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Abstract 

With the growing use of mixed reality teaching simulations in teacher education there is a need for 
researchers to examine how preservice teacher (PST) learning can be supported when using these 
simulations. To address this gap the current study explores how 47 PSTs used an online teaching 
simulation to facilitate a discussion focused on argumentation with five student avatars in the MursionTM 
mixed reality simulated classroom environment. We assessed PSTs’ performance in the simulation using 
rubric-level scores assigned by trained raters and then compared the scores to PSTs’ survey responses 
completed after their discussion asking them to self-report their goals for the discussion, how successful 
they thought they were across five dimensions of facilitating high-quality, argumentation-focused 
discussions, and their overall perceptions of the mixed reality teaching simulation. Findings suggest that 
PSTs’ understanding of the discussion task’s learning goals somewhat predicted their success in 
facilitating the discussion and that PSTs’ self-assessment of their performance was not always consistent 
with raters’ evaluation of the PSTs’ performance. In particular, self-assessment was found to be most 
consistent with raters’ evaluations for those PSTs with higher rater-assigned scores and least consistent 
for those with lower rater-assigned scores. The implications of these findings are as follows: (1) 
researchers should be cautious in relying on PST self-report of success when engaging in mixed reality 
teaching simulations, particularly because low performance may be obscured, (2) teacher educators 
should be aware that reliance on self-report from PSTs likely obscures the need for additional support 
for exactly those PSTs who need it most, and (3) the field, therefore, should expand efforts to measure 
PSTs’ performance when using mixed reality teaching simulations. 
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1. Introduction 
 
Teachers play a crucial role in impacting student outcomes (Chamberlain, 2013; Chetty et al., 2014). To 
be able to engage in high-quality instruction that positively impacts student outcomes, preservice 
teachers (PSTs) need opportunities to learn in and from their practice. Typically, these learning 
opportunities occur by having PSTs work with mentor teachers as they engage in student teaching 
assignments at local schools (Goldhaber et al., 2020; Jenset et al., 2019; McDonald et al., 2013). 
However, research has shown that quality mentors are not always easy to come by (Greenberg et al., 
2011). Student teaching also requires PSTs to engage in multiple instructional practices at one time as 
they teach entire lessons, which precludes them from focusing on specific instructional skills, such as 
eliciting student thinking or facilitating small group discussions (Mikeska, Howell, & Kinsey, 2023). 
Additionally, student teaching tends to happen in isolation from PSTs’ coursework within methods 
courses (Darling-Hammond, 2006), which makes it challenging for PSTs to connect the teaching 
strategies they observe or use in classrooms to the theoretical ideas they learn about in their courses. 
This disconnect has come under scrutiny, as the disconnect makes it difficult for PSTs to make sufficient 
progress in learning when, how, and why to deploy specific teaching practices effectively to support 
student outcomes (Forzani, 2014; McDonald et al., 2013; Peercy & Troyan, 2017). To address some of 
these limitations of student teaching, during the last decade researchers and teacher educators (TEs) 
have turned towards using innovative tools, such as mixed reality teaching simulations, to broaden the 
learning opportunities available to PSTs when ascertaining how to engage in key teaching practices.  

Mixed reality teaching simulations provide opportunities for PSTs to practice their ability to enact 
specific instructional skills in more controlled settings and allow them to analyze their performance 
through observation of artifacts related to their performance (e.g., video record, transcript) (Anthony et 
al., 2015; DeMink-Carthew et al., 2017) enabling them to deconstruct their practice and encourage 
reflection on their teaching strategies. These kinds of simulations also provide others, such as TEs, their 
peers, mentor teachers, or trained raters, with the ability to watch the PST’s performance and provide 
them with feedback about the strengths and areas for growth evident in their instruction. Such feedback 
can be useful to support PSTs’ reflection and improvement. However, while reflection and evaluation of 
practice is an important aspect of being an effective teacher, research has suggested that PSTs can 
struggle to accurately assess their practice (Clipa et al., 2011; Luke et al., 2021).  

The growing use of mixed reality teaching simulations has prompted researchers to investigate how 
these simulations work to support PST learning. To date, most research in this area tends to use self-
reports from PSTs as outcome measures to assess the usefulness of these tools to support PST learning – 
although there are a few notable exceptions (Kaka et al., 2021; Howell & Mikeska, 2021; Mikeska & 
Howell, 2020; 2021a; Poultsakis et al., 2021; Thompson et al., 2019). To better understand the potential 
of simulated tools to support PST learning, the field needs to conduct studies that examine: (a) how PSTs 
understand the key teaching goals they should address when engaged in these simulations, (b) the 
nature of PSTs’ self-reflections when they engage in mixed reality teaching simulations and how these 
self-reflections compare to objective measures, such as raters’ assessment of PSTs’ instruction, and (c) 
PSTs’ perceptions of the mixed reality teaching simulations. Such research would allow the field to 
better understand how PST learning can be supported when using mixed reality teaching simulations, 
the nature of the evidence that is best used to examine their learning when using mixed reality teaching 
simulations, and effective practices for incorporating mixed reality teaching simulations into teacher 
education settings. In the present study, we focus on three specific gaps in the field’s understanding of 
mixed reality teaching simulation use. First, we explore the degree to which PSTs understand the goal of 
the task they are given and how this relates to their success. Second, we explore the extent to which PST 
self-report is likely to be useful and accurate either to support TEs’ instructional choices or to draw 



conclusions about the learning that transpires when using mixed reality simulations. And finally, we 
explore whether PSTs see their performance as a reasonably accurate measure of their skills. To address 
these gaps, we investigate the following research questions (RQs): 

• RQ1a: To what extent do PSTs’ reported discussion goals for a mixed reality teaching simulation 
task align with the provided discussion task learning goals?  

• RQ1b: How does alignment of PSTs’ reported discussion goals for a mixed reality teaching 
simulation task connect to their discussion performance scores assigned by trained raters? 

• RQ2: How, if at all, is PSTs’ reported success in a mixed reality teaching simulation task 
consistent with their discussion performance rubric scores assigned by trained raters?  

• RQ3: How did PSTs perceive the mixed reality teaching simulation? 
 
In what follows, we begin by providing background about the use of mixed reality teaching simulations 
and the use of self-reflection to support teacher learning. We then turn to a description of the study’s 
methodology, including the study’s sample and data collection and analysis methods. We end by sharing 
the study’s findings and implications in terms of using mixed reality teaching simulations as tools to 
support PST learning of key teaching practices and the nature of PSTs’ self-reflections, in comparison to 
raters’ assessment of PSTs’ instruction, when using these tools. 

2. Theoretical Framework  
The current study is grounded in a theory of practice-based teacher education (Ball & Forzani, 2009; 
Forzani, 2014; Grossman, Compton, et al., 2009; Lampert, 2010; Zeichner, 2012). This theory suggests 
that teacher learning occurs through opportunities to learn in and from their practice. Three key 
pedagogies of practice are used to provide these practice-based learning opportunities: decompositions, 
representations, and approximations (Grossman, Compton, et al., 2009). Grossman, Compton, and 
colleagues (2009) propose employing representations to cultivate the ways in which PSTs perceive and 
comprehend professional practice. Additionally, they advocate for the use of decompositions to 
enhance PSTs’ understanding and implementation of the various elements of teaching. This involves 
breaking down the practice of teaching into fundamental components, such as concentrating on aspects 
of lesson planning. However, the current study focuses on providing opportunities for PSTs to practice 
enacting the actual work of teaching via approximations of practice – “opportunities to rehearse and 
enact discrete components of complex practice in settings of reduced complexity” (Grossman, 
Hammerness, & McDonald, 2009, p. 283). Approximations of practice are essential for PST learning as 
they afford PSTs the opportunity to make errors while trying out novel or challenging aspects of 
teaching practice and allow associated stakeholders, such as TEs, to provide feedback on the teaching 
practice (Grossman, Compton, et al., 2009). 

