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Abstract

The format of conventional assessments (e.g., multiple-
choice) can often make it difficult for students to be
motivated or engaged, which can also make it difficult
for students to perform to the best of their ability.
Game-based assessments (GBA) are a new type of
assessment that has been designed to address this
issue. We conducted an in-depth investigation of four
case studies of user experience during a GBA. The GBA
was manipulated in order to investigate whether certain
game features (length, feedback) impacted the user
experience. The case studies revealed unique patterns
in user experience for moment-to-moment changes in
enjoyment and frustration. These patterns suggest that
GBAs could be utilized to create both a more positive
test-taking experience and offer the opportunity for
students to perform to the best of their ability.
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Introduction
Low student engagement and motivation when
completing assessments are problematic for the
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accurate assessment of student abilities (e.g., [2]).
Recent development efforts have focused on designing
assessments with a more engaging interaction, which
would hopefully motivate students to perform their
best. Game-based assessments (GBA) are an example
of one of these new assessments [11]. GBAs are
proposed to be more engaging because they include
game features that have been shown to be engaging in
both entertainment [4-6] and serious games [1, 7].
However, there has been little in-depth research of user
experience with GBAs. The present research serves as
a first step to address this gap in both research and
development by conducting an in-depth investigation of
four students’ user experience with a GBA.

Our investigation of user experience with GBAs was
conducted under the framework of the Control-Value
Theory [8]. Control-Value Theory posits both what
emotions are likely to occur and how those emotions
are related to performance by combining expectancy-
value approaches, attributional theory, perceived
control theory, and models of how emotions impact
learning and achievement. Students’ perceived level of
control over outcomes and value of those outcomes are
the determining factors of what emotions will occur.
The focus of the present research is on user
experience, so we focus on a set of activity emotions
(boredom, confusion, engagement, enjoyment,
frustration) that Control-Value Theory proposes will
occur during task completion and have also been found
to occur in game-based learning environments [1, 7].

Control-Value Theory [8] also hypothesizes how
emotions will be related to performance. The
relationship between emotions and performance is
dictated by the valence (positive, negative) and
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activation (high, low) of the emotion. Positive-
activating emotions (enjoyment, engagement) are
expected to positively relate to performance, whereas
negative-deactivating emotions (boredom) are
expected to be negatively related. However, the
relationship with negative-activating emotions
(confusion, frustration) is not as straightforward. This
type of emotion is hypothesized to vary in its
relationship to performance based on the frequency
and intensity of the emotion as well as student
characteristics. Given this potentially complex
relationship, we have adopted a detailed case study
approach in order to understand user experience with
GBAs. Next, we discuss the details of our investigation.

Method

Participants

Participants were 48 students in 6", 7*"-, or 8"-grade
in the northeastern US. The study was completed in a
research laboratory and participants received $50 for
their participation. In the present work we focus on four
students from the larger sample.

Game-Based Assessment

Students completed Text Persuasion, a GBA that was
designed to assess students’ appeal building skills in a
more engaging format than the traditional, multiple-
choice format. Figure 1 shows the multiple screens that
a student interacts with in Text Persuasion. Students
are asked to convince five friends, who are non-player
characters, to come to a party in a text-messaging
format (see upper left panel of Figure 1). Thus, we are
reframing the traditional format (multiple-choice) with
a more engaging interface that simulates a familiar
activity (text-messaging). In each case the friends
present several reasons that they cannot attend the
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party and the student must choose one of three text
message options (multiple-choice) to convince the
friends that they should attend the party (see lower left
panel of Figure 1). For example, one friend says that he
has to finish his homework. The student then chooses
between three responses: (a) offer to help complete it
before the party, (b) mention that another friend has
already completed it, or (c) state that the friend
shouldn't worry about whether or not it is completed.

Figure 1: Screenshot of Text Persuasion

Students can either fail (not convince to attend the
party) or succeed (convince to attend the party) at
each of the five conversations. Failure occurs when
students select two responses that are not appealing to
the friend, whereas success occurs when students are
able to provide an argument that appeals to each
obstacle for attending the party by selecting the pre-
defined correct response option. At the end of the
conversation the friends state whether or not they will
attend the party with an emoji that reinforces the
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failure or success of the conversation (see right panel
of Figure 1 for a failed conversation). Each friend has
six reasons that he or she cannot attend the party.

