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Abstract

Background: Due to recent lockdown conditions, which restricted opportunities for

face-to-face contact and the ability to be physically in schools, the need for novel,

safe ways to train pre-service teachers emerged even more pressingly. Whilst virtual

simulation has received some attention in pedagogy and its benefits have been dem-

onstrated in many disciplines, there appears to be less synthesized evidence on the

use of physical and/or mixed-reality simulation utilized in teacher training.

Objectives: The goal of this systematic scoping review was to summarize and synthe-

size the literature on the use of physical and/or mixed-reality simulation in pre-

service teacher training.

Methods: A systematic scoping literature review combined with a textual narrative

synthesis was undertaken. Ten reference databases were searched in May 2020:

Academic search premier, CINAHL, Education Research Complete, Humanities Inter-

national Complete, Psychology and Behavioural Sciences Collection, PsycInfo,

Teacher Reference Center, Science Direct, Web of Science and Scopus.

Results and Conclusions: Following inclusion/exclusion criteria assessment and

screening, 13 articles were included for appraisal and synthesis. Seven papers exam-

ined physical simulations, while the remainder examined mixed-reality simulations.

The evidence from this review suggests that simulation, including physical and

mixed-reality types, could be used as a tool to increase confidence, self-efficacy,

classroom management skills and communication.

Implications: In comparison to other fields (e.g., nursing, medicine and aviation)

simulation in education appears to be in its infancy—more large-scale research is

needed. At the same time, this review indicates that mixed-reality simulation in

particular has the potential for contributing to teacher education, because it

offers the potential for learning in various contexts when compared to traditional

didactic teaching practices.
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1 | INTRODUCTION

Simulation in education is often defined in the context of its feature

of placing students/learners in real-life situations. Essentially, simula-

tion is seen as an approach to teaching that utilizes the process of cre-

ating a replica of real-life situations in order to develop students'

response to such a situation if and when confronted with it in their

actual practice. This view of simulation in education is encapsulated in

Kim et al. (2016) who define simulation as ‘the pedagogical approach

of providing students with the opportunity to practice learned skills in

real-life situations’ (Kim et al., 2016, p. 152). Although simulation has

been used across a range of disciplines, including STEM (e.g. Campos

et al., 2020) and a range of health-related disciplines (Jackson

et al., 2020), in initial teacher education (ITT), the use of simulation is

far less common. Progressively, however, there has been a growing

interest in its potential in education, including its use with teacher

trainees and as a means to train qualified teachers.

Teacher training programmes in the UK have a placement compo-

nent, which requires trainee teachers to be placed in institutions in

order for them to be directly involved in school settings and with real-

life students. In many cases, that period of attachment ranges

between 24 and 32 weeks (Department for Education, 2021). In rela-

tion to the placement component of teacher training, simulation has a

number of potential applications and advantages over traditional

classroom-based placements. Among these are the ‘ability to repeat

scenarios with specific learning objectives, practice for longer periods

than are available in real life, use trial and error, experience rare or

risky situations, and measure outcomes with validated scoring sys-

tems’ (Kaufman & Ireland, 2019), its benefit as a preparatory tool pre-

class (Badiee & Kaufman, 2014) and its contribution to the develop-

ment of teacher trainees' interpersonal development (Clark

et al., 2016). A systematic review of literature that examined

computer-based simulation used in pre-service teacher training

(Theelen et al., 2019) concluded that most studies in this review ‘iden-
tified the positive impact of simulation on specific aspects of trainee

teachers’ development such as classroom management and teaching

skills. While the literature is not explicit on how simulation actually

improves the training experience of trainee teachers, there is an indi-

cation that much of the recorded improvement is seen as induced by

the follow-up reflective discussions after trainees' engagement with

simulation activities. Typifying this view, Sotille and Brozik (2004)

note that ‘The most important part of the scenario was the debriefing

that occurred after the judges reached a decision’ (Sotille &

Brozik, 2004, p. 2). In essence, simulation induces development, not

only through participation, but also through the follow-up process of

thinking about the engagement. It is this process that defines the

learning to be gained for both trainee and trainer. Crucial to this

process are the elements of immediacy and repetitiveness (Kim

et al., 2016). This means that simulation enables both the learner and

the teacher to identify progress and gaps in the skills to be gained.