Two common approximations of practice are peer rehearsals and digital teaching simulations. Peer 
rehearsals often happen face-to-face and involve PSTs engaging in the role of a teacher while one or 
more of their peers play the role of a K-12 student (Davis & Boerst, 2014; Ghousseini, 2017; Kazemi et 
al., 2016). On the other hand, digital teaching simulations use technology to allow PSTs to interact with 
their peers via an online chat (Thompson et al., 2022; Wang et al., 2021) or to interact with virtual 
students (Kamhi-Stein et al., 2020; Lottero-Perdue et al., 2023; Mikeska, Shekell, et al., 2022; Straub, 
2018). The use of digital teaching simulations as approximations of practice is described in the next 
section.  



3. Literature Review 
3.1. Digital Teaching Simulations in Teacher Education 
During the last decade, digital teaching simulations have become more frequently used as tools to 
support PST learning (Bondie & Dede, 2021; Cohen et al., 2020; Dalinger et al., 2020; Dieker et al., 2014; 
Ersozlu et al., 2021). Across the varied simulations used, the focus tends to be on helping PSTs refine 
their instructional practice and learn how to engage in specific teaching skills, such as eliciting student 
thinking, facilitating classroom discussions, promoting a positive classroom environment, or working 
with students who are second-language learners or who have disabilities (Bondie et al., 2021; Mikeska, 
Howell, Dieker, & Hynes, 2021; Regalla et al., 2016). In addition to supporting learning of key 
instructional practices, simulations have been used to develop PSTs’ content knowledge, pedagogical 
content knowledge, preparedness to teach, self-efficacy, and beliefs about high-quality instruction and 
student learning (Kaufman & Ireland, 2019; Mikeska, Cross Francis, et al., 2023; Theelen et al., 2019). 
Despite the variation in learning outcomes targeted, all simulations provide PSTs with practice teaching 
opportunities in controlled and safe settings of reduced complexity that are low risk for both PSTs and 
students – although the specific approaches used vary across simulated environments. 
 
One approach is to have PSTs engage in text-based chats with each other, using an online interface 
where each PST’s identity and image is hidden (Reich, 2022; Wang et al., 2021). This approach is similar 
to face-to-face peer rehearsals, as PSTs are engaged in direct interaction with each other – with one PST 
acting as the teacher and the other acting as a K-12 student. For example, the Eliciting Learner 
Knowledge simulation is an online text-based chat where one PST, acting as the teacher, attempts to 
elicit the other PST’s thinking, who is acting as an elementary student, about a science or mathematics 
topic (Mikeska, Shekell, et al., 2022; Thompson et al., 2022). The goal in the Eliciting Learning Knowledge 
simulation is to probe the student’s thinking and to understand the student’s prior conceptions or 
experiences related to the science or mathematics topic. The aim is not to alter the student’s thinking or 
address any misconceptions they may have. 
 
Another approach is for PSTs to respond in writing to prompts within an online interface that shows 
various agents or avatars responding in writing to the teacher or each other, with the teacher selecting 
next steps from a menu of pre-selected options (Deale & Pastore, 2014; Gibson, 2013; McPherson et al., 
2011; Meritt et al., 2015). These online simulated environments provide PSTs with access to a small 
group or classroom of virtual students where they can engage in an aspect of the work of teaching, 
albeit in a reduced complexity setting. For example, simSchool is an online simulated environment 
where PSTs can log on, select the number of students in their class (individual, small group, or whole 
class), make instructional decisions, and observe students’ physical, emotional, and academic responses 
to the decisions they make (Christensen et al., 2011; Gibson, 2007). SimSchool has been used across 
various studies to help PSTs and in-service teachers learn how to engage in effective teaching strategies, 
with findings across studies indicating that PSTs report increased confidence, attitudes, and teaching 
skills after using simSchool (Badiee & Kaufman, 2014; Collum et al., 2018; Hopper, 2018).  
 
Most recently, one of the more common approaches is the use of a fully interactive online classroom 
consisting of five student avatars who can respond in real-time to a teacher’s questions or comments 
and to other student avatars’ ideas (Lee et al., 2023; Mikeska, Howell, & Kinsey, 2022, 2023; Straub et 
al., 2015). Figure 1  shows an example of one such classroom, MursionTM’s upper elementary mixed 
reality simulated classroom. In these types of mixed reality simulations, the student avatars are 
controlled on the backend by a person called a simulation specialist who has completed in-depth 
training to know how to respond as each of the student avatars during the simulated teaching session. 
Teachers can interact in real-time with the five student avatars and the avatars can respond to the 



teacher’s verbal prompts and questions as well as interact directly with one another –like teacher and 
student verbal interactions in a real classroom. Usually, the teacher’s interactions with the student 
avatars are video recorded and the video record is provided to the teacher afterward for review and 
reflection. To date, MursionTM’s mixed reality simulated classrooms has been used as a practice space 
for PSTs and in-service teachers to learn how to facilitate mathematics and science discussions, to elicit 
student thinking, to work with second language learners and students with disabilities, to facilitate 
productive parent conferences, and to enact successful classroom management (Bondie & Dede, 2021; 
Dawson & Lignugaris/Kraft, 2017; Dieker et al., 2019; O’Callaghan & Piro, 2016; Vince Garland & 
Garland, 2020). Previous research has indicated that PSTs and in-service teachers perceive these types 
of mixed reality simulations as authentic to the work of teaching (Mikeska & Howell, 2021a; Thompson 
et al., 2019). 
 
Figure 1 
Preservice Teacher (left) and Simulation Specialist (right) Interacting in the MursionTM Mixed Reality 
Simulated Classroom  

 
Note. Images reproduced with permission of MursionTM and Towson University.  
 
Studies in this area tend to focus on PSTs’ perceptions of the authenticity and usability of these mixed 
reality teaching simulations and determining what PSTs learn from their interactions in these 
simulations; it is rare for studies to investigate PSTs’ understanding of their goals when engaging in the 
mixed reality simulation. In terms of authenticity, research suggests that PSTs and in-service teachers 
tend to perceive the simulations as useful contexts to practice aspects of instruction and the 
interactions with student avatars are reasonable approximations for how real students respond and 
behave, although arguments have been made that conceptualizations of authenticity in the contexts of 
mixed reality teaching simulations are currently undertheorized (Howell & Mikeska, 2021). In terms of 
learning outcomes, the use of mixed reality teaching simulations has shown to improve multiple aspects 
of PST learning including their ability to facilitate argumentation-focused discussions (Mikeska, Howell, 
& Kinsey, 2023), their perceptions about the importance of and confidence with facilitating controversial 
discussions in their classrooms (Kaka et al., 2021), their classroom management skills and teaching 
dispositions (Kaufman & Ireland, 2016), and how well they develop questioning strategies and feel 
sympathy towards students (Wang et al., 2021). Yet, to date, many studies tend to rely on PSTs’ self-
reflections on these varied outcome measures, rather than objective measures generated from external 
review of PSTs’ actual performance in the mixed reality teaching simulations. While PSTs’ self-reflections 
hold much potential, there have also been concerns and challenges about such reflections cited in 
previous research, which is where we turn next.  
 