In the larger study we manipulated two game features:
feedback (present, absent) and game length (long,
short). The previously described version of Text
Persuasion was the long game length with feedback
version. The feedback absent condition involved
removing the statement of whether or not the friend
would attend and the emoji. The short game length
condition involved conversations in which the friends
had three reasons that they could not attend the party.

Conventional Assessment

The conventional assessment (CA) was designed to
assess appeal building in the Argumentation Learning
Progression [10] with 14 multiple-choice items.

User Experience

Students were asked to report on their user experience
in two ways. First, students were asked to rate their
overall levels of boredom, confusion, engagement,
enjoyment, and frustration on a six-point scale (very
low to very high) after playing Text Persuasion.

Second, after completing the GBA, students were asked
to complete a retrospective affect judgment task that
involved watching a replay of synchronized videos of
their face and screen from the interaction with Text
Persuasion (see Figure 2). While watching these videos,
students were asked to indicate whenever there were
changes in their level of enjoyment, frustration, or both
using the Enjoyment-Frustration Grid in the right panel
of Figure 2. The grid is six by six with ranges of very
low to very high intensity for both emotions.
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Student Characteristics

Students were also asked to complete a survey to
collect background information such as grade, gender,
and digital game play frequency. Students also
completed the Academic Grit scale [3]. Grit has been
found to be related to GPA for adolescents and to time
spent on academic tasks, which makes this measure a
potential proxy for high achieving students.

L — |
Session Length 4:31

Figure 2: Screenshot of retrospective affect judgment task

Data Processing

To compare user experiences across students, we
standardized each student’s game playtime by dividing
each session into 100 equally sized bins. Thus, all game
plays could be compared on the same scale (e.g., 10%
or 70% of total playtime) regardless of condition or
play length. Student game play actions and emotion
ratings were then plotted on the same graph, with time
on the x-axis and emotion intensity on the y-axis.

Figures 3 through 6 display the four case studies that
will be discussed. In Figure 4, for example, we can see

CHI 2017, May 6-11, 2017, Denver, CO, USA

the conversations in which the student engaged in
along the top of the graph. Red conversations (Ella and
Jeff) represent failures, whereas green conversations
represent successes. Similarly, red and green vertical,
dotted lines represent failures and successes at the
individual decision points. Lastly, the solid blue line
represents students’ enjoyment intensity and the solid
orange line represents students’ frustration intensity.

In order to compare performance across the CA and
GBA, we divided student performance into three
roughly even groups based on low, middle, and high
performers for each assessment. We then compared
group assignment across the assessments for each
student. If the student belonged to the same group in
each assessment (e.g., high and high) then there was a
match, but if the student belonged to different groups
(e.g., high and low) then there was a mismatch.

Results

The results are divided into two sections: (1)
performance match and (2) performance mismatch. In
each section we discuss the differences in user
experience based on students’ self-reported emotions.

Assessment Performance Match

The first case was from a female, seventh grade
student (Student #1), who performed well on both
assessments (High/High). She played digital games
infrequently, but had a high level of grit. This suggests
that she may find challenges motivating. She was in
the short game length with no feedback condition.
Overall, she reported an enjoyable (5/6) and engaging
(5/6) experience (boredom = 1, confusion =1,
frustration = 1). Next, we discuss her moment-to-
moment user experience as shown in Figure 3.
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Figure 3: Moment-to-moment user experience for Student #1

Inspection of Figure 3 revealed two patterns. First, this
student consistently had a positive experience, as
would be expected from her overall ratings. A more
positive experience paired with better performance is
consistent with Control-Value Theory [8] and empirical
findings for emotions during traditional assessments
[9]. However, she did have instances of frustration that
were higher in intensity than her overall reported
experience. This may suggest that she found these
momentary challenges motivating rather than
discouraging, as would be suggested by her high level
of grit. Second, changes in enjoyment and frustration
typically occurred at the same time and in the same
direction. In other words, increases in enjoyment
typically co-occurred with increases in frustration. This
student may reflect the ideal case in which the task is
sufficiently challenging (increases in frustration), but
not to the degree that it creates aversion (consistently
higher intensity of enjoyment over frustration). Thus,
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Student #1 had the balance of enjoyment and
frustration that should be desired in GBAs.

