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Abstract

Science teacher educators have a complex role in preparing future science teachers, 
giving them the content and pedagogical and technological knowledge. This research 
examines using a gamified laboratory simulation tool (Labster), where access was giv-
en to a cohort of science pre-service teachers (pst s) in the third year of their Initial 
Teacher Education for a semester. A mixed-method approach was adopted to generate 
data for this case study. Schulman’s pedagogical content knowledge provided the the-
oretical background, whilst Makransky and Petersen’s (2019) framework was deployed 
to identify factors in implementing Labster, including usability, motivation, and per-
ceived use. The data determined that despite the ongoing engagement and interest 
in games and gamification in the wider community, the perceived engagement and 
interest were not reflected in the responses of the undergraduate science pst s in the 
study. pst s reported that they did not feel that it improved their content knowledge.

Downloaded from Brill.com 05/03/2024 06:43:35AM
via Open Access. This is an open access article distributed under the terms

of the cc by 4.0 license.
https://creativecommons.org/licenses/by/4.0/

http://brill.com/ined
mailto:rachel.sheffield@curtin.edu.au
mailto:r.koul@curtin.edu.au
mailto:craig.sims@curtin.edu.au
https://creativecommons.org/licenses/by/4.0/


2  

10.1163/25248502-bja00003 | Innovation and Education (2024) 1–29

Keywords

science teacher educators – pedagogical – self-efficacy – mixed-method approach – 
gamified laboratory simulation tool

Introduction

Gamification is an expanding billion-dollar industry, with reports that in 
2020, the global value of gamification is $9.1 billion (Markets and Markets, 
2020; Prescient & Strategic Intelligence, 2020). Chang (2021) reported that 
80% of US workers believe game-based learning is more engaging, with 85% 
of employees reporting enjoyment of gamification software solutions at work 
and making them more productive. For example, Kahoot!, a game-based 
learning supplier from Norway, quickly breached the 90 million user mark 
and has a 75% growth rate to become one of the fastest-growing learning 
brands in the world (Adkins, 2019). Duolingo leverages gamification in teach-
ing languages to users for free via the user’s mobile and has grown its user 
base to over 300 million in 2020 (Citrusbits, 2020). In schools, game-based 
learning for children is predicted to be among the leading revenue opportu-
nities for developers from 2019 until 2024, registering a growth of 21.4% and 
a tripling of revenue (Adkins, 2019). Not unexpectedly, there has been a very 
high level of growth of virtual reality-based learning games at 51.9%, followed 
by evaluation and assessment games at 46.2% and language learning games 
at 41.8% (Adkins, 2019). In Higher Education, it is predicted that game-based 
learning or gamification will experience growth of 15% from 2019 to 2024, 
and challenge-based gamification will lead to an increase of 34% in student 
performance, and this increase was up to 89% when compared to traditional 
lectures (Legaki et al., 2020). Concerning motivation and engagement, 67% 
of students found gamified learning more motivating and engaging than tra-
ditional courses (O’Donnellan, 2019). Play-based gamification for enjoyment 
often has the ability for the player to participate with peers and even strangers 
in the online space, communicating through headsets and collaborating to 
solve problems related to the ‘quest’, leading to gratification. This research 
considers how the game-based simulation Labster can support learners to de-
velop stem skills, including communication, collaboration, problem-solving, 
and creativity.
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Rationale

E-learning has also been promoted as a paradigm shifter within the tertiary 
space nearly two decades ago when Bates (2005) promoted E-learning as a 
‘game changer’. Indeed, in the case of Learning Management Systems (lms) 
such as Moodle, Blackboard or Canvas, changed the universities’ landscape to 
enable students to participate deeply in the online space (Instructure, 2008). 
In our university, Curriculum and Instruction (c&i) units prepare pst s to 
teach science, mathematics and other topics to students, and Blackboard is the 
chosen lms (Anthology, 2023).

The rationale for this study is developed from the situation that within the 
School of Education at the University, there are only two units of c&i designed 
to teach pst s the specific pedagogical content knowledge (pck) and content 
knowledge (ck) to teach science to students in secondary schools (Shulman, 
1986; Shulman, 2013). It is expected that in 12 weeks of teaching once a week for 
2 hours per semester, Teacher educators will provide pst s with the science-ap-
propriate pedagogy to teach science as set out in the teacher standards (Aus-
tralian Institute for Teaching and School Leadership, 2017). This is a consistent 
situation throughout Australia, as all Schools of Education are bound by the 
same aitsl standards (Australian Institute for Teaching and School Leader-
ship, 2017). Teacher educators find that only 12 weeks is challenging to teach 
in-depth the diverse science content knowledge required for pst s to become 
secondary educators. pst s are presumed to be developing expertise in content 
knowledge across all science knowledge to be taught in years 7-10 and their 
specialist area, e.g., Physics, Chemistry, Biology, Human Biology, Earth and 
Space Science or Psychology in Years 11 and 12 (Australian Institute for Teach-
ing and School Leadership, 2017).