3.2. The Use and Validity of Self-Reflection in Teacher Education 



Reflection is a common practice that has been used for decades in teacher education to support PST 
learning (Gay & Kirkland, 2003; Goodman, 1984; Pedro, 2005; Schön, 1983). It can be used by PSTs to 
reflect on their instructional practice in the moment – for example, as they interact with students during 
student teaching or as they engage in a mixed reality teaching simulation with student avatars – 
although most reflection tends to occur either before instruction or after instruction, as PSTs reflect on 
what went well and how they could adjust their instruction next time (Schön, 1983). As such, reflection 
can be variably characterized as something that occurs in action, as a cognitive activity, or as a 
combination of the two (Bengtsson, 1995). PSTs’ reflective practices can focus on a myriad of 
instructional features and factors, ranging from their ability to manage the classroom, support student 
content-focused learning, improve student self-efficacy or confidence, or engage students in sense-
making. In addition, PSTs’ reflective practices can vary in both form and context – for example, PSTs can 
engage in self-reflection via participation in a video club with other PSTs, as part of written reflections in 
teaching portfolios, through structured conversations with mentor teachers, or individually by recording 
their observations as the view and reflect on a video record of their own teaching practice (Ajayi, 2016; 
Davis, 2006; Delandshere & Arens, 2003; Harford & MacRuairc, 2008; Kong, 2010; Xiao & Tobin, 2018).  
 
Research has suggested that PSTs tend to view self-reflection in a positive light and believe that 
engaging in reflective practices benefits their learning and developing practice. For example, Erdemir 
and Yeşilçınar’s (2021) recent study found that PSTs held positive views about engaging in self-reflection 
as they valued it for enhancing their motivation, raising their awareness of their teaching performance, 
and providing a way for them to critically analyze their teaching practice. Others have noted how self-
reflection can allow PSTs to identify specific areas where they need to improve and develop their 
pedagogical knowledge (Johnson & Cotterman, 2015; Önal, 2019; Snead & Freiberg, 2019). In a similar 
vein, studies have shown that using structured reflection tools, such as rubrics or frameworks, to 
evaluate PSTs’ teaching can be perceived as useful to improve their teaching competencies and 
knowledge (Davis & McDonald, 2019; van Diggelen et al., 2013).  
 
Despite these frequently cited benefits to engaging PSTs in self-reflection, other studies have suggested 
that these reflections may vary for PSTs and novices in terms of the depth and accuracy of their self-
reflections on their own and other’s instructional practices (Blaik Hourani, 2013; Poom-Valickis & 
Mathews, 2013; Saric & Steh, 2017). For example, Goldman and Grimbeek (2015) qualitatively analyzed 
elementary PSTs’ written reflections during student teaching and found that they were much more 
adept at describing and making judgments about specific teaching issues or challenges and relating, or 
connecting, these issues to themselves and their professional roles. However, their study indicated that 
the PSTs’ written reflections rarely showed evidence of them engaging in complex pedagogical 
reasoning, reconstructing a plan of action, or metacognitively examining various factors or influences at 
play. Likewise, Selkrig and Keamy (2015) point to challenges for both PSTs and TEs alike when supporting 
PSTs to engage in critical reflection about their own and other’s instructional practice.  
 
Taken together, these studies suggest both benefits and potential drawbacks to PSTs’ self-reflections. In 
particular, PSTs may experience significant challenges in being able to: (a) identify their strengths and 
areas for improvement, (b) engage in in-depth pedagogical reasoning about the teaching challenges 
they experience, or (c) sufficiently determine possible next steps to address challenges they are 
experiencing. Despite these previously cited concerns with the validity of PSTs’ self-reflections, much of 
the research examining the use of mixed reality teaching simulations relies upon such self-reflections to 
report on learning outcomes. It is unclear to what extent this extensive reliance on PSTs’ self-reflections 
is warranted or potentially problematic when using mixed reality teaching simulations to examine and 
support their pedagogical development. To our knowledge, this study is the first of its kind to investigate 



and compare the relationship between PST self-reflections and more objective measures of PST 
performance in the context of mixed reality teaching simulations. 
 
4. Material and Methods 
 
4.1. Study Context 
The current study is part of a larger research project where our team supported elementary TEs with the 
implementation of an online practice suite (OPS) of three teaching simulations within their mathematics 
and science teaching methods courses across one semester. The three simulations focused on 
enhancing PSTs’ ability to facilitate argumentation-focused discussions. The PSTs enrolled in the 
mathematics methods courses completed the OPS centered on the topic of comparing fractions 
whereas those enrolled in the science methods courses completed the OPS centered on the topic of 
conservation of matter. For each of the three simulations the TE implemented a microcycle in which 
they first engaged their PSTs in one or more preparation activities prior to the teaching simulation and 
then implemented one or more debrief or reflection activities after the simulation (see Figure 2). TEs 
were not strictly instructed on how to engage their PSTs in the OPS, however TEs were provided with a 
guidebook that included information about each of the simulations and had access to an electronic bank 
of resources to support their instructional design of the preparation and debrief activities. These 
resources included articles, examples of activities they could implement, and video and transcript 
examples of previous PSTs completing the simulations.     
 
The first simulation, Eliciting Learner Knowledge (ELK), involves a pair of PSTs role playing as either a 
student or a teacher and engaging in a text-based chat about the student’s ideas. The second 
simulation, the Avatar-Based Simulation (ABS), is the focus of the present study and involves PSTs 
facilitating a small group discussion with five student avatars in the MursionTM simulated classroom 
environment. The third simulation, the Virtual Teaching Simulator (VTS), involves PSTs embodying a 
teacher avatar in a class of 24 student avatars. Please refer to Figure 2 or Mikeska, Shekell, et al. (2022) 
for a detailed description of the larger research project and the two additional teaching simulations used 
in the OPS. 

Figure 2 
Online Practice Suite Simulations 
 



 

4.2. MursionTM Mixed Reality Simulated Classroom Environment 
The current study only focused on the ABS instead of all three simulations in the OPS as ABS was the 
only simulation that had PST self-assessment data and scoring from trained raters at the time of 
analysis. The ABS required PSTs to complete a 20-minute discussion with five virtual student avatars in 
the MursionTM upper elementary simulated classroom environment. The five student avatars are 
controlled by a human-in-the-loop, also referred to as a simulation specialist. Once a PST joined their 
discussion session they were first greeted by an adult avatar (also portrayed by the simulation specialist) 
that was there to make sure the technology was working properly. The PST then conducted a short 
warm-up task with the student avatars prior to their 20-minute discussion; this warm-up task involved 
collecting the student avatars’ lunch orders for that day. The purpose of the warm-up task was to allow 
the PST time to acclimate to the mixed reality simulated classroom before facilitating the mathematics 
or science discussion. Once the warm-up task was completed the PST then facilitated an up to 20-



minute argumentation-focused discussion on the given mathematics or science topic. Once the 
discussion was complete the adult avatar returned to ask the PST a few brief reflection questions about 
how their discussion went. Within 48 hours of completing their mixed reality teaching simulation the 
PST and their TE were able to access and review a recording of the PST’s discussion video via the 
MursionTM portal.  

