies. To explore this further, this section reviews the 

mechanisms of brain plasticity associated with social environments of upbringing.      

Emotions are central motivational states of the brain that underlie behavioural 

adaptation to our environments of upbringing (Schulkin, 2003). Emotional regulation 

occurs in the central nervous system and is regulated by the same neurotransmitters 

and neurohormones that moderate physiological response in areas peripheral to the 

central nervous system (Gunnar & Quevedo, 2007), such as in hypothalamic-pituitary-

adrenal (HPA) axis function. Pessoa (2008) describes regions implicated in emotional 

regulation, such as amygdala and basal ganglia, as being highly interconnected with 

neural systems that underlie perception, cognition, homeostasis and behaviour. These 

networked areas share functional roles in processing social and emotional stimuli, and 

include the hippocampal bodies, amygdala, medial and ventromedial prefrontal cortex, 

cingulate cortex as well as areas of parietal and temporal lobe. 

Studies have focused on key brain regions as hubs involved in the recruiting and 

integration of a wide range of the brain's computational resources in the processing of 

socioemotional stimuli (e.g. Sporns et al., 2007; Young et al., 1994). Such stimuli are 

salient and engage attention, effectively prioritizing social and emotional data for 

processing over other classes of information. Research consistently identifies the 

hippocampus (McGowan et al., 2009), amygdala (Fuchs & Flugge, 2003) and 

prefrontal cortex (Arnsten, 2009) as areas that integrate socioemotional stimuli, 

highlighting their importance when considering the developmental plasticity of these 
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regions. Figure 2.5 shows a longitudinal section of the limbic system including 

infralimbic prefrontal cortex (Brodmann area 25).  

 

Figure 2.5 Hippocampus, amygdala and prefrontal cortex (Cooper & Mulvey, 2015) 

When examining stress-induced dysfunction in these brain areas, it is necessary to 

consider the neurobiology of the stress-emotion system. In the paraventricular region 

of the hypothalamus, corticotropin releasing hormone (CRH) is produced and travels 

to the anterior pituitary gland where adrenocorticotrophic hormone (ACTH) is 

stimulated and released. ACTH is released into general circulation and stimulates the 

release of the corticosteroid glucocorticoid (cort in Figure 2.6) from the adrenal cortex 

(Sapolsky & Meaney, 1986). As previously mentioned, glucocorticoids mobilise the 

body for action through energy substrate availability and utilisation, and 

glucocorticoid blood serum concentration provides feedback to the stress system at the 

pituitary, hypothalamus, hippocampus and frontal cortex (Kaufman et al., 2000). This 
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system is called the hypothalamic-pituitary-adrenal (HPA) axis for its interconnected 

components.  

 

Figure 2.6 Stress and the HPA axis (figure adapted from Xiao, 2015) 

Glucocorticoids play an essential role in physiology by readying the body for response 

to danger and for learning (Gunnar, 2007). Glucocorticoids produce their effect 

primarily through gene expression, and virtually all cells contain glucocorticoid 

receptors (Wu et al., 2006). Glucose production, for example, is initiated when 

glucocorticoids dock to receptors in liver or kidney cells. This transcription can take 

minutes or hours to mediate effects on brain or body and, as described above, 

glucocorticoids can broadly be defined as having four roles in stress: permissive, 

stimulatory, suppressive or preparatory (Sapolsky et al., 2000). The preparatory role 

appears to follow prolonged exposure to high levels of glucocorticoids and lowers the 

threshold for activation of the parasympathetic reverberating threat system, making it 
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easier for mild threats to activate and maintain anxious, vigilant defensive responses 

(Rosen & Schulkin, 1998). 

The structural and functional integration of cortical and limbic regions in the stress 

response is discussed by Kaufman et al. (2000). They describe how the medial 

prefrontal cortex (mPFC), anterior cingulate and orbitofrontal cortex (oPFC) relay 

information from primary sensory and association cortices to subcortical structures 

involved in glucocorticoid, dopamine and noradrenaline feedback. The medial and 

orbital PFCs are reciprocally interconnected, provide direct inputs to the hypothalamus 

and are reciprocally connected with the amygdala. The medial PFC also shares 

connections with brainstem nuclei, and the hippocampal bodies directly project to 

medial PFC via pyramidal CA1 cells and the subiculum of the hippocampal formation. 

Figure 2.7 provides a diagrammatic overview of corticolimbic system connectivity 

(Kaufman & Charney, 2001). 

Figure 2.7  Connections between cortical and subcortical brain regions (Kaufman &   

Charney, 2001) 

Additionally, Kaufman and colleagues (2001) describe inhibitory and stimulatory 

modulation of forebrain and limbic systems via glucocorticoid, dopaminergic and 

noradrenergic feedback. Notable inhibitory inputs exist between the hippocampus and 
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amygdala, and between the hippocampus and prefrontal and association cortices. 

Glucocorticoid itself operates in a classic feedback loop, whereby elevated levels of 

the hormone inhibits CRH production in the hypothalamus and consequent production 

of ACTH from the anterior pituitary. In short, the hippocampus and prefrontal cortex 

are inhibitory bodies, while the amygdala and norepinephrine (NE) inputs from 

medullary nuclei exert stimulatory effects during stress. Impaired stress 

responsiveness results from inhibitory dysfunction and causes allostatic 'wear and tear' 

on multiple body systems (Sapolsky, 2004b, p. 38).  

Studies demonstrate the putative link between childhood abuse and hippocampal   

inhibitory pathology. McGowan et al. (2009) examined levels of hippocampal-specific 

glucocorticoid receptor messenger RNA (mRNA) and methylation status – silencing 

– of the promoter region involved in glucocorticoid receptor transcription in suicide 

victims and controls. Suicide completers were from two populations: those with a 

history of childhood abuse (n=12) or without abuse (n=12). Additionally, a control 

sample of 12 participants who had died of sudden, accidental causes was included. The 

team found a significantly decreased level of glucocorticoid receptor mRNA and 

increased cytosine methylation of the receptor promoter region in suicide completers 

with childhood abuse compared with both other groups.  

From these findings, McGowan and colleagues (2009) postulate that inhibition of 

glucocorticoid negative-feedback responsiveness to stress is a corollary of 

glucocorticoid receptor transcription downregulation in the hippocampus. The nature 

of causality between hippocampal glucocorticoid receptor density and suicide per se 

appears straightforward as suicide completers without abuse and controls both had 

higher glucocorticoid receptor mRNA expression with similar methylation status, 

thereby associating this effect with childhood abuse. Accordingly, McGowan and 

colleagues discuss research on maternal mood disorders being associated with 

decreased maternal sensitivity, depression in offspring and impaired mother-infant 

interactions. When it is considered that cytosine methylation is a highly stable 

epigenetic mark – i.e. environmentally determined – heightened stress reactivity is 

directly linked to the environment of development and can be intergenerational in 

nature (Kim & Costello, 2017).    
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While McGowan et al. (2009) provide a plausible mechanism underlying             

hippocampal plasticity in relation to stress in childhood, other studies demonstrate 

specific hippocampal morphology associated with stress. Vythilingam et al. (2011) 

performed a volumetric analysis of hippocampal volume of 46 clinically depressed and 

control women using MRI imaging. Of the depressed subjects, 21 had experienced 

prepubertal abuse (sexual, physical or neglect), and a further eleven had no history of 

childhood abuse; and a control sample consisted of 14 healthy adults. Depressed 

subjects with a history of childhood abuse had 18% smaller mean left hippocampal 

volume than the non-abused depressed subjects, and a 15% smaller mean left 

hippocampal volume than the healthy subjects. 

The authors discuss the association of psychosocial stress with reduced declarative 

memory, elevated glucocorticoid levels and hippocampal dysfunction. They also draw 

on previous preclinical research demonstrating chronic psychosocial stress and 

glucocorticoid administration inhibiting neurogenesis in the dentate gyrus region of 

the hippocampus (Eriksson et al., 1998), atrophy of hippocampal neurons (Lupien et 

al., 1998) and remodelling of the apical dendrites of pyramidal neurons of the CA3 

hippocampus region (Magarinos et al., 1999). Furthermore, they suggest that earlier 

research on hippocampal morphology in depressed patients was often inconclusive 

because it failed to include data on preadolescent abuse.   

Stress-induced hippocampal plasticity is also seen in healthy populations. Ganzel et 

al. (2008) demonstrated reduced hippocampal grey matter volume in adults who lived 

in close proximity to the World Trade Centers in New York, three years after the 2001 

attacks. Relative to other healthy adults, proximity to the stressful event appears to 

correlate with grey matter volume not only in the hippocampus, but also in 

parahippocampal cortex and amygdala.  

Neuronal atrophy has been demonstrated by Woolley et al. (1990) to occur after 

exposure to three weeks of stress in otherwise healthy populations. Watanabe et al. 

(1992) attribute deficits in hippocampal-dependent cognition to the reversible decrease 

in number and length of apical dendritic branch points mediated by this level of 

overexposure to glucocorticoids. More sustained levels of stress can lead to permanent 

loss of hippocampal neurons — neurotoxicity (Sapolsky, 2000a). Experimental 
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exposure of rats to high concentrations of glucocorticoids for approximately 12 hours 

a day for three months involved a 20% loss of CA3 neurons (Brumelte & Galea, 2010).  

Reduction in hippocampal volume is also caused by reduced neurogenesis (Gould & 

Cameron, 1996). Granule cells in the hippocampal dentate gyrus continue to 

proliferate into adulthood and neurogenesis is markedly reduced by stress (Mirescu et 

al., 2004). Maltreatment studies in mammals, including non-human primates, indicates 

that methylation status — and subsequent expression — of brain-derived neurotrophic 

factor (BDNF), which functions in cortical and subcortical neurogenesis, is linked with 

quality of early care and variations in resource allocation (Roth et al., 2009). 

The prefrontal cortex (PFC) shows similar trends as the hippocampus in 

pathophysiology from overexposure to glucocorticoids. The PFC occupies the anterior 

portion of the frontal lobe and is broadly involved in higher cognitive functions such 

as executive control and emotional regulation (Wallis, 2007). The hippocampus and 

PFC function as negative feedback inhibitors of HPA activity, and studies have 

focused on their structural and functional interconnectedness (Bazzari & Parri, 2019; 

Howland & Wang, 2008). Cerqueira et al. (2007) discuss how the modulation of 

synaptic activity between the hippocampus and PFC contributes to synergistic 

regulation of learning and memory processes alongside stress inhibition. To model the 

effects of chronic stress on associative learning, they reasoned that stress induced 

plasticity of the hippocampal-medial PFC axon pathway would reveal deficits in 

selected learning and memory tasks, alongside specific PFC neural atrophy. In a series 

of experiments, they examined long-term potentiation in the hippocampal-PFC 

pathway of stressed versus control rats involved in PFC and hippocampal-dependent 

tasks.  

Analysis of behavioural tasks and stereological brain imaging showed significant   

differences in stressed and non-stressed animals. Layers I and II of all regions of the 

medial PFC were significantly smaller in animals exposed to chronic, unpredictable 

stress. Chronic stress also impaired performance in working memory and reference 

memory tasks, including behavioural flexibility. The authors concluded that 

hippocampal - PFC long-term potentiation is dependent on PFC synaptic plasticity and 

is directly modifiable by environmental stressors.  
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Arnsten (2009) describes the loss of human dendritic material in PFC layers II and III 

following exposure to chronic stress. Such loss relates to PFC networks losing 

dendritic material — dendritic length, branching and spine density. They note that 

established synaptic connections could be especially vulnerable to stress, and that 

dendritic changes appear associated with marked PFC dysfunction in areas such as 

working memory. The authors discuss the susceptibility of the PFC to stress plasticity. 

While hippocampal plasticity requires weeks of exposure to chronic stress, PFC 

plasticity can be evident after as little as a single exposure to chronic stress.  

The anterior cingulate cortex (ACC) is an evolutionary old cortical system (Allman et 

al., 2001) and occupies much of the medial wall of the prefrontal cortex. Plasticity of 

the ACC is notable as dorsal ACC projects to PFC and frontal eye fields (Ridderinkhof 

et al., 2004) alongside ventral ACC 'emotional' projections to amygdala and 

hypothalamus. Indeed, subdivisions of the ACC have been described in terms of a 

dorsal cognitive-motor division, a ventral visceral-motor division, and an intermediate 

affective division (Bush et al., 2000). A particular subdivision of the ACC, the 

perigenual ACC, has been linked in neuroimaging and lesion studies to the appraisal 

of environmental and personal events, the experience of emotional states, and 

behavioural and autonomic response to stressful and emotional stimuli (Vogt, 2005).  

In order to extend animal studies of social hierarchy showing perigenual ACC (pACC) 

structural plasticity, Gianaros et al. (2007) used voxel-based morphometry to assess 

homologous regional grey matter volume in human subjects differentiated by 

subjective accounts of social standing. They used Adler et al.’s (2000) pictorial scale 

of a 'social ladder' to garner respondents perceived social standing and controlled for 

confounds including subclinical depressive symptoms and conventional objective 

measures of socioeconomic status. They report that grey matter volume in the pACC 

covaried with perceived social standing, emphasising the potential impact of this 

plasticity on the pACC's role in experiencing emotions and regulating behavioural and 

physiological reactivity to psychosocial stress. With relevance to research objective 2 

(Section 1.5.1), this finding mirrors that of Braveman et al. (2005) and others as 

described in Section 2.4.2.  
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Further understanding of ACC morphology and HPA dysfunction emerged from a 

study by Alasdair et al. (2006) who examined volumes of bilateral anterior cingulate 

cortex and HPA dysfunction in elderly men. Two groups of ten 65-70 year olds, 

namely, suppressors and non-suppressors of endogenous glucocorticoid, were formed 

following administration of the synthetic corticosteroid dexamethasone. 

Nonsuppressors had significantly smaller left anterior cingulate cortex volumes than 

suppressors, and the authors suggest that this indicates an important role for the 

anterior cingulate cortex in suprahypothalamic feedback regulation of the HPA axis. 

While this study didn't consider stress-induced dysfunction per se, it can reflect 

depression-like abnormalities of the ACC and HPA dysregulation either 

accompanying, or compounding, the aging process. Individual differences in 

respondent ACC morphology can also reflect stress in upbringing. 

The amygdala is comprised of several nuclei in the medial anterior temporal lobes 

which project to numerous corticolimbic regions. It is well known for its role in fear 

conditioning (Lopez et al., 1999), formation and storage of emotionally salient 

memories (Kilpatric & Cahill, 2003), and stimulation of the HPA axis (Tsigos & 

Chrousos, 2002). The amygdala supports the rapid assignment of emotional and 

behavioural salience to environmental events by integrating multimodal sensory inputs 

from distributed cortical, thalamic and brainstem afferent relays (LeDoux, 2003), and 

it possesses glucocorticoid receptors similar to hippocampus and prefrontal cortex 

(Conrad et al., 2004).  

Stress processing occurs between the amygdala's central nucleus and paraventricular 

hypothalamic nuclei, as well as in prefrontal networks (Herman & Cullinan, 1997). 

Unlike the hippocampus and PFC, the amygdala shows dendritic growth under chronic 

stress situations, enhancing amygdala-dependent unlearned fear conditioning. Perhaps 

not surprisingly, this parallels impairment in hippocampal-dependent cognitive 

function (Vyas et al., 2002). 

Studies of emotion regulation highlight amygdala activation, typically observed in 

functional magnetic resonance imaging (fMRI) studies involving presentation of 

hostile, angry or otherwise emotionally salient faces (Batty & Taylor, 2006; Hariri et 

al., 2003). For example, Taylor et al. (2006) hypothesised that amygdala response in 
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'risky' children, as assessed by an adapted version of Felitti et al. (1998) Risky Families 

questionnaire, would be inversely related to activity in the right ventrolateral PFC 

which is a brain region implicated in emotional regulation, such as in verbalising 

negative experiences — perhaps as a coping strategy. Using functional magnetic 

resonance imaging (fMRI), Taylor and colleagues presented a series of emotional 

stimuli to 30 participants in order to measure haemodynamic response in amygdala 

and right ventrolateral PFC. The stimuli were a series of negative faces which were 

either unmarked or accompanied by two alternative emotions printed on the card. 

Analysis showed expected amygdala response to faces in non-risky children, along 

with expected right ventrolateral PFC activation while labelling emotions. As 

expected, a moderate negative correlation of activity between the two occurred in the 

two viewing paradigms. By contrast, risky children showed little amygdala activation 

in the faces-only viewing, and a strong positive correlation between amygdala and 

right ventrolateral PFC activity in the labelling task. The authors reasoned that 

amygdala activation to negative emotions can become habituated in risky children, and 

normal coping strategies involving regions such as right ventrolateral PFC are not 

recruited. The higher amygdala activity during the labelling task in risky children 

could reflect an avoidance strategy resulting from impaired right ventrolateral PFC 

function that is unsuccessful in deactivating the amygdala in non-risky children. This 

research offers insight into the mechanisms underpinning overreaction to stressful 

socioemotional stimuli among children in stressful or low SES environments, and the 

concomitant lack of cognitive regulation of emotions. 

Acute and chronic stress modifies glucocorticoid homeostasis by altering amygdala-

hippocampal-PFC networks. Arnsten (2009) describes how the effects of acute stress 

drives cognition towards more ancient brain regions. For example, social stress tests 

such as the Trier test involving public speaking have been shown to impair cognitive 

flexibility and working memory which are both PFC-dependent (Alexander et al., 

2007), and to drive long-term potentiation of amygdala-ventromedial PFC circuitry 

(Britton et al., 2011). The altered catecholamine, glucocorticoid and dopamine 

response by the amygdala under chronic stress induces positive feedback towards ever 

greater amygdala inhibition of both PFC cognition / regulation and PFC-hippocampal 

suppression of the HPA stress response (Makino et al., 2002). The way this reorients 
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attention from 'top down' thoughtful regulation by the PFC to 'bottom up' sensory-

based information mediated by stress-induced, hypertrophic amygdala projections is 

important for this study. This represents a hypothetical association of stress 

mechanisms and allostatic load (Section 2.7.1) with the Field-Dependence / 

Independence cognitive style dimension identified previously.  

This section has outlined mechanisms of hippocampal, PFC and amygdala plasticity 

in relation to social stress. As seen, these variations constitute a predictive contextual 

factor and thus form an essential basis of individual development. In isolating the PFC, 

hippocampus and amygdala as neural hubs involved in receipt and processing of 

socioemotional stimuli, their role in learning is reviewed in the following section. 

2.5 Hippocampal, amygdala, prefrontal and cerebellar-dependent cognition 

Pezzulo (2011) proposed that human prefrontal-cerebellar and parietal-cerebellar 

cortical connectivity underlies executive functions like that of other animals and that 

goal-directed behavior across species is derived from sensorimotor anticipation. The 

proposal that executive function is not unique to our species, and that goal-directed 

action forms the basis of cognition, has implications for multimedia research. Akin to 

Piaget’s developmental theory, though without reference to schema theory as in 

multimedia learning (see Sections 1,1,2 and 1.7), Pezzulo (2011) proposes that an 

organism’s knowledge and representational ability is derived from sensorimotor action 

and competence. Accordingly, procedural knowledge is generated through the 

interplay of behavioural systems. Declarative knowledge, from this perspective, 

derives from the re-enactment of these situated behaviours and actions via mental 

simulation. In extension, executive function is the internal manipulation of these 

functions and processes. Pezzulo (2011) describes this as internalised situated 

behaviour and stresses the importance of autonomic (visceral) and conscious elements 

of cognition in this model.  

Drawing from this embodied cognitive model to my present study of multimedia 

learning effects, focus is placed on a functionally adaptive neural architecture in a 

‘bottom-up’ subcortical model. The model assumes the relevance of ecologically valid 

sensory multimodality and recognises that adolescents are attuned to socially salient 
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stimuli (c.f. Insel & Fernald, 2004 ‘social brain’ model). Goal directed action underlies 

social interactions and is presumed to motivate attentional processes in accordance 

with variations in brain development (as reviewed in Sections 2.4). Within this setting, 

subcortical and cortical regions coordinate to plan and execute motor behaviour via 

anticipatory cognition and sensory feedback. Therefore, sensorimotor systems 

interface with significant frontal lobe knowledge and neural processing operates along 

a continuous feedback process. This contrasts with the established cognitive science 

view of serial, reconstructive processing of stimuli properties (Gallese, 2003). Instead, 

neural processing of objects, including relevant ‘what’ and ‘how’ properties, are 

represented in the same sensory and motor brain circuits that were activated on initial 

acquisition. Traditionally, sensorimotor and procedural learning systems, memory 

systems and ‘higher order’ cognition have been compartmentalised (Squire, 2004), 

although interactions between procedural and declarative memory processes are still 

not fully understood (Poldrack et al., 2001). Further discussion of the integrated roles 

of amygdala, hippocampal bodies and prefrontal cortex (PFC) in supporting parallel 

behavioural and memory processing is provided in Section 2.6. 

The amygdala, composed of distinct cell groups, lies adjacent to the hippocampus 

within the medial anterior temporal lobes (McEwen & Gianaros, 2010). It functions in 

stressor-related processing that involves the rapid assignment of emotional and 

behavioural salience to environment events (LeDoux, 2003; Sah et al., 2003). The 

amygdala supports such processing via integrative multimodal sensory inputs from 

distributed thalamic, brainstem and cortical relays (Figure 2.8). Sensory input is 

relayed to the basolateral area via the lateral nucleus, basolateral nucleus and accessory 

basal nucleus (Amaral & Price, 1984). Motivationally relevant signals are relayed, in 

turn, from the basolateral nucleus to the central nucleus. In output, the central nucleus 

signals adaptive behavioural changes and related physiological adjustments via the 

stria terminalis to lateral and paraventricular hypothalamic nuclei and to 

periaqueductal, medullary and pre-autonomic nuclei (Amaral & Milner, 1984; 

McDonald, 1998). Importantly, the central nucleus also networks with cortical areas 

involved in stressor-related processing. These include areas of the prefrontal cortex, 

including the anterior cingulate cortex (ACC), ventromedial prefrontal cortex and 

orbital prefrontal cortex (Morecraft et al., 2007). In stress processing, the amygdala is 

thus viewed as interrelating cortical processing supporting stress-evoked coordination 
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of behavioural change and peripheral physiological reactivity (McEwen, 2007; Repetti 

et al., 2002; Taylor et al., 2004). 

 

Figure 2.8 Amygdala projections to fore, mid and hind brain (Wright, 2020) 

Stress reactivity appears to underlie the amygdala’s broader role in social cognition. 

Phelps (2006) describes the emerging understanding of the amygdala in the 

modulation of neural systems underlying cognitive and social behaviours in response 

to emotional cues. Functional imaging studies highlight how the neural circuitry of 

emotion and cognition interact from early perception to decision making and 

reasoning, and emerging lines of research demonstrate the role of human amygdala in 

emotion and cognition.  

Emotion has traditionally been linked with episodic memory which, through the 

amygdala’s influence, is understood as three components: encoding, consolidation and 

the subjective sense of remembering (Phelps, 2006). While other brain regions such as 

the hippocampal complex are responsible for aspects of episodic memory, the 

amygdala is considered important in modulating the underlying neural circuitry. 

Encoding is the initial stage of episodic memory formation, and emotion can influence 

the regulation of to-be-remembered stimuli through its regulation of attention and 
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perception (Easterbrook, 1959). Brain imaging studies have demonstrated, for 

example, that activation of the amygdala during encoding is predictive of later 

recognition or recall for emotional stimuli (Canli et al., 2000; Hamann et al., 1999). 

Additionally, research involving amygdala damage patients shows memory 

impairment for details of emotional scenes which are central to the event, with intact 

memory for more peripheral details (Adolphs et al., 2005).  

The primary neural mechanism of episodic encoding appears to be the amygdala’s 

modulation of hippocampal memory consolidation (Knowlton & Fanselow, 1998). 

Consolidation is the storage process in which memories increase over time in stability, 

and enhanced consolidation appears to depend on arousal and emotion. Packard and 

Teather (1998) highlight this effect by showing that manipulation of amygdala after 

stimulus encoding alters the impact of arousal on episodic memory. A slow 

consolidation process is assumed by Phelps (2006) to represent an adaptive response 

in allowing greater emotional reaction to a stimulus, and thus influencing the memory 

strength. Environmental stressors in authentic ecologies, from this perspective, are less 

likely to be forgotten. Additionally, the amygdala has direct projections to the anterior 

portion of the hippocampus (Stefanacci & Amaral, 2002). Dolcos et al. (2004) found 

that activation of anterior hippocampus and amygdala is correlated with the encoding 

of later-remembered emotional scenes. Studies indicate that emotion can also 

influence subjective memory recall in the case of ‘flashbulb’ memories (e.g. Talarico 

& Rubin, 2003). Flashbulb memories are often described as especially vivid and 

detailed and more highly recollected than regular episodic memory, and Schmolck et 

al. (2000) suggest that emotion, via the amygdala, can have an independent effect in 

enhancing the subjective sense of remembering. 

The relevance of emotion in memory processing is aligned with attention and 

perceptual processes. Attention and perception are the first two stages of stimulus 

processing, and factors which influence these early stages have downstream influences 

on memory and reasoning (Niendenthal & Kitayama, 1994). The emotional 

significance of stimuli is described in multiple effects such as the cocktail effect 

(Cherry, 1953) for which emotionally salient stimuli focus attention during tasks 

designed to tax attentional resources. Morris et al. (1988) suggest that the amygdala’s 

facilitation of attention, in the presence of emotional stimuli, is the result of its 
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modulation of sensory cortical regions. Brain imaging research supports this 

conclusion. Kosslyn et al. (1996) used fMRI to show enhanced primary visual cortex 

and amygdala response to novel emotional stimuli. Furthermore, the magnitude of this 

enhanced visual cortex activation is associated with amygdala activation in response 

to the same stimuli presentations. Vuilleumier et al. (2004) presented subjects with 

faces with fearful and neutral expressions in a study involving three groups of subjects: 

normal controls, hippocampus damage patients and patients with both hippocampal 

and amygdala damage. The results were consistent with previous imaging research as 

amygdala damage was not associated with visual cortical activation in fear versus 

neutral facial expressions. These imaging studies suggest a critical role for the 

amygdala in mediating rapid visual processing for emotional stimuli. 

While the amygdala has been researched for perceptual processing in early visual 

areas, other brain regions such as parietal cortex are often linked with attentional 

allocation (Corbetta & Shulman 2002). Carrasco (2004) suggested that the observed 

effects of emotional attention result from the impact of attention on perception. 

Perceptual enhancement, alongside that of attention, seems likely given the anatomical 

connectivity between amygdala and visual cortex, and suggests enhanced perception 

and attention from stimuli leading to amygdala activation (Phelps, 2006). Additionally, 

the effect of attentional capture relates to differentiated attention towards emotional 

stimuli, with impaired processing of non-emotional aspects of the stimulus. Pratto and 

John (1991) review studies that demonstrate emotional capture of attention and suggest 

that this effect is due to difficulty in disengaging attention from the emotional qualities 

of a stimulus.  

In extension of the role of social stimuli in memory processes, a holistic notion of 

ecologically valid sensory multimodality involves non-social stimuli. In this respect, 

and with relevance to an adequate conceptualisation of multimodal learning text 

design, it is worth asking whether social stimuli are processed in distinct regions, or 

whether social and mechanical properties are processed as domain-general properties. 

For example, the fusiform gyrus is often viewed as a specialised region in the 

recognition of facial features (Kanwisher et al., 1997) though this region has also been 

studied for its involvement in more general processing such as in identification of 

individual exemplars from stimuli classes (Tarr & Gauthier, 2000). Other brain regions 
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are known to underpin modality-invariant representational activity, including the 

bilateral anterior temporal lobes (Pobrix et al., 2016). The anterior temporal lobes, like 

the superior temporal sulcus (Oba et al., 2020), lack any single dominant motor, 

sensory, or verbal input/output and are widely connected to other temporal, parietal, 

and frontal regions (Catani et al., 2008).  

In line with this apparent merging of social / non-social processing, Heberlein et al. 

(2004) replicated the classic experiment of Heider and Simmel (1944) to examine 

social and non-social processing. Heider and Simmel (1944) showed subjects a film 

depicting geometric shapes moving around a box. The movements of the shapes were 

suggestive of social interactions — i.e. goal-directed action — and respondents 

described them as characters with motives, interacting in complex social situations. 

Heberlein et al. (2004) showed this video to amygdala damage patients and found that 

their descriptions emphasised the actual movements of the shapes, divorced from any 

social or emotional context or motives. Normal controls showed responses consistent 

with the original study. These results emphasise the salience of emotional content, 

irrespective of precise perceptual stimuli features. The amygdala can thus be seen as 

playing a general role in perceiving and interpreting emotion from a wide range of 

stimuli classes, and preferentially orienting attention towards socially salient 

information.  

As outlined above, Pezzulo (2011) considers anticipatory and simulative mechanisms 

— adaptations to action-control — as foundational to more advanced cognitive 

processes. Procedural and declarative forms of knowledge are explained as on-line 

sensorimotor anticipation and off-line simulations of potential actions, respectively. 

Stimuli appraisal underlying procedural adaptations occurs in the amygdala and 

involves the orbitofrontal cortex and whole-body connectivity via endocrine and 

central and peripheral nervous systems (Damasio, 1994). On the basis of feelings 

(emotions), established behavioural choices obviate the need for peripheral nervous 

system feedback. This is because bodily states underlying emotional expression 

become redundant as frequent associations become centrally represented in the brain. 

Declarative knowledge subsumes perceptual knowledge, and higher cognition is 

considered to emerge from interactions from medial prefrontal cortex (mPFC) and 

hippocampus.  
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Memory formation and retrieval rely on two kinds of processing in these brain regions. 

During learning, the brain must initially form a neural representation of the new 

experience, and this representation must then be consolidated in an organisation that 

optimises retrieval when cued by a relevant stimulus. Multi-system pathways initially 

process information about the identity of objects and events, before converging into 

multimodal association regions (Preston & Eichenbaum, 2013). These are the ‘what’ 

streams of information processing. ‘Where’ streams constitute a distinct stream of 

pathways that identify where in space an event occurs. Both streams converge in the 

medial PFC (mPFC) at the level of the hippocampus (see Figure 2.9, next page); 

highlighting a hippocampal role in forming cohesive memories in the context in which 

they occurred (Davachi, 2006; Diana et al., 2007). Hippocampal outputs return to 

cortical areas where the inputs arose via perirhinal, lateral entorhinal, and 

parahippocampal medial entorhinal cortex, supporting the hippocampus in retrieval of 

‘what’ information in the context of ‘where’ an event occurred (Eichenbaum et al., 

2007; Squire et al., 2007). As a consequence, the hippocampus supports strong 

recollective memory retrieval based on experience. 

The anterior hippocampus also projects to the mPFC. Experimental evidence suggests 

that mPFC can bias retrieval of event information in the ‘what’ stream in output to the 

hippocampus via lateral entorhinal and perirhinal cortex (e.g. Navawongse & 

Eichenbaum, 2013). Xu and Sudhof (2013) demonstrate how the PFC can also 

moderate the specificity of memory retrieval directly to the hippocampus, via a 

subcortical route through the thalamus. Therefore, the PFC and hippocampus can 

allow creation of contextual representations linking related memory as well as using 

contextual representations in retrieving appropriate memories within a given context 

(Preston & Eichenbaum, 2013). 

Along with mPFC-hippocampal memory consolidation, experimental evidence 

suggests that the PFC contributes to memory retrieval through strategic control of other 

brain regions (see for example, Buckner & Wheeler, 2001; Dobbins et al., 2002). The 

PFC is comprised of functionally distinct areas which interface in memory processes 

including, with relevance to the currently accepted cognitive architecture of 

multimedia learning, memory retrieval in selection of memories relevant to the current 

context, while suppressing irrelevant memories (Depue, 2012). Dobbins et al. (2002) 
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liken this interaction between hippocampus and PFC to a railway: the hippocampus 

lays the tracks while the PFC switches between tracks. In application, the hippocampus 

forms and retrieves specific memories while the PFC accumulates features of related 

memories in forming the context of sets of interconnected experiences. When cued to 

a context, the PFC biases the retrieval of context-appropriate memories in the 

hippocampus alongside other brain regions. Figure 2.10 displays the functional 

anatomy of memory systems of the brain. Here, multiple sensory pathways converge 

at the level of the hippocampus where neural ensembles in dorsal hippocampus encode 

specific objects and their locations within a context. Ventral hippocampus encoding, 

by contrast, links and distinguishes events within given contexts, and projects 

contextual representations to the medial prefrontal cortex (Navawongse & 

Eichenbaum, 2013).  

 

Figure 2.9 Dorsal (‘where’) and ventral (‘what’) streams converge in the PFC (Sheth & 

Young, 2014) 
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Figure 2.10 Pathways of information flow in between the hippocampus and prefrontal 

cortex (Preston & Eichenbaum, 2013) 

Studies have demonstrated how mPFC damage impairs ability to switch between   

remembering differing perceptual dimensions in compound stimuli (Birrel & Brown, 

2000; Ragozzino et al., 2003). Findings indicate that the mPFC uses the relevant 

context in resolving conflicting information and plays an active role in the retrieval of 

related and competing memories. Study on neuronal activity patterns in mPFC is also 

supportive of the notion that mPFC acquires representations of behavioural contexts 

in determining appropriate memory retrieval. For example, it has been shown that 

distinctive neuronal firing occurs in different behavioural contexts (Hyman et al., 

2012), reset when faced with uncertainty in changes of contingencies (Karlsson et al., 

2012) and, upon changes in contingency, makes sudden transitions between contextual 

representations (Durstewitz et al., 2010). In addition, when the mPFC is deactivated, 
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dorsal hippocampal neurons have been observed indiscriminately retrieving both 

appropriate and inappropriate memory representations (Durstewitz et al., 2010). 

Executive function within the embodied cognitive framework is framed 

phylogenetically as an extension of lower animal brain structure and function. 

Executive function can be roughly conceptualised as an umbrella term encompassing 

the individual’s capacity to adaptively regulate thoughts, emotions, actions and 

instincts (Posner & Rothbart, 2011). Within embodied cognition, executive function 

relates to three major activities: shifting, updating and inhibition (Miyake et al., 2000). 

Updating refers to the ability to refresh or add to information currently held within 

working memory. Inhibition is a goal-directed suppression of an overriding response 

pattern and shifting refers to the ability to switch between strategies in changing 

circumstances. While executive function in frontal regions has often been considered 

as supporting conscious thought, within embodied cognition, neocortex is considered 

to function as a co-adaptation supporting intricate motor function. Meeting demands 

of social functioning and mentalising (see Frith et al., 1991) probably evolved 

alongside greater cerebro-cerebellar connectivity in the critical role of allowing frontal 

systems to plan, think ahead and abstract (Koziol et al., 2012). Consequently, as an 

extension of basic anticipatory control mechanisms, executive function can be 

assessed from the interplay of dorsal ‘where’ and ventral ‘what’ streams of stimuli 

processing. 

Pragmatic representations of action opportunities are processed in the dorsal stream 

within the parietal cortex and reciprocally connected premotor regions (Cisek, 2007). 

This system is important in procedural memory for action concepts, and it registers not 

only an object’s location, but also ‘how to do something’ (Rizzolatti & Luppino, 2001) 

with that object. The dorsal pathway is transformed into a visual control area for 

actions, with the parietal cortex focusing on spatial information in establishing 

parameters of ongoing and potential actions (Cisek & Kalaska, 2010). The ventral 

processing stream registers ‘what’ is being perceived along with information about 

‘what’ that object is used for. Buxbaum and Kalenine (2010) consider that the ventral 

stream operates relatively slowly in comparison with the dorsal stream as the ventral 

stream doesn’t serve an action purpose, although it plays an important role in 

behavioural patterning. Complementary functioning between streams is permitted 
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given their trans-callosal connectivity (Rousselet et al., 2004) and both streams project 

to the hippocampal formation for memory storage (Amaral & Lavenex, 2007).  

Anticipatory biasing occurs within the ventral pathway on the basis of reward value 

accorded to preferential action or behavioural selection (Capilla et al., 2014). 

Behavioural biasing occurs due to information sharing with the basal ganglia reward 

centres and PFC which predict reward outcomes (Gottlieb, 2007). Decision making 

can thus be seen as distributed amongst not only PFC, but also within the same 

sensorimotor circuits employed in sensory processing, associating stimuli with reward 

value and anticipatory planning.  

It is estimated that approximately 95% of an adult human’s activity is routine and 

automatic (Sailing & Phillips, 2007). Because direct cortical sensory feedback 

processes operate too slowly for generation of effective behaviours, brain regions have 

evolved that allow the organism to predict sensorimotor feedback (Caligiore et al., 

2017). Mechanical-behavioural repertoires allowing for adaptive functioning alternate 

with episodes of higher-order control, which Wolpert et al. (1998) describe as internal 

models within the cerebellum.  

Despite being largely associated with voluntary motor functions, the cerebellum is 

emerging as a proposed regional coordinator of higher cognitive functions including 

language processing (Ito, 2008), executive function (Ramnani, 2006) and visuospatial 

processing (Molinari et al., 2007). As noted above, Wolpert et al. (1998) consider the 

cerebellum to be the site of associative / predictive internal models given its anatomical 

features including a ‘monotonously repetitive architecture’ (Schmahmann, 2000) and 

connectivity with ‘virtually all major subdivisions of the brain’ (Argyropoulos, 2016). 

Cerebro-cerebellar circuitry allows the cerebellum to copy the contents of PFC 

working memory, which has implications in learning. During the learning of a new 

task, conscious thought involves neural signals from the primary motor and premotor 

cortices and the temporoparietal cortex (Ito, 2000). External sensory feedback is 

required in initial learning but, as learning continues, the PFC acquires ‘body’ and 

‘motor’ schemas which are copied by parietal cortex and cerebellum (Wolpert & 

Ghahramani, 2004) in the formation of forward and inverse models. A cerebellar 

internal model contains all sensory and motor features needed for execution of the 
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particular task, and behavioural refinement follows cerebellar detection of predicted 

performance error and / or imperfection. Therefore, this forward model can predict 

motor command consequences and allow greater automatisation and removal from 

conscious awareness (Wolpert & Flanagan, 2001). Moreover, the cerebro-cerebellar 

circuitry provides feedback to motor cortical areas which allows the storage of 

representations of efficient behaviours (Jacobson et al., 2008, 2009; Yarom & Cohen, 

2002). Koziol et al. (2012) describe the storage of procedural memory within PFC as 

the PFC having been ‘taught’ by the cerebellum. As can be seen, internal models carry 

specific implications for the integrated nature of learning and inform the revised 

cognitive model as presented in Section 5.4. 

Returning to the interaction of procedural and declarative knowledge within executive 

function, the globalised architecture underpinning motor learning can be functionally 

reliant on regional connectivity. Friston and Frith (1995), for example, relate their 

dysconnectivity hypothesis of executive function impairment to the integrity of fronto-

temporal and fronto-parietal white matter circuitry. Harrison (1999) identified 

developmental abnormalities in the neuropathology of schizophrenia in terms of 

connective tissue arborisation, synaptogenesis and pruning. Schizotypal impairment in 

executive function relates to planning, cognitive flexibility, complex problem solving 

and verbal fluency (Orellana & Slachevsky, 2013). These executive function 

impairments are similar to, albeit more severe than, those identified as markers of 

reduced somatic effort (introduced in Section 2.4). Moreover, the timing of insult 

suggests stress hormone involvement by the second trimester, which corresponds with 

midgestational circulating levels of corticotropin releasing hormone (CRH) and 

cortisol (Pepe & Albrecht, 2013). Whatever the etiology, motor-system dysfunction 

has implications for normal memory processes. As the ‘supervised’ or ‘internal’ 

learning models of the cerebellum are reciprocally connected with motor cortex and 

with somatic schemas stored in parietal and frontal cortices, this organisational profile 

ensures parallel processing of the same data. The declarative and episodic 

‘unsupervised’ learning modules in the PFC provide a common representational basis 

of cognition which, theoretically, associates dysconnectivity or other neurological 

insult with interruption of reinforcement-based motor-learning and, by extension, 

procedural and declarative memory processes.  
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This neurological view of executive function can be summarised as a system of goal-

directed sensorimotor reinforcement that fractionalizes working memory within a 

broader neural ensemble including PFC, amygdala and hippocampus and 

interconnected subregions. Key questions for multimedia research theory are 

generated from this departure from cognitive psychology models of working memory 

such as the multicomponent model (see Section 2.3). These include: the nature of 

sensorimotor integration in learning and recall; the basis of executive function in 

coordination of cerebro-cerebellar internal models; congruence as a feature of PFC- 

dependent cognition; and the outsized role of affect in amygdala-dependent attentional 

and perceptual regulation of cognition. 

2.6 Cross-modal cognition 

Perception is inherently multimodal. This assumption comes from common experience 

as well as from neurological (Fregnac & Bathellier, 2015; van Gerven, 2017) and 

behavioural research findings (Munhall & Vatikiotis-Bateson, 2004; Rosenblum, 

2005). With relevance to the phylogenetic basis of cognitive processes in embodied 

cognition, as currently explored within this literature review, similarities exist in brain 

activation patterns in humans and non-human primates to species-specific 

vocalisation. Homologous associational regions within human and primate brains 

show activation upon bimodal or unimodal calls which Ghazanfar et al. (2005) 

describe as evidence in multimodal audiovisual (AV) processing for within-species 

communication versus speech-specific mechanisms. Moreover, supra-additivity in 

blood-oxygen-level-dependent (BOLD) imaging has been demonstrated in 

presentation of congruent auditory and visual speech (Calvert et al., 2000) (i.e. a 

response not present for either modality in isolation). Despite human experience being 

necessarily multimodal, it is surprising that multimedia research has focused on 

unisensory information codes. This was raised in Section 2.3 in relation to the 

discovery of the modality and contiguity effects and was critiqued there in terms of 

congruency limitations inherent to the multimedia experimental paradigm.  

Evidence for supra-additivity in multimodal stimuli processing includes the finding 

that speech reading in the absence of auditory input activates auditory cortex (Gottleib 

et al., 2010; Scott et al., 2000). Additionally, this can include activation in core regions 
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of primary auditory cortex (Pekkola et al., 2005). Speechreading has also shown the 

tendency to generate left-lateralised or bilateral activation (Calvert & Lewis, 2004; 

Capek et al., 2004) which contrasts with other face actions. Ghazanfar et al. (2005) 

describe perception of gaze direction and facial expressions, for example, as tending 

to activate more extensive right-lateralised regions (see also, Adams & Franklin, 2009; 

Hagen et al., 2009). Also, within the posterior superior temporal sulcus, middle and 

posterior regions are consistently activated by AV speech and silent speech reading 

(Callan et al., 2004; Hall et al., 2005). The left posterior superior temporal sulcus can 

also show differential activation for congruent and incongruent AV speech and supra-

additive activation is seen for congruent AV speech compared with unimodal seen or 

heard speech (Miller & D’Esposito, 2005). Inhibitory AV activation has been observed 

in other regions of the superior temporal gyrus as compared with unimodal input and 

for incongruent AV presentations within posterior superior temporal sulcus (Wright et 

al., 2003). These findings indicate that posterior superior temporal sulcus acts as a 

primary binding site for AV speech processing. 

Cross-modal and cross-temporal AV associations also occur in frontal cortex neurons. 

The PFC is essential for the temporal integration of behavioural and linguistic 

arrangements of sensory information (Constantinidis et al., 2002). Acknowledging that 

encoding of sensory information occurs in more than one modality, Fuster et al. (2000) 

reasoned that the PFC could associate visual and auditory stimuli across time, and 

tested tone-colour associations with monkeys. PFC cells responded selectively to 

tones, and behavioural responses to colours also mostly followed task rules. The 

authors concluded that the PFC is part of an integrated network representing 

behaviourally meaningful cross-modal AV associations. Moreover, such networks are 

crucial for information sharing that underpins behaviour, language and reasoning 

(Hickok et al., 2013). These findings concord with the integrated perceptual, affective 

and cognitive socioemotional networks described in Section 2.4.3 and underscore the 

goal-directed nature of learning as theorised within embodied cognition.     

Ecologically meaningful stimuli pairings extend our understanding of cross-modal 

cognition. For example, Joassin et al. (2011) found that the binding of faces and voices 

relied on an integrative network involving multiple processes. They used fMRI to 

measure recognition of previously learned static faces, voices and voice-static face 
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associations. Voice-face associations activated specific multimodal areas in the right 

hippocampal formation and left angular gyrus, along with unimodal visual and 

auditory cortices. Furthermore, functional connectivity analysis confirmed the 

connectivity of the unimodal sensory cortical regions with right hippocampus, 

suggesting that such multimodal binding relies on a cortico-limbic network in 

sustaining different aspects of integration including perception, attention and memory. 

Within a traditional model of stimuli processing, the authors reason that voices alone 

would elicit bilateral activation of the temporal cortex, and specifically the anterior 

posterior superior temporal sulcus, while faces alone would show activity in the right 

fusiform face area. Psychophysiological Interaction (PPI) analysis revealed that the 

right fusiform face area and superior temporal sulcus were interconnected during the 

face-voice association, which confirms research of Von Kriegstein and Girraud (2006) 

who demonstrated joint visual and auditory regional activation, including when an 

isolated voice from a previously learnt voice-face association was presented. These 

results appear to confirm that ecological redundancy induces specific multisensory 

associations and enhanced connectivity between visual and auditory sensory regions. 

Of additional significance was the observation that the hippocampus remained inactive 

during unimodal presentations, while supra-additive right hippocampal activation 

occurred during bimodal processing. General memory processes therefore seem 

unlikely with unimodal stimuli and, in this context, the authors speculate that the 

hippocampus could instead be involved in associative recognition of faces and voices 

per se. 

In extension, behavioural enhancement, along with neuroimaging measures, have been 

observed following multi-modal input that differs from uni-sensory identification (e.g. 

Hagan et al., 2009; van Wassenhove et al., 2005). Multi-sensory experiments have also 

revealed behavioural modifications with subsequent uni-sensory presentations, and 

that more extensive training also alters brain regions involved in AV integration and 

congruent processing with novel cross-modal associations (Bindemann & Burton, 

2008; Naumer et al., 2009). In this context, Butler and James (2011) discuss the 

reactivation memory hypothesis (Wheeler et al., 2000) which considers memory 

processes as intimately connected with perceptual and motor-related activity. Central 

to this hypothesis, and similar to embodied cognition, is the idea that regions related 

to information processing in specific modalities are also involved in later recall and 
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recognition. Important for learning, reactivation is linked to the simulation of 

perception and the reactivation of cortical activity occurring during initial encoding 

(Barsalou, 2008).  

In support of the reactivation memory hypothesis, Butler and James (2011) show that 

greater blood-oxygen-level dependent contrast imaging activation occurred in primary 

perceptual areas following a respondent's correct retrieval of within-modal targets 

given within-modal cues. These results support the reactivation hypothesis in that 

memory retrieval appears to depend on reactivation of perceptual areas elicited during 

encoding. Moreover, cross-modal and within-modal retrieval of auditory information 

was associated with activation of left anterior superior temporal gyrus. Cross-modal 

auditory reactivation also occurred in anterior superior temporal sulcus, prompting 

several mechanistic explanations. Firstly, hippocampal and greater medial temporal 

regional activity during cross-modal retrieval appears to show hippocampal contextual 

modulation. In addition, associative cortical regions such as the superior temporal 

sulcus can link modality specific activity during learning. Finally, feed-forward 

connectivity amongst modality specific regions have been found, and these are likely 

to be involved in cross-modal reactivation (Foxe & Schroeder, 2005). Butler and James 

(2011) suggest that greater hippocampal activity during cross-modal retrieval is 

reflective of enhanced demand for relational memory during this type of association 

and that this finding supports earlier work showing higher hippocampal activity in 

cross-modal rather than within-modal associations (Gottlieb et al., 2010; Rugg et al., 

2008).  

As mentioned previously, Sections 2.4 - 2.6 function to bridge established multimedia 

theory and practice as currently understood amongst multimedia practitioners. As seen 

from this discussion, individual development can be viewed as a series of life history 

trade-offs in the utilisation of physical and biological resources, including brain 

structure and function. Socioeconomic status, in this regard, is a predictive factor of 

brain development as it represents reliable information on the nature of the physical 

and social environment. Additive to SES as a contextual factor in development is a 

cognitive architecture that prioritises socioemotional processing over other 

information classes and views learning as having a sensorimotor basis. With these 



Review of the Literature 

 97 

details in mind, the following section describes current instructional design principles 

as forwarded by multimedia theorists. 

2.7 Instructional design principles: praxis 

The instructional design principles of spatial contiguity and modality outlined 

previously in Section 2.3 have been recommended when developing texts to support 

deep learning (see for example, Mayer, 2005a). These effects come with three 

assumptions from research in cognitive science — the dual channel assumption, the 

limited capacity assumption, and the active processing assumption. As discussed 

above, these architectural constraints are central features of Paivio’s (1986) dual-

coding theory and Baddeley’s (1998a) theory of working memory. Two prominent 

theories in multimedia learning design informed by cognitive science are cognitive 

load theory (Chandler & Sweller, 1991; Sweller, 1999) and the cognitive theory of 

multimedia learning (Mayer, 2005a) and both theories offer similar theoretical 

explanations for effects of audiovisual modality and contiguity. However, the idea that 

a lack of contiguity could be responsible for the modality effect, and not an 

enhancement of cognitive resources as held by cognitive theory of multimedia learning 

theory, is relevant for this thesis in that it forces a reconsideration of dual coding theory 

and working memory. 

Cognitive load theory (CLT) presents a framework to integrate cognitive science 

findings in instructional design. In attempting to maximise a learner’s performance, 

the theory holds two established assumptions. One is that we possess an effectively 

unlimited long-term memory, which holds schemas of varying degrees of automation. 

The second is that working memory has a limited capacity and is split into sensory-

specific subsystems dedicated to visual and auditory information. The central premises 

of CLT are that the working memory load of instruction should be a primary concern, 

and that limitations of working memory can be described in terms of a cognitive 

workload that is dependent on key learner and task characteristics. 

Cognitive load theory differentiates between intrinsic and extrinsic cognitive loads. 

Intrinsic load refers to the context of learning material, with load determined by the 

interaction between the nature of the material, prior knowledge, expertise and 
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cognitive abilities of the individual. In understanding an instruction, intrinsic cognitive 

load is the basic amount of processing required and is contrasted with extraneous 

cognitive load, which is equated with the load of the presentation format. In CLT, 

extraneous cognitive load interferes with the formation of schemas (Leppink et al., 

2013) and can be affected by manipulating instructional design. Germane cognitive 

load, by contrast, is the loading imposed on a learner through processes that are directly 

relevant to learning, (i.e. schema construction). Germane cognitive load increases 

cognitive load, in contrast with extraneous cognitive load, as it contributes to, rather 

than interferes with, learning.  

