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Abstract. This research is part of an ongoing effort on the efficacy and user ex-
perience of TLE TeachLivE™, a 3D mixed reality classroom with simulated
students used to facilitate virtual rehearsal of pedagogical skills by teachers.
This research investigated a potential relationship between efficacy, in terms of
knowledge acquisition and transfer, and user experience in regard to presence,
suspension of disbelief, and immersion. The initial case studies examining user
experience of presence, suspension of disbelief, and immersion were used to
develop a presence questionnaire revised from the work of Witmer and Singer
(1998) to address the TLE TeachLivE™ mixed reality environment. The
findings suggest that targeted practice, authentic scenarios, and suspension of
disbelief in virtual learning environments may impact learning.
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1 Introduction

1.1 The Environment

The research reported here is part of a large scale study at the University of Central
Florida investigating the efficacy and user experience of TLE TeachLivE™,
a 3D mixed reality classroom with five simulated students, used to facilitate virtual
rehearsal of pedagogical skills in pre-service and practicing teachers. The classroom
consists of five students cognitively and behaviorally modeled after research-based
student archetypes whose avatars are visually modeled to be representative of diverse
middle school populations. The classroom and students are displayed on a large
screen high definition display and the current interface tracks user movement allow-
ing the teacher’s physical movement to be reflected by changes in the perspective
position of the virtual camera. This creates a relative point of view, which is
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reflective of his or her physical proximity and orientation in relation to the students
and the classroom environment. The virtual students, through human in the loop si-
mulation, interact with each other and with the teachers. Teachers move freely in the
environment to interact with students in the simulated classroom as they deliver prac-
tice lessons. The student avatars respond to teacher’s questions, behaviors, classroom
strategies and lessons in ways that are authentic to each student’s characteristics and
learning styles as well as the pedagogical delivery of the teacher.

1.2 System Function

Teachers enter the simulator and virtually rehearse pedagogical or content driven
objectives. Immersed in TLE TeachLivE™, they deliver lessons or spontaneously
interact with the five virtual students’ avatars. The learning objectives are extensive,
ranging from classroom management to science or literacy. Iterative virtual rehearsals
constitute experiential learning, enhancing pedagogical and interpersonal skills.

Fig. 1. Teacher delivering a lesson to the TLE TeachLivE™ classroom students

1.3  The Study

This formative pilot study explores user experience of TLE TeachLivE™ in regard to
the experience of presence, immersion and suspension of disbelief. This research
thrust is building toward an investigation of the impact of perceived presence,
immersion, and suspension of disbelief on knowledge acquisition and learning trans-
fer. Frequency and fidelity of practice can lead to effective application in the field
(Dieker, Hynes, Hughes, & Smith, 2008; Mahon, Bryant, Brown, & Kim, 2010).
Presence, suspension of disbelief, and immersion were chosen as constructs effective
at describing and explaining interpersonal communication and human psychology
involved with teaching interpersonal skills (Taylor, 2002; Wagner et. al., 2009). The
interrelated nature of these constructs confounds research of them as distinct entities
(Harteveld, 2011; Murray, 1997). The reciprocal relationship between presence and
immersion was identified as a potential confound to this research, as many scholars
erroneously use the terms interchangeably (Witmer & Singer, 1999; McMahon, 2007;
Harteveld, 2011). Embracing and studying the symbiosis between presence,



144 A.T. Hayes, S.E. Hardin, and C.E. Hughes

suspension of disbelief, and immersion can elucidate significance of these elements
on learning.

Because TLE TeachLivE™ is used predominately with educators in K-12 class-
rooms, the learning objectives were derived from accepted knowledge, skills, and
abilities for educators. These behaviors and learning objectives were synthesized from
the Bill & Melinda Gates Foundation’s Leveraging High Level Practices and the
Measures of Effective Teaching (MET) study (Foundation, 2010).

2 User Experience

2.1 Presence

The International Society for Presence Research defines presence as, “a psychological
state or subjective perception in which even though part or all of an individual’s cur-
rent experience is generated by and/or filtered through human-made technology, part
or all of the individual’s perception fails to accurately acknowledge the role of the
technology in the experience” (2000). Slater and Usoh (1993) distinguish factors of
presence as either exogenous or endogenous; exogenous factors are created by the
generation of the virtual environment, while endogenous factors are subjective and
occur within the user. This distinction calls for analysis of experiences by multiple
methods to deepen and enrich understanding of the potential impacts of presence.

