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This paper describes the design and evaluation of Zoo U, a novel computer game to assess children’s social skills development.
Zoo U is an innovative product that combines theory-driven content and customized game mechanics. The game-like play creates
the opportunity for stealth assessment, in which dynamic evidence of social skills is collected in real time and players’ choices
during gameplay provide the needed data. To ensure the development of an engaging and valid game, we utilized an iterative data-
driven validation process in which the game was created, tested, revised based on student performance and feedback, and retested
until game play was statistically matched to independent ratings of social skills. We first investigated whether the data collected
through extensive logging of student actions provided information that could be used to improve the assessment. We found that
detailed game logs of socially relevant player behavior combined with external measures of player social skills provided an efficient
vector to incrementally improve the accuracy of the embedded assessments. Next, we investigated whether the game performance
correlated with teachers’ assessments of students’ social skills competencies. An evaluation of the final game showed (a) significant
correlations between in-game social skills assessments and independently obtained standard psychological assessments of the same
students and (b) high levels of engagement and likeability for students. These findings support the use of the interactive and
engaging computer game format for the stealth assessment of children’s social skills. The created innovative design methodologies
should prove useful in the design and improvement of computer games in education.

1. Introduction

Social skills comprise a group of behaviors and knowledge
that help children create and maintain friendships and
navigate a multitude of situations involving other people. A
child’s social skills competence can strongly influence his or
her sense of well being and adjustment [1, 2]. The impor-
tance of social skills and peer relationships increases through
the elementary school years and into adolescence, with peers
becoming key providers of support, advice, companionship,
and affirmation [3]. Children with strong social skills and the
relationships built on these skills tend to have more positive
emotional, behavioral, and academic functioning. Positive
peer relationships also function as a protective factor against
negative outcomes in the face of stressful life events such as

poverty [2, 4, 5]. In contrast, a lack of social skills competence
can increase children’s risk for poor adjustment across many
areas of functioning. Children who experience problems
in social interactions with their peers are more likely to
exhibit depression [6], anxiety disorders [7], suicide [8],
delinquency and antisocial behavior [9, 10], substance abuse
[11, 12], educational underachievement [13, 14], and other
mental health difficulties [2]. Children’s risk for negative
outcomes increases as peer problems become more chronic
or severe [1].

A key to preventing the development of more serious
maladjustment is intervening with problematic social behav-
iors before they become chronic and intractable [2, 15–
17]. The first step in intervention is identifying children
in need of social skills help with an effective assessment.
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Recognition of these needs has led to inclusion of social goals
in many Individualized Education Plans (IEPs), Student
Support Team strategies, and overall school improvement
plans. To meet these goals, schools must have access to
assessment tools that are valid, easy to use, and able to
identify students struggling with specific social skills as well
as track students’ response to intervention (RTI).

The gold standards of social skills assessments are nat-
uralistic behavioral observation and behavior rating scales
[18]. These methods, however, require extensive time and
cost commitment and often have psychometric challenges
such as unreliable or biased observers, lack of social
comparison data, situational specificity, observer reactivity
(i.e., students modify their behavior because they are being
observed), and inappropriate recording techniques [19, 20].

A desire for alternative tools that provide rich accu-
rate data and increase student engagement has led to a
transdisciplinary interest in computer games for assessment
and learning [21]. Computer games provide a promising
avenue for the assessment of social skills and have several
advantages over traditional methods. Once the assessment is
developed, professional time and training to use the system
is minimal. Subjective bias and reliability issues, as well
as recording errors, are eliminated because behaviors are
automatically scored rather than being coded by observers.
Social comparison data can be collected efficiently from
a large group of students. Situations that are important
for assessment but unlikely to be observed in naturalistic
observation because of low frequency can be engineered
into the assessment. The issue of observer reactivity can
be overcome with stealth assessment techniques, in which
assessments are “woven directly and invisibly into the fabric”
of the game [21] and players’ choices during gameplay
provide the data needed for assessment. This greatly reduces
the likelihood that students will alter their behavior to please
an observer.