pst s studying in these units in the School of Education also complete several 
content units across the first, second and third years in the Faculty of Science 
and Engineering or Health Sciences. For example, suppose they are planning to 
teach Senior Secondary Biology, in that case, they choose units from a range of 
biology-based units, including ecology, marine science, etc. (Australian Insti-
tute for Teaching and School Leadership, 2017), so their content knowledge is 
limited (Shulman, 1986; Shulman, 2013). Consequently, these pst s often reach 
2nd year with little expertise in the other science areas; for example, if they 
are biology-focused, they may lack expertise in chemistry, physics and earth 
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and space sciences (Barbosa, 2013; Kind, 2009). Some pst s have not studied in 
these areas since they were in Grade 10, so they can have little understanding 
of the content knowledge they are expected to teach. This perceived lack of 
background content knowledge impedes their confidence and self-efficacy to 
teach in the lower secondary areas (Gess-Newsome et al., 2017). Therefore, in 
the (Lower) Secondary c&i classroom in the School of Education, the pst s can 
have high levels of knowledge in some science areas and less in others, making 
remediation challenging as their needs are diverse.

Using a game-based approach, in this case, content-rich gamification software 
Labster integrated into the University’s lms Blackboard may enable pst s to 
upskill their content knowledge in areas where they felt they lacked the pre-
requisite knowledge. Labster, a series of immersive virtual labs, was provided 
to the pst s at the beginning of the semester for them to learn content from. 
When the pst s went out to schools as part of their first teaching practicum, 
they were able to showcase the software as a teaching tool (Bonde, 2023). Lab-
ster could then also be used to engage and upskill the secondary students in 
their classrooms (Bonde, 2023).

Gamification and Game-based Learning
In this paper, the definition of effective gamification is considered and how 
gaming is different from playing. Juul (2003, p. 35) describes a game as “a rule-
based formal system with a variable and quantifiable outcome, where differ-
ent outcomes are assigned different values, the player exerts effort in order 
to influence the outcome, the player feels attached to the outcome, and the 
consequences of the activity are optional and negotiable.” While playing is a 
freeform, creative and open-ended process, gaming is a highly structured pro-
cess oriented toward discrete, clearly defined goals (Beauchemin, 2018). Gam-
ification in education is about increasing student engagement and learning by 
including game-like elements in learning (The Department of Education, Skills 
and Employment, 2020). There are a number of aspects that are found effec-
tive in games; typically, these games include a series of goals or progressions, 
clear rules, elements of the story, high interactivity, and continual feedback, 
including some kind of reward (Huotari & Hamari, 2017). Some authors pro-
pose  that ‘Gamification of learning environments may constitute a powerful 
tool for the acquisition of knowledge, and might enhance important skills such 
as problem-solving, collaboration, and communication’ (Dicheva & Dichev, 
2015, p.  1147). The games may also incorporate social elements of teamwork 
and communication (The Department of Education, Skills and Employment, 
2020).
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There are a number of advantages and limitations of gamification; advantages 
include that it can be individually delivered to support pst s/students’ needs 
and focused on their level. Some gamification tools can support experimen-
tation, encourage productive failure (Huotari & Hamari, 2017) and promote 
curiosity. Its limitations include the notion of fun over substance, and the 
teacher needs to be careful which learning outcomes can be supported. It 
also can encourage extrinsic rather than intrinsic motivation. In pst literacy 
education, Karadag (2015) determined that pst were more engaged and per-
ceived to be learning when participating in game-based learning, and this was 
also the case in research completed by Vu et al. (2016), who reported gains in 
engagement and participation in their research. An examination of pre-ser-
vice teachers’ attitudes towards game-based learning, in the Handbook of Re-
search on gaming trends in P-12 education (Sadone (2020) also reported that 
pst s saw value in the use of educational games in their future classrooms. 
In tertiary classrooms, Sánchez-Mena (2016) identified learning drivers as at-
tention-motivation, entertainment, interactivity, and ease of learning. This 
research, however, identified four main barriers to the use of the materials 
in the tertiary classroom, including lack of resources, students, subjects, and 
classroom dynamics (Sánchez-Mena, 2016). For tertiary education, there has 
been some evidence that stem learning, in particular, is enhanced using gam-
ification (Rotiz et al., 2015). However, there has been little research in science 
teacher education, both on the perceptions of the pst as a learner and as a 
prospective teacher.

Davis (2021) discusses the potential of games to be used as a pedagogical tool 
in science education. Davis argues that games can be used to engage students 
in learning, promote problem-solving skills, and develop an understanding of 
scientific concepts. Labster fits into these arguments and roles in a number of 
ways. First, the labs are designed to be engaging and interactive. This is done 
by using a variety of game-based elements, such as challenges, rewards, and 
leaderboards. These elements help to keep students motivated and engaged 
in the learning process. Second, the labs promote problem-solving skills. This 
is done by requiring students to solve problems in order to complete the labs. 
The problems are designed to be challenging, but they are also achievable with 
effort. This helps students to develop their problem-solving skills and to learn 
how to think critically. Third, the labs help students to develop an understand-
ing of scientific concepts. This is done by providing students with a simulated 
environment in which they can interact with scientific phenomena. This helps 
students to understand how the phenomena work and to apply their knowl-
edge to real-world problems.
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There has been limited research on the use of gamification as a pedagogical 
tool for pre-service teachers to enhance the learning of school students in stem 
or Science education.