2.2 Suspension of Disbelief

Wirth & Saskia synthesize body of knowledge on suspension of disbelief and distill it
to the “tolerance of media users towards unreal or implausible content in fictional
media” (2005). For the purposes of this study, we expound on this to define suspen-
sion of disbelief as the phenomenon in which a participant is able to overlook and
even forget the fact that the environment is not natural, but constructed and contrived,
in order to enhance engagement, presence, and belief of the experience (Boelstorff,
2011; Dede 2009; Maynes et al. 1996; Jeffries, 2000; Kantor et al. 2000; Hindle 2002;
Kushner, 2004; LeRoy et al. 2008; Park, Calvert et al. 2008; Serby, 2011.)

2.3 Immersion

Scholars explain immersion as an individual’s subjective experience of virtual objects
in which they seem to be authentic, which is facilitated by the user’s willing suspen-
sion of disbelief (Dede, 2009; Witmer & Singer, 1999). Dede (2009) refines immer-
sion to, “subjective impression that one is participating in a comprehensive, realistic
experience” (p.1). The authors of this paper synthesized these to call immersion “an
experience in which participants feel not only that they are ‘there’ with the virtual
characters, but also that they have meaningful impact on the environment and entities
in the environment” (Dede, 2009; Witmer & Singer, 1999; McMahan, 2007).
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3 Measuring Learning and Transfer

Research has been conducted for years attempting to quantify the return on invest-
ment in areas of functional fidelity, physical fidelity, and other contributors to user
experience (Martin, 1981; Lapkin & Levvit-Jones, 2011). Some of the methods used
to distinguish this relationship include cost-utility analyses that compare the learning
outcomes gained from simulators of different levels of fidelity (Lapkin &
Levvit-Jones, 2011; Aldrich 2009). The researchers for this study chose to focus on
exploring the relationship between the user’s experience and the learning outcomes
and transfer of training. In order to test this, we integrated learning objectives into
scenarios that could be measured through evaluation before and after the training was
delivered. Pedagogical strategies were the education constructs identified for this
study: a) specific vs. general praise, b) wait time, and c) higher order questions.

3.1 Education Constructs to Be Evaluated

Specific Praise. For the purposes of this study, specific praise refers to positive
statements about performance that are explicit in identifying the exact behavior, in
order to reinforce and increase the occurrence of the targeted behavior (Kalis, Van-
nest, & Parker, 2007; Hawkins & Heflin, 2010; Feldman, 2003); for example, "Good
job showing your work on every question in your assignment”. It is a combination of
a positive statement linked to the behavior being reinforced such as “Excellent work
using a strategy to write your paragraph” (Scheeler, Bruno, Grubb, & Seavey, 2009).

Wait Time. For the purposes of this study “wait time” is defined as the elapsed time
after a teacher ask students a question, and before students respond or the question is
rephrased or repeated (Stahl, 1994; Tincani & Crozier, 2007; Novak, 1963).

Higher Order Questioning. For the purposes of this study “higher-level questioning”
is posing questions that allow students to use past experiences, prior knowledge, and
previously learned content and relate it to newly learned content in order to create an
open ended and well thought out answer (Danielson, 2011; Winne, 1979). Teaching
Works, in their report entitled Measures of Effective Teaching, distinguish higher
order questioning as strategy of a highly effective teacher (Foundation, 2011).

4 User Experience Measures

41  Qualitative User Experience: Interviews

In the interview the participants elucidated their experience of presence, suspension
of disbelief, and immersion through self-report. The interview questions included
learning, suspension of disbelief, presence and immersion:
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Overall, how successful do you feel your virtual rehearsal performance was?

How can you tell that the students are engaged or not engaged with you?

How did the virtual students compare to students you encounter in a classroom?

How did the virtual classroom compare to your experience of a physical classroom?
When you were teaching the virtual students, were you able to suspend disbelief?

When teaching the students did you feel like you were in the same physical space as them?
When teaching the students did you feel like you were in the same physical space as them?
How would you describe your use of specific praise?

How would you describe your use of higher order questioning?

How do you feel you used wait time?

4.2  Qualitative User Experience Measure: Observation

Observation was utilized by the researchers to interpret the user experience. Presence
can be measured by observing reflexive responses to stimuli, such as a participant
reaching to catch a ball or flinching or jumping at a stimulus (Sheridan, 1994). This
reflexive response can be a physical response, but may also be a reflexive social re-
sponse to measure presence (Sheridan, 1994). The social responses might include
replying to a question, apologizing, or simply saying goodbye before walking away.
While this measure could also be refined to an objective measure of the level at which
a user has suspended disbelief, this study does not apply it as such a measure.