Further, traditional measures of students’ social skills
generally lack sensitivity of measurement and have limited
utility for informing identification of students for social
intervention or for tracking a student’s response to that
intervention. Computer-based systems offer the potential for
more effective, sensitive, and reliable social skills assessment
compared to traditional methods. Technology also offers a
more engaging platform for students, an affordable method
for broad scale everyday use by schools, and a seamless means
of integrating data-driven decision making into school-based
social interventions. This type of comprehensive in-game
modeling of an individual player’s knowledge or skills is
becoming more common as Intelligent Tutoring Systems
research and technology are increasingly applied to computer
games [18, 22–24].

In the present study, we used theory-driven content
and customized game mechanics to design and evaluate a
stealth assessment computer game to determine children’s
social skills levels. We used extensive game log data and
user feedback to revise the game during an iterative testing
procedure. When the game was finalized, we used aggregate
log data to create performance indices in order to assess
students’ social skills aptitude and examined correlations

Figure 1: Dialogue selection menu.

between in-game performance and independent measures of
social skills to establish the validity of our computer game for
social skills assessment.

2. Method

2.1. Development of Zoo U. The primary design goal of
Zoo U was to create virtual situations analogous to those
commonly experienced by children in school settings in
order to assess social problem solving strategies and aptitude.
To accomplish this, we created Zoo U as a single-player
point-and-click problem solving game situated in a school-
like setting that, in addition to teacher and student NPCs
(nonplayable characters), also contains zoo animals. The
animals provide a bit of fun and fantasy to the school setting
as well as opportunities for novel social problem solving tasks
(e.g., working with other students to feed and care for the
animals).

Game Mechanics. Each scene employs the same set of point-
and-click mechanics and is rendered in 2.5 D, allowing for
the appearance that the avatar can move in front of or behind
objects in the scene via perceptual depth. For example, as
depicted in Figure 1, the player is allowed to move to a
location adjacent to one of the desks, which obscures the
lower part of the avatar. The player clicks to move within a
geometrically defined “walkable area” by using a modified
A∗ algorithm to construct the walk path so that collisions
between the avatar and objects in the scene are avoided.

Zoo U allows the player to initiate dialogue with NPCs
by clicking on them. Players are informed of clickable objects
and NPCs by the change in their standard cursor to one that
glows blue. A subset of other objects in each scene also can
be manipulated by clicking; some of these objects are integral
for scene completion, and others are included as distractors
similar to those in real world settings. The avatar initiates
and/or responds to NPCs’ dialogue by selecting from scripted
dialogue choices (as shown in Figure 1) that are presented in
random order. As the player moves the mouse over a choice,
the corresponding actor-recorded audio is heard and the
player selects a speech choice by clicking on it. In accordance
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with the principles of Intelligent Systems [25], in nearly all
cases a player’s choice in one dialogue bubble impacts the
available dialogue choices in subsequent interactions with a
particular NPC in each scene.

Scene Content. Subject matter experts (SMEs) used educa-
tional and developmental psychology theories and empirical
research to develop six independent social scenes to assess
distinct social competencies (emotion regulation, impulse
control, communication, empathy, cooperation, and initia-
tion).

In each scene, players are presented with a social problem
that needs to be solved. Content was developed to elicit
measurable player behaviors and dialogue choices known to
be integral to the social skill competency being assessed in
each scene. For example, in the impulse control scene the
player needs to feed the elephant before the class can go to
recess. Players have access to two NPCs (the teacher and a
peer) with which the student can interact and seek assistance
in solving the presented task, as well as a number of clickable
objects (e.g., food crates). Dialogue choices were written to
assess particular components of the measured social skill
(e.g., asking the teacher a specific question about the animal’s
name rather than asking her a more impulsive question
about recess). Some of the objects are problem relevant (e.g.,
a clipboard on the wall that provides instructions for feeding
the elephant), and others are included as distractors (e.g.,
the food crates, none of which contain food the elephant
can eat). For both distractor NPCs and objects, students are
allowed some exploration (e.g., the student is allowed to talk
with a less-than-useful peer once). Students’ scores decline;
however, if they diverge too far from on-task behavior.

In order to receive a high impulse control score, the
player needs to control his or her impulses to click on the
distractor objects and direct full attention to appropriately
determine how they should feed the elephant. Of course,
each social skill assessed in Zoo U has unique requirements,
and each scene varies with regard to how much emphasis is
placed on interaction with NPCs versus interaction with the
environment to solve a problem. Whereas scenes like impulse
control, cooperation, and initiation are largely scored on
students’ behaviors in the scene (e.g., clicking on objects and
time spent between behaviors), and social skills like emotion
regulation and communication place greater emphasis on
the individual and sequence of dialogue choices made when
talking to NPCs.