Lab Simulation Software -Labster
Labster (www.labster.com) describes itself as a fully interactive advanced lab 
simulation where psts/students are immersed in 3D environments (Bonde, 
2023). The software is extensive and contains more than 200 software simula-
tions in areas mostly in the tertiary space, including medicine, but also in high 
school physics, chemistry, biology and human biology (Bonde, 2023). Labster 
can be integrated into the lms and enable participating students in this situa-
tion pst s to upskill in the science knowledge areas that they will have to teach. 
This can include.

 ‒ A lab area where pst s need to put on their lab coat and then pick up equip-
ment or

 ‒ in manipulating molecules or atoms or
 ‒ Out in lakes or other outside areas where pst s participate in excursions.

Each simulation contains a range of questions with a developing rate of com-
plexity around Bloom’s taxonomy, showing recall and increasing levels of ques-
tion complexity to demonstrate pst s’ understanding. Each of the tasks primar-
ily has a science focus but also has a strong inclusion of mathematics via data 
generating and interpretation activities. Technology is inherently included via 
the tools utilisation method but is also present in simulations where students 
interact with devices and tools in the simulated environment (Bonde, 2023). En-
gineering is present to a lesser extent, as in some scenarios, students are asked 
to build circuits and other similar basic engineering concepts are explored. The 
tool should facilitate learning of stem area knowledge with a predominant focus 
on science and applied mathematics, with technology and engineering being in-
herent but not overt elements of the tool’s intended application (Bonde, 2023).

Overall, Labster is a gamified tool that can be used to engage students in learn-
ing science, promote problem-solving skills, and develop an understanding of 
scientific concepts (Bonde, 2023). The platform uses a variety of game-based el-
ements to achieve these goals, and it is aligned with the arguments and roles pre-
sented below, which have been adapted from the Labster website and research:

 ‒ Games as simulations: Labster labs are simulations of real-world scientific 
phenomena. This allows students to interact with these phenomena in a 
safe and controlled environment.
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 ‒ Games as problem-solving challenges: Labster labs present students with 
problems that they need to solve. This helps students to develop their criti-
cal thinking and problem-solving skills.

 ‒ Games as role-playing activities: Labster labs allow students to role-play as 
scientists. This helps students to develop their understanding of scientific 
concepts and to develop their teamwork skills (Bonde, 2023).

Theoretical Framework

Figure 1. The theoretical framework was adopted for the study (Makransky & Petersen, 2019).

The framework from Makransky Petersen (2019) includes the models and 
relationships from several previous studies examining usability, moti-
vation, self-efficacy, and perceived enjoyment of a virtual environment. 
These aspects were brought together in the form of questions in the val-
idated questionnaire (Makransky & Petersen, 2019) that was used in this 
study for quantitative data collection. This framework is developed around 
the theoretical underpinnings that pst s need content knowledge (ck) and 
pedagogy (pk) to develop their teaching capacity, and at the intersect of 
this is pedagogical content knowledge (pck) which in this case is the con-
tent knowledge and pedagogical approaches required to teach secondary 
science to students (Shulman, 1986; Shulman, 2013; (Sheffield et al., 2015; 
Widodo, 2017).
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Research Aim
This project examined the perceived value of the gamification software Lab-
ster, including its ease of use, enjoyment, engagement of pst s for their own use 
and potential use when teaching in science classrooms.

The specific research questions are:
(1) How have pst s evaluated the game-based simulation in terms of useful-

ness and ease of use when measured by Maransky’s 2019 framework?
(2) How did pst s perceive game-based simulations supporting their learn-

ing?
(3) How did pst s perceive  game-based  simulations  supporting  students’ 

learning from the view of a teacher?

Methodology

The project is based on a socio-ecological approach that values the role of in-
dividual context interaction for development (Bronfenbrenner & Morris, 2006; 
Ungar, 2012). It adopts a mixed-method research design which provides: “… a 
framework within which people can respond in a way that represents accurate-
ly and thoroughly their points of view about the world …” (Patton, 1990, p. 24). 
Mixed-method research designs are increasingly popular in the field of edu-
cation, offering a comprehensive approach to understanding complex issues 
(Pereira-Pérez, 2011). This is particularly relevant in design education, where 
the integration of qualitative and quantitative data can enhance the rigour of 
research training (Greene et al., 1989). Greene et al. (1989) further emphasises 
the benefits of this approach in educational technology, highlighting its abili-
ty to harness the strengths of both qualitative and quantitative traditions. Col-
lectively, these studies underscore the value of mixed-method research designs 
in education, particularly in addressing the multifaceted nature of educational 
issues. The methodological approach is a phenomenological one that aims to 
understand the structure and essence of a particular phenomenon, in this case, 
Labster gamification software, for a group of people, which in this case is preser-
vice educators.

Participants
The sample for this study consisted of 16 pst s who were enrolled in the Lower 
Secondary c&i unit. Participants were invited to complete a survey as outlined 
below, and a group of ten pst s were then interviewed to determine their views, 
experiences and confidence with Labster. Ethics was granted through the Uni-
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versity ethics committee, and students were invited to participate and provid-
ed with letters outlining the details to ensure informed consent.