4.3  Quantitative User Experience: Questionnaire

The interview questions for the study were derived from the operational definitions
for presence, suspension of disbelief, and immersion. After explaining to participants
the meaning of each construct, the researcher then asked them to verbally evaluate
the experience according to each of the three. This study utilized interviews and
questionnaires that were derived from the Witmer and Singer constructs and their
Presence Questionnaire (1998). The Witmer and Singer questionnaire measuring a
virtual environment was modified to reflect the needs of a mixed reality environment.

The researchers anticipated relationships between suspension of disbelief and
feelings that the students and environment felt real would be revealed by the
questionnaire data. The hypotheses that are being tested are:

HI1: There will be a relationship between suspension of disbelief and the rating of
the environment feeling real.

H2: There will be a relationship between suspension of disbelief and the rating of
the students feeling real.

5 Methodology: Mixed Methods Inquiry

This study began with both subjective measures and objective measures to explore the
user experience and the learning outcomes. The participants were practicing and
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pre-service (K-12) teachers in a southeastern state. The time frame of the study was a
period of three weeks that began with a baseline observation of their teaching style,
followed by three ten minute sessions in TLE TeachLivE™ that concluded with after
action review (AAR) of performance, followed by a final observation in their
classroom.

5.1 Stage 1: Case Study Methodology

The first stage of this formative research was qualitative, utilizing open-ended user
experience interview questions in two case studies investigating the constructs of
presence, suspension of disbelief, and immersion. Two middle school teachers were
observed in their live classrooms in order to establish a baseline of performance for
the constructs (wait time, higher order questioning, and specific praise). The teachers
were then immersed in TLE TeachLivE™ with session objectives of increasing wait
time, higher order questioning, and specific praise. Upon completion of each of three
10 minute sessions, the teachers were given feedback in the form of After Action
Review (AAR). After the last session in the mixed reality classroom, the teachers
were observed again in their live classroom for a post intervention evaluation of
performance. The teachers in training were asked open ended questions about their
perceptions of the mixed reality classroom environment and the authenticity of the
simulated student avatars after their sessions.

In both cases, responses indicated some initial apprehension with the mixed reality
classroom environment and the student avatars. They also indicated that the teachers
felt that the students in the mixed reality classroom were very much like students that
they experience in a live classroom. The participants also indicated that that they
established emotional relationships with the students such as frustration, empathy,
joy, and pride when they succeeded in getting them engaged.

5.2 TLE TeachLivE™ Presence Questionnaires

The first stage of this formative phase of this efficacy research study moved to ex-
plore the modified presence questionnaire. The preliminary questionnaire was admi-
nistered to a convenience sample of 24 pre-service and practicing teachers who were
assigned to teach a ten minute lesson in TLE TeachLivE™ by the professor for their
teaching instruction course. After teaching in TLE TeachLivE they were adminis-
tered the abbreviated TLE TeachLivE™ presence questionnaire.

6 Current Findings

The preliminary case study supports the idea that virtual learning environments im-
pact learning with targeted practice, authentic scenarios, presence, and suspension of
disbelief.
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6.1  Does the Experience of TeachLivE™ Effect Learning Outcomes?

The methods in the baseline research were to observe the teachers as they taught their
students in their professional classroom environment. The frequency of the target
behaviors, specific praise, higher order questioning, and wait time were measured by
two raters, to ensure inter-rater reliability. The teachers were immersed into the envi-
ronment three separate instances over a period of two weeks, in the TeachLivE™
classroom as the teacher for 10 minutes. After virtual rehearsal, teachers were given a
chance to reflect and also receive feedback in an After Action Review session. Stu-
dents shared what their perception of their performance was and were met with the
reality of how they had actually performed. Each day, the users in the case study
improved their performance of the targeted behaviors in the mixed reality classroom
environment. The qualitative research revealed user’s learning in the lab, as evi-
denced by the fact that they improved the target behaviors with each iteration of
teaching the virtual students. The skills also transferred to the physical classroom
with live students, as scores of each of the behaviors were considerably higher in the
second measure than the baseline measure of practice in the classroom.

