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Abstract. Finding the best match for students and teachers is seen as
a very promising way to maximise the learning gain and enhance the
learning experience in any prestigious educational institute. Character,
i.e. traits that distinguish between individuals, such as personality, are
a key aspect in any human interaction, including student-teacher ones.
Character defines how a person behaves given a specific situation. In
the current paper, we focus on students in a virtual learning environ-
ment with a teacher avatar embodying a specific teaching style and the
resulting learning gain. The main research question is how certain char-
acter components of the student affect his/her learning gain given the
different situations (teachers with different styles). Using a controlled yet
customizable environment such as virtual reality is well suited for inves-
tigating this fit between different teacher and student styles. This paper
investigates the relation between different embodiments of pedagogical
agent characters and the students’ personalities in reference to their gain
of knowledge. The different agent characters are embodied through body
language and speech style, modeled through different movement anima-
tions and the pace and tone of speech. The learning gain of each student
resulting from attending two short VR lectures for two virtual teachers
with different teaching styles is calculated and related to the student’s
personality.

Keywords: Pedagogical agents · Virtual reality · Personality ·
Education · Character Computing

1 Introduction

Virtual reality (VR) as a platform for research studies has shown now for years
how dependable and controllable it can be for researchers. Also, safety is a great
privilege provided by the VR environments. At the same time, the most desired
aspects of research experiments in the educational field are safety and control
while still offering flexibility. Therefore, the use of VR teachers or pedagogical
agents is on the rise in education related studies these years. As we focus on the
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educational field studies, personalities and characters of teachers and students
seems to be a very interesting side of the student-teacher relation to investigate.
Is there a combination of characteristics that form a teacher’s character that
might increase the learn gain for certain student’s personalities? And how can
we extract the effect of the traits alone while excluding the effect of other aspects
such as the appearance, gender, age, race and many other aspects? Those were
the main questions motivating the presented work.

Character, i.e. the traits that distinguish between individuals, such as person-
ality, are a key aspect in any human interaction [13], including student-teacher
ones. Character defines how an individual behaves given a specific situation (see
Fig. 1) [14,20]. In this paper, we investigate how certain attributes of the char-
acter of a student affect the learning experience and performance based on the
teacher’s teaching style and embodiment of character. Accordingly, we design a
virtual learning environment with two pedagogical agents of contrasting teach-
ing styles, calm and lively. The teaching styles are represented through different
body movements and tones of speech while keeping the model of the teaching
agent itself constant. The environment was tested on 38 participants i.e. stu-
dents while collecting information about their character attributes of interest to
align with their performance with each agent. The results were analyzed using
statistical methods as well as machine learning.

The rest of the paper is organized as follows. In Sect. 2, we present the back-
ground of character and personality as well as the related work. In Sect. 3, we
outline the followed approach for designing and realizing the VR environment.
We give an overview of the experiment design and a discussion of its results in
Sects. 4 and 5, respectively. Finally, we conclude the paper and discuss the future
work in Sect. 6.

2 Background and Related Work

2.1 Character

According to Oxford Dictionary, a character is all the qualities and features
that make a person, groups of people, and places different from others. When
developing a character, we can distinguish between explicit and implicit charac-
teristics. Explicit or visible characteristics are represented in body shape, facial-
expressions, gestures, voice, age, gender, race, and clothing. A summary of some
studies that investigated those features can be found in Table 1. Explicit char-
acteristics can be seen as the reflection of the implicit ones. The implicit char-
acteristics include personality, affect, morals, beliefs, culture, and health. The
explicit and implicit characteristics together form an individual’s character [13].
This was first defined as such by the merging inter-disciplinary field of Charac-
ter Computing [12,14–16]. Character Computing is any computing that is based
on, detects and adapts to human character traits. Unlike Affective Computing
[27] which focuses on affect or Personality Computing [30] which focuses on
personality traits, Character Computing targets an individual’s character as a
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whole. It may be considered a combination and extension of Affective Comput-
ing and Personality Computing. According to [13] character cannot be explained
or considered alone but rather as part of an interaction of three edges of a triad
consisting of character, behavior and situation, denoted the Character-Behavior-
Situation (CBS) triad (depicted in Fig. 1). Any of the three edges of the triad
can be explained or analysed using the other two.