Data Collection
Instrument and Procedure

Learning and Gamification. The survey was made available through the uni-
versity’s protected survey instrument called Qualtrics, which posed questions 
on Gamification software’s perceived affordances and was completed by 16 
pst s. Responses to open-ended questions, e.g. ‘Please tell us your thoughts 
about gamification in science/stem education’, on the value of gamification, 
received 21 responses. The gamification survey has been validated in previous 
studies by Makransky & Petersen ( 2019) and included a range of 40 ques-
tions.

Interviews. Six semi-structured interviews (Appendix 1) were conducted with 
ten of the 16 students who participated in the survey. pst s were volunteered to 
be interviewed either individually or in groups at the conclusion of the semes-
ter of engagement with the Labster simulations. Questions focused on their 
use of the Labster simulation and how they felt they could or could not use it 
in their science classrooms once they were qualified.

Data Analysis
Quantitative Data: The learning and Gamification survey was administered 
after pre-service teachers were exposed to the gamification learning strategy, 
and the results were examined and grouped around the framework nodes 
from Makransky Petersen’s (2019) framework. These nodes from the pre-
viously validated survey included Representational fidelity, Immediacy of 
Control, Perceived usefulness, Presence, Perceived enjoyment, and Control 
and active learning. It was felt that these were the aspects of the framework 
that best suited the experiences of pre-service educators through the val-
idated survey that was used. The data was aggregated on the Likert scales 
used based on the number of responses/students, and the open responses 
were coded into themes by all three researchers separately to ensure fidel-
ity.

Qualitative Data: For interview data (thematic) analysis (Grbich, 1999) was 
employed. Transcribed interviews and online survey transcripts were coded 
deductively and inductively. The analysis was drawn by a team that consist-
ed of teaching members and members not involved in teaching the units. The 

Downloaded from Brill.com 05/03/2024 06:43:35AM
via Open Access. This is an open access article distributed under the terms

of the cc by 4.0 license.
https://creativecommons.org/licenses/by/4.0/

https://creativecommons.org/licenses/by/4.0/


10  

10.1163/25248502-bja00003 | Innovation and Education (2024) 1–29

interview was coded as follows: First, interviews were transcribed, followed by 
the  line-by-line analysis of data,  together with  theoretical memos written at 
the time of  data collection (Grbich, 1999; Maguire & Delahunt, 2017).  The 
purpose  of open  coding  was  to  produce a  series of  emerging  categories  and 
their properties.  Secondly, connected each code with  selective coding. It is 
the process by which all categories are unified around a ‘core’ category. All of 
the processes were reviewed and discussed by the research team (Maguire & 
Delahunt, 2017). Information identified from the transcript was categorised 
and structured to create a coherent explanation or description of aspects that 
contributed to the PST efficacy based on the frequency (Maguire & Delahunt, 
2017).

Results
pst s perceptions of the value of gamification (Labster) in science/
stem education:

The open-ended question about the value of gamification as reported by pst s was 
answered by 16 pst s. Responses from four pst s fitted in more than one category 
making a total number of responses to a total of 26. These responses were grouped 
into five categories: engagement/motivation, learning (including content and 
skills), equity, negative response and unsure. The responses from the open-ended 
questions were categorised by all members of the research team separately and 
then cross-checked, and categories are based on the frequency of responses.

Table 1. pst s perceptions of the value of gamification (Labster) in science education with 
numbers and percentage n=26 responses(4 responses fitting in two categories)

Category Number % Quotes Example

Motivation
(Engagement) 

12* 46.15 Allows kids to break away from usual 
boring writing and learn through game-
based education (pst 18)
*Gamification in science is the process of 
involving gaming techniques to enhance 
learning. Through using a software or 
online community, students get involved 
in the process of learning. This is a great 
way not only to motivate students but 
help achieve long term participation from 
the students (pst 20)
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Learning 9* 34.61 I think it makes the subject more 
interactive, interesting and can make it 
more understandable for students to get 
involved in (pst 10)
Science is a subject filled with 
experiments, involving group work in 
the form of little games is a great way to 
engage students in the science learning 
(pst 20)

Unsure 3 11.5 I don’t know much about gamification; 
however, I would be interested to learn 
more about this (pst 3)

Equity 1 3.85 I think it can be used as an additional 
resource for students, especially those 
who do not have abundant access 
to laboratories and proper science 
classrooms (pst 8)

Negative 1 3.85 However, using a point system or 
competition may damage or hurt another 
student’s morale, as it may portray them 
as bad (pst 5)

*4 in both learning and motivation

pst s perceptions of the game-based simulations’ usability
Table 2 reports the Usability of the tool taken using the framework proposed 
by Makransky and Petersen (2019), which has a number of categories, of which 
only the ones below have been considered. The responses to the Usability 
questionnaire were collected on a four-point Likert Scale Do Not Agree (DA), 
Neither-Nor (N-N), Agree (A) and Strongly Agree (SA).

 ‒ representational fidelity,
 ‒ immediacy of control,
 ‒ perceived usefulness,
 ‒ immediacy of control,
 ‒ perceived ease of use,
 ‒ presence,
 ‒ perceived enjoyment,
 ‒ Control of learning
 ‒ cognitive benefits
 ‒ reflective

Downloaded from Brill.com 05/03/2024 06:43:35AM
via Open Access. This is an open access article distributed under the terms

of the cc by 4.0 license.
https://creativecommons.org/licenses/by/4.0/

https://creativecommons.org/licenses/by/4.0/


12  

10.1163/25248502-bja00003 | Innovation and Education (2024) 1–29

The Learning and Gamification survey, which was administered at the end of 
the teaching semester and the frequency of response choices to each of the 
questions is presented in Table 2.