The need to explore and utilize the advantages associated with

simulation is more pressing in the context of contemporary situation

induced by the pandemic. Because of the pandemic, there are now a

number of contemporary and practical concerns that make the need

to explore the use of simulation in teacher training even more urgent.

The pandemic has limited the opportunity for trainee teachers to

engage with their traditional placement opportunities. While schools

are taking their classrooms online and/or offer remote learning and

teaching during the pandemic, teacher training education does not

seem to have been adequately prepared to fully embrace the techno-

logical possibilities that are offered with the use of simulation. While

the readily available alternative of online teaching and learning has

become the replacement for face-to-face teaching and learning, there

is some measure of uncertainty about the quality of the teachers

being produced under the circumstances, with employing schools hes-

itant about the readiness of recent graduates to take on the chal-

lenges of teaching. Anecdotal evidence suggests that the rate of

employment of newly graduated trainee teachers might be lower than

previous rates at the same time of the year. It is in the context of this

development that alternatives such as simulation become crucial.

Simulation is often explored within the framework of typology or,

at least, features of its different forms. Such explorations have

focused largely on three key features: physical as against virtual simu-

lation (e.g. Hirt & Beer, 2020; Pottle, 2019), level of fidelity ranging

from low through medium to high fidelity (e.g. Beaubien, 2004; How-

ard, ; Munshi et al., 2015) and similarities and differences between

simulation and serious games (e.g. Crookall, 2010). Studies exploring

the relationship between simulation and fidelity have tended to

explore the potential significance of the level of fidelity for the effi-

cacy of simulation, with some concluding that the level of fidelity has

no real impact on the effectiveness of simulation (e.g. Massoth

et al., 2019) and others that the impact remains controversial

(e.g. Munshi et al., 2015). Connolly et al. (2008) note that ‘serious
games have been developed for the broader purposes of training and

behaviour change in business, industry, marketing, healthcare and

government NGOs as well as in education (Sawyer & Smith., 2008)’.
‘Serious games’ therefore have a ‘serious’ intention, as Krath

et al. (2021) observe, based on ‘the idea of using positive gameful

experiences for the sake of a serious purpose, for example, education

or behaviour change, rather than focusing on entertainment.’ To fulfil

the educational outcomes of ‘serious games’ (Zhonggen, 2019),

game-based mechanisms are designed with pedagogical aims. There is

some overlap between simulations and serious gaming, but broadly

speaking simulations create scenario-based environments that may or
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may not include gaming elements (Lamb et al., 2018; Vlachopoulos &

Makri, 2017).

Another typology, virtual reality (VR) simulation involves utilizing

the potentials offered by technological advancement in the use of

software ‘to create an immersive simulated environment’
(Pottle, 2019, p. 181). One of the hallmarks of virtual reality simulation

is the use of immersive gadgets such as virtual reality headsets or VR

3D glasses because these locate users ‘inside an experience, where

they can engage with the environment and virtual characters in a way

that feels real’ (Pottle, 2019, p. 181). In essence, the real defining fea-

ture of VR is ‘from immersion and the sense of presence—the feeling

of ‘being there’—that it generates’ (Gutiérrez et al., 2007; Makowski

et al., 2017; Pottle, 2019, p. 181). This contrasts with the type of sim-

ulation that utilizes physical presence such as in the use of role-play,

which, although it also aims to use the creation of real-life experience

to stimulate learning, relies more heavily on the involvement of human

participants. Overall, virtual simulation is presented as an emerging

but powerful tool, which can facilitate the achievement of specific

learning goals (Pottle, 2019).

Slightly related to VR is augmented reality (AR) in simulation.

Whereas VR provides a dynamic view of structures and the ability of

the user to interact with them, AR provides the ability of projecting

virtual information and structures over physical objects, thus enhanc-

ing or altering the real environment (Pantelidis et al., 2018, p. 77).