Cognitive theory of multimedia learning (CTML, Mayer, 2005a) is like cognitive load 

theory in its basic assumptions and related design guidelines. It differs, however, in 

how sensory modalities are processed in working memory subsystems. Within 

cognitive load theory, the visual and auditory subsystems of working memory are 

closely related to the actual stimuli presented to the sensory modalities. The sensory 

subsystems in Mayer’s theory (2005b) adhere to Paivio’s (1986) dual coding theory in 

that information can be stored verbally or pictorially. As opposed to auditory or visual 

information being processed in working memory, however, verbal or pictorial 

representations of information are processed as mental models with differing internal 

information codes. Text is transformed into a verbal representation, and visualisations 

transformed into pictorial representations before mental models are built in respective 

subsystems. This processing implies that spoken and written text are represented in the 

same verbal system, despite initial processing in different channels. Figure 2.11 shows 

the integration of working memory content within long term memory stores. Core 

assumptions of multimedia learning environments are illustrated including active and 

separate channel processing and the bottlenecking of information processing in long-

term memory. 

Guidelines for learning follow from the inherent limitations in the verbal and pictorial 

processing channels. When learners are presented with a text and accompanying 

visualisation, verbal and pictorial mental models are created, and referential and 

associative connections are made between subsystems. The picture superiority effect 

of dual-coding theory (see Section 2.3.1) is used by Mayer as a basis of the multimedia 

principle: “Students learn better from words and pictures than from words alone” 
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(Mayer, 2001, p. 63). This follows from the code-additive effect in dual-coding theory 

in that information stored verbally and pictorially is easier to recall than information 

stored in one code alone. Multimedia presentations thus reduce cognitive load as it 

permits the learner to more easily construct a verbal and a pictorial model than if either 

words or pictures were presented in isolation.  

 

Figure 2.11 Information processing model (Mayer, 2005a) 

Mayer (2005c) outlined the modality and spatial contiguity effects amongst five    

recommendations for presenting text and pictures to learners to support understanding 

of a topic. The superiority of pictures with auditory text against pictures with visual 

text has been confirmed in numerous studies, and Mayer (2005c) presents specific 

delivery and context characteristics in alignment with these design principles (Figure 

2.12). Meaningful learning is assumed to occur from adherence to the principles of 

multimedia learning with learning effects derived from CTML basic principles (see 

Section 2.7.2 for details of CTML research) and related design and contextual factors. 

Superior recall experienced from visuo-auditory compared with visuospatially 

presented information has been a consistent research focus in multimedia learning. 

Ginns (2005) provided a meta-analysis of empirical research on the modality effect 

which used different measurements and topics and reported an overall moderate to 

large weighted mean effect size. This appears to confirm the significance of the 

modality effect, although Schueler et al. (2008) state that explanations for the modality 

effect are still unclear. The spatial contiguity principle, meanwhile, is described by 
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Mayer as decreasing the need for visual search via the physical proximity of 

corresponding words and pictures: “When corresponding words and pictures are far 

from each other on the page or screen learners have to use cognitive resources to 

visually search the page or screen for corresponding words and pictures. Thus, learners 

are less likely to be able to hold them both in working memory at the same time” 

(Mayer, 2001, p. 81).  

 

Figure 2.12 Summary of multimedia learning principles (Mayer, 2005c) 

Meaningful learning from visualisations with accompanying text, is similar for CLT 

and cognitive load theory, and relates to verbal and pictorial representations being 

present in working memory at the same time. The modality effect can be neatly 

summarised as an   augmentation of working memory channels through avoidance of 

overloading one channel alone —i.e. processing of auditory text reduces the need for 

processing of extra visual material in the visual channel. Schueler et al. (2008) describe 
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this as the cognitive resources explanation and contrast it with the possibility of a lack 

of temporal or spatial contiguity inherent in multimedia presentations.  

An alternative view of the modality effect is simply that auditory text and 

visualisations can be perceived simultaneously. In the case of visual text and picture, 

it is only possible to process one source of information at a time, thus removing 

contiguity. The spatial and temporal contiguity principles can thus be aligned with 

Mayer’s (2001) spatial split attention effect, which describes the spatial integration of 

corresponding visual text and pictures. A spatial contiguity effect is theoretically seen 

in static texts. Increasing visual search through incomplete textual integration can be 

assumed to increase extraneous load associated with holding representations in mind, 

while germane loading is potentially decreased. For congruently presented audio-

visual presentations, a temporal contiguity effect could be present in presentations 

where auditory and visual information are perceived and processed concurrently. 

Unlike in successive presentations (i.e. system-paced learning), verbal and pictorial 

constituents are probably held in parallel in working memory, making reconstruction 

of related information unnecessary.  

Spatial and temporal contiguity are not provided in the case of static texts. A learner 

must switch between sources of information, thus reducing spatial contiguity, and 

temporal contiguity is impossible given the inability to receive text and visualisations 

simultaneously. Schueler et al. (2008) tested the cognitive resources explanation of the 

modality effect by examining how the temporal contiguity of text and picture and the 

text modality influence learning. Presented with the topic of tornado formation, 

subjects heard or read relevant content concurrently with, before, or after the 

corresponding picture. Learning was measured by verbal recall, pictorial recall, and 

transfer. The authors describe how a pictorial recall modality effect was found with 

simultaneous but not sequential presentation. This was deemed indicative of a split of 

attention — a contiguity effect — and not an enhancement of cognitive resources as 

assumed by a separate-streams hypothesis. The following two subsections (2.4.1 and 

2.4.2) provide further discussion of the research approaches of CLT and CTML. 
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2.7.1 Cognitive load theory research 

Cognitive load theory (CLT) originated with John Sweller (Chandler & Sweller, 1991; 

Sweller, 1994; Sweller, 2016) and was motivated by earlier research on working 

memory. Given the role of CLT in multimedia learning, Kirschner et al. (2009a) 

critically reviewed contemporary cognitive load research in terms of positive 

contributions to the field of learning as well as within CLT more generally. The authors 

also identify problematic issues such as conflicting results and unresolved 

explanations and neglect in the accurate identification and measurement of cognitive 

load. They group current research within three areas: a) learning in complex 

environments, b) learner control and choice; and c) animated and multimedia 

instruction. They conclude the analysis with ‘good’ ‘bad’ and ‘ugly’ aspects of 

research efforts to date. 

Kirschner et al. (2009a) commend the work of cognitive load theorists for their focus 

on emulating the complexity of real-world learning settings. For example, they 

describe work by Schwonke et al. (2009) who investigated ratios of worked solution 

steps (high assistance) and to-be-solved problem steps (low assistance). A 

hypothesised inverse U-shaped relation between high and low ratios of assistance and 

problem-solving practice is assumed by the authors and, in accordance with previous 

research (e.g. Kirschner et al., 2006), it was seen that problem solving induced more 

cognitive load than worked examples. This effect occurred irrespective of the ratio of 

worked-steps and to-be-solved steps. Kirschner et al. (2009a) also discuss CLT 

research on the cognitive basis of collaborative learning. Kirschner et al. (2009b), 

meanwhile, highlight the effect of element interactivity — the measure of intrinsic 

load — when learning individually or collaboratively. A ‘group effect’ was found with 

learning concepts with high element interactivity, thus showing that group work was 

preferable for learning complex information. This work, which suggested a group 

“collaborative collective efficacy” (Kirschner et al., 2009a) warrants related research.  

Kirschner et al. (2009a) describe how CLT research has mirrored the global movement 

towards student-centeredness in learning. CLT research has revealed how heavier 

cognitive load in student self-directed learning can negatively impact on less able or 

inexperienced learners. For example, research within the expertise reversal paradigm 
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(Kalyuga, 2007) has shown associations between level of expertise and effectiveness 

of learner control. When Schwamborn et al. (2010) examined teacher- and student-

designed computer illustrations, they found that, contrary to the hypothesis that no 

significant differences would exist, that teacher-designed illustrations were more 

effective. The imposition of excessive cognitive load presumably retarded the design 

process, suggesting that inchoate learner participation could be counterproductive. 

Zhang et al (2009) studied cognitive load and group participation in web design in an 

extension of Kirschner et al. (2009b). They assigned groups of students involved in 

complex web design either to an open-ended task (group’s own choice of web design) 

or a closed task for which they had no choice but to design a personal web page. 

Results confirmed a group effect, but only for the open-ended task. This finding is 

notable for its educational authenticity because it incorporated a task as both 

homework and classwork and it extended earlier group effects in other subject areas, 

suggesting a cross-disciplinary generality (Kirschner et al., 2009a). 

Kirschner et al. (2009a) note the widespread usage of computers in teaching and 

learning, and the associated increase in animation and multimedia in learning 

materials. In relation to CLT research, Amadieu et al. (2009) investigated the effect of 

cuing on animated instructions. A comparison of cued and non-cued hierarchical and 

network structure conceptual maps on the subject of coranovirus virology involved a 

dynamic system in which each step was zoomed in on — with irrelevant information 

hidden — and an identical, non-cued animation. For a related problem-solving task, 

the cued group demonstrated significant gains over the non-cued group. No differences 

were found on measures of mental effort, though differences were seen on a combined 

difficulty scale. The authors concluded that searching and extracting relevant elements 

from an animation could constitute extraneous cognitive load and enhance learning as 

cuing represents an additional, helpful, learning task. 

Spanjers et al. (2010) investigated segmentation within the context of the expertise 

reversal effect (Kalyuga et al., 2003). Learners in the segmented condition 

outperformed learners in the continuous condition, with significant benefits seen in 

mental effort and efficiency. Whereas students with low prior knowledge benefitted 

from segmentation, no difference was observed for students with high prior 
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knowledge, for both measures. Kalyuga et al. (2003) suggest that, similar to previous 

research with instructional animations showing an increase in cognitive load, a 

compensatory mechanism could be used to reduce cognitive load. However, high prior 

knowledge learners do not require such strategies - and while test scores do not reveal 

an expertise reversal effect, measures of efficiency and mental effort were associated 

with prior subject knowledge. 

From this brief review of CLT research, it is seen that ‘mental effort’ is often used as 

a measure of ‘cognitive load’, which itself is typically defined in terms of item 

interactivity. Also, ‘cognitive load’ associated with actual learning conditions is 

defined as extraneous or cognitive load. Furthermore, germane cognitive load, as 

mentioned in Section 2.7, is defined as a facilitative load associated with the manner 

of instruction.  

Kirschner et al. (2009a) describe positive outcomes in the field of CLT research in 

terms of experimental rigour, movement towards more realistic educational settings, 

and the general expansion of CLT. For example, a contrast is made between traditional 

educational research and CLT in the use of actual learning outcomes versus subjective 

perceptions or opinions. Randomised controlled studies are regularly used in CLT and 

have made the attempt to study complex learning environments, including group work, 

the recognition of expertise gradients, and usage of worked examples. Additionally, 

progress in CLT research has followed the detection of experimental inconsistencies. 

For example, Berthold et al. (2009) showed that while explanation prompts can 

advance learning in some contexts, they can impede learning in others. The group 

effect (mentioned previously) suggests, for example, that such irregularity could relate 

to motivational or affective factors. Likewise, learner control and choice appears to 

moderate the effects of expertise and more realistically relates CLT research to the 

classroom (Kalyuga, 2007). Finally, research on animation and multimedia also 

highlights contingencies in learning contexts that are additive to basic CLT theory. 

Cuing was seen as enhancing problem solving in animations, especially for materials 

high in element interactivity (Crooks et al., 2012). Additionally, animation research 

has yielded the finding that segmentation is effective for learners with low prior 

knowledge, but an expertise reversal effect (Kalyuga et al., 2003) could be present.  
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In recognition of negative aspects of CLT research, Kirschner et al. (2009a) describe 

the abundance of unexplainable effects, conflicting measures, and inconclusive and 

ambiguous findings. Carefully designed follow-up experiments and focus on 

unresolved issues are suggested for future research. Kirschner and colleagues also 

discuss the preponderance of ‘marginally significant’ or ‘trend’ results. They note that, 

in the absence of significant results, non-significant findings are reported and used in 

inappropriate post-hoc analyses. The lack of specific measures of cognitive load — in 

its intrinsic, extraneous and germane forms — is also a critical aspect facing CLT 

research. Kirschner et al. (2009a) describe the inconsistencies between performance 

and load measures and conclude that a circular argument is being made within CLT 

theory when specific effects are claimed to be caused by cognitive load increases, but 

in the absence of any independent measures of cognitive load. Improvements have 

been discerned in subjective measures of load but with little success (Van Gog & Paas, 

2008). Notably, discrepancies exist in the wording of cognitive load measures, how 

and when they are collected, and how efficiently they are used. To this end, it is seen 

that performance measures often don’t correlate with subjective measures, significant 

effects occur for one measure but not both, or test results are conflicting or otherwise 

inconsistent with theory (Kirschner et al., 2009b). Finally, while marginal effects have 

helped to patch up research inconsistencies, no consideration of developmental effects 

are found within the CLT research literature. This is perhaps best exemplified in the 

expertise reversal effect, which, as the most prominently reported individual effect, 

relates to prior learning and not to developmental constraints in learning. These 

proposed deficiencies are addressed in the current study via its focus on measures of 

individual development, namely socioeconomic status as a nuanced, though universal, 

influence on brain development. 

2.7.2 Cognitive theory of multimedia learning research 

Cognitive theory of multimedia learning (CTML) subsumes and extends aspects of 

cognitive load theory. Mayer (2011) describes CTML as being based on three 

cognitive science principles, five cognitive processes during learning, and five kinds 

of learning representations. A CTML research tradition has grown around base forms 

of learning outcomes (no learning, rote learning and meaningful learning), 

experimental comparisons of instructional effectiveness and individual differences in 
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learning. Mayer (2011) describes triarchic goals within CTML research including the 

reduction of extraneous processing, managing essential processing, and fostering 

generative processing. Additionally, multimedia instructional principles are derived 

from nearly two decades of CTML research covering nearly 100 studies (Mayer, 

2009).   

Experimental work in CTML is premised on three underlying assumptions from 

cognitive science: the dual channel principle; limited capacity principle; and active 

processing principle. Because these are discussed separately in Section 2.3, they are 

not considered further here. As mentioned previously, Mayer (2011) considers that 

five cognitive processes underpin successful learning: 

1. Selecting relevant words for processing in verbal working memory 

2. Selecting relevant images for processing in visual working memory 

3. Organising selected words into a verbal model 

4. Organising selected images into a pictorial model 

5. Integrating the verbal and pictorial representations with each other and with 

prior knowledge. 

Within working memory, these processes determine attention and selection of 

information, retrieval and integration of new knowledge with existing structures, and 

ultimately, long-term memory (Sorden, 2005). Multiple representations are theorised 

to exist and include the transfer of external representations to sensory copies in sensory 

memory, sounds and images in working memory and, finally, knowledge within long-

term memory (see Figure 2.11). From analysis of prior CTML research, Mayer (2009) 

identifies 12 multimedia principles which can be assessed within consideration of 

cognitive load avoidance and management (see Appendix xi for a copy of Mayer’s 

multimedia principles). So-called ‘boundary’ conditions have been proposed in 

determining the effectiveness of the principles (see Table 3.2, Ch. 3). These have often 

been incorporated into CTML as the result of experimental inconsistencies (DeJong, 

2010). Mayer (2010) considers that these relate to individual differences, and examples 

include the expert reversal effect and complexity and pacing conditions. The expert 

reversal effect holds that some instructional methods could be more effective for low-

knowledge learners than high-knowledge learners. This has been explained in CLT 
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terms in that a germane cognitive load for a novice can represent an extraneous 

cognitive load for an expert (Paas et al., 2004). 

Numerous other effects have augmented CTML research. The collaboration and 

guided-discovery principles show the beneficial effects of peer or expert assistance, 

although alongside the self-explanation principle, Mayer’s (2005c) advanced 

principles can appear somewhat contradictory and suggest that new effects continue 

to influence the theory.  

Experimental evidence on management of cognitive load highlights a range of effect 

sizes and possible boundary conditions within CTML research. For research aimed at 

reducing extraneous cognitive load, meta-analyses of spatial and temporal contiguity 

principles show median effect sizes (Cohen’s d, 1977) of 1.12 and 1.31 respectively 

(Ginns, 2006). In five out of five experimental comparisons, Mayer (2005b) reported 

students showing enhanced learning from integrated dynamic presentations (i.e. words 

placed near animated graphics). In research involving paper-based lessons on brakes 

(Mayer, 1989) and lightning (Mayer et al., 1996), better performance on a transfer test 

was reported when printed descriptions were placed next to the corresponding part of 

the graphic, as opposed to being printed as a caption or presented away from the 

graphic. Additionally, Kalyuga (2005b) suggests that the spatial contiguity principle 

applies most for low-knowledge learners, for difficult content or when the pace of the 

lesson cannot be controlled by the learner.  

Temporal contiguity, as the name suggests, involves corresponding words and pictures 

being presented simultaneously. Mayer et al. (1996) describe eight out of eight 

experimental comparisons in which better performance on transfer tests followed 

simultaneous rather than successive presentations. Experiments were conducted as 

computer-based multimedia lessons and topics included: how brakes work (Mayer, 

1999); how the human respiratory system works (Mayer & Sims, 1994); and how 

lightning storms develop (Mayer et al., 1999). Identified boundary effects included the 

use of highlighting, as well as effects of low-level learners and complex materials 

similar to spatial contiguity findings.  
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The modality principle, within CTML, is considered from the perspective of intrinsic 

load associated with to-be-learned material (Gerjets et al., 2004). The inherent 

difficulty of a topic cannot be altered by an instructor, though schemas can be broken 

into ‘subschemas’ to be later reintegrated. In 17 out of 17 experimental comparisons 

reported by Mayer et al. (2001), students performed better on transfer tasks when they 

learned with animation and accompanying narration rather than with on-screen text 

(median effect size d = 1.02). These comparisons included presentations of fast-paced 

lessons with unfamiliar content (Mayer & Moreno, 1998); multimedia biology lessons 

(Harskamp et al., 2007); and virtual reality games in Botany (Moreno & Mayer, 2002). 

Additionally, Ginns (2005) reported a mean effect size of d = 0.80 from meta-analysis 

of 43 modality effect experiments. Effect sizes of surveyed studies ranged between -

0.6 and 2.2. All but two studies involved high element interactivity, and all but seven 

were system paced. Additionally, 25 of the experimental designs involved adults. 

Ginns (2005) suggests that the modality effect is moderated by the pace of delivery 

and that it can disappear under self-paced learning.  

As such, research pertaining to the multimedia principle can be considered as a 

fundamental aspect of CTML research and emphasises CTML efforts in enhancing 

germane load in instruction. The multimedia principle is of obvious importance given 

that it underpins the field of multimedia research. By way of example, Mayer (2005b) 

reported a median effect size d = 1.39 from eleven multimedia effect studies. All of 

these comparative studies showed enhanced learning in transfer tests from students 

exposed to combinations of words and pictures in instructional material. Relative to 

isolated narration and animation, narration was associated with higher transfer test 

scores on how pumps work (Mayer & Anderson, 1992); how lightning works (Moreno 

& Mayer, 2002); or with an arithmetic simulation game (Moreno & Mayer, 1999). 

Additionally, with static texts on how brakes work, students performed better on 

transfer tests following presentation of booklets with printed text and illustrations 

versus printed text alone (Mayer, 1989). This was also observed with how generators 

work (Mayer & Gallini, 1990) and how lightning works (Mayer et al., 1996).  

Having been presented with a snapshot of CTML research, critiques of CTML suggest 

theoretical shortcomings. Ballantyne (2008), for example, described the narrowness of 

CTML research and suggest that CTML principles could be limited in use in 
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educationally realistic settings. For example, Rasch and Schnotz (2009) suggest that 

the modality principle could lack stability as a learning effect in that improvements in 

learning from interactive versus non-interactive pictures were not observed in their, or 

other, study. Furthermore, Gall (2004) suggests that Mayer’s research has been too 

focused on physical and mechanical systems and suggests that Mayer’s results could 

be incompatible with student-centered learning. A more fundamental objection to 

CTML is offered by Gerjets et al. (2009) who state that CTML is not scientific as its 

central tenets cannot be tested scientifically. Additionally, CTML’s core cognitive 

principles face increasing pressure to conform with emerging understandings in 

neuroscience (as discussed in Section 2.3.2.2). 

Other conceptual issues surround cognitive theory of multimedia learning, such as the 

delineation and measurement of the various cognitive loads. De Jong (2010) quotes 

Paas et al. (2004, p. 3):  

If the load is imposed by mental activities that interfere with the 

construction or automation of schemas, that is, ineffective or 

extraneous load, then it will have negative effects on learning. If the 

load is imposed by relevant mental activities, i.e. effective or 

germane load, then it will have positive effects on learning.  

De Jong suggests that this definition of an extraneous load is tautological (what is good 

is good; what is bad is bad), and that it broadens extraneous load to potentially include 

not only aspects of instructional design, but also to any processes that do not lead to 

schema formation. This leads not only to    confusion around definition of extraneous 

load, but also whether a separate germane load exists. In the same vein, De Jong (2010) 

questions the rationale of intrinsic load alongside germane load. An ontological 

difference in CLT exists between the external learning ‘object’ and the germane 

‘process’ of learning from that object, and the distinction can only be made once 

learning has commenced. De Jong considers that CTML has insufficiently demarcated 

these two load forms as they both constitute purely mental forms of load and entirely 

depend on learner attributes in processing. Rather than discrete forms of cognitive 

load, De Jong (2010) considers differences between intrinsic and germane loads to be 

at best matters of degree, and at worst, indistinguishable in research. A related issue 
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exists with the presumed additivity of cognitive loads. Sweller et al. (1998, p. 263) 

state that: “Intrinsic cognitive load due to element interactivity and extraneous 

cognitive load due to instructional design are additive.” De Jong (2010) suggests that 

such additivity could be impossible if definition issues exist between the load types.   

Additional to these conceptual concerns, methodological issues in CTML have also 

been raised. Measuring cognitive load through self-reporting has been critiqued based 

on its subjectivity and instrument inconsistencies, for example. Questionnaires on 

mental effort have differed in usage of anchor terms and have been inconsistent in 

measuring effort versus difficulty (De Jong, 2010). Kester et al. (2006) highlighted 

this issue in using a 9-point scale in assessing mental effort experienced during 

learning, and a separate mental effort score for   understanding the content matter. 

Analysis showed an effect of experienced mental effort during learning, but no effect 

for mental effort associated with understanding. This example, De Jong suggests, is 

indicative of the potential for conflicting results depending on the specifics of 

questions asked. Another important methodological implication of self-reported 

accounts is the limitation of cognitive load as a student-bound characteristic. This is 

contrary to CTML which suggests that mental effort is a combination of the task, 

personal characteristics and the interactions between these two factors (Paas et al., 

1994). Finally, like that of cognitive load theory, the lack of individual / contextual 

differences as moderators of learning within CTML is raised as a theoretical and 

methodological concern. While marginal / boundary effects are proposed in CTML, 

these appear to represent remedial efforts following experimental inconsistencies 

rather than genuine attempts to differentiate amongst learners.  

2.8 Chapter summary  

This literature review has addressed the theoretical and methodological background of 

multimedia learning and areas of developmental neuroscience that pertain to textual 

learning. Following this order, key points include: 

• Multimedia learning emphasises the importance of perceptual and cognitive 

processes in learning. Current guidelines in multimedia design are based on 

a universal account of neural architecture and cognition. 



Review of the Literature 

 111 

• Key assumptions within multimedia research derive from dual coding 

theory and Baddeley’s model of working memory and include (a) modality-

specific subsystems within working memory, (b) limited subsystem 

processing capacity, (c) active processing of sensory information. 

• Mayer’s multimedia effect suggests that deeper learning occurs when text 

and pictures are presented together. Imagery provides deeper referential 

connections than text alone. 

• Learners fail to benefit from multimedia learning when: (a) information is 

not presented at learner-pace; (b) the text is very rich; (c) redundant auditory 

information is presented. 

• Two prominent design recommendations for static textual design include         

consideration of modality and spatial contiguity effects. 

• Testing for developmental differences has not been attempted within the 

two most prominent multimedia theories: cognitive load theory and 

cognitive theory of multimedia learning. 

• The modality and spatial contiguity effects can represent experimental 

artefacts. In the case of static texts, accounts of modality and spatial 

contiguity effects could represent split-attention and not enhancement of 

cognitive resources in the case of successful learning.   

• Cognitive styles are associated with socioeconomic gradients and show a 

related degree of cognitive abstraction. Low socioeconomic students 

perform poorly on executive function and language tasks. 

• Perceived social standing could be a better predictor of health issues 

associated with socioeconomic status than objective SES measures. 

• Allostasis provides a mechanistic framework in explaining socioeconomic 

status and health. Allostatic overload pertains to pathology associated with 

chronic stress. Allostatic overload is seen disproportionately in 

environments of low socioeconomic status. 

• Emotions are central in behavioural regulation as emotion modulates 

attention, perception and cognition. The hippocampus, amygdala and 

prefrontal cortex are interconnected hubs involved in socioemotional 

information processing. 
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• Embodied cognition considers cognition to be action oriented and biased 

towards holistic stimuli.  

• The hippocampus and prefrontal cortex show stress-induced dystrophy, 

while the amygdala shows cellular proliferation under chronic stress. 

• Joint hippocampal and prefrontal involvement are involved in successful 

memory formation and retrieval in context-based processing. Efficient 

memory processes depend on stimuli congruency in ‘what’ and ‘where’ 

streams.  

• ‘Abnormal processing’ in the context of this thesis involves unimodal or 

incongruently presented stimuli. Abstract information is devoid of context 

and falls into this category. Impaired hippocampal-dependent memory 

processes are associated with unimodal stimuli. 

• Supra-additivity in audiovisual stimuli processing shows integrated brain 

processing, involving attentional, perceptual and cognitive functioning. The 

reactivation memory hypothesis suggests that better recall occurs when the 

same perceptual areas are elicited as when originally encoded. 

• Multiple components models assume brain modularity with experimental 

focus on architectural and organisational constraints. Embodied cognitive 

models, by contrast, assume attentional, perceptual, and cognitive 

integration. Experimental focus is placed on inherent cognitive limitations 

that follow from developmental or task-specific constraints. 

• A model of embodied cognition suggests that split attention in static texts is 

better understood as a processing deficit from lack of audiovisual 

congruency. Audiovisual integration should be understood in terms of 

ecological congruence.   

2.9 Chapter synthesis 

Brain structure and function are influenced by a rich combination of genetic and      

environmental forces. Broadly speaking, individuals adapt phenotypically to an    

environment which is most profoundly defined by resource allocation. Resource 

scarcity manifests in SES-gradients of disease incidence and psychiatric dysfunction 

with flow-on effects for cognitive style and related learning dispositions. This long-

acknowledged association has motivated large-scale interventions such as the 
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Australian National Partnership's Agreement on Low Socio-economic Status School 

Communities (Council of Australian Governments, 2009) and the Off to a Good Start 

Program (Association of Independent Schools NSW, 2010). Multimedia learning 

research, however, has not taken a correspondingly differentiated approach in 

application of textual design (John Sweller, personal communication, 2014). As a 

consequence, successful textual comprehension within the cognitive load theory and 

cognitive theory of multimedia framework is considered from the perspective of 

effects inherent to limitations within a neural architecture largely divorced from 

evolutionary or developmental considerations. An alternative approach is to view 

learning behaviour in terms of developmental trajectories inherent to our position 

within the socioeconomic spectrum. This approach necessitates an understanding of 

brain development and function including an appreciation of the salience of socialised 

stimuli in memory processes.  

The field of multimedia research thus contains an identifiable gap in omission of 

learner variates pertaining to socioeconomic status. Multimedia design should focus 

on normal and abnormal brain function. Normal functioning refers to the preference 

for cross-modal, socialised stimuli. Congruent stimuli preferentially elicit attentional 

and perceptual biases and related information is readily understood. Abnormal 

functioning is an inability to accurately process information in abstract non-social 

situations and manifests behaviourally as motivational biasing away from incongruent 

presentations. This occurs due to inhibitory mechanisms in executive function from 

altered neuronal processes. Such alterations occur in socioemotional processing hubs, 

either from neurological disturbance in specific neural ensembles or from impaired 

connectivity. In either case, disrupted neural processing can be viewed from a 

framework of allostatic dysregulation involving social standing.  

Ontogeny is thus essential when modelling cognitive as well as attentional and 

perceptual processes. Multimedia learning was critiqued early in the chapter for 

viewing the cognitive architecture as computationally analogous. This view can be 

considered monolithic in the sense that individual development is overlooked or 

viewed as a straightforward series of age-stages, while instructional design is 

influenced by universal learning effects and principles. In a similar vein, the 

computational nature of symbolic representation stands at odds with holistic 
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experiential coding in embodied cognition (see Section 6.2.2 for a discussion of 

semantic processing) which has implications for learning theory and design.  

In conclusion, this chapter has analysed and evaluated the theoretical framework 

currently influencing multimedia learning. Specific inconsistencies motivating the 

study include a linear, universal account of cognition with related constraints in textual 

comprehension and, consistent with the cognitivist influence, a poverty of individual 

learner factors in applied research. The following chapter continues the review of 

multimedia literature in an exploration of methodology used within the field. Together, 

these reviews inform the experimental text design (see Appendix ii) that is used to test 

the research objectives (Section 1.5.1) and study hypotheses (Section 1.5.2). 
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Chapter 3  

SYSTEMATIC REVIEW OF MULTIMEDIA RESEARCH LITERATURE  

3.1 Chapter overview and organisation 

This chapter builds on the instructional design principles outlined in Chapter 2 and 

presents an overview of existing research in multimedia learning. Specifically, I 

review the literature to the extent that multimedia research addresses individual 

differences, including learner affect, as variables in research. These aspects of 

multimedia learning relate to the research objectives posed in Chapter 1 (Section 

1.5.1), thereby prioritising examination of existing research approaches. In addressing 

these questions, this chapter is presented as a quantitative review of multimedia 

learning research. Quantitative reviews, including meta-analyses and systematic 

reviews, complement narrative reviews as they offer a transparent and explicit 

summary of research literature and limit bias in the identification, evaluation and 

synthesis of the research corpus in addressing specific research questions (Valentine 

et al., 2010).  

The current chapter thus presents two quantitative reviews with related analysis and 

discussion. The rationale for conducting these quantitative reviews, in addition to the 

narrative review of Chapter 2, was to critically evaluate the methodology of 

multimedia learning via its research foci and approaches. In extension of above, the 

first review is a collation of findings from educational meta-reviews examining, 

amongst other areas, multimedia principles and resources; meanwhile, the second is a 

systematic review of the literature of the extent and influence of individual and 

affective factors in multimedia learning. Following this, design principles are reviewed 

and applied to the development of the intervention text as discussed in Section 4.3. 

The chapter is structured as follows:  

• Review 1: Review of meta-analyses in multimedia learning (Section 3.2) 

o Method (Section 3.2.1) 

o Findings (Section 3.2.2) 

▪ Established multimedia effects (Section 3.2.2.1) 
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▪ Multimedia resources (Section 3.2.2.2) 

▪ Reading enhancement (Section 3.2.2.3) 

o Summary of findings from multimedia learning meta-analyses (Section 

3.2.3) 

• Review 2: Systematic review of multimedia learning (Section 3.3) 

o Method (Section 3.3.1) 

o Definition of multimedia instructional design (Section 3.3.2) 

o Inclusion / exclusion criteria (Section 3.3.3) 

o Data sources and search strategies (Section 3.3.4) 

o Data coding and extraction (Section 3.3.5) 

o Systematic review results and discussion (Section 3.3.6) 

▪ Research question 1 (Section 3.3.6.1) 

▪ Research question 2 (Section 3.3.6.2) 

• Summary of systematic review of multimedia learning (Section 3.4) 

• Chapter conclusion (Section 3.5) 

3.2 Review 1: Review of meta-analyses in multimedia learning 

Educational research has become increasingly focused on multimedia for delivering 

meaningful learning outcomes. Indeed, finding the most effective way to engage 

students and increase student learning outcomes has involved multimedia since at least 

1922 when Thomas Edison proclaimed that “the motion picture is destined to 

revolutionize our educational system,” and that “in a few years it will supplant...the 

use of textbooks” (Mayer, 2005a, p. 8). Notwithstanding the dramatic rise of 

multimedia research over the preceding decades, formal education typically still 

largely follows traditional approaches (Shrand, 2008). Krippel et al. (2010) reason that 

this could reflect contradictory findings in research on the learning outcomes of using 

multimedia. Bryant and Hunton (2000) relate these conflicting results to the soundness 

of the research methodologies, alongside confounding effects of research variables; 

they also describe how research studies have been formulated on multiple theoretical 

bases. To explore these issues further and to isolate specific variables of interest in 

multimedia research, this section presents an overview of meta-analyses sourced from 

educational databases. In organisation, Sections 3.2.1 describes the method used for 

this review of multimedia meta-analyses while Section 3.2.3 outlines the findings of 
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the review. Subsections in this section include: (1) established multimedia effects 

(Section 3.2.2.1), (2) multimedia resources (3.2.2.2) and (3) reading enhancement 

(3.2.2.3). 

3.2.1 Method 

Meta-analyses were located from the Curtin University library data base 

(http://databases.library.curtin.edu.au), with databases filtered by subject (education). 

Seven databases (ERIC; Informit; JSTOR; Sage Knowledge; Scopus; TROVE; Wiley 

Online Library) were used alongside Google Scholar to provide good coverage of 

relevant material.  

Inclusion criteria delineated key words relating to study-type; field of research; 

established effects / principles; and multimedia informing theory. 

Key words (separated with Boolean operators [AND; OR]) included: meta-analysis; 

multimedia; learning; “multimedia research”; “multimedia learn*”; “multimedia 

instruction”; “instructional visualisation”; “multimedia instruction* principle*”; 

“instruction* technol*”; “modality effect”; “modality principle”; “spatial contiguity 

effect”; “spatial contiguity principle”; “temporal contiguity effect”; “temporal 

contiguity principle”; “multimedia effect”; “multimedia principle”; “personalisation 

effect”; “personalisation principle”; “cognitive load”; “cognitive load theory”; 

“cognitive theory of multimedia”; “cognitive theory of multimedia theory”. 

Other criteria included: 

1. A primary research focus on multimedia (i.e. involving audio-visual 

presentations) 

2. Any age groups encompassed 

3. Peer-reviewed (published) study 

4. Accessible by educators (i.e. inclusion of Google Scholar) 

5. Standardised mean difference (d) effect or effect estimate included 

6. Clear elucidation of research (influence) variables (e.g. performance / 

boundary / task variates) alongside stated research hypotheses  

http://databases.library.curtin.edu.au/
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7. Published between 2000 - 2016  

Features leading to exclusion included: 

1. Game based research 

2. Primary focus on pedagogical agents 

3. Second language (L2) focussed 

4. Computer-assisted learning (CAL) focussed 

5. Online-learning focussed 

6. Hypermedia focussed 

A total of 14 meta-analyses satisfied inclusion / exclusion criteria and were selected 

for analysis. A broad coding scheme differentiated the papers into three sets of 

research: established multimedia effects (6 papers), multimedia resources (5 papers), 

and reading enhancement (3 papers). 

3.2.2 Findings 

With few exceptions, the reviewed meta-analyses adhered theoretically and 

methodologically to the assumptions and research traditions of cognitive theory of 

multimedia learning (Mayer, 2005a; b) and Cognitive Load Theory (Pass et al., 2004). 

Moreover, when theoretical discrepancies arose or reported results appeared 

discordant with established multimedia theory, discussion was mostly framed from the 

perspective of dual coding theory or related models of cognition. Learning effects, 

additionally, were often considered as boundary conditions requiring further 

investigation following experimental uncertainty.  

The following sub-sections elaborate on the methods and findings of the included 

meta-reviews. As mentioned previously, these subsections conform to specific 

research foci including established multimedia effects (Section 3.2.2.1), multimedia 

resources (Section 3.2.2.2) and reading enhancement (Section 3.2.2.3). The studies 

were examined for stated purpose and theoretical framework, influence variables, ages 

of participants and results. Study results were further analysed for effect size 

modulation, consistency with previous research, alignment with established 
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multimedia theory, experimental heterogeneity and boundary condition amendment 

for effects originally modelled as design, outcome or learner variates.  

3.2.2.1 Established multimedia effects  

Six of 14 multimedia meta-analyses were focused on established learning effects. 

These effects derive from CTML basic principles (modality; spatial / temporal 

contiguity; redundancy; signaling) as well as effects reported in the CLT literature 

(e.g. the expertise reversal effect and management of extraneous / generative 

processing). Studies included in the meta-analyses were dated between 1967 and 2009, 

involved 812 independent effect sizes from 328 studies, and included more than 12,000 

participants.   

Reinwein's (2012) review of the modality effect in multimedia learning builds on 

Ginns' (2005) meta-analysis of the same topic though widens the range of moderator 

effects to include dichotomisation of existing measures (e.g. element interactivity), 

addition of new moderators (e.g. type of visualization) and other modifications to 

existing variables (e.g. performance variate changed to type of outcome). Considering 

the latter modification, Reinwein (2012) reduced bias identified with Ginns' (2005) 

usage of priority rules in selecting dependent outcomes from multiple performance 

variate scores alongside identified publication bias. In essence, potential collinearity 

existing across multiple measures (i.e. recall, pictoverbal matching and transfer tests) 

was controlled by Ginns (2005) through a rule-based selection of iteratively-chosen 

dependent measures ranging from transfer test, to recall, to test of subjective 

appreciation of the cognitive load experienced. Reinwein (2012) shows that this 

induces a higher standardised effect-size difference (Hedge’s g) as subjective measures 

often showed significance alongside existing, yet non-significant, objective indicators 

and increased proportionately with the number of dependent measures. Reinwein 

(2012) used objective indicators only and, with usage of Duval and Tweedie’s Trim 

and Fill method for correction of publication bias, Ginns' (2005) overall large effect 

size (d = .72; 95% CI = .52-.92) reduced considerably to d = .20 (95% CI = .07–.32).  

Specific moderator effects reported by Reinwein (2012), such as the significance of 

type of visualisation (dynamic vs static picture) also shed light on interactions inherent 
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to instructional design. With two exceptions (age; decorative pictures), all moderators 

significantly impacted the overall modality effect size. The analysis confirmed the 

importance of the pace of study, but the inclusion of type of visualisation in particular 

showed a large superiority of dynamic over static pictures (static: d = .23; dynamic: d 

= .82). This result challenges existing theory on the modality effect (e.g. Moreno & 

Mayer 2007, 2010; Tabbers 2002) because the modality effect relates to text type and 

not the type of presented visualisation. Reinwein (2012) reasons that confounding 

variables may explain the variation in effect sizes seen in previous studies of the 

modality effect (e.g. Mayer et al., d = .93 with all comparisons involving dynamic 

pictures and system-paced., cf. Tabbers et al., 2001 d = -.24, with all comparisons 

involving static pictures and self-paced instruction). He concludes that these results 

are more credible in light of a possible split-attention effect which warrants a 

theoretical reconsideration of the modality effect. 

In the year following his meta-analysis on the modality effect, Ginns (2006) published 

a subsequent meta-analysis on the spatial / temporal contiguity effects within 

multimedia research. Hypotheses were derived from CLT and CTML theory and 

research and predicted that reduction in the need to split attention – both temporally 

and spatially – across multiple sources of information would enhance learning across 

topic domains, educational levels, form of testing and form of information 

presentation. Additionally, a second hypothesis moderated the strength of the effect to 

the level of element interactivity with a stronger effect predicted for materials with 

high element interactivity.  

The results of Ginns (2006) meta-analysis support prior theorising of extraneous 

cognitive load with particular regard to negative consequences associated with 

materials of high element interactivity. Similar to findings in Ginns (2005) systematic 

review of the modality effect, weighted mean effect sizes for both types of contiguity 

were large (d = .85; 95% CI = .68-1.02) with a highly significant homogeneity statistic 

indicating the presence of one or more conditioning moderators. Moreover, there was 

no significant difference between temporal (d = .78, 95% CI = .63-.92) and spatial (d 

= .72, 95% CI = .61-0.82) contiguity. Analysis of element interactivity and educational 

level provided interesting results as they offer mixed support for CLT and previous 

empirical results. Age, as a proximate measure of educational level, showed a general 
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decrease against contiguity as a learning effect (primary-learner d = 1.02; junior high 

school d = .67; senior high school d = .79; adult d = .73) and suggests that novice 

learners benefit most from reduced split-attention with experienced learners perhaps 

showing greater rehearsal ability in decoding textual features. However, the effects for 

low element interactivity materials were not nearly as large as for high element 

interactivity materials (high element interactivity d = .78; low element interactivity d 

= .28). Ginns (2006) raises the limitation of small samples in the low element 

interactivity studies (generally n = 10 per condition) reducing the ability to smaller 

effects in the available studies and also highlights the large confidence intervals for 

low element interactivity studies (0.03 to 0.58). Following Cohen’s (1988) suggestion 

that a standardised mean difference of 0.5 constitutes a ‘moderate’ effect, the range of 

plausible effects ranging from nil effect to moderate or even large effect can be 

deduced.  

The most salient result, according to Ginns (2006), is that novice learners stand to gain 

significant learning improvement – irrespective of learning material complexity 

(element interactivity) – when materials are designed with a high degree of spatial and 

temporal contiguity. This was especially the case with materials of high element-

interactivity and, moreover, the studies demonstrate that increasing integration 

supports learning across a wide variety of educational domains, media and age levels.  

In other research examining novice-expertise effects in multimedia comprehension, 

Gegenfurtner et al. (2011) integrated 296 eye-tracking studies into a meta-analysis. 

Eye movement and performance data from 819 experts, 187 intermediates and 893 

novices were analysed with expert performance defined as “consistently superior 

performance on a specified set of representative tasks for a domain” (Ericsson & 

Lehmann, 1996, p. 277). In extension of previous expertise-reversal effect findings, 

and assuming that eye-fixations reflect processes underlying task performance, 

Gegenfurtner et al. (2011) hypothesised that experts, who encode and retrieve 

information quicker than novices, should reflect such information processing with 

shorter fixation durations. Additionally, experts are likely to fixate more quickly, and 

longer, on task-relevant areas and, in support of Kundel et al. (2007) holistic model of 

image perception, are likely to have longer saccade length. Additional hypotheses 

relate to moderators at the visualisation, task and domain levels and reflect Ericsson 
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and Kintsch's (1995) theory of long-term working memory and Haider and Frensch's 

(1999) information-reduction hypothesis. Both of these align with Cowan’s (2001) 

consideration of working memory as a subset of long-term memory, which ostensibly 

rejects the dominant separate-streams model that influenced other reviewed meta-

analyses. Smaller differences were hypothesised at the visualisation level upon static, 

schematic and two-dimensional presentations, use of dual modality and textual 

annotation. Task level differences (i.e. a smaller moderating effect) were hypothesised 

for task complexity, time limitations and user-control and, at the domain level, 

expertise was hypothesised as a function of the professional domain.  

Findings offer support for notable expert task efficacy such as that noted for expert 

radiologists detecting cancer in a mammogram in a split second (Kundel et al., 2007) 

or grandmasters locating the positions of checking pieces on the chessboard without 

moving the eye (Reingold et al. 2001). Furthermore, the findings offer support for 

expert enhanced retrieval structures and task-relevance allocation of attentional 

resources within an embodied model of cognition. Consistent with Ericsson and 

Kintsch's (1995) theory of long-term working memory, experts had slightly shorter 

fixation durations than novices (r = −0.09). Consistent with the assumptions of the 

information-reduction hypothesis, the expert sample had more fixations on task-

relevant areas (r = .53) and fewer fixations on task-redundant areas (r = −0.31) relative 

to that of novices. Moderate to strong effect size differences were reported between 

experts-novice comparisons (rrelevant = 0.27, rredundant = −0.43), with a general 

tendency for longer fixation durations on relevant areas and shorter fixation durations 

on redundant areas with expertise level increases. 

Within Reingold and colleagues’ (2001) analysis of moderator effects, second-order 

sampling bias was controlled for by focusing on variables with the highest sample sizes 

and number of data sources. This led to inclusion of number of fixations, fixation 

duration, reaction time and performance accuracy for the expert–novice comparisons. 

Visualisation characteristics significantly moderated eye movement and performance 

variables including dynamic / static presentations, with experts tending to employ 

more fixations (r = .05) of shorter duration (r = −0.12) for dynamic visualisations. 

Novices, on the other hand, tended to employ more fixations (r = −.22) of shorter 

duration (r = 0.04) for static visualisations. Within levels of realism, experts gradually 
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used more fixations than novices did as the levels of realism increased from schematic 

(r = −0.24) to rather realistic (r = .01) and photo-realistic (r = .02) visualisations. 

Expert–novice differences were smaller for photo-realistic than for schematic 

visualisations regarding response time and performance accuracy and experts tended 

to employ fewer fixations for two-dimensional and more fixations for three-

dimensional visualisations than novices. Modality and text-annotation also showed 

expert-novice distinctions: smaller expert–novice reaction-time differences for 

annotated visualisations existed, alongside significant expertise gradient differences in 

dual-modality, and novices also showed greater accuracy in visualisations with 

annotated text. In task complexity, all findings confirmed expert efficacy (i.e. greater 

performance accuracy; shorter response time with growing levels of complexity) 

although, unexpectedly, user-control moderated accuracy and speed more for experts 

than novices. 

Gegenfurtner et al. (2011) concluded that their primary and secondary (moderator) 

findings confirm assumptions within the framing theories and suggest that 

performance is a monotone function of experience. There were perceptual 

inconsistencies, such as evidence of longer fixation duration for intermediates than for 

novices, which the authors assumed as representative of an attempt to apply a complex 

knowledge base that was not yet fully automated. Substantiation of the information-

reduction hypothesis (Haider & Frensch, 1999) is also claimed because task-relevance 

resulted in higher numbers of fixations and results also appear to confirm Kundel et 

al. (2007) holistic model of image perception as experts’ parafoveal processing showed 

longer saccades and shorter fixation times on areas of task relevance.  

The redundancy and signalling effects which are basic principles within CTML 

research (Sorden, 2005), were reviewed in meta-analyses by Adesope and Nesbit 

(2012) and Richter et al. (2015), respectively. Richter et al. (2015) hypothesised an 

overall positive effect on comprehension from the presence of signaling between 

different media modalities. They refer to Schwonke et al. (2008), who claim that 

‘ecologically valid’ (i.e. school-relevant) materials should be employed in testing the 

robustness of an effect, and they acknowledge that several included studies used 

learning materials that are unlikely to be used in schooling or had poor control group 

design. As usual within multimedia meta-analyses, potential moderators of the overall 
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effect size are included to help explain observed variance. In Richter et al. (2015),  

domain-specific prior knowledge, pacing of materials, pictorial format, multimedia 

mapping requirements and distinctiveness of signals were included for subsequent 

analysis. Alongside stringent inclusion / exclusion criteria, the authors assume high 

discriminant validity because only independent effect sizes were included; multiple 

group comparisons were avoided as all studies used between-subjects designs, and 

control groups were only used once for effect size calculations within a study.  

Twenty-seven articles involving k = 45 pair-wise comparisons included the 

comprehension performance of multimedia learning material with or without 

multimedia integration signals. Richter et al. (2015) reported that 38 out of 45 

comparisons had positive effect sizes (84.4%) which, taken together, suggest a small-

to-medium overall signaling effect in favour of signalled compared to non-signalled 

multimedia learning material (r = .17; 95% CI= .11- .22). Similar to other reviewed 

papers, the set of effect sizes was overall heterogeneous, resulting in further moderator 

analyses. Only one of the hypothesised moderator variables — domain-specific prior 

knowledge of the learner — accounted for appreciable variance in this random-effects 

meta-analysis. As domain-specific prior knowledge was operationalised as a 

dichotomous variable (low / medium vs. high), the analysis revealed that learners with 

a low / medium level of domain-specific prior knowledge gained more from signaling 

than learners with a high level of domain-specific prior knowledge. System pacing also 

showed significant moderation of the overall signaling effect when studied in isolation 

(i.e. from a seperate meta-analysis). The authors concluded that prior knowledge most 

significantly moderates the effect of signaling in textual presentations and that 

multimedia integration signals were more effective when system-paced materials, in 

contrast to self-paced materials. were used.  

Referring to the ability-as-compensator hypothesis (Mayer & Sims, 1994), Richter et 

al. (2015) emphasised the importance of signaling as a means to facilitate integration 

in low prior knowledge learners. They suggest the likelihood of an expertise-reversal 

effect (Kalyuga et al., 2003) in the interference of pre-existing mental representations 

in experts upon receipt of additional instructional support, although this discounts the 

fact that experts could simply ignore distracting cues. Meanwhile, low-prior 

knowledge learners were found to benefit from reductions in verbal redundancy in 
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Adesope and Nesbit's (2012) meta-analysis with presentation of auditory and written 

text. Redundancy arises from the concurrent presentation of text and verbatim speech 

(Wiebe & Annetta, 2008) and the authors investigated the effects of spoken-only, 

written-only and spoken–written presentations on learning retention and transfer. 

Overall, outcomes did not differ between spoken–written and written-only 

presentations, though spoken–written presentations outperformed spoken-only 

presentations. Additionally, spoken–written presentations showed advantage for low 

prior knowledge learners alongside system-paced learning materials and picture-free 

materials. This is claimed by Adesope and Nesbit (2012) to present important 

theoretical advances as previous research has not adequately delineated specific 

boundary conditions - including participant characteristics, contextual factors and 

outcome constructs.   

This concludes the reporting of established multimedia effects within multimedia 

learning meta-analyses. The following section outlines an additional primary focus of 

multimedia research, multimedia resources. 

3.2.2.2 Multimedia resources 

Reviewed meta-analyses, with multimedia resources as the research focus, primarily 

assessed learning effects from usage of animations and simulations. Three of five 

located studies involved analysis of animations and / or simulations and included 

university-aged or adult participants (Gegenfurtner et al., 2014; Lin et al., 2007; Rolfe 

& Gray, 2011). One study (Yue et al., 2013) examined educational tools – medical 

animations – involved in medical training, within the CTML theoretical framework. 