2.2. Iterative Testing

Student Testing. In order to optimize both the gameplay
and assessment quality of Zoo U, two independent iterative
evaluations were conducted with third- and fourth-grade
students and their teachers in two schools in central North
Carolina. Parental consent forms were sent to the homes of
all third- and fourth-grade students (n = 254) in regular
classrooms. More than 90% of students received parental
consent to participate. The first iterative test included
students from one third- (n = 16) and one fourth-grade

(n = 23) classroom and their teachers. Data collected
from this initial sample were used to revise the content
and gameplay options, as well as verify the difficulty of in-
game challenges within each of the six social problem solving
scenes. The revised scenes then were tested by a group of
187 students from 14 third- and fourth-grade classrooms and
their teachers. Across both tests, students were approximately
evenly divided across grades and genders and represented the
full range of socioeconomic status with a racial distribution
of 55% White, 32% African American, 7% Asian American,
and 6% multiracial. Twenty-seven percent of students were
of Hispanic/Latino ethnicity.

In both iterative test groups, testing took place during
a regularly scheduled one-hour computer lab class at the
school. Each child was assigned a computer on which to
play Zoo U while research staff observed. Following the
project introduction and computer orientation, students
were given 30 minutes to complete the six Zoo U scenes.
Teachers were asked to observe without providing assistance.
Trained observers monitored and recorded students’ level
of attention, areas of difficulty, and reactions to Zoo U
mechanics and content. Computer logs tracked the location
and time of each mouse click so that students’ interactivity
could be mapped. The resulting data from the first iterative
test group were used to refine any dialogue choices that did
not relate in the expected directions with teacher ratings
of students’ social skills, as well as provide insights about
particular game mechanics that gave students difficulty. The
log data from the second iterative test were used to verify the
refinements from the first iterative test as well as to calculate
algorithms for students’ performance in each Zoo U social
problem solving task.

Student Ratings of Zoo U. After playing Zoo U, students
completed a brief survey evaluating their experience with the
software. We asked students to rate how fun/interesting the
game was, how easy it was to use and understand, whether
they liked the characters/graphics, whether they wanted to
play more, and how much they liked it overall. Students
rated these items on a four-point scale from 1 = “Not at all
true for me” to 4 = “Very true for me.” Research staff then
led a group discussion to gather comments from students
and suggestions for how to make the navigation or user
experience better. In creating the second iteration of the
game, we paid special attention to any ratings that were
relatively low and refined the game accordingly.

2.3. Zoo U as a Valid Measure of Social Skills

Game Log and Scoring. At the time of the initial design of
each scene, the SMEs created the content with the intention
that children with varying levels of proficiency in the
relevant social skill for that scene would perform differently.
For instance, as shown in Figure 2, the impulse control
scene contains three crates showing different possible foods
for the elephant and a clipboard nearby labeled “Feeding
Instructions,” but the food crates are red herrings. Each time
a player clicks a crate and attempts to feed the elephant that



4 Advances in Human-Computer Interaction

Figure 2: Impulse control scene.

kind of food, the elephant sticks out its tongue and the avatar
says, “I don’t think he likes it.”

We expected impulsivity to vary directly with the number
of clicks on the food crates, but the optimal number of clicks
that would indicate varying levels of impulsivity was not
evident at the time of initial design (i.e., a priori). To establish
these optimal thresholds, gameplay was captured to provide
minute annotated logging of the times and locations of every
player click event. We parsed these logs to provide aggregate
data, such as how many times a player clicked on a particular
in-scene object, average response time to a dialogue choice
menu versus response time on a particular choice, and the
sequence of problem solving choices made by a particular
student.

We then calculated a composite performance index (i.e.,
an algorithm) for each of the six scenes based on the
aggregate information generated by the parsed log files for
each scene (e.g., the number of times a player clicked on an
individual NPC). Performance indices consisted of three core
game-based components. The first component was scored
based on dialogue choices to determine the quality of the
student’s attempts to solve the problem by communicating
with the NPCs. For example, when asking the peer NPC for
information, credit was given when an on-task menu choice
was selected, whereas credit was not given when an off-task
dialogue choice was selected.