Essentially, AR draws on technological advancement to enhance the

physical context. According to Pantelidis et al. (2018), p. 78), ‘AR dif-

fers from VR as its target is not to construct a fully artificial environ-

ment but to overlay computer-generated images onto images of the

real world’. AR, therefore, aims to incorporate the physical environ-

ment, at least visually, but in a form that is enhanced through the

deployment and integration of virtual images. Arguably, this can pro-

mote fuller or better engagement of the learner.

Another simulation type emerges from pulling together the fea-

tures of virtual and physical simulations and is often referred to as

mixed-reality simulation. Mixed-reality simulation is simulation where

real and simulated environments are combined in such a way virtual

and real objects interact with each other in real time (Cohen

et al., 2020; Milgram & Kishino, 1994). Evidence from the literature

suggests that mixed reality simulation, when targeted at the develop-

ment of specific skills, tends to be fruitful. For example, Cohen (2020,

p.208) mixed simulation with coaching and found that it ‘had signifi-

cant and large improvements on skills relative to those who only

reflected on their teaching. The study also observed significant

coaching effects on candidates’ perceptions of student behaviour and
ideas about next steps for addressing perceived behavioural issues'

Cohen (2020, p.210). Studies such as the above give a hint that mixed

simulation might hold some potential for effective use in teacher

education.

Considerations of the use of VR in general and also those with

a view to pedagogy and pedagogical environments had already

noteworthy attention (Hamilton et al., 2021; Renganayagalu

et al., 2021; Sauvé et al., 2007; Theelen et al., 2019); hence, this

systematic scoping review focuses on physical and mixed-reality

simulations to address the gap in literature. Existing literature

reviews on virtual simulations have reviewed the use of VR

for the last thirty years and pointed toward VR's usefulness in

training cognitive skills, such as spatial memory, learning and

remembering procedures and psychomotor skills (Hamilton et al.,

2021; Renganayagalu et al., 2021) and its underuse in professional

training (Renganayagalu et al., 2021).

The ongoing sets out clearly that there are variations to the struc-

ture of stimulation and that these variations inform the different ways

in which educators have engaged with simulation. It is from these

recorded variations that one central and two subsidiary research

questions for this review emerge.

2 | METHOD

2.1 | Aims and objectives

The aim of this systematic scoping review was to summarize and syn-

thesize the literature on the use of simulation in pre-service teacher

training. Our objectives were to explore the academic literature

around simulation that has been utilized in pre-service teacher train-

ing by gathering the research aims, scope, methodological approaches,

the type of simulation and whether there is evidence that identified

simulation types could be utilized for teacher training.

Our central research question is: Is there any evidence that differ-

ent simulation types, different features of simulation or a combination

of simulation features can facilitate its use in the development of

teacher education? Related to this are two subsidiary questions: What

does the literature tell us about the effectiveness of simulation in

replacing face-to-face elements of initial teacher training (ITT) and, to

what extent can simulation facilitate the comprehensive delivery of ITT

without or in combination with the face-to-face element? Answers to

these questions will enable teacher educators and their institutions to

develop strategies for delivering quality ITT education in the face of

obstacles such as the ones presented by COVID-19.

2.2 | Design

Given the above aims, a scoping review that employs a systematic sea-

rch to scan the literature and to provide a synthesis was utilized with

the aim “to map the literature on a particular topic or research area and

provide an opportunity to identify key concepts; gaps in the research;

and types and sources of evidence to inform practice, policymaking,

and research” (Pham et al., 2014, p. 373). Based on Arksey and

O'Malley's (2005) original framework, this involved the following steps:

(1) identification of area of interest, (2) literature search to identify rele-

vant studies, (3) study selection, (4) data charting by extracting data in

tabular (or graphical) format for the purpose of data synthesis and

(5) data summary and write-up (Arksey & O'Malley, 2005; Pham

et al., 2014). This review follows a data-based convergent synthesis

design employing the textual narrative synthesis approach. That is, both
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qualitative, quantitative and mixed-methods studies were identified in a

single search, integrated throughout analysis, synthesis and presenta-

tion (Lucas et al., 2007; Noyes et al., 2019). The PRISMA-ScR guidelines

(Tricco et al., 2018) and Joanna Briggs's scoping review protocol have

been followed (Peters et al., 2020).