Yue et al. (2013) also assessed young adult / adult learning outcomes. Only one study 

involved school-aged students (Hoffner & Leutner, 2007) as a sub-set amongst other 

age groupings and, as in the above studies, age or educational-level did not feature as 

a learner-characteristic with statistical significance as a learning effect. Overall, the 

meta-analyses drew from studies published between 1973 and 2010, included 224 

independent effect sizes or effect estimates expressed as mean differences with 

confidence intervals, and involved 9343 participants.  
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Yue et al. (2013) examined a large sample (p = 430) of medical animations and 

evaluated learning potential in terms of cognitive load associated with CTML 

multimedia instructional principles. Within this analysis, the management of essential 

processing, minimization of extraneous processing and facilitation of generative 

processing were aligned with eight specific CTML principles and associated 

interactivity features from a subset of the 430 located animations. As such, no 

consideration of experimental design or participant characteristics moderated the 

research approach and, by default, the specific learning resource precludes non 

tertiary-education aged learners. The authors raise the issue of conflicting findings in 

CTML research and discuss debate on the exact cognitive mechanisms responsible for 

the modality effect and other effects. They speculate that for practical purposes, 

empirical findings outweigh purely theoretical considerations of working memory 

architecture as confirmatory results have been repeatedly observed under specific 

conditions. For example, Yue et al. (2013) note that the modality effect is observed 

when computer-paced lessons are short (i.e. < 10 minutes) or when learners can control 

the lesson pace. This apparent management of essential processing exists alongside 

other confirmatory findings such as the experimental manipulation of redundancy of 

aural and visual modalities (redundancy principle; c.f. cognitive load of extraneous 

processing) and interactivity features of learning materials (interactivity principle; c.f. 

germane cognitive load). 

Yue et al. (2013) provide statistics on animations that exhibit multimedia principles, 

ranging from 7.7% (pre-training principle) to 92.4% (spatial contiguity principle) and 

averaging 48.4% across all eight principles. Management of essential processing has 

the lowest degree of adherence (pre-training principle - 7.7%; modality principle - 

17.4%); mixed results were reported in minimisation of extraneous processing 

(coherence principle - 67.2%; redundancy principle - 45.6%; signaling principle - 

18.9%; temporal contiguity principle - 76.5%; spatial contiguity principle - 92.4%); 

and the highest overall percentage is found for generative processing (interactivity 

principle - 61.2%). Findings revealed that the average adherence rate was 4.2 

principles per animation; the majority of animations used solely graphic images 

(94.4%); animations were mainly commercially sourced (79.8%) and animations ran 

on average for one-and-a-half minutes.  
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The authors conclude the meta-analysis with discussion of merits and improvements 

for animations in medical undergraduate training. Because the average animation run-

time length was consistent with materials used in multimedia research, core 

multimedia principles are considered applicable to medical animations. The lowest 

rate of adherence to multimedia principles was seen from the essential processing 

construct – pre-training and modality – which the authors relate to deficits attributable 

to 10% of animations defining key terms prior to the lesson and < 20% using narration 

as primary communication of verbal information. Usage of animations as adjunctive 

to formal training could remove need for pre-training, such as providing definitions, 

though the modality effect could easily be catered for via inclusion of auditory 

narration. A danger of cognitive overload through identified lack of coherence or 

redundancy exists in that more than two-thirds of animations presented at least one 

design element that could lead to extraneous processing. As these distractions related 

to easily removed features such as redundant (identical) bullet-points or background 

music, the authors suggest that their removal could improve learning outcomes. 

Finally, the embedding of user control features can facilitate generative processing 

through the implementation of the interactivity principle. Overall, animations are 

assumed by Yue et al. (2013) to provide meaningful learning outcomes even though 

they are presently designed with some inherent limitations. Additionally, some 

multimedia learning principles, such as spatial integration of textual / pictorial 

features, are apparently inbuilt as a design feature irrespective of underlying 

multimedia effects. 

Hoffner and Leutner (2007) reviewed 26 primary studies in an attempt to answer 

whether instructional animation provides better learning outcomes than static pictures. 

They discuss CTML (Mayer, 2001, 2005a) in the context of learner as a self-

constructor of knowledge. In so doing, they relate three basic assumptions informing 

CTML – active processing; dual channel processing and dual coding; limited capacity 

short-term memory – to strong empirical evidence in learning from coordinated 

materials but they also raise the omission in research of static versus animated pictures 

as examples of a pictorial presentation format. Individual learner differences are 

hypothesised to influence whether static pictures or animations within a specific 

domain of knowledge or skills are superior and include spatial ability and prior 

knowledge. Alongside animation features (such as being video or computer-based, 
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being representational or decorational or in differentiation of realism) individual 

differences are nonetheless conflated to instructional domain and type of knowledge –

a decision reflecting poor empirical coverage in the literature. As such, study 

characteristics, such as educational level, were thus listed, though not included for 

analysis. 

Hoffner and Leutner's (2007) findings, from 76 pair-wise comparisons of dynamic and 

static visualisations revealed a medium-sized overall advantage of instructional 

animations over static pictures (d = .37; 95% CI = .25-.49). Furthermore, analysis of 

weighted effect sizes indicates that effect-size distribution reflects differences in study 

features. Subsequent moderator analyses revealed more substantial effect sizes with 

representational animation being superior to decorative animation (d = .40;  95% CI = 

.26-.53) though decorational animations were not significantly superior to decorational 

static pictures (d = .05; 95% CI = .37-.27). Additionally, two types of requested 

knowledge moderated findings in favour of animations: procedural-motor knowledge 

had the largest mean weighted effect size in favour of animations (d =1.06; 95% CI = 

.72-1.40), followed by declarative knowledge (d = .44; 95% CI = .27-.57) though 

problem-solving knowledge showed a reduction in mean effect size (d = .24; 95% CI 

= .04-.44). The authors note that the latter variable could be influenced by some 

confounding of type of knowledge with role of animation as all procedural-motor 

knowledge visualisations were also representational; in contrast, numerous 

visualisations requiring declarative or problem-solving knowledge were decorational. 

Other potential confounds existed between type of animation and the role of animation, 

with 92% of video-based animations used in a representational role versus 48 from 64 

computer-based animations used in a representational role. Indeed, effect size 

differences disappear when examining video-based and computer-based animations in 

representational roles only. Finally, two significant effect-size differences are seen 

between the four operationalised levels of realism (level 1 - schematic through level 4 

- photo realistic). Holme-Bonferroni adjusted contrasts between realism levels 3 and 

4 and levels 1 and 4 were significant which, along with superiority of animations over 

static pictures with signaling cues, suggests a clear overall advantage of non-

interactive representational animations compared with static pictures or decorative 

animations.   
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Rolfe and Gray (2012) extend on Yue and colleagues’ (2011) analysis of multimedia 

learning instruments through examination of learning outcomes in the field of life 

science. Inclusion of quasi-experimental studies alongside randomised controlled trials 

satisfied search criteria, although the authors raise the issue of rigour in educational 

versus medical research. As the primary outcome measure of interest was a knowledge 

or learning gain and appreciating the less-rigorous nature of many education studies, 

non-randomised studies were accepted if they were controlled in a matched or 

longitudinal design with equivalent control or comparison groups. As previously 

mentioned, studies were excluded if they contained school-aged participants or 

affective outcomes in the absence of reported learning gains. Unique amongst the 

selected multimedia meta-analyses, risk of bias was determined solely as a study 

design feature with no consideration of publication bias. This is contrary to Ferguson 

(2007) who describes the various measures that researchers commonly use to estimate 

such bias. Importantly, Torgerson (2005) claims that inherent bias exists against 

publishing statistically non-significant findings which can result in (a) skewing 

findings towards more positive mean effect sizes and / or (b) nonsignificant findings 

not being published or available only in less accessible ‘gray literature’. 

The 17 publications chosen for analysis involved 9 comparisons (e.g. multimedia 

instruction versus traditional teaching) and learning gain was evaluated from 2290 

student participants from 16 sub-groupings. Studies ranged between 1994 and 2008, 

covered tertiary life science subjects such as human anatomy and DNA replication and 

involved multimedia variously defined as: graphics; animation; audio; simulation; 2D 

graphics; 3D models; narrations; images; quiz; PDF text; photos; drag and drop. 

Outcome measures included achievement post-tests immediately following use of 

resource, retention tests completed one to several months afterwards and end-of-year 

examination results.  

Overall, Rolfe and Gray (2012) found that use of embedded multimedia was associated 

with positive outcomes for undergraduate student learning gains in 10 from 16 sub-

group comparisons. In replacement of a wet laboratory practical experiment with an 

online multimedia version (four studies), post-test results indicated knowledge gains 

(mean difference 23.21; 95% CI = -1.56-47.97). This result was non-significant 

although significant learning gains were seen in end-of-year examinations. Significant 
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learning gains were demonstrated for multimedia substituted for a traditional lecture 

(in post-test, but not examinations); multimedia vs text book (post-test); in static vs 

interactive webpages (post-test); graphic vs animation short view (post-test / repeat 

view, post-test / retention test, but not post-test) and multimedia vs multimedia + 3D 

(post-test). Negative effect estimates showed a favourable control approach for 

multimedia vs blended learning (examination); multimedia + lecture vs tutorial + 

lecture (post-test), and lecture vs lecture + multimedia (retention test or retention test 

at 16 months). In conclusion, Rolfe and Gray (2011) note that multimedia could 

influence short-term understanding as lectures with substituted multimedia resources 

did not improve examination results. Other long-term retention issues are apparent 

from the findings, with multimedia resources being associated with improved 

examination results for multimedia vs practical; multimedia vs blended learning; 

graphic vs animation, and lecture vs lecture + multimedia conditions only. Finally, 

brief discussion of multimedia theory (e.g. Mayer, 2005a) and acknowledgement of 

confirmatory findings as that of Hoffner and Leutner (2007) and Lin et al. (2007) are 

considered by the authors to add credence to established CTML effects in that well 

designed resources in multimedia-enhanced learning optimises cognitive load.  

Gegenfurtner et al. (2014) present a meta-analysis of digital simulation training, which 

builds on existing systematic analysis of eye-tracking research from Maastricht 

University, the Netherlands. The study aimed to correct the size of true score 

population correlations between transfer and self-efficacy for artifactual variance as 

well as estimation of moderating effects of specific instructional design characteristics. 

The study draws on Bandura's (1997) social cognitive theory and Mayer's (2009) 

cognitive theory of multimedia learning as useful frameworks in theorising and 

conceptualising self-efficacy as a motivational disposition in transfer learning. This is 

unlike Gegenfurtner et al. (2011) who, as discussed above, explore Cowan’s embodied 

model of cognition with novice-expertise differences influenced by Kundel et al. 

(2007) holistic model of image perception. Influence variables in this study include 

social, narrative, adaptivity, multimedia and assessment features as instructional 

characteristics of digital simulations and are presented as five hypothesised effects in 

moderating the relationship between self-efficacy and transfer of training in digital 

simulation-based training environments.  
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2274 learners with a mean age of 21.40 years (SD = 2.84) comprised the 15 

independent data sources in the analysis. Simulations involved procedural knowledge 

and trained psychomotor skills in learning of professional work skills with transfer 

tests conducted on average one week after training (SD = 2.1 days). In the primary 

analysis, the uncorrected mean observed correlation r between self-efficacy and 

transfer of learning was .34 and the variance attributable to sampling error and error 

of measurement was estimated at 99.64%. Social characteristics, as the first proposed 

moderating construct, were operationalised as number of players and team context. 

Effect sizes were more positive when the trainee acted in a single-player simulation (d 

= 0.85) and not part of a team (d = 0.82) though these moderator effects were not 

significant. Of the narrative characteristics (scenario; player perspective; fantasy; 

timing of the simulation) only timing of the simulation showed statistical significance 

with self-efficacy, indicating that greater transfer (i.e. enhanced efficacy) occurs with 

simulated time flow (d = 0.90) compared with simulations using real-time (d = 0.75). 

For difficulty level, as an adaptivity characteristic (alongside rule rigidity and 

simulation ending) there was a significant difference in transfer with higher estimates 

found for simulation environments with user-controlled difficulty (d = 1.07) than for 

no increase (d = 0.85) or system-controlled difficulty level increase (d = 0.63). Finally, 

multimedia characteristics were assessed. Operationalised as modality (visual only vs. 

visual and auditory modality), realism (schematic vs. realistic) and dimensionality 

(two dimensional vs. three dimensional), 80% credibility intervals overlapped in all of 

the tested subgroups, thus indicating no significant moderating effects between 

multimedia characteristics and self-efficacy and transfer of training.   

Conclusions were drawn about the effectiveness of digital simulations in training with 

instructional characteristics presented schematically as estimates of the positive (ρ = 

.38) correlation between self-efficacy and transfer of training. The leading four 

instructional characteristics were user increase of difficulty level (ρ = .48), assessment 

after the simulation (ρ = .43), three-dimensional simulation (ρ = .42) and simulated 

time (ρ = .41). Interestingly, the alternate dichotomisation with instructional 

characteristic comprised the bottom four correlation estimates although not in the same 

order [system increase of difficulty level (ρ = .30); real time (ρ = .35); two-dimensional 

simulation (ρ = .35); assessment during the simulation (ρ = .36)]. Returning to the 

framing theory, social cognitive theory (Bandura, 1997) appears validated given the 
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positive learning transfer upon control of difficulty. This stands in contrast to cognitive 

theory of multimedia learning (Mayer, 2009) as population correlation estimates were 

largely unaffected by social, narrative or multimedia characteristics. These findings, 

with the practical suggestion to offer assessment after the simulation, prompt 

instructors to seek optimal user-control and to provide performance feedback after 

training.  

Lin et al. (2007) discuss the empirical discrepancies in previous animation studies and 

present a meta-analysis of the instructional effectiveness of different types of 

enhancement strategies used to complement animated instruction. This analysis is 

unique amongst those reviewed as its 1124 college-age participants participated in 12 

independent experimental studies in which the instructional content and four 

independent criterion measures were held constant across all studies. Investigation of 

the effect of varied enhancement strategies (audio/narration, chunking, scaffolding, 

advance organizer, animation) employed in the 12 studies examining heart anatomy 

and physiology were assessed by criterion tests – consisting of 20 items – designed to 

measure different types of learning objectives. The enhancement strategies conformed 

broadly to cognitive load and cognitive theory of multimedia learning, such as that of 

the modality effect and its role in optimising factual recall, in the audio/narration 

strategy. Other strategies, such as that of the advance organiser method adhere to older 

concepts in cognitive psychology such as Ausubel's (1963) meaningful learning and 

assimilation theory as elements of subsumption theory which base learning on 

superordinate, representational and combinatorial cognitive processes. 

124 effect sizes were recorded by Lin et al. (2007) for all enhancement strategy criteria 

and ranged in magnitude between –1.20 and 4.15. Mean effect sizes across criterion 

tests showed inconsequential or negative moderation (in the case of identification test) 

by animation regardless of animation feature or enhancement strategy (drawing, d = 

0.23; identification, d = –0.04; terminology, d = 0.20; comprehension, d = 0.20; total, 

d = 0.23; mean d = 0.16). The relative effect of varied enhancement strategies on 

different learning was estimated in the study. Here, averaged effect sizes indicated that 

the advance organizer method produced the greatest effect size (d = .47), followed by 

chunking strategy (d = .33) and audio / narration strategy (d = .04). The other included 

strategies which were conflated to a single group due to the small number of subjects 
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or poor experimental design, contributed to an overall negative effect (d = –.02). 

Discussion of the lack of consistency across animation enhancement features and 

learning outcomes frame the authors’ conclusion. They propose that enhancements 

used in animations can induce a positive or negative effect depending on the type of 

enhancement and the type of learning objective to be facilitated. Specifically, in 

practice, they suggest that distracting animation features, such as concurrent use of 

audio / narration, could limit a learner’s close attention, while use of advance 

organisers and chunking information can enhance cognitive processing germane to 

learning.  

The following section concludes review 1 in detailing the methodology and findings 

of meta-reviews on reading enhancement as a subset of multimedia learning research.  

3.2.2.3 Reading enhancement 

Three meta-analyses located were focused on reading performance and each had 

hypotheses and variates drawn from CTML (Mayer, 2005a). Takacs et al. (2015) and 

Pearson et al. (2005) both examined learning effects associated with technology-

enhanced reading materials from school-aged or younger students, while Ginns et al. 

(2013) assessed mainly college-aged or older participants in meta-analysis of textual 

conversational style and personalisation. In summary, learning outcomes for younger 

learners using technology-enhanced reading show minor improvement over traditional 

approaches, though the scarcity of affective and motivational research is a potential 

validity issue alongside the high degree of observed experimental heterogeneity. On 

the other hand, textual design employing a conversational rather than formal style was 

more likely to affect learning outcomes and processes including retention and transfer 

and factors concerning learner interest. The three meta-analyses discussed in this 

section draw from 107 journal articles, conference papers or Masters / PhD 

dissertations, include over 5500 participants and yield 220 effect sizes in estimation of 

hypothesised learning effects and secondary moderators.      

Pearson et al. (2005) describe the growing integration of literacy and technology and 

the importance of substantive, content-area learning. A lack of related research for 

middle-school aged learners, though, is considered to hinder development of 
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educational policy as cognitive processing in middle-school students differs from that 

of other age groups (Nelson et al., 2004). Advanced reading skills, including 

comprehension, metacognition, strategy use, motivation and engagement, are 

considered by the authors to be benefited by technology-enhanced reading materials 

as evidenced in previous work on distance-learning (e.g. Cavanaugh et al., 2004; 

Shachar & Neumann, 2003), technology-enhanced instruction (Kulik & Kulik, 1991), 

computer-aided writing skills (Goldberg, 2003) and literacy-acquisition with 

computer-assisted instruction (Torgerson et al., 2003). Motivated by this research gap, 

Pearson et al. (2005) designed their meta-analysis to assess strategy-usage, 

metacognition, reading motivation, engagement and comprehension as influence 

variables among students in the sixth to eighth grades.  

Hedge’s ‘g’ statistic was used by Pearson et al. (2005) as a weighted effect-size 

estimate along with two effect-size calculation methods reported from summary 

statistics. From the five areas of interest, only comprehension featured as a study 

variate adequate for analysis. Included within an umbrella grouping of reading 

outcomes, the authors report comprehension as most commonly assessed (65%) and 

vocabulary as a distant second (10% of outcomes). They mention that intervention 

emphasis was more evenly distributed with ‘mixed’ emphases (e.g. multimedia 

learning environment with access to word meaning, pronunciation, comprehension 

scaffolds etc.) at around 30% and single emphases as vocabulary (17%), word 

recognition (15%), independent reading (12%) and comprehension instruction (12%). 

The weighted mean of all 89 corrected effect sizes was 0.49 (sd = .74). 

Further analyses involved comparisons of specific programmatic, assessment and 

contextual variables. Statistically reliable contextual differences were observed in 

secondary analysis between undifferentiated middle school students (mean g = 0.52) 

and targeted populations of students (i.e. struggling readers and those with learning 

disabilities; mean g = 0.32), though not between meaning-focused and code-focused 

interventions. Study duration, contrary to expectation, showed a “U-shaped” effect 

distribution in that effect sizes in medium-length (2-4 weeks; Nes=21, g = .55) studies 

were larger than those lasting less than a week (Nes=25, g = 0.48) and much larger 

than studies lasting five or more weeks (Nes =43, g = .34). Sample size was a reliable 
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predictor of effect size (small n studies averaged g = .77, large n studies averaged g = 

.38) with test type, although “policy focus” categorisation by primary purpose into (a) 

reducing the achievement gap, (b) increasing technology use in general, or (c) 

improving a specific educational outcome such as reading comprehension, did not 

yield statistically significant differences (Q=1.68, p>0.05). In discussion, the authors 

reaffirm the positive benefits of technology-enhanced literacy while lamenting the 

scarcity of existing research in meta-cognition, reading motivation and engagement. 

They conclude the meta-analysis by calling for more research in digital technologies 

in improving the five identified areas of literacy acquisition and restate the 

implications of such research for curricular practice, policy and research. 

Takacs et al. (2015) conducted a meta-analysis of the effects of technology-enhanced 

stories versus listening to stories in young children’s literacy development. Studies 

were included on the basis of narrative stories for children with reported multimedia 

or interactive features while excluding the effects of device-type or media employed 

in their delivery. The cognitive theory of multimedia learning (Mayer, 2005a) was 

presented as an overarching theoretical framework for multimedia design. Several 

CTML basic principles (e.g. spatial / temporal contiguity; modality effect) are 

presented with extraneous and intrinsic cognitive load constraints from CLT (Chandler 

& Sweller, 1991) in the explication of multimedia benefits over traditional media 

formats and of interactive elements that could present extraneous processing demands. 

Acknowledgement is made, additionally, of disadvantaged children who may lag in 

language and comprehension skills. Operationalisation of disadvantaged learners in 

Takacs et al. (2015), as discussed in Section 3.1, is an umbrella construct comprising 

low socioeconomic status (SES) families, immigrant and bilingual families, children 

with learning problems, children with special needs, children with developmental 

delays or children with severe language impairments. 

Four research questions were considered in the meta-analysis in which orally narrated 

stories were contrasted with technology-enhanced story presentations. Because oral 

narration was considered as posing significantly reduced cognitive demands on 

children compared with reading, oral narration in both traditional and technology-

enhanced settings was included. Takacs et al. (2015) primary research question was 

the overall effect of technology enhancement for at least one outcome measure (e.g. 
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story comprehension / vocabulary; code-related literacy skills; letter knowledge; 

general reading skills). The other research questions focused on multimedia versus 

interactive story features which were broadly hypothesised to conform to CTML 

multimedia principle in fostering generative processing. In short, it was hypothesised 

that congruent multimedia features can be beneficial while interactive features 

irrelevant to learning could distract the learner and inhibit comprehension. The final 

research question involved the moderating effect of disadvantaged versus non-

disadvantaged learners, with multimedia features hypothesised to aid learning in 

disadvantaged groups more than others. 

Takacs et al. (2015) mention that as different outcome measures with different scales 

were compared between conditions, Hedge’s g functioned as the standardised mean 

difference for the 57 reported effects from studies between 1980 and 2014. Effect sizes 

reflected a small, yet significant gain in all outcome measures (story comprehension, 

g = .17; expressive vocabulary, g = .20; code-related literacy skills, g = .16; 

engagement, g = .26) with effect size heterogeneity detected for vocabulary learning 

[Q(12) = 25.54, p = .01] and code-related literacy skills [Q(13) = 23.65, p = .03]. 

Subsequent analyses revealed outcome differences between disadvantaged and non-

disadvantaged learners, with a significant effect for at-risk children with 

environmental factors such as low parental education, (g = .35) in vocabulary learning. 

Further heterogeneity was found within the disadvantaged group for vocabulary 

learning although, with insufficient contrasts including samples with developmental 

delays or learning problems for comparison, analysis of the kind of disadvantage was 

not possible for this outcome. Heterogeneity within code-related literacy skills 

outcomes was also detected between disadvantaged and non-disadvantaged groups 

although significant within- and between-group differences were not detected. 

In answering research questions two (i.e. if multimedia-enhanced stories were more 

beneficial for children’s literacy than traditional story presentations) and three 

(whether interactive features distract learning), observed heterogeneity in story 

comprehension was assessed by contrasting multimedia-only features with interactive-

only features and presentations with both multimedia and interactive features present. 

Takacs et al. (2015) describe a significant contrast for multimedia-only presentations 

(g = .39), although this effect was not significant for stories including both multimedia 
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and interactive features. Further analysis in the multimedia condition was conducted 

between oral text only or oral text plus static illustrations in the control conditions. No 

effect of illustrations was seen for the comparison conditions and multimedia 

presentations were seen to be advantageous over both oral-only presented stories (g = 

.43) and stories presented with static illustrations (g = .36). Moreover, for 

disadvantaged learners a strong additional effect of multimedia stories was detected (g 

= .66) as well as larger differences for multimedia versus interactive stories as 

predicted in research question four (i.e. whether technological additions to stories were 

more important for disadvantaged than non-disadvantaged groups). However, as with 

the previous moderator analysis, isolating developmental issues from other effects of 

poverty was not possible due to inclusion of only a single study featuring 

developmental delays.  

Interestingly, relevance of story features (congruity) was not found by Takacs et al. 

(2015) to moderate the effect of technology on student outcomes. Inclusion of 

irrelevant only, or relevant and irrelevant features, did not have a significant effect (g 

= −0.21); however, stories with only relevant features also failed to show a significant 

additional effect compared with more traditional stories (g = −0.06). While there were 

not enough contrasts with multimedia-interactive stories to test the difference between 

multimedia-only and multimedia-interactive stories, disadvantaged children showed a 

significant advantage over traditional story materials on expressive word learning (g = 

.32). As before, further analysis of disadvantaged groups was not possible due to 

inadequate numbers of contrasts within the study corpus. In conclusion, the authors 

note the modest gains expected with technology in story comprehension, but suggest 

that, as an additional effect in augmenting existing benefits, technology is of relevance 

in literacy development. Moreover, the observed heterogeneity in findings is assumed 

to underscore different modes of presentation and forms of technology. This, along 

with a lack of learner engagement, suggests that technology, properly aligned with 

multimedia principles, can facilitate generative processing as a cognitive though not a 

motivational attribute.  

The final meta-analysis reviewed is concerned with one of Mayer’s (2005a) guiding 

principles of multimedia design — personalisation. The argument that social cues can 

elicit generative processing in learners through presentation of socially congruent 
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information underpins Ginns et al. (2013) review of multimedia research employing 

elements of conversational style. Conversational style is considered as multi-

dimensional although it relates mainly to stylistic changes in the personalisation of text 

such as emphasising first- or second-person forms of address rather than third-person 

forms (e.g. Mayer et al., 2004), directly addressing the learner (Moreno & Mayer, 

2000), author visibility (e.g. Paxton, 2002) or politeness (Wang et al., 2008). As 

mentioned above in Section 3.1, these textual-features are assumed by Mayer (2005a; 

b) to involve deeper cognitive processing in a sense-making attempt akin to normal 

listener cooperation in social discourse. Correspondingly, Ginns et al. (2013) present 

hypothesised effects of conversational style on learning processes and outcome 

measures. Hypothesised learning processes of instructional messages imbued with 

social cues include (a) an activation of social response with perceived friendliness and 

learning assistance, leading to (b) an increase in active cognitive processing with 

corresponding increases in (c) quality of learning outcomes. Potential moderators were 

hypothesised by Ginns et al. (2013) as: publication type; operationalisation of 

conversational style; educational level; language of instruction; broad field of study; 

pacing of instruction; length of learning phase and prior knowledge level. A noted 

absence is acknowledgement of disadvantaged learners, contrasting this with other 

meta-analyses in this section. This is noteworthy given the assumption of socialised 

information-modulating schema-acquisition processes that exist within the research-

base on established learning effects in deprived environments (e.g. Bradley & Corwin, 

2002; Hackman et al., 2010; Sirin, 2005). 

Ginns et al. (2013) reported 74 effect sizes from published learning outcomes and / or 

processes from 3312 students and were included with standardised mean differences 

between conversational style and non-conversational style conditions included and 

corrected for bias associated with small sample size. 62 effect sizes were derived from 

college-aged students (84%), a further eight effect sizes were from research on senior 

high school students (11%), three studies drew from mixed-aged adults (4%) and one 

study included junior-high school students (1%). Hypothesis one related to the 

perceived friendliness of conversational instructional text and showed a positive, 

moderate effect (d = .46) as indexed by friendliness perceptions. Follow-up analysis 

of learning process moderators were hampered by small samples though showed small 

(language of instruction - English, d = . 03) to moderate-large effect sizes (effective 



Systematic Review of the Multimedia Research Literature 

 139 

cognitive processing, d = .62). The second hypothesised effect of conversational style 

assistance of instructional materials was small (d= .16; 95% CI= −0.19 to 0.52) and 

was not accepted due to the range of plausible values. Follow-up analyses were not 

possible, despite a statistically significant homogeneity statistic, due to insufficient 

variation across study features (such as one category having only one effect).  

Ginns et al. (2013) report the second hypothesised effect of conversational style on 

perception of learning assistance of instructional materials as small (d = .16). The large 

range of possible values (95% CI= −0.19 to .52) and observed heterogeneity suggests 

that conversational instructional text was moderated either by learning process (c.f. 

paragraph above) or by learning outcome. In terms of learning outcome, standardised 

mean differences of moderate or greater size (i.e. .3 < d < .8; Ellis, 2010) were detected 

for retention (d = .3); language of instruction (other) (d = .55); publication type (journal 

article) (d = .38); operationalisation (politeness) (d = .38); operationalisation (l) (d = 

.58); educational level (senior high school) (d = .49); form of materials (paper based) 

(d = .50); broad field of study (mathematics / logic, science and engineering) (d = .3); 

pacing of instruction (system-paced) (d = .35); and transfer (d = .54). Interestingly, 

prior knowledge level was inconsistent with low (d = .6), medium (d = -0.11), mixed 

(d = .66), and high (d = -0.28) effect sizes showing little agreement with prior 

multimedia research.  

Based on other results, Ginns et al. (2013) dismiss the assumed association between 

conversational style and learner interest (d = .16) but report moderate to large effect 

sizes which support the hypothesised effects of conversational style and effective 

cognitive processing (d = .62), tests of retention (d = .3), and tests of transfer (d = .54), 

respectively. The authors conclude with agreement with Mayer’s (2009) suggestion 

that learning is inherently social and that an “implied conversation” is evident between 

instructor and learner. This premise appears supported with the reliable effects 

reported within retention and transfer tests and with learners’ rating of personalised 

learning material as being more friendly and promoting more effective cognitive 

processing.  
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3.2.3 Summary of findings from multimedia learning meta-analyses 

Examination of multimedia meta-reviews reveal specific trends in the literature. An 

overwhelming consensus of the workings of the cognitive architecture in stimuli 

processing is represented by CTML (Mayer, 2005a, b) and CLT (Pass et al., 2004). A 

sole exception is Gegenfurtner et al. (2011) who challenge existing accounts of 

working memory, specifically disputing the limited subsystem processing capacity 

assumption and instead invoke aspects of Cowan’s Embedded Cognition model in 

analysis of expert visualisation comprehension. A theoretical reframing of expertise 

differences is constructed around rapid information processing and greater selective 

attention allocation in experts. This, as discussed, was attributable to the superior 

processing resources of experts in domain-specific material, operationalised as 

extended visual span and parafoveal processing. It is noted by Gegenfurtner et al. 

(2011), though, that expert differences, as a subset of learner experience are 

represented by CTML in the prior knowledge principle (Mayer, 2009) and the 

expertise reversal effect (Kalyuga et al., 2003) as plausible boundary conditions. 

Likewise, Gegenfurtner et al. (2014) appear to deviate from the dominant framework 

theoretically with inclusion of Social Cognitive Theory, alongside CTML, in their 

review of primary and secondary multimedia learning effects. They note, though, that 

CTML and Social Cognitive Theory both appear insufficient as causal frameworks, 

with social, narrative and multimedia textual characteristics failing to modify 

correlation estimates between self-efficacy and transfer of training.  

Appendix 1 provides a summary of findings from the included meta-analyses. 

Influence variables included in the result summary typically related to multiple 

hypotheses posed in meta-analysis, with results presented as boundary conditions 

following detection of heterogeneity in primary analysis. Primary hypotheses in all 

studies except Yue et al. (2013) included outcome variates directly attributable to 

CTML or CLT principles and related to established multimedia effects or their derived 

use in multimedia resources. Moreover, outcome variates are almost exclusively 

cognitive in nature — with Rolfe and Gray (2012) even removing affective outcomes 

in the absence of cognitive outcomes. Correspondingly, Ginns et al. (2013) decry the 

general lack of affective and motivational variates and discuss the inherent validity 

issues of this decision for multimedia research. Also within the selected meta-analyses, 
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secondary analyses followed the almost universal detection of effect size variance, 

either as an absolute measure (e.g. using the Q statistic) or as a relative measure of 

dispersion (e.g. I² index). Observed heterogeneity, furthermore, was generally 

discussed in discernment of confounding variables - either operationalised and 

contrasted within the same studies - or marked for future research. Finally, all studies 

highlight at least minor theoretical and / or methodological inconsistencies in 

application of multimedia learning principles to educational settings. 

3.3 Review 2: Systematic review of multimedia learning 

Individual differences in multimedia research within the meta-analysis review (Section 

3.2.2) broadly conformed to learner expertise (domain knowledge / aptitude), age / 

stage of learning and race / social background. Furthermore, these distinctions were 

often found to be regarded as possible confounders of main effects in meta-analyses 

and are generally presented as boundary conditions requiring follow-up research. The 

position taken in this thesis is that measures of socioeconomic status exist as covariates 

of cognitive outcomes which, as discussed in Section 4.10, are variates typically used 

in health research and not in education. Inclusion of synecdochic SES measures – such 

as subjective or objective social standing – are thus unlikely in multimedia research 

and, from examination of multimedia reviews, so too are student attitudinal outcomes. 

As presented in the previous chapter, however, socioeconomic status is an essential 

variate given its contextual influence in shaping brain development and learning 

behaviour. In order to adequately address published findings in multimedia 

instructional design aligned with the research questions posed by this thesis (Section 

1.5.1), and to widen coverage of multimedia research to the present, the following 

section is presented as a systematic review of the multimedia learning literature. 

Specifically, two research questions are asked:  

1. To what extent is socioeconomic status applied to multimedia instructional 

design as a moderator of learning outcomes, and how is it operationalised? 

2. How are affective outcomes used in evaluation of multimedia instructional 

design in learning?  
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3.3.1 Method 

This systematic review adopts the approach developed by Uman (2011) through the 

following steps: defining multimedia instructional design, inclusion / exclusion 

criteria, data sources / search strategies, data coding / extraction, analysing and 

interpreting results, and disseminating findings.  

3.3.2 Definition of multimedia instructional design 

Multimedia instructional design, for the purpose of this systematic review, is defined 

in the spirit of Mayer (2005a). In accordance with research showing learning gains 

with a ‘visible’ author (Clark & Mayer, 2011; Monero & Mayer, 2004), Mayer (2005a) 

emphasises instructional design involving a multimedia message as “a presentation 

consisting of words and pictures designed to foster meaningful learning” (p. 128). 

Also, the personalisation of learning text is important in establishing a communicative 

connection between teacher and learner (Mayer, 2005b) and is achievable with the 

presentation of textual features in a socially congruent manner. Meaningful learning 

and social congruence are factors reflecting the likely prioritisation of socioemotional 

stimuli processing over other information classes (see Section 2.3.3). In generalisation 

to the learning effects and principles presented for analysis in this thesis, these terms 

are intended to coalesce around motivated attentional, perceptive and cognitive 

processes that are synonymous with vicarious social learning in an embodied cognition 

model (Rosenthal & Zimmerman, 2014, p. 59). Specifically, for multimedia 

instructional design, meaningful outcomes are associated with efficient memory-

consolidation and retrieval of content from socialised, multimodal stimuli. Thus, 

evaluation of multimedia instructional design ideally incorporates: 

a) Inclusion of indices of perceived or objective social standing as learner variates 

b) Measurement of affective outcome/s alongside cognitive outcome/s 

c) Theoretical acknowledgement of developmental factors in assessing cognitive 

/ affective outcomes. 
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3.3.3 Inclusion / exclusion criteria 

To be included in this systematic review, studies had to meet the following criteria: 

a) A primary research focus on multimedia (i.e. involving audio-visual 

presentations) 

b) Inclusion of individual effect variate as independent (non-confounding) 

variable or covariate (interacting variable).  

c) Involvement of any age groups 

d) Study is peer-reviewed (published) study 

e) Accessibility by educators (i.e. inclusion of Google Scholar) 

f) Published between 1980 - 2016.  

Features leading to exclusion included: 

a) Inclusion of individual effect variate as confounding variable / moderator of 

main effect 

b) Game based research 

c) Primary focus on pedagogical agents 

d)  Second language (L2) focused 

e) Computer-assisted learning (CAL) focused 

f) Online-learning focused 

g)  Hypermedia focused. 

3.3.4 Data sources and search strategies 

The studies in this review were sourced from the same educational databases as the 

systematic review in Section 3.2. These include databases that are both researcher and 

publicly accessible and provide good coverage of multimedia instructional design as 

an educational topic. Databases included: ERIC; Informit; JSTOR; Sage Knowledge; 

Scopus; TROVE; Wiley Online Library; and Google scholar.  

Key words related to individual characteristics; socioeconomic status; affective 

outcome; and field of research. 
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Key words (separated with Boolean operators [AND; OR]) included: individual; 

“multimedia research”; “learner charact*” “individual effect”; “individual learn*”; 

socioeconomic; “socioeconomic status”; “social standing”; affect*; “affective 

outcome”; attitud*; “learner attitud*”; “learner affect*”; multimedia; learning; 

“multimedia learn*”; “multimedia instruction”; “instructional visualisation”; 

“multimedia instruction* principle*”; “instruction* technol*”; “instructional design”. 

3.3.5 Data coding and extraction 

A codebook was developed to parsimoniously code multimedia studies. This included 

a coding scheme to differentiate studies involving learner characteristics into (a) low 

socioeconomic status, (b) race / ethnicity, (c) learning problems / language 

impairments, (d) second-language learner, (e) expertise-novice gradient, (f) prior 

knowledge level, (g) attitude, (h) domain knowledge / aptitude, and (i) age / learning 

stage. Additionally, studies were coded into learner perceptions with affect as learning 

process — (1a) learner interest / enjoyment, (1b) learner motivation, (1c) learner 

perceived importance of subject, (d) cognitive processing; and affect measured as 

outcome — (2a) sole variable, (2b) additional to other construct/s. All studies were 

additionally coded for dominant multimedia learning effect / principle: (a) coherence 

principle, (b) signaling principle, (c) redundancy principle, (d) spatial / temporal 

contiguity principle, (e) segmenting principle, (f) pre-training principle, (g) modality 

principle, (h) multimedia principle, (i) personalisation principle, (j) voice principle, 

and (k) image principle, as well as advanced multimedia learning effect / principle: (a) 

animation / interactivity principle, (b) cognitive ageing principle, (c) collaboration 

principle, (d) guided-discovery principle, (e) navigation principles, (f) prior 

knowledge principle, (g) self-explanation principle, (h) site map principle, and (i) 

worked-out example principle. 

3.3.6 Systematic review results and discussion  

Overall, 126 multimedia studies which included learner characteristics as an 

independent variable were located and included for analysis. These 126 studies were 

chosen from a total of 406 located publications of which the majority (301) included 

socioeconomic status (or other measure of social standing) as a background condition 
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that was not included as an experimental variate. The 126 studies included journal 

articles (88), book chapters (21), technical papers / conference papers (13) or PhD / 

Masters theses (4).  

Research reports which involved perceptions of learning numbered in excess of 500 

publications. Four hundred published articles were included as a representative sample 

of which the majority were articles in professional and academic journals (342), a 

further 26 were Masters / PhD theses, 12 were books / chapters and the remainder were 

technical papers / conference papers (20).  

3.3.6.1 Research question 1: To what extent is socioeconomic status applied to 

multimedia instructional design as a moderator of learning outcomes, and 

how is it operationalised? 

While low socioeconomic status was considered important enough to feature as a 

social determinant of learning and educational advantage (see for example, Dickerson 

& Kubasco, 2007; Neuman et al., 2011) in over 400 publications, socioeconomic status 

by itself did not feature as an experimental construct in any reviewed study 

operationalised either as a perceived or objective measure. When included as an 

umbrella construct along with one or more other variables (remedial reader; ESL 

student; disadvantaged / deprived background learner; struggling reader or immigrant 

learner), it featured as an experimental variable in 32 studies (Figure 3.1). Theory, as 

determined from observation of the reviewed articles, reveals that a majority of 

research adheres to the tenets of CTML and its derived principles (see Section 2.4.2). 

One hundred and eighteen studies directly or indirectly involved established 

multimedia principles or effects (Figure 3.2). The broad acknowledgement of social 

background as being correlated negatively with learning outcomes, though presented 

within a research corpus devoid of any explicit testing of this potential effect, 

highlights two important conclusions within multimedia research. These include a lack 

of individual cognitive development as a learning effect and a corresponding omission 

of socioeconomic status as a contextual variate in multimedia research; both factors 

are described below. 
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Individual cognitive development has not emerged as a multimedia effect 

Accounting for individual differences in CTML-influenced research has probably 

emerged from analysis of boundary conditions in explanation of residual variance and 

unexpected results (De Jong, 2010; Gerjets et al., 2009). Boundary conditions, 

including prior knowledge and pacing effects (Mayer, 2009; Schnotz & Bannert, 

2003), have been critisised as representing experimental inconsistencies (e.g. De Jong, 

2010), although Mayer (2010) suggests that boundary conditions – which have 

developed around each of the twelve basic principles (see Section 2.2.9) – are 

suggestive of an evolution of the principles into a more realistic framework. 

Nonetheless, when individual differences are recognised, simplistic dichotomization 

of learner attributes, such as low versus high prior knowledge or aptitude, are typically 

used. Sorden (2012) summarises CTML ‘advanced’ principles (Table 3.2) which have 

emerged since the introduction of CTML ‘basic’ principles (see Section 2.7.2).  

 

Figure 3.1 Individual factors in multimedia research 

Eight from nine of the advanced principles explicitly relate to design or task 

characteristics, and not individual learner attributes. As a learner characteristic, the 
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prior knowledge principle is the most widely applied to research, though usually 

included as a moderator variable in secondary analysis of the expertise reversal effect 

(e.g. Leutner et al., 2009). The lack of principles pertaining to learner characteristics 

and the scarcity of individual effects in multimedia research highlight the consensus 

of CTML principles within the research tradition. Importantly for my research, this 

underscores the dominant view of cognitive ontogeny as a global, linear process.  

 

Figure 3.2 Individual factors and established effects / principles in multimedia research 

Socioeconomic status resists operationalisation 

Low socioeconomic status, despite being coalesced amongst other predictors of 

disadvantage, stands out as the sole variable in this category present within each study 

that recognises disadvantage as a potential learning effect. This suggests a resistance 

in operationalisation of socioeconomic status in multimedia research despite its 

widespread usage in other academic fields such as health and language development 

(as discussed in Section 2.3). Moving from acknowledgement of socioeconomic status 

as a moderator of learning, to its direct measurement, is likely to reduce much of the 

confusion in multimedia research. 

1

1

10

2

1

1

3

13

1

2

10

1

1

4

4

4

2

14

5

2

3

6

9

3

0 10 20 30 40

COHERENCE

SIGNALING

SPATIAL / TEMPORAL

SEGMENTING

MODALITY

MULTIMEDIA

PERSONALISATION

PRIOR-KNOWLEDGE

WORKED-EXAMPLE

REMEDIAL ESL
DISADVANTAGED / DEPRIVED STRUGGLING



Systematic Review of the Multimedia Research Literature 

 148 

3.3.6.2 Research question 2: How are affective outcomes used in evaluation of 

multimedia instructional designs in learning? 

High inference, perceptual measures of the learning environment have accompanied 

educational research and initiatives since Herbert Walberg’s (1968) development of 

the Learning Environment Inventory (LEI) in an evaluation of the Harvard Project 

Physics (1962-72). Fraser (2012) describes the ensuing typology of classroom climate 

measurements, of which qualitative and subjective self-accounts predominate in the 

multimedia literature. Correspondingly, articles in this analysis utilise either 

qualitative methods conforming to narrative accounts, with related methods of data 

collection such as focus group interviews, as well as self-accounts of interest, 

effectiveness or mental effort. Studies in the latter category generally used mental 

effort as a surrogate measure of perceived difficulty in using multimedia versus 

‘regular’ instructional material. Together, these approaches were broadly used in two 

ways: the more common research goal was to assess learner perceptions with 

instructional material developed to test a given CTML principle or cognitive load. 

Such research tested learner perceptions of multimedia presentations versus non-

multimedia presentations or, more commonly, involved multimedia presentations 

developed as non / intermediate / fully complying with the principle being considered. 

As an example, Lee et al. (2014) compared student perceptions of multimedia 

instructional material within five treatment groups exposed to low through high degree 

of visual / verbal cues. Conclusions for multimedia design emphasised the relevance 

of cues for student learning (understanding, perceived learning and difficulty of 

content), but not for student affective outcomes (interest, overall satisfaction). Lee et 

al. (2014) study is indicative of a broader pattern in the literature in that multimedia 

principles when applied to learning materials do not translate into learner interest 

nearly as often as enhanced learning for participants. The second general approach was 

to simply contrast multimedia instructional materials with corresponding non-

multimedia materials such as with books, hypermedia (see for example, Liao, 1999) 

or interactive features as seen with Takacs et al. (2015) in the meta-analysis review 

(Section 3.4.3). Figure 3.3 shows the organisation and proportion of variates aligned 

with CTML principles and cognitive load. Two conclusions are drawn from this 

systematic review and are presented below.  
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Table 3.1 CTML ‘advanced’ principles (Sorden, 2012) 

 

Affective orientations of multimedia learning track theoretical developments, though 

not subject-area learning 

Perceptual measures typically involved researcher-developed instruments using 

subjective summative scales of learner interest or perceived effectiveness of learning 

materials. Ogochukwu (2010), for example, used a 5-point Likert scale to assess 17 

statements for which learners were asked to rate their acceptance of a multimodal 

presentation across multiple constructs including: ease of understanding, visual acuity, 

attention, emphasis of relevant / important information, organisation and 

attractiveness. This study is illustrative for its theoretical framework as well as its 

methodological approach in that results adhered to CTML principles and affect was 

 

Multimedia ‘advanced’ principle 

 

 

Description 

Animation and interactivity principles People don’t necessarily learn better from animation than from 

static diagrams. 

 

Cognitive aging principle Instructional design principles that effectively expand the 

capacity of working memory are particularly helpful for older 

learners. 

 

Collaboration principle People learn better when involved in collaborative online 

learning activities. 

 

Guided-discovery principle 

 

People learn better when guidance is incorporated into 

discovery-based multimedia environments. 

 

Navigation principles 

 

People learn better in environments where appropriate 

navigational aids are provided 

 

Prior knowledge principle * 

 

Instructional principles that are effective in increasing 

multimedia learning for novices may  

 

 

have the opposite effect on more expert learners. 

 

Self-explanation principle 

 

People learn better when they are encouraged to generate self-

explanations during learning. 

 

Site map principle 

 

People learn better in an online environment when presented 

with a map showing where they are in a lesson. 

 

Worked-out example principle 

 

People learn better when worked-out examples are given in 

initial skill learning. 

 

 

 

N.B. (* - learner characteristic) 
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most commonly measured as a part of the learning process. In the majority of studies, 

learner perceptions are aligned and measured across CTML basic principles with 

coherence, signaling, redundancy and contiguity principles predominating. The vast 

minority of studies lacked preliminary discussion of CTML or CLT and these studies 

were typically marginal in that they were published in professional journals or were 

from countries / regions atypical of the research corpus. 

 

Figure 3.3 Learner perceptions with established multimedia principles / effects 
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Strikingly, no studies featured perceptual measurement of the domain / content 

material being presented. This is considered to represent a gap in the literature given 

that attitudinal measures ideally relate to the instructional content regardless of any 

theoretical benefits of multimedia presentation. Affect measured as outcome would 

benefit from inclusion of subject area understanding, interest / enjoyment and 

importance in widening the scope of multimedia design from underlying principles to 

relevant learning outcomes. 

Multimedia is perceived as beneficial for learning though not interesting 

In the reviewed literature, multimedia was rarely associated with learner interest. Only 

16 positive accounts of learner interest / enjoyment with multimedia text were recorded 

along with a further 22 indications of improved learner motivation / satisfaction. 

Contrasted against the >200 studies showing improvement in learner understanding 

(comprehension, explanation, context, content), a picture emerges of the apparent 

cognitive, though not affective, value of multimedia instructional materials for 

learners. 

3.4 Summary 

An emergent view of the methodological and theoretical features underpinning 

multimedia instructional design follows this analysis of a wide variety of published 

research.  

• Multimedia research has been primarily influenced by dual-coding theory, 

Baddeley's model of working memory, CLT, and CTML.  

• Multimedia can be defined as an amalgam of “meaningful learning” and 

“social congruence” as determined by consideration of CTML basic 

principles including the Personalisation Principle.  

• Coalescence of socioeconomic status amongst other indicators of 

educational disadvantage is common but risks type III error (Schwartz & 

Carpenter, 1999) because of poor operationalisation. 
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• Key topics in multimedia meta-analyses include testing established 

multimedia effects, effectiveness of multimedia instructional material and 

reading enhancement with multimedia instructional materials.  

• Meta-analyses consistently reveal high heterogeneity in primary analyses of 

established multimedia effects and a lowering / moderation of initially 

reported effect sizes in replicated, follow-up study. 

• Most primary analyses were designed around, and confirmed, aspects of 

CTML / CLT theory.  

• All studies demonstrated at least minor theoretical and / or methodological 

inconsistencies and in two meta-analyses extend to dismissal of established 

effects within CTML. 

• Questions are posed concerning the way socioeconomic status is applied to 

multimedia instructional design and concerning  the inclusion of affective 

outcomes in multimedia research in addressing my research questions. 

• Findings from the systematic review indicate that socioeconomic status has 

not been operationalised or tested as an independent variable in research.   

• Measures of student perception are common within multimedia research. 

• Student perception indices show methodological similarity with the 

development of classroom climate surveys within educational research. 

Research instruments are characterised as either measuring student self-

reported data on established multimedia effects or in comparison of 

multimedia with non-multimedia learning materials. 

• Perceptual measures are not used in assessing learner affect associated with 

content-area study materials. Perceptual measures are used in assessment of 

multimedia features only. 

• Perceptual measures are more commonly reported with positive cognitive 

outcomes than that of affective outcomes in use of multimedia learning 

materials.  

3.5 Chapter conclusion 

The computational-representational systems of cognitive science are central to CTML 

and CLT and are methodologically enacted in applied multimedia research. Mental 

processes in this dominant framework are considered as virtual representations that are 
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processed in accordance with external cues. Cognitive systems, accordingly, are 

functionally analogous with computer hardware in processing sensory input and 

generating learning behaviour on the basis of internal information processing. Not 

surprisingly from this perspective, mental processing has invoked an architecture and 

cognition dependent on stimuli properties with limiting architectural and 

organisational constraints. Related research has involved the determination of efficient 

stimuli processing in order to enhance essential processing in modality-specific 

subsystems and in avoidance of extraneous processing demands. From analysis of 

meta-reviews in multimedia learning (Section 3.2), this is revealed methodologically 

in the emphasis on design and enhancement variates as a primary research aim and 

neglect of factors pertaining to contextual or learner characteristics. There, individual 

learner characteristics were found to be typically presented for secondary analysis and 

portrayed as minor effects. The dominant framework is also revealed in how 

perceptual measures are used in evaluation of multimedia. As detailed in the 

systematic review of multimedia learning (Section 3.3), multimedia properties are 

assessed for purported learning and affective benefits to the exclusion of depicted 

subject-area content, suggesting a qualitative separation of design characteristics and 

learner motivation.   

In embodied cognitive models, alternatively, semantic processing is situational with 

an assumed inseparability of an agent from its context in knowledge accumulation. 

