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ABSTRACT
The ability to select or customize characters in educational appli-
cations and games has been shown to in�uence factors related to
learning e�ects such as transfer, self-e�cacy, and motivation. Most
previous conclusions on the perception of virtual characters and
the e�ect of character assignment in interactive applications have
been reached through short, one-task experiments. To investigate
more long-term e�ects of assigning versus customizing characters
as well as explore perceptions of personal character appearance,
we conduct a study in which sixth and seventh grade students are
introduced to programming concepts with the software VEnvI (Vir-
tual Environment Interactions) in seven one-hour sessions over
two weeks. In VEnvI, students create performances for virtual char-
acters by assembling blocks. With a between-subjects design, in
which some of the students can alter their character and others are
not given that possibility, we examine the in�uence of the presence
or absence of character choice options on learning.

We hypothesize that students have higher learning outcomes
when they can choose and customize how their character looks
compared to when they are assigned a character. We con�rm this
hypothesis for a category of learning (Remember and Understand)
and give insights on students’ relationships with their character.

CCS CONCEPTS
• Social and professional topics → Computer science educa-
tion; K-12 education; Student assessment; • Human-centered
computing → Empirical studies in collaborative and social comput-
ing;

KEYWORDS
virtual character, character customization, pedagogical agent, char-
acter appearance
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1 INTRODUCTION
From storybook fables to preschool shows, characters are some of
the �rst teachers that people engage with. The importance of char-
acters as more than an entertainment platform is gaining traction as
�ctional �gures are becoming recognized for their appeal as instruc-
tors or assistants in educational, medical, and military applications
[Johnsen et al. 2005; Kenny et al. 2007; Lane et al. 2013]. Previous
research indicates that character appearance a�ects learning [Bay-
lor 2005]. One advantage of virtual applications compared to real
life is that the appearance of virtual agents or teachers can easily
be altered to personal preferences. Studies on games have shown
that allowing avatar options has positive impacts on players [Lim
and Reeves 2009; Turkay and Kinzer 2014]. We therefore believe
that providing character customization choices in an educational
application might have a positive e�ect on student learning.

Most previous studies on the e�ect of character appearance or
customization in interactive applications are relatively short inter-
ventions displaying agents with a rather static role [Baylor and
Kim 2003; Baylor et al. 2003; Jin 2009]. To investigate the e�ects
of character customization options on learning e�ects, we use the
learning software VEnvI (Virtual Environment Interactions). VEnvI
is a system and curriculum aimed at middle school students that
combines computer science and dance concepts. It uses an embodied
approach to teach students computational thinking in a motivating
context [Daily et al. 2014, 2015; Parmar et al. 2016]. Teachers ex-
plain six basic programming concepts: sequences, loops, variables,
conditionals, functions, and parallel programming; and perform
dance activities with the students that illustrate the concepts.

In parallel, students are introduced to the VEnvI software, which
has a drag-and-drop interface with code blocks similar to Alice [Kelle-
her et al. 2007], Scratch [Maloney et al. 2010], or Looking Glass [Gross
et al. 2010] as illustrated in Figure 1. Students use the computer sci-
ence concepts they learned to create their own dances for a virtual
character. They are encouraged to leave their seats and dance with
their characters at any time. VEnvI furthermore supports virtual
reality. With a VR headset, users can observe their character and
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Figure 1: Screen capture of the VEnvI interface. The virtual
character can be seen on the top left. Move sequences and
computational constructs, represented by blocks, can be cho-
sen in the bottom left area and assembled to a dance in the
drag and drop area on the right side.

dance beside it. Parmar et al. [2016] describe the software and cur-
riculum in greater detail. The system can be obtained by contacting
its researchers and developers [VEnvI 2017].

In our experiment, sixth and seventh grade students from a local
middle school spent seven one-hour sessions over the course of
two weeks using VEnvI to programmatically choreograph dance
performances for virtual characters, which were either randomly
assigned to them or which they customized at the beginning of the
experiment. The main questions we aim to answer are:

• What are the e�ects of character customization vs. assign-
ment on learning?

• How do students perceive their character? What relation-
ship do they have to it?

2 RELATEDWORK
2.1 Character Appearance A�ects our

Perception and Behavior
The appearance of a virtual character in�uences the way we per-
ceive and judge it [McDonnell et al. 2012, 2009; Wellerdiek et al.
2015]. It also in�uences us when we interact with a virtual character
or see ourselves as one [Kilteni et al. 2013; Lin and Jörg 2016; Plant
et al. 2009; Ring et al. 2014; Rosenberg-Kima et al. 2008].