The five student avatars in the MursionTM mixed reality simulated classroom environment are controlled 
by a simulation specialist who uses specialized technology to respond as each of the student avatars. 
PSTs never see the simulation specialist and only see the five student avatars on their screen as if they 
were on a Zoom meeting with the student avatars [see Figure 1 or OPS (2023a; 2023b) for further 
detail]. Different voice morph settings are applied for each of the student avatars to allow one 
simulation specialist to sound like five different upper elementary students. MursionTM provides the 
simulation specialists with a different vocal profile, vocal signature, and vocal energy/pace for each of 
the student avatars. For this project three simulation specialists were thoroughly trained by project staff 
on how to respond as each of the five student avatars based on that particular student’s understanding 
or misunderstanding of the task content (comparing fractions and conservation of matter) and their 
previous experiences in class. While three simulation specialists were trained for the project, only one 
simulation specialist participated during each of the discussion sessions.  

The MursionTM mixed reality platform uses a proprietary combination of human and artificial intelligence 
(AI) technology with highly realistic renderings of hundreds of computer-generated avatars and 
environments (Mursion, n.d.-a) that are developed using motion capture and gaming technology 
(Mursion, n.d.-b). The web-based platform is accessed via all standard web enabled devices with 
minimal internet bandwidth required (less than 4 mbps) and is compatible with Windows and Mac 
operating systems (Mursion, n.d.-a). MursionTM addresses universal demands by having global delivery 
and multi-language capabilities, meeting Web Content Accessibility Guidelines (WCAG) Level 2.1 AA with 
assistive software for accessibility needs and guaranteeing security and privacy of users through 
compliance with General Data Protection Regulation (GDPR) and Service Organization Control Type 2 
(SOC 2) (Mursion, n.d.-a).  

4.3. Sample 
Participants included 47 elementary PSTs enrolled in one of the five mathematics or science teaching 
methods courses that implemented the OPS during the spring semester in 2022. Initially five TEs 
teaching methods courses at five public universities and colleges in the Southwestern, Midwestern, 
Northeastern, Southeastern, and Mid-Atlantic regions of the United States were recruited. Our PST 
sample was then comprised of the PSTs within the TEs’ courses who agreed to participate in the study’s 
research component. The current study included two mathematics methods courses and three science 
methods courses with 12 PSTS in the first math course, eight PSTs in the second math course, 11 PSTs in 
the first science course, seven PSTs in the second science course, and nine PSTs in the third science 
course. PSTs engaged in the OPS microcycles alongside the PSTs enrolled in their same methods course. 
The PSTs did not interact with the PSTs enrolled in the other methods courses involved in the current 
study, however, TEs did collaborate with one another in planning how to introduce the simulations in 
their classes. 
 
All 47 participants consented to participate in the study’s research components, completed their ABS 
discussion, and completed the ABS task survey after their discussion session. Participants were typically 
in their third or fourth year of a bachelor’s program (74%) and most of them identified as female (96%) 
and White (79%). Participants also identified as Hispanic/Latino (19%), Black or African American (6%), 
American Indian or Alaskan Native (4%), and Asian or Asian American (2%). Most participants (94%) had 



no previous experience using a mixed reality teaching simulation; however, more than three quarters of 
participants (78%) had previously received feedback on their ability to lead a discussion with students.  
 
4.4. Data Sources and Collection 
From January to May of 2022, the three teaching simulations used in the OPS were integrated into five 
elementary mathematics and science methods courses. The second simulation, ABS, required PSTs to 
facilitate a 20-minute mathematics (Howell, Mikeska, Tierney, et al., 2021) or science (Mikeska, Howell, 
Orlandi, et al., 2021) discussion using the MursionTM upper elementary simulated classroom. One week 
prior to the simulated discussion session, PSTs received a task packet to use in their preparation. The 
task packet included the student learning goal for the discussion, information about the previous class 
activities the student avatars engaged in before the discussion, copies of the student avatars’ written 
work, and details about specific aspects the PSTs should notice about the student avatars’ work. After 
the mixed reality simulated discussion was complete and the PSTs reviewed their discussion recording, 
the PSTs completed the ABS task survey to capture perceptions of their experience participating in the 
ABS activity. PSTs’ responses to the ABS task survey were used for the current study.  
 
The research team also hired six trained raters to apply a four-level rubric developed in a previous 
project and later refined (GO Discuss Project, 2021) to assess PSTs’ ability to engage in five dimensions, 
or features, of facilitating high-quality, argumentation-focused discussions:  

1) attending to students’ ideas (i.e., making sure every student’s voice is heard and that all 
students’ ideas are valued) (Dimension 1), 

2) facilitating a coherent and connected discussion (i.e., facilitating a discussion that makes sense 
and feels organized and purposeful) (Dimension 2), 

3) encouraging student-to-student interactions (i.e., getting students to engage in discussion with 
one another) (Dimension 3), 

4) developing students’ conceptual understanding (i.e., supporting students in developing correct 
content understanding during the discussion) (Dimension 4), and 

5) engaging students in argumentation (i.e., encouraging students to engage in argument 
construction, justification, critique, and/or building consensus) (Dimension 5).  

Each PST video was assigned five individual dimension scores across the four levels of the rubric (level 1 
= beginning practice, level 2 = developing practice, level 3 = well-prepared practice, level 4 = 
commendable practice). Each dimension was comprised of three indicators that also received scores 
from raters. For example, Dimension 4 is focused on developing students’ conceptual understanding and 
is comprised of the following three indicators: (1) whether the students or teacher evaluated the 
accuracy and validity of ideas in the discussion, (2) the presence, absence, and acknowledgement of 
content errors made by the teacher, and (3) whether critical student misunderstandings related to the 
learning goal were addressed. Raters completed bias training, training on how to include evidence and 
effective justifications to explain the indicator and dimension scores they assigned, and specific training 
for each of the five dimensions and the indicators that comprise each dimension. Raters then practiced 
scoring a validity video performance previously scored and reconciled by project staff. One project staff 
member reviewed the raters’ scoring for the validity video and provided feedback to each rater on how 
their scores and evidence aligned with the project staff’s reconciled scores and evidence. If the rater 
met all training benchmarks, they were then able to start scoring the PSTs’ discussions using the video 
and transcript of the performance. Twenty five percent of PST performances were double scored by two 
raters with adequate overall interrater reliability calculated to be .753 one-way average measures 
intraclass coefficient (ICC). 
 



4.5. Analysis 
A mixed methods analysis approach was implemented for the current study in which the authors used 
qualitative analysis to analyze the PSTs’ open-ended survey responses and quantitative analysis to 
identify patterns across their self-reported goals and the raters' scores. Detailed descriptions of each 
analysis approach are included below.  
 