2.3 | Search methods

Ten reference databases were searched: Academic search premier, CIN-

AHL, Education Research Complete, Humanities International Complete,

Psychology and Behavioral Sciences Collection, PsycInfo, Teacher Refer-

ence Center, Science Direct, Web of Science, Scopus. Preliminary search

terms were developed to reflect a number of the core concepts, these

related to the population of interest (pre-service teachers) and simula-

tion. The final search terms used were (“student teachers” OR “teach*
train*” OR “preservice teacher” OR “pre-service teacher” OR “under-
graduate teach*” OR “teach* education”) AND (“simulation-based” OR

“simulation based learning” OR simula* OR virtual). The final search was

carried out in May 2020. Results were collated and duplicate articles

were removed. A Research Assistant carried out an initial review of the

articles, removing results were obviously irrelevant or that did not meet

our inclusions criteria (see Section 2.4).

2.4 | Inclusion/exclusion criteria

A total of 78 studies were retained. The reference lists of these stud-

ies were search, resulting in a further 86 results. These 164 articles

were assessed against the following inclusions/exclusion criteria (see

Figure 1 PRISMA diagram).

2.5 | Inclusion

• The study used simulation to evaluate or develop a teaching skill or

was used as a pedagogical tool

• Participants in the study were teacher-trainees

• The study included physical elements of simulation (i.e. role play,

physical props) or mixed-reality simulations. For our purposes

a simulation was considered mixed-reality if it blended physical and

virtual/digital element, such as virtual environments where other stu-

dents acted as avatars consistent with (Lindgren et al., 2016)

• The study was peer reviewed and primary research

• The article was written in English with an available full-text version

2.6 | Exclusion

• Conference abstracts

• Studies that utilized simulation, that did not aim to develop the

teaching skills of participants, that is studies that reviewed the

usability of simulations

• Studies that were published before the year 2010

• Studies that included serious games/gaming as opposed to simula-

tion (Sauvé et al., 2007)

• Studies that utilized online environments that were not purpose-

fully designed for teacher education (i.e. Second Life)

• Studies that utilized computer-based simulation, where there was

no physical input from others (i.e. computer based simulations that

were automated).

Against the above criteria, 13 studies were included in the review and

analysis (see Figure 1, PRISMA flow diagram).

2.7 | Data extraction

Data from the included studies was extracted by three authors

(Redacted for review purpose) and categorized according to the

source, country of where the research took place, study aims and

objectives, research methods/design and sample information, partici-

pants, measures of analysis, main outcomes, and quality appraisal

scores and issues (see Table 1, data extraction).

2.8 | Quality appraisal

Two researchers (redacted for review) independently assessed 13 full-

text articles using the Mixed Methods Appraisal Tool (MMAT), Ver-

sion 2018 (Hong et al., 2018). Articles were segregated according to

whether they were of quantitative (descriptive; non-randomized; ran-

domized), qualitative or mixed-methods design and assessed using the

criteria for their category within the tool.

2.9 | Data summary and synthesis

Studies were combined to summarize descriptive statistics of the study

characteristics, followed by a textual narrative synthesis (Lucas

et al., 2007). This approach arranges disparate study types into more

homogenous sub-groups, which aids in the synthesizing of different

types of evidence. Study characteristics, context, quality, and findings

are reported according to a standard format, and similarities and differ-

ences are compared across studies (Lucas et al., 2007).

3 | RESULTS

3.1 | Quality appraisal results

Overall, the quality of the studies in this review varied substantially

(Figure 2, appraisal diagram). The qualitative studies had the highest

quality, with the mixed methods studies having the lowest overall

quality. For the qualitative studies, most shortcomings related to the

results of these studies being substantiated by data. For the mixed

methods studies, deficits were identified across a number of domains.

No studies had effectively integrated the different components of
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their study, while very few had provided a rationale for using mixed

methods or adequately interpreted the results of the study. The one

quantitative study, failed to report baseline characteristics of its par-

ticipants (Gundel et al., 2019).