Fig. 1. The Character-Behavior-Situation (CBS) triad illustrated in [13]

2.2 Personality

For decades, scientists and researchers considered understanding what personal-
ity means and how it affects human interactions, as a crucial and challenging field
of science. They also believed that it is the gateway to many novel interaction
systems and inventions in all kinds of research fields. “Personality is the collec-
tion of individual differences, dispositions, and temperaments that are observed
to have some consistency across situations and time” [10]. The trait theory as
referred to by (Chamorro-Premuzic, 2014; Derlega, Winstead and Jones, 2005;
Feist, Feist and Roberts, 2013) [25] is the approach of deciding the personality
composition of a person. The journey to identifying a clear and precise list of
personality traits started as early as [2] who provided an extremely detailed and
comprehensive dictionary of personality traits that was considered the strongest
at its time. Later on, they reduced that to 4500 adjectives. A further reduction
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using synonyms and antonyms was done by Cattell (1957, 1970) [9] to bring it
to 171 trait. Factor analysis identified 16 personality factors, which then was
reduced by Eysenck (1975) [3] to three. However the last and most significant
update was done by Costa and McCrae [6] who re-increased the number to five
traits, famously known as the Five Factor Model of Personality or Big Five. The
Big Five is widely used in Computer Science as well as Psychology research and
is thus the model followed in this paper. The big five traits are explained in the
following.

– Openness (to Experience): defines how much a person is willing to share and
interact with others.

– Conscientiousness: defines how conscious a person is of right and wrong and
how he/she reacts toward them.

– Extraversion: defines how outgoing is that person. Also referred to as friend-
liness and dominance.

– Agreeableness: defines the percentage of cooperation and social cohesion
(Graziano and Tobin, 2002) [17].

– Neuroticism: is the percentage of anxiety, moodiness and jealousy (Thompson,
2008) [21]. Also referred to as Stability.

Regarding the effect of personality traits of a teacher on the teacher-student
relationship, a study by Kok, Mando and Meyer (2018) [25] states that teachers
with high percentage on Extroversion and Agreeableness had the greatest impact
on students learning capabilities. Another study by De Jong, Romi and Main-
hard (2014), [8] investigated pre-service teachers’ personality traits and added
other perspectives when investigating a personality which included self-efficacy,
discipline and teaching strategy.

2.3 Related Work

Pedagogical agents, or virtual teachers, started from being 2D models, and 3D
computer models, to 3D VR models. The interaction of students with pedagogi-
cal agents has been widely investigated by researchers focusing on many aspects.
Table 1 gives an overview of the features used to differentiate between pedagog-
ical agents, that are investigated in the literature. A study by Wang, Ning and
Johnson [31] investigated the effect of politeness as a personality trait mapped
on 2D pedagogical agents. The model was viewed and interacted with through
a primitive computer monitor by college students with varying computer skills.
The agents were scripted by different levels of politeness dialogues to guide the
students through an engineering related tutorial. The results of this study showed
that the polite agent had the most positive effect on students who scored high
on extroversion or need of cognition. 3D models were used in many studies, each
of which, were targeting diverse perspectives in conveying characters. Shiban,
Youssef and Schelhorn [29] discussed how the performance and motivation of
college students would be affected by adding the appearance stereotypes that
shows, for example, an old man who is dressed formally would be considered as
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someone professional, on the other hand a young, smartly dressed woman, would
be conveyed as fun and easy going. The results showed that the old man helped
enhance the performance of the students, however he had no great impact on
their motivation levels. On the other hand the young lady had a positive impact
on the students’ level of motivation to learn the explained topic, but had no
great effect on their performance. However none of these studies related to the
student’s personality and how that affects the situation and experience with a
pedagogical agent.

Table 1. Pedagogical agent features in previous papers.

Feature Paper

Facial expressions [4,11]

Gestures [4,31]

Clothing [11,24]

Gender [8,23,24]

Rendering [18]

Voice [7]

Body shape, style, realism, body
language, contact with ground, hair
and graphical representation

[11]

Age, speech pace and race [24]

Self-efficacy, culture, and discipline
strategies

[8]

3 Approach

Based on the previous work and the feedback from the Psychology expert
involved in this paper, we designed two contrasting pedagogical agents. The
two embodies teaching styles were, the so called, calm and lively teachers. As we
mentioned in the Sect. 2, the triad model of Character, Behavior and Situation
can be used as a basis for investigating any one of the three edges based on the
other two. In this paper, the main interest is the performance and teacher liking
of a student (situation) based on a specific situation (pedagogical agent’s teach-
ing style) and the student’s personality and background information (character
attributes). How the three edges of the triad were realized will be explained in
more detail:

1. Situation: we designed two identical situations with the exception of the
agent’s teaching style. The student’s were immersed in a virtual classroom
with minimal objects to avoid any distractions. In order to exclude the effect
of the appearance as well as any materialized factor that can manipulate
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the student’s perception of the pedagogical agent, we fixed the 3D model for
both teachers and only manipulated their style of teaching. Accordingly, for
each teacher we used a different speaking tone, pace, and style. Moreover, we
changed the style of movement, face expressions, gestures and declamation.
(a) The first pedagogical agent is calm, speaks in a relatively slow pace, does

not use extensive motion or gestures, and has minimal face expressions.
(b) The second pedagogical agent is lively, highly expressive in terms of hand

gestures and facial expressions - frequently moving around the room - and
speaks in a relatively fast paced manner.