4.5.1. RQ1: PST-reported Discussion Goal Alignment 
To address RQ1a, we examined the alignment of PSTs’ reported discussion goals for the mixed reality 
simulated discussion to the learning goal provided to PSTs in the task packet one week prior to their 
discussion. Specifically, we drew on two sources to inform the analysis. The first was the PSTs’ responses 
from the ABS task survey question: “In your own words, what were the goals for the discussion focused 
on argumentation you facilitated in the simulated classroom? In other words, what did you want the 
students to do or learn in the simulated discussion?”. The second, described in the next paragraph, was 
the learning goals as stated in the task packet PSTs received prior to leading their discussion. It is 
important to note that this is more than simply a test of whether teachers recall what was given in the 
course packet – teachers, including teachers in training, must always synthesize stated goals, make 
sense of them in their own words, and often layer their own understandings over what is given as they 
plan and execute a lesson. By asking PSTs to report in their own words, we elicit information about what 
they understood the goal to be rather than what we told them it should be.  
 
The learning goal for Emily’s One Less Method task (comparing fractions) in mathematics is as follows, 
“Students will construct an argument about whether a method for generating a fraction in between two 
given fractions is worth remembering so that it can be used in the future.” (Howell, Mikeska, Tierney, et 
al., 2021, p. 3). The learning goal for the Making Lemonade task (conservation of matter) in science is as 
follows, “Students will construct an argument, using evidence and reasoning, about whether the 
amount of matter changes when ingredients are mixed together to make lemonade. They will build 
consensus about which observations to use as evidence that matter is conserved during physical 
changes.” (Mikeska, Howell, Orlandi, et al., 2021, p. 3). 
 
An evidence inventory was developed to indicate if a PSTs’ self-reported goal focused on at least one 
aspect of argumentation and one aspect of task content, each of which was represented in the 
mathematics or science task goal. For instance, accurate aspects of task content would be present if a 
science PST mentioned a goal about having the student avatars determine which observations to use as 
evidence that matter is conserved during physical changes or if a math PST mentioned a goal about 
whether a method for generating a fraction in between two given fractions is worth remembering so 
that it can be used in the future. Assessing for accurate aspects of argumentation involved examining 
how the PST-reported goal involved engaging the student avatars in achieving or addressing the content 
pieces previously mentioned. For example, accurate argumentation would be present if a science PST 
mentioned the student avatars coming to consensus or if a math PST mentioned the student avatars 
formulating an argument.  
 
We then calculated a three-level alignment classification of strong/partial/no alignment based on the 
presence of evidence from both categories of the evidence inventory. See Table 1 for examples of PST-
reported learning goals in each of the three alignment classifications. Strong alignment was achieved 
when a PSTs’ discussion goal included an accurate focus on one or more aspects of argumentation and 
one or more aspects of the task content. Partial alignment occurred when the PSTs’ discussion goal 
included an accurate focus on either an argumentation or task content aspect. Finally, no alignment 
occurred if the PSTs’ discussion goal did not include an accurate focus on an argumentation or task 



content aspect represented in the mathematics or science discussion task. Two researchers used the 
evidence inventory and alignment classification to code 27 science and 20 mathematics PSTs’ responses. 
Adequate rater agreement and interrater reliability—calculated using one-way average measures ICC—
were achieved when coding both science (93% exact rater agreement, .925 ICC) and mathematics (97% 
exact rater agreement, .968 ICC) responses. Additionally, Cohen's weighted kappa was run, and almost 
perfect agreement (McHugh, 2012) was achieved when coding science, κw= .860 (95% CI, .771 to .948), p 
< .001, and math responses, κw = .938 (95% CI, .868 to 1.007), p < .001. 
 
Table 1 
PST Learning Goal Examples by Alignment Classification 

Alignment 
Classification 

Math Examples Science Examples 

Strong Alignment I wanted them to understand the points that 
other students made about the One Less Method 
and be able to respond accordingly. I wanted 
students to discuss and debate the use of 
keeping the method in their toolbox. (PST 5012) 

The goals were to get students to come to an 
agreement as to whether or not matter was 
conserved using evidence to support their 
conclusion. (PST 1006) 

Partial Alignment 
(Argumentation) 

I wanted students to learn and understand the 
different approaches to solving the problem. I 
wanted them to be able to critique each other's 
ideas respectfully and critically. (PST 4004) 

I wanted the students to have a scientific 
argument where they would share their findings 
and support them with evidence and reasoning. 
If others had different findings, they could share 
the details to come to an overall consensus. (PST 
2006) 

Partial Alignment  
(Task Content) 

I wanted the students to decide if they should 
keep Emily's one less method in their toolbox 
(PST 5011) 

The students’ learning goal was to find out if the 
amount of matter changed when mixing 
ingredients to make lemonade. (PST 3003) 

No Alignment I wanted students to find the one less method 
most helpful (PST 4005) 

I wanted them to learn about how matter and 
volume were different. (PST 1015) 

 
Further analysis was conducted for RQ1b by comparing PSTs’ mean performance scores assigned by 
trained raters across the five dimensions of facilitating argumentation-focused discussions when PSTs 
were grouped by their alignment classification category (strong alignment, partial alignment, or no 
alignment). We examined mean scores by goal-alignment categorization, attending closely to whether 
the directionality was as expected, and ran correlations to determine the relationship between 
alignment group and mean scores across the five dimensions as well as the overall score across 
dimensions. 
 
4.5.2. RQ2: PST-reported Success 
To address the second research question, we examined the consistency of PSTs’ self-assessment of their 
success on the five dimensions of facilitating argumentation-focused discussions to the raters’ scores on 
each dimension using the four-level scoring rubric. For the self-assessment aspect, we used PSTs’ 
responses from the ABS task survey question asking PSTs to indicate how successful they were in 
implementing the five elements of a high-quality discussion focused on argumentation during their ABS 
session using a four-point Likert scale (not at all successful, minimally successful, somewhat successful, 
very successful). 
 
For purposes of this study, we examined the general consistency of the PSTs’ self-assessment Likert 
scale responses to the raters’ rubric scores. To assess this general consistency, PSTs’ self-assessment on 
the lower end of the scale who reported they were not at all successful or minimally successful in a 
dimension were combined into a “Low Self-Assessment” category, while PSTs who reported they were 
somewhat successful or very successful were grouped into a “High Self-Assessment” category. 



Furthermore, the rater scores assigned to the PSTs’ performances for each dimension were grouped 
similarly in which beginning practice (level 1) and developing practice (level 2) were combined into a 
“Low Rater Score” category and well-prepared practice (level 3) and commendable practice (level 4) 
were grouped into a “High Rater Score” category. We decided to group the two lowest levels of the 
rubric and the two highest levels of the rubric together, as more nuanced groupings would have resulted 
in minimal sample sizes across groups for comparison purposes.  
 
“Consistency” occurred when the PSTs’ self-assessment and the raters’ score were both in the low 
categories or both in the high categories. For example, consistency would be present if a PST indicated 
they were very successful (High Self-Assessment) for Dimension 1 (attending to students’ ideas) on the 
ABS task survey and the rater assigned that PST’s performance in Dimension 1 at the well-prepared 
practice (level 3) (High Rater Score). “Inconsistency” would be present if a PST indicated they were very 
successful (High Self-Assessment) for Dimension 1 and a rater assigned that PST’s performance in 
Dimension 1 at the developing practice level (level 2) (Low Rater Score). Inconsistency included two 
categories to indicate (1) when a PSTs’ self-assessment was higher than the rater score (i.e., High Self-
Assessment and Low Rater Score) and (2) when a PSTs’ self-assessment was lower than the rater score 
(i.e., Low Self-Assessment and High Rater Score). Frequencies across the groups were identified and 
compared to determine if there were any patterns by dimension or overall across these groups. 
 