Interactive media allows a dimension of experience above view-
ing: by being able to control one character speci�cally or take on a
social role in a game world, interactivity allows an override of the
distance between player and character. Hefner et al. [2007] propose
that people mainly experience interactive media through a monadic
(identi�cation-driven) connection with characters.

Identi�cation with a character can further be split into two cat-
egories: players can create a character that is simply a replica of
their actual self, or players can create a character that embodies
an ideal image they would like to have of themselves. Jin [2009]
found that players reported greater immersion during game-play if
they were primed with hope and played the game using an avatar

re�ecting the actual self, or if they were primed with duty and then
played the game using an avatar re�ecting the ideal self.

2.2 Character Choice vs. No-Choice Conditions
Being able to interact or identify as a character provides positive
e�ects in general to media experiences. Allowing users to select or
customize characters has been found to result in further bene�cial
e�ects. In a World of Warcraft study by Lim and Reeves [2009], just
having the option to select an avatar produces higher arousal, mea-
sured by skin conductance activity and heart rate, during gameplay.
Turkay and Kinzer [2014] observed participants in a customiza-
tion group (CG) versus a non-customization group (NCG) playing
Lord of the Rings Online. They found that both avatar-based cus-
tomization and time positively impacted players’ identi�cation and
empathy with their avatars. Participants also rated hairstyle as the
most important customization aspect, followed by hair color and
eye color. Qualitative �ndings showed that many of the CG players
customized characters to have some aspect of themselves, such as
a skill (playing an instrument) or physical characteristic (hair, eyes,
build.) The researchers suggest that, for educational games, avatar-
based customization may increase students’ motivation, and that
if customization is available, players will identify with characters
further and focus more on events related to their characters.

2.3 E�ects on Learning
While the addition of a character to a learning system does not nec-
essarily have a direct impact on learning [Baylor 2011], the ability
to control character appearance via customization or selection, in
contrast to simply having a character assigned, impacts factors asso-
ciated with learning e�ects in users. Baylor conducted two studies
to observe these factors. In the �rst study [Baylor et al. 2003], stu-
dents were given the ability to select pedagogical agents that would
give a presentation on coping with college life. African-American
students rated their agent as “more facilitating of learning, more
credible, more human like, and more engaging,” than Caucasian
students rated their agents. African-American students were also
signi�cantly more likely than Caucasian students to choose agents
based on gender and ethnicity. Females were more likely to se-
lect cartoon-like agents than males, and females were signi�cantly
more likely than males to use personal experience for choosing
their agents, while males were more likely to choose agents based
on previous teachers. Research has shown that character appear-
ance has e�ects even if characters are just assigned. In the second
study [Baylor and Kim 2003], students were assigned agents to aid
in learning basic instructional planning skills. Assigned male agents
were overall more motivational than assigned female agents: work-
ing with male agents resulted in higher reported self-regulation
and greater self-e�cacy, and male agents were rated as more useful.
Such a positive bias towards male agents, although the e�ects were
small, was not found in the �rst study.

3 MATERIALS AND METHODS
The goal of our experiment is to investigate the e�ect of character
customization on student learning and explore how students per-
ceive the virtual character they work with. Our hypothesis is that
students will have higher learning outcomes when they can choose
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and customize how their character looks compared to when they
are assigned a character. To investigate this hypothesis, we used
a between-subjects design: students were randomly assigned to a
group where they had the option to customize their character (C)
or to a group where they were assigned a character (A).

3.1 Customization and Assignment
The VEnvI software allows the user to customize their character us-
ing the Unity Multipurpose Avatar (UMA) system, an open-source
avatar creation framework available in the Unity Asset Store [2017].
With the UMA system in VEnvI, participants can choose character
gender, as well as alter the character’s height, upper weight, lower
weight, skin tone, clothing colors, and eye color. In a pilot test with
the UMA system, participants commented on their characters men-
tioning that “it was creepy” and “it looked fake”. These comments
suggest that the characters provided were not appealing to the
demography, which could have invalidated our results.