Table 2: pst’s response frequency and percentages on the categories of the survey. 

ITEM DA N-N A SA

Representational 
fidelity

1 The realism of 
the 3-D images in 
Labster motivates 
me to learn

1(6.3) 8(50) 6(37.5) 1(6.3)

29 I was involved in 
the experimental 
task to the extent 
that I lost track of 
time.

1(6.3) 3(18.8) 7(43.8) 5(31.3)

2 The ability to 
change the view 
position of the 
3-D objects makes 
learning more 
motivating and 
interesting.

1(6.3) 10(62.5) 5(31.3)

Immediacy of 
Control

3 The ability to 
manipulate the 
objects (e.g., 
pick up, cut, 
change the size) 
within the virtual 
environment 
makes learning 
more motivating 
and interesting.

2(12.5) 11(68.8) 3(18.8)

4 Labsters’ ability 
to allow me 
to manipulate 
the objects in 
real-time helps 
to enhance my 
understanding

4(25) 9(56.3) 3(18.8)

Downloaded from Brill.com 05/03/2024 06:43:35AM
via Open Access. This is an open access article distributed under the terms

of the cc by 4.0 license.
https://creativecommons.org/licenses/by/4.0/

https://creativecommons.org/licenses/by/4.0/


Game-based science simulations to support learning and teaching 13

Innovation and Education (2024) 1–29 | 10.1163/25248502-bja00003

Perceived 
usefulness

5 Using this type 
of virtual reality/
computer 
simulation as a 
tool for learning 
will increase 
my learning 
and academic 
performance.

3(18.8) 6(37.5) 6(37.5) 1(6.3)

6 Using Labster 
simulations will 
enhance the 
effectiveness of 
my learning.

3(18.8) 8(50) 4(25) 1(6.3)

7 This type of virtual 
reality simulation 
will allow me to 
progress at my 
own pace

5(31.3) 7(43.8) 4(25)

8 The Labster 
simulation is useful 
in supporting my 
learning.

6(37.5) 5(31.3) 4(25) 1(6.3)

Perceived ease 
of use

9 Learning to operate 
this type of virtual 
reality program is 
easy for me.

6(37.5) 7(43.8) 2(12.5) 1(6.3)

10 Learning how 
to use this type 
of virtual reality 
program is too 
complicated and 
difficult for me.

8(50) 4(25) 4(25)

11 It is easy for me to 
find information 
with the virtual 
reality program.

2(12.5) 5(31.3) 8(50) 1(6.3)

12 Overall, I think 
this type of virtual 
reality program is 
easy to use.

3(18.8) 9(56.3) 4(25)
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Presence 13 My interaction 
with the 
simulation 
environment 
seemed natural.

1(6.3) 6(37.5) 5(31.3) 4(25)

14 My experiences in 
Labster’s virtual 
environment 
seemed consistent 
with real-world 
experiences.

9(56.3) 4(25) 3(18.8)

15 I was engaged 
in the virtual 
environment 
experience.

2(12.5) 6(37.5) 6(37.5) 2(12.5)

16 I was involved in 
the experimental 
task to the extent 
that I lost track of 
time.

3(18.8) 4(25) 9(56.3)

Perceived 
enjoyment

18 I find using 
computer 
simulations 
enjoyable.

3(18.8) 8(50) 3(18.8) 2(12.5)

19 Using computer 
simulations is 
pleasant.

3(18.8) 8(50) 3(18.8) 2(12.5)

20 I have fun 
using computer 
simulations.

1(6.3) 8(50) 5(31.3) 2(12.5)
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Control and 
active learning

17 This type of 
virtual reality 
simulation 
is useful in 
supporting my 
learning.

1(6.3) 10(62.5) 3(18.8) 2(12.5)

22 This type of 
virtual reality 
program helps me 
to have a better 
overview of the 
content learned.

2(12.5) 9(56.3) 4(25) 1(6.3)

23 This type of 
virtual reality 
program allows 
me to be more 
responsive and 
active in the 
learning process.

2(12.5) 8(50) 5(31.3) 1(6.3)

24 Using Labster 
allowed me to 
have more control 
over my own 
learning.

3(18.8) 7(43.8) 3(18.8) 3(18.8)

25 Labster helps to 
get me engaged 
in the learning 
activity.

3(18.8) 7(43.8) 5(31.3) 1(6.3)
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Cognitive 
benefits

26 This type of 
virtual reality 
program makes 
comprehension 
easier.

2(12.5)
5(31.3)

8(50) 1(6.3)

27 This type of 
virtual reality 
program makes 
memorisation 
easier.

1(6.3) 4(25) 8(50) 3(18.8)

28 This type of 
virtual reality 
program helps me 
to better apply 
what was learned.

2(12.5) 11(68.8) 2(12.5) 1(6.3)

30 This type of 
virtual reality 
program helps me 
to better analyse 
the problems.

2(12.5) 6(37.5) 6(37.5) 2(12.5)