4.5.3. RQ3: PST Perceptions of the Mixed Reality Simulation 
To address the third research question, we examined frequencies of PSTs’ responses to the ABS task 
survey in which PSTs were asked to indicate their agreement on a four-point Likert-type scale (disagree, 
somewhat disagree, somewhat agree, agree) with five statements regarding their perceptions of the 
mixed reality simulation. If a PST disagreed or somewhat disagreed with the statement “My 
performance in the simulated classroom environment accurately reflects my ability to facilitate 
classroom discussions with real students”, the PST was prompted with an open response follow-up 
question asking them to explain why. We used qualitative content analysis (Schreier, 2012) and a 
codebook developed from a previous study (Mikeska & Howell, 2021b) to group responses into themes 
identified across PST responses (codes and descriptions included in Table 5). 
 
5. Results and Discussion 
 

5.1. RQ1: PST-reported Discussion Goal Alignment  
 

5.1.1. RQ1a 
In total, eight (17%) of the 47 responses in which PSTs described the task goals in their own words were 
categorized as strongly aligned to the task goals specified in the mathematics or science discussion task, 
indicating that the PST’s response showed signs of both critical components of the stated learning goal – 
an accurate description of at least one element of argumentation and an accurate reference to the 
content focus of the task. Findings showed that most responses (29; 62% of total responses) were 
categorized as partially aligned, meaning that the PST’s response contained evidence of one but not 
both components. Of these, 12 (26% of total responses) included the argumentation component but not 
the content and 17 (36% of total responses) included content but not argumentation. The remaining 
responses (10; 21% of total responses) were categorized as no alignment as they did not include 
reference to either of the two components.  
 



5.1.2. RQ1b 
Our next step was to compare the alignment of the learning goal to the rater-assigned scores on each 
dimension and overall. This analysis was aimed at seeking evidence to support the logical hypothesis 
that a PST who shows stronger understanding of the goal of the task might be more likely to be 
successful in meeting that goal, meaning PSTs in the strong alignment group would have higher scores 
than the partially aligned group and the no alignment group, and PSTs in the partially aligned group 
would have higher scores than the no alignment group. Means and standard deviation of scores on each 
dimension and overall, broken down by the PST goal alignment categorization are shown in Table 2. We 
hypothesized that PSTs with stronger alignment to the learning goal would be more likely to have higher 
rater scores. Overall, the trend of mean scores was as we expected in which PSTs in the strong 
alignment group consistently scored higher on each dimension and overall compared to those in the 
partial and no alignment groups, although in some cases the difference was quite small such as in 
Dimension 5 (engaging students in argumentation). We also anticipated that PSTs in the partially aligned 
group would consistently score higher on each dimension and overall compared to those in the no 
alignment group, however the results were less consistent and more variable with only Dimensions 2 
(facilitating a coherent and connected discussion) and 4 (developing students’ conceptual 
understanding) and the overall scores following this pattern.  
 
Table 2 
Comparing PSTs’ Dimension Score Means by Discussion Goal Alignment Group (N = 47 PSTs) 

Discussion 
Goal 

Alignment 
Group 

Dimension 1 
(attending to 

students’ ideas) 
M (SD) 

Dimension 2 
(facilitating a 
coherent and 

connected 
discussion) 

M (SD) 

Dimension 3 
(encouraging 
student-to-

student 
interactions) 

M (SD) 

Dimension 4 
(developing 

students’ 
conceptual 

understanding) 
 M (SD) 

Dimension 5 
(engaging 

students in 
arg.) 

M (SD) 

Overall Across 
Dimensions 

M (SD) 

Strong 
Alignment  
(n = 8) 

3.44 (.90) 2.63 (1.30) 2.88 (1.13) 3.06 (.78) 2.31 (.96) 14.31 (4.54) 

Partial 
Alignment 
(n = 29) 

3.03 (.83) 2.36 (.80) 2.03 (.52) 2.79 (.88) 2.28 (.66) 12.50 (2.84) 

No 
Alignment  
(n = 10) 

3.10 (.74) 2.15 (.47) 2.25 (.72) 2.55 (.76) 2.30 (.48) 12.35 (2.38) 

Average 
Scores 
Across 
Participants 
(N =47) 

3.12 (.82) 2.36 (.85) 2.22 (.74) 2.79 (.84) 2.29 (.67) 12.78 (3.11) 

 
Six correlations were run to determine the relationship between alignment group and mean scores 
across the five dimensions as well as the overall score across dimensions. No statistically significant 
correlations were determined and all Pearson’s correlation coefficients were less than .30, therefore 
were classified as weak correlations (Akoglu, 2018). Despite the lack of statistical significance, the this 
relationship trends in the expected direction, with PSTs who show strong evidence of understanding the 
task goals to be more likely to achieve higher dimension-level and overall scores. This pattern suggests 
that PSTs are likely to do better if they have a clear understanding of what they are trying to address 
during the simulation, therefore it may be beneficial for TEs to spend time ensuring their PSTs have a 
strong understanding of the learning goal prior to leading a discussion in a mixed reality simulation. 
  



5.2. RQ2: PST-reported Success 
In examining the consistency between PST self-reported success and rater-assigned scores there were 
235 units of analysis comparing a PST self-report success level and a dimension score across the five 
dimensions and 47 PSTs. Across these 235 units of analysis, findings showed that the PSTs’ self-
assessment was inconsistent with raters in 120 of 235 instances (51%), meaning PSTs’ self-reported 
assessment of their success across these five dimensions were just as likely to be inconsistent with 
raters scores as they were to be consistent (49%) (see Table 3). Most instances of inconsistency (87%; 
104 of 120 instances) occurred because of a high PST self-assessment and a low rater assessment, 
suggesting that PSTs who are struggling may have the greatest difficulty identifying their areas of 
improvement. Results showed no notable patterns when examining the number of dimensions each 
individual PST was consistent or inconsistent in, meaning if a PST was inconsistent on one dimension, 
they were not always inconsistent on the other dimensions with just over half of PSTs (26; 55% of PSTs) 
likely to be inconsistent on about half (two or three) of the dimensions.  

Consistency of PSTs’ self-assessment of their performance with the raters’ scores occurred most often in 
Dimension 1 (attending to students’ ideas) (72%), followed by Dimension 4 (developing students’ 
conceptual understanding) (66%), Dimension 2 (facilitating a coherent and connected discussion) (38%), 
and Dimension 3 (encouraging student-to-student interactions) (34%), and Dimension 5 (engaging 
students in argumentation) (34%). Of note, when ordering the mean scores across all participants for 
each dimension from highest to lowest, with Dimensions 1, 4, 2, 5, and 3 having mean scores of 3.12, 
2.79, 2.36, 2.29, and 2.22 (see bottom row of Table 2), respectively, the same pattern is present as when 
ordering dimensions by highest to lowest consistency of PSTs’ self-assessment and rater scores. 
Meaning, the higher the mean score for the dimension, the higher chance of consistency between PSTs’ 
self-assessment and rater scores for that dimension. This finding is consistent with previous research 
that has shown when comparing PSTs’ assessment of their own performance to their TE’s grades, PSTs 
with better performances had a more accurate self-assessment and more consistency to their TE’s 
grades (Clipa et al., 2011).  