For our experiment, we therefore created a new character cus-
tomization system and integrated it into VEnvI. An androgynous
child model along with its out�ts, accessories, and base textures
were provided by Adobe Fuse CC. These 3D assets were rigged
and skinned in Maya 2016. Adobe Photoshop CC 2017 was used to
further edit textures for tinting when necessary. A customization
menu and edits to the existing VEnvI code allowing swappable char-
acter accessories, textures, and tinting were implemented within
the Unity3D game engine. Our customization system provides 12
skin tones, 5 eye colors, 12 hair styles, and 12 hair colors on a �rst
screen; 12 top styles, 8 bottom styles, 8 shoe styles on a second
screen; and 7 glasses styles on a third screen (see Figure 2 (a) and
(b)). The clothing and accessories could be tinted in 11 colors. Op-
tions for all customizable items were limited to twelve or fewer so
participants would not spend too much time in the customization
menu, but chosen to allow as much room for individuality as pos-
sible. Skin, hair, and eye color options o�ered were chosen to be
inclusive to a wide demography. Hair, top, and bottom styles aimed
to be as balanced as possible, including a wide mix of female, male,
and unisex styles. Characters for the assignment group (see Figure 2
(c)) were pre-designed to re�ect a wide variety of demography and
clothing styles using the same options. Figure 7 shows examples of
characters created with our system.

3.2 Participants
We conducted our experiment at a middle school in four groups:
sixth and seventh grade students from a graphics communication
class, and students in the same two grades from a dance aerobics
class. There was no overlap in students between the two classes.
The study was o�ered as an opt-in activity for the graphics com-
munication class and was mandatory for all students of the dance
aerobics class. Informed consent was obtained from all students
whose data was used in this study and from their parents following
the guidelines approved by our Institutional Review Board. Two
dance aerobics class students did not consent and their data was
discarded. Further �ve students’ data were excluded as they missed
some of the sessions. This led to a total of thirty-six participants
(4M, 32F) in our analysis between eleven and thirteen years of age.
The distribution of students in each group can be seen in Table 1.

Of those, 26 identi�ed as Caucasian, 3 as African American, 1 as
Arab, 1 as Asian, 1 as Indian, 1 as Hispanic, and 3 as multiracial. For
each group, the experiment consisted of seven one-hour sessions
within a time span of two weeks.

Table 1: Participant distribution in our four groups

graphics communication dance aerobics
sixth grade 9 (3M, 6F) 12 (all F)
seventh grade 5 (1M, 4F) 10 (all F)

3.3 Design and Measures
Our experiment used a between-subjects design, with eighteen
students in the customization condition (C) and eighteen students in
the assignment condition (A). The independent variable is the type
of character assignment provided, customization vs. assignment.
The main dependent variable is the learning e�ect, measured with
a cognitive pre- and post-test. Factors possibly related to learning
e�ect, such as enjoyment and motivation, and to the appearance of
the characters and the relationships students had with them, were
also included. In total, our measurements are as follows:

Cognitive Pre- and Post-Test. The cognitive test was administered
twice, once at the beginning and once at the end of our experiment.
It tests for knowledge on computer programming concepts such as
sequences, loops, if-else statements, variables, and functions. The
questions from the cognitive test are inspired by Bloom’s taxon-
omy [Airasian et al. 2000; Bloom et al. 1984] and the SOLO [Biggs
and Collis 2014] taxonomy. Both taxonomies are learning mod-
els that categorize educational objectives into di�erent levels. Our
cognitive test observes three of the six Bloom cognitive domain
levels that build on each other: Remember and Understand, which
is retrieving information from memory (“What is the purpose of
a loop?”); Apply, which is taking known information and imple-
menting it in a new situation (“Based on the blocks below, will the
character perform the “Cha Cha” or “Clap?”); and Analyze, which is
breaking down a complex problem into parts to better understand it
(“What order should the block below be put into if I want the char-
acter to clap �rst, move to the right side, and then reverse twice?”).
Our cognitive test also observes three of the �ve SOLO levels that
build on each other: Unistructural, which is when students are able
to answer one portion or aspect of a concept (“Look at the blocks
below. When ‘PLAY’ is clicked, what will the character perform?”);
Multistructural, which is when students grasp several aspects of a
concept but treat them as independent components (“Give an ex-
ample of a conditional in your life.”); and Relational, which is when
students are aware of the logic and steps they need to do to solve
the problem (“Look at the blocks in Picture A and Picture B below.
Would a character performing Picture A and another performing
Picture B do the same thing?”).