Applied to multimedia research, this rejection of agent-environment dualism maintains 

the relevance of multimodality, though raises the issue of effective socialisation of 

visual and auditory stimuli. An approbative methodology involves a shifting of focus 

from simple integration of audio-visual features, and the constant extrapolation of 

moderating effects, to presenting content with appropriately socialised features. The 

latter approach is consistent with parallel behavioural and memory processing 

established from neurological research and is modifiable in individual development.  

The following chapter outlines the methodology used in addressing the research 

objectives raised in Section 1.5.1. As detailed in the rationale for study (Section 1.3) 

and elaborated on in this chapter and the last, multimedia research is impeded in key 

theoretical and methodological areas relating to cognition and individual variation in 

cognitive function. Following the method section, Chapter 5 presents additional issues 
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central to multimedia learning and details principles of learning material development. 

These principles are applied, in that chapter, to the development of the experimental 

texts used in the intervention. 
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Chapter 4  

RESEARCH METHODS 

4.1 Introduction 

This chapter details the methods involved in answering the research objectives 

identified in Chapter 1. The overarching aim of the study was to examine the 

association between social standing and educational achievement. More specifically, 

the research examined the effect of social standing on science achievement through 

analysis of middle-schoolers’ recall and transfer of science content, with learning 

conditions involving texts differentiated by visual and verbal modality. In addition, the 

study examined student affective trends relating to multimedia learning texts as well 

as science as a learning area and sought to apply these cognitive and affective findings 

to a revised model of the cognitive architecture. The research methods described in 

this chapter are presented using the following headings: 

• Research objectives (Section 4.2);  

• Study design (Section 4.3); 

• Sample (Section 4.4); 

• Instruments (Section 4.5); 

• Data analyses (Section 4.6); 

• Threats to validity (Section 4.7); 

• Ethical considerations (Section 4.8); and  

• Chapter summary (Section 4.9) 

4.2 Research objectives 

The principal aim of this research was to examine the effects of social standing and 

textual verbal-visual modality on learning efficacy and perceptions of learning in 

middle school science students. An additional objective was to present a revised model 

of the cognitive architecture that is based on current neuroscience theory and the study 

results as described in Chapter 5. To gain an understanding of these variables on 

learning outcomes and to revise the way we comprehend brain functions in stimuli 
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processing, the study addressed four major research objectives. These objectives, 

introduced in Chapter 1, are reiterated here. 

1. To examine how the degree of textual visual-verbal modality affects retention 

of content in learners differentiated by social standing. 

2. To explore whether objective and subjective accounts of social standing 

covary with retention of content. 

3. To investigate how student-held attitudes toward science and science learning 

materials differ based on degree of textual visual and verbal modality 

integration.  

4. To present a model of cognitive architecture consistent with the study results 

and existing neurological literature. 

4.3 Study design 

The study used a cluster randomised trial (CRT) with classrooms as units of random 

assignment. This was a pragmatic approach which negated the need for random 

assignment of individuals, which would be disruptive as well as non-representational 

of normal classroom procedure. Justification for the usage of a CRT design stems from 

the educational setting of the study. Compared with individual randomised trials, 

clustering accounts for the natural teaching situation and reduces contamination bias 

(Pence et al., 2015). Also, while CRTs are associated with greater procedural and 

analytical complexity (Campbell et al., 2004), ability-stratified groups (see Sections 

4.4.1 and 4.7) in the design help to ensure structural equivalence and offers similar 

levels of statistical comparability between treatment arms. 

In opting for a quantitative design, the issue of noise reduction (often informing 

covariance or blocking designs, Trochim & Donnelly, 2008) versus signal enhancing 

(factorial) design type was deliberated upon. The method taken in this research values 

the latter category, factorial design, more highly, and its use follows from the quasi-

experimental conditions imposed by the research setting. Despite lacking the 

randomisation found in true experimental design, this quasi-experimental design has 

sufficient internal validity due to the assumed heterogeneity between student groups 

and is appropriate in examining treatment variations such as that conducted here.   
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A 33 factorial-design CRT was used to provide flexibility in exploring textual modality 

as a learning effect. A CRT randomises at the group level and increases the scale of 

participation (e.g. classes, geographic regions) assigned as study arms (Vetter & Chou, 

2014). Factorial design, meanwhile, allows for study of multiple factors, alongside 

examination of between-factor interaction effects on independent variables. As the 

study aimed to distinguish treatment variations in a school setting, CRT factorial 

design was applicable. Factors in the 33 factorial-design included perceived and 

objective socioeconomic status (both factors presented as: low / mid / high - see 

Sections 4.5.1.1 and 4.5.1.2), and textual design (multimodal social (MS) / bimodal 

social (BS) / bimodal asocial (BA). CRT factorial design, as described, is efficient 

here in that it combined several studies into one and enables the accurate examination 

of interaction effects. Efficiency is also achieved by exposing each student to each 

textual design, maximising between-group variability, while also reducing the required 

sample size (see Section 4.4.3.3). Additionally, the use of pre- and post-program 

covariates in analysis satisfies important principles of experimental design in 

controlling within-group error variance. Students were all exposed to each textual 

condition within the factorial design, and threats to validity are reduced through 

effective replication, randomisation and local control, all of which are potential 

contributors to experimental error (McMillan, 2007). Further discussion of validity is 

provided in Section 4.7. 

 In addition to measures of science retention relating to science learning texts and 

socioeconomic status, affective outcomes were sought as per Research Objective 3. 

Specifically, student-held attitudes toward science and science learning materials were 

assessed according to degree of textual visual and verbal modality integration. The 

analysis intended to provide a nuanced account of attitudinal data that reflected this 

distinction and included additional modelling within the factorial design. Data from 

two attitudinal instruments (see Section 4.5.2 for details) were explored for variance 

and factor extraction was used to generate factor scores in determination of significant 

pre- / post-intervention attitudinal differences. The two attitudinal instruments were 

also assessed to reveal specific trends in affective measures relating to science as a 

learning area compared with text-mediated understanding, enjoyment / interest and 

perceived importance of science. 
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The study involved ten participating classes (details of their selection are provided in 

Section 4.4.3) with instruments (described in Section 4.5) administered in a pre-post-

test design. The study design is diagrammatically presented below in Figure 4.1, where 

it is seen that all ten groups received a science achievement pre-test and post-test 

specific to grade and text-type. Additionally, science enjoyment was measured prior 

to the first intervention and again as a post-test following the third intervention phase. 

Attitudinal measures were divided between student perceptions of science learning 

materials (see Section 4.5.2.3 for details) and science enjoyment per se (see Section 

4.5.2.7 for details). Science achievement post-tests followed each phase (i.e. 

accompanying each of the three rounds of testing) and subjective and objective 

socioeconomic instruments were administered following the third phase of 

interventions. In Figure 4.1 the letter ‘R’ indicates that all classroom groups were 

randomly assigned interventions (order of text A, B, or C - see independent variables 

in Section 4.5.1). The various measures and interventions in codified form are 

provided in Table 4.1. 

Figure 4.1 Ten-group pre–post-test research design 

To expedite and simplify pre- and post-intervention data collection, regular classroom 

teachers (see Section 4.4.3) were provided with each instrument to be used in the study. 

Teachers were briefed on data collection procedures including specific guidelines for 

students on how to complete the instrument; the need for teachers to present the 

instruments as per normal class operation; established time limits; comprehension 

R: Oφ  O²ᵧ  X1ᵩ  O1ᵩ  X2ᵩ  O₂ᵩ  X3ᵩ  O3ᵩ  O¹  O²ᵪ  O³  O4 

R: Oφ  O²ᵧ  X2ᵩ  O2ᵩ  X3ᵩ  O3ᵩ  X1ᵩ  O1ᵩ  O¹  O²ᵪ  O³  O4 

R: Oφ  O²ᵧ  X1ᵩ  O1ᵩ  X2ᵩ  O2ᵩ  X3ᵩ  O3ᵩ  O¹  O²ᵪ  O³  O4 

R: Oφ  O²ᵧ  X3ᵩ  O3ᵩ  X1ᵩ  O1ᵩ  X2ᵩ  O2ᵩ  O¹  O²ᵪ  O³  O4 

R: Oᵨ  O²ᵧ  X1ᵨ  O1ᵨ  X2ᵨ  O2ᵨ  X3ᵨ  O3ᵨ  O¹  O²ᵪ  O³   O4 

R: Oᵨ  O²ᵧ  X2ᵨ  O2ᵨ  X3ᵨ  O3ᵨ  X1ᵨ  O1ᵨ  O¹  O²ᵪ  O³   O4 

R: Oᵨ  O²ᵧ  X3ᵨ  O3ᵨ  X1ᵨ  O1ᵨ  X2ᵨ  O2ᵨ  O¹  O²ᵪ  O³   O4 

R: Oᵦ  O²ᵧ  X1ᵦ  O1ᵦ  X2ᵦ  O2ᵦ  X3ᵦ  O3ᵦ  O¹  O²ᵪ  O³   O4 

R: Oᵦ  O²ᵧ  X3ᵦ  O3ᵦ  X1ᵦ  O1ᵦ  X2ᵦ  O2ᵦ  O¹  O²ᵪ  O³   O4 
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checking; emphasis on actual versus idealised responses, and emphasis on student-

own responses. Consistency in instrument delivery was ensured via weekly meetings 

between myself and participating teachers. Through ongoing communication with 

participating teachers, it was ascertained that each instrument was delivered to students 

at the same stage of lesson sequencing and ordered as per the research design (Figure 

4.1). All students participated due to the desire to reflect normal school practice, 

though non-participating students were not included in data analysis. All students were 

initially named during data collation though later codified for anonymity. 

Table 4.1 Experimental instruments and interventions 

4.4 Sample 

This section describes the sample and site selected for the study detailed in this thesis. 

Key organisational and demographic features are outlined and then related to the 

desirability of the site in addressing the research objectives as well as in terms of 

generalisability. An important consideration here is the use of academic streaming 

which has implications for assumed sample homogeneity in the cluster randomised 

trial (see Section 4.7). The research site is described in Section 4.4.1 and student body 

in Section 4.4.2; participant selection details are provided in Section 4.4.3. The latter 

section also provides characteristics of students and teachers involved in a pilot test 

conducted to validate two researcher-developed instruments used as dependent 

variables within the study. Here, class and student details are matched with a sampling 

protocol inclusive of validity considerations associated with the research design. 

 

Oφ- pre-test grade 7 (MSSAT) 

 

 

Xₓ ᵩ - intervention grade 7  

Oᵨ - pre-test grade 8 (MSSAT) 

 

Xₓᵨ - intervention grade 8 

Oᵦ - pre-test grade 9 (MSSAT) 

 

Xₓᵦ - intervention grade 9 

 

O²ᵧ - affective measure #1 pre-test (TOSRA) 

 

O¹ - mental effort instrument 

Oₓ ᵩ - post-test grade 7 

 

O²ᵪ - affective measure #1 post-test (TOSRA) 

 

Oₓᵨ - post-test grade 8 

 

O³ - affective measure #2 (AOS) 

Oₓᵦ - post-test grade 9 

 

O4 - perceived social standing instrument 
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4.4.1 Characteristics of the site 

The site selected for data collection was an international primary - year twelve (P-12) 

school located in Sharjah, United Arab Emirates (UAE). The school was selected as a 

convenience sample (Creswell, 2008, p. 155) as it was the location of my employment 

during the time of data collection. Although this selection involved a non-probability 

sample, the consecutive inclusion of all consenting middle-school students (i.e. grades 

7 to 9) at the site, within intact class groups, provided a representative sample statistic. 

Of the students enrolled at the school, 54% of them were assumed to be itinerant (as 

these were non-local students). Of this non-permanent student population, sizeable 

ethnic and cultural variation existed, alongside distinctions in socioeconomic status. 

These variations add confidence to estimates of population parameters relevant for 

export to middle-school students more generally, including Australian students given 

that the Australian national curriculum is delivered in this International school setting. 

It is noted that, while the school is locally owned, and partially incorporates a Sharjah 

Ministry of Education (MoE) curriculum, the school is operated and staffed by 

expatriate management and teaching staff, and delivers the Australian syllabus in all 

key subjects, including science.  

The school made a suitable site for the study in terms of both programmatic and 

organisational features. As indicated, the school runs a dual-curriculum, of which core 

Australian and UAE Ministry of Education subjects comprise 26 contact hours from a 

29-hour week for middle-school students. Students receive the Australian curriculum 

for core subjects, including the eight learning areas mandated by the Australian 

National Foundation Grade 10 (F to 10) Curriculum (ACARA, 2015) as well as an 

Arabic or English language Ministry curriculum set by the UAE Ministry of 

Education. Ministry subjects are divided between Arabic speaking and non-Arabic 

speaking students, and include Islamic studies, Arabic language, and culture studies. 

With relevance to the intervention described in Section 4.3, all textbooks used within 

the Australian and Ministry subjects conform to what could be described as a 

‘standard’ format - i.e. learning texts dominated by columnar written text with related 

graphics. Typically, science textbook graphics include scientific figures in the form of 

graphs, tables and so on, though also include pictures of related objects or processes 

pertinent to the topic. These factors aid generalisability as they conform broadly to 
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schooling practice in numerous international settings and, by extension, a larger 

sampling frame of middle-school students.   

Characteristics of student grouping of the site are relevant for their effects on limiting 

variability within experimental groups (as outlined in Section 4.3). Students within the 

middle (grades 6 to 9) and senior schools (grades 10 to 12) are streamed according to 

academic ability. Middle-school students are also gender segregated, though only for 

lower ability classes. Grade point average data from core and Ministry subjects is used 

in student selection for mixed class inclusion. The mixed class is open to the top ranked 

students within the grade cohort though reflects an equitable gender balance. Actual 

numbers fluctuate and reflect a mutable percentage based on enrolment numbers and 

numbers of classes. At the time of the study, there were three academically streamed 

mixed classes across 7ᵗʰ, 8ᵗʰ, and 9ᵗʰ grades and an additional non-academically 

streamed gender-mixed grade seven class due to greater enrolment in this year level. 

Academic streaming is of relevance due to the consecutive sampling method described 

above which saw inclusion of each intact class grouping at the site. Further discussion 

on assumed block homogeneity is provided in Sections 4.4.3.2 and 4.7. 

4.4.2 Characteristics of the student body 

At the time of study, the school had a total enrolment of some 1207 students of which 

323 were middle school students (grades 6 to 9). Middle school students made up 16 

separate class groups, from which 10 groups comprising grade 7 to 9 students were 

available for the current study. Local Emirati students comprised some 46 per cent of 

the entire school enrolment, with 43 per cent of these students being enrolled in the 

middle school. Students from the Gulf Cooperation Council (GCC) and other Arab 

students made up 38 per cent of the total enrolment and 35 per cent of the middle 

school. South Asian and other Asian students formed around 12 per cent of the middle 

school, and the remaining 10 per cent of middle school students were mainly of 

European, Australian / New Zealand, North and South American or Russian origin. 

Student diversity and itinerancy are reflective of UAE labour law which links 

residency (and thus school enrolment) to fixed term labour contracts from a multitude 

of developed and developing nations (Article 13, UAE labour law, 2007). The majority 

of students were thus English as a Foreign Language (EFL) learners, although all core 
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subjects have English as the instructional medium. Common language usage 

strengthens the generalisability of study findings as a non-situationally specific site 

feature; it also mitigates certain methodological implications such as in wording of 

instruments. 

4.4.3 Participants 

The following section details the description and selection of the sample. The selection 

of participants for the pilot and main studies are described and presented as selection 

of students and teachers involved in the pilot test (Section 4.4.3.1) and main study 

classes and students (Sections 4.4.3.2 and 4.4.3.2, respectively). As previously 

described, the study focussed exclusively on middle-school students and all available 

grade 7 to 9 middle-school students (divided into ten class groups) were invited to 

participate. Two hundred and fourteen (n=214) grade 7, 8, and 9 middle school 

students and five (n=5) middle school teachers consented and participated in this 

multimedia learning research study. Additionally, a subset of grade 7 to 9 students 

(n=61) and their regular science / mathematics teachers (n=5) were selected to pilot 

test two researcher-developed instruments. The pilot test samples are described first. 

4.4.3.1 Selection of participants for the pilot test 

The pilot test involved both teachers and students. The teachers involved the five 

participating middle school teachers (n=5) who were also involved in the main study. 

These teachers formed the expert panel that was used in the validation of instruments 

within the pilot study (as described in Sections 4.5.2.4 and 4.5.2.6). Teachers were 

selected as the regular mathematics / science classroom teachers of the experimental 

groups and thus formed a convenience sample. At the time of study, all participating 

teachers at the site were employed on a regular three-year employment contract and 

each had greater than five years teaching experience in respective fields of science and 

/ or mathematics. 

A student group (n=61) was selected to pilot test two researcher-developed 

instruments. As discussed in Section 4.5.2.1, parallel forms of the science achievement 

test were developed and administered to three class groups of students across grades 
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7-9 (n=27 grade 7; n=15 grade 8; n=19 grade 9). Participants in the pilot test were 

randomly selected as participating students in the main study (Section 4.4.3.3) with 

probability samples drawn from stratified groups sorted by grade-level (i.e. grades 7 

to 9). In determination of sample size within pilot study, Hertzog (2008) describes 

estimates of test-retest reliability as requiring evidence of correlations of at least .70 

(rising to .80 for established instruments); correspondingly, from tabulated 95% 

confidence interval limits, a sample size exceeding 35 to 40 with an observed r value 

of .75 would provide confidence that the population value would be .70 or higher. 

Thus, the sample of n=61 was considered to be sufficient for the purpose of checking 

temporal reliability of the piloted instruments. 

Similar numbers of males (n=34) and females (n=27) participated and were drawn 

from main study experimental classes (Section 4.4.3.3) as no other comparable grade-

level students were available within the study site. Finally, it is noted that all of the 

piloted instruments were completed satisfactorily with a high response rate (>95%) of 

all items.  

4.4.3.2 Selection of classes for the main study 

The sample for the main study involved all grade 7 to 9 classes (12 to 15 years of age) 

in the middle school level of the site, providing a total of ten classes of students. 

Moreover, these experimental classes were all permanent groupings (i.e. not subject-

specific). Specifically, the sample for the study involved four grade seven classes (two 

mixed gender classes), three year eight classes (one mixed class) and three year nine 

class groups (one mixed class) which comprised the entire available middle school 

cohort (for more details see Section 4.4.1). In all cases, intact classes offered relatively 

homogenous blocks in terms of stratification by grade point average data, offsetting 

possible objections to the use of class groups as the unit of randomisation in the study 

design. As described in Section 4.3 there was no distinction between control and 

experimental groups as all students were exposed to each learning text (i.e. Bimodal 

Asocial (BA) text as a normal science textbook excerpt was the control condition - see 

research design in Figure 4.1 and related analyses in Section 4.6).  
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4.4.3.3 Selection of students for the main study 

It was important to include an adequate sample to ensure that a range of considerations 

were addressed prior to study, such as the sample size in relation to the factorial design. 

Issues that were important to the selection of the sample included effect size, 

homogeneity of the sample and the risk of error considered appropriate for the question 

being studied (Burmeister & Aitken, 2012).  

The ten classes from which the students were drawn included four co-educational 

(mixed gender) classes, and six single-sex (three male / three female) classes (see 

Table 4.2 for a breakdown of the students involved). This provided a sample of 117 

males and 97 females (n=214) with a mean age of 13 years 5 months. Group sizes 

ranged from 13 to 28 students with a mean size of 21.4 students. Attempts could not 

reasonably be made to ensure size comparability given the fixed nature of class 

groupings, although the 214 participants were considered to satisfy total sample size 

estimation in the 33 factorial design. This consideration was premised on existing 

multimedia research and the usage of factorial design in the current study. In an 

example of related multimedia research, Ginns' (2005) meta-analysis of the modality 

effect provides a range of sample sizes from 26 to 128 participants. Consideration of 

this reported sample range prompted an a priori power test to determine estimated 

sample size for the present study. To correctly reject a false null hypothesis (a Type II 

Error), median effect size (d

 

= .80) from the 43 studies reported in Ginns' (2005) 

modality effect meta-analysis was used: d

 

= .80, α = .05, and a power of .80 (β = .20) 

were selected for a required sample size calculated at 26 per experimental group. As 

seen in Table 4.2, meanwhile, group sizes in the current study range between 13 and 

28, with eight of the ten groups having less than 26 students.  

By using a within-subjects 33 factorial design in the analysis of cognitive outcomes, it 

was possible to mitigate concerns of sample size limitations as determined by a priori 

power testing. Using a 33 factorial design effectively reduced the required sample size 

as the subjects of the experimental group were effectively 'recycled' by placing them 

in every level of each factor (Collins et al., 2010).  In this way, so long as the sample 

size in each group were balanced, orthogonality is maintained so that each effect’s 

estimation and testing can be treated as independent of the other effects. In this way, 
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the factorial design was considered to be more efficient than individual experiments 

(as described by Collins et al., 2010). For example, in comparison with a 33 factorial 

design, a single factor experiment would require N = (k +1) N/2, where k = number of 

experimental conditions and N is the factorial design sample size. The previously 

computed sample size of 26 then becomes n = 260 with ten groups. This reduces the 

sample size requirement as (k +1) N/2 = 260 in the single factor experiment drops to 

n=190 to satisfy the factorial design. The 214 participants were considered to be 

satisfactory, therefore, to test the main hypothesised effects. 

From these 10 classes, all 286 grade 7, 8, and 9 middle school students were invited to 

participate. Of these, 219 students responded, providing a response rate of 74.8 per 

cent. Of these 219 consenting participants, four had incomplete surveys or were absent 

during post-testing and one student left the school to return to his country of origin. In 

each case, the data provided by these non-participating students were removed from 

the study. This left a total of 214 students. The high response rate could reflect the 

culture of compliance within the school - with parents regularly being asked for, and 

providing, consent for numerous school-related activities. Considerations of potential 

misunderstanding of the nature of the project (as doctoral research) were thus 

addressed via follow-up group emails to clarify any potential linguistic issues, the 

significance of the study, as well as potential implications for the student and his / her 

family. Table 4.3 summarises student participants in terms of gender, ethnicity, and 

age. As seen, participants ethnicity is divided between Emirati (E) - 41%, Arab (other) 

(A) - 34%, South Asian (As) - 8%, other Asian (Ao) - 4%, European (Eu) - 5%, and 

other European (Eo) - 8%.  

Section 4.4 has described characteristics of the site as well as selection of participants 

for the main and pilot studies. As seen, students were purposively sampled as the entire 

middle school student body at the study site, and a representative subsection of these 

students were further sampled as participants for pilot study. Programmatic and 

organisational factors of the site made it suitable for research, in particular due to the 

academic streaming that reduces variability between intact class groupings. The 

following section describes the instruments used in the main and pilot studies. 
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Table 4.2 Group details for each class including gender, age and year level 

Table 4.3 Summary of participant details by year level including ethnicity, gender and 

mean age 

4.5 Instruments 

This section details the experimental variables and related instruments. As described 

in Section 4.3 the instruments were administered at various stages of the research to 

assess social standing, science achievement, social-related attitudes and perceptions of 

modified texts. In explication, the instruments were presented according to whether 

they represented an independent or dependent variable (Table 4.4). The first section 

(Section 4.5.1) outlines independent variables and describes the instruments used to 

collect data relating to subjective and objective social standing. Following this 

Class group  n   Mixed / non 

mixed 

Gender Mean Age (y) Year level 

 

1 

 

22 

 

Non-mixed 

 

♀-22 ♂-0  

 

12y 10m 

 

7 

2 21 Non-mixed ♀-0 ♂-21 13y 4m 7 

3 22 Mixed ♀-18 ♂-4 13y 2m 7 

4 28 Mixed ♀-11 ♂-17 12y 9m 7 

5 16 Non-mixed ♀-15 ♂-0 14y 8 

6 13 Non-mixed ♀-0 ♂-14 13y 5m 8 

7 24 Mixed ♀-13 ♂-11 13y 8m 8 

8 26 Non-mixed ♀-26 ♂-0 14y 12m 9 

9 17 Non-mixed ♀-0 ♂-17 13y 11m 9 

10 25 Mixed ♀-12 ♂-13 14y 6m 9 

 

Total (∑) / 

Mean (x̄)  

 

214 

 

Non-mixed – 6; 

mixed - 4 

 

♀-117 ♂-97 

 

Mean age (13y 

5m) 

 

 

Year level 

 

n Ethnicity  Gender Mean age (y) 

7 93 Emirati-41; Arab (other)-35; Asian 

(South)-4; Asian (other)- 4; European-

2; European (other)-7  

♀- 51 ♂- 42 13y 

8 53 Emirati -18; Arab (other) -20; Asian 

(South) -5; Asian (other)-3; European 

-4; European (other)-3  

♀- 28 ♂- 25 13y 9m 

9 68 Emirati -29; Arab (other) -17; Asian 

(South)-9; Asian (other)-9; European-

4; European (other)-7  

♀- 38 ♂- 30 14y 5m 

Total (∑)  Emirati-88(41%); Arab (other)-

72(34%); Asian (South)-18(8%); 

Asian (other)-9(4%); European-

10(5%); European (other)-17(8%) 

♀- 117 (55%)  

♂- 97 (45%) 
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discussion of independent variables, Section 4.5.2 defines dependent variables and 

outlines the specific instruments used to gather related data. As two of the instruments 

were developed by the researcher, related sections (Sections 4.5.2.3, 4.5.2.4 and 

4.5.2.5) describe a pilot test conducted for reliability estimates of these instruments. 

Section 4.3 outlined administration procedures for instruments in the study.  

Table 4.4 Experimental variables 

4.5.1 Independent variables 

This section describes the instruments used to assess the independent variables in the 

study. The two instruments included here are subjective social standing (Section 

4.5.1.1) and objective social standing (Section 4.5.1.2). As mentioned previously, the 

variable of textual modality is addressed in a separate chapter of the thesis in order to 

concentrate more fully on the theoretical and methodological aspects of the 

development of graphic novels for the study (Section 5.2). 

4.5.1.1 Assessing subjective social standing  

To examine objective and subjective social standing, two variants of the same 

instrument (The MacArthur scale of Subjective Social Standing (MSSS)) were used, 

one that was administered to parents (objective SES) and another that was 

administered, in class, solely to students (subjective SES). The treatment variables of 

objective and subjective social standing, relating to research objectives one and two, 

were thus assessed using either MSSS Variant A (subjective SES; which was 

administered to students) or MSSS Variant B (objective SES; which was administered 

to parents). 

Independent variables Dependent variables   

 

Perceived social standing 

 

Science attitudes 

 

Objective social standing 

 

Mental effort 

 

Textual modality Science achievement 
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The subjective social standing instrument is a measure that aims to parse subjective 

from objective social standing via identification of an individual's sense of position in 

society. The MacArthur scale of Subjective Social Standing (MSSS) instrument, 

developed by Adler & Stewart (2007), is a self-anchoring pictorial scale with 

respondents asked to mark their family’s relative standing at the societal level and their 

own standing within the school community. Reliability of Adler’s self-anchoring scale 

of subjective social status was reported by Operario et al., (2009). A six-month test-

retest was conducted on the ladder’s reliability and predictive utility for health status 

in a large (n = 1294), multiethnic national US study. Spearman rank-order correlations 

were used in assessing test-retest reliability; additionally, Pearson bivariate 

correlations examined zero-order associations between all variables and Hierarchical 

Ordinary Least Squares (OLS) regression examined associations between three SES 

indicator variables (subjective status, income, and education) with self-rated health. 

Correlation analyses revealed adequate test-retest reliability (p = 0.62 [p<0.01]; health 

and subjective status r = 0.31; health with income or education both rs = 0.25). 

Multivariate regression analysis showed largest beta values for subjective status and 

health (β = 0.30; p < 0.01) compared with income (β = 0.21; p < 0.01) or education (β 

= 0.21; p < 0.01). The study controlled for confounding factors such as race and health 

risk, and as a representative sample, provides evidence for the temporal reliability of 

this subjective indicator. With this established estimate of reliability, the self-

anchoring ladder scale was not included in the pilot study. 

The MacArthur scale of Subjective Social Standing (MSSS) instrument was modified 

for use in the present study with inclusion only of perceived rank social standing 

graphics (i.e. 'SES' and 'community' ladders) without accompanying socioeconomic 

questions. The subjective social standing instrument (Variant A) used to assess 

subjective social standing presents two self-anchoring ladders of social standing (see 

Appendix 8 for a copy of Variant A of the modified MacArthur scale of Subjective 

Social Standing (MSSS) instrument). The first ladder (Ladder A) asks respondents to 

position their family within UAE society, with relative positioning determined by: 

those who are best off / worst off; best jobs / worst jobs; most money / least money; 

highest / lowest education. The second ladder (Ladder B) relates to the school 

environment and asks respondents to rank themselves by: most / least respect; best / 

worst grades; highest / lowest standing. Scoring was a summation of scores from the 
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two ladders with a range of 2 (extremely low perceived social standing) - 20 (extremely 

high perceived social standing). An example of a self-anchoring social ladder is 

presented below (Figure 4.2). Appendix 7 provides a full copy of the self-anchoring 

social ladder with accompanying text / directions as used in this study.  

 

Figure 4.2 Sample self-anchoring social ladder (adapted from Goodman et al., 

2001) 

4.5.1.2 Assessing objective social standing  

For objective measurement of social standing, Variant B of the researcher-modified 

MacArthur Subjective Social Standing (MSSS) instrument was used. As objective SES 

data only was sought, the self-anchoring ladder scales were removed and remaining 

questions covered parental education (i.e. highest grade / year completed), highest 

degree/qualification earned, main daily activities (i.e. working full time, working part-

time, unemployed), nature of employment, earning, home ownership status, total 

combined assets and debt loading questions (see Appendix 9 for a copy of Variant B 

of the modified MacArthur scale of Subjective Social Standing (MSSS) instrument).  

Scoring objective social standing involved an aggregated raw score from the objective 

social standing instrument (i.e. Variant B of the MacArthur Subjective Social Standing 

(MSSS) instrument) and school demographic information (occupation-type / 

nationality). Occupation type was a nominal score ranging between 4 (professional 

employment), 3 (non-professional employment), 2 (labour-type employment), 1 
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(currently unemployed), and nationality was simply Emirati (E) or non-Emirati (nE). 

Given the enhanced residency and employment status afforded to Emiratis, nationality 

was scored as 3 for Emiratis and 1 for non-Emiratis. A cumulative raw score of 76 was 

thus obtained and recorded as objective social status.  

Estimates of reliability of the MacArthur Subjective Social Standing (MSSS) 

instrument were considered prior to its inclusion as a research instrument. As detailed 

in Section 2.7.2 low objective social standing is linked with multiple disease endpoints 

as well as schooling success. This is acknowledged by the Australian Council on 

Educational Research (ACER, 2000) which reports categorical and continuous 

socioeconomic measures as reliable indicators of cognitive outcomes in schooling. 

Correspondingly, parental education (both parents), highest parental occupation, and 

number of home possessions (as approximate measure of family wealth) are variables 

in the Economic, Social and Cultural Status (ESCS) index which is used as an 

explanatory factor of student performance within the Organisation for Economic 

Cooperation and Development (OECD) Programme for International Student 

Assessment (PISA) testing.  

OECD (2009) principal components analysis results revealed similar patterns for these 

three components (parental education; highest parental occupation; number of home 

possessions) with factor loadings ranging from .65 to .85. The reliability for ESCS 

components ranged between .56 and .77 and internal consistency (Cronbach’s alpha 

α) of .69 for the pooled OECD sample coincided with equally weighted country data. 

A very high stability of socioeconomic measures between cycles was recorded with a 

correlation (r) of .96 between ESCS 2000 and ESCS 2003 country means (Schultz, 

2005). These reliability estimates from established large scale studies provide a 

measure of confidence in the use of the MacArthur Subjective Social Standing (MSSS) 

instrument in both of its variants. Given that items in the objective social standing 

instrument used in this study were scaled to measure parental occupation, income, and 

household wealth, and with the large literature on links between objective measures of 

socioeconomic status and health and educational outcomes, further checks for validity 

and reliability of this instrument were not deemed necessary.  
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4.5.2 Dependent variables 

This section describes the instruments that were used to measure the dependent 

variables in the study. Dependent variables reflected the need for assessment of student 

cognitive and affective outcomes and sought to gather attitudinal data related to their 

science text preferences as well as broader attitudes towards science as a learning area. 

Related sections include: the development of a suitable science achievement 

instrument (Section 4.5.2.1); measurement of science attitudes (Sections 4.5.2.2 and 

4.5.2.6) and mental effort (Section 4.5.2.7). Sections 4.5.2.3, 4.5.2.4 and 4.5.2.5 detail 

pilot testing conducted to ascertain reliability and validity of the researcher-developed 

science achievement and science attitudinal instruments. A brief discussion of control 

variables (Section 4.5.2.8) concludes this section.    

4.5.2.1 Middle School Science Achievement Test – MSSAT 

To evaluate the effect of textual modality on student learning, three grade-level 

specific Middle School Science Achievement (MSSAT) tests were developed by the 

researcher (described in Section 4.5.2.2) and administered as pre-tests to participating 

students. Additionally, in post-testing, separate science achievement tests were 

designed for each specific year-level text (i.e. Multimodal Social (MS), Bimodal Social 

(BS), and Bimodal Asocial (BA) texts - see Sections 4.3 and 5.2 for procedural and 

theoretical details and Appendices 1 - 4 for grade level / intervention variants of 

science pre-  and post-tests). Two alternate forms of the MSSAT (MSSATa / 

MSSATb) were developed as suitable pre-tests and then piloted for validity and 

reliability. The piloted MSSAT variants were developed from science content that was 

covered in the semester prior to the study’s commencement with the final achievement 

test consisting of thirty multiple choice questions. To ensure continuity between the 

MSSAT and standard school-developed exams, these 30 questions were divided into 

three sections comprised of 10 questions each, made up of one section on each of the 

following: 

• Common background knowledge derived from the school-based science 

curriculum;  

• Application of science content; and 
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• Analysis and evaluation of science content. 

Each MSSAT pre-test contained 30 multiple choice questions divided between three 

sections (background knowledge of science, application of science content, and 

analysis and evaluation of science content) with 10 questions per section (see pilot 

testing section for more details - Section 4.5.2.4). These tests were designed to mirror 

the original Bimodal Asocial (BA) control text and featured informationally equivalent 

questions (see Appendix 5 for grade-level MSSAT instruments). Exact wording in the 

Bimodal Social (BS) and Bimodal Asocial (BA) post-tests (see Section 4.3) were 

modified to maintain equivalent lexical density and social coherence as per the 

associated learning text (see Biber & Barbieri (2007) who contrast lexical density 

between spoken and written registers). Questions for learners exposed to the BA 

(control) textual condition received the same questions as other groups due to the 

informational equivalence. Checking for validity and reliability was considered as 

unnecessary given that the questions were originally designed for a school textbook 

and represented normal formative assessment practice in administration.   

Appreciation of the forms of scientific literacy that high achieving science students 

typically demonstrate helped initiate the development of the MSSAT. In consideration 

of an established test of scientific literacy, and preferably one with well-established 

estimates of reliability and validity, numerous norm-referenced tests are used for 

national comparisons in science. A test used at the study site, and applicable to 

development of the MSSAT, was the Trends in International Mathematics and Science 

Study (TIMSS). 

The TIMSS science and mathematics assessment framework is based on expected 

factual and procedural knowledge formed from examination of national curricula 

(Mullis et al., 2003). Chapter Two of the TIMSS assessment framework outlines the 

scientific literacy requirements of citizens and specifies two organising dimensions as 

content and cognitive dimensions. Target percentages for cognitive domains differ 

between two TIMSS test variants (administered to grade four or grade eight) in 

percentages of questions aligned to knowing, applying, and reasoning skills. Content 

domains cover life, physical, and earth sciences for the year four version and the year 

eight test includes biology, chemistry, physics, and earth sciences. The division of 
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physical science into chemistry and physics for the year eight test reflects the 

diversification of science content domains in middle school national curricula, though 

the cognitive domains remain the same given the consistency of cognitive processing 

necessitated by the subject area.  

The newly developed MSSAT instruments (see Appendices 1 and 4) were designed to 

reflect both the content and cognitive domains of the year 8 TIMSS science test. In 

doing so, an approximation of the content and cognitive domains was reflected in thirty 

multiple choice questions that were partitioned equally across the three scales of 

background knowledge of science, application of science content and analysis and 

evaluation of science content. The content domains for each of the three MSSAT year-

level tests were based on topics covered in the preceding school term which included 

chemistry and physical science topics for grade 7 students, chemistry and physical 

science topics for grade 8 students, and biology and physical science topics for grade 

9 students. Each content domain received an equal allotment of questions and 

weighting in each year-level MSSAT pre-intervention test and is presented along with 

the percentage of allocated marks per content domain in Table 4.5.  

Table 4.5 Target percentages of the MSSAT pretest content domains 

 

The cognitive domains were also aligned with the year 8 TIMSS science test and 

operationalised as background knowledge of science, application of science content 

and analysis and evaluation of science content. As per content domains, each cognitive 

domain received equivalent weighting (i.e. 33%) as a total percentage of each MSSAT 

test (Table 4.6). 

  

Year level Content domain Percentage of test 

7 Chemistry 

Physics 

50% 

50% 

8 Chemistry 

Physics 

50% 

50% 

9 Biology 

Physics 

50% 

50% 
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Table 4.6 Target percentages of the MSSAT pretest cognitive domains 

4.5.2.2 Affective Outcomes Scale (AOS) 

In addition to measures of science learning and general science attitudes (Section 

4.5.2.6), an instrument was developed to assess students’ perceptions of modified 

science texts. This was necessitated by the dearth of existing instruments designed 

specifically for science textual preferences, and the lack of any instruments which 

included graphic novels in comparison with other text types. The Affective Outcomes 

Scale (AOS) was thus developed to specifically target students’ responses to the 

modality-defined worksheets used in this study in terms of their utility in (i) facilitating 

understanding of the subject matter, (ii) enhancing enjoyment and interest in the 

subject matter and (iii) emphasising the potential importance of the subject matter (see 

Appendix 6 for a copy of the AOS instrument). Furthermore, the AOS instrument was 

developed to provide a sensitive measure of differences between the study conditions 

as it can be contrasted with general attitudes towards science. As such, the instrument 

helps to ascertain whether attitudes towards science are independent of textual design 

and also allows for measurement of degree of textual auditory / visual integration with 

positive affect.  

As described in Section 4.3, the Affective Outcomes Scale (AOS) was developed as a 

measure of modality-defined science texts as a separate instrument to complement the 

researcher-modified Test of Science Related Attitudes (TOSRA) instrument in 

assessing student perceptions of science. The three scales determined as indicative of 

student perceptions of science were categorised as understanding, enjoyment, and 

importance of science, and group administration was felt to be applicable given the 

estimates of internal consistency from the pilot study (described in Section 4.5.2.5). 

Scoring was determined in line with hypothesised responses. As outlined in Chapter 

Year level Cognitive domain Percentage of test 

7 Background knowledge of science 

Application of science content 

Analysis and evaluation of science content 

33% 

33% 

33% 

8 Background knowledge of science 

Application of science content 

Analysis and evaluation of science content 

33% 

33% 

33% 

9 Background knowledge of science 

Application of science content 

Analysis and evaluation of science content 

33% 

33% 

33% 
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one (Section 1.4.2) it was considered that low SES students would show both cognitive 

and affective improvements with socialised multimodal text, disproportionate to that 

of high SES students. As described in Section 1.3.1, this relates to the hypothesised 

degree of abstraction in cognition of high SES students, and related motivation in 

reading and comprehending texts of low socialised multimodality. Related distinctions 

between science enjoyment / interest and importance sub-scales influenced the design 

of the AOS, with high SES students hypothesised as less likely to associate graphic 

novels with either enjoyment or perceived importance of science as a subject.  

Students were asked to provide a single response on a five-point frequency scale 

ranging from never to always. Positive and negative scoring were applied across all 30 

responses from the three sub-scales and resulted in a higher score for students of 

greater abstract reasoning. The scoring followed an irregular pattern (see Appendix 5 

for a copy of the AOS scoring key) with sub-scale scores ranging between 10 

(extremely low understanding / interest / importance from regular text) to 50 

(extremely high understanding / interest / importance from regular text). 

Questions were placed in cyclic order to guard against passive responses. The irregular 

positive and negative scoring reflected the desired use and continuity of positively 

worded statements in the instrument (e.g. “scientific information in graphic novels 

would be easy to understand”). The irregular scoring also addresses issues associated 

with student provision of idealised answers that may be prevalent with rating or 

semantic differential scales (Moors et al., 2014). Though usually apparent from the 

pattern of answering, validity implications arise when students provide perceived 

correct responses in surveys. The irregular positive / negative scoring format may thus 

be more sensitive to scrutiny given its less predictable format.  

4.5.2.3 Pilot testing the Middle School Science Achievement Test (MSSAT)  

As two of the dependent variables had measures obtained using researcher-developed 

instruments, a pilot study (n=61) was carried out to determine instrumental validity 

and reliability. These instruments, the Middle School Science Achievement Test 

(MSSAT) and the Affective Outcomes Scale (AOS) (introduced in Sections 4.5.2.1 and 

4.5.2.2, respectively) were designed to measure cognitive and affective outcome data 
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which necessitated estimates of their accuracy and stability prior to inclusion in the 

main study. As existing instruments with established measures of reliability and 

validity, the SES measures detailed in Sections 4.5.1.1 and 4.5.1.2 were not included 

in the pilot study. This section and 4.5.2.4 describe the procedures associated with the 

piloted MSSAT instrument: Section 4.5.2.5 describes the piloting of the AOS 

instrument.  

The MSSAT achievement test was administered as a test-retest with a four-week 

interval; the purpose of which was to check for temporal reliability. Based on the pilot 

study data, the reliability of this instrument was estimated using (a) internal 

consistency indices within each of the three sub-domains using Cronbach’s alpha, and 

(b) test-retest indices, based on the correlation between scores from the first and second 

test administrations. 

Content validity for the MSSAT achievement test was initially conceived by 

considering the domains of knowledge, analysis and application of science skills that 

students with high scientific literacy typically exhibit (Thomson et al., 2010). Two 

alternate forms of the achievement test were constructed to assess convergent validity, 

with final design showing equivalence of content and level of difficulty. The second 

achievement test variant was not used in further pilot analysis for reliability or as an 

instrument in the main study as the first test was considered valid as means and 

variances of observed test scores were equal.  

In determining cross-cultural validity for this study, group interviews were held with 

participating teachers to assess whether there were grade-level content irregularities or 

inappropriately worded questions. Teacher interviews indicated that the content 

adequately represented the specified background knowledge, application, or analysis 

domains of the instrument and that grade-level appropriate language was used (for 

more information on the teacher interview see Section 4.8.1).  

A key task of the pilot study was to ensure that the instrument provided reliable data 

that could be used to assess achievement. To examine whether this was the case, a 

four-week test-retest pilot study was conducted, during which internal consistency and 

temporal stability were examined. Inter-observer agreement was not considered as the 



Research Methods 

 177 

instrument consisted of multiple-choice questions with no constructed-response items. 

To examine the validity of the MSSAT, content and convergent validity were 

examined. Given that reliability is consequent to validity (as a valid instrument is 

required to be reliable but a reliable instrument is not necessarily valid, Kimberlin & 

Winterstein, 2008) the MSSAT was initially assessed for its validity prior to reliability. 

Validity of the TIMSS science test rests on the assumption that as an aggregate of 

achievement standard descriptors from a variety of national curricula, it provides 

adequate content and construct validity. By extension, the MSSAT instrument is 

similarly valid in design. Criticism has been made, though, of the validity of using 

written test questions in the TIMSS for scientific understanding (Atkin & Black, 1997; 

Gipps, 1994; Harlen, 1999) yet Harlow and Jones (2004) state that little disagreement 

exists to suggest that the TIMSS provides valid information on student and educational 

achievement. Modelling the MSSAT pre-test of student achievement on the TIMSS 

cognitive and content domains thus appears relatively uncontroversial. Validity of the 

MSSAT is probably enhanced relative to the TIMMS, additionally, with its exclusion 

of free response type questions. 

To determine whether the MSSAT adequately represented the constructs, an expert 

panel, made up of classroom teachers involved in the study (the sample for which is 

described in Section 4.4.3.1) were provided with a copy of the MSSAT pre-tests and 

asked for feedback. As indicated by Kimberlin and Winterstein (2008), no statistical 

test exists for content validity; therefore, expert judgement was used to assess whether 

the MSSAT was sufficiently represents a construct. Teachers were asked to comment 

on the appropriateness of scientific content and cognitive domains (i.e. background 

knowledge, application, and analysis and evaluation of science content) and the 

language that was used. In all cases, the teachers agreed that the items included in the 

MSSAT provided adequate coverage of the content descriptors. Furthermore, the 

teachers were all satisfied with the age-appropriateness of the language, although one 

of the teachers suggested that the number of pages be reduced. This suggestion was 

not acted on as much of the length (seven to eight pages per test) was used to provide 

figures for visual reference as well as in providing references for application and 

analysis / evaluation questions. Also, based on the recommendation of another teacher, 

the tests were administered electronically via the school Moodle site for seven of the 

ten participating classes (Classes 1-7; Table 4.2). All students, including the seven 
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groups using the Moodle administered test, answered using the provided answer sheet 

(see Appendix 1 for a copy of the answer sheet used in the study). 

Student responses collected during the pilot test (n=61) were analysed to examine the 

convergent validity of the test. Participants received one of two versions of the MSSAT 

(referred to as MSSATa / MSSATb) for both test and retest to allow for checking of 

equivalence of content as well as level of difficulty. Convergent validity was assessed 

by examining convergent and discriminant validity measures as subcategories of 

construct validity (Westen & Rosenthal, 2003). Pearson correlation coefficients (r) 

were calculated and compared across each MSSAT variant. These correlations were 

used to examine, jointly, the convergent and discriminant validity of the cognitive 

domains of science background knowledge, application of science content, and 

analysis and evaluation of science content. Correlations were calculated by averaging 

item response scores as answer responses were the same for both MSSAT variants 

(e.g. the answer for question 1 on MSSATa and question 1 on MSSATb was ‘c’).  

An index of measure correlations, summarised in Table 4.7, was used to provide an 

indication of the magnitude of the relationship between domain constructs. This 

analysis provides evidence for discriminant and convergent validity for the cognitive 

domains with convergent correlations all positive and ranging between .55 and .99 and 

discriminant coefficients between -.88 and .76. The value of .76 is high for 

discriminant validity, and there were seven other significant discriminant values (.56 

to .72) in the array. Nonetheless, the moderate to high positive domain correlations 

suggests an adequate domain content; conversely, the highly variable discriminant 

variables suggest a significant level of unrelatedness between the different scales 

(based on recommendations by Westen & Rosenthal, 2003).  

The level of difficulty was assessed by comparing test and retest scores of each scale 

in MSSATa and MSSATb using factorial MANOVA for year level groups (as 

recommended by Tabachnik & Fidell, 2006, Ch. 2). Categorical independent variables 

included MSSAT variant and scale with scores as dependent variables in the analysis. 

Checks for normality and outliers were performed prior to multivariate and univariate 

testing. A low to moderate degree of correlation between dependent variables was 

observed (0.23 < r < 0.45; all Ps < .001). Wilk’s Lambda statistic suggests multivariate 
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effects were present but post hoc analyses were not conducted as the analysis only 

sought univariate effects between scales due to the need for descriptive data only 

(dependent variables): λ = .358, F (4, 53) = 4.73, p = .0371. Univariate independent 

one-way ANOVAs showed no significant main effects for outcomes in respect of 

science background knowledge: F (3, 58) = 1.55, p = .2113; application of science 

content: F (3, 58) = 1.932, p = .256; or analysis and evaluation of science content: F 

(3, 58) = 0.875, p = .523.  

Table 4.7 Middle School Science Achievement Test (MSSAT) Discriminant and 

convergent  validity matrix 

 

These results suggest that, while significant differences may exist between scales, no 

significance is detected within scales. The findings of the pilot study are similar to the 

performance of UAE students on the most recent TIMSS (Martin et al., 2012) which 

indicates similar variation in scale scores across the three cognitive domains with 

Knowing reporting a mean score of 492 (7.6 standard deviation); Applying reporting a 

mean score of 486 (2.7 standard deviation) and Reasoning with a mean score of 479 

(2.5 standard deviation). Table 4.8 shows mean scale scores for each cognitive domain 

across both MSSAT variants (MSSATa and MSSATb) for participating pilot study 

students. 

 Grade 7 (variant a) 

BK; APP; AN/EVAL  

Grade 8 (variant a) 

BK; APP; AN/EVAL  

Grade 9 (variant a) 

BK; APP; AN/EVAL  

Grade 7 (variant b) 

BK 

APP 

AN/EVAL   

 

.91          .43       -.11 

.12          .78        .64 

-.08         .56       .96 

 

.76          .25      -.24 

.36          .78       .56 

-.12        -.43      .89 

 

.95          .76       .05 

.09          .75       -.18 

-.31         .62       .63 

Grade 8 (variant b) 

BK 

APP 

AN/EVAL   

 

.69          .15      -.22 

.19          .57       .43 

-.10         .72       .93 

 

.67          .31       .42 

.55          .80       .63 

.27          .29       .87 

 

.55          .66       -.43 

-.88         .59       .53 

-.68         .36       .61 

Grade 9 (variant b) 

BK 

APP 

AN/EVAL  

 

.68          .54      -.65 

-.87         .55      .44 

.65          .06      .75 

 

0.99       -.77     -.19 

.5            .69      .67 

-.45         .08      .75 

 

.61          .49       .41 

.18          .73       .08 

-.45        .56       .81      

 

(N.B.  MSSAT Cognitive domains (BK - background knowledge of science; APP - application of science 

content; AN/EVAL - analysis and evaluation of science content). Convergent correlations in bold). 
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Table 4.8 MSSATa and MSSATb cognitive domain scale scores 

4.5.2.4 Reliability of the MSSAT 

To examine the convergent validity of the MSSATa instrument, the internal 

consistency reliability was assessed in the test-retest described previously. Measures 

of internal consistency were calculated using Cronbach’s alpha (α) which acts as a 

function of the number of items, the average covariance between item-pairs and the 

total score variance in a measure (Tavakol & Dennick, 2011). The indices of internal 

consistency presented by cognitive domain and calculated separately for the different 

year levels suggest a high to very high level of reliability for the MSSATa and are 

presented in Table 4.9: (Grade 7 background knowledge: α=0.954; application: 

α=0.931; analysis and evaluation: α=0.912; Grade 8 background knowledge: α-0.977; 

application: α-0.939; analysis and evaluation: α-0.849; Grade 9 background 

knowledge: α-0.881; application: α-0.861; analysis and evaluation: α-0.902). 