3.2 | Combined study descriptive results

Of the 13 papers included in this review, eight used qualitative

methods (Amador, 2017, 2018; Baghurst, 2014; Dalinger et al., 2020;

Dotger et al., 2015; Hume, 2012; Piro & O'Callaghan, 2019; Zach &

Ophir, 2020), four used mixed methods (Bautista & Boone, 2015;

Ferguson, 2017; Ledger et al., 2019; Peterson-Ahmad, 2018), while

one article employed quantitative methods (Gundel et al., 2019). The

studies took place in six different locations with the majority taking

place within the USA (9), Australia (1), Canada (1), Israel (1) and

New Zealand (1). The combined number of participants within the

qualitative studies was 112 with Amador (2018) not stating sample

size. The total number for the quantitative population is 53 and the

combined mixed-methods sample population was 457. The earliest

Records identified through
database searching (terms:
"student teachers" OR"teach*

train*" OR"preservice teacher" OR
"pre -service teacher" OR

"undergraduate teach*" OR
"teach* education" AND

"simulation -based" OR"simulation
based learning" ORsimula* OR

virtual).
(n = 78 )

S
cr
ee

ni
ng

In
cl
ud

ed
E
lig
ib
ili
ty

Id
en

tif
ic
at
io
n

Additional records identified

through other sources

(n = 86)

Recordsscreened using
Inclusion criteria

Participants in the study
were teacher-trainees,

included physical
elements of simulation,
mixed-reality simulations,
peer reviewed, primary
research,written in

English, full text available.

Exclusioncriteria
Conferenceabstracts ,
did not develop the
teaching skills of

participants, published
prior to 2010, serious
games/gaming, online
environments not

purposefully designed for
teacher education,
computer based

simulation where there
was no physical input

from others.
(n = 164)

Records excluded

(n = 150)

Not assessed manuscripts

because of unobtainable

full -texts

(n = 1)

Studies included in

synthesis

(n = 13)

F IGURE 1 Prisma Flow diagram
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study was published in 2012, however most studies were published

from 2017 onwards.

3.3 | Textual narrative synthesis results

3.3.1 | Physical simulation

The seven studies that utilized or evaluated physical simulation

employed a diverse range of approaches to simulation and studied a

range of outcomes. While one study utilized a relatively novel

approach (Baghurst, 2014), all other studies that utilized physical sim-

ulation, used role-play like scenarios. Overall, these studies suggest

that simulation could be used as a tool to enhance a range of teacher

trainees' skills and knowledge.

Ferguson (2017) utilized simulation as a means to develop teacher

trainees' skills related to reading assessment. The simulation used was

a type of role-play that is, students wrote a script for a fictional stu-

dent and then acted out the roles of students and teachers related to

reading assessment. Students indicated that they found this experi-

ence helpful and novel. Among other benefits students suggested that

the simulation helped them develop teaching and learning strategies

for reading and develop empathy for readers. Participants also

reported an increase in confidence in being able to conduct reading

assessment. Similarly, Hume (2012) also engaged a role-play like simu-

lation. That is, teacher trainees participated in lessons as students and

then reflected on their learning experiences and the actions of their

‘teacher’ (the course lecturer). The majority of participants found

value in the simulation, gaining insight into the teacher (lecturers) ped-

agogic strategy. Other benefits included increased confidence about

teaching with the simulation providing a means to reflect on some of

the potential issues they may face as teachers in the classroom.

Dotger et al. (2015) also employed a role-play like simulation. Actors

played the role of students while teacher trainees took on the role of

a mathematics teacher. This study also provided positive results in

trainees' development of diagnostic, explanatory, mathematical, and

instructional repertoires. The stimulation also helped illuminate the

teacher trainees' knowledge, abilities and areas that needed improve-

ment. Amador (2017) developed a video simulation Task which

required pre-service teachers to engage in tasks to create three simu-

lations, leading to collaborative activities, which developed both the

delivery of teaching and learnings aspects with reference to mathe-

matics. The activities required that participants played the role of both

teacher and student in recorded videos, which were scripted. Each

participant in turn viewed the simulated videos of other participants

over the course of several weeks. The findings of this study suggest

that preservice teachers primarily focus on the classroom elements

when teaching, that is, the lessons are structured according to how

they believe discussion is facilitated, whereas viewing the simulation

from the student perspective, participants were able to analyse the

contents of the created simulations to consider specific teacher com-

ments and behaviours in a classroom setting. Overall, results suggest

that pre-service teachers had trouble in viewing learning from aT
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student's perspective. In a follow-up study, Amador (2018) explored