Experience �estions. Experience questions asked students about
factors such as their con�dence, interest in, and opinions on the
importance of learning about dance and programming that might
have changed due to experiencing VEnvI (“How likely are you to
choose computing as a major in college?”). These questions were
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(a) Customization screen 1 (b) Customization screen 2 (c) Assignment screen
Figure 2: Customization and assignment screens.

Table 2: Overview of experiment schedule

Session 1 Demographics, cognitive pre-test, experience
questions, introduction to VEnvI, dance activity

Session 2 Sequences, dance activity, intro to VEnvI software
and VR, character customization and questions

Session 3 Loops and parallelization combined with
dance activities, implementation in VEnvI

Session 4 Variables, conditionals, and functions with
dance activities, implementation in VEnvI

Session 5 Implementation of computing concepts in VEnvI

Session 6 Dance show, cognitive post-test, experience
and 7 and character questions

asked twice, once at the beginning and once at the end of our
experiment. In addition, questions that were relevant once students
had completed VEnvI, measuring enjoyment, ease of learning, and
motivation, were asked at the end.

Character �estions. Students were asked questions regarding
their character at the start of and after the study. Additional ques-
tions that were relevant once students had completed VEnvI were
asked at the end (“How much did you feel like dancing with the
character?”). To examine if students tend to create characters similar
to them, we took pictures of students together with their characters.

3.4 Procedure
The experiment took place over seven one-hour sessions spread
over the course of two weeks following the VEnvI curriculum. An
overview of the activities in each session is provided in Table 2. In
the �rst session, after �lling out an initial demographic question-
naire, participants were asked to answer experience questions and
complete the cognitive pre-test to the best of their abilities. Par-
ticipants were invited to a discussion of what they think research
is, and we summarized what to expect over the next two weeks.
Finally, students learned some of the choreography available in
VEnvI with an instructional dance activity.

In the second session, participants were introduced to the VEnvI
software. Students were randomly assigned to one of our two con-
ditions. In all remaining sessions, students were seated in two rows
facing each other with a large space in-between where the dancing

activities took place. Students in the customization condition were
seated in one row and students in the assignment condition were
seated in the other row. This procedure was chosen to ensure that
the students from the di�erent conditions could not look at each
other’s screens and to avoid discussions amongst students that had
customization options and students who did not have these choices.
Students interacted with VEnvI on Apple Macbook Pro laptops.

Upon opening VEnvI, participants in the C group were given
options to customize their character. Once they were satis�ed, they
could name their character and proceed to the main VEnvI program-
ming interface. This process took about �ve minutes. Participants
in the A group had no control over their characters’ appearance.
Upon opening VEnvI, they viewed a pre-designed character ran-
domly assigned to them, and the character creation process only
consisted of naming their character before proceeding to the main
VEnvI interface (see Figure 2 (c).) After allowing participants a few
moments with their character and the VEnvI software, we asked
the character questions. Participants were also introduced to the
Virtual Reality setup: from this session on, they had access to view
their dances in Virtual Reality through the use of an Oculus Rift
head-mounted display and a Microsoft Kinect tracker (see Figure 3.)

Figure 3: The Virtual Reality setup.

In the next sessions, students were introduced to programming
concepts intermingled with illustrative dance activities. For exam-
ple, researchers explained the concept of loops, then invited par-
ticipants to illustrate the concept by repeating a number of dance
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moves as if they were looped. In the last two sessions, students pre-
sented the dances they programmed and �lled out questionnaires.

4 RESULTS
We analyzed all questions we asked – the cognitive pre- and post-
test, the experience questions, and the character questions – as well
as the pictures of the students with their characters.

4.1 Cognitive Pre- and Post-Test
Participants’ number of correct responses in the cognitive pre- and
post-test were converted to a percentage score. The scores were
normally distributed based on descriptive statistics analysis. We
conducted a 2x2 mixed model repeated measures ANOVA with the
cognitive pre- and post-test scores as a within-subjects repeated
measures factor and the type of character choices provided – Cus-
tomization (C) vs. Assignment (A) – as a between-subjects factor.
We ensured Box’s M test of equality of covariance matrices was not
signi�cant. Mauchly’s test of sphericity was conducted to ensure
error variance in groups of samples was found to be equivalent.