 

  Background knowledge 

of science 

Application of science 

content                                 

Analysis and evaluation 

of science content                       

MSSATa / 

MSSATb 

(year 

level) 

 

 

 

n 

mean / SD 

(pre) 

mean / SD 

(post) 

mean / SD          

(pre) 

mean / SD 

(post) 

mean / SD 

(pre) 

mean / SD 

(post) 

MSSATa 

(7) 

 

11 8.13 (1.5) 8.15 (1.7) 6.25  (.9) 5.92 (1.2) 6.16  (.5) 6.95 (.7) 

MSSATb 

(7) 

 

9 8.35 (1.2) 8.23 (1.15) 6.65  (.98) 6.55 (.88) 6.94 (1.51) 7.05 (1.42) 

 

MSSATa 

(8) 

 

12 7.93 (1.8) 7.73 (1.75) 6.55 (2.1) 6.91 (1.75) 6.15 (1.42) 6.21 (1.38) 

MSSATb 

(8) 

 

9 7.71 (1.35) 7.62 (1.42) 4.85  (.56) 5.96 (1.12) 5.98  (.95) 6.02 (1.12) 

MSSATa 

(9) 

 

8 8.25 (1.45) 8.01 (1.67) 7.0 (1.13) 6.8 (1.27) 6.55 (2.42) 6.52 (2.31) 

MSSATb 

(9) 

 

12 8.02 (1.72) 8.12 (1.95) 7.23 (1.85) 7.2 (1.67) 5.97 (2.21) 6.05 (2.05) 

TOTAL 

(Σ)  

61 x̄ - 8.06 

(1.5) 

x̄ -7.97 

(1.61) 

 

x̄ - 6.42 

(1.25) 

x̄ - 6.55 

(1.32) 

x̄ - 6.29 

1.5) 

x̄ - 6.46 

(.49) 
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Table 4.9 Internal consistency (alpha reliability) and test-retest indices for pilot test: 

MSSAT instrument 

 

Temporal reliability was sought as a measure of content stability and was evaluated 

for the instrument via calculation of test-retest indices using Pearson’s correlation 

coefficient (r). Correlation coefficients (r) ranged between .69 and .95 for the three 

test domain scales (Table 4.9). To measure potential instrument sensitisation, test-

retest mean differences for each content domain of the MSSATa instrument were 

calculated using the SPSS descriptive statistic function. The positive values (test 2 [T2] 

: test 1 [T1]) mean differences ranged between .65 - 2.34 and indicate ‘practice effects’ 

may be present. Nonetheless, as no intervention was used in the pilot study, accounting 

for perceived ‘practice effects’ with a statistic such as the Reliable Change Index 

(Jacobson & Truax, 1991) for post-hoc analysis of the direction and magnitude of the 

change was not considered necessary. 

4.5.2.5 Pilot testing the Affective Outcomes Scale - AOS 

The Affective Outcomes Scale (AOS) as outlined in Section 4.5.2.2 was developed 

and administered alongside the modified Test of Science-Related Attitudes (TOSRA) 

instrument to provide a measure of student perceptions of modality-defined science 

MSSAT scale Year 

level 

Alpha 

reliability (α) 

T2 - T1 mean 

/(SD) 

Test-retest 

correlation (r) 

 

Background knowledge of science 

 

7 

 

 

0.954 

 

+1.2 (2.3) 

 

0.79 

8 

 

0.977 +.87 (1.8) 0.95 

9 

 

0.881 +1.86 (2.1) 0.84 

 

Application of science content 

 

7 

 

 

0.931 

 

+.65 (1.9) 

 

0.79 

8 

 

0.939 +1.43 (2.6) 0.88 

9 

 

0.861 +2.34 (2.4) 0.94 

 

Analysis and evaluation of science 

content 

 

7 

 

 

0.912 

 

+1.23 (2.82) 

 

0.82 

8 

 

0.849 +2.24 (2.45) 0.69 

9 

 

0.902 +.95 (1.65) 0.90 
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texts in (i) facilitating understanding of the subject matter; (ii) enhancing enjoyment 

of the subject matter, and (iii) emphasising the importance of the subject matter. 

Scoring for the AOS was made in terms of hypothesised responses which involved low 

SES students being expected to show significant variation between texts, expressed in 

motivated learning behaviour, and measured in enhanced understanding, enjoyment, 

and perceived importance of science with socially congruent texts. 

Inter-rater reliability was not sought with the AOS instrument given its usage of easily-

scored Likert-type scale responses and multiple choice questions. Internal consistency 

was considered as a potential source of measurement error, meanwhile, given the 

hypothesised association between the constructs and the traits of scientifically literate 

learners they purport to quantify. Alongside this, and the validity issues discussed in 

Sections 4.7 and 6.4 which relate to the usage of social standing as an experimental 

covariate, the AOS faces possible limitations as an effective measure by its scoring 

method. For expediency, the scoring of the AOS reflected a hypothesised range of low 

to high scientific literacy (Section 4.5.2.3), with highly literate learners displaying 

greater cognitive abstraction. Greater cognitive abstraction was associated with an 

enhanced motivation to seek, and comprehend, science content in traditional textual 

format in the AOS design i.e. an association with higher SES. This distinction was 

designed to provide a distinguishable range of scores which showed, incidentally, a 

moderate to high degree of correlation with perceived, though not objective, student 

SES measures in most AOS scales across grades. As shown in Table 4.10, Pearson r 

correlation values were all positive and moderate to strong (r = .39 - .93) for subjective 

SES and AOS scores; conversely, objective SES appeared uncorrelated with AOS (r 

= -0.24 - 0.41). As a measure of predictive validity, SES and AOS scale correlations 

are significant and conform with the demonstrated association between subjective SES 

and science learning (for more detail see Section 5.5). 
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Table 4.10 Correlations between AOS scales and subjective and objective measures of 

socioeconomic status (SES) 

 

Cronbach’s alpha was used to measure item equivalence for each scale in order to 

provide an estimate of internal consistency. As reported in Table 4.11, alphas ranged 

from .335 to .876 with the former value a possible outlier given its distance from the 

mean (α = .643). To augment and further investigate test reliability, an indication of 

student true scores was obtained from the test score standard deviation and alpha 

coefficient and used to calculate standard error of measurement (SEm) values. SEm 

values are inversely related to reliability; thus, as reliability increases, the SEm 

decreases, and confidence in the observed test score increases (de Vet et al, 2006). 

Standard error of measurement (SEm) uses the following formula (where S - test 

standard deviation; rϰϰ - test reliability estimate): 

SEm = S √ 1 - rϰϰ 

As indicated in the variability of scale mean values relative to SEm values in Table 

4.11, there is greater consistency in respective estimates of group mean values than 

that of individual scores. Nonetheless, the relatively high reliability estimates 

necessitated a decrease in SEm values which indicated less variability existing within 

student scores than within group effects in measurement. This was taken as an 

AOS scale Year level Correlation with 

subjective SES 

Correlation with       

objective SES 

 

Understanding of science 

 

 

7 

 

0.86 

 

0.25 

 

8 

 

0.56 

 

0.15 

 

9 

 

 

0.93 

 

0.015 

 

Enjoyment / interest in science 

 

 

7 

 

0.76 

 

-0.13 

 

8 

 

0.72 

 

0.21 

 

9 

 

 

0.83 

 

0.41 

 

Importance of science 

 

 

7 

 

0.89 

 

-0.24 

 

8 

 

0.45 

 

-0.006 

 

9 

 

 

0.39 

 

-0.29 
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indication of construct validity which was not considered further within the pilot study. 

Overall, based on the results reported above, reliability and validity of the two 

researcher-developed instruments - the Middle School Science Achievement Test 

(MSSATa) and Affective Outcomes Scale (AOS) - are considered to be sound, and 

were used in the main study as per their piloted format. 

Table 4.11 Internal consistency (alpha reliability) for pilot test: AOS instrument (single 

administration) 

4.5.2.6 Enjoyment of science as a learning area 

A modified version of an existing instrument, the Test of Science-Related Attitudes 

questionnaire (TOSRA) (Fraser, 1981; Fisher et al., 1995) was used to assess general 

attitudes towards the key learning area of science. The TOSRA was considered to be 

a suitable instrument as it has been reported to have high internal consistency 

reliability. In testing for reliability of the original seven scale TOSRA, Fraser (1981) 

obtained Cronbach α coefficients ranging from 0.66 to 0.93. The Enjoyment of Science 

Lessons scale had the highest coefficient across all grades tested. Test-retest reliability 

coefficients were between 0.69 and 0.84 and cross-validation data between the US and 

Australia showed similarity in internal consistency reliability. This was taken as 

evidence of the instrument’s quality and it was used in the original English wording 

for this study. 

Although the full version of the TOSRA includes items which assess seven distinct 

facets of science-related attitudes (namely, Social Implications of Science, Normality 

AOS scale Year 

level 

Alpha reliability 

(α)  

Mean (SD / 

SEmean) 

SEmeasurement 

(SEm) 

 

Understanding of science 

 

 

 

7 

 

0.557 

 

25.98 (4.79 /1.07)  

 

3.16 

8 0.876 21.48 (4.10 / 0.92) 1.44 

9 0.355  23.45 (4.14 / 0.93) 3.32 

 

Enjoyment / interest in science 

 

 

 

7 

 

0.656 

 

25.81 (5.28 / 1.18) 

 

3.10 

8 0.561 26.82 (3.47 / 0.776) 2.30 

9 0.651 22.93 (5.29 / 1.18) 3.13 

 

Importance of science 

 

 

 

 

7 

 

0.61 

 

23.481 (4.12 / 0.92) 

 

2.57 

8 0.761 22.48 (5.12 / 1.15) 2.50 

9 0.756 23.69 (2.27 / 0.51) 1.12 
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of Scientists, Attitude Toward Scientific Inquiry, Adoption of Scientific Attitudes, 

Enjoyment of Science Lessons, Leisure Interest in Science, and Career Interest in 

Science) in this study only the Enjoyment of Science Lessons scale was used, as this 

was the only sub-scale deemed to be relevant given the nature of the interventions 

used. Ten items were used to assess this scale.  

The responses for the 10 items were modified from the original guidelines (Fraser, 

1981) as the original N (not sure) response was removed given the desire to present 

more concrete response options to participants. Four instead of five response types 

were thus scored: allocation of 4, 3, 2, 1 for the responses strongly agree, agree, 

disagree, strongly disagree for positive (+) items, and reverse scoring for negative (-) 

items was made as per the original scoring instructions. Positive and negative scoring 

followed an alternating positive / negative pattern: Q1 (+), Q2 (-), Q3 (+), Q4 (-), Q5 

(+), Q6 (-), Q7 (+), Q8 (-), Q9 (+), Q10 (-), and scores for the ten items ranged between 

10 (extremely low enjoyment in science class) to 40 (extremely high enjoyment in 

science class). The modified version of the TOSRA was administered to participating 

students and is provided in Appendix 7. 

4.5.2.7 Mental effort  

A measure of mental effort was used as a measure of learning efficacy in the current 

study alongside the previously described cognitive and affective measures. Self-

reported mental effort can be considered as an index of cognitive processing and has 

been used in studies on cognitive load (e.g. Paas et al., 2005). Paas and van 

Merriënboer's (1994) formula of learner self-rating of task difficulty can help 

determine the degree of difficulty of specific tasks (where E = efficiency, P = the test 

performance z-score (test phase) and R = the mental effort z-score (acquisition phase)): 

E = ∣P - R∣ / √2 

Following the third round of post-testing, learners were asked to self-rate the difficulty 

of understanding each text type, giving a score between one (extremely easy) through 

nine (extremely hard). An independent t-test was used to compare means (mental 
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effort) between groups which provided a descriptive statistic to complement inferential 

results.  

A measure of mental effort was obtained once all students had been exposed to each 

of the three textual conditions. Three multimodal social (MS) / bimodal social (BS) / 

bimodal asocial (BA) text excerpts corresponding to an intervention text were 

presented as examples of science learning texts (see Section 5.2 for details of 

intervention text development and Appendix 10 for a copy of the mental effort survey). 

Students were instructed to record ease of understanding on a nine-point scale ranging 

between extremely easy to understand (1) and extremely difficult to understand (9). 

Response 5 was the text type doesn’t make any difference in my understanding and 

was intended to represent a neutral score. Scoring was a summing of the three scores 

giving a score range of 3 - 27.  

4.5.2.8 Control variables 

Having discussed independent and dependent variables and the instruments used to 

quantify related constructs, attention is drawn to control variables, that is, those factors 

kept constant across treatments. Control variables included: 

1. Gender composition: approximately equal number of each gender from the 

site. 

2. Curriculum content: same selected topics from grade seven, eight, and nine 

curriculum documents. 

3. Teaching approach: in all interventions, the teaching approach of the regular 

teacher was not altered. This reduced threats to internal validity in terms of 

experimental procedure and external treatment validity as the presence of an 

outsider isn’t a common occurrence in classrooms.  

4. Number of experimental sessions: Selected students were exposed to 

modified texts as part of classwork in three regular classes. 

5. Timing of tests: Pre-test taken four weeks before the first session to minimise 

practice effects. Post-test taken two weeks following experimental sessions 

to mimic normal school practices.  
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4.6 Data analyses 

Having discussed the research objectives (Section 4.2), study design (Section 4.3) 

sample (Section 4.4) and instrumentation (Section 4.5), attention is now drawn to 

methods of data analysis. Analyses are presented according to research objectives and 

include research objectives 1 and 2 (Section 4.6.1) and research objective 3 (Section 

4.6.2). As mentioned in Section 4.2, research objective 4 is presented a posteriori in 

deduction of a conceptual model as befits theory and the current study results. Further 

discussion of research objective 4 is thus withheld until Section 5.4 which presents a 

summary of results and related conceptual model. The study hypotheses were 

presented in Chapter 1 (Section 1.4.2) and were based upon personal experience as 

well as educational and neurological literature. Study hypotheses are reiterated below 

and frame further discussion of statistical treatment of gathered data: 

Ha1: Students will retain more information from multimodal learning texts. 

Ha2: Subjective SES will be associated with enhanced learning from 

multimodal learning texts. 

Ha3: Low SES students will exhibit greater learning from multimodal 

learning texts than high SES students. 

Ha4: Students will benefit most from the highest degree of visual-verbal 

integration. 

Ha5: Multimodal texts are perceived as more engaging than regular learning 

text. 

Ha6: Multimodal texts will enhance student enjoyment of the subject area. 

Ha7: Low SES students will perceive greater learning benefits from 

multimodal learning texts than high SES students. 

4.6.1 Social standing and textual visual-verbal modality: cognitive outcomes in 

science learning 

To address research objectives one and two, which sought to discern how 

socioeconomically-differentiated learners retain science content from learning texts of 

varying degrees of multimodality, and to explore the potential moderating influence 

of objective and subjective accounts of social standing on information retention, 
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multivariate analysis of covariance (MANCOVA) was performed. This aimed to 

determine whether there was a significant difference in the post-test achievement of 

the experimental and control groups (Ha1). To test null hypotheses regarding 

interaction between social standing and retention of science content a three (condition: 

low modality; mid modality; high modality) by three (objective social standing: low; 

mid; high) by three (subjective social standing: low; mid; high) factorial design was 

used in the MANCOVA (Ha2; Ha3; Ha4). 

The three dependent measures were scores for the three subdomains within MSSAT 

tests (background knowledge of science, application of science content, and analysis 

and evaluation of science content). Pretest scores for the three corresponding 

subdomains were entered as covariates to consider individual differences on the pretest 

and to reduce within-condition error variance in the post-test scores. All relevant 

underlying assumptions, including checks for independence, normality, and variance 

homogeneity, were tested prior to undertaking the analysis, and all significant 

MANCOVA outcomes were accompanied by an index of effect size (partial eta²

 

statistic) to indicate the percent of variance in scores for which the variation accounts.  

4.6.2 Social standing and textual visual-verbal modality: Affective outcomes in 

science learning  

Research objective three is related to students’ attitudes towards science and science 

learning materials. As originally described in Section 4.2, attitudinal data was assessed 

according to degree of textual visual and verbal modality integration with analysis 

involving the AOS and TOSRA instruments (Sections 4.5.2.2 and 4.5.2.6). To address 

this objective, first, the TOSRA was administered, as a baseline measure of enjoyment 

of science, before and after the intervention. t-testing was performed to check for pre- 

and post-intervention statistics including significant differences between year-level 

groups. Variation in the AOS instrument was then modelled relative to variation from 

the TOSRA enjoyment measure and student cognitive outcomes. As the AOS was only 

delivered as a post-test measure of text-related attitudes (as it is specific to the specially 

designed worksheets), its scales were assessed for variance using ANOVA and 

restricted maximum likelihood estimation (REML). Subsequent hypothesis testing 

aimed to detect significant differences between post-test AOS and pre- and post-test 
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TOSRA data. To achieve this, factor analysis involving maximum likelihood factor 

extraction was used to derive factor scores to act as substitute pre-test scores for the 

AOS. Imputed factor scores were then contrasted with TOSRA data in regression and 

ANOVA analysis in examination of text-based versus subject-specific attitudinal 

differences (Ha5). Finally, multivariate analysis of variance (MANOVA) was used to 

determine if significant differences existed between post-test TOSRA and AOS sub-

scale scores of experimental and control groups (Ha6; Ha7) and t-tests were used to 

examine between-group AOS differences.   

4.7 Threats to validity 

Potential validity and ethical issues helped shape the experimental design in (a) the 

avoidance of threats to internal validity from student awareness of the (on-going) 

experimental process; (b) external validity issues in generalisability from reliance on 

an atypical teacher-student relationship and (c) avoidance of power imbalance issues. 

In recognition of internal validity and generalisability of research findings, several 

potential confounds are acknowledged. Initially, the issue of participant self-awareness 

and experimenter bias were considered in avoidance of threats to internal validity. As 

such, randomisation only involved the order in which participants received the 

intervention texts, with normal clusters - class groups - being exposed to their regular 

teacher at all times of the experimental process. A true randomised experimental 

design was considered less expedient than this quasi-experimental design due to the 

constraints of normal school practice.  

This, and the desire to be as non-invasive as possible, led to the decision, after gaining 

ethical clearance, to have regular teaching staff administer all instruments to their own 

students. Avoiding an external observer in the classroom was considered to 

simultaneously avoid procedural sensitisation while downplaying experimenter bias. 

As a streamed school, high and low ability students could possibly elicit different 

external experimenter procedures, such as greater coaxing or time-given for 

instrument completion. Clearly, this could also happen with the regular classroom-

teacher, perhaps from pride, or fear of appearing less able to instruct students on a 

given topic. This was raised during early consultation with participating staff who were 

made aware of these potential internal threats. 
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The possibility of distorted power-relationships between students and experimenter 

also influenced the experimental process. Aligned with preservation of the normal 

classroom setting during the interventions, the avoidance of undermining power-

relationships was planned by having the regular classroom-teacher administer 

instruments as per normal classroom practice. Post ethical-clearance, students were 

not explicitly made aware of specific interventions which were designed to reflect 

normal curriculum content. Of the instruments used, the post-tests were also designed 

to reflect normal school assessment, although questionnaires obviously did not fit this 

trend. The generalisability of findings thus rests largely on the assumption that the 

experimental design represented normal school practice.  

As an example of causal research, important design, measurement, and analytical 

considerations must therefore be met in order to draw meaningful associations between 

independent and dependent variables. In Section 4.3 mention was made of the 

preference for a signal enhancing versus noise reducing research design. When 

considering the signal to noise ratio, a sound research design helps clarify the 

hypothesised associations while good measurement reduces experimental noise. 

Factorial design is used as it is often assumed to have greater utility in detecting 

experimental relationships as it is almost exclusively focused on the setup of the 

treatment, and major dimensions of its components (Trochim, 2006).  

Signal enhancement within this experiment is facilitated by the relatively homogenous 

blocks. Experimental groups are stratified by ability so potentially offer lower 

variability within, than between groups. This results in greater statistical significance 

when estimating treatment effects within the factorial analysis, and more efficient 

estimates than without blocking, albeit with participants presented as classroom 

clusters. It is recognised that blocking is typically an analysis and not design strategy 

and that incorrect assumptions of variability may lead to less significant estimates. 

Additionally, the use of blocking may follow pre-test only results which was not 

attempted here. However, from analysis of student data including standardised and 

regular testing and GPA data, and from personal observation, it is concluded that 

greater between-group variability exists for student ability within streamed and non-

streamed classes, and meets the assumption of block homogeneity.  
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Identifying confounds that may upset the analysis of covariance will further increase 

the signal to noise ratio. It was assumed that presenting the experimental texts within 

the normal classroom setting would decrease variability around experimental 

procedures including history and experimenter bias internal validity threats, though 

perhaps other confounds exist. Most physical / situational and researcher variables 

would, therefore, be removed through the experimental procedure, though student 

attributes such as IQ, cognitive style, or levels of interest in specific science topics may 

influence the treatment variables. IQ is likely associated with streamed / non-streamed 

class inclusion status and though no school IQ data exists, it is ruled out as an 

extraneous variable. Cognitive style was discussed in Chapter 2 (Section 2.3) as being 

associated with social status, which as a covariate in this study, makes this factor more 

likely to be a covariate than a confound.  

Personal interest, however, is likely to lead to differences in motivation when learning 

about specific topics. Personal learning biases, such as my own interest in biological 

science, cannot be discounted as a confounding variable especially in the context of 

middle school learners. In defence, the topics used in learning texts within the study 

all conformed to the current units of study, which limited the possibility of presented 

topics. Procedurally, this downplayed experimenter bias by avoiding particular topics 

conforming to the designer’s self-interest. Topic selection also enhanced the normality 

of the experimental proceedings and aligned with established curriculum learning 

objectives. 

While the analysis of covariance reduces noise by removing pre- and post-test variance 

associated with student cognitive ability, another issue exists within the designation of 

social standing as an experimental covariate. The analysis divides students into three 

levels of subjective and objective groupings: high, mid, and low SES. This raises a 

measurement issue as subjective SES is normally associated with health status in the 

literature, and not cognitive ability. Cognitive ability is linked with socio-economic 

status, though usually measured by normative indicators of objective SES. 

Additionally, to my knowledge, studies on perceived SES as a measure of health have 

only been conducted in Western countries. These factors raise the issue of whether 

Adler’s ladder of subjective social standing is adequate (a) in defining subjective SES 

in the UAE and (b) associating it with cognitive ability. Nonetheless, the decision to 
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collapse the design to a 3 by 3 design upon detection of no interaction effects involving 

objective / subjective social standing helps strengthen the association between learning 

and social standing per se due to the design having one less factor for replication.  

Determining social standing in terms of covariance or confounding influence in the 

study also requires discussion. As a purported explanatory variable, aspects of social 

standing may also be seen as predictive of learning outcomes that possibly confound 

analysis. For example, students of higher social standing may show greater diligence 

in finishing exam papers regardless of knowing answers or not, may possess greater 

language skills equipping them with greater communicative competence in answering 

written questions, or may show a preference for all forms of texts. Furthermore, 

students of higher social standing are possibly more conducive to educational 

interventions and may provide favourable answers on instruments regardless of true 

feelings. Conversely, overly negative answers may be more likely from students of 

lower social standing, regardless of true feelings, due to factors not discernible in the 

experimental design. Aspects of social standing are therefore possibly associated with 

both the dependent and independent variables and are raised again in Chapter six 

(Section 6.5) alongside other experimental limitations.    

4.8 Ethical considerations 

This section begins with a brief overview of ethical values and then provides details 

of adherence to specific ethical considerations. As a first step, ethical clearance for the 

current study was applied for and granted by Curtin University’s Human Research 

Ethics Office on 30th April 2015 (approval number RDSE-15-15. See Appendix 11 

for a copy of the approval letter). In reference to an ethical framework, the opening 

lines of the National Statement on Ethical Conduct in Human Research (NHMRC, 

2015) state: “The relationship between researchers and research participants is the 

ground on which human research is conducted.” Research merit, justice, beneficence, 

and respect are key values of the statement, and provide guidelines in navigating the 

almost inevitable dilemmas arising within research. Given the esteemed position that 

teachers hold within the traditional setting of the UAE, special consideration was given 

to establishing and maintaining respectful partnerships with all parties involved. In 

accordance with NHMRC key values, consideration of research ethics within this 
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study included informed consent and the voluntary nature of participation (Section 

4.8.1); anonymity, multiple roles and power imbalance (Section 4.8.2), and intellectual 

integrity (Section 4.8.3). 

4.8.1 Informed consent / voluntary nature of participation 

In gaining ethical clearance, all participating teachers, students and students’ parents 

were provided with information about the nature of their participation and the purpose 

of the study. Written permission was obtained from the principal and heads of 

department at the school site, and four meetings took place prior to commencement of 

the study: one between the head of department, head of school, and myself; one 

between the principal and myself; a meeting between myself, the principal and a parent 

involved in the study, and a formal meeting between participating teachers and myself. 

It is noted that no data was collected during these interviews. 

The initial meeting with teachers followed a semi-structured interview format with 

topics defined as: 

• The nature of educational research 

• Benefits of educational research 

• Current research on multimedia learning 

• This research 

The meeting lasted approximately thirty minutes in which time we covered the topics 

in depth. Most time was spent on the fourth point with discussion focused on the role 

of the teachers; specific guidelines associated with intervention materials / 

instruments; and key dates / deadlines. Informal, ongoing support was given as needed, 

and easily facilitated given that all middle school science teachers share the same 

staffroom at the study site.   

Written consent was obtained from teachers and the parents of participating students 

and consent forms were accompanied by information letters (see Appendix 12 for 

copies of information letters and consent forms). Information letters presented details 

pertinent to the child’s and parent’s involvement in the research, and outlined in clear 
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language: (a) the intent of the research project; (b) that permission was being sought; 

(c) expected procedures for participants; (d) the nature of voluntary participation and 

the option to leave the project at any time with no consequences; and (e) formal 

procedures regarding the storage and treatment of data. Following data collection, a 

letter and corresponding email were delivered to give thanks to participating students 

and their families. In this correspondence the offer to receive a copy of the finished 

thesis was made contingent on successful completion. 

4.8.2 Anonymity / multiple roles / power imbalance  

In order to protect identification and to provide access to the quantitative data, a coding 

system was used at all times. No reference to individuals was made at any time, either 

in feedback to the schools, or in the reporting of the results. Additionally, post-ethical 

clearance, no identification of participating versus non-participating individuals was 

made in the distribution of instruments during the various stages of the experimental 

design. This decision maintained the normality of proceedings in order to safeguard 

specific threats to internal validity and may have also helped prevent issues related to 

pre-existing teacher-student relationships. Students represent a potentially over-

researched population and it is recognised that perceived peer or teacher pressure may 

cause or exacerbate fractious relationships. This is recognised as especially relevant 

given the nature of this unequal relationship defined by authority and subservience. 

Differentiating students by participation status could potentially lead to feelings of 

exclusion and was thus avoided.     

4.8.3 Intellectual integrity  

Potential conflicts of interest between all parties were considered prior to the study 

and controlled for. While no financial incentives existed within the research setting 

(such as increased enrolment or funding for the school) other potential conflicts of 

interest were possible. Perhaps the greatest sources of unethical behaviour in this 

regard included academic and interpersonal sources of conflict. Academic findings 

could easily be doctored to provide confirmatory research findings, or to show 

outstanding student results from a particular teacher. The school, as a business entity, 

could perhaps also benefit in terms of prestige and associated benefits. These threats 
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to ethical conduct were avoided through adherence to predetermined procedure, 

coding of participants and teachers alike, and making no explicit mention of the school 

name. Additionally, participating teachers were not made aware of student cognitive 

or affective outcomes at any stage of the experiment. Doing so may have affected 

future participation in the experiment due to personal disappointment of student results 

or feelings or from perceived discrepancies between classes.  

4.9 Chapter summary 

This chapter presented, and justified, the experimental design for the study. Rationale 

for this quantitative study comes from limitations identified in multimedia learning 

literature, including but not limited to, the role of individual differences in learning. 

Purported individual learning effects such as the expertise reversal effect identified in 

Chapter three have been presented as a posteriori justifications in multimedia learning 

research. Identifying and experimentally testing developmental variables may present 

better associations with learning, though, and limits the need to interpret marginal 

effects as task-related constructs. By situating the individual learner within an 

identifiable gradient of social status, specific research objectives and hypotheses were 

posed: will students of different social background show variability in learning from 

salient, socially congruent learning texts? Does social status, measured objectively or 

subjectively, covary with retention of content? Will student attitudes towards science 

vary with the form of science text they use?  

The inclusion of specific research objectives coupled with the intent to generalise 

findings to a greater population of middle school science learners marks this as 

quantitative study. Following consideration of the organisational constraints of the 

school site and potential validity and ethical issues associated with true experimental 

designs, the decision to use a quasi-experimental cluster randomised trial was made. 

In discussion of the research design, the distinction between noise reducing and signal 

enhancing design types was presented as a justification for the design and analyses 

used. In determining statistical power, the sample size (n=214) was assessed as having 

adequate sensitivity in identifying the existence and magnitude of interaction effects 

in factorial design, and signal enhancement within the factorial design is assumed by 

the relatively homogeneous blocking of students. Experimental groups have low 
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within-group variance in ability given that all students within the middle school are 

streamed by academic ability. Furthermore, the use of factorial design is efficient in 

that the rotation of students through every level of each factor simultaneously reduces 

the required sample size, while enhancing the statistical power. 

Participants were consenting students from ten intact middle school classes at the site, 

with n=214 grade seven, eight, and nine students and parents consenting to participate 

in the study. Consent also extended to participating teachers (n=5) whose classes 

formed eight out of the ten experimental blocks and were involved in the distribution 

of instruments to students as per normal classroom procedure. Of the five instruments 

used, two were modified versions of existing instruments, one was unmodified, and 

the remaining instruments were developed by the researcher. The Middle School 

Science Achievement Test (MSSAT) and the Affective Outcomes Scale (AOS) were 

designed to measure student cognitive and affective responses and were involved in 

pilot study prior to the first intervention. The pilot study began in the second week of 

term 3 at the site and involved sixty-one (n=61) grade 7, 8, and 9 students. These 

students formed part of the original consenting cohort, though given the lack of other 

comparable grade-level students, it was felt appropriate to use this data in analysis of 

instrument reliability and validity.  

Within the pilot study, the internal consistency and stability of the MSSAT and AOS 

instruments were assessed over a four-week period. Reliability estimates are used to 

estimate measurement stability across time and in evaluation of the equivalence of sets 

of items either from retesting or as a measure of inter-rater consistency. Validity, in 

terms of instrumentation, refers to the ability of an instrument to actually measure what 

it was designed for. Estimation of internal consistency involved calculation of 

Cronbach’s alpha for each MSSAT subdomain and AOS scale items, while temporal 

reliability of the MSSAT was provided with test-retest indices of correlation between 

scores. Additionally, content and convergent validity of the MSSAT were checked 

prior to using this instrument in study. This involved the consideration of specific 

domains of knowledge, analysis, and application of scientific content exhibited by 

high-functioning students, and convergence was checked with the final MSSAT design 

showing equivalence of content and level of difficulty.   
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Following establishment of the research design, and the piloting of the two researcher-

developed instruments, the interventions and measurements followed three phases of 

pre- and post-testing determined by learning pace of individual classes over an eleven-

week period. Data analyses addressing research question one and two involved 

multivariate analysis of covariance (MANCOVA) in which pre- and post-test 

cognitive scores were compared, alongside controlling for subjective and objective 

social standing which were operationalised as low, mid, or high. Research objective 

three involved pre- and post-test comparison of the TOSRA instrument of science 

attitudes. The AOS instrument is specific to the interventions - in comparison of 

researcher-developed learning texts - so no before and after correlation analysis was 

possible. Instead, maximum likelihood estimation was used in the calculation of subset 

correlations and confidence intervals. Multivariate analysis of variance (MANOVA) 

was then used to detect significant differences between post-test TOSRA and AOS 

sub-scale scores for experimental and control groups. 

Internal and external threats to validity were raised and framed in terms of research 

design, measurement, and analytical procedures. Firstly, it was noted that experimental 

associations and causal relationships are distinguishable, and as an isolated example 

of educational research, the study findings face multiple validity issues which 

influence generalisation. Within educational research, for example, major threats to 

internal validity may occur from manipulation of the normal classroom setting. The 

decision to involve the regular classroom teachers in the study may have helped reduce 

variability associated with physical and procedural aspects of experimentation. 

History and experimenter bias effects are also presumably decreased in having the 

regular classroom teacher administer all intervention and measurement instruments, 

though the student variable of personal learning biases, including content-specific 

motivation, is harder to control for. This is flagged as a potential threat to validity 

alongside the more fundamental issue of inclusion of social standing as an 

experimental covariate. In consideration of this variable as predictive of student 

outcomes, the possibility of aspects of social standing confounding results is raised. In 

short, behavioural traits associated with social standing may interact with dependent 

and treatment variables and lead to confused results despite presumed orthogonality in 

the design. Further commentary is provided in Chapter 6 (Section 6.4). 
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A discussion of ethical considerations ended the chapter. Key values established by 

the National Statement on Ethical Conduct in Human Research (NHMRC, 2015) were 

outlined and related to efforts made by the researcher in terms of permission, privacy 

and confidentiality, respect and consideration. As a school situated within the United 

Arab Emirates, a traditional region in which relationships are respected and valued, a 

proactive attempt was made to establish and maintain respectful communication with 

all parties involved. Alongside adherence to procedural and analytical aspects of the 

ethical clearance procedure, showing respect to participants was a central motivation 

in conducting ethical research. 

The next chapter details the findings of the study.
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Chapter 5  

RESULTS 

5.1 Introduction  

This chapter provides details of the research analyses and findings related to the 

influence of social standing and socialised text within multimedia learning. The 

research design, as outlined in Chapter 4 (Section 4.3), involved a quasi-experimental 

pre-post design with middle school science learners as participants. The research 

objectives (as detailed in Section 4.2) were drawn from research inconsistencies in the 

field of multimedia learning and focused on social background as a developmental 

influence in textual comprehension. Specifically, research objectives 1 and 2 sought 

to ascertain whether the degree of textual visual-verbal modality affected retention of 

science content in students differentiated by objective and subjective socioeconomic 

status. Additional to these cognitive outcomes, research objective 3 sought to examine 

whether student attitudinal outcomes are associated with socially congruent learning 

texts and the subject area itself. Finally, as a deductive process following analysis of 

research objectives 1 to 3, research objective 4 aimed to relate these cognitive and 

affective findings to a conceptual model of stimuli processing. The results described 

in this chapter are organised according to the following headings: 

• Social standing and textual verbal-visual modality: Cognitive outcomes in 

science learning (Section 5.2);  

• Social standing and textual visual-verbal modality: Affective outcomes in 

science learning (Section 5.3); 

• Conceptual model: A synthesis of neuroscience theory and study findings 

(Section 5.4); 

• Chapter summary (Section 5.5). 
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5.2 Social standing and textual verbal-visual modality: Cognitive outcomes 

in science learning  

To evaluate the retention of science content between students differentiated by social 

standing, learning texts were designed and administered to 214 middle school students 

in the three conditions described in the study design (Section 4.3): i.e. involving 

Bimodal Asocial (BA) (control text), Bimodal Social (BS) and Multimodal Social 

(MS) text. As described in Section 4.3, class-grouped students received the three text 

variants in random order and were pre- and post-tested for achievement. Post-test 

achievement was measured as recall and transfer of learning, with post-tests developed 

specifically for each intervention round per class grouping. 

Specific research objectives were developed according to identified deficits and 

inconsistencies within multimedia research (see Section 1.5.1). The first two of these 

were related to textual design and cognitive outcomes and involved the influence of 

social standing: 

1. To examine how the degree of textual visual-verbal modality affects retention 

of content in learners differentiated by social standing; 

2. To explore whether objective and subjective accounts of social standing 

covary with retention of content. 

Research objectives 1 and 2 examined whether researcher-developed science learning 

texts differentiated according to students’ perceived and objective measures of 

socioeconomic status. Specific hypotheses, presented in Section 1.5.2, were developed 

for the research objectives. For the two objectives, it was hypothesised that students of 

low social standing would show greatest variability in science achievement. This effect 

was posited to occur due to preference for cross-modal, socialised stimuli and the 

limitations of abstraction outlined in Chapter 2 (Section 2.9) as normal and abnormal 

brain function. Students of high social standing were hypothesised to show less 

variability in cognitive results given their ability for greater abstraction in the absence 

of integrated text (with associated attentional and perceptual processes). Research 

hypotheses pertinent to research objectives 1 and 2 are reiterated below:  
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• Ha1: Students will retain more information from multimodal learning texts. 

• Ha2: Subjective SES will be associated with enhanced learning from 

multimodal learning texts. 

• Ha3: Low SES students will exhibit greater learning from multimodal 

learning texts than high SES students. 

• Ha4: Students will benefit from the highest degree of visual-verbal 

integration (i.e. Multimodal Social [MS] text type). 

As seen in research hypotheses 2 and 3, directional predictions for the effects of 

socioeconomic status on science learning from appropriately designed multimodal 

texts were made. Related statistical tests were inclusive of objective and subjective 

SES as covariates, and were modelled to directly test research objectives 1 and 2. Less 

specific predictions of enhanced learning (Ha1 / Ha4) are also included as baseline 

indicators of learning effects within science learning texts for wider analysis of the 

same two research objectives.  

Pursuant to research hypothesis 1, that students would retain more science content 

from appropriately designed multimedia texts, the following section (Section 5.2.1) 

details findings of cognitive outcomes prior to inclusion of socioeconomic status as a 

covariate. Section 5.2.2 then addresses research hypotheses 2, 3 and 4 which detail the 

modelling of objective and subjective socioeconomic status in multimedia learning.  

5.2.1 Textual design and science learning 

Inspection of student achievement following the final round of Middle School Science 

Achievement Test administration (MSSAT - see Section 4.5.2.1 for details of 

instrument development) showed a pattern of overall higher achievement for 

Multimodal Social (MS) and Bimodal Social (BS) text variants. Table 5.1 (next page) 

provides a summary index of post-test Middle School Science Achievement test 

(MSSAT) results across the three grade levels (grades 7 to 9), and Figure 5.1 compares 

group post-test science achievement mean between the three multimodality-defined 

text variants (i.e. Multimodal Social [MS], Bimodal Social [BS], Bimodal Asocial 

[BA] texts) in each year level. 
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One-way ANOVA was used to test the null hypothesis that no significant differences 

existed between observed text raw score means (MS - Multimodal Social; BS - Bimodal 

Social; BA - Bimodal Asocial). Prior to testing for within-sample variance, checks for 

independence, normality and variance homogeneity were performed within SPSS with 

no violations detected. ANOVA analysis revealed significant achievement differences 

between text type for grade 8 students’ results (F (2,102) = 3.599; p =.031) and grade 

9 students’ results (F (2,198) = 15.623; p < .001) though not grade 7 students’ results. 

In reference to year 7 results, for whom the differences were not significant (F (2, 144) 

= 1.5, ns), as an omnibus test statistic, it is recognised that one-way ANOVA cannot 

reliably discern statistically significant differences in the presence of latent 

independent variables (Kline, 2004) such as the as-yet unexplored MSSAT cognitive 

domain values. Additionally, in reference to grade 8 and 9 results, Kao & Green (2008) 

state that one-way ANOVA is inadequate to detect significant effects between groups 

prior to post-hoc testing. 

Table 5.1 Descriptive statistics of student group post-test achievement (MSSAT data) 

 

 

Learning text 

 

Grade 

 

Mean (SD, SEmean) 

 

 7 7.421 (3.365, .347) 

Multimodal Social 8 8.118 (3.064, .429) 

 9 5.806 (3.019, .369) 

  

7 

 

7.624 (3.252, .335) 

Bimodal Social 8 8.745 (3.108, .435) 

 9 5.806 (3.163, .386) 

  

7 

 

7.086 (3.308, .341) 

Bimodal Asocial 8 6.706 (3.492, .489) 

 9 4.343 (2.598, .317) 
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In post hoc analysis, Tukey’s honest significant difference (HSD) statistic was adapted 

to the unequal sample sizes and was considered appropriate for ANOVA analysis 

given its maintenance of a correct alpha statistic despite computation of multiple 

comparisons where a sum or product of individual levels of significance is inadequate 

(Stevens, 1999, p. 68). In testing, HSD values are set at commensurable Q.01 or Q.05 

significance levels, which are computed as following: 

Q      =       ML—MS 

sqrt [MSwg / Np/s] 

[Where MSwg is the within-groups MS obtained in the original analysis and Np/s is 

the number of values of Xi per sample ("p/s"=per sample)]. 

The studentized range statistic (Q) was then compared with table alpha level values 

with corresponding degrees of freedom and treatment number. Q values were obtained 

for alphas at .05 and mean differences were compared with the HSD statistic (grade 8: 

Q.05 = 3.36; Grade 9: Q.05 = 3.34). For grade 8, significant differences existed for 

student achievement between Bimodal Social (BS) and Bimodal Asocial (BA) texts at 

HSD.05, while for grade 9 significant differences were seen between Multimodal Social 

(MS) and Bimodal Asocial (BA) texts (HSD.01 and HSD.05) and Bimodal Social (BS) 

and Bimodal Asocial (BA) texts (HSD.01 and HSD.05). Figure 5.2 displays significant 

values at a family error rate of 0.05. As mentioned previously, significant mean 

differences are adjusted in Tukey post-hoc analysis, and family error rate was set 

equivalent to a 95% simultaneous confidence level (confidence intervals that contain 

zero indicate no difference). Post hoc testing thus revealed a conservative estimate of 

within-group cognitive gains for two of the three grade-levels (grade 8 and 9) involved 

in the main study.  

 



   Results 

 204 

 

Figure 5.1 Group post-test science achievement mean scores for text type (Grades 7, 8, 

and 9). (N.B. MS - Multimodal Social text; BS - Bimodal Social text; BA- 

Bimodal Asocial (control text)) 

 

Figure 5.2 Pairwise differences between treatments (Tukey 95% simultaneous 

confidence intervals). (N.B. BA – Bimodal Asocial (control text); BS – 

Bimodal Social text; MS – Multimodal Social text) 
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As indicated, grade 7 science achievement results did not show significant differences 

between textual variants. This could be reflected in the relatively high grade level 

variance; for example, when a paired samples t-test was used (in lieu of a post-

ANOVA comparison) to compare achievement means, significance was detected 

between Multimodal Social (MS) and Bimodal Asocial (BA) texts: t (93) = 2.169, p = 

.033. Taken together, socialised texts were associated with enhanced science cognitive 

outcomes across the three grade levels although there was no clear distinction between 

Multimodal Social (MS) and Bimodal Social (BS) text variants. Inclusion of 

socioeconomic status as a covariate was then modelled to explore these trends in 

greater detail, see below.    

5.2.2 Social standing and science learning 

Additional to the influence of textual design, research objectives 1 and 2 sought to 

quantify the influence of social standing as a covariate in textual comprehension. 

Multivariate analysis of covariance (MANCOVA) was used to assess statistical 

differences across multiple continuous dependent variables with an independent 

grouping variable. Additionally, covariates were included to enhance the signal-to-

noise ratio within factorial analysis. As introduced in Section 2.4, and elaborated on in 

Section 3.8, the influence of social standing as a covariate in this research stems from 

its association with cognitive style. Within this analysis, dependent variables included 

the Middle School Science Achievement Test (MSSAT) post-test and science 

achievement scores. Text variants were used as a categorical independent variable and 

covariates included subjective and objective SES measures, and MSSAT pretests to 

reduce variance associated with individual student science scores on the MSSAT 

instruments.  

Multivariate and covariate outcomes were measured from cross-products and cross-

product partitions within MANCOVA, while univariate outcomes were found from 

partitioning variance into the relevant sum of squares (Flora, 2017, p. 114). Statistical 

significance in MANCOVA is represented by F ratios which test specific hypotheses. 

Within this analysis, the following hypotheses were presented: 
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• H01: mean (µ) Science achievement MS text = µScience achievement BS 

text = µScience achievement BA text (adjusted for objective SES) 

• Ha: mean (µ) Science achievement MS text ≠ µScience achievement BS 

text ≠ µScience achievement BA text (adjusted for objective SES) 

• H02: mean (µ) Science achievement MS text = µScience achievement BS 

text = µScience achievement BA text (adjusted for subjective SES) 

• Hb: mean (µ) Science achievement MS text ≠ µScience achievement BS 

text ≠ µScience achievement BA text (adjusted for subjective SES) 

Inferential analysis of variance requires certain assumptions to be met prior to 

modelling. Additional to tests for linearity and the absence of multivariate outliers and 

multicollinearity are specific requirements of variance and covariance homogeneity 

(Davis, 2003). Prior tests for assumptions and restrictions were thus run, commencing 

with analysis of correlation between the covariates and dependent variables. Observed 

coefficients of correlation ranged between .422 and .916 for all dependent variables, 

representing reasonable correlation between the dependent groups across the treatment 

conditions (Evans, 1996). Correlations between covariates and dependent variables 

also satisfied inclusion given their assumed collinearity and ability to reduce the 

magnitude of the error term in the design (Keppel & Wickens, 2004, p. 311): (.547 < 

r < .865) except for objective SES (-.019 < r < .077). Objective SES appeared weakly 

associated with the other variables and was subjected to independence checking to 

determine its suitability as a covariate with textual design.  

One-way ANOVA was used to evaluate whether the covariates differed significantly 

across text variants; subjective SES demonstrated no significant difference with 

respect to text F(2,211) = 1.6, p = .2043. This result was similar for other covariates 

except for objective SES: MSSAT pretest Knowledge / Understanding — F(2,211) = 

2.4, p = .0932; MSSAT pretest Application  — F(2,211) = 1.22, p = .2973 ; MSSAT 

pretest Analysis / Evaluation — F(2,211) = 2.96, p = .054; objective SES — F(2,211) 

= 4.97, p = .0078. No post hoc tests were required as only main outcomes were sought. 

Objective SES was removed from the factorial design following this analysis, and the 

study was collapsed from a 3^3

 

to a 2^3

 

factorial design. This satisfied subsequent 

testing via focus on subjective social standing as a more effective covariate and 
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enhanced overall statistical power in lowering the degrees of freedom and thus the 

complexity of the model. 

A two-sample Kolmogorov-Smirnov test for dependent variable distribution (MSSAT 

post-test and science achievement scores) was used as a test of normality and was 

considered appropriate within the context of the study’s design given that greater than 

50 subjects exist within each group (Ghasemi & Zahediasl, 2012). Estimates of normal 

distribution appeared to be satisfied as all significance values exceeded .05.  

Finally, prior to running MANCOVA, a test for homogeneity of regression was 

conducted between the remaining covariates and dependent variables. The variables 

showed no significant interactions: text-type and subjective SES and text-type / 

MSSAT 1, 2, and 3 had p values ranging between .097 and .855. Having satisfied this 

final MANCOVA assumption and proceeding without objective SES as a study 

covariate, MANCOVA was used to examine multivariate and univariate outcomes.  

In initial MANCOVA analysis, MANOVA was used to ascertain effects of dependent 

variables with the text-type treatment variable. Significant multivariate outcome was 

detected in respect to text type and Middle School Science Achievement Test (MSSAT 

- see Section 4.5.2.1 for details on instrument development) results across the 

categorical independent variable (IV) groups: λ = .877, F (8, 416) = 3.52, p = .001. 

Significant univariate outcomes were also seen for science achievement - [F (2,206) = 

3.11, p = .0467]; MSSAT post-test Knowledge / Understanding (K/U) [F (2,206) = 

4.57, p = .0114]; and MSSAT post-test Application [F (2,206) = 3.68, p = .0269] but 

not MSSAT post-test Analysis / Evaluation [F (2,206) = 2.56, p = .0798] across text-

type categories. Initially, then, significant learning effects appeared to be associated 

with multimodal learning texts in cognitive domains of science understanding and 

science application, though not necessarily analysis and evaluation of scientific 

concepts.     

Subsequent MANCOVA analysis sought covariate effects and a Bonferroni post-hoc 

test was included to modulate overall error rate given that it accounts for each 

statistical hypothesis in overall attribution of significance. This compensatory effect is 

achieved by testing individual hypotheses with a significance level of α/m (with α 
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being the desired overall alpha level and m being the number of hypotheses, Barton et 

al, 2016). The Bonferroni test lacks power, though, due to possible overcorrection for 

type I error in the assumption of test orthogonality / consistency with prior research 

(Armstrong, 2014). Nonetheless, type II error rates were considered as non-significant 

within this analysis for individual tests given the removal of the objective SES 

covariate and assumed block homogeneity in the within-subjects factorial design (as 

described in Sections 4.4.3.2 and 4.7).  

Levene’s test was used as a homogeneity check in interpreting output, and significance 

values exceeded .05 in each case. Box’s test for homogeneity of variance-covariance 

matrices also indicated that the correlation between dependent groups did not differ 

between text-type. After applying covariates to the analysis, both multivariate and 

univariate effects were evident from inclusion of subjective SES. Multivariate testing 

showed a decrease in error variance: λ = .896, F (8, 416) = 2.879, p < .001 (compared 

with λ = .877, F (8, 416) = 3.52, p = .001 prior to covariate inclusion). Marginal means 

showed a concomitant decrease with subjective SES and MSSAT pre-tests included. 

Univariate outcomes for all four dependent variables showed significance, and the 

three dependent variables which showed significance prior to covariate inclusion 

became stronger after applying covariates: Science achievement - [F (2,211) = 3.331, 

p = .038]; MSSAT post-test Knowledge / Understanding [F (2,211) = 7.347, p = .001]; 

MSSAT post-test Application [F (2,211) = 7.084, p = .001]; MSSAT post-test Analysis 

/ Evaluation [F (2,211) = 11.135, p < .001]. As mentioned above, prior to inclusion of 

subjective SES, Analysis and Evaluation results did not exhibit significance as a 

multivariate outcome. Covariate modelling may thus provide an improved estimate of 

cognitive outcomes in this study. 

Post-hoc Bonferroni analyses demonstrated that, adjusted for subjective SES and 

MSSAT pre-tests, Multimodal Social (MS) (p - .006) and Bimodal Social (BS) (p - 

<.001) text types were associated with greater learning for science achievement; 

Multimodal Social (MS) (p - .001) and Bimodal Social (BS) (p - .004) text with 

outcomes in MSSAT post testing for knowledge and understanding and Multimodal 

Social (MS) text (p - 0.043) with MSSAT post testing for application of science 

content. In analysis, these findings highlighted cognitive benefits of multimedia text 

for learners differentiated by subjective SES, although raised uncertainty surrounding 
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the degree of textual audiovisual modality in efficient learning. Uncertainty also 

existed in the broader benefits of multimedia text in transfer learning for analysis / 

evaluation type problems.   