In contrast to this menu-driven scoring method, the
other two components assessed the quality of the student’s
behaviors while he or she interacted with the scene. The
second component measured the amount of time spent
engaged in appropriate problem solving activities versus
inappropriate ones. For impulse control, this component
was reflected via percentage of total time spent engaged
in appropriate problem solving behaviors and reading the
provided instructions on the clipboard versus time spent off-
task (e.g., choosing off-task dialogue options and clicking on
distractor objects). The third component measured the ratio
of on-task versus off-task behaviors while completing the
scene. In the impulse control scene, this was accomplished by
calculating the number of impulsive clicks, including clicks
on unrelated objects, and objects that the student had already
learned were not useful for solving the problem.

Table 1: Student usability ratings of Zoo U.

Area rated Mean (std)

Fun/interesting 3.90 (.31)

Easy to use and understand 3.95 (.22)

Liked characters and graphics 3.80 (.45)

Want to play more 3.95 (.22)

Overall liked 3.90 (.31)

Teacher Ratings of Students’ Social Skills. An important
aspect of this study was to examine the degree to which
Zoo U performance was related to an independent external
assessment of students’ social skills (i.e., external validation).
To this end, teachers completed an online survey rating
the social skills of each of their students prior to students
interacting with Zoo U (Table 1). This survey presented
behavioral descriptors (e.g., “gets distracted easily,” “good
to have in a group”), and teachers rated the degree to
which each descriptor was true of each student (from a
low of “never true” to a high of “almost always true”). In
order to target the teacher assessment more directly to the
social skills and behaviors assessed through Zoo U, items for
this survey were drawn from previously validated measures
of social skills in this age group, including the Teacher
Checklist [26], the Social Skills Rating Scale [27], and the
Social Competence Scale-Teacher Version [28]. The resulting
Social Skills Behavior Inventory (SSBI) [29] included 34
items across the six social skills scales (communication,
cooperation, empathy, initiation, impulse control, and emo-
tion regulation). Internal consistency for each subscale was
acceptable (mean Cronbach α = .86) and was statistically
similar for ratings of third- and fourth-grade students.

3. Results

3.1. Student Ratings of Zoo U. Overall, students rated Zoo U
very positively with every area rated ≥3.8 on a four-point
scale. In addition, researcher observations revealed high
levels of student engagement with 96% on-task behavior and
numerous positive comments about the game (e.g., “This
is awesome!”; “When can I play more?”). Students easily
understood how to navigate Zoo U, and analysis of usage data
indicated a low rate of errors (e.g., misclicks). Researchers
observed very few misunderstandings or requests for techni-
cal help. Desire for replay was also strong; after students had
completed all six scenes of Zoo U, they were told that they
could replay Zoo U a second time or go online to play other
games for the remainder of the session. We were pleased that
89% of students elected to replay Zoo U.

3.2. Zoo U as a Valid Measure of Social Skills. To assess
external validity, we conducted correlational analyses to
examine the relations between Zoo U performance indices
and the teacher ratings of students’ social skills for each
subscale. Table 2 displays these results. For all six scenes,
the Zoo U composite performance index was significantly
correlated with the teacher rating on the analogous SSBI
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Table 2: Correlations between Zoo U composite performance and teacher ratings of student social skills.

SSBI teacher rating scales
Zoo U composite performance index

Imp con Emo reg Comm Coop Init Emp

Impulse control .29∗∗∗ .31∗∗∗ .15∗ .16∗ .17∗ .16∗

Emotion regulation .15∗ .30∗∗∗ .08 .17∗ .25∗∗ .17∗

Communication .26∗∗∗ .28∗∗∗ .20∗∗ .20∗∗ .27∗∗∗ .19∗

Cooperation .23∗∗ .31∗∗∗ .12 .21∗∗ .16∗ .17∗

Initiation .17∗ .14∗ .08 .18∗∗ .27∗∗∗ .15∗

Empathy .26∗∗∗ .22∗∗ .10 .17∗ .24∗∗ .23∗∗

Note: ∗∗∗P < .0001, ∗∗P < .01, and ∗P < .05.

Table 3: Intercorrelations amongst Zoo U subscales.