Both agents were designed using the same 3D model of a male character,
to exclude the effect of any external appearance or gender biases. The 3D
model was ready downloaded from a 3D models website called Sketchfab.
The model was refined on Blender application to have the needed face ani-
mation bases called blendshapes. Blendshapes are face mesh formations that
represent a face expression. To sync the lip movement with the speech given
by the pedagogical agents, Crazy Minnow Studio’s SALSA lip syncing pack-
age for unity 3D was used. As for the animation different strategies were used
to either characters. For the lively character Mixamo animation clips were
downloaded, modified and combined to create a smooth animation sequence.
On the other hand the animation for the calm character was recorded using
a Kinect sensor and modified to match the speech given by the character,
that is because the behaviour of the calm character required very specific few
movements that is not provided by Mixamo. Finally the different speech files
were extracted from YouTube to match the desired explanation style.

2. Behavior: The student’s learning gain from both teachers was the main behav-
ior measure. We also measured their virtual reality experience and how they
felt during the whole interaction.

3. Character: The main considered character attributes are personality, affect,
culture and history. The personality is measured in terms of the Big Five
model and affect based on the valence, arousal, pleasure model [26]. The
background information, gender, VR experience (current and previous) are
also important attributes, defining the current student. For example, we need
to distinguish between the history of students with respect to whether they
are beginner or experienced VR users, due to the novelty effect experienced
by novel VR users [22].

4 Experiment

We designed an experiment to collect data the represents each participant’s
personality traits, performance during the virtual teacher’s presence, and how
she/he perceived the teacher’s character.

4.1 Participants

38 participants (17 female) took part in this experiment. The participants were
mostly undergraduate and masters students at the German University in Cairo
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from majors ranging between Engineering, Management, Pharmacy and Applied
Arts with an age group of 19–24 years old.

4.2 Procedure and Setup

Upon arrival, each participant was provided with a consent form, a clear explana-
tion of the collected data and an overview of the experiment. The clear research
question and the difference between the pedagogical agents was only explained
after the experiment to void any biases. Then, they were each given a brief
tutorial on how to use the VR headset and controllers, before being immersed
in the VR environment. In order to insure full immersion in the virtual envi-
ronment some steps was taken. Firstly, the chair on which the participant sits
was a replica of the real life chair he was actually sitting on and by looking
downwards the participant sees the chair. Secondly, during the experiment par-
ticipants wore noise cancelling headphones that ensured no sound from the real
world would interfere with the virtual experience. Each participant had to listen
to two brief lessons within the VR classroom given by the two different pedagog-
ical agents. The agents gave the students a brief overview of black-holes without
going into any technical details, making the lessons accessible to students with
various backgrounds and interests. The sequence in which the virtual teachers
were presented was randomized, excluding any biases. After each lesson, the
participant’s knowledge gain was assessed through a few related multiple choice
questions presented within the VR environment to avoid breaking out of immer-
sion. The whole VR interaction lasts approximately 4:50 min, with each lesson
going on for about 2 min.

4.3 Test and Questionnaires

To collect subjective information and feedback from the participants we used
multiple online forms. There were four forms each targeting a different aspect.
The first form included the Big Five Inventory (BFI) [28], consisting of 44 ques-
tion with subcategories each targeting one of the Big Five traits (OCEAN)
Sect. 2.2. Followed by the Self Assessment Manikin (SAM) to determine the
participant’s arousal, valence, and dominance [5]. The SAM is a pictorial scale
that the participant should relate to his/her state of happiness, excitement,
and control while going through the experience as a whole. The third question-
naire was the Igroup Presence Questionnaire (IPQ) [1]. It was included as a
subjective scale to measure the sense of realism and presence experienced by
the participants in the virtual environment. The last questionnaire collected the
participant’s demographics alongside questions to determine whether 1) the par-
ticipants had prior knowledge about the topics discussed by the virtual agents,
2) this was their first time experiencing virtual reality, 3) they were distracted
by the virtual environment itself rather than the agents and their lessons, 4)
whether they enjoyed the experience overall and liked the different pedagogical
agents. All collected data aims to determine which factors has the most impact
on the participants’ performance.
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5 Results and Discussion

To analyze our implicitly and explicitly collected data, we used two approaches:
statistical analysis using SPSS and Machine Learning analysis using Weka. The
main goal was to discover relationships between the collected attributes and each
other.However, our focus was mainly on the relationship between the preference
of the students to either of the pedagogical agents and their personality traits
and how does this relationship gets effected by other collected attributes.