pre-service teachers' perception of the process of creation and coll-

aboration of a scripted video simulation process. Preservice teachers

considered the technology to be beneficial in developing ped-

ogeological skill and as well as developing a better understanding of

the student's perspective. This study's main finding is the use of video

simulation tasks could be incorporated into teacher education

programmes. Zach & Ophir (2020), took a similar approach. In this

study students, who were physical education teacher trainees, were

briefed on a scenario, which they then acted out. This scenario was

recorded and then presented to the class for discussion. The student

in the scenario then offered further reflections on their involvement

in the simulation. The results of this study suggest that this simulation

not only increased participants' flexible and reflective thinking but also

helped them gain an understanding of how to do this independently.

Baghurst (2014) also engaged physical education teacher trainees, but

in a very different way. This study sought to explore how simulated

experience of living with a disability would affect nine physical educa-

tion teacher trainees' awareness of living with a disability. Participants

completed an assignment in which they were expected to live out and

simulate a randomly chosen disability for a 24-h period. The simulated

disabilities included blindness (use of a blindfold), loss of dominant

arm/hand function (arm in sling), loss of leg function (use of a wheel-

chair), and loss of speech. A major theme that emerged from this data

was how this experience would inform future teaching, with multiple

participants noting they had a better understanding of living with a

disability and how difficult life could be made day to day.

3.3.2 | Mixed-reality simulation

Five studies utilized mixed-reality simulation that is simulation where

real and simulated environments were combined in such a way virtual

and real objects interacted with each other in real time (Milgram &

Kishino, 1994). The simulation types utilized by the studies in this cat-

egory all used the simulated virtual environment TLE TeachLivE,

which is specifically designed for the educational development of pre-

service teachers. In this context, it is important to note that in 2015,

the US research team of TLE TeachLivE entered a private public part-

nership with Mursion to licence the commercial rights to develop fur-

ther the simulator technology (Ferrante, 2017).

Bautista and Boone (2015) explored the use of ‘The TLE

TeachLivE simulation software. The TLE TeachLivE is a mixture of vir-

tual computer created environment and “puppetry” where teachers

play the role of students in the simulation. This study assessed levels

of self-efficacy in preservice teachers as well as its usefulness in

teacher training education. The use of the mixed simulated environ-

ment provided a means to generate a highly individualized and tai-

lored experience. Levels of self-efficacy and understanding about

science teaching improved with the anticipation that this learning

could be translated to a physical classroom environment. Likewise,

Gundel et al. (2019) focussed on the effects of a mixed-reality simula-

tion on preservice teachers’ self-efficacy, utilizing TeachLive.

Repeated exposure to the simulation found that self-efficacy initially

decreased before showing an overall increase by the end of the study

in keeping with the results obtained by Bautista and Boone (2015)

and that the use of these types of simulation help pre-service teachers

develop their “professional identities” whilst managing challenging

scenarios.

Peterson-Ahmad (2018) also used TLE TeachLivE alongside

“live” instructional coaching to assess the usefulness of such prac-

tices in developing teaching strategies and pedagogical thinking. Par-

ticipants were also required to reflect on the experience and the role

of instructional coaching in the development of their teaching. The

results suggest that repeated exposure to mixed-reality environ-

ments helped to develop teaching practice and self-efficacy, which is

F IGURE 2 Quality appraisal diagram
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in keeping with the previous studies in this review, which utilized