Reflective 
thinking

31 Virtual reality 
simulations 
enable me to 
reflect how I learn.

1(6.3) 7(43.8) 6(37.5) 2(12.5)

32 Virtual reality 
simulations 
enable me to link 
new knowledge 
with previous 
knowledge and 
experiences.

3(18.8) 10(62.5) 2(12.5) 1(6.3)

34 Virtual reality 
simulations enable 
me to become a 
better learner

2(12.5) 6(37.5) 7(43.8) 1(6.3)

35 Virtual reality 
simulations 
enable me to 
reflect my own 
understanding.

2(12.5) 7(43.8) 5(31.3) 2(12.5)
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In the area of Representational fidelity, 75% of pst s agreed or strongly agreed 
that they lost track of time while working on Labster, and 65% were unsure or 
disagreed that the realism motivated them to learn. In the area of Immediacy of 
Control, pst s did not report that any of the features of the Labster simulation 
made their learning any more motivating or interesting. However, the group 
did not feel strongly about the negative but were more ambivalent about the 
capacity of the Labster simulation. In the area of Perceived usefulness, it was 
clear that the pst s that responded did not feel that the Labster simulation 
increased their learning, nor did they feel it enabled them to progress at their 
own pace. In the area of Perceived ease of use, the pst s did not find this type 
of virtual reality program easy, but they were split about whether the program 
was too difficult for them to use.

For the area of Presence, pst s again were split about their simulation envi-
ronment, with half agreeing that the simulation seemed natural. Further to 
this, half of pst s either agreed they were engaged by the environment, while 
the other half neither agreed nor disagreed or disagreed that they were en-
gaged. When asked about Perceived enjoyment, the pst s were also ambivalent 
about their enjoyment and fun whilst using the virtual simulation, with 50% 
reporting half neither agreeing nor disagreeing and nearly 20% reporting 
they disagreed. For the area of Control and active learning, pst s were also am-
bivalent about how the simulation supported their learning. 82% either dis-
agreed or neither agreed nor disagreed that simulation helped them to have 
a better overview of the content learned. 62% either disagreed or neither 
agreed nor disagreed. The simulation allowed them to be more responsive 
and active in the learning process. 62% either disagreed or neither agreed 
nor disagreed that the simulation allowed them to have more control over 
their own learning or helped to get them engaged in the learning activity. In 
the area of Cognitive benefits, over 50% of the pst s determined that Labster 
made comprehension easier, and 70% of pst s reported that Labster made 
memorisation easier, but nearly 70% of pst s were not sure that Labster 
helped them to better apply their learning and pst s were equally split on 
if Labster helps them analyse the problems. In the area of reflective think-
ing, 50% of the pst s thought that Labster helped support them in reflecting on 
their learning and their prior knowledge, but this meant that the majority of 
pst s were ambivalent again. With 62% of pst s choosing neither/nor to the 
question ‘Virtual reality simulations enable me to link new knowledge with 
previous knowledge and experiences’ whilst only 18% of pst s agreed that 
Labster did connect newly gained knowledge in the simulation with their 
prior learning experiences
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stem- pst  s Interviews
The interview data was collated around the key questions, and the emerging 
themes explored are presented in Table 3. pst s were asked to reflect as learn-
ers and from a teacher’s perspective if Labster was useful for them, as well as 
the challenges and the best aspects of Labster (see Table 3). The results were 
grouped into the categories previously identified in the data, and this is shared 
here and reviewed in the discussion. The categories are not represented equal-
ly here as they depended on the focus of the pst s in the interview. The inter-
views were examined from a learners’ perspective, including pst s as learners. 
The scattering of the single-frequency responses in a number of categories 
demonstrates the idiosyncratic knowledge displayed.

Table 3. s- psts Interview Comments as the Learner

Theme Sub-Category Frequency 
Total

Grand 
Total

Representational 
fidelity

Access (+) 1 1

Immediacy of Control Learning Approach (-)
Frustration (-)
Pretend (+)

1
1
1

3

Perceived usefulness Filling in content 
knowledge (+)

3 3

Perceived ease of use Technical Issues (-)
Computer Issues (-)
Game Issues (-)
Frustration (-)

1
2
2
1

6

Presence Positive (+)
Frustration (-)

2
1

3

Perceived enjoyment Positive (+)
Negative (-)

3
1

4

Control and active 
learning

Flow (+)
Gate Keeping (+)
Kinaesthetic (+)
Choice (+)

1
1
1
1

4

Cognitive benefits and 
reflective thinking

Knowledge 6 6

30
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Table 4. psts Interview Comments as the teacher

Theme Sub-Category Frequency 
Total

Grand 
Total

Representational 
fidelity

Access (+) 1s 1s

Perceived usefulness Filling in content knowledge 
(+)
Not useful (-)

2
1s 3

Perceived ease of 
use

Too advanced for middle-year 
students (-)
Not connected to Australian 
curriculum (-)

1s
1s 2

Presence Engaging (+) 2 2
Perceived 
enjoyment

Fun for the age level of 
students (+)

2 2

Control and active 
learning

Gatekeeping (+)
Prevents behavioural issues 
(+)

1s
1s 2

Cognitive benefits 
and reflective 
thinking

With changes to questions (+)
Sparingly (-/+)
As a Formative tool (+)
Complementary to the 
textbook (+)
Negative (-)