 
Table 3 
PST Self-Assessment and Rater Score Consistency 

PST Self-Assessment 
and Rater Score 

Consistency 

Dimension 1 
(attending to 

students’ 
ideas) 
n (%) 

Dimension 2 
(facilitating a 
coherent and 

connected 
discussion) 

n (%) 

Dimension 3 
(encouraging 
student-to-

student 
interactions) 

n (%) 

Dimension 4 
(developing 

students’ 
conceptual 

understanding) 
n (%) 

Dimension 5 
(engaging 

students in 
arg.) 
n (%) 

Across 
Dimensions 

n (%) 

Consistent 34 (72%) 18 (38%) 16 (34%) 31 (66%) 16 (34%) 115 (49%) 

High Self-
Assessment and 
High Rater Score 
 

34 (100%) 16 (89%) 7 (44%) 27 (87%) 13 (81%) 97 (84%) 

Low Self-
Assessment and  
Low Rater Score 

0 (0%) 2 (11%) 9 (56%) 4 (13%) 3 (19%) 18 (16%) 

Inconsistent 13 (28%) 29 (62%) 31 (66%) 16 (34%) 31 (66%) 120 (51%) 

High Self-
Assessment and 
Low Rater Score 
 

11 (85%) 26 (90%) 27 (87%) 13 (81%) 27 (87%) 104 (87%) 



Low Self-
Assessment and 
High Rater Score 

2 (15%) 3 (10%) 4 (13%) 3 (19%) 4 (13%) 16 (13%) 

Note. Percentages in the sub rows under Consistent are out of the number of instances that were 
consistent for that dimension. The same applies to the sub rows under Inconsistent.  
 
Furthermore, consistency was more likely to occur when both the PST self-assessment and rater score 
were high. This pattern occurred most often in Dimension 1 (attending to students’ ideas) with all 
instances of consistency (100%) being a result of high self-assessment and high rater scores. The only 
dimension that did not fit this pattern was Dimension 3 (encouraging student-to-student interactions) in 
which nearly half the instances of consistency occurred with high self-assessment and rater scores (44%) 
and the other half occurred with low self-assessment and rater scores (56%). Dimension 3 focuses on 
encouraging student-to-student interactions, and this finding could suggest that PSTs who struggle in 
this component are able to assess their weaknesses more accurately when compared to other 
components. For instance, it may be more obvious for PSTs to notice that the students are not 
interacting with one another whereas it may be more challenging for PSTs to know if they are facilitating 
a coherent and connected discussion (Dimension 2). 
 
Altogether the results of the current study indicated that PSTs were only able to accurately assess their 
performance in 49% of instances, in comparison to raters’ rubric scores. When PSTs were inconsistent 
with raters, they were almost always perceiving themselves as doing more positively on a particular 
aspect of argumentation-focused discussions. This finding suggests that TEs would be missing key 
information on their PSTs’ areas of improvement if they were only using their PSTs’ self-reflections from 
the mixed reality simulated teaching discussions. The main implication from this finding is that it is key 
to include multiple forms of feedback in teacher education to assist PSTs’ and TEs’ in the identification of 
important areas for improvement. Mixed reality simulations can be useful in teacher education to 
provide TEs with a platform to offer constructive feedback on PSTs’ instructional skills, which allows for 
multiple iterations and refinement (Thompson et al., 2019). A well-executed feedback mechanism 
enables PSTs to scrutinize performance discrepancies, emphasizing both strengths and areas for 
improvement (Cornelius & Nagro, 2014; Sweigart et al., 2015). This, in turn, encourages PSTs to delve 
deeper into introspection and personal growth (Grossman & McDonald, 2008; Zhang & Cheng, 2011). 
Recognizing the pivotal role that reflection plays in the pedagogical development of PSTs, it is imperative 
to effectively utilize feedback to enhance this process. Fundamentally, feedback establishes the 
groundwork for reflection (Diana, 2013) and is widely regarded as the starting point of the reflective 
journey (Lichtenberger-Majzikné & Fischer, 2017). However, if one does not recognize that certain areas 
of instruction would benefit from additional practice and growth, it is difficult – if not impossible – to 
support improvement in those areas. 
 

5.3. RQ3: PST Perceptions of the Mixed Reality Simulation 
PSTs’ agreement with five statements assessing their perceptions of the mixed reality simulation were 
mixed (see Table 4). First, frequency counts showed that around one third of the PSTs (31; 66%) 
disagreed or somewhat disagreed that working in a simulated classroom environment was unfamiliar, 
which made it difficult for them to do well on the ABS task. Furthermore, the majority of PSTs (42; 89%) 
agreed or somewhat agreed that the simulated classroom environment was easy to use. Additionally, 
more than half of PSTs (27; 57%) thought their performance in the simulated classroom environment did 
not accurately reflect their ability to facilitate classroom discussions with real students and many PSTs 
(31; 66%) thought they did not perform as well as they could have. However, most PSTs (41; 88%) 
thought their performance would improve by giving more opportunities to practice facilitating 



discussions in the simulated classroom environment, further supporting the need for these types of 
tools to be included in teacher education.  
 
Table 4 
PST Perceptions of the Mixed Reality Simulation (N = 47 PSTs) 

Statement 
Disagree 

n (%) 

Somewhat 
Disagree 

n (%) 

Somewhat 
Agree 
n (%) 

Agree 
n (%) 

Working in a simulated classroom environment was 
unfamiliar, which made it difficult for me to do well on 
this task. 

13 (28%) 18 (38%) 9 (19%) 7 (15%) 

I found the simulated classroom environment easy to use 
(even if the tasks themselves might have been difficult). 

0 (0%) 5 (11%) 25 (53%) 17 (36%) 

My performance in the simulated classroom environment 
accurately reflects my ability to facilitate classroom 
discussions with real students. 

17 (36%) 10 (21%) 17 (36%) 3 (6%) 

I did not perform as well as I could have. 4 (9%) 12 (26%) 21 (45%) 10 (21%) 

Given more opportunities to practice facilitating 
discussions in the simulated classroom environment, my 
performance on this task would improve. 

2 (4%) 4 (9%) 21 (45%) 20 (43%) 

 
Twenty-seven PSTs were prompted to explain why they thought their performance in the simulated 
classroom environment did not accurately reflect their ability to facilitate classroom discussions with 
real students. Around one third of these 27 PSTs (17; 63%) indicated that the context of the simulation 
environment is dissimilar from what would normally be found in a real classroom (see Table 5). 
Responses referencing the context of the classroom environment included general explanations about 
using a virtual environment as well as more specific aspects such as the size of the group (i.e., five 
student avatars) and the time limit on the discussion. For example, as PST 4002 (math) explained, 
“Because it is through the screen with avatars, it is not as personal as it would be, teaching in a real 
classroom…”. PSTs also commonly cited their own personal characteristics, such as their nervousness, as 
a reason why their performance failed to accurately reflect their ability (11; 41%). PST 3002 (science) 
cited both the simulation context and their own personal characteristics in their explanation: “…I 
became so stressed about the time limit, then when I realized my kiddos had not reached a consensus, I 
felt incredibly defeated”. According to Cross Francis and colleagues (2020), elementary teachers 
undergo a complex range of emotions with fluctuating patterns during teaching, which can either foster 
productive teaching practices or exacerbate adverse physiological and cognitive responses hindering 
effective teaching for others. 
 