6.2 Do Students Using TeachLivE™ Experience Presence?

The interviews, observations and questionnaires revealed that users are experiencing
presence in TLE TeachLivE™. In post intervention interviews, teachers commented:

“I was so nervous.”

“I can’t believe I made Sean cry, I feel so bad,”
“I couldn’t get her to put her cell phone away.”
“It just feels so real.”

The observations exposed the characteristics of presence. The participants demon-
strated behaviors that indicated presence, such as walking up to the virtual students’
approximate locations in the physical space while speaking to them.

Similarly, presence is also evident in the fact that when the session time ends,
teachers try to “wrap up the lesson.” They say goodbye to the students, and they start
planning the next session. This corresponds with the presence measure of reflexive
response. These natural responses are transferring to the classroom.

6.3  Are Students Using TeachLivE™ Suspending Their Disbelief?

The case studies and observations of education students indicate that these students
are able to suspend their disbelief in the mixed reality classroom. This suspension of
disbelief is demonstrated by their emotional response to the virtual students’ characte-
ristics and behaviors. The responses in the interview questions asking students if they
were suspending their disbelief indicated that they were. This could be observed as
teachers rarely treat the simulated students differently than they would real students;
which the researcher’s code as an indicator of participants having suspended disbelief.
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Statements such as, “Next time I will work at managing Kevin a little better,” indicate
the suspension of disbelief because the participants are talking about Kevin in a way
that ignores the fact that he is a simulated student and not “real”.

6.4 Do Students Using TeachLivE™ Experience Immersion?

The interviews revealed that participants felt immersed, according to our definition.
Relationships teachers developed with the simulated students and the sense and beha-
vior indicating they felt they could impact the students demonstrated immersion.
Likewise, the questionnaire data demonstrated that a majority of users feel the stu-
dents portray “living kids” (see Table 1). Participants rated the mixed reality class-
room as moderately to not at all like a physical classroom. This was consistent with
interview responses indicating perceived functional limitations to their practice in the
system, such as inability to physically manipulate desks and the limitation of five
students.
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Fig. 2. Rating of the level of realism of the virtual students
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Fig. 3. Rating of the level of realism of the mixed reality classroom

6.5 Is There an Interaction between Presence, Immersion, and the Suspension
of Disbelief?

This research is focusing primarily on the endogenous factors occurring within the
user. Specific constructs investigated in the area of user experience included sense of
immersion, presence, and suspension of disbelief. While the questionnaire data did
not reveal any significant interaction, the case study interviews support the hypothesis
that there is some kind of interaction between these constructs.

7 Discussion

These preliminary findings have created a foundation for an additional, larger scale
quantitative research study that is currently in process to investigate the relationship
between learning and the user experience; specifically suspension of disbelief and
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presence. The long-term research path for this research includes the exploration of the
potential impact on presence derived from different interfaces through which the vir-
tual students may manifest themselves.

7.1  Discussion: Qualitative Findings from Interviews

The interviews revealed that participants felt a sense of presence in the classroom, but
wanted even greater immersion, asking for new features. Teachers indicated they
would like to be able to see work samples of each student’s actual progress and be
able to look over their shoulders. Some of the teachers asked for higher physical
fidelity, wanting desks in the room to indicate exactly where the students would be
physically located as they navigated the mixed reality classroom. While these expe-
riences were easy to discuss qualitatively, the questionnaire did not differentiate them
in the same way.

7.2 Discussion: Questionnaire Findings

The questionnaire data did not prove as informative as we hoped, but it has provided a
baseline for future qualitative questions. The questionnaire provides only ordinal data
in a case where ratio data would be more useful. This could be addressed by chang-
ing the scale from a Likert to semantic differential, in order to give the participants
shared reference criterion. For instance, would a participant rating of highest realism
for the avatar represent a sense of its being indistinguishable from “living” children or
the most realistic that the participant had witnessed to date?

Finally, the sample of 24 participants who completed the questionnaire was not
large enough to adequately represent the population. This was further confounded by
the fact that half of the participants had teaching experience in a physical classroom
while the other half had no experience. This was confounding as it effectively ren-
dered our sampling as being two samples of 12 participants in each group.

7.3  Future Research

Future research in this area is currently being conducted. The next phase of the re-
search into the efficacy of the TeachLivE™ simulator is a large-scale study that will
include 200 practicing teachers across the United States. The control group of this
study will have their performance evaluated at the baseline and again after three
weeks. TLE TeachLivE™ users will complete the revised presence questionnaire.
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