In summary, multimedia texts enhanced student learning (Ha1). Cognitive outcomes, 

measured in recall and transfer of scientific content matter, were significantly 

improved using both multimodal text variants (Multimodal Social [MS] and Bimodal 

Social [BS] text). Inclusion of perceived social standing as a study covariate further 

refined this finding, with the observation that subjective SES is significantly associated 

with knowledge / understanding and application cognitive outcomes (Ha2). In analysis 

of interaction effects inclusive of independent variable variance, the predictive 

association of subjective SES with enhanced science learning is seen to benefit low 

SES students (Ha3). However, the relative importance of degree of socialisation of 

learning text is called into question as Multimodal Social (MS) and Bimodal Social 

(BS) texts were almost equally associated with knowledge / understanding outcomes, 

and strongest association with application of science content for Multimodal Social 

(MS) text (Ha4). A summation of analyses for each research objective and related 

commentary is given in Section 5.5. 

5.3 Social standing and textual verbal-visual modality: Affective outcomes 

in science learning  

Research objective 3 sought to quantify student-held attitudes toward science learning 

materials which differ in degree of integrated textual visual-verbal modality. The 

rationale for use of a perceptual measure of student affect, alongside cognitive 

outcomes, stems from systematic review findings of multimedia learning literature 

(Chapter 3). In questioning how affective outcomes are used in evaluation of 

multimedia instructional design in learning, publications reviewed in Section 3.8 

typically involved measurement of affective orientations against theoretical 

developments including cognitive load theory (CLT, Chandler & Sweller, 1991) and 

cognitive theory of multimedia learning (CTML, Mayer, 2001). An additional finding 

from systematic review was that multimedia is perceived as beneficial for learning, 

though not necessarily interesting. Importantly, reviewed studies offered no perceptual 

measurement of specific domain / content material, which narrows interpretation of 
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student affect as an outcome variate. As discussed in Section 3.8.2, the inclusion of 

subject area understanding, interest / enjoyment, and importance as affective outcomes 

widens the scope of multimedia research from underlying design principles to learning 

outcomes more generally.  

The hypotheses pertaining to research objective 3, presented in Chapter 1 (Section 

1.5.2), are reiterated here: 

• Ha5: Multimodal texts are perceived as more engaging than regular learning 

text. 

• Ha6: Multimodal texts will enhance student enjoyment of the subject area. 

• Ha7: Low SES students will perceive greater learning benefits from 

multimodal learning texts than high SES students. 

Like the hypotheses generated for research objectives 1 and 2, hypotheses for research 

objective 3 vary in specificity. Baseline measures of learner affect were aligned with 

multimodal text as well as measurement of affective domains representing science as 

a subject area (Ha5, Ha6). Learner affect was also modelled with the subjective SES 

variate (Ha7) to further explore the association between social standing and 

engagement with science learning materials. 

Participants responded to the modified Test of Science-Related Attitudes (TOSRA) 

instrument before and after the interventions allowing for correlation analysis. 

Additional to this measure of enjoyment of science, the novel Affective Outcomes 

Scale (AOS) instrument (see Section 4.5.2.2) was administered following final 

achievement post-testing to measure affective response towards textual form. Given 

that no pre-intervention AOS instrument was used, estimates of variance were obtained 

to assess scale effects and to test hypotheses regarding the variance components of the 

two affective measures. Because of the relatively high internal reliability and estimated 

construct validity seen in the piloted AOS (Section 4.5.2.5), the decision to not seek 

exploratory or confirmatory factor analysis was made, although factor plots and factor 

scores were developed for subsequent regression analysis. Post-test TOSRA and AOS 

results were compared using MANOVA in determining whether differences existed 
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between these measures, and a final analysis examined post-test and proxy pre-test 

AOS scores.  

Initial examination of pre- and post-intervention statistics for the TOSRA instrument 

show a high degree of correlation and minor grade-level variance (Table 5.2 shows 

pre-post intervention mean scores and Pearson correlation coefficients [r]). No 

significant pre-post differences were seen within year level groups using paired t-tests: 

year 7 [t (93) = .061, p = 1.99]; year 8 [t (51) = .73, p = 2.01]; year 9 [t (67) = 1.48, p 

= 2.0]. This within-group consistency led to the decision to cease further exploration 

of between-group TOSRA variation. 

Estimates of variance associated with the scales of the AOS instrument were obtained 

using ANOVA and restricted maximum likelihood estimation (REML) within SPSS 

variance components analyses. Factors and covariates included science achievement 

and science enjoyment (post-intervention TOSRA data) as main effects and AOS 

scales as interaction terms within the model. The variance associated with the AOS 

sub-scales was therefore calculated relative to variation from the TOSRA enjoyment 

measure and student cognitive outcomes.  

Table 5.2 Pre- and post-intervention science related attitudes (TOSRA) data 

 

 

Year 

 

Scale items 

 

N 

 

Pre-

intervention 

mean (SD) 

 

Post-

intervention 

mean (SD) 

 

Pre-post 

correlation 

(r) 

7 10 96 28.245 (6.32) 28.191 (5.76) 0.895 

8 10 51 29.535 (5.43) 30.288 (4.94) 0.864 

9 10 67 28.176 (5.63) 29.515 (4.85) 0.879 

Total / average 
 

214 28.652 (5.79) 29.33 (5.18) 0.879 
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In the initial ANOVA estimate, the AOS understanding scale accounted for 14.3% of 

random variation; AOS enjoyment — 35.6%; AOS importance — 22.7%. In this initial 

estimate, therefore, variance attributable to chance error alone accounted for 27.4%, 

while AOS science enjoyment accounted for the largest single variance proportion. 

Subsequent REML using the same variables saw stability after five iterations in the 

maximisation of the likelihood function’s natural logarithm. REML variance estimates 

attribute slightly greater variation to the AOS sub-scales; AOS understanding scale —

17.8% of random variation; AOS enjoyment — 38.2%; AOS importance — 23.2%. 

As seen, the estimate of chance error drops marginally to slightly above 20%, and AOS 

enjoyment sub-scale variance retains the greatest share of variation (understood as 

subject to effects of treatment or individual differences, Oehlert, 2012). Moreover, 

estimates of variance are conservative following REML manipulation of the model 

parameters. In summary, this indicates that enjoyment of science is a construct 

requiring further analysis given its plasticity as a treatment effect. It is also of interest 

given its consistency as seen in the AOS enjoyment scale and TOSRA (science 

enjoyment / interest scale) pre- and post-testing. 

In hypothesis testing, confidence intervals can be calculated from the asymptotic 

variance-covariance matrix which is generated as a by-product of the REML iteration 

process. 95% asymptotic confidence intervals were calculated for AOS scale variance 

and were used to test the null hypothesis that variances for AOS science enjoyment 

and pre- and post-test TOSRA scores are equal: 

• H01: variance (σ
2) AOS(enjoyment) = σ2

TOSRA(pretest)   

• Ha:  variance (σ
2) AOS(enjoyment) ≠ σ2

TOSRA(pretest) 

• H02: variance (σ
2) 

AOS(enjoyment) = σ2
TOSRA(posttest)  

• Ha:  variance (σ
2) AOS(enjoyment) ≠ σ2

TOSRA(posttest) 

The purpose of this procedure was to establish a measure of continuity of student 

enjoyment of science for subsequent comparison with student attitudes towards 

learning texts. A two-tailed F test was used with test statistic F = s²₁/s²₂, critical regions 

defined as: F < or > F 1-α/2, N1-1, N2-1 and a significance level α = 0.05. Testing 

revealed evidence to reject both null hypotheses as critical values H01 (.607) and H02 

(.679) both fell outside the statistic’s critical range (H01 / H02: F < .764 or F > 1.31; H02: 
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F < .764 or F > 1.31). These results further strengthen the apparent collinearity of the 

two measures of science enjoyment, suggesting that learning enjoyment operates as a 

consequence of multimedia text, independent of subject area interest. No variance 

comparisons were conducted for the other two AOS sub-scales as no assumptions of 

correlation between these scales was assumed. 

As mentioned above, factor analysis was used to derive factor plots as an indicator of 

factor loadings, and factor scores for subsequent analysis of AOS and TOSRA data. In 

short, this testing was conducted to establish a measure of similarity between post-test 

TOSRA and AOS sub-scales, prior to establishing a proxy pre-intervention AOS 

enjoyment sub-scale for comparison with TOSRA data. TOSRA and AOS data were 

subjected to factor analysis using Maximum Likelihood factor extraction as a 

confirmatory analysis given the prior establishment of instrument validity and 

reliability.  

Factors were rotated orthogonally and obliquely using varimax and promax rotation 

methods, respectively, to counter the expectation that TOSRA and AOS enjoyment 

scales would be correlated. All Kaiser-Meyer-Olkin (KMO) values for the individual 

items (> .90) were above .5 and the KMO measure was .715 suggesting that data was 

suitable for exploratory factor analysis should this be sought. A Bartlett’s test of 

sphericity ϰ² (6) = 306.26, p < .0001 indicated the presence of patterned relationships 

between items, and with an eigenvalue cut-off of 1.0, two factors (i.e AOS sub-scales 

and TOSRA data) emerged which explained a cumulative variance of 54.5%. As less 

than three factors emerged during analysis, a factor plot is appropriate in 

demonstrating factor loadings geometrically. Figure 5.3 shows rotated factors from the 

varimax rotation with Kaiser normalisation; no differences existed between orthogonal 

or oblique rotations.  

While no further analysis was sought, the results of confirmatory analysis helped 

define the content of factors, as well as quantify the number of latent constructs. In 

qualitative extension of prior checks for validity and reliability, this analysis of 

variation amongst condensed items provided confidence that the AOS and TOSRA 

instruments discern between ostensibly similar constructs (i.e. general attitudes 

towards science scale - TOSRA, contrasted with enjoyment, understanding and 
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importance of science attributable to science learning texts – AOS instrument. For 

more see Sections 4.5.2.2 and 4.5.2.6).  

 

Figure 5.3 Factor plot showing two factors. (N.B. AOS sub-scales: AOS 1 - science 

understanding; AOS 2 - science enjoyment; AOS 3 - importance of science / 

TOSRA data) in rotated factor space (SPSS output) 

Unlike factor loadings which represent the extent that a factor explains a variable, 

factor scores are estimates of factor values. As such, they can be used in subsequent 

analyses, including regression and comparison of means (Yong & Pearce, 2013). In 

this analysis, factor scores were saved as a variable in SPSS, and derived using both 

Bartlett and Anderson-Rubin methods. The desired use of factor scores in this instance 

was to compare pre- and post-test AOS enjoyment of science data to assess aptitudinal 

patterns across the intervention specific to the usage of multimedia text. Included for 
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analysis were objective and subjective SES data to establish whether low SES students 

perceive greater learning benefits from multimodal learning texts than their high SES 

counterparts. 

The Bartlett method uses a regression approach to produce unbiased scores which are 

correlated only with their own factor; Anderson-Rubin scores are uncorrelated and 

standardised. This distinction allowed for meaningful regression analysis and analysis 

of variance tests using factor scores while avoiding issues of multicollinearity 

(Skrondal & Laake, 2001). Following checks for linear relationships between 

independent and dependent variables and multivariate normality in the model, multiple 

linear regression analysis was performed. In brief, this procedure was undertaken to 

ascertain whether TOSRA data (science attitudes) reliably associates with AOS 

(perceptions of science learning material) post-test data.  

The role of factor scores satisfied the need for a proxy measure of pre-test AOS scores 

within the model. Independent variables were jointly entered into the model, and the 

linear regression was found to explain 38.3% of data variance. In testing the linear 

regression F-test null hypothesis of no linear relationship, a highly significant result 

[F (2,213) = 24.844; p = <.0001] indicated that a linear relationship existed for TOSRA 

data and the AOS enjoyment scale. Similar results were seen for the AOS 

understanding scale: 27.5% of variance [F (2,213) = 8.608; p = <.0001], though not 

AOS importance of science: .008% of variance [F (2,213) = .187; p = .830] or either 

of the SES measures: Perceived SES .005% of variance [F (2,213) = .334; p = .574]; 

Objective SES .022% of variance [F (2,213) = .432; p = .78].  

These results suggest that enjoyment is aligned with understanding of science, which 

as related constructs could be interpreted as a multimedia effect. This could also reflect 

elevated student interest coinciding with subject matter comprehension due to the 

effect of appropriately socialised text (see Section 3.8.2.2). Importance of science, by 

contrast, is likely to be more influenced by underlying attitudes towards science as a 

learning area, and less affected by design variates including multimedia principles. 

The lack of association with either measure of SES is also noteworthy given the 

significant relationship between subjective SES and science outcomes described in 

Section 5.2.2.  
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Finally, paired sample t-tests were used to check for significant differences between 

observed means of pre- and post-test AOS results using Anderson-Rubin factor scores 

as substitutes for AOS pre-test data. Analysis of variance was not conducted given the 

lack of a categorical independent variable in this case. Significant differences were 

seen between pre- and post-test AOS results: AOS understanding [t (213) = 77.29, p 

= <.0001]; AOS enjoyment / interest [t (214) = 69.59, p = <.0001]; AOS importance 

[t (214) = 80.12, p = <.0001]. No effect size (e.g. Cohen’s d or partial eta-squared) 

could be calculated given that Anderson-Rubin scores are standardised scores. 

Estimation of AOS pre-intervention mean scores of Anderson-Rubin factor scores was 

performed by averaging standardised scores across grades. Table 5.3 shows Anderson-

Rubin factor scores as proxy pre-intervention and actual post-intervention AOS sub-

scale scores, alongside pre- / post-intervention mean TOSRA data. 

In summary, two conclusions were reached inferentially from the constructs 

operationalised in the Affective Outcomes Scale (AOS) and Test of Science Related 

Attitudes (TOSRA) instruments: students engaged more with multimedia texts than 

regular texts (Ha5); and participants also engaged with multimedia texts 

disproportionately to their interest in science (Ha6). The TOSRA is specific to 

enjoyment of science as a content area while the AOS presents its scales of 

understanding, enjoyment / interest, and importance of science as specific to student 

attitudes from use of intervention (i.e. modality-defined) texts. With no discernible pre 

/ post differences existing in the subject-area measure, or between the AOS enjoyment 

scale and TOSRA, while appreciable pre / post differences exist in the modality-

defined text measure (AOS), it was concluded that multimedia mediates not only 

attitudinal gains but also improved cognitive outcomes in terms of perceived 

understanding and importance of science. Finally, no effects of socioeconomic status 

were observed in regression analysis examining influences of student affect. This is 

surprising given the significant role subjective social status played as a cognitive 

influence in learning from multimedia text. 
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Table 5.3 Student affective data (TOSRA and AOS sub-scales) 

5.4 Conceptual model: A synthesis of neuroscience theory and study   

findings 

Research objective 4 sought to conflate the results described for research objectives 1 

to 3 with aspects of neuroscience theory. As such, this research objective offers no 

specific hypotheses; instead, the research findings are related to the theoretical 

background that was developed in Chapter 2 and generalised as a conceptual model 

(Figure 5.4). This has the additional aim of revising other models of stimuli processing 

 

Year 

 

       Scale 

 

Pre-intervention mean 

(SD) 

 

Post-intervention mean 

(SD) 

 

 

 

 

 

7 

 

AOS understanding 

 

* 27.87  

 

28.191 (5.76) 

 

AOS enjoyment / interest 

 

* 30.01 

 

30.288 (4.94) 

AOS importance * 29.24 29.515 (4.85) 

TOSRA                28.245 (6.32) 28.191 (5.76) 

 

 

 

 

 

8 

 

AOS understanding 

 

* 26.84 

 

26.07 (4.52) 

AOS enjoyment / interest * 26.90 25.94 (5.61)  

AOS importance * 28.99 27.96 (5.99) 

TOSRA              29.54 (5.43) 30.29 (4.94) 

 

 

 

 

 

9 

 

AOS understanding 

 

* 25.35 

 

25.599 (4.74) 

AOS enjoyment / interest * 25.17 25.47 (5.74) 

AOS importance * 26.99 28.47 (4.63) 

TOSRA              28.18 (5.63)     29.515 (4.852) 

* Pre-test estimate from standardised factor score (no SD) 
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in the field of multimedia learning (reviewed in Section 2.3) and helps to complete the 

transition from conceptual framework to formalised interpretation of study results. 

Surveying the conceptual framework presented in the literature review indicates that 

stimuli processing occurs within integrated brain networks biased toward goal-directed 

behaviour in natural ecologies. Consequently, normal stimuli processing is 

characterised by embodied and supra-additive multimodal processing involving 

attentional, affective and cognitive functioning. The study results are concordant with 

these basic premises and highlight the relative contributions of socioeconomic status 

and cortico-cerebellar interactivity in effective learning. The following areas of 

discussion thus relate normal and abnormal processing to the results presented in 

Sections 5.2. and 5.3. Specifically, a recap of the integrated nature of passive and 

active processing (Section 5.4.1) precedes discussion of stimuli integration and student 

performance in cognitive-regulatory tasks involving multimodal learning texts. This 

latter analysis is dichotomised according to integrated (Section 5.4.2) and non-

integrated textual (Section 5.4.3) processing. 

5.4.1 Brain networks involved in stimuli processing. 

Linear as well as supra-additive non-linear processing is observed in the same neural 

networks depending on the task-immediacy and relevance of observed stimuli. The 

passive (default) mode network (Buckner et al., 2008) that underpins embodied 

cognition (outlined in Section 2.5) thus forms the corticolimbic basis of passive as well 

as active information processing, respectively. As seen in Chapter 2, this network is 

defined by its perceptual, cognitive, homeostatic and behavioural roles and can be 

subdivided into its basic cognitive-regulatory, perceptual and affective components 

(c.f. Nelson et al., 2004). This simplified network is presented as graphic 'A' in the 

conceptual model (Figure 5.4). The nodes process social stimuli in a sequential manner 

(i.e. affective and cognitive processes are contingent on perception) though are 

assumed to interact as a distributed network. Accordingly, a social stimulus imbued 

with affective significance generates feedback from the affective network on the 

perception network for further perceptual processing.  

Importantly, this network's structural integrity and the limitations of hippocampal, 

amygdala and prefrontal-dependent cognition, as outlined in Sections 2.5 and 2.6, are 
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contingent on patterns of glucocorticoid expression and related inhibitory dysfunction. 

Given that a key mediator of glucocorticoid response is socioeconomic status (see for 

example, McEwen & Gianaros, 2010; Nusslock & Miller, 2016), the conceptual model 

in Figure 5.4 takes as an assumption the influence of individual development as 

indicative of impaired passive and active processing at both structural and functional 

levels of analysis. Meanwhile, Sections 2.3.2.2 and 2.6. detailed the role of joint 

cortical and cerebellar processes involved in formation of automated internal models 

linked with higher-order control. Accordingly, involvement of prefrontal-cerebellar 

and parietal-cerebellar processes hypothetically bridge the gap between passive and 

active processing and form the basis of learning differences between learners of 

differing social background.  

 

Figure 5.4 Conceptual model of normal and abnormal processing with and without 

stimuli integration 
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5.4.2 Integrated processing: Union of passive and active nodes 

In the conceptual model, passive and active mode processes are distinguishable by 

inverse levels of activity during periods of rest compared with externally oriented 

cognitive tasks. In Figure 5.4, Graphic 'B' indicates normal active processing with 

integrated stimuli. As outlined in Section 2.5, the basis of active processing (i.e. normal 

learning) is a specific cooperation between the passive mode network and the 

cerebellum. Cognitive-regulatory, affective and perceptual networks involved in 

default 'resting' passive mode processes are suppressed during higher-order active 

mode control; subsequent processing within reciprocal cerebro-cerebellar regions 

involves duplication of working memory content as cortical ‘body’ and ‘motor’ 

schemas by the cerebellum.  

This is necessary for model formation in the cerebellum and declarative off-line 

learning and emphasises the normal behavioural refinement mediated by intentionality 

and motor affordance encountered in ecologically realistic learning. Successful 

schema formation with integrated input involves iterative modification ('updating') of 

internal models with conscious awareness eventually disappearing following storage 

of efficient behaviours in motor cortex. In short, declarative learning culminates as the 

uncoupling of over-learnt sensorimotor procedural and semantic properties and their 

purposive application in voluntary learning.  

Within the conceptual model, limited as it is to the analyses undertaken in the project, 

learning patterns are conceptualised in terms of two features. Learning gains for 

students of high socioeconomic status with socialised learning text are due to normal 

suppression of passive mode networks and cerebellar involvement in model formation. 

Integrated text model formation is facilitated by the normal interplay of dorsal ‘where’ 

and ventral ‘what’ streams in stimuli processing (Section 2.5). Meanwhile, with 

control text (i.e. non-integrated stimuli presentation), model formation in high SES 

students occurs via motor abstraction and simulation in the absence of pragmatic action 

opportunity representations. This occurs due to the higher level of abstractive ability 

afforded by typical, non-aberrant maturational patterns in higher SES individuals 

(Section 2.4.3). Conversely, learning gains for low socioeconomic students with either 

of the socialised texts, though not the Bimodal Asocial (BA) control text, are 
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attributable to an overriding of passive mode network hyperactivity and / or 

dysfunctional cerebro-cerebellar connectivity (for details of individual neural 

development see Section 2.4.2). These inhibitory pathways represent an imbalance 

between cognitive-regulatory top-down processing and off-line mentalising and help 

explain the affective-reactive response to socialised stimuli of low SES students. 

The conceptual model assumes subjective social standing as an appropriate 

measurement of socioeconomic status. Specifically, parsing SES by objective and 

perceived measures in the study design revealed the association of subjective social 

standing with cognitive outcomes, including recall, transfer and analysis and 

evaluation of science content. By extension, robust directionality in analysis 

emphasised the likely mechanisms of cerebro-cerebellar dysfunction in low SES 

learners mentioned above. Putatively, integrated learning text facilitates cerebellar 

internal modelling of content in learners self-identifying as low SES. In such learners, 

efficient PFC modelling of motor and body schemas is hypothetically enabled via the 

congruent 'narrative' of the multimodal graphic novel which grounds information to a 

derived social setting (Tabachnick, 2009).  

In reference to suitably contextualised information (integrated input), the research 

findings suggest that social congruency overshadows effects of stimulus mode 

interaction and dominance in multimodal presentations. Within the conceptual model, 

integrated input (Figure 5.4, Graphic 'B') is defined according to ecological 

congruency in depicting the co-deployment and co-contextualisation of semiotic 

resources presented as a wide range of communicative sensory aspects. In reference to 

previous multimedia research on stimuli integration (surveyed in Sections 2.7.1 and 

2.7.2), as neither auditory mode variant in socialised text (i.e. speech bubble compared 

with columnar text) better predicted learning in low SES students, 'integrated' input is 

presented simply as social integration of stimuli irrespective of auditory modality (see 

Appendix XX for a copy of researcher-developed texts used in this study). Indeed, it 

can be considered that multimodal perception emerges as a feature of its context rather 

than any dominant visual or auditory modality. Mechanistically, integrated stimuli 

approximate ecological congruency in audiovisual processing and align procedural 

representations of to-be-learnt material with 'on board' motor cortex behavioural 

models. Derived declarative knowledge is contingent on cerebro-cerebellar simulation 
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of these situated behaviours and actions and when measuring output as successful 

recall and transfer of content, executive function in learners using integrated text 

involves the successful internal manipulation of these embodied functions and 

processes.  

5.4.3 Non-integrated processing: Disrupted cognitive-regulatory processing 

Graphic 'C' in Figure 5.4 highlights disrupted processing in the absence of integrated 

stimuli input. In this condition, non-integrated text fails to activate normal cerebro-

cerebellar connectivity and non-linear memory processing. As supported by the study 

findings, implications of non-integrated text for learning are contingent on individual 

SES differences and relate to disrupted cerebro-cerebellar model formation and the 

influence of affective network processes. In the conceptual model, disrupted model 

formation thus prioritises affective network dysfunction as a primary mediator with 

flow-on effects for perceptual and cognitive-regulatory networks. As mentioned 

earlier, a directional sequence of stimuli processing occurs between the perceptual, 

affective and cognitive-regulatory networks. Nonetheless, this directionality is 

interactive, in that a social stimulus imbued with affective significance will elicit 

feedback back to the perceptual network for further affective and cognitive-regulatory 

processing. Importantly, in normal learning with integrated audiovisual input, cortico-

limbic 'executive' processes assert strategic control over other passive mode brain 

regions and involve cerebellar modelling in memory consolidation. By contrast, 

incongruent stimuli leave the learner susceptible to affective network influence in the 

integration of external and internal stimuli as an influence of individual experience and 

perception. Self-referential mentalising (see for example, Amodio & Frith, 2006) in 

the affective network attributes meaning to personal experience, which in the case of 

low SES students broadly equates science as a content area with negative affect. This 

affective- / perceptual-cognitive imbalance was seen in the study results in the 

experimental contrasting of students' perceptions of integrated science learning text 

and enjoyment of science as a learning area. As seen, integrated learning text was 

associated with perceived science understanding, enjoyment and importance despite 

(a) low SES student understanding with non-integrated text, and (b) consistently poor 

low SES student attitudes towards science as a learning area.  
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The affective system underlies embodied cognition as it mirrors the observed actions 

and intentions of social entities and generates the basis of action understanding (Wang 

et al., 2017). As discussed, this brain network develops early in childhood and 

influences cognition as a result of environmental influences in its developmental 

trajectory. With low SES learners, affective system dysfunction (see Section 2.4.3 for 

discussion of amygdala inhibitory / excitatory regulation of hippocampus and 

prefrontal cortex) presents as hyperactivity of passive mode brain networks with a 

physiology manifesting in threat detection and preparative energy regulation. When 

considering cognitive outcomes within the study, these functional observations equate 

to impaired action understanding when learning involves non-socialised text; 

attitudinal findings, correspondingly, emphasise the low engagement of low SES 

students with such text. Learning for low SES students in this context fails to generate 

normal interactions between perceptual, affective and cognitive-regulatory networks; 

affective network hyperactivity also poses a likely inhibitory factor. Within the 

constraints on the currently described research design, the normal sequence of 

procedural-declarative knowledge generation is thus delayed by a lack of 

motivationally relevant signals and stimuli incongruency is further compounded in 

processing by possible cerebro-cerebellar disconnectivity and / or hyperactivity in 

resting state affective mode processes. In sum, within the context of the currently 

described conceptual model, low SES learners are likely to lack the cognitive resources 

necessary to disengage passive state processing and employ normal cerebro-cerebellar 

model formation with non-integrated text. This may manifest behaviorally as low 

interest in science as a learning area; though, as discussed in Section 5.4.4.2, low 

engagement can be reversed with appropriately designed learning text.  

5.5 Chapter summary 

This section summarises the results of the study as detailed in this chapter. In so doing, 

key findings are organised according to the research objectives and related study 

hypotheses; summaries of research objectives 1-4 are thus presented sequentially as 

Sections 5.5.1 – 5.5.4.  
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5.5.1 Research objective 1 

Research objective 1 asked: 

How does the degree of textual modality affect retention of content in 

learners differentiated by social standing?  

Related research hypotheses were: 

• Ha1: Students will retain more information from multimodal learning texts. 

• Ha4: Students will benefit from the highest degree of visual-verbal 

integration (MS text type). 

Research objective 1 sought descriptive and inferential accounts of the effect of textual 

visual-verbal modality on retention of science content in socioeconomic-differentiated 

middle school students. In initial analysis, prior to inclusion of objective and subjective 

socioeconomic status as study covariates, the hypothesised benefits of multimodal 

learning text for enhanced learning across the student body was observed with use of 

multimedia texts in both variants, Multimodal Social (MS) and Bimodal Social (BS). 

Observed cognitive gains satisfied acceptance of research hypothesis 1 as student 

improvements occurred with both variants of multimedia intervention texts and were 

inclusive of each grade level. Also, notwithstanding the unexpected variance in grade 

7 science achievement, cognitive gains in retention and recall map well to the 

assumptions of block homogeneity established in Chapter 4 (Sections 4.4.3.2 and 4.7). 

This preliminary finding supports the use of multimodal text in science learning, 

irrespective of personal factors including social standing as well as design factors such 

as distinctions in auditory mode. Meanwhile, study hypothesis 4, itself closely 

associated with study hypothesis 1, conflates the degree of visual-verbal integration to 

cognitive / memory processing. Greatest retention and transfer of science content was 

predicted for the Multimodal Social (MS) text which presents the highest degree of 

social congruence and salient multimodality. Nonetheless, enhanced recall and transfer 

of science content appears less sensitive to auditory mode (i.e. relating to the 'aural 

proxy' mode of Multimodal Social [MS] text versus the 'linguistic mode' of Bimodal 

Social [BS] text) than to multimodality per se as evidenced with the apparent 
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superiority of Bimodal Social (BS) text in two grade levels (grades 8 and 9 - Figure 

5.1). Given the hypothesised multimodal congruency and saliency benefits of the 

Multimodal Social (MS) text, the apparent equivalency of MS / BS text for learning is 

unexpected though interpretable in light of cross-modality in multimodal audiovisual 

processing (Section 2.6 provides details of neural mechanisms in processing congruent 

and incongruent audiovisual presentations). In sum, study hypothesis 4 (Ha4), that 

students will benefit from the highest degree of visual-verbal integration, is accepted 

with reservations surrounding the appropriate definition and representation of auditory 

mode in learning text design.   

5.5.2 Research objective 2  

Research objective 2 sought to: 

Explore whether objective and subjective accounts of social standing 

covary with retention of content. 

The related research hypotheses were: 

• Ha2: Subjective SES will be associated with enhanced learning from 

multimodal learning texts. 

• Ha3: Low SES students will exhibit greater learning from multimodal 

learning texts than high SES students. 

Research hypothesis 2 aimed to examine the association of subjective socioeconomic 

status and student cognitive gains from use of multimodal learning text. Research 

hypothesis 3, meanwhile, sought to discern the relative benefit of multimedia learning 

text, appropriately socialised, for low SES students. Following the decision to remove 

objective SES from the factorial design due to its lack of predictive impact on the 

response variable of science learning, only subjective SES remained as a covariate. 

This appears to confirm research hypothesis 2 given that objective SES failed to 

significantly correlate with the dependent variables. It also strengthens the 

hypothesised benefits of multimedia text per se when viewing the consistency and 

directionality of MANOVA and MANCOVA effects (i.e. text type / science outcomes 
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before and after covariate inclusion). In analysis of SES as a predictor of cognitive 

outcomes, subjective social standing effectively reduced noise between each 

dependent variable with enhanced student learning in the cognitive domains of science 

achievement, knowledge and understanding and application of science content. 

Student gains, moreover, were observed for post-test Analysis / Evaluation results, 

which represented a finding otherwise undetected in analysis prior to inclusion of 

subjective SES as a study covariate. In conclusion, modelling subjective SES helped 

control extraneous variance and highlights the association of subjective social standing 

with multimodal text and enhanced science retention and recall in middle school 

students.  

5.5.3 Research objective 3  

Research objective 3 aimed: 

To investigate how student-held attitudes toward science and science 

learning materials differ based on degree of textual visual and verbal 

modality integration. 

The related research hypotheses were: 

• Ha5: Multimodal texts are perceived as more engaging than regular learning 

text. 

• Ha6: Multimodal texts will enhance student enjoyment of the subject area. 

• Ha7: Low SES students will perceive greater learning benefits from 

multimodal learning texts than high SES students. 

Research objective three sought to measure student attitudinal data relating to science 

as a learning area as well as science learning materials. As described in Section 6.2.2, 

this was considered essential as while multimodal text could be associated with 

enhanced science learning, such text may facilitate learning as a result of greater 

engagement with text type rather than the subject area itself. Indeed, from analysis of 

perceptual data, it is suggested that multimedia texts may enhance learner enjoyment 

and understanding, though not subject-area interest. 
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From initial analysis of enjoyment of science, no significant between or within-group 

differences were observed in pre- or post-test Test of Science Related Attitudes 

(TOSRA) data. Additionally, prior to linear regression analysis, no differences existed 

between the Affective Outcomes Scale (AOS) enjoyment scale and TOSRA post-test. 

The latter finding was expected, though the former was evidence for limited student 

enjoyment of science as a subject area regardless of text-type. Also expected was the 

finding from multiple regression analysis that TOSRA data share a linear association 

with AOS enjoyment; however, the strong correlation between TOSRA enjoyment of 

science and AOS understanding initially appears to upset the general trend of low 

learner interest. It is noted, moreover, that the discordant association of multimedia 

text between (a) learner enjoyment and understanding and (b) the perceived 

importance of science, appears to operate independently of student social background. 

Taken together, this suggests confirmation of research hypothesis 5 though rejection 

of research hypothesis 6. The findings also colour interpretation of research hypothesis 

7 which holds that low SES learners will disproportionately engage with multimedia 

learning texts and perceive enhanced learning benefits from such text. As related 

analyses showed improvement in perceived learning across each Affective Outcomes 

Scale (AOS) scale, with AOS enjoyment and understanding strongly correlated with 

TOSRA data, the conclusion is drawn that multimedia itself generates learner interest 

and learning outcomes separately from the content being presented and separate of 

socioeconomic status. In conclusion, research hypothesis 7 is rejected and it is 

suggested that attitudinal gains from use of multimedia learning materials are 

enhanced irrespective of social background.  

5.5.4 Research objective 4  

Research objective 4 aimed: 

To present a model of cognitive architecture consistent with the study 

results and existing neurological literature. 

Research objective 4 was presented a posteriori in deduction of a conceptual model 

consistent with neuroscience theory and the study results presented in Sections 5.2 and 

5.3. In line with research objectives 1 and 2, the conceptual model (Figure 5.4) is 
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primarily focused on multimodal stimuli processing for SES-differentiated middle 

school students. In incorporating research objective 3, the conceptual model also 

involves student attitudinal findings in the attempt to build a holistic view of 

multimedia learning. Implications for multimedia learning are captured by the 

conceptual model in the interaction between passive (default) mode and active mode 

brain networks and their relationship to internal model formation and declarative 

learning. In learning from non-integrated stimuli in paper text, low SES learners appear 

to lack the cognitive resources to override passive mode hyperactivity and / or benefit 

from cerebro-cerebellar integration in the absence of congruent textual features. 

Conversely, positive feedback between the affective and perceptual / cognitive-

regulatory networks appears to be supra-additive in that low SES learners engage more 

with socialised stimuli, regardless of personal feelings towards the subject. Learning 

gains in the latter condition are explained in the conceptual model in terms of efficient 

cerebro-cerebellar internal model building and simulation of internal models in 

subsequent learning. As such, these processes are described in the conceptual model 

as a consequence of cortico-cerebellar integration and mirror basic procedural-

declarative learning processes. When examining high SES students, for whom learning 

gains did not differ significantly between control and experimental texts used in the 

study, learning gains in socialised text is explained as for low SES students – i.e. in 

suppression of passive mode networks. The additional assumption of non-aberrant 

abstractive ability in high SES learners helps explain learning gains for this group with 

non-integrated (i.e. control) text. Taken together, the conceptual model positions SES 

as a central contextual variable in multimedia research and prioritises socialised text 

for efficient learning.  

The following chapter further discusses these experimental findings and presents 

conclusions for the field of multimedia learning.
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Chapter 6  

DISCUSSION AND CONCLUSIONS 

6.1 Introduction  

This study investigated the suitable design of science learning materials as a 

multimedia learning research project. The study involved 214 middle school students 

within a quasi-experimental design; as outlined in Chapter 4 (Section 4.3), cognitive 

and attitudinal outcomes associated with textual design were assessed using ten intact 

groups of science students in a cluster randomised trial lasting for one school term. 

Also, socioeconomic status was included in both objective and subjective forms to 

better understand the relationship between multimedia text design and student 

socioemotional processing and cognition. In this chapter, the findings from Chapter 5 

are summarised and discussed; to situate the findings within the field of multimedia 

learning, conclusions relating to each of the research objectives are integrated with 

existing multimedia research (Section 6.2). Theoretical and practical implications of 

the research for multimedia learning and educational practice are then outlined in 

Section 6.3 where specific administrative, design and pedagogical recommendations 

are identified. Additionally, limitations of the research are discussed (Section 6.4) and 

a summary of recommendations is provided (Section 6.5). Finally, significance of the 

study is given (Sections 6.6) and future research directions are outlined in the 

concluding remarks (Section 6.7). 

6.2 Summary and Discussion of Major Findings 

The following section outlines study findings and juxtaposes them against 

developments within the multimedia learning literature. In so doing, an evaluative 

account is provided to contextually ground, and theoretically relate, the findings to 

established principles of multimedia learning. Study findings are categorised 

according to research objectives (see Section 1.4.1) and related hypotheses. As such, 

Section 6.2.1 describes key findings for research objectives 1 and 2, while Sections 

6.2.2 and 6.2.3 present key findings for research objectives 3 and 4, respectively.  
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6.2.1 Research Objectives 1 and 2  

Research objective 1 sought to examine how textual modality would affect retention 

of science content for middle school learners. Textual modality was defined in the 

study as either socialised or non-socialised in its display and integration of linguistic 

and graphical depictions. To this end, key assumptions guiding the effectiveness of 

learning text design in promoting the recall and transfer of scientific content was 

multisensory congruency and the attribution of animacy to science content. Socialised 

text, in this regard, included personalisation and personification of textual elements 

and presented to-be-learnt concepts within social contexts. In the design of 

intervention texts, socialised text thus aimed to present learners with scientific 

concepts and content constructed to represent real world settings. From review of the 

literature on accompanying text in multimodal presentations, including eye-tracking 

study, it was considered that a graphic novel format would best suit these design 

requirements and, hence, suit the study. Non-socialised text, by contrast, was 

conceptualised as an incongruent presentation of pictorial and verbal information. 

Following the definition of congruence offered above, non-socialised text was one 

which presented words and pictures in contextual isolation i.e. devoid of deliberate 

multimodality. Within the study, the regular science textbook used at the site 

represented a suitably incongruent display of audiovisual features, and thus acted as 

the control text.  

Socialised text, moreover, was designed to represent a continuum between ‘full’ and 

‘intermediate’ socialised formats. Addressing the ‘full socialisation’ of text, 

Multimodal Social (MS) text, was designed by the researcher to mimic a graphic novel 

format and presented auditory stimuli as speech bubbles; meanwhile, the Bimodal 

Social (BS) text used the same visual referents as the MS design though presented 

accompanying text in columnar format. Hypothetically, the socialised text variants 

corresponded to a differentiated auditory mode: congruent auditory components in the 

MS text were ‘multimodal’ as they were socially congruent (i.e. received and processed 

in an ‘expected’ integrated manner) while the BS text was ‘bimodal’ as it presented 

auditory stimuli separate to their corresponding visual elements. Relative to the MS 

text, stimuli processing in this condition was hypothesised to present a potentially 

unexpected ‘splitting’ of audiovisual modality like that of asocial text.     
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Research objective 2, in turn, sought to better understand the connection between 

student social standing and science learning. Here, hypothesised associations between 

multimodality in textual design and retention of science content for learners, 

differentiated by socioeconomic status were tested. The study design involved separate 

measures of social standing; this involved collection of objective SES data as 

aggregated family survey scores including educational, occupational and financial 

measures as well as a subjective measure gained directly from students. The latter 

measure involved two self-anchoring scales of perceived social standing and was 

included to provide a richer measure of SES in response to research examining 

subjective social standing as a causal factor in social epidemiology, including 

variations in cognitive development.  

Research hypotheses relating to Research Objectives 1 and 2 were: 

• Ha1: Students will retain more information from multimodal learning texts. 

• Ha2: Students will benefit from the highest degree of visual-verbal 

integration (i.e. multimodal social (MS) text type). 

• Ha3: Low SES students will exhibit greater learning from multimodal 

learning texts than high SES students. 

• Ha4: Subjective SES will be associated with enhanced learning from 

multimodal learning texts. 

A summation of the results presented in Chapter 5 concerning Research Objectives 1 

and 2 are presented according to the relevant research hypotheses: 

a) Socialised multimodal text enhances subject-area cognitive outcomes (Ha1); 

b) Auditory mode may be less important than social congruence in learning texts 

(Ha2); and 

c) Subjective socioeconomic status covaries with student learning (Ha3; Ha4). 

A brief extension of these summary points precedes further discussion. 

• Socialised multimodal text enhances subject-area cognitive outcomes (Ha1) 
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o The study results showed a pattern of higher achievement for socialised 

intervention text in both conditions (i.e. for Multimodal Social [MS] and 

Bimodal Social [BS] text variants) when compared with asocial control 

text (i.e. the Bimodal Asocial [BA] text variant).  

o The observation of improved science raw scores across each grade, albeit 

with marginally higher error variance for grade 7 students relative to 

grades 8 and 9, suggested acceptance of research hypothesis 1.  

o The effect of socialised text on learning appeared to be limited to 

cognitive gains in the domains of science knowledge / understanding and 

application of science content only, without similar improvements in 

analysis and evaluation. In short, this satisfied the assumption that 

socialised text would benefit learners in recall and transfer, though as 

seen, cognitive improvements were not evident for higher order cognitive 

demands.  

In sum, multimodal learning texts enhanced science learning in this study. Cognitive 

gains were similar for the two researcher-developed texts (i.e. Multimodal Social [MS] 

and Bimodal Social [BS] texts) and included significant gains for students in the 

cognitive domains of knowledge / understanding and application, though not analysis 

and evaluation.  

• Auditory mode may be less important than social congruence in learning 

texts (Ha2) 

o Prior to modelling social status as a covariate in MANCOVA analysis, 

learning gains were approximately equal across both variants of 

socialised text (i.e. Multimodal Social [MS] and bimodal social [BS] 

texts) which differed only in auditory mode. This raised questions 

regarding the nature of auditory mode dominance. 

o Following the inclusion of social status as a covariate in MANCOVA 

analysis (described for Ha3; Ha4 below), cognitive gains were seen for 

the MS text in analysis and evaluation without similar gains for the BS 

text. Nonetheless, questions of auditory mode dominance persisted given 

the lack of correspondingly significant differences in ‘lower order’ 
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cognitive gains (i.e. knowledge / understanding and analysis cognitive 

domains) for the MS text relative to the BS text.   

Analysis of research hypothesis 2 suggests that in contrast with established multimedia 

principles, textual multimodality appears to moderate learning due to social 

congruency rather than any inherent effect of auditory modality. This effect may 

disappear, however, for higher order cognitive domains that involve evaluation and 

reasoning of science concepts. To enhance higher order reasoning, in other words, it 

may be necessary to fully integrate auditory and visual elements of learning texts.  

• Subjective socioeconomic status covaries with student learning (Ha3; Ha4) 

o The beneficial learning effect of socialised text survived inclusion of 

socioeconomic status in MANCOVA analysis where the modelling of 

subjective social standing strengthened the association between science 

cognitive outcomes and socialised text for both text variants (i.e. 

Multimodal Social [MS] and bimodal social [BS] texts).  

o Objective SES, meanwhile, was removed as a study variable following 

its failure to satisfy essential assumptions within preliminary 

MANCOVA analysis.   

o In multivariate analysis, subjective SES not only emphasised the positive 

association between text design and improved recall and transfer of 

science content (i.e. gains in knowledge / understanding and application 

questions) but also included improvements for students in the analysis 

and evaluation of science content.  

o Dissimilar to preliminary ANOVA analysis (discussed in relation to Ha2 

above), the MS text was solely associated with improvements in the 

analysis and evaluation of science content in MANCOVA, thus 

reinforcing subjective SES as a significant predictor of cognitive 

outcomes in multimedia learning. 

o Modelling subjective social standing as a covariate in MANCOVA also 

indicated that low SES learners benefited the most from use of socialised 

learning text. Cognitive gains for such learners included recall and 

transfer of science content across each cognitive domain tested.   
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In summary, multimodal text is predictive of enhanced learning across the 

socioeconomic gradient. Additionally, while multimodal socialised text benefitted 

learners irrespective of social background, socialised text disproportionately benefitted 

learners who position themselves lowest in social rank. 

These results present both corroboratory and conflicting findings within multimedia 

learning research (see for example, Gegenfurtner et al., 2011; Reinwein, 2012; Richter 

et al., 2015). In analysis, the current findings are contextualised according to cognitive 

theory of multimedia learning (CTML) principles and learning effects given the 

centrality of this research paradigm in the field of multimedia learning. With relevance 

to the current findings, CTML research is typified by cognitive science precepts and 

derived principles of instructional design (see Section 3.2.2). Three such design 

principles which frame multimedia learning research theory and colour CTML 

findings are the modality, spatial and temporal contiguity principles (see for example, 

Schuler et al., 2012). A fourth principle, the multimedia principle, is generative of, and 

umbrellas, these and other core principles (see Section 2.4.2). As seen, the results 

presented in Chapter 4 accord with reported findings of the efficacy of the multimedia 

principle in promoting learning and are consistent with other surveyed research (see 

Section 3.2.2). Nonetheless, the study results contradict reported findings for the 

modality and spatial / temporal contiguity principles. These findings are elaborated on 

further below where the cognitive architecture of CTML is critiqued for its reliance on 

separate streams of processing.  

The results in the current study accord with research findings examining the 

multimedia principle (e.g. Mayer & Moreno, 2003; Mayer & Johnson, 2008; Sorden, 

2005). Here, consistency with multimedia research examining the utility of concurrent 

versus serial presentation of visual-verbal stimuli is seen in the enhanced recall and 

transfer of science content for learners presented with text and accompanying images. 

Such a result is unsurprising, though, given the task-immediacy and relevance of 

congruently presented audio-visual stimuli (see conceptual model, Section 5.4). 

Correspondingly, at this level of analysis, dual coding theory is perhaps adequate in 

explaining learning gains from combining text with visual referents (although c.f. 

Stanovich, 2009, p. 55). Nonetheless, from further analysis of research objectives 1 

and 2, mechanistic shortcomings of dual coding theory can be theorised from research 
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inconsistencies in the modality and temporal / spatial contiguity principles. With 

respect to the modality principle, CTML theory holds that cognitive processes are 

enhanced when new information is presented as audio narration rather than via on-

screen text (Hasler et al., 2007). This assumption is undermined in the current study 

by the demonstration of enhanced learning occurring as a result of stimuli integration 

with static text. Correspondingly, limiting the pace of learning to student-paced 

learning, as a methodological consequence of static learning text, further erodes 

confidence in CTML’s explanation of spatial and temporal contiguity effects in 

learning. In short, the results reported in this thesis bring into question the assumed 

auditory dominance of narration (see Ginns, 2005; Mayer 2001, 2005b; although c.f. 

Schuler et al., 2011) and highlight the importance of defining spatial contiguity as a 

feature of socialised multimedia text.  

The demonstration that auditory mode distinctions appear to be less important for 

learning than social congruence, with respect to text design, could cast doubt of the 

nature of the CTML cognitive architecture as regards stimuli processing (see Sweller 

et al., 1998). The results reported in this thesis, alongside those of Schueler et al. (2008) 

and others using static learning resources in multimedia format (see for example, 

Mayer, 1989; Mayer & Gallini, 1990; Mayer et al., 1996) suggest that a more accurate 

picture of cognition might involve perceptual and memory processes that are 

attenuated by stimuli congruency rather than dominance in any given modality. The 

assumption of auditory dominance, nonetheless, underlies the Modality Principle 

within CTML (see Section 2.4.2) and follows from the assumption of visual and 

auditory sub-system processing (Baddeley, 1986, 1999; Chandler & Sweller, 1991) 

and the assumed enhancement of cognitive resources with audio narration (Schueler 

et al., 2008). Regardless, these fundamental assumptions of CTML would appear to be 

questionable following the observation of enhanced learning in research involving 

integrated audio-visual content presented in paper-based texts or when auditory text 

accompanies visual graphics at user pace. Such discrepancies have been described both 

in the current research as well as the multimedia literature (see Sections 2.4.1 and 

2.4.2). For example, Schueler et al.’s (2008) findings indicate that system-paced 

presentations emphasise spatial, though not temporal, incongruence in system-paced 

presentations. As described in Section 2.4, learning gains in that study were equivalent 

for learners presented with information in either auditory or visual form, provided that 
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verbal and non-verbal information was processed simultaneously. The authors caution 

that, despite the typical utilisation of technological innovations such as computer-

assisted learning (CAL) in research related to CTML (see for example, Crooks et al., 

2012 and Kalyuga, 2005b), auditory text presents no advantage to visual text when the 

learner is free to control the lesson pace. Also notable is Reinwein’s (2012) finding 

that, alongside lesson pacing and learner age, a ‘picture realistic’ visualization 

condition was superior to either ‘static’ or ‘decorative’ pictures in promoting learning. 

Controlling these variables also significantly reduced effect size estimates as reported 

in previous Modality Principle research. Adding weight to the importance of photo-

realism was Gegenfurtner et al.’s (2011) eye-tracking meta-review where expert–

novice differences were smaller for photo-realistic than for schematic visualisations. 

These findings are significant as modality principle research relates to stimuli modality 

and not the type of presented visualization. The current findings parallel these 

developments and strengthen the notion of socialised texts eliciting positive learning; 

they also hold implications for a redefinition of the Modality Principle, on the basis of 

socialised stimuli congruency.  

Discrepancies in Multimedia Research results also emphasise the importance of spatial 

congruence relative to its temporal analogue. This finding, relevant to research 

hypothesis 2 in terms of visual-verbal integration, mainly relates to inconsistencies in 

the results of studies that have examined static versus dynamic multimedia 

presentations and where lesson pacing is modified. Specifically, learner-paced 

presentations often present significant spatial contiguity effects where learning 

involves non-static learning texts and vice versa (e.g. Moreno & Mayer, 2002; 

Hegarty, 2004; Schroeder & Cenkci, 2018) and where spatial contiguity has been 

moderated as a design feature to include variations in (relative) timing of auditory and 

visual components of text (e.g. Florax & Ploetzner, 2010; Kalyuga, 2005b, Mayer et 

al., 1995). Nonetheless, research also reveals that positive learning accompanies 

narrated text and animation / graphics in either paper-based or computer assisted 

learning conditions (Mayer et al., 2003; Moreno & Mayer, 1999). In common with the 

commentary above, though, no studies demonstrate consistent learning gains for 

system-paced presentations regardless of variations in spatial contiguity. Of 

importance, also, is the observation that no such equivalence is reported in studies with 

temporal contiguity measured as either a primary or secondary learning effect (e.g. 
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Brünken et al., 2004; Gyselinck et al., 2008; Rummer et al., 2010). This is of relevance 

as such studies reveal that learners perform equally well in recall and transfer tasks 

regardless of auditory modality provided that spatial contiguity (i.e. audiovisual 

congruency) is maintained.  