1s
1s
1s
1s
1s

5

15

In Tables 3 and 4, the interview data is summarised. pst s reported that there 
were a number of issues with the running of Labster. As learners, they could 
see plenty of cognitive benefits, but there were technical issues and issues 
around the ease of use. The positive comments are represented with a sign 
(+), while as negative comments have a sign (-) next to them. As teachers, they 
thought it was not connected to the Australian curriculum and may only be 
suitable for senior secondary students, although they did think it was fun. pst s 
also reported a positive, engaging experience for students, and they could see 
how it could prevent behavioural issues.
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Discussion

psts initial perceptions of the value of Gamification (Labster) in Sci-
ence and stem Education

In this very small sample of pst s who are training to be secondary science 
educators they initially indicated that they thought that Gamification was a 
positive option for use in science education, with (12) 54% indicating that 
it might be good for motivation (Table  1). The comment indicates, ‘Allows 
kids to break away from usual boring writing and learn through game stu-
dent-based education’ (pst 18). Nine, 40% indicated that they thought it 
would support students learning. 15% (3) of students were unsure of the 
value of gamification in science education, and one student was concerned 
about the negative aspects of gamification. This is significantly lower than 
the reported data, which determined that gaming engages and supports 
learning.

Improving pst Content Knowledge (ck)
In the area of active learning (Table 2), only 40% agreed or strongly agreed that 
Labster supported their learning, and this was supported by four comments 
about the positive flow of the activities control and active learning, whilst 62% 
reported they didn’t feel it had (neither/nor response). When pst s were asked 
if ‘This type of virtual reality program helps me to have a better overview of 
the content learned’, only 29% reported agreeing or strongly agreeing, with 
57% again ambivalent (neither/nor). In the interviews, four students reported 
positive comments about some simulations, and they reported positives about 
choice, kinesthetics and flow. With one pst reporting

“I found something very interesting compared to other programmes that 
I’ve used before when I chose the topic. So that was definitely something 
very new and interesting” (pst 3).

In Cognitive learning (Table 9), again, the pst s were divided, and it is noted that 
this continues to be a relatively small sample. 56% of pst s agreed or strongly 
agreed that Labster made comprehension easier, and 70% agreed or strong-
ly agreed Labster made memorisation easier. Whilst 50% agreed or strongly 
agreed that Labster helped them analyse the problem, only 18% of pst s thought 
they were better able to apply their learned knowledge after using Labster. In 
Table 4, which asked about reflection and reflective thinking, 50% of pst s re-
ported that they were better learners using Labster, with 37% not sure and 43% 
of pst s saying that Labster improved their ability to reflect on their learning, 
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whilst 43% were unsure and 21% disagreed. Only 18% agreed or strongly agreed 
that Labster enabled them to link new knowledge with previous knowledge 
and experiences; 62% were unsure, and 19% disagreed. In the interviews, six of 
the 30 comments related to improvement in understanding knowledge.

Pedagogical Content Knowledge
When asking pst s how they would use Labster in their classroom and how 
they might embed this tool in their classes as part of their pedagogical ap-
proach, they responded by examining the tool, and their comments have been 
grouped into the following categories.

Suitability: Too Advanced for Middle School I know, it wasn’t very good for, 
like, younger years (pst 9)
Even, you know, it’s obviously a resource that’s used internationally, so it 
can’t be accredited to a specific grade level, but even just a general difficulty 
indicator would be quite useful (pst 5)

Enjoyment: I think from the student’s perspective, I think they would enjoy 
it because the ones I would be teaching would definitely be like, way younger 
than me, you know, probably in the 13-14 years. (pst 3)

Behavioural Management: So, you can’t really do anything bad on it. This 
is because I think, obviously, you keep relating it to what it would be like in a 
classroom of year sevens that were trying to move around the lab on this vir-
tual lab and just thinking of all the things that they could try and do. (pst 2)

Use: I’d also probably use it sparingly because I think it can become quite 
exhaustive in the way that I guess, from my experience, lots sort of follow a 
similar structure of questions and all that sort of stuff (pst 5)

As a teacher, I wouldn’t replace textbooks with it because there’s quite a lot 
of essential stuff in textbooks. And students need to have that in that format 
for when they do tests and stuff (pst 10).

I think almost a textbook would be more useful just because then you know, 
like, this is the level of teaching Year 8. That’s what they need to know (pst 2).

Content: With the content, I think it covers quite a bit. It covers the basics. And 
then on top of that, it applies the theory, the content that, you know, with the as-
sessment, I think, instead of just, I think most of it is like multiple choice (pst 9).
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pst s identified that they would teach using textbooks as well as Labster and 
were concerned that Labster would be exhaustive if it was used all the time 
(Table 5). They did comment that it would keep students on task and control 
possible behaviour issues, so they recognised this might be a useful learning 
tool. There was an understanding that if the pst s enjoyed gaming, they would 
be more likely to use gamification with their student, with one pst reporting.

“I really loved gamification. I played a lot of games, and a lot of them 
involved a lot of math arbitrarily. Like magical gatherings, for example. 
And I think gamification is extremely useful in Education generally be-
cause it’s all about that engagement, gamification, from what I see of it 
and what I understand if it really promotes that engagement, which is so 
critical” (pst 6).