We found a main e�ect of session (pre vs. post) with F (1, 34) =
28.178,p < 0.001,η2 = 0.453. Overall, on the cognition question-
naire, participants in the post-test session (M = 36.90, SD = 16.33)
scored signi�cantly higher than participants in the pre-test session
(M = 25.79, SD = 13.90),p < 0.001, which shows that our VEnvI
program overall was successful in teaching students concepts.

The results were separated into further categories for analysis:
Remember and Understand, Apply, and Analyze questions accord-
ing to Bloom’s taxonomy; and Unistructural, Multistructural, and
Relational questions based on the SOLO taxonomy.

As expected, main e�ects of session, comparing the results be-
tween the pre- and the post-test, were found for most categories,
namely for Remember and Understand, Apply, Analyze, and Mul-
tistructural (see Table 3). In all categories, students scored signif-
icantly higher in the post-test session at the end of the VEnvI
curriculum than in the pre-test session, which con�rms that they
learned some of the concepts we taught. We furthermore found sig-
ni�cant results regarding the type of character assignment provided
for the categories Remember and Understand and Analysis.

4.1.1 Remember and Understand. Our analysis revealed an inter-
action e�ect of session (pre vs. post) x type of character assignment
(C vs. A) with F (1, 34) = 6.54,p < 0.05, and η2 = 0.161 (see Fig-
ure 4.) Post-hoc comparisons with Bonferroni corrections showed
that while participants in both groups improved signi�cantly be-
tween the pre- and the post-test, participants in the Customization
group increased their scores signi�cantly more, by 25 percentage
points on average from 8.33 (SD = 17.15) to 33.33 (SD = 19.17),
than students in the Assignment group who only improved by
11.11 percentage points on average from 8.33 (SD = 12.13) to 19.44
(SD = 13.71) (p < 0.05 for all comparisons except for the results for
the two groups in the pre-tests).

4.1.2 Analyze. In the Analyze category we found a main ef-
fect for the type of character assignment (C vs. A) with F (1, 34) =
5.13,p < 0.05,η2 = 0.131. Participants in the Customization group
(M = 37.5, SD = 21.44) scored signi�cantly lower than partic-
ipants in the Assignment group (M = 56.94, SD = 29.46) with

Figure 4: Interaction e�ect for Remember and Understand.
Error bars represent the standard errors of the mean.

p < 0.05 (see Figure 5 (a).) There was no interaction e�ect. Taking
into account the main e�ect of session, this means that both groups
improved in the questions in the Analyze category in a similar way,
but students in the Assignment group were ahead of students in
the Customization group to start with. Our two groups, even if the
students have been randomly assigned to the conditions, therefore
di�ered in this category from the beginning on.

4.2 Experience Questions
To get insights on students’ experience, we also conducted 2x2
mixed model repeated measures ANOVAs with the pre- and post-
answers as a within-subjects repeated measures factor and the type
of character assignment as a between-subjects factor. Again, we
ensured that Box’s M test of equality of covariance matrices was
not signi�cant, and Mauchly’s test of sphericity was conducted.

We found main e�ects for four questions listed in Table 4. Stu-
dents felt signi�cantly more con�dent at dancing after the program
and signi�cantly more of them felt that they knew what a computer
programming language is. However, on average they were less in-
clined to want to learn more about dance and programming after
our program. While these results are not connected to our main
questions, they give insight into the e�ectiveness of the VEnvI cur-
riculum. Overall, 24 of the 36 participants gave positive comments
to the VEnvI experience itself such as “It was fun.”

4.3 Character Questions
The Character Questions included ratings but also open questions.
We report our quantitative and qualitative �ndings below.

4.3.1 �antitative Analysis. The question “How well do you
like your character?”, which was asked at the beginning and end
of the program, was analyzed with a 2x2 ANOVA in the same way
than the cognitive pre- and post-test and the experience questions.
There was a main e�ect of session (pre vs. post) with F (1, 34) =
5.97,p < 0.05, and η2 = 0.149. On average, participants liked their
characters signi�cantly less (M = 5.24, SD = 2.41) at the end of
the VEnvI program than in the session during which the character
was created (M = 6.21, SD = 2.08). The analysis also revealed a
main e�ect of the type of character assignment for this statement
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Table 3: Main e�ects of session in individual categories of the cognitive pre- and post-test. All e�ects showed increases in
student scores.