TeachLive. Dalinger et al. (2020) incorporated the Mursion TLE

TeachLive software into their teacher education programme and sought

to examine its effectiveness prior to teachers delivering live sessions

with students. Thirteen participants were recruited, and a qualitative

analysis revealed four themes. Participants stated that the mixed-reality

simulation offers more learning affordances than those offered through

the traditional observations during field experiences. The participants

recognized where the transfer of learning occurred from the observa-

tion of their peers during simulated sessions with TeachLive. Some par-

ticipants expressed an increase in their level of confidence when

applying skills practiced during the simulation and transferring this to

real classroom settings. Piro and O'Callaghan (2019), also focused on

the participants' experience of using the TeachLive simulation and

focused on the processes involved in learning and interacting with the

TeachLive software. The findings from this study suggest the that par-

ticipants underwent experiences reflective of the behaviour of pre-

service teachers such as troublesome learning characterized by mimicry

when in the presence of others. As participants continued to interact

with the simulation, they became more confident and were able to

improvise and language more consistent with their profession. Ledger

et al. (2019) intended to measure preservice teachers' (PSTs) preferred

teaching strategies, record participants personal reflection when engag-

ing with simulated teaching environments, their confidences, and PST

ability to transfer knowledge to the physical space whilst using the

Mursion TeachLive simulation. Results showed that pre-service

teachers adopted ‘Questioning’ and ‘Direct Instruction’ strategies

whilst using the simulation. Teachers who were orientated to student

focused strategies tended to possess high levels of self-efficacy, and

increased competence. Ledger et al. (2019) suggest that these students

could be further supported by a range of teaching strategies such as

microteaching and reflective practice, which could be applied in con-

junction with PST educational programmes to support their confidence.

Overall, the message emerging from these studies is that mixed-

reality simulation offers the potential for greater learning affordances

in various contexts when compared to the traditional practice, which

is limited to promoting similar learnings through observation during

field experience or placements.

4 | DISCUSSION

Before discussing the summary of our findings from these studies, it is

important to highlight our views about the quality of the studies. This

is important in the context of the potential for generalization and rep-

licability that this study can induce. As shown in our quality appraisal

(See Figure 2), the quality of studies varied substantially with qualita-

tive studies generally of higher quality and mixed methods studies

reflecting deficits. This calls for a level of caution in responding to the

findings of this review.

The studies that explore the use of simulation in pre-service

teacher training suggest that simulation can be used as a tool to

develop pre-service teacher skills in a safe and controlled fashion.

The studies reported improvements in specific areas such as confi-

dence, self-efficacy and communication among other skills. A further

benefit of simulation noted in a number of studies was that it

allowed students to reflect on their behaviour within a classroom

setting; results were seen across both physical and mixed-reality

simulations. This provides an indication that simulation has a huge

potential for contributing to the delivery of ITT as it has been dem-

onstrated in other areas such as health and engineering. The chal-

lenge is how teacher educators might draw on this potential to

develop a comprehensive simulation-informed teacher education

delivery.

It is notable in our results that only one software, namely

TeachLive, offers the possibility of mixed-reality simulations in pre-

service teacher education. In fact, during the literature search other

software were identified such as SIMschool (Christensen et al., 2011),

SIMUl@b (Dominguez Garcia et al., 2017), DTkid (Randell et al., 2007)

and Classroom SIM (Bradley & Kendall, 2014). However, research

with pre-service teachers to evaluate or develop a teaching skill or

when it was used as a pedagogical tool had not been carried out and

therefore not included in this literature scoping review. About those

excluded studies it is noteworthy to mention that the execution of

simulated students or the environment was ultimately not convincing

to those participants in the studies. Hence the use of mixed-reality

simulations, where fellow pre-service trainee teacher play the counter

part in the simulation are likely to be more convincing than a fully

automated simulation, which at the current state of development

seems to repeat predictable phrases and actions. This limitation, how-

ever, should not deter educators from exploring the potential use of

simulation including automated simulation. The range of simulation

options simply highlights the possibility of taking an eclectic approach,

which should harness the strengths available in individual types or in a

combination of different types of simulation.

Considering the online learning and teaching conditions during

the recent pandemic it is inevitable to include more technology in the

pre-service teacher training studies. Firstly, to expose the pre-service

trainee teachers to similar experiences school pupils have recently

endured and therefore develop a holistic albeit reflective view of the

learning cycle. Secondly, to protect trainees and their teachers in any

other emergency situations. Thirdly, in the world of remote learning,

the learning experience itself can be a lonely experience, but by

employing mixed-reality simulation or physical simulation played out

with online video connectivity tools such as Zoom© or Skype©, the

interaction with fellow pre-service teachers will provide a sense of

collaboration and human connectivity. The latter point is likely to sup-

port mental health and well-being of any learners. In spite of this tre-

mendous advantage, we neither prioritize nor express a preference

for an exclusive use of online and digital only learning tools and their

positive features such as 24-h accessibility.