In consideration of the above, the findings reported in this thesis help to confirm the 

relevance of the multimedia effect (that is, positive learning accompanies material 

presented as text and pictures) whilst also identify a crucial splitting of attention 

present within incongruous multimedia displays. Unlike traditional research related to 

multimedia learning, the findings reported in this thesis involved a splitting of attention 

that was operationalised in text design rather than a feature of distinct aural or visual 

modes or their relative timing in presentation. That is, as a feature of socialised 

audiovisual alignment. This finding, and its theoretical implication, is discussed 

further in Section 6.3.1 in the context of modal redundancy and holistic stimuli 

integration.  

In addition to socialised text, socioeconomic status (SES) was identified in the study 

as an important variable in learning. Nonetheless, SES, whether objectively or 

subjectively defined, has not featured in multimedia research as a primary influence 

variable (see Sections 4.5.1.1 and 4.5.1.2 for further details). This omission is 

consistent with a view, within the field, of cognitive development as a broadly linear 

process (see for example, Reed, 2006; Sorden, 2012). Indeed, cognitive development 

and learning appear to be considered in multimedia research as occurring in tandem; 

correspondingly, content knowledge is acquired and stored as schema with increasing 

sophistication (c.f. Piaget, 1936, 1957). Long-term memory, accordingly, differs 

between individuals on the basis of referential and associational links between schema 

(see Section 2.3.2.1). Perhaps due to this prioritisation of distinctions, including prior 

knowledge and level of expertise which are theoretically amendable by experience on 

the part of the learner, reviewed studies did not involve individual determinants such 

as SES or other environmental influences on cognitive development. Thus, situating 

the current study within multimedia learning research is limited to analysis of 

socioeconomic status as a secondary influence variable or as an influence in 

hypothesised boundary conditions.  
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In examination of established multimedia effects, narrative and systemic reviews 

reveal the tendency of research related to CTML to prioritise design variates while 

downplaying learner characteristics. This trend persists even when facing theoretical 

and methodological discrepancies. For example, Reinwein (2012) expressed doubt on 

the notion of working memory resources as a basis of the modality effect and elicited 

specific moderator effects in place of dual coding accounts of stimuli processing. This 

followed his correction of Ginns’ (2005) overall mean effect size in modality principle 

meta-analysis from d = .72 to d = .2, a discrepancy which highlights the likely 

contribution of developmental factors such as socioeconomic status in stimuli 

processing. Nonetheless, in explication, Reinwein (2012) invoked design variates such 

as system pacing despite acknowledging the importance of learner characteristics, 

including the role of SES, as moderators of learning. Moreover, where learner 

characteristics are used in secondary analysis, it is noted that such studies arbitrarily 

demarcate learner characteristics including that of novice / expertise gradients (e.g. 

Korbach et al., 2016; Rey & Buchwald, 2011; Seufert et al., 2009) despite the threat 

that such distinctions could inadvertently operationalise socioeconomic status. 

Corresponding to the likelihood of unexpected SES influences, in meta-analysis of 

reported spatial and temporal contiguity effects, Ginns (2006) found that novice 

learners stood to gain significant improvements in learning upon spatial and temporal 

integration of textual elements. This effect, as discussed above, is nonetheless reversed 

when presentations are user- versus system-paced. Additionally, Mayer (2010) 

describes the expert reversal effect and complexity and pacing conditions, where 

learning gains are highest for ‘low-knowledge’ learners. As described in Section 2.4.2, 

this is explained in cognitive load theory (CLT) terms as a germane cognitive load for 

a novice representing an unintended extraneous cognitive load for an expert (Paas et 

al., 2004). However, given the immutability of temporal contiguity (discussed above) 

and the possibility that ‘novice’ status may reflect low socioeconomic status, this effect 

may better represent the influence of individual development including SES.  

The results described in this thesis help to establish the role of subjective social status 

in educational research. This is despite its more typical use as a study variable in health 

research, such as the ongoing longitudinal Whitehall II study (Marmot et al., 1991). 

Specifically, modelling subjective SES strengthened the predictive role of social 

standing in the determination of successful learning using multimodal text and offers 
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methodological and theoretical refinements for further research. To this end, it extends 

the notion of subjectivity beyond social standing to a consideration of the situated 

perspective of the learner more generally. By way of example, Construal Level Theory 

(e.g. Trope & Liberman, 2010) has been used to understand the interaction of students 

and the physical learning environment in multimedia learning (e.g. Paas et al., 2014). 

Here, psychological construals are theorised as reflective of spatial, temporal and 

social distance. In terms of the learner, the smaller the distance between the learner 

and the object of thought, the more concretely to-be-learnt material will be considered. 

The current study builds on this premise via analysis of social and affective distance 

as features of socialized text in graphic novel format. Methodologically, the study also 

builds on work such as Braveman et al. (2011) in eliciting sociobiological determinants 

of learning by providing an accurate approximation of social standing afforded by 

student self-referential social positioning. Utilizing a self-anchoring scale of subjective 

social standing possibly corresponds to a smaller ‘distance’ between the survey 

question/s and intended SES construct. By contrast, while CLT and CTML research 

has also considered the effect of learner ‘distance’ this has been limited to design or 

task variate status. In CLT, considerations of spatial arrangement have prompted 

amendment to physical learning spaces (e.g. Choi et al., 2014) while considerations of 

social distance have been addressed in CTML research via the effect of ‘personal 

address’ (e.g. Beege et al., 2017) and self-led study (e.g. Karalis & Vorvilas, 2011). In 

all reviewed studies, cognitive outcomes were enhanced where ‘distance’ between the 

learner and the instructor or learning material is reduced (e.g. Henderson et al., 2011; 

Snefjella & Kuperman, 2015). The implications of appropriately socialised multimedia 

and including subjective SES as a multimedia design variate are taken up again in 

Sections 6.3.2 and 6.3.3 respectively. 

6.2.2 Research Objective 3 

Research objective 3 sought to measure student-held attitudes towards science learning 

materials, defined, as for research objective 1, in terms of multimodality and social 

realism. Lacking an existing survey instrument capable of assessing student feelings 

towards regular and socialised text of the kind explored in this thesis, a novel 

instrument, the Affective Outcome Scale (AOS) was developed by the researcher. In 

addition to gaining a measure of student engagement with multimodal text compared 
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with regular text, the AOS instrument was designed to differentiate students based on 

social standing. As a multidimensional tool, the survey constructs of science 

enjoyment, understanding and importance thus required equal and consistent focus on 

text type as well as the hypothesised associations between socioeconomic status (SES) 

and abstractive ability. These associations, as outlined in other areas of the thesis (see 

Sections 2.7 and 2.7.2), assumed a greater abstractive ability in learners with 

increasing SES due to the greater opportunities in such individuals for prolonged 

frontal and language development. In high SES students, the corresponding social, 

cognitive and neurobiological refinement was posited to translate behaviourally within 

an aptitudinal orientation in favour of science and / or traditional learning texts. While 

it is recognised that aptitude does not necessarily associate longitudinally with attitude 

or achievement in science education (see for example, Potvin & Hasni, 2014) a greater 

tolerance for traditional learning text was assumed for such learners irrespective of 

personal feelings towards the subject. Conversely, lower ranked SES learners were 

assumed to hold unfavourable affective and motivational dispositions towards science, 

a bias that could manifest in an aversion to traditional science texts and a 

corresponding preference for graphic novel style learning materials.  

In addition, student attitudes towards science as a learning area were gained in order 

to better determine the utility of multimedia text in subject areas for which students 

lack an aptitude or motivation to learn from. As detailed in Section 5.3, the rationale 

for including a subject-area attitudinal measure alongside a design-oriented measure 

was motivated by the absence of corresponding measures in research programs as 

reported in the multimedia learning literature. As described in Section 3.8.1, a 

systematic review of the field revealed that affective orientations rarely feature as 

primary variables in research, and when attitudinal information from learners is 

sought, it typically relates to design features and not the content area being taught. 

Such omissions limit research findings given the possibility of overlooking 

interactions between a given treatment and the full range of attitudinal or aptitudinal 

data available.   

Research hypotheses relating to Research Objective 3 were: 
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• Ha5: Multimodal texts are perceived as more engaging than regular learning 

text. 

• Ha6: Multimodal texts will enhance student enjoyment of the subject area. 

• Ha7: Low SES students will perceive greater learning benefits from 

multimodal learning texts than high SES students. 

The analyses as presented in Chapter 5 relating to Research Objective 3, and the above 

hypotheses, are summarised as follows: 

a) Multimodal text is perceived as more engaging than regular learning text (Ha5); 

b) Multimodal text is associated with cognitive gains though does not facilitate 

greater student interest in science as a subject area (Ha6); and 

c) Graphic novels are not disproportionately beneficial for low SES students 

(Ha7).  

A brief extension of these summary points is given prior to further commentary. 

• Multimodal text is perceived as more engaging than regular learning text 

(Ha5) 

o Factor and regression analysis revealed that the AOS and TOSRA 

instruments reliably discerned between measurement of science attitudes 

relating to text design versus science as a subject area, respectively, and 

that subject area attitudes did not vary significantly over the course of the 

intervention.  

o Meanwhile, with exposure to multimedia text during the intervention 

phases, attitudes towards multimedia text improved significantly though 

only for enjoyment and understanding of science. Perceived importance 

of science, conversely, did not show a corresponding increase yet still 

accounted for a large degree of experimental variance prior to 

establishment of pre-test AOS factor scores. Confirming this, a posteriori 

parameter estimation indicated that the importance of science was not 

influenced by multimodal text though appeared to be closely aligned with 

existing views of science given its consistency and similarity to TOSRA 

general attitudes towards science.     
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The learning gains demonstrated for Research Objective 1 and 2 can be interpreted as 

a learning effect whereby positive feelings for multimedia / socialised learning text 

corresponds to improvements in understanding via enhanced affective engagement. 

Enhanced engagement, in this context, does not appear to include corresponding 

improvements in the perceived importance of science. In other words, the perceived 

importance of science is not apparently predictive of student engagement or 

comprehension of science content. These preliminary results led to acceptance of Ha5 

and suggest that enjoyment of science is a pathway to increased understanding of 

science content. 

• Multimodal text is associated with cognitive gains though does not facilitate 

greater student interest in science as a subject area (Ha6) 

o In the analysis presented in Chapter 5 it was determined that, while 

multimodal text is associated with enhanced science learning, such text 

may facilitate learning due to greater engagement with text type rather 

than the subject area itself. Provision of an affective psychometric 

measure was thus important in delineating the design of effective 

multimedia learning materials given that any intervention is unlikely to 

alter fundamental attitudinal orientations toward the learning area.  

o The analyses reported in Chapter 5 indicated that students engaged more 

with multimedia texts than regular texts and that this engagement was not 

influenced by enjoyment of science as a content area. This was reached 

inferentially from the constructs operationalised in the Affective 

Outcomes Scale (AOS) and Test of Science Related Attitudes (TOSRA) 

instruments. As described in Section 4.5.2.6, the TOSRA is specific to 

enjoyment of science as a content area while the AOS presents its scales 

of understanding, enjoyment / interest, and importance of science as 

specific to student affect from modality-defined texts (Section 4.5.2.7). 

That no discernible pre / post differences exist in the subject-area 

measure, or between the post-test AOS enjoyment scale and TOSRA, 

while appreciable pre / post differences exist in the modality-defined text 

measure (AOS) led to the conclusion that multimedia mediates not only 

affective gains, but also cognitive outcomes in terms of perceived 

understanding and importance of science. 
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o In explication of AOS pre / post differences, the AOS importance of 

science scale was not associated with pre / post trends in AOS enjoyment 

/ interest or understanding yet still accounted for a significant degree of 

experimental variance (i.e. the perceived importance of science is a 

meaningful explanatory variable). Further to that, described above for 

Ha5, the importance of science construct as one of three random effects 

(alongside science enjoyment and understanding), reliably described the 

observed subject area (TOSRA) affective findings – a finding that 

emerged in regression analysis involving maximum likelihood 

estimation (MLE). This suggests that while the importance of science is 

a nuisance variable in not associating with the other AOS scales, it is 

predictive of underlying subject area attitudes.   

These results suggest that learners view learning materials separately to the learning 

area they represent. With increased familiarity with multimedia text, learners 

demonstrated greater engagement (enjoyment / interest) with it, and importantly, 

perceived a greater understanding of science content from using such text. Subject area 

perceptions, meanwhile, did not vary significantly over the course of the intervention 

and it was found that perceptions of the importance of science may be a reliable 

predictor of subject area interest. Collectively, these findings suggested acceptance of 

research hypothesis 6.  

• Graphic novels are not disproportionately beneficial for low SES students 

(Ha7). 

o Dissimilar to the cognitive benefits reported above for Research 

Objective 1, there was no discernible attitudinal benefit of multimedia 

text for low SES learners. This finding emerged from multiple linear 

regression analysis in which neither objective nor subjective SES, 

modelled as independent variables, displayed linearity with student 

affective data from either the AOS or TOSRA instruments. Additionally, 

both SES measures accounted for negligible estimates of variance in the 

model, contrasting with the established predictive quality of subjective 

SES in recall and transfer learning with multimedia text. 
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The results suggest that multimedia texts are more appealing than a traditional textual 

format regardless of social standing. Research hypothesis 7 is thus rejected and it is 

concluded that while multimedia content may elicit disproportionate attention amongst 

lower SES learners (and subsequent learning) it is perceived as engaging amongst 

learners more generally. Controlling for SES in hierarchical rather than multi-level 

regression modelling, as conducted in this research, could shed further light on this 

phenomenon by examining perceptions of learning text in stratified SES groups.  

As seen in the current analysis of student attitudes, differentiating between science and 

science learning material helps discern the cognitive benefits of multimedia learning 

text in supporting learning, including in less than favourable subject areas. This was 

apparent from the observation of simultaneous improvements in subject matter 

comprehension and engagement with multimedia learning material despite no apparent 

gains in subject-area interest. Accordingly, this forms a potential multimedia effect 

which can be considered as an exploitation of socialised text in aligning the perceptual, 

cognitive-regulatory and affective brain networks as developed in Section 5.4.4. This 

effect is further addressed in Section 6.2.3 in the context of a redefined Modality 

Principle. Importantly for multimedia learning research, affective network 

involvement exerts a hypothetical influence on memory and perceptual processes 

including normal cerebrocerebellar model formation and development. Nonetheless, 

despite attempts at better understanding the relationship between positive affect and 

enhanced learning in work such as Park et al. (2015) and Plass et al., (2014), 

multimedia learning research prioritises cognitive to affective outcomes in research 

(Ginns & Leppink, 2019). This is detrimental to research validity according to Ginns 

et al. (2013) who describe the lack of affective and motivational factors as primary 

outcome variables in multimedia learning. In extension, methodological confusion, 

including poor export of findings from one learning context to another, necessitates 

the theorizing of new boundary conditions in multimedia research (see Section 

3.2.2.4).   

The approach taken in this thesis contrasts with established multimedia research by 

fractionalising affective outcomes by domain / content as well as material design. 

Despite the finding that multimedia elicits underlying emotional experience in being 

perceived as beneficial though not interesting by learners (Section 3.8.2.2), meta-
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analysis of multimedia research publications reveals that where such research employs 

perceptual measures, these assess cognitive rather than affective outcomes (Section 

3.8). For example, Lee et al. (2014) contrasted research arms by low through high 

degree of visual / verbal cues and recorded perceptual outcomes as student 

understanding, perceived learning and difficulty of content. Cognitive load, 

correspondingly, accompanied other cognitive measures as a primary measure of 

student affect in that study as well as others within the multimedia literature (e.g. 

Ginns, 2006; Mayer et al., 1999). This is understandable as Cognitive Load Theory 

(CLT) suggests that cognitive load differences alone influence subject area 

understanding, and related perceptions of the learning material. Cognitive load, 

moreover, is externalised to the conditions of learning and thus linked with the 

reduction of extraneous load, such as simplifying element interactivity (e.g. Paas et al., 

2004; Sweller, 2010) or in cuing multimedia elements (e.g. Tabbers et al., 2004; Yung 

& Paas, 2015).  

Correspondingly, absent from reviewed studies were measures of student interest or 

satisfaction with using multimedia texts (although c.f. Gegenfurtner et al., 2014 who 

dispute CTML’s cognitive architecture as a basis of individual perceptual differences). 

Additionally, subject-area measures were absent in reviewed research; as seen, this 

omission accords with CTML theory in the assumption that processing constraints 

differ quantitatively across learners in terms of schema assimilation (see Section 2.4).   

This demonstrated failure to identify positive and negative emotions, whether 

attributable to multimedia text or from the subject area, was viewed in the current study 

as a threat to validity given the integrated nature of affective and cognitive processes 

in stimuli processing. Importantly, positive affect helps align perceptual and cognitive-

regulatory networks (Section 5.4.4) which aids comprehensibility of textual 

information. Corresponding differences in affect will therefore accompany differences 

in abstractive ability when dealing with informationally- and lexically-dense learning 

material. As represented in the conceptual model (Figure 5.4), abnormal processing 

occurs with incongruent stimuli presentations and is likely exacerbated by passive 

network dysfunction in low SES learners (see Sections 2.7. and 5.4). Related 

motivational dispositions influence cognition and have been described as high and low 

field dependence as strategies for dealing with degrees of abstraction (Section 2.7). 
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Accordingly, in this study, multimodal text was associated with enhanced 

understanding and enjoyment of science in low SES students and multimodal text 

disproportionately enhanced learning for this group. Nonetheless, the cohort-wide 

perception of science as relatively unimportant helped discern two underlying 

affective trends involved in cognition. Firstly, in accordance with meta-reviewed study 

(presented in Section 3.8), multimedia is perceived as beneficial for learning though 

not inherently interesting (e.g. Frisby et al., 2013). While this represents a source of 

effect size heterogeneity in reviewed studies (see for example, Merchant et al., 2013), 

it more likely represents an artefact in misconstruing the medium for the message (i.e. 

in confusing perceptions of multimedia text for feelings of the subject-area itself). This 

relates methodologically to future research and is discussed further in Section 6.6. 

Secondly, the results help affirm the importance of affective-network development and 

involvement in learning. In contrast to Moreno’s (2007, 2009) motivational, 

metacognitive and prior knowledge underpinnings of individual ‘affective’ 

differences, accurate modelling of student affect requires a fresh look at affective 

network anatomy and adaptive physiology. This concern is addressed in the following 

section.    

6.2.3 Research Objective 4 

Research objective 4 aimed to provide a provisional sketch of an embodied cognitive 

architecture as informed by the findings of the current study. As no hypotheses were 

tested and no data analysed, this research objective exists as an exploratory addendum 

to the descriptive and inferential findings of research objectives 1 to 3. Despite its 

theoretical nature, the described model (depicted in Figure 5.4) has the potential to 

circumvent ambiguous boundary conditions that feature in multimedia research (see 

for e.g. Hoffler & Leutner, 2007; Schüler, et al., 2019). Specifically, the conceptual 

model removes the need for theorising learner constraints external and contradictory 

to CTML design principles (Ayres, 2015; Schueler et al., 2008) via its focus on social 

standing as a universal, though unequal, influence in development and by adopting a 

connectionist view of brain structure and function. As such, the model provides a 

holistic cognitive model that potentially avoids the mechanistic pitfalls associated with 

dual-coding theory (DCT) (Paivio, 1982) which as seen in Section 2.3.1 informs the 

dominant view of cognition within multimedia research. The ‘computationalism’ of 
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cognitivist inspired multimedia research is taken up again in Section 6.3 where 

‘embodied’ connectionism is contrasted with modularity in multimedia learning.  

The conceptual model presented in Section 5.4 is premised on the observed cognitive 

and affective outcomes described for research objectives 1 to 3, and in extension, 

attempts to provide an account of normal and abnormal processes in stimuli 

processing. As defined in Section 2.10, normal processing refers to the cognitive and 

behavioural ramifications of information processing for learners undisturbed by 

stimuli incongruency. Key influences informing the conceptual model include the 

observed affective involvement afforded by socialised multimedia text for learners, 

unlike that of regular learning text, and the disproportionate learning gains for low SES 

learners in science in the current study. Affective involvement is thus considered 

central for textual learning; this feature of the model complements the essential role of 

socioemotional processing described in cognitive-regulatory processes (Peralta-

Carcelen e t al., 2018) including memory processes (Sokolov et al., 2017). Additional 

to this affective basis are assumptions of brain anatomy and physiology central to 

embodied cognition including Raichle’s  (2015) ‘default mode network’ and Wolpert 

et al.’s (1998) conception of cerebellar ‘internal models’ as coordinators of motor-

effector processes. Developmental mechanisms, moreover, include the allostatic and 

SES-mediated developmental influences that were detailed in Sections 2.7.1 and 2.7.2. 

Taken together, these features of the conceptual model presented in Section 5.4 are a 

novelty in multimedia research which prioritises a ‘computationalist’ cognitive 

architecture (Einhauser & Konig, 2010).  

Key details of the conceptual model as presented in Chapter 5 are summarised as 

follows: 

a) Stimuli imbued with socioemotional salience align perception and cognition 

irrespective of stimulus mode interaction or dominance; and 

b) Suppression of passive mode processes is achieved in low SES learners via 

contextual grounding of scientific content. 

A brief extension of these summary points precedes further discussion. 
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• Stimuli imbued with socioemotional salience align perception and cognition 

irrespective of stimulus mode interaction or dominance. 

o The study results concord with basic embodied cognition principles 

which hold that brain networks are preferentially attuned to goal-directed 

and ecologically-congruent stimuli presentations. This was seen in the 

comparable improvements in student learning with either socialised text 

variant (i.e. Multimodal Social [MS] or Bimodal Social [BS] text) 

compared with the control text. As the socialised intervention texts 

differed in auditory mode only, the most parsimonious explanation for 

the observed learning gains is that ecological congruency serves as a 

necessary conduit for normal cerebro-cerebellar simulation of 

behavioural stimuli and that modality configurations are at best 

incidental to learning.   

Enhancement in recall and transfer learning as an effect of multimedia learning text 

can be viewed in terms of the propositional logic of social interactivity. This position 

is reached by considering the way that socially integrated input mimics the semiotic 

resources normally present in our environments, including that of goal-directed social 

interactions. By presenting science content in a personalized and personified manner, 

learners are motivated to invest in a narrative unimpeded by disrupted cognitive-

regulatory processing accompanying non-integrated stimuli.  

• Suppression of passive mode processes is achieved in low SES learners via 

contextual grounding of scientific content. 

o As detailed in Section 5.4, non-integrated processing is considered to 

involve non-linear memory processes and disrupted model formation 

owing to inhibitory affective network involvement. In this context, the 

affective network acts as a gatekeeper to wider brain involvement given 

its role in stimulus appraisal. The corollary of this view is that passive 

mode suppression, of which the affective network is a key constituent, is 

facilitated by stimuli congruency and is a concomitant requirement of 

learning. In the current research, student cognitive and attitudinal results 

help confirm the requirements of passive mode suppression necessary for 

cerebro-cerebellar model formation in two ways. Firstly, cohort-wide 
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attitudinal data showing enhanced engagement with science learning 

materials, despite an unchanging interest in the subject area, highlights 

the interface of appropriately designed material and positive affective 

network engagement. That this effect did not differ by student social 

standing is testament to the universality of affective involvement in an 

area as fundamental as subject area interest. Secondly, disproportionate 

cognitive gains for low SES students using socialised text helps support 

the notion that passive mode suppression is achieved via contextual 

grounding of science content. In terms of the conceptual model (Section 

5.4) these findings can be attributed to normal cerebro-cerebellar 

connectivity and model formation via (a) affective engagement with 

learning material, (b) subsequent encoding and consolidation of memory 

trace and (c) ongoing attentional allocation and corticolimbic 

communication relevant to memory processes including model 

refinement in procedural learning.   

The contextual grounding of scientific content in the two intervention text conditions 

was primarily social. As discussed in Section 3.3 socialised content was defined by its 

co-deployment and co-contextualisation of semiotic resources which are naturally 

present within informal communication. These resources are considered to underlie 

normal meaning making in linguistic exchange, and thus recruit affective network 

processing. As semantics and semiotics interface in meaning making (see Section 

3.3.1), the suppression of passive mode processes is a necessary union of affect and 

cognition in learning.  

Cognitive models reflect the attempt to reduce complex neural processes to a 

formalised structure. As such, a competent cognitive model must account for the range 

of neural processes that underly learning behaviour including perception, motor 

control and emotion. These processes are biological in nature and have been shaped 

by evolutionary pressures as well as proximate developmental forces. Nonetheless, 

cognitive psychology has been influenced by a computationalism that, in rejecting the 

black-box environmentalism of behaviourism, modularises and internalises mental 

processes in accordance with developments in computer science (see for example, 

Chemero, 2013; Kersten, 2017; Zlatev, 2015). This cognitive architecture provides an 
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economical account of perception (van der Helm, 2012) and memory (Raja, 2018) 

though is subject to multiple inconsistencies in applied research (Skulmowski & Rey, 

2017). With reference to the cognitive architecture developed in Section 5.4, these 

inconsistencies stem from two sources: the influence of dual coding theory with its 

spatial and categorical separation of verbal and nonverbal symbolic systems and the 

developmental linearity associated with Piagetian schema theory.      

Dual Coding Theory (DCT) (Clark & Paivio, 1991) treats verbal and non-verbal 

stimuli as discrete entities. In this scheme, linguistic information is processed 

sequentially while imaginal representations are processed in a holistic, parallel manner 

(Paivio, 1979; 1986). As such, verbal representations are amodal (symbolic) and 

require an additional stage in processing when compared with holistic imagery. This 

additional acoustic-phonemic decoding step is the assumed basis of the picture 

superiority effect in paired associate learning (Paivio & Yarmey, 1966), free recall 

(e.g. Gillund & Shiffrin, 1981; Kaplan et al., 1968; Paivio & Csapo, 1969) and 

semantic memory tasks (Pellegrino et al., 1977). Conversely, the conceptual model 

presented in Section 5.4, treats all stimulus modalities as modal (i.e. non-symbolic) 

and suggests, like Damasio and colleagues (Damasio, 1994; Meyer & Damasio, 2009), 

that stimuli are stored and integrated in convergence zones that form networks of 

behaviourally meaningful cross-modal AV associations. In appreciation of actual 

learning behaviour, the notion that working memory is neither modularised nor 

centralised is supported by the findings described for research objectives 1 and 2. Here, 

improvements in learning from socialised multimodal text equivalent in graphic 

design, though differing in auditory modality, suspends the need to theorise cognitive 

load associated with centralised verbal relative to non-verbal processing. Instead, 

working memory is decentralised in its role of attendance and control of actively 

maintained representations within primary and unimodal association regions 

(D’Esposito, 2007). While the conceptual model described in Section 5.4 accepts the 

dominance of images to words, the superiority of imagery likely has a basis in imitative 

learning, mediated via the mirror neuron system, and is not due to any inherent 

feature/s of visual stimuli. In addition to the apparent lack of modality dominance in 

audition, this view is reached from the findings described for Research Objective 3 in 

that socialised multimedia text is regarded as more engaging than regular text 

regardless of individual development or of attitudes towards science as a learning area. 
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This perspective, simply, positions vision as the dominant modality due to the gestural 

basis of spoken language and the conflation of gestural and verbal language in 

language processing and production (see for example, Wilcox. 2012; Iverson & 

Braddock, 2011; Williams-Pierce et al., 2017).  

In this context, heteromodal / ecologically congruent stimuli associations form a kind 

of positive feedback with respect to upstream memory and executive functions. In 

encoding, bimodal or multimodal cues are associated with supra-additive activation in 

heteromodal cortical areas, and in recall, with enhanced reactivation in primary 

sensory cortex. Conversely, unimodal (or otherwise ecologically incongruent) 

presentations are linked with reduced association cortex interconnectedness, deficits 

in hippocampal / pre-frontal cortex (PFC) involvement in memory consolidation and 

corresponding reactivation failure in memory. The low recall and transfer of science 

content for learners using regular science textbooks (described for research objective 

1) reinforces this view. The conceptual model thus ascribes lower rates of learning to 

a lack of external goal-orientation of tasks attributable to a standard science textbook, 

including content capable of generating regular modes of social reasoning. The 

influence of social cognition emphasises the role of the default mode network (DMN), 

as social reasoning, including episodic memory and story comprehension, is 

demonstrably linked with positive DMN / cognitive-regulatory connectivity and 

improvements in executive function (Spreng, 2012). Conversely, with its realistic 

depictions of social interactions, the graphic novel format used for the intervention 

texts appeared to facilitate memory encoding and reactivation. As discussed in Section 

2.8.1, feed-forward connectivity amongst modality specific regions is enhanced in 

cross-modal versus within-modal stimuli associations, while reactivation is enhanced 

via eliciting the same perceptual areas as occurring during initial encoding. With 

reference to dual coding theory, distinguishing visual and verbal stimuli, respectively, 

as amodal (symbolic) or modal (non-symbolic) elements is problematic for two main 

reasons: symbolic referents lack a physicality otherwise afforded by sensorimotor 

grounding (as in embodied cognition) and, as discrete entities, lack a holism required 

for contextual reactivation in brain regions independent of hippocampal-dependent 

memory processing (i.e. as forward or inverse models – Pickering & Clark, 2014). 

This latter point is especially pertinent given the largely automated nature of 

cerebrocerebellar model simulatory reactivation in recall (Koziol et al., 2012).   
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As detailed in Section 5.4, the cognitive architecture of the conceptual model differs 

from the established CTML model in the relations between stimuli and perceptual and 

motor systems. Sensory processing, in traditional cognitive psychology, modularises 

working memory subsystems (Baddeley, 2017) and does not involve sensorimotor 

processes; instead, information is encoded - ‘transduced’ - within separate audio-visual 

channels and cached amodally in working memory subsystems (Hasson et al., 2015). 

As detailed in Section 2.4, this informs text design, likely including that of the science 

textbook used as the control text in this study. In concession, visualising the 

embodiment of sensorimotor analogues has influenced multimedia research, though 

appears to be limited to consideration of abstract and concrete word forms (e.g. Paivio, 

2010; Rofes et al., 2019). For example, researchers such as Geary (1995) have drawn 

on ideas in evolutionary psychology (including the massive modularity thesis of Tooby 

& Cosmides, 1998) in theorising primary and secondary mental modules in the 

processing of concrete and abstract classes of information (c.f. the ‘picture superiority 

effect’ in Section 2.3.1). Nonetheless, the conceptual model in Section 5.4 is less 

speculative from a functional perspective as it explains the concreteness of visual 

stimuli, for example, as an amalgamation of biological and mechanical information 

classes contextualised within a socioemotional framework (c.f. grounded cognition, 

Barsalou, 2008). Sensorimotor influences on memory formation and retrieval, in this 

framework, interface in the development of forward models (see Section 2.8) which 

act with increasing sophistication in repeated learning. Abnormal processing interferes 

with model formation and learning, meanwhile, via disruptions to pragmatic 

representational activity in the dorsal stream (Cisek, 2007) which theoretically disrupts 

the production of procedural and declarative knowledge forms. Thus, the model 

summarises stimuli processing and successful learning as a coordination between 

perceptual, affective and cognitive-regulatory activity in which recollective memory 

is strongly influenced by the cohesiveness of presented information.   

Additional to providing a mechanistic basis of stimuli processing, the conceptual 

model in Chapter 5 (Figure 5.4) provides an account of individual development that is 

parsimonious in its assumed phylogeny of neural structure and function. As such, it 

meshes ontogeny with phylogeny and provides biobehavioural insights into adaptive 

behaviour across the socioeconomic spectrum. In reference to cognitive abstraction 

and its association across a hypothesised continuum of normal and abnormal stimuli 
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processing, the model reflects current neurological thinking in adaptive ontogeny 

(Pollitt et al., 2005; Tamayo et al., 2010) including the influence of hypothalamic-

pituitary-adrenal axis (HPA) dysfunction in memory processes (van Bodegom et al., 

2017; Cerqueira et al., 2007; McGowan et al., 2009). This contrasts with the standard 

view of cognition (see for example, Paas et al., 2004) which maps cognitive 

development according to the accommodative and assimilative properties of schema 

development (c.f. Piaget, 1923). Schema theory influences dual coding theory, which 

as seen, suffers from issues of symbolic grounding (Harnad, 1990) and treats stimuli 

modalities as discrete entities prior to establishment of arbitrary referential 

associations in modular memory. Individual differences, from this perspective, stem 

from biological maturation and environmental interaction and discount the role of 

affect or other socioemotional influences (Roby-Brami & Goasdoué, 2010). 

Developmental linearity thus provides a basis of comparison amongst learners in 

CTML research, and as a cognitive construction, can be measured according to learner 

expertise (Leppink et al., 2013) or age (Kalyuga et al. (2003).   

Cognitive development, however, is viewed as an aggregate of personal, behavioural 

and environmental influences in the conceptual model under discussion. For over a 

century, pioneers in the field of affective neuroscience have appreciated that emotion 

processing works in parallel with other subcortical and cortical processes (see for 

example, Brosch et al., 2013; Schulkin, 2003). Correspondingly, as reported for 

research objective 3, the supra-additive influence of emotional engagement was 

apparent from the relative gains in socialised versus non-socialised texts amongst 

learners in the current study. This was interpreted in research objective 4 as an 

emotional enhancement of perceptual, attentional, and memory processing, and 

informed the conceptual model as such. Textual sociality, meanwhile, differs in its 

impact amongst individuals given that while low SES students alone showed 

significant learning gains with socialised texts, students collectively engaged with 

socialised multimedia more so than with traditional science texts (see Section 6.2.2). 

This pattern of differential learning across SES is informed by life history patterns in 

development (Section 2.7). In this context, allostatic load (McEwen, 2001) exerts its 

‘wear and tear’ on physiological systems in proportion to the expression of key 

neuroendocrinological markers of stress, all associated with low SES (see Section 

2.7.1). Importantly for stimuli processing, stress-mediated plasticity represents an 
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important influence for key brain networks including hippocampus, amygdala and 

prefrontal cortices (see Section 2.7.2), with flow-on effects for perceptual and 

emotional processing. Central to the conceptual model, correspondingly, is the 

proposition that abstractive ability, itself plastic as a result of inhibitory amygdala 

activity due to chronic stress in development, intersects with stimuli processing.   

In extension of its developmental basis, the conceptual model is mindful not only of 

individual development but of broader trajectories including the relative maturation 

and integrity of cognitive, perceptual and affective networks (Leppänen & Nelson, 

2009) across SES-defined populations. As such, the model adds to multimedia theory 

in its assumption that social congruency, as a feature of multimodal presentation, can 

be expected to disproportionately elicit activation of memory processes and later 

reactivation in learners differentiated by social standing or not (i.e. as students within 

regular age / stage groupings). This assumption of the model, as described previously, 

was informed by the statistically significant gains in recall and transfer learning in low 

SES students using socialised multimedia text; it is attenuated, though, by the general 

(i.e. cohort-wide) appreciation of graphic novels as beneficial for learning as well as 

in actual improvements in learning outcomes. Nonetheless, viewing SES as a primary 

developmental influence contrasts with the standard cognitive architecture of 

multimedia learning in its assumption that cognitive development is mediated via 

schema development (Paas et al., 2004) which introduces an imprecise and misleading 

measure in multimedia research.  

As informed by the research findings presented in research objectives 1-3, the 

conceptual model differs from other cognitive models within multimedia learning 

research. Specifically, functional and developmental distinctions pertain to stimuli 

processing, while non-modularity, as a structural consideration, reflects the model’s 

rejection of domain specificity in perceptual and memory processes. With implications 

for science learning, the conceptual model presented in Chapter 5 (Figure 5.4) holds 

that stimuli imbued with socioemotional salience align perception and cognition 

within interconnected and functionally interdependent neural networks. In turn, 

memory integration and processing are enhanced by integrated audio-visual content as 

it is ecologically valid and involves cerebellar involvement in model formation (see 

for example, Nguyen et al., 2018). Successful model formation thus necessitates 
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affective network involvement and memory processes, including reactivation, are 

contextually moderated and strongly linked to the modalities of presentation (Butler 

& James, 2011). Also, as outlined in Section 5.4, cerebrocerebellar model formation 

is necessary for automation and behavioural refinement and culminates in declarative 

learning. However, incongruencies in stimuli presentation cause disruptions between 

‘supervised’ and ‘unsupervised’ learning modalities and this outcome is possibly 

exacerbated by affective network dysfunction in low SES learners. Explanations for 

successful science learning with socially congruent text in the presented model 

therefore differ from traditional models; in the former, cognitive limitations stem from 

developmental constraints, while in the latter, architectural and / or organisational 

constraints explain learning outcomes (see for example, Paas et al., 2010; Sweller et 

al., 1998; Paas & Sweller, 2012).  

6.3 Implications of the study 

This research has been primarily motivated by multimedia theory, which in turn has 

been informed by cognitive psychology in its application to education. Central to the 

research objectives and hypothesised learning effects presented in this thesis, 

meanwhile, is a cognitive model not familiar to multimedia research. Within this 

model, disrupted cognitive-regulatory processing was found to associate with 

incongruent audio-visual textual input. Affective network dysfunction and its role in 

holistic memory processes was offered as a likely mechanism to explain this 

phenomenon and socioeconomic status was used as a secondary variable in analysis 

given its role in allostatic pathophysiology (Section 2.7.1). Implications of the findings 

extend to multimedia theory and educational practice and influence future research. 

Related administrative (A), design (D) and pedagogical (P) recommendations are 

drawn from this commentary and are indicated in the following subsections. In 

defining relevant parameters of discussion, while multiple aspects of multimedia 

learning theory have been discussed in the literature review chapters, the intervention 

featured only a limited subset of learner and design variates. This section, accordingly, 

will relate experimental findings to multimedia learning from static texts with 

characteristics of the learner limited to social background. Specifically, implications 

relevant to multimedia theory include: 
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•  adopting an appropriately connectionist view of cognitive architecture 

within multimedia learning theory; 

•  subsumption of Cognitive Theory of multimedia learning (CTML) basic 

principles within an appropriately socialized textual multimodality; and 

•  inclusion of perceived socioeconomic background as a multimedia 

instructional principle. 

6.3.1 Connectionism versus modularity in multimedia learning 

As demonstrated in the conceptual model (Section 5.4), a deeply integrated neural 

network is involved in stimuli detection and related affective and cognitive processing. 

Moreover, stimuli properties maintain holistic and enduring links with their material 

referents. Nonetheless, cognitive psychology largely relies on symbolic, localist 

representations of memory. In that field, sensory and perceptual modes are viewed as 

computationally autonomous ‘vertical’ faculties which operate via domain-specific 

input systems, input analysers, and interface systems. Cognitive processes are 

analogous to computers in the input and processing of symbolic information packages, 

functioning to relay amodal data to the domain-general ‘central processors’ of 

memory, imagination, reasoning and so on. As seen in Sections 2.3.2.1 and 2.3.2.2, 

important considerations within this symbolic paradigm of cognitive science are the 

encapsulation of information, fast and mandatory stimuli processing, and limited 

auxiliary access to different levels of representation (Penney, 1989; Tulving, 2002). In 

this hierarchical system of content-specific components interfacing autonomously 

with the central executive, we see a clear link with the postulates of multimedia 

learning - i.e. (a) modality-specific subsystems within working memory; (b) limited 

subsystem processing capacity, and (c) active processing of sensory information. This 

view persists despite the emergence of connectionist models within applied neurology.  

A connectionist model of the cognitive architecture is theorised within the field of 

embodied cognition (see for example, Shapiro, 2011). This view has emerged as an 

alternative to the symbolic application of cognition and is less constrained by the 

traditional computer analogy as it argues against a symbolic, localist representation of 

memory, assuming instead that distributed representations are not resident in any 

single neural element but are instead represented by an activational pattern over a set 
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of neural ensembles. This model espouses a different computer analogy as its highly 

interconnected excitatory and inhibitory nodes are unconstrained by stored rules or 

symbols, with knowledge largely or wholly reliant on experience. As described for the 

current study (Section 6.2), student cognitive data supports this view given the 

differential patterns of focussed mental activity in learners using socialised and non-

socialised text. A social context thus appears to provide a suitable heuristic for 

situating and comprehending non-social phenomena and, in turn, modulates 

architectonic patterns in memory including cognitive-regulatory involvement where it 

may not otherwise exist. As described within the conceptual model (Section 5.4), a 

social context can be provided quite simply in text via inclusion of recognisable social 

interactions and / or narrativization of audio-visual elements. Task relevance, once 

perceived by the learner, determines the execution of stored goals and behavioural 

repertoires via various corticolimbic pathways. In consideration of higher order 

cognition, such anticipatory and simulative adaptations to action control are 

understood to underpin declarative and procedural forms of knowledge, as well as 

more complex tasks. This latter point is reflected in the significant learning gains in 

higher-order cognitive skills (i.e. application and evaluation) reported for previously 

low-scoring students when exposed to socialised multimedia learning texts (see 

Section 6.2.1) compared with regular learning text.      

Task relevance, as discussed in Section 2.2.6, directs attention and perception and 

modulates memory processes. Memory is thus reliant on contextual cues and is highly 

resistant to incongruous presentations as these would be unlikely within normal 

ecologies. Specifically, in the context of the conceptual model (Figure 5.4), 

incongruity is analogous to default mode network activation as a systemic response-

irrelevant mechanism in behavioural flexibility (Ferguson et al., 2017). 

Correspondingly, a hierarchy of task relevance within an appropriate connectionist 

model would consider the likely social and non-social demands faced by the 

individual, which have served as an ecological shaper of cognitive processes. An 

important implication of this view is the distinction between contextual task-rules and 

stimulus properties. In constructing the conceptual model (Section 5.4), cognitive 

control was theorised as a balancing act between a currently presented task rule 

dictated by a learning text and the learner’s ability to select and execute a relevant 

response. Flexibility in configuring information processing to support goal-directed 
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behaviour, in turn, was enhanced by the socialised text, which as discussed above 

(Section 6.2.3), appears to enhance normal memory processes. To reiterate, this refers 

to enhanced reactivation in primary sensory cortex, which in the context of multimodal 

stimuli processing, necessitates social congruency as an optimal basis of supra-

additive hippocampal and PFC activation as per normal memory activation (Section 

2.8.1). In terms of material design, it follows that learning resources should feature 

socially salient stimuli with clear referential cues between text and visual entity 

(Recommendation D1).  

Meanwhile, within the symbol processing approach of traditional cognitive science, 

predicate logic and propositional and computational formalisms have provided a 

means to define and separate psychological processes. Nonetheless, this system of 

representation violates semantic cognition in establishment of consistent and singular 

reference to external percepts. This violation proceeds from emphasis on cognitive 

processes in a system devoid of content (symbols are purely symbolic). Semantic 

representation of words as symbols, in this system, maintains that processing and 

relatedness between internal verbal and nonverbal representational units override 

importance of compositional and external referential connections. This symbolic 

approach, correspondingly, was evident in the science learning text used as the control 

text within the study design (see Section 4.3). To be manipulated, external information 

must be transformed (‘transduced') to a qualitatively different format than that 

received, and in the process of applying symbolic labels for concepts and semantic 

units loses any designation to the external entity. However, as cognitive symbols must 

maintain consistent and singular reference to maintain causal links between cognitive 

function and referent, and as the transduction process itself is poorly understood 

(Shapiro & Stoltz, 2018), internal manipulation of symbols is inadequate in accurately 

representing the world and establishing meaning. This issue with symbolic cognition 

is consistent with that of cognitivism, more broadly, an approach that focuses more on 

internal systems of representation than ongoing experiential encoding of external 

input. In short, lacking the capacity for context-independent representation and formal 

symbolism renders semantics impossible in this system. 

By contrast, embodied cognition assumes a limited or even non-existent 

representationist system as it rejects the need of internal representations. Instead, 
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sensorimotor interaction with the environment underpins adaptive behaviour in the 

formation and reinforcement of internal models of knowledge. Koziol et al. (2012) 

propose that human prefrontal-cerebellar and parietal-cerebellar cortical connectivity 

underlies executive functions similar to that of non-human animals and that goal-

directed behaviour across species is derived from sensorimotor anticipation. That 

executive function is not unique to our species, with movement and goal-directed 

action as the basis of cognition, has phylogenetic as well as developmental and 

educational implications. The neurological contender for site of executive function is 

the lateral prefrontal cortex, which functions in a diverse, nonlinear and concurrent 

array of tasks (Owen et al., 1990, 1995, 1996). Observed peripheral feedback 

redundancies in behaviour owing to central consolidation and multi-sensory mediated 

encoding and retrieval speak to the ability of this brain region, in concert with the 

limbic and hind-brain, to differentiate between encapsulated packets of sensory 

information in order to apply whole-or-nothing contingent responses to familiar or 

novel experience (Hagan et al., 2009). When viewed in isolation, however, stimulus 

properties are devoid of greater task-relevance. A corollary of this view and informed 

by the research findings described in Section 6.2.1, is the necessary emphasis on 

appropriate contextualisation of abstract scientific information. Thus, it is 

recommended that in verbal presentation, historical and social frameworks including 

biological and non-biological agents are presented to learners (Recommendation P1).  

By contrast, the discreteness of visual or verbal representations in Mayer's (2005a) 

Information Processing Model follows from the assumed separateness of the domains 

themselves and divorces content from meaning until the final stages of processing 

where representations, stored as nodes, can be assimilated with experience. This is 

wholly expected in a rationalist, modulated system though is both evolutionarily and 

ontogenically inconsistent. These inconsistencies are highlighted in the observed 

discrepancy between grade-differentiated student science learning prior to and 

following instances of science learning administered as per the term-long intervention 

of the currently described study (Section 4.3). If associative networks comprising the 

brain’s conceptual system follow a generally linear development, then the structure 

and content of higher cognitive processes including inference, categorisation and 

memory would be expected to show baseline, if not overall, improvements with older, 

more experienced, students. As seen in Section 5.2.1, this wasn’t the case as grade 9 
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students, the oldest student grouping (see Table 4.3), performed poorest in science 

testing, regardless of text type exposure. By contrast, as seen in research objective 3 

(Section 6.2.2) differentiating students by socioeconomic status acted as a valid 

predictor of learning behaviour, also regardless of text type. In explication, conceptual 

processing involving embodied simulatory activity is imbued with, and modulated by, 

emotional and sensorimotor processing as primary influences. As described in Section 

2.7.2, regional plasticity associated with SES influences perception, attentional control 

and higher cognition and therefore better predicts learning outcomes than age / stage 

learner attributes (Section 6.2.1). The conceptual model qualitatively differs from the 

associational simulations of CTML in that successful recall and transfer is influenced 

by conceptual salience and congruency as modal-dependent recreations of experience 

and as such is influenced by the emotional competence of the individual.   

Regional plasticity associated with SES, as described in Section 2.7.2, is involved in 

perception, attentional control and higher cognition, and as determined in this research, 

perceived SES can reliably predict learning outcomes (Section 6.2.1). 

Social and mechanical processing, moreover, likely involve the same attentional, 

affective and perceptual processes, thus involving normal limbic, paralimbic and 

cortical modulation of information storage. Emotional regulation within connectionist 

networks logically extends to all information classes and necessitates a preferential 

inclusion of concurrently presented social and mechanical forms of information. This 

effect was evident in the learning gains described for the socialised learning text used 

in the study; in explanation, the intervention text design involved the attribution of 

agency and animacy to both social and non-social agents in order to personalise and 

personify textual elements (see Sections 6.2.1 and 4.2). Also, in reference to the 

previous discussion of task relevance and stimuli congruency, the obvious salience of 

socioemotional cues likely modulates task-relevance in neural networks preferentially 

oriented toward such processing as determined by their role in emotional conditioning 

such as in hypothalamic-pituitary-adrenal (HPA) stress feedback. Also, in accordance 

with Section 2.8, the inadvisability of separating social or mechanical agents from their 

normal contexts was confirmed experimentally in observed difficulties in processing 

incongruent sensory information in the control text (Section 6.2.1).  Pedagogically, it 

follows that in maximising situational semantic processing, assessment of learning 
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should involve materials which recreate the same features and learning context as 

presented in initial learning (Recommendation P2). In contrast, while multimedia 

learning principles have been uncovered in research and linked to discrete modality 

processors these may simply reflect inadvertent ‘socialisation’ of audiovisual (AV) 

signals. Socialised text, it is remembered, is methodologically synonymous with 

audiovisual congruency in this thesis due to the situational nature of knowledge 

creation.  

6.3.2 Subsumption of CTML basic principles within an appropriately socialised 

textual multimodality 

The experimental determination of enhanced learning from contextualised, static text 

in this thesis relates to, and concords with, the central postulate of multimedia learning 

- the Multimedia Principle. Indeed, examination of the basic Cognitive Theory of 

multimedia learning (CTML) principles (Figure 2.12) shows that except for the image 

principle, most principles can be applied to non-dynamic displays if the personalisation 

principle is applied to printed text in the appropriate conversationalisation of the 

printed word. Additionally, the principles can be umbrellaed within a redefined 

modality principle given that specific contextualisation, including auditory and visual 

features, is present. For example, concerns about modal redundancy are alleviated with 

printed text that is appropriately linked with graphical referents such as that of the 

graphic novel speech bubble. Likewise, congruency and signaling concerns are 

mitigated by the temporal and spatial segmentation afforded by normal cartoon 

presentation. By extension, the Multimedia Principle can be redefined from:  

People learn better from graphics and narration than from graphics 

and printed text.  

to: 

People learn better from socially congruent graphics and text than 

from graphics and text in contextual isolation. 



   Discussion and Conclusions 

 262 

Perhaps the biggest conceptual hurdle facing this redefined modality principle is that 

of the established superiority of narrated versus printed text with graphics. Two 

defences are presented that relate to existing multimedia methodology and from the 

current study and research in cross-modal cognition. Firstly, as described in Section 

2.2.7, instructional design principles may have been unduly influenced by multimedia 

findings on the apparent enhancement of learning with narrated audio and graphics. 

This learning effect, reversible with experience and self-paced learning, was deemed 

indicative of a split attention effect rather than an enhancement of cognitive resources 

- an experimental artefact masquerading as a learning effect - and misdirected in terms 

of dual coding cognitive processes. The current findings (presented above in Section 

6.2.1) support an apparent splitting of attention afforded by stimuli incongruity in that 

learning was enhanced upon stimuli congruency, and also that auditory mode made 

little difference in learning outcomes when learning from socialised text. Nonetheless, 

given the supposed discreteness of modularised sensory systems and the existence and 

widespread use of audio-visual input / output devices with computers, it may be seen 

that the conditions influencing the assumptions of the modality effect would emerge 

regardless of any experimental approach. This is as much due to the computational 

paradigm of cognitive psychology and its applied disciplines as it is to the widespread 

usage of computers in education.  