Rating by preservice student teachers of the gamification software Labster 
based on the factors contained in the framework by Makransky & Petersen 
(2019). The gamification software Labster was reviewed using the criteria from 
Makransky Petersen (2019). For the Simulation Environment (vr), there were 
two criteria, including representational fidelity and immediacy of control (Ta-
ble 4 and 5). With representational fidelity, 44% of pst s reported positively 
about how they felt motivated to learn using Labster, whereas 50% responded 
as neither nor and so not impacted nor motivated using Labster. When asked 
if they were able to keep track of time, however, 87% agreed or strongly agreed 
that they lost track of time when using Labster. In the immediacy of control, 
students reported that they neither agreed nor disagreed with how the simula-
tion enabled them to manipulate tools or enhance their understanding. In the 
interview, there were strongly positive comments and strongly negative ones, 
including.

“Yes, the best aspect is being able to pretend that you’re doing something, 
so the simulation part is very nice (pst 1), and I’ve had a lot of the ex-
periments that I was doing, did pipette things into different containers. 
I didn’t quite get what they wanted me to do, so I kept stuffing it up and 
filling up the wrong containers.” (pst 2)

In the area of usability, there are two categories: Perceived Usefulness and Per-
ceived Ease of use. pst s are reported in both Tables 4 and 5. 75% of pst s did 
not agree that the simulation allowed them to progress at their own pace, and 
67% did not agree that Labster supported their learning. 80% of pst s reported 
that Labster was not easy for them to use, and 50% agreed that it is too compli-
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cated and difficult. Finally, to the survey question, ‘Overall, I think this type of 
virtual reality program is easy to use,’ 75% of pst s reported that it wasn’t easy 
to use. These frustrations were also indicated in the interviews, with 6 of the 30 
comments distilled from participating pst s.

“I thought my computer was going to explode. Sounded like an aeroplane. 
But it did run it. It did run it. So I think definitely having a good computer 
system to use it on (pst 7). Yes, I didn’t like how Dr. One talked a lot. And 
then you can’t fast forward. It’s like, I think he explains too much. But and I 
don’t really like that I prefer to just be able to refer back to the theory” (pst 1).

In the section linked to online Presence, when pst s reported, 56% said that 
their interaction with the Labster environment seemed natural. However, 
56% reported that they were unable to see how Labster was consistent with 
real-world experiences. When asked about their engagement, pst s were com-
pletely split about their engagement, with ½ responding positively and the 
others neutral to negative.

Finally, pst s reported that they did have fun, with 50% agreeing and strongly 
agreeing, but when asked if Labster was pleasant and enjoyable, 50% of stu-
dents were ambivalent, 19% disagreed, and 30% agreed that Labster was pleas-
ant and enjoyable.

Conclusion

The limitation of the study was the small number of students who participat-
ed in the survey and the interviews. pst s did not universally feel that Labster 
improved their science content knowledge (sck) and their capacity to teach 
students or their pedagogical content knowledge. Whilst some pst s reported 
that Labster did improve their cognitive experiences and their reflective prac-
tice, an equal number were not sure and, therefore, were in the neither/nor 
category.

pst s reported that although they enjoyed the idea of gamification to support 
their learning, some of them reported that their experiences with Labster did 
not match these expectations. This study was polarising, with some pst s re-
porting that they found that Labster was clunky and difficult to use, and they 
did not enjoy the linear pathways and lack of control of the learning, whilst 
another student who did play games found Labster engaging and thought that 
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students would as well, for instance, “I really loved gamification. I played a lot 
of games, and a lot of them involved a lot of math arbitrarily. And I think gami-
fication is extremely useful in Education generally, because it’s all about that en-
gagement, gamification, from what I see of it and what I understand if it really 
promotes that engagement which is so critical” (pst 6).

Despite the billions of dollars in gaming, most of these funds are in recreational 
gaming, where there are millions of gamers/users and also millions of observ-
ers. Educational gaming is a very poor cousin with much smaller amounts of 
funds invested into these games. In this case, the reduced funding may have re-
sulted in a less polished game, which is why the game appears less ‘user friend-
ly’ to the users, which impacted the play of experienced gamers and frustrated 
pst s who are not gamers less experienced. Labster was a single-play simula-
tion where the participant worked in isolation and could not collaborate or 
communicate with peers; the linear pathway prevented decision-making and 
creativity, and if the participant was unable to answer a question, the simula-
tion would not proceed. The player was able to use their problem-solving skills 
to answer the questions.

The authors of this research postulate that whilst Labster has the foundations to 
allow students to engage with a range of stem knowledge bases, the inability to 
use the stem-based skills of communication, creativity and collaboration was det-
rimental to its overall effectiveness. If these stem-related skills were embedded 
into the play matrix, then this tool would become more engaging and interactive, 
which may then have engaged the pst s more deeply and provided a more motivat-
ing and fulfilling learning experience for both them and their future stem students.
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Appendix 1

Semi-Structured Interview Questions:
1) Do you feel that Labster was a useful tool for you as a student?
 Please explain
2) Do you feel that Labster was a useful tool for you as a teacher?
 Please explain
3) What was the best aspect of Labster, and what were the issues with Labster?
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