Category F-test, p-value, and eta-squared Pre-test M and SD Post-test M and SD
Remember and Understand F (1, 34) = 44.20,p < 0.001,η2 = 0.565. M = 8.33, SD = 14.64 M = 26.39, SD = 17.87
Apply F (1, 34) = 5.79,p < 0.05,η2 = 0.146. M = 29.63, SD = 16.37 M = 36.73, SD = 21.87
Analyze F (1, 34) = 6.39,p < 0.05,η2 = 0.158. M = 40.28, SD = 33.42 M = 54.17, SD = 30.18
Multistructural F (1, 34) = 54.21,p < 0.001,η2 = 0.615. M = 8.79, SD = 12.90 M = 26.85, SD = 17.49

Table 4: Signi�cant results from the experience questions.

Statement Scale Pre Session M, SD Post Session M, SD p value Direction
Do you feel like you are con�dent at dancing? 1-10 M = 5.07, SD = 3.83 M = 6.50, SD = 2.81 p <0.05 UP
I want to learn more about dance. 1-5 M = 4.21, SD = 0.98 M = 3.74, SD = 1.18 p <0.001 DOWN
Do you know what a computer programming language is? 0-1 M = 0.14, SD = 0.36 M = 0.51, SD = 0.51 p <0.001 UP
I want to learn more about programming. 1-5 M = 3.72, SD = 0.87 M = 3.18, SD = 0.76 p <0.001 DOWN

(a) (b) (c) (d)

Figure 5: Main e�ects of group (Customization vs. Assignment) were found (a) for the Analyze category of the cognitive pre-
and post-test and for the questions (b) “Howwell do you like your character”, (c) “Did the presence of others a�ect your decision
to dance or not”, and (d) “Did you feel like the character was yourself”. Except for the �rst result, ratings were signi�cantly
higher in the Customization group compared to the Assignment group. Error bars represent the standard errors of the mean.

with F (1, 34) = 14.26,p < 0.001, and η2 = 0.30. Participants in the
Customization group (M = 6.33, SD = 2.00) scored signi�cantly
higher than participants in the Assignment group (M = 5.28, SD =
1.41),p < 0.05 (see Figure 5 (b).)

One-way between-subjects ANOVAs were conducted on ques-
tions that were only asked at the end of the program. We found a
main e�ect of the type of character assignment (F (1, 34) = 4.71,p <
0.05,η2 = 0.122) for the question “Did the presence of others a�ect
your decision to dance or not?” Participants in the Customization
group (M = 6.0, SD = 2.91) felt that the presence of others a�ected
their decision to dance signi�cantly more than participants in the
Assignment group (M = 4.0, SD = 2.61) (see Figure 5 (c).)

For the question “Did you feel like the character was your-
self?” the analysis also revealed a signi�cant main e�ect of group
(F (1, 34) = 5.30,p < 0.05,η2 = 0.135). Participants in the Cus-
tomization group (M = 4.22, SD = 2.80) scored signi�cantly higher
than participants in the Assignment group (M = 2.28, SD = 2.24)
(see Figure 5 (d).)

To investigate the type of character students created, we also
asked “Did you create this character to be: yourself, a better ver-
sion of yourself, a friend, a teacher, or other?” This question was

inspired by Baylor et al.’s work [2004]. One participant’s response
was omitted because the question was left blank. Selection of the
�ve choices was not evenly distributed in the Assignment vs. Cus-
tomization groups (p < 0.001, Fisher’s exact test). As can be seen in
Figure 6, students did not identify as much with their characters if
it was assigned to them: no one from that group selected “yourself”
and only two students selected “a better version of yourself”. None
of the students chose to view their character as a “teacher.” Stu-
dents who chose ’other’ saw their characters as dancers, “a famous
dancer,” random people, “a person on TV,” or “Someone I am telling
what to do. Like if I was the coach and they were the student.”

4.3.2 �alitative Findings. Seventeen of the students in the Cus-
tomization group allowed us to take photos of them with their
characters, see Figure 7 for examples.

Of these students, 15 created a character with the same gender
as them, 13 chose a similar skin color, 6 chose a similar hair color,
and 6 chose a similar hair style. All customizable characters were
changed from the default template character, which had a medium
skin tone, brown boy-styled hair, and a monochromatic out�t.

Students were furthermore asked what they liked and disliked
about their character. Six positive comments from students in the
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Figure 6: Scores for “Did you create this character to be.”