The values of the personality traits of the participants, that was collected
using the BFI questionnaire mentioned in Sect. 4.3, follows a mainly normal
distribution. Table 2 shows the mean values of all measured attributes:

Table 2. The mean values for the measured attributes

Attribute Mean

Big Five Inventory

Openness 41.1

Conciseness 31.4

Extraversion 25.4

Agreeableness 34.3

Neuroticism 24.5

Igroup Presence Questionnaire

General presence 4.7

Spatial presence 3.2

Involvement 3.0

Experienced realism 3.4

Self Assessment Manikin

Valence 1.83

Arousal 2.58

Dominance 3.11

5.1 SPSS Analysis

To discover various correlations, We applied linear regression analysis on
the data-set with the dependent variable varying between all the measured
attributes.

We found that when having the score the participant got with the calm
character pedagogical agent as the dependent variable, the score was highest
correlated with the Experienced Realism attribute with a significance value of
0.153.
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As for the personality traits, the highest trait correlated with the calm teacher
was the Neuroticism trait with a significance value of 0.520. On the other hand,
when the score with the lively teacher was put as the dependent variable, the
highest correlation value appeared with Involvement attribute with a significance
value of 0.065, and the most correlated personality trait was the Conciseness trait
with a significance value of 0.155. Further analysis was done with the dependent
variable set to the numerically coded variable “Prefers”, which represents the
preference of the participant to either of the pedagogical agents. The Table 3
shows a summary of the most significant results running different analysis algo-
rithms with the “Prefers” variable set as the dependent variable and all other
variables set as the independent variables.

Table 3. Summary of the most significant results with Prefers as the dependent vari-
able

Analysis Highest sig. Attribute

Univariate analysis of variance 0.002 Neuroticism

Correlations 0.042 Dominance

Non parametric correlations 0.041 Neuroticism

T-test (equal variances assumed) 0.058 1st time in VR

T-test (equal variances not assumed) 0.019 Involvement

5.2 Machine Learning Models

We used Weka [19] to analyse the result using different machine learning algo-
rithms. As shown in Table 4, we used multiple models to compare and predict
output from our data set. A summary of the models used and their results is
shown in the table. The class that those models were trained to predict was the
“Prefers” attribute which is a number coded attribute symbolizing the preferred
agent of each participant between the two pedagogical agents. The attribute is
decided upon the participant’s score with each pedagogical agent as well as their
verbal feedback collected in one of the post experiment questionnaires that was
carried out. Figure 2 shows the visualization of all the attributes used by the
machine learning models against the attribute Prefers.

The highest prediction accuracy was achieved with the Decision table model
with a coefficient of 0.9, a Root Mean Squared Error (RMSE) of as low as 0.3,
a Relative Absolute Error of 16.72%, and finally a Root relative Squared Error
of 43.52%.
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Table 4. Results summary for the ulsvarious Machine Learning models on Weka

Model Correlation coefficient RMSE Relative ABS.ERR RRSE

Gaussian processes 0.4236 0.6261 99.32% 88.86%

Linear regression 0.622 0.5692 92.36% 80.78%

SMOreg (SVM) 0.55 0.6089 88.88% 86.42%

Additive regression 0.4897 0.6133 91.26% 87.03%

Bagging 0.0677 0.7003 105.67% 99.38%

Random committee 0.3919 0.6413 92.52% 91.02%

Randomizable filtered classifier 0.4066 0.7255 62.02% 102.96%

Random subspace 0.0574 0.6881 99.98% 97.66%

Regression by discretization 0.3737 0.7068 76.73% 100.30%

Decision table 0.9056 0.3033 16.72% 43.05%

Decision stump 0.4808 0.6026 87.28% 85.52%

Fig. 2. Visualisation for the attributes included to predict preference.

6 Conclusion and Future Work

In this paper, we investigated the effect of different teaching styles (calm and
lively) embodied through virtual agents in a VR classroom on the performance
of students with different characters. The character was measured through per-
sonality, affect, background and history. The results achieved by this study are
promising and motivate future investigations. To the best of our knowledge, that
does not separately focus on the student or teacher personality but rather the
interaction of the two and how they affect each other. It also takes it one step
further by considering other student character attributes alongside personality.
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In the future, we suggest investigating more different teacher styles, alongside
the two chosen extremes of calm and lively. We also need to investigate different
ways to embody the character of the agents e.g., by manipulating appearance,
clothes, 3D models, or different animations than the already used ones. The inter-
action of different models and styles should also be investigated by for example
mismatching the animation and the body image of the agent or the voice and
appearance. We also suggest relying on other means to measure the student’s
learning gain or experience. This can be done by using different sensors such as
eye trackers to give a more precise measure for the participant’s attention on the
lessons of the different pedagogical agents. Also, having longer and more diverse
lessons presented by the agents would give us more detailed data which could
lead to better insights.
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