Emo reg Comm Coop Init Emp

Impulse control .23∗∗ .07 .21∗∗ .15∗ .24∗∗

Emotion regulation .20∗∗ .09 .26∗∗ .16∗

Communication .07 .19∗ .10

Cooperation .21∗∗ .16∗

Initiation .14

Note: ∗∗P < .01 and ∗P < .05.

subscale and correlated in expected ways with other SSBI
subscales.

To ensure that Zoo U composite indices were discrim-
inating amongst the targeted social skills, intercorrelations
between Zoo U subscales were calculated to determine the
degree to which Zoo U subscales were independent. Table 3
displays the results of those correlations. Although Zoo U
subscales are related in a number of cases, the composition of
those associations is expected given the overlap of social skills
competencies in children’s real world behaviors (e.g., it is not
surprising that impulse control is correlated with emotion
regulation).

4. Discussion

Computer games provide a promising avenue for the as-
sessment of student skills. It is likely that computer-based
assessments will be utilized heavily in the future, as the
student assessment paradigm shifts from a single-source
(e.g., teacher) time-intensive approach to a more multi-
faceted and interactive methodology that will require a new
way of thinking about student identification. In the present
study, experts in educational/developmental psychology and
computer science collaborated to create and test an inno-
vative stealth assessment of children’s social skills. This
study contributes to the improvement of computer games
in education by describing a novel design methodology for
developing these kinds of assessments.

This study underscores the potential cumulative value
of assessing multiple dimensions of player behavior when
formulating student performance indices. In-game data logs
captured students’ dialogue choices, behavioral choices, and
time on task and off task. Zoo U ’s performance indices
were developed, tested, and refined based on both theory

and these data logs. These performance indices then were
validated by measuring their association with a standard
teacher report of students’ social skills.

A key challenge in designing Zoo U was determining
the appropriate level of difficulty in order to garner enough
student variability in responses to develop useful perfor-
mance indices. The starting point of our solution was to
employ an iterative design process. The results of this process
demonstrated that stealth assessment principals can be used
in the context of identifying children’s levels of social skills
in ways that are commensurate with standard identification
practices (i.e., teacher report). We currently are testing these
performance-derived indices with a larger, more nationally
representative sample of students to further calibrate the in-
game assessment of students’ social skills.

The results of this assessment study are linked to the
promise of educational games’ potential to offer opportuni-
ties for instruction and intervention to build children’s social
and emotional skills. Merrill [18] notes that “the present
and future challenge in assessment is to find meaningful
ways to make assessment results functional, in the sense of
tying specific results to important social outcomes and to
the development of effective instructional and therapeutic
programs.” We concur with the importance of this challenge
and currently are developing a number of computer-based
intelligent social tutoring systems that will utilize Zoo U
assessment for the identification of students’ social skills
aptitude. The assessment capabilities of Zoo U offer flexibility
for use as both a prepost assessment of intervention effects
and as a way of modulating the difficulty so that students are
continuously challenged but not frustrated (i.e., scaffolded
learning). Utilizing this capability, we are developing tuto-
rials for both universal and indicated populations with the
intent of improving children’s social skills strategies across a
range of functioning.

In this study, we established the validity of Zoo U with
one of the gold standards of social skills assessment, a behav-
ior rating scale. Future research should further validate Zoo
U by using the other gold standard, naturalistic observation.
We believe that because Zoo U was developed specifically
to provide game-based social problem solving scenarios
analogous to authentic situations children encounter, eco-
logical validity will be maintained and that many of the
limitations (e.g., observer bias and reactivity, recording
error) of naturalistic observation will be minimized.
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Zoo U leverages innovative technologies to provide an
engaging and powerful social skills assessment tool with
real-time reporting functions for educators to easily track
students’ progress toward social goals. Online access makes
Zoo U cost effective and enables easy access for students and
schools across the nation, making it an appealing option
for social skills assessment. Data derived through this new
form of assessment can be used to inform decisions regarding
implementation of social interventions by schools, to identify
children in need of social skills interventions, and to track
progress over the course of an intervention. Compared to
standard measures, the engaging nature of computer games
and the efficiency with which assessments can be conducted
and scored make them less arduous for both students and
teachers and more accessible, informative, and effective on a
broad scale.
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