Table 5 
PSTs’ Reasons for Why Their Simulated Discussion Performance Did Not Reflect Their Ability (N = 27 PSTs) 
 

Code Description 
Describes an inaccurate performance due to… 

All PST Responses 
n (%) 

Context …the context of the simulation environment is dissimilar from what would 
normally be found in a real classroom. 

17 (63%) 

PST Personal 
Characteristics 

…the PST’s personal characteristics. 11 (41%) 

Student Avatars …the differences in how the student avatars respond and/or behave 
compared to real students. 

5 (19%) 

Inexperience with 
Simulated Classrooms 

…the PST’s lack of familiarity with using simulated classrooms. 
2 (7%) 



Lack of Preparation …a lack of preparation. The lack of preparation could be either on the PST’s or 
TE’s part. 

1 (4%) 

Vague …a reason that is too vague to categorize. 2 (7%) 

Note. PSTs’ responses could be assigned more than one code if applicable.  
 
The differences in how the student avatars respond and behave compared to real students was also 
mentioned by PSTs as a reason for the inaccuracy of their performance (5; 19%). For instance, PST 3013 
(science) mentioned what they perceived as a lack of authenticity in the student avatars’ behavior:  

In the simulation, I am talking with adults acting as children. Their responses are catered to the 
questions that I am asking. In an actual classroom I will have to lead the discussion more 
because I will have more students that attempt to get us off topic or do not want to share at all. 
In an actual classroom, I will need to be using more of my teacher skill than what I am using in 
the simulation. 

While we can appreciate PST 3013’s concern regarding this perceived inauthenticity of the student 
avatars’ behavior, previous research has suggested using teaching simulations in a structured and 
controlled manner can provide an opportunity for PSTs to experience aspects of classroom life, but with 
less complexity (Theelen et al., 2019). The aspect of classroom life that is the focus of the current study 
is helping PSTs learn how to facilitate argumentation-focused discussions, therefore we did not include 
any aspects of classroom management skills as part of the mixed reality simulated discussion experience 
to strategically reduce the complexity for PSTs. Finally, less common reasons for an inaccurate 
performance included the PSTs’ lack of familiarity with using simulated classrooms (2; 7%) or a lack of 
preparation, either on the PST’s or TE’s part (1; 4%).  
 
In general, these findings are similar to previous research that has shown mixed perceptions on the 
authenticity of online teaching simulations (Luke et al., 2021). Some research shows that PSTs do 
perceive simulations as authentic to the work of teaching, although certain aspects, such as limitations 
in what the avatars can do or how they behave, may be less authentic to what they experience in actual 
classrooms; it is important to note that the ability to control the simulations in these ways is what has 
been touted as one of the key benefits of using simulations as approximations to support PST learning 
(Mikeska & Howell, 2021a; Thompson et al., 2019). While unfamiliarity with the simulation is not a 
strong theme in the PST responses, many of the other codes (difference in context, nervousness, avatars 
seeming inauthentic, etc.) could well be linked to inexperience or to some degree ameliorated through 
increased experience with teaching simulations. Lack of experience in the simulator may contribute to a 
perceived inaccuracy in the PST’s performance reflecting skill. While we have no way to measure the 
accuracy of that perception, a potential implication is that multiple exposures to such technology may 
be useful to increase the perceptions of accuracy of such mixed reality tools and provide TEs with useful 
information to make informed decisions about how to support PST learning. 
 

5.4. Limitations 
A limitation of the current study is that while our survey items are relatively straightforward and have 
been used in some form across multiple studies with no evidence of confusion by participants, we have 
not conducted reliability or validity studies on the surveys themselves. Furthermore, the sample size 
included in the current study may not have been sufficient enough to draw significant conclusions, 
specifically in RQ1.  
 



6. Conclusions and Implications 
Findings from the current study indicate that PSTs’ understanding of the intended purpose, or aim, of 
the mixed reality teaching simulation – in this case, the student learning goals that were the intended 
focus of the mathematics or science discussion they facilitated – is somewhat a predictor of their 
success in facilitating argumentation-focused discussions. When comparing the mean scores assigned by 
trained raters for PSTs who had the strongest alignment to the learning goal and those with the weakest 
alignment to the learning goal there was a clear pattern of those with strongest alignment having higher 
mean scores. It is important to note that these findings do not suggest a clear causal relationship – as 
PSTs who showed better understanding of the learning goals may have likely also been the ones that 
had better teaching skills from the start. However, we argue that these results do suggest that knowing 
the learning goals that one is aiming for when engaging in a mixed reality teaching simulation is likely 
beneficial, as PSTs are unlikely to do well if they are unclear what they are trying to address during the 
simulation. One broader implication is that TEs might do well to focus preparation efforts on ensuring a 
robust understanding of the learning goals and might even consider assessing understanding of the 
task’s goals as a measure of PST readiness to use the mixed reality simulation. Given the cost of 
implementing such mixed reality simulations, having a way to screen PSTs for readiness that is relatively 
easy for the TE to implement could be quite useful in ensuring that PSTs receive the best possible 
benefit from the experience by entering the mixed reality simulation ready to engage appropriately.  
 
Furthermore, results showed that PSTs were only somewhat accurate in evaluating themselves on five 
dimensions of facilitating argumentation-focused discussion when compared to scores from trained 
raters. This finding supports previous research suggesting that PSTs are not always able to accurately 
assess their practice (Luke et al., 2021). However, we also found that the higher the PSTs’ score for the 
dimension, the higher chance of consistency between PSTs’ self-assessment and rater scores for that 
dimension. This finding is consistent with previous research showing PSTs with better performances had 
a more accurate self-assessment and more alignment to their TEs’ grades (Clipa et al., 2011). The 
implication of these findings is that PST self-report is unlikely to be a reliable signal to TEs of which PSTs 
need more support. This is potentially consequential because most PSTs’ only opportunity to practice 
teaching is during internships or field work, to which the TE often has little direct access. Therefore, it is 
common practice for TEs to rely on PST self-report on their success and learning from those experiences. 
 
The previously stated conclusions suggest that a TE is as likely to have reliable information about a PSTs’ 
performance simply by evaluating their understanding of the task goal as they are in relying on PST self-
report, although neither is a strong predictor on their own. This conclusion suggests that TEs need direct 
access to tools that allow for objective assessment of PST skill and to access the information they need 
to make instructional decisions regarding their PSTs’ learning. The field should therefore focus on 
providing tools that help measure PST skill directly. Mixed reality teaching simulations are one tool that 
can provide this, however one limitation of using these mixed reality tools and having objective 
measures of PST performance, such as scores from trained raters, is the expense required. Therefore, 
the field should also prioritize automation of these processes using artificial intelligence to the greatest 
extent reasonably possible.  
 
The significance of this study lies in its contribution to the literatures on PST teacher learning and on use 
of simulations. Findings provide solid evidence that TEs should not rely exclusively on self-report of PSTs’ 
success in teaching, and while this study focused on teaching in a mixed reality simulation, it suggests 
that self-report of other teaching might be equally suspect. It also suggests that the ubiquitous use of 
self-report measures to evaluate the success of mixed-reality simulations is potentially problematic on 



two fronts: first, it may be equally unreliable, and second, it may reflect only the adequacy of the 
participant’s understanding of the task goals and not their skill in executing the task.  
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