Assignment group mostly complimented the character’s existing
out�t parts like shirt or shoes. All participants in the Assignment
group commented that they disliked something about the character.
Of these, 8 expressed a want to have a customization system, 2
would have liked a di�erent gender, 1 would have liked a di�erent
skin tone, 2 wanted to identify more with the character (“I was
kinda hoping it would look like me and it doesn’t,” “I can’t relate to
him”), and 7 gave negative comments about the avatar’s appearance
(“...he’s not very fashionable,” “...it’s pretty ugly.”)

Participants in the Customization group had 9 positive comments
about the characters: 8 were about appearance and 1 about being
able to customize. There were 12 negative comments: Of those,
3 were not directly about the character’s appearance but about
the VEnvI system (“Sometimes she’s hard to control, like she’ll go
o�stage”), and 9 expressing that they wanted more customization
options (“I kinda wanna change her out�t” (participants are not
able to return to the customization screen and edit their characters
once they are in the VEnvI dance interface), “I don’t like the hair.
Needs more variety of accessories, styles, and colors.”) One of the
students in the Customization group said, “I tried to make it me but
there wasn’t any way to make it look like me.”

Eight of the participants gave their characters personalities, 6 of
them were from the Customization group. Personalities given were
positive like “a goof,” and “I gave it [classmate]’s personality.”

5 DISCUSSION
In our results, we found multiple main e�ects of session, showing
students’ cognitive scores improved during the VEnvI program
in general. Our two groups did not perform fully equally in our
pre-test, but such results can happen despite randomly assigning
students to the conditions. It neither con�rms nor rejects our hy-
pothesis of higher learning outcomes in the Customization group.

We found evidence that character customization has a positive
e�ect on learning when looking at speci�c categories of learning,
which con�rms our hypothesis. Participants who were given the
possibility to customize characters learned better on Remember and
Understand questions than students who were assigned characters.

Several reasons for this result are possible. Participants in the
Customization group might be more attentive to the lesson. They

might have felt more empathy with their character as they were
given choices, as found by Turkay and Kinzer [2014], or been more
psychophysiologically alert just from having the ability to cus-
tomize, as found by Lim and Reeves [2009]. Participants in the
Customization group liked their character more than participants
in the Assignment group. They identi�ed more with their charac-
ter and also were more likely to see their character as themselves,
better versions of themselves, or friends. Supporting identi�cation
with the character, over half of the Customization group students
chose a character with the same gender and similar skin tone to
them. Customization group students might have felt more support
from their character, leading to a better learning performance.

A further �nding was that students liked their character less at
the end of the study than shortly after customizing it. The short
duration of the customization process, animation artifacts, or un-
realistic motions could explain this result. The ability to edit a
character at a later point might change this �nding and increase
students’ satisfaction with their characters over time.

Interestingly, students in the Customization group felt that the
presence of others around them a�ected their decision to dance
more than students in the Assignment group. This result points
toward a lower con�dence of students in the Customization group.
The comments in both groups range from neutral (“I don’t care
what people think”) to negative (“...I didn’t want to look stupid”).
Of the 24 participants who commented, none of the participants
said the presence of others on their decision to dance was positive.

5.1 Conclusion and Future Work
In summary, we conducted a study to see how the presence or
absence of character customization in�uenced a learning system,
as well as observed participant choice of character appearance. Our
main �nding was that participants with customizable characters
learned better in the Remember and Understand level of Bloom’s
taxonomy. Participants with customizable characters also liked and
identi�ed with their characters more and were more in�uenced by
the presence of their peers in deciding to dance.

Several further questions arise from this study: Our main �nd-
ing only applies to a speci�c category of learning, Remember and
Understand, and more studies will be necessary to understand why
and if customization only improves learning e�ects in this category.

Previous studies have shown that some characters are more
e�ective as pedagogical agents than others. However, given the
ability to customize or select characters, students may create a
character appearance that is not conducive to teaching. Future
studies could investigate if people naturally build characters that
would facilitate learning the most, or if it is more bene�cial for
learning in some cases to assign pedagogical agents.

In addition, we decided to limit our characters to virtual humans.
Future work could assess learning e�ects on a wider range of human
or non-human characters such as aliens, zombies, or animals.

Finally, our study is on speci�c software combining dance and
computer programming concepts. More studies on di�erent learn-
ing systems and topics would be needed to con�rm if the learning
e�ects we discovered can be generalized to other �elds and systems.
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Figure 7: Participants with their customized characters.
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