Another notable finding of this review is the complete absence of

reported academic research around physical and mixed-reality simula-

tion research in the UK, or at least the results did not qualify to be

included in this review. Education research in the UK and in fact in

any other country has now the opportunity to contribute
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fundamentally with the advancement of this topic in the field of edu-

cation. That is not only by producing and creating tools for pre-service

teacher trainees, but also by leading a critical discussion on developing

frameworks for integration into the curricula, addressing ethical con-

cerns and by specifying the opportunities in where simulation can

make best difference in teacher training. This can be achieved by

learning from other disciplines and their experiences, as experienced

in nursing, paramedic science, medicine and aviation, for example,

where simulation has been successfully integrated in the curricula to

provide students with safe learning environments and where reality

like scenarios can be repeated and practiced. German researchers, for

example, have recently shown concerted effort in developing a frame-

work and research agenda for facilitating diagnostic competences in

simulations in medical and teacher education (Heitzmann et al., 2019).

Education as a field can tap into these rich resources, academically

and practically, to learn from their research and experience to avoid

costly mistakes.

5 | CONCLUSION

Simulation in education appears to be a promising way to train pre-

service teachers, having a number of practical and pedagogical advan-

tages over traditional teaching placements. The evidence from this

review suggests that simulation could be used as a tool to increase

confidence, self-efficacy, classroom management skills and communi-

cation. In saying this however and in line with the broader literature,

simulation in education appears to be in its infancy, with few large

scale, high quality studies and a lack of conceptual clarity.

On this point, a number of major limitations should be noted in

relation to this review. The literature is relatively small, and with the

studies explored, there are few large scale high quality studies.

Because of this, we suggest that the results should be interpreted

with caution. Furthermore, there appears to be a number of funda-

mental areas that deserve greater investigation such as simulation

fidelity. On this point, few studies outlined how they determined or

defined fidelity and a number of the reviewed studies that self-

identified as simulation could also be considered as essentially of the

physical type such as role play. This speaks to a more fundamental

need, namely that conceptual research is needed into simulation in

education, how to conduct a simulation and what fidelity means in

this context. This appears to be largely consistent with the findings of

another systematic review (Theelen et al., 2019), which examined

computer-based classroom simulations, that is, while studies reported

that simulation had mostly positive effects, there were few large-scale

studies as evidenced with this review in which 10 of the 15 studies

that were included were case studies.

In relation to our research question, ‘Is there any evidence that

different simulation types, different features of simulation or a combi-

nation of simulation features can facilitate its use in the development

of teacher education? ‘, there is evidence that simulation types, particularly

the mixed simulation variety, do have the potential for contributing to

teacher education. The obvious limitation highlighted in this study is the

limited experimentation with the various simulation types. In our view, this

might constitute a form of missed opportunity. COVID-19 and the atten-

dant lockdown has presented us with a vision of what the future might

look like in an emergency such as this - the removal of face-to face learning

context. In such a situation, we suggest that simulation will come to its

own. Given what the literature revealed, we argue that the evidence sug-

gests that different simulation types have the potential to offer replace-

ments for various aspects of face-to-face teacher education. It is, therefore,

important that the potential effectiveness of simulation be explored fur-

ther, and concerted efforts be made to develop teacher education

programmes into which different forms of simulation are embedded.

Regarding our subsidiary questions: ‘What does the literature tell

us about the effectiveness of simulation in replacing face to face

elements of ITT and, to what extent can simulation facilitate the com-

prehensive delivery of ITT without or in combination with the face-

to-face element?’ the literature does not offer us any conclusive

evidence in answering these subsidiary questions. While there is

evidence of targeted skill development, there is little to enable us to

make judgements in terms of the comprehensive delivery of teacher

education. In a way, this speaks to the paucity of studies in teacher

education in the context of simulation and may be seen as an indica-

tion of the limited engagement of teacher trainers with this opportu-

nity. It might ultimately be sounding a clarion call for professionals in

the field of teacher education to begin to engage more robustly with

this option.
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