Secondly, research on cross-modal cognition has examined the supra-additivity of 

audiovisual (AV) integration in heteromodal cortex and shows the joint involvement 

of perceptual, attentional, and memory processing in multimodal cognition (Miller & 

D’Esposito, 2005). Of relevance to the current discussion is the finding that speech 

reading in the absence of auditory input activates auditory cortex, traditionally viewed 

as a primary phonological site, and that phonological, lexical, and semantic aspects of 

language are heteromodally processed in left inferotemporal cortex (ITC) an area 

normally associated with visual processing as part of the ventral stream (see Section 

2.8.1). Multiple other ‘higher’ and ‘lower’ order brain regions, including associational 

cortex, have likewise been observed to operate heteromodally in feedback and 

feedforward processing of visuospatial information. In relation to connectionist 

networks in embodied cognition, including that of the conceptual model presented in 

Section 5.4, task-relevance appears to underlie sensory and memory processes with 

AV congruency modulating hippocampal and amygdala connectivity with the PFC - 
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situationally priming the brain for efficient encoding and recoding of contextualised 

information. This is seen in AV speech processing and with voice-face associations, 

and in the case of this thesis, with contextualised scientific concepts. From these 

observations and strengthened by the study’s primary findings, it is recommended that 

language usage, whether written or spoken, should feature an unplanned, familiar 

communicative style (Recommendation D2). Sense making, in this context, is 

motivated via the portrayal of locutionary and extra-locutionary factors as normal 

communicative strategies in productive and receptive communication. In addition, 

learning should involve self-paced learning (Recommendation P3); this suggestion is 

expedient, moreover, given the costs and resources required for computer-assisted 

learning and related teacher training.  

Returning to the original topic, an appropriately socialised textual multimodality is 

defined simply as one that integrates biological and non-biological environmental 

features as a means of providing context. Multimodality was earlier described as a 

collection of semiotic resources (Section 3.12), including multiple sensory aspects of 

communication. To this, multimedia theorists would be well-advised to add an 

environmental context to imbue concepts with motivational task relevancy. The 

subsumption of Cognitive Theory of multimedia learning (CTML) principles to a core 

principle defined by presence or absence of context raises design questions relating to 

the attribution of social congruence in educational learning materials. These were 

partially addressed via description of textual features and guidelines for text 

construction in Section 3.8. Drawing from these guidelines, educators should be 

mindful to use scientific language featuring informational density at commensurate 

grade level (Recommendation D3). Nonetheless, in keeping with the need to 

appropriately portray social congruence, lexical density should be restricted in line 

with the semiotic strategies of personification / personalisation (see for example, 

Zlatev, 2012 and c.f. ‘narrativization’ – Kissas, 2013).  In extension of this design 

recommendation, a related funding requirement exists for the creation and provision 

of multimedia learning texts (Recommendation A1).  
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6.3.3 Inclusion of perceived socioeconomic background as a multimedia 

instructional principle 

Acknowledgement of socioeconomic status (SES) gradients in pre- and post-

compulsory educational attainment, including vocational training, features in 

Australian educational policy. This was initiated with Australian Bureau of Statistics 

(Australian Bureau of Statistics, 2006) mapping of educational social determinants 

including social participation and material access to student academic achievement 

within its 2006 census collection districts. A subset of the derived ABS Socio-

economic Indexes for Areas (SEIFA) measure is used in production of the Index of 

Relative Socio-economic Disadvantage (IRSD) which is predictive of the 50 - 60% of 

year 12 graduation in lowest quintile SEIFA regions. The Index of Community Socio-

educational advantage (ICSEA, ACARA, 2011) is a related School-based performance 

indicator associated with goals of the Coalition of Australian Governments National 

Education Agreement (COAG, 2009) in providing a richer individual-based measure 

alongside existing area-based measures. ICSEA data are used in reporting National 

Assessment Program – Literacy and Numeracy (NAPLAN) results, using composite 

family and community measures, in provision of national comparisons of expected 

literacy and numeracy outcomes. It is noted, though, that no causal mechanisms 

underlying the observed SES gradients of educational attainment are presented within 

this legislative framework. This includes key documents such as the Strategic Cross-

sectoral Data committee (SCDC) report presented to the Australian Curriculum and 

Reporting Authority (ACARA, 2012) or within its cited literature.    

Recognition of educational disadvantage with low social standing is thus made in 

Australian educational policy though lacks specific effects attributable to 

development. This coincides with the observed resistance to operationalise SES as a 

learning effect in multimedia research (see Section 3.8.1.2) despite frequent inclusion 

as a composite contextual measure alongside other social factors. This is discordant 

with the recognised importance of SES - emphasised as a measure of disadvantage in 

often being the sole variate in multimedia studies including measures of disadvantage 

(Section 3.6.1.2). It may be concluded that social standing is currently viewed as 

experimentally unquantifiable or perhaps represents a construct more appropriately 

studied outside of education.   



   Discussion and Conclusions 

 265 

Understanding of hypothalamic-pituitary-adrenal (HPA) feedback processes in 

response to SES-mediated stress provides a causative and mechanistic model 

applicable to multimedia research. The observed U-shaped activation of 

glucocorticoid in inhibitory and stimulatory modulation of forebrain and limbic 

systems indicates an adaptive range of permissive, suppressive, stimulatory, and 

preparative actions (Joëls, 2011). Short, sharp exposure to stress is beneficial in the 

permissive and suppressive roles, while prolonged / extreme stress exposure induces 

HPA axis hyperactivity and contributes to lifelong vulnerability to stress. Enhanced 

responsiveness to stress is accompanied by amygdala hypertrophy, hippocampal / PFC 

neural atrophy and neurotoxicity and fronto-temporal and fronto-parietal white matter 

circuitry dysfunction (Schulkin, 2003). Correspondingly, life history traits 

conceptualised as somatic and reproductive effort are adaptive and relate to early care, 

and likely orient offspring to environments of varying degrees of resource availability. 

Within the allostasis literature, the adaptiveness of HPA morphology is viewable as a 

system of trade-offs in life history traits (Eyer & Sterling, 1977). Biobehavioural 

‘decisions’ such as enhanced fecundity and adolescent birth rates accompany stress-

induced plasticity and increase fitness in unpredictable environments though are 

susceptible to allostatic state and multiple pathophysiological pathways of allostatic 

overload (Sisk & Zehr, 2005). As such, resource availability conforms to social 

standing, albeit nuanced by relative versus absolute measurement (Section 6.2.3), and 

as experimentally determined within the current study (Section 6.2.1), positions 

learners within a definable pattern of learning behaviour as per individual cognitive 

development. 

In informing multimedia research, social standing is thus an indispensable tool in 

isolating trajectories of brain development. Hypothesised developmental patterns are 

considered in this study to result from a plastic cognitive architecture and relate, at 

least in part, to abstraction. Experimental conformation of differences in abstractive 

ability, correspondingly, were seen in the specific cognitive and affective learning 

behaviours evidenced within the study (Sections 6.2.1, 6.2.2 and 6.2.3) which in turn 

informed the conceptual model presented in Section 5.4 (and summarised in Section 

6.2.4). In explanation, chronic stress in low SES environments induces an over-

expression of amygdala-dependent cognition such as in observed long-term 

potentiation of amygdala-ventromedial PFC circuitry. This is associated with a lack of 
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cognitive emotional regulation, and impairment to hippocampal and PFC-dependant 

cognition. Regulatory cognition - executive control - is determined by amygdala 

integrity with amygdala processing acting as a downstream modulator of memory 

encoding including episodic memory trace as well as semantic consolidation. In export 

to educational contexts, awareness of SES-mediated brain plasticity, and educational 

interventions including early interventions amongst low SES learners, should feature 

in school leadership programs (Recommendation A2). Additionally, related in-service 

opportunities should be made available for teaching staff to promote their 

understanding, use, and design of contextualised multimedia resources 

(Recommendation A3).  

As mentioned, abstraction is an essential element of regulatory cognition which 

involves executive functioning in the shifting, updating, and inhibition of novel and 

stored internal models (Section 2.3.4). Abstractive ability, moreover, is characterised 

by (i) initial memory encoding via the amygdala and (ii) the efficacy of complementary 

functioning between ventral and dorsal streams. Abstraction will be more defined in 

brain networks unmodified by stress due to enhanced ability in conscious refreshing 

of information, goal-directed suppression of overriding response patterns, and 

contingent response to change. Meanwhile, abstraction will be poorly executed in a 

cognitive network characterised by dysfunctional stress, with resultant modifications 

to PFC, hippocampal, and amygdala morphology and related cognition. These 

assumptions of the conceptual model were informed by the SES differences in 

observed learning behaviour in the current study, including the link between affective 

involvement and cognitive gains for low SES students (Section 6.2.2). A possible 

reason for such modified cognition in low SES students is in the holistic nature of 

emotionally charged stimuli. Enhanced emotional capture in the stress-modified 

amygdala likely impairs processing of non-emotional stimulus aspects given the 

whole-or-nothing characteristics of emotional stimuli. Difficulty in disengaging 

attention from emotional qualities inherent to the learning context may inhibit 

abstraction, i.e. in the necessary derivation of general rules and concepts from a given 

concrete entity or process. A related pedagogical intervention with relevance to 

abstract reasoning is the need to deconstruct complex concepts into constituent 

elements. Therefore, educators are advised to employ situational contexts where 

concepts are structured to avoid complex parts-to-whole inductive reasoning 
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(Recommendation P2). In addition, it is worth noting that while inductive abstraction 

likely exists as a cognitive typology, such as being a necessity in language production 

although potentially absent in concrete, crystallised representation, it may be present 

in degrees in various cognitive domains such as those informing science learning 

design and its testing in the current context (Section 4.5.2). Nonetheless, regardless of 

how abstraction is defined, given the centrality of attitudinal orientations to learning, 

attitudinal measures should be designed to monitor ongoing student engagement with 

textual modality-defined subject area learning resources (Recommendation A4). 

The comparison of subjective and objective SES as predictors of abstractive function 

was assessed in extension of social standing as a learner variate. The observation that 

subjective social standing is highly correlated with science achievement and predictive 

of science outcomes alongside variations in textual modality stands in apparent 

contrast to the influence of objective social status. As discussed in Section 3.2, the 

distinction between objective and subjective social status likely suffers from 

confounding effects present at the study site. Nonetheless, this measure of social rank 

offers a nuanced measure that may otherwise escape detection. A probable reason for 

the greater correlation between cognitive outcomes and subjective SES in the current 

study (Section 5.2.2) is the self-anchoring it affords. By contrast, normative scales 

used in objective measurement of SES generally show poor interrelationship despite 

each indicator correlating with the social gradient (Adler et al, 1994; Adler et al, 2008). 

An individual’s own positioning on the social ladder allows consideration of multiple 

dimensions of socioeconomic status and social position, allowing for its greater 

predictive ability in health, and as demonstrated here, education. Subjective social 

status may be a “value added" given the individual's evaluation of their own status 

amid the implications of objective indicators. The findings of this thesis corroborate 

existing health research and give the researcher utility in identification and analysis of 

nuanced data. The findings also suggest the need to implement rich measures of 

contextual and subjective socioeconomic status for individual student identification 

and tracking (Recommendation A5). It is recognised, finally, that the sole use of an 

objective SES instrument in this project would have led to different interpretations of 

research objectives 1 and 2. This is addressed in the following section (Section 6.4), 

which outlines study limitations, as a site effect inherent to demographic and social 

factors within the United Arab Emirates.  
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This section (Section 6.3) has outlined implications of the study’s results and has 

proposed a series of related administrative, design and pedagogical recommendations. 

The following section (Section 6.4) details limitations arising from the current study 

and provides recommendations relating to further research designated as R1 – R3.  

6.4  Limitations of the research 

“Man prefers to believe what he prefers to be true” (Francis Bacon). 

Limitations present in this thesis relate to methodological and theoretical issues that 

have a potential impact on the ability to answer research questions as well as on the 

quality of findings. Emphasis here is placed on the greatest potential moderators of 

research quality to distinguish such threats to validity from more inherent issues within 

educational research. A critique typical to educational research, for example, is the use 

of non-probability sampling, borne out here with use of in situ experimental groups. 

This was defended as expedient and representative of normal educational practice, and 

discussion of this and other validity issues were presented as commentary in the thesis. 

Reported issues here, thus, relate to more fundamental limitations, and include the 

operationalisation of socioeconomic status as a covariate, the design of the Affective 

Outcomes Scale (AOS) instrument, and the generalisability of findings.  

Socioeconomic status, in its operationalisation and presumed developmental link with 

cognitive ability, presents a multidimensional quality to this study. Deliberation of 

whether social status acts as a confound or covariate regarding learning from modality-

defined texts centred around its hypothesised association with field dependence (a 

measure of preference for global versus local processing) as a recognised psychometric 

of abstractive ability (see Section 2.7). Abstraction has been viewed as a centrepiece 

of general intelligence since Spearman developed his two-factor theory of intelligence 

(Tucker-Drob, 2009). However, specific temporal and geographical trends in general 

intelligence (‘g’), and thus abstraction, have emerged with the discovery of 

intergenerational IQ increases - the “Flynn effect’ (Flynn, 2007) - and geographical IQ 

patterns (Hassall & Sherratt, 2011). These trends suggest a mutable underlying 

cognition, in a construct likely to represent external validity issues when applied to 

geographically distinct student populations. Whatever underlies observed patterns of 
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IQ / abstraction, the question remains of its validity in terms of measurement and 

application to multimedia learning. In short, answers are likely found in the subjective 

measurement of socioeconomic status as this may resist temporal and spatial 

distortions. That subjective social standing was closely associated with scientific 

learning in this project, while the objective SES measure was uncorrelated with 

cognitive outcomes, simultaneously confirms this view while acknowledging the need 

for ongoing, corroborative research and educational practice (Recommendation R1). 

Thus, the need for longitudinal tracking of learner SES is acknowledged; related 

recommendations (i.e. A1 – A5) were given in the previous section (Section 6.3) in 

line with developmental alterations attributable to SES. Future research should also 

incorporate both objective and subjective SES measures as primary influence variables 

to assess their relative association with abstractive ability. Remedial efforts could then 

accompany identified SES gradients, and within Multimedia Research, could involve 

targeted variation in text design as per the redefined Multimedia Principle (Section 

6.3). Such research could use the conceptual model presented in this thesis as a 

theoretical framework and explore it from either a biomechanistic or biobehavioural 

basis.  

The Affective Outcomes Scale (AOS) instrument presents specific limitations in its 

design validity. While it was found to be reliable in terms of internal consistency, its 

validity as a measure of student affect from modality-defined texts is questionable 

given the link between degree of cognitive abstraction with SES and motivation to 

engage with modality-defined learning materials. This assumption is predicated on the 

purported attributes of the low SES learner, in preferentially engaging with the 

socialised multimodal text. That high SES students will show equal engagement with 

any learning text is also an hypothesised association, and perhaps inconsistent with 

established principles in multimedia theory unless high SES students can be compared 

with experienced learners in a novice-expert gradient. Scoring of the instrument is 

likewise problematic in involving a difficult scoring key in line with hypothesised 

responses that resisted a simpler approach. The decision to use the instrument in its 

current form was based on its piloted reliability and the absence of a similar modifiable 

instrument. Future study on student affect and modality-defined texts should therefore 

include the design of pre / post measures to provide comparable data and reduce the 

number of hypothesised textual features i.e. in measuring constructs of perceived 
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understanding, enjoyment and importance of science (Recommendation R2). This will 

help limit potential content and criterion validity issues while raising confidence that 

the construct of interest is accurately represented. In associating student learning 

motivation with abstractive ability, further research would ideally involve separating 

these constructs and verifying them in isolation prior to subsequent attempts to 

combine them as described here. Additionally, future research would ideally involve 

objective and subjective SES as primary variables in longitudinal analysis. Together, 

these suggestions accord with the processing constraints described for non-integrated 

processing in Section 5.4 as well as the ongoing assessment of perceptual data for 

science learning materials as per Recommendation A4 (Section 6.3). 

Also, generalisability in this study is limited in its export from the non-randomly 

sampled, predominantly Arab sample. The study site features a range of nationalities, 

though in line with UAE visa restrictions, only a limited subset of a normal 

socioeconomic spectrum is present within the study site. This is despite Emiratis 

making up some 41% of the sample, given the extremely high rate of public sector 

employment for Emirati nationals. Homogenous social factors in this traditional 

country, including relatively high incomes and standards of living as objective 

measures of social standing, are also non-representative when applied to Australia. 

The use of a subjective scale of social standing confers some protection in this regard 

as it offers a relative account of social standing and is applicable as a qualitative scale 

of comparison. Generalisability of the findings to other contexts or countries is thus 

made with caution; future studies of this kind are suggested to involve an inclusive 

sample capturing a greater range of social backgrounds (Recommendation R3). 

6.5 Summary of recommendations 

This section provides a summary of the recommendations identified within Sections 

6.3 and 6.4. These recommendations are categorised by those relevant for future 

research (Section 6.5.1), for administrative purposes (Section 6.5.2), material design 

(Section 6.5.3) and pedagogy (Section 6.5.4).   
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6.5.1 Recommendations for future research 

R1: Ongoing, corroborative research should be undertaken to examine the role of 

subjective SES on brain development, including abstraction as a product of 

development including affective brain network involvement. Research 

projects should involve cognitive and affective measures as outcomes and 

should occur in authentic learning environments. 

R2: Study on student affect should incorporate subject-area, as well as design-

focussed, measures of student engagement. Such measures should feature 

pre- and post-intervention measures to provide a rich account of student 

attitudes in response to multimedia research interventions. 

R3: Multimedia learning research should be inclusive of participants representing 

a wide range of social backgrounds. Social background should be defined to 

include objective and subjective socioeconomic status, and as a representative 

sample, should include a wide range of ethnicities and other student groupings 

to enhance the generalisability of findings.  

6.5.2 Recommendations for administrative purposes 

A1:  Funding should be directed towards the creation of multimedia learning texts, 

such as graphic novels. These resources should be implemented in schools 

regardless of sector or location.  

A2:  Awareness of SES-mediated brain plasticity, and educational interventions, 

should be implemented in school leadership. Early intervention for low SES 

students in strengthening leadership to drive school improvement should also 

be promoted in order to circumvent poor educational outcomes in later years 

of schooling. 

A3:  In-service professional development opportunities should be provided for 

teachers to develop their understanding, use and design of contextualised 

multimedia resources. 
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A4:  Attitudinal measures, designed to monitor ongoing student engagement with 

textual modality-defined subject area learning resources, should be 

implemented. 

A5:  Rich measures of contextual and subjective socioeconomic status for 

individual student identification and tracking should be implemented.   

6.5.3 Recommendations for material design 

D1:  Paper-based learning resources featuring socially salient stimuli with clear 

referential cues between text and visual entity should inform science learning 

text design. Science learning text should ideally be presented in graphic novel 

format. 

D2:  Language usage in science learning texts should feature an unplanned / 

familiar communicative style. Sense-making should be accounted for in such 

text via the appropriate design and incorporation of locutionary and extra-

locutionary factors in the accurate portrayal of normal communicative 

strategies. 

D3:  Scientific language should feature informational density at a commensurate 

grade-level difficulty, though with restricted degree of lexical density. 

6.5.4 Recommendations for pedagogy 

P1: In spoken or written presentation of scientific concepts, educators should 

emphasise the appropriate contextualisation of abstract information. 

Appropriate contextualisation includes historical and social frameworks 

including biological and non-biological agents where applicable. 

P2: Assessment / revision or follow-up / auxiliary material should present the 

original context as initially presented during learning to exploit situational 

semantic processing. 
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P3: Learning materials should be used as student-paced resources (i.e. educators 

should avoid system-paced lessons if / when using computer-integrated or 

computer-assisted learning). 

P4: Educators should deconstruct complex concepts into constituent elements. 

This involves devising situational contexts to reconstruct concepts in the 

avoidance of complex parts-to-whole inductive reasoning. This is in reference 

of the need to engage deductive reasoning in students with contextualised 

multimedia material as per the scientific method. 

6.6 Significance of the study 

This study provides a theoretical and methodological framework relevant for 

multimedia theorists and educational practitioners alike. The dominant model of 

cognition within multimedia learning with its characteristic architecture and 

physiology has been found inadequate to account for developmental as well as 

evolutionary processes and constraints. An alternative model, premised on embodied 

cognition and developmental plasticity, is favourable in its provision of a more holistic 

etiology and export to the entire population. This causal framework presents a joint 

synchronic and diachronic perspective in offering proximate functional and ultimate 

evolutionary answers to questions of learning behaviour. This thesis is novel in 

multimedia learning in being the first to explicitly link development with brain 

architecture, and in establishing subjective socioeconomic status as a reliable and valid 

predictor of cognitive patterns. Specifically, this thesis offers four main areas of 

significance: 

1. Inclusion of an evolutionary component to an otherwise static view of 

cognitive processing; 

2. Provision of a mechanistic model of cognition accounting for individual 

cognitive styles; 

3. Identification of socioeconomic status as moderator of individual differences; 

4. Guidelines for enhanced science learning in application of the derived 

conceptual model of cognition. 
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The following sections describe specific theoretical (Section 6.6.1), methodological 

(Section 6.6.2) and practical (Section 6.6.3) contributions of the study. 

6.6.1 Theoretical contributions. 

The research adopts a transdisciplinary approach in merging aspects of education with 

neuroscience. This accords with work by Usha Goswami and colleagues (Goswami, 

2006; Goswami, 2008; Howard-Jones., et al, 2016) in cognitive developmental 

neuroscience and others in science education (e.g. Anderson et al., 2014; Petitto, 

2009). Perhaps the most original transdisciplinary contribution this research offers is 

its identification of the learner as central to learning design. This is transdisciplinary 

in the sense that it involves a bidirectional relationship between the classroom and the 

laboratory in the identification and measurement of variables and data not normally 

present in either approach. For neuroscience, the derived conceptual model is enriched 

with important behavioural findings; for education, the conceptual model offers a 

terminology and methodology that transcends existing cognitive models. The reliance 

on an evolutionary / developmental approach, moreover, offers a parsimonious 

account of stimuli processing that precludes the need for ever more contrived learning 

effects in explaining experimental inconsistency. From a methodological perspective, 

this is common within multimedia learning, despite the obvious criticism that facts are 

simply being made to fit theory. Instead, stimuli processing can avoid the arbitrariness 

of computationalism via focus on developmental constraints that underlie cognitive 

limitations, of which social standing is a universal and persistent force. Multimedia 

learning has been critiqued in this thesis for its ever-growing cache of learning effects; 

the redefined Multimedia Principle in Section 6.3 stands as a possible unifying 

principle within the field. Success in this endeavour requires explicit delineation of 

social congruence and how this principle supersedes established principles currently 

associated with learning effects. Future approaches are advised to operationalise 

textual social congruence and apply this to learning materials. In risking an attitude of 

conceit, it is possible that following experimentation, established multimedia effects 

will be relegated to subsets of the redefined Multimedia Principle. 
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6.6.2 Methodological contributions. 

With adoption of an embodied cognitive model such as that presented in this thesis, 

Multimedia Research findings are predicted to show less ambiguity. Postulation of 

contrived learning effects upon experimental heterogeneity may become redundant 

and larger effect sizes are assumed upon presentation of socialised learning materials. 

This reduction of methodological uncertainty will accompany appropriate focus on the 

learner’s social background due to the strong association between this element of 

developmental plasticity and cognitive style. Conversely, experimental focus on 

design, task and outcome variates, as per current practice, are likely to contribute to a 

continuing state of confusion surrounding CTML learning principles. The other major 

methodological contribution this thesis makes is the importance of attitudinal data 

regarding the learning area in addition to design / task conditions as per multimedia 

learning research. This is of methodological significance given the essential role of the 

affective network in bridging perceptual and cognitive-regulatory processes. This 

factor is central to the conceptual model of this thesis and was thus presented as a 

primary recommendation for educational practice. 

6.6.3 Practical contributions. 

Significance of the study extends to guidelines for educators. Recommendations map 

to instructional design principles and are informed by theoretical explanations 

applicable to multimedia research as well as the classroom. Immediate school-level 

adoption of principles detailed in this thesis include identification of socioeconomic 

status and appropriate design and use of graphic novels in science education. This may 

reorient students towards science as a learning area where overt abstraction may 

otherwise limit meaningful engagement. In so doing, the thesis offers significance in 

potentially arresting the decline of Australian secondary students enrolling in senior 

science and other technical subjects. 

6.7 Concluding Remarks 

This research project has constructed and tested a model of cognition that has hitherto 

been lacking in the multimedia learning research literature. Moreover, it has situated 



   Discussion and Conclusions 

 276 

its causal framework within an enduring feature of all societies - socioeconomic status. 

The importance of social standing is recognised within Australian legislation as a 

shaper of educational outcomes, a ‘socioeconomic achievement gap’ requiring 

targeted funding for equitable outcomes. This acknowledgement offers a timely 

reminder of the need to address the needs of low SES students and features as a key 

driver of this research. This final section offers a brief synopsis of the findings and 

recommendations for future research in the field of multimedia learning. 

Middle school science learners showed gains in recall and transfer of complex 

scientific concepts when using multimedia learning resources. These resources were 

socialised to reflect congruent presentations of information, that is, biological and non-

biological agents embedded within realistic environments. This was done to test the 

hypothesised association between cognitive style – and related abstractive ability – 

with degree of audio-visual integration. Audio-visual integration was defined as a 

continuum between completely de-socialised presentations featuring abstract textual 

and pictorial features, and highly socialised graphic novel presentations featuring text 

as speech-bubbles. Objective and subjective measure of socioeconomic status were 

added as covariates to test the assumption that social standing shapes cognitive style 

in abstractive ability. Abstraction was hypothesised to represent motivated learning 

conforming to globalised or localised processing, though susceptible to inhibitory 

dysfunction associated with hypothalamic-pituitary-adrenal (HPA) stress 

dysregulation. Subjective social standing emerged as a consistent and statistically 

significant covariate of science learning, though objective SES was excluded from the 

model. Overall, learning with socialised multimodal text was most beneficial for 

factual recall (knowledge and understanding) and transfer (application) type problems, 

though extends to evaluation type problems given observed statistical relationships in 

the analysis. Finally, it was observed from attitudinal data that students showed reliable 

gains in understanding, enjoyment and perceived importance of science as a result of 

using socialised texts, although such affective response may not extend to the learning 

area itself.   

Suggestions for future research include (i) extension of embodied cognition in 

informing multimedia theory and (ii) modification to existing multimedia theory. In 

applying embodied cognition to multimedia theory, it is suggested that action 
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representations be taught with appropriate situational cues to enhance memory 

consolidation and retrieval of abstract scientific concepts. This includes careful 

preparation of science concepts in learning material design. In short, holistic 

presentation of social and (inanimate) mechanical actors are essential for learner 

clarification of goal-directed actions in priming memory systems for efficient recall 

and transfer. Pertinent also to an appropriate transdisciplinary approach, is the use of 

functional imaging with use of educationally relevant material in determining 

multimodal neural processing. The conceptual model presented in this thesis could 

inform perceptual dysfunction in such a research approach. Another future research 

theme emerging from Section 2.3.4 is that of the dysconnectivity hypothesis explored 

in relation to chronic stress hormone insult. Executive function impairments inherent 

to connectivity between cerebellum and corticolimbic bodies may underlie cognitive 

styles hinted at though not explored fully in this thesis.  

Within multimedia learning, the redefined Multimedia Principle is a provocation that 

deserves ongoing research. Grand unifying theories feature in the physical sciences 

and are probably equally attractive to social science researchers. Offering a unified 

multimedia principle suggests an equally omnipresent learning effect may be waiting 

detection. As stated, this is provocative though deserves attention given the ubiquity 

of social standing as a determinant of physical and mental development. Subsequent 

research should gauge the efficacy of socialised texts for learners, tested against all the 

programmatic, assessment, and contextual influence variables that have been used in 

multimedia research. This will either strengthen the claims made here or relegate them 

to a footnote in educational research
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Study Ages / 

Education 

level 

 

Purpose Influence 

Variables 

Framing Theory Results 

Reinwein 

(2012) 

Senior 

primary 

school; 

junior high 

school; 

senior high 

school; 

technical 

institute; 

adult 

(A) 

Established 

multimedia 

effect. 

Reassess 

modality 

effect via 

replication 

of Ginns 

(2005) 

study; 

widens 

scope of 

moderator 

variables 

• Modality effect 

• Design variate 

(pace of 

presentation; 

text length; 

verbal 

labelling; type 

of 

visualisation; 

decorative 

pictures) 

• Learner variate 

(age) 

• Outcome 

variate 

(transfer test; 

similar test; 

time on 

transfer test; 

subjective 

cognitive 

loading test). 

 

• Cognitive 

Load Theory 

• Cognitive 

Theory of 

Multimedia 

Learning 

Results show a 

significant lowering 

of earlier estimates 

of effect size. Age 

and decorative 

pictures did not 

impact overall 

effect size. 

Confounding 

variables on 

Modality effect (e.g. 

Type of 

visualisation; Pace 

of presentation; 

Research group) 

identified in earlier 

research. Forces a 

reconsideration of 

the modality effect. 

Results from Type 

of visualisation and 

Verbal labels more 

easily interpreted as 

a split-attention 

effect.  

Ginns 

(2006) 

Junior 

primary 

school; 

senior 

primary 

school; 

junior high 

school; 

senior high 

school; 

technical 

institute; 

adult 

(A) 

Established 

multimedia 

effect. 

To 

generalise 

previous 

results on 

split 

attention 

(spatial / 

temporal 

contiguity) 

across 

differing 

design, 

learner, and 

outcome 

characteristi

cs. 

• Spatial / 

temporal 

contiguity 

• Design variate 

(element 

interactivity; 

type of 

information 

presentation) 

• Outcome 

variate (similar 

test; transfer 

test; both 

similar test and 

transfer test; 

time on 

transfer test) 

• Broad field of 

study 

(mathematics; 

science; 

engineering / 

technical) 

• Learner variate 

(Educational 

level) 

 

• Cognitive 

Load Theory 

• Cognitive 

Theory of 

Multimedia 

Learning 

Results generally 

conform to existing 

research on 

reduction of 

extraneous 

cognitive load. Low 

element interactivity 

items showed lower 

than expected effect 

size compared with 

high element 

interactivity items. 
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Study Ages/  

Educatio

n level 

 

Purpose Influence 

Variables 

Framing Theory Results 

Gegenfurt

ner et al. 

(2011) 

Experts ( 

x̄ = 26.54 

years; SD 

= 7.38) 

 

Intermedi

ates (x̄ = 

23.65; SD 

= 7.27) 

 

Novices 

(x̄ = 

22.99; SD 

= 3.95) 

  

(A) 

Established 

multimedia 

effect.  

To test theory 

of long-term 

working 

memory, eye 

fixation 

patterns 

hypothesised 

to show 

expertise 

effects.   

• Expertise 

fixation 

duration  

• Visualisation 

variate (static / 

dynamic; 

schematic; two-

dimensional; 

dual-modality; 

text annotation) 

• Task variate 

(complexity; 

time-limited; 

user-control) 

• Domain variate 

(professional) 

• Theory of 

long-term 

working 

memory.  

• Information-

reduction 

hypothesis. 

• Holistic 

model of 

image 

perception.  

• Embedded 

cognition 

model. 

Experts had shorter 

fixation durations, 

and enhanced 

fixation on task-

relevant areas. 

Findings appear to 

discredit the limited 

capacity of working 

memory assumption 

of CTML and CLT, 

although are 

represented within 

the prior knowledge 

principle (Mayer, 

2009) and expertise 

reversal effect 

(Sweller et al., 

2011) as boundary 

conditions. 

Instructional 

implications include 

expert modelling for 

novices, procedural 

insights, and 

affective / cognitive 

improvements in 

mapping expert 

attentional resources 

in learning visual 

information. 

 

Richter et 

al. (2015) 

Primary / 

middle 

school; 

high 

school; 

university; 

vocational 

training. 

(A) 

Established 

multimedia 

effect.  

To determine 

effectiveness 

of signalling 

between 

textual 

components, 

as well as 

identification 

of potential 

boundary 

conditions. 

• Signals cueing 

visual and 

textual 

correspondence 

• Outcome 

variate 

(transfer; far 

transfer; 

comprehension

; problem 

solving) 

• Hypothesised 

boundary 

conditions 

(Domain-

specific prior 

knowledge; 

material 

pacing; 

pictorial 

format; 

mapping 

requirements; 

signal 

distinctiveness)

. 

 

• Cognitive 

Theory of 

Multimedia 

Learning 

• Cognitive 

Load Theory 

Debate over 

strength of 

signalling as an 

effect following 

small to medium 

overall effect. 

Degree of prior 

knowledge showed 

a significant 

difference in favour 

of low / medium 

prior knowledge 

learners. This was 

the sole included 

moderator found to 

exert an effect on 

textual signalling. 
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Study Ages/  

Education 

level 

 

Purpose Influence Variables Framing Theory Results 

Adesope 

& 

Nesbit 

(2012) 

K-3; 1-2; 2-

6; 7; 8-9; 

10; 8-12; 

Post-

secondary 

(A) 

Established 

multimedia 

effect.  

Assess 

verbal 

redundancy 

as feature of 

auditory and 

visual 

congruency. 

Examine 

potential 

learner / 

material 

characteristi

cs as 

moderating 

variables. 

• Concurrent 

spoken-written, 

spoken-only, and 

spoken-written 

presentations 

• Outcome variate 

(transfer; recall, 

response time) 

• Learner variate 

(education level; 

reading fluency; 

prior domain 

knowledge) 

• Design variate 

(presentation 

pacing; degree of 

audio and textual 

congruence; 

presence of 

images) 

 

• Cognitive 

Load Theory 

• Dual 

processing 

Theory of 

Multimedia 

Learning 

(DPTML) -

Cognitive 

Theory of 

Multimedia 

Learning 

Small effect with 

large heterogeneity 

found for the 

investigated effect. 

Spoken–written 

presentations 

outperformed 

spoken-only 

presentations, while 

outcomes did not 

differ between 

spoken–written and 

written-only 

presentations. 

Spoken–written 

presentations 

showed advantage 

for low prior 

knowledge learners, 

system-paced 

learning materials, 

and picture-free 

materials. 

Ginns 

(2005) 

Junior 

primary 

school; 

senior 

primary 

school; 

junior high 

school; 

senior high 

school; 

adult; 

technical 

institute 

(A) 

Established 

multimedia 

effect.  

To establish 

effectivenes

s of visual / 

auditory 

presentation 

of 

instructional 

material. 

• Modality effect 

• Design variate 

(level of element 

interactivity; 

pacing of 

presentation; 

form of multiple 

modality 

presentation) 

• Outcome variate 

(similar test; 

transfer test; 

dual task 

performance; 

time to solution 

on transfer test; 

subjective rating 

of cognitive load) 

• Learner variate 

(age group) 

• Broad field of  

study 

(mathematics / 

logic; science; 

engineering, 

social science; 

English 

comprehension) 

• Type of testing 

(individual / >1) 

 

• Separate 

streams 

hypothesis 

• Cognitive 

Load Theory 

• Cognitive 

Theory of 

Multimedia 

Learning 

Overall moderate to 

large effect size for 

modality effect. All 

major hypotheses 

supported (i.e. 

design, outcome, 

learner variates) 

with overall 

modality effect 

moderated by 

element interactivity 

(with larger effects 

for low rather than 

high element 

interactivity). 

Pacing of 

presentation 

likewise moderated 

the modality effect, 

with larger effects 

for the system-

paced condition. 
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Study Ages/ 

Education 

level 

 

Purpose Influence Variables Framing Theory Results 

Yue et 

al. 

(2013) 

No 

participants 

(B) 

Multimedia 

resources 

To assess 

the design 

of 

multimedia 

resources in 

medical 

training 

adhering to 

CTML 

principles.  

• Multimedia 

learning 

principles 

(managing 

essential 

processing; 

minimising 

extraneous 

processing; 

facilitating 

generative 

processing) 

• Cognitive 

Theory of 

Multimedia 

Learning 

Animations in 

medical training 

average 48.4% 

across all eight 

CTML principles, 

and range between 

7.7% (pre-training 

principle) to 92.4% 

(spatial contiguity 

principle).  

Hoffner 

& 

Leutner 

(2007)  

Student; 

undergradua

te; recruit; 

adult. 

(B) 

Multimedia 

resources 

To assess 

whether 

instructional 

animation 

provides 

better 

learning 

outcomes 

than static 

pictures.  

• Dynamic / static 

visualisation 

• -Design variate 

(video / computer 

based; realism; 

representational / 

decorational; 

annotated with 

coherent text; 

signaling cues) 

• Outcome variate 

(instructional 

domain; 

knowledge-type; 

time on task) 

• Learner variate 

(educational 

level) 

• Other (year of 

publication; 

sample size) 

 

• Cognitive 

Theory of 

Multimedia 

Learning 

The findings reveal 

a medium-sized 

overall advantage of 

instructional 

animations versus 

static pictures. 

Representational 

animation was 

superior to 

decorative 

animation, although 

decorational 

visualisations did 

not differ. 

Animations were 

found to 

significantly 

moderate requested 

knowledge in 

procedural-motor 

knowledge, 

declarative 

knowledge, and to a 

lesser extent, 

transfer knowledge.  
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Study Ages/ 

Education 

level 

 

Purpose Influence Variables Framing Theory Results 

Yue et 

al. 

(2013) 

No 

participants 

(B) 

Multimedia 

resources 

To assess 

the design 

of 

multimedia 

resources in 

medical 

training 

adhering to 

CTML 

principles.  

• Multimedia 

learning 

principles 

(managing 

essential 

processing; 

minimising 

extraneous 

processing; 

facilitating 

generative 

processing) 

• Cognitive 

Theory of 

Multimedia 

Learning 

Animations in 

medical training 

average 48.4% 

across all eight 

CTML principles, 

and range between 

7.7% (pre-training 

principle) to 92.4% 

(spatial contiguity 

principle).  

Hoffner 

& 

Leutner 

(2007)  

Student; 

undergradua

te; recruit; 

adult. 

(B) 

Multimedia 

resources 

To assess 

whether 

instructional 

animation 

provides 

better 

learning 

outcomes 

than static 

pictures.  

• Dynamic / static 

visualisation 

• -Design variate 

(video / computer 

based; realism; 

representational / 

decorational; 

annotated with 

coherent text; 

signaling cues) 

• Outcome variate 

(instructional 

domain; 

knowledge-type; 

time on task) 

• Learner variate 

(educational 

level) 

• Other (year of 

publication; 

sample size) 

 

• Cognitive 

Theory of 

Multimedia 

Learning 

The findings reveal 

a medium-sized 

overall advantage of 

instructional 

animations versus 

static pictures. 

Representational 

animation was 

superior to 

decorative 

animation, although 

decorational 

visualisations did 

not differ. 

Animations were 

found to 

significantly 

moderate requested 

knowledge in 

procedural-motor 

knowledge, 

declarative 

knowledge, and to a 

lesser extent, 

transfer knowledge.  
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Study Ages/ 

educational 

level 

 

Purpose Influence variables Framing theory Results 

Rolfe & 

Gray 

(2012) 

Year 1, 2, 3 

undergradua

te; pre-

clinical 

medicine; 

pharmacy / 

nursing 

(B) 

Multimedia 

resources 

Evaluation 

of 

effectivenes

s of 

multimedia 

resources in 

life science 

education.  

• Outcome 

variate 

(drawing test; 

identification 

test; 

terminology 

test; 

comprehension 

test)  

• Enhancement 

variate (audio / 

narration; 

chunking 

strategy; 

scaffolding; 

advance 

organiser) 

• Cognitive 

Theory of 

Multimedia 

Learning 

• Dual coding 

theory 

Generally positive, 

though unequal, 

results of embedded 

multimedia in 10 from 

16 comparisons. 

Significant post-test 

results dominated the 

findings, while long-

term retention 

generally favoured 

control conditions in 

all conditions except 

graphic vs animation 

short view. 

Conclusions drawn 

for Cognitive Theory 

of Multimedia 

Learning in terms of 

specific outcomes and 

interactions between 

learner and animation.  

 

Gegenfu

rtner et 

al. 

(2014)  

Professional 

employees 

(mean age 

21.40 years 

old; SD = 

2.84) 

 

(B) 

Multimedia 

resources 

Evaluation 

of digital 

simulation 

design 

characteristi

cs in aiding 

transfer and 

self-efficacy 

amongst 

learners. 

• Self efficacy / 

learning 

transfer 

• Design variate 

(scenario; 

player 

perspective; 

fantasy; timing 

of the 

simulation; 

modality; 

realism; 

dimensionality)  

• Learner variate 

(number of 

players; team 

context) 

• Outcome 

variate (timing 

of assessment; 

level of 

assessment; 

safety of 

assessment) 

• Adaptivity 

variate 

(increase of 

difficulty level; 

rule rigidity; 

possibilities to 

end the 

simulation) 

• Social 

cognitive 

theory 

• Cognitive 

Theory of 

Multimedia 

Learning 

Moderate relationship 

between self-efficacy 

and learning transfer, 

although high 

heterogeneity 

indicative of three 

major moderating 

effects. These include 

task-related efficacy 

beliefs: user-control 

of difficulty; 

immediate feedback; 

and thirdly, self-

efficacy and transfer 

population correlation 

estimates were 

unaffected by social, 

narrative or 

multimedia 

characteristics. 

Results suggest a 

tentative validation of 

social cognitive 

theory, while CTML 

principles are 

questioned for their 

validity in digital 

simulation design. 
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Study Ages/ 

educational 

level 

 

Purpose Influence variables Framing theory Results 

Lin et 

al. 

(2007) 

Exclusively 

college-

aged 

participants. 

(B) 

Multimedia 

resources 

Evaluation of 

enhancement 

strategies used 

with animated 

instruction. 

• Outcome 

variate (20-

item criterion 

test: Drawing 

Test; 

Identification 

Test; 

Terminology 

Test; 

Comprehension 

Test) 

• Enhancement 

variate (audio 

/narration; 

chunking 

strategy; 

scaffolding; 

advance 

organiser) 

 

• Cognitive 

Theory of 

Multimedia 

Learning 

• Cognitive 

load theory 

• Meaningful 

learning 

• Assimilation 

theory 

Results showed 

inconsequential or 

negative moderation 

across outcome 

tests, irrespective of 

the enhancement 

strategy or 

animation feature/s. 

Suggestions for 

enhancement 

strategy usage 

aligned with 

cognitive resource 

principles of CLT / 

CTML.  

Pearson 

et al. 

(2005) 

6th, 7th, 8th 

grade 

learners 

(C) Reading 

enhancement 

To assess the 

usage of 

digital 

technologies 

in aquisition 

of advanced 

reading 

strategies. 

• Outcome 

variate (reading 

comprehension

) 

• Programmatic 

variate 

(meaning-

focussed / 

code-focussed) 

• Assessment 

variate   

• Contextual 

variate (student 

undifferentiate

d / 

differentiated; 

study-size; 

study-duration; 

policy-focus) 

• Cognitive 

Theory of 

Multimedia 

Learning 

Moderate to strong 

effect of digital 

technology usage on 

comprehension 

(only one of five 

original reading 

variates coded for 

analysis). 

Contextual 

differences 

observed between 

undifferentiated 

middle school 

students versus 

struggling readers. 

Short study duration 

was associated with 

greater 

comprehension 

gains, although 

policy focus  

did not moderate 

results. 
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Study Ages/ 

educational 

level 

 

Purpose Influence variables Framing 

theory 

Results 

Takacs 

et al. 

(2015) 

Pre-school 

aged 

learner; 

elementary-

aged 

learner. 

(C) Reading 

enhancement 

Evaluation of 

technology-

enhanced 

stories versus 

auditory 

stories for 

young 

learners. 

• Multimedia-only; 

Interactive-

multimedia; 

Interactive-only 

• Outcome variate 

(Story 

comprehension; 

Vocabulary 

learning; Code-

related literacy 

skills; Child 

engagement and 

communication 

during reading) 

• Design variate 

(congruent 

features; 

interactive 

features) 

• Learner variate 

(overall; 

disadvantaged; 

non-

disadvantaged) 

• Cognitive 

Theory of 

Multimedia 

Learning 

Small to moderate 

gains with usage of 

technology-

enhanced stories in 

all outcome 

variates. Additional 

differences detected 

between 

disadvantaged and 

non-disadvantaged 

children, although 

no further analysis 

possible. 

Multimedia-only 

presentations were 

found to be 

beneficial in 

comparison with 

both multimedia-

interactive, and 

interactive-only 

presentations. 

Disadvantaged 

learners saw even 

greater benefits with 

multimedia-only 

presentations, and 

an enhanced 

distinction between 

multimedia versus 

interactive stories. 

 

Ginns et 

al. 

(2013) 

Junior high 

school; 

senior high 

school; 

college; 

mixed levels 

of adult 

education. 

(C) Reading 

enhancement 

Assessment of 

personalisatio

n principle in 

instructional 

material 

design. 

• Outcome variate 

(retention; 

friendliness; 

transfer; effective 

processing) 

• Design variate 

(conversational 

style; computer / 

paper based) 

• Contextual 

variate 

(publication type; 

language of 

instruction; 

pacing of 

instruction; 

length of learning 

phase; broad 

field of study) 

• Learner variate 

(educational 

level; prior 

knowledge 

levels) 

 

• Cognitive 

Theory of 

Multimedia 

Learning 

• Cognitive 

Load 

Theory 

Use of 

conversational style 

results in moderate, 

positive effect size 

in outcome and 

perception of 

friendliness. 

Learning assistance 

and learner interest 

was not statistically 

associated with this 

perception of 

friendliness, 

however, unlike that 

of most other 

operationalisations. 

Nonetheless, the 

‘implied 

conversation’ of 

personalised 

learning materials is 

felt to offer 

cognitive processing 

benefits irrespective 

of learner interest.  



 

 366 

APPENDIX 2 

MSSAT PRE-TEST INSTRUMENT – YEAR 7 
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APPENDIX 2 (cont.) 

MSSAT PRE-TEST INSTRUMENT – YEAR 8 
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APPENDIX 2 (cont.) 

MSSAT PRE-TEST INSTRUMENT – YEAR 9 
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APPENDIX 2 (cont.)  

MSSAT ANSWER SHEET (all grades) 
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APPENDIX 3 

GRADE 7 WORKSHEETS (WORKSHEET 1 BIMODAL SOCIAL)  
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GRADE 7 WORKSHEETS (WORKSHEET 1 MULTIMODAL SOCIAL)  
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GRADE 7 WORKSHEETS (WORKSHEET 2 BIMODAL SOCIAL)  
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GRADE 7 WORKSHEETS (WORKSHEET 2 MULTIMODAL SOCIAL)  
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GRADE 7 WORKSHEETS (WORKSHEET 3 BIMODAL SOCIAL)  
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GRADE 8 WORKSHEETS (WORKSHEET 1 BIMODAL SOCIAL) 
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GRADE 8 WORKSHEETS (WORKSHEET 1 MULTIMODAL SOCIAL) 
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GRADE 8 WORKSHEETS (WORKSHEET 3 MULTIMODAL SOCIAL) 
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*N.B. Some images from original worksheet lost. 



 

 453 

 



 

 454 

 

  



 

 455 

GRADE 9 WORKSHEETS (WORKSHEET 1 BIMODAL SOCIAL) 
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GRADE 9 WORKSHEETS (WORKSHEET 1 MULTIMODAL SOCIAL) 
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GRADE 9 WORKSHEETS (WORKSHEET 2 BIMODAL SOCIAL) 
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GRADE 9 WORKSHEETS (WORKSHEET 2 MULTIMODAL SOCIAL) 
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APPENDIX 4 

WORKSHEET QUESTIONS (YEAR 7 – BIMODAL TEXT 1) 
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WORKSHEET QUESTIONS (YEAR 7 – MULTIMODAL TEXT 1) 
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WORKSHEET QUESTIONS (YEAR 7 – BIMODAL TEXT 2) 
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WORKSHEET QUESTIONS (YEAR 7 – MULTIMODAL TEXT 2) 
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WORKSHEET QUESTIONS (YEAR 7 – BIMODAL TEXT 3) 
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WORKSHEET QUESTIONS (YEAR 8 – BIMODAL TEXT 1) 
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WORKSHEET QUESTIONS (YEAR 8 – MULTIMODAL TEXT 1) 
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WORKSHEET QUESTIONS (YEAR 8 – BIMODAL TEXT 2) 
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WORKSHEET QUESTIONS (YEAR 8 – MULTIMODAL TEXT 2) 
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WORKSHEET QUESTIONS (YEAR 8 – BI- / MULTIMODAL TEXT 3) 
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WORKSHEET QUESTIONS (YEAR 9 – BIMODAL TEXT 1) 
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WORKSHEET QUESTIONS (YEAR 9 – MULTIMODAL TEXT 1) 
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WORKSHEET QUESTIONS (YEAR 9 – BIMODAL TEXT 2) 
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WORKSHEET QUESTIONS (YEAR 9 – MULTIMODAL TEXT 2) 
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WORKSHEET QUESTIONS (YEAR 9 – BIMODAL TEXT 3) 
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WORKSHEET POST-TEST (YEAR 7 – WORKSHEET 1) 
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WORKSHEET POST-TEST (YEAR 7 – WORKSHEET 2) 
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WORKSHEET POST-TEST (YEAR 7 – WORKSHEET 3) 
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WORKSHEET POST-TEST (YEAR 8 – WORKSHEET 1) 
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WORKSHEET POST-TEST (YEAR 8 – WORKSHEET 2) 
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WORKSHEET POST-TEST (YEAR 8 – WORKSHEET 3) 
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WORKSHEET POST-TEST (YEAR 9 – WORKSHEET 1) 
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WORKSHEET POST-TEST (YEAR 9 – WORKSHEET 2) 
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WORKSHEET POST-TEST (YEAR 9 – WORKSHEET 3) 
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APPENDIX 5 (cont.) 

MARKING RUBRIC (all worksheet quizzes i.e. grade 7, 8 and 9 worksheets) 
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APPENDIX 6 

AFFECTIVE OUTCOMES SCALE (AOS) INSTRUMENT 
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APPENDIX 7 

MODIFIED TEST OF SCIENCE RELATED ATTITUDES (TOSRA) (adapted 

from Fraser, 1981; Fisher et al., 1995)  
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APPENDIX 8 

MODIFIED MACARTHUR SCALE OF SUBJECTIVE SOCIAL STATUS – 

YOUTH VERSION 
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APPENDIX 9 

PARENT SURVEY: MODIFIED MACARTHUR SCALE OF OBJECTIVE 

SOCIAL STATUS 
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APPENDIX 10 

MENTAL EFFORT INSTRUMENT 

  



 

 555 

 

 



 

 556 

 

 

 

 

 



 

 557 

APPENDIX 11 

APPROVAL LETTER FROM CURTIN UNIVERSITY’S HUMAN 

RESEARCH ETHICS OFFICE  
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APPENDIX 12 

INFORMATION AND CONSENT LETTERS (PARENT / STUDENT / 

TEACHER) 
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