The second case was from a female, sixth grade
student (Student #2), who did not perform well on
either assessment (Low/Low). This student was low on
digital game play and grit. Given her low level of
construct knowledge, the GBA could be challenging and
she may not respond well to it. She was in the long
game length with no feedback condition. She reported
a slightly more negative user experience than Student
#1 (boredom = 2, confusion = 2, frustration = 1,
engagement = 4, enjoyment = 5). Next, we discuss her
user experience as shown in Figure 4.
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Figure 4: Moment-to-moment user experience for Student #2

A very different pattern emerges when we inspect the
moment-to-moment user experience of Student #2
compared to Student #1. First, there are shifts in which
emotion is most intense throughout game play. The
higher levels of frustration alone would not be predicted
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to occur with lower performance based on Control-
Value Theory. However, high frustration paired with
lower enjoyment, a lower interest in digital games, and
low academic grit may be less than ideal conditions for
this student to perform well. Second, the changes in
enjoyment and frustration intensity typically occurred in
opposite directions, such that an increase in enjoyment
was paired with a decrease in frustration and vice
versa. It may be the case that the task was too
challenging based on her skill level. However, there
were times when frustration was more intense than
enjoyment but she was performing well on the GBA.
Perhaps if Student #2 had received feedback about her
progress, frustration could have been reduced and she
could have had a more enjoyable experience.

Assessment Performance Mismatch

The third case was from a male, eighth grade student
(Student #3), who performed well on the CA (High),
but not on the GBA (Low). This student played digital
games frequently, but had a low grit score. This
suggests that the more game-like format could be
appealing to him. However, the lower grit score might
suggest that he would struggle to persist when not
doing well. He was in the short game length with
feedback condition. Overall, he reported an experience
with more negative (boredom = 2, confusion = 1,
frustration = 4) and less positive emotions
(engagement = 4, enjoyment = 4) than Student #1,
who was also expected to perform well. Next, we
discuss his user experience as shown in Figure 5.

Student #3 was expected to perform well on the GBA,
so we might expect a similar user experience to
Student #1. However, the pattern of user experience
for Student #3 was very similar to Student #2, who
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was expected to and did perform poorly on the GBA.
Specifically, both had (a) shifts in which emotion was
more intense and (b) changes in emotion intensity that
were in the opposite direction. These similarities may
suggest that shifts in the more intense emotion and
direction of emotion changes are important indicators
of user experience and performance on GBAs. Despite
playing digital games more frequently, it may be the
case that a GBA was not the most appropriate
assessment format for this student.
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Figure 5: Moment-to-moment user experience for Student #3

The fourth case was from a female, eighth grade
student (Student #4), who did not perform well on the
CA (Low), but did perform well on the GBA (High). She
played digital games frequently and had a high grit
score. Student #4 may be a case in which GBAs afford
her the opportunity to show her true level of knowledge
that may have not been captured by the CA. She was in
the short game length with no feedback condition.
Overall, she reported a mix of positive (engagement =
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4, enjoyment = 4) and negative emotions (boredom =
2, confusion = 3, frustration = 1). Next, we discuss her
user experience as shown in Figure 6.
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Figure 6: Moment-to-moment user experience for Student #4

The examination of Student #4’s interaction reveals a
pattern more similar to Student #1 (also performed
well) than Student #2 (also expected to perform
poorly). Specifically, the changes in emotion intensity
between enjoyment and frustration typically occurred in
the same direction. However, it is important to note
that there are extended periods of time in which she
experienced enjoyment and frustration at the same
level (instances in Figure 6 when there only appears to
be an orange line). Although we proposed for Student
#1 that the ideal balance is when changes occur in the
same direction but enjoyment is still consistently
higher, this does not appear to be the case for Student
#4. Control-Value Theory suggests that an emotion
such as frustration will be differentially related to
outcomes based on student characteristics. Student #4
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both played digital games frequently and had a high
level of academic grit. Thus, she may have found the
extra challenge associated with frustrating experiences
motivating, which allowed her to show her true level of
knowledge of the construct.

Conclusions

We conducted an in-depth investigation of four user
experiences with Text Persuasion, a GBA for appeal
building in argumentation. These case studies
highlighted three important types of student
experiences with a new assessment: students who
perform as expected (Students #1 and #2), students
who underperform (Student #3), and students who
excel (Student #4). This investigation showed that
moment-to-moment investigations of students’
cognitive and affective user experience can yield useful
information about these three types of students.
Specifically, the findings from these case studies have
provided three unique insights that will facilitate
investigation of the larger sample and future research.
First, the user experience was generally positive, even
when students did not perform well. This suggests that
reframing the traditional, multiple-choice assessment
with a more engaging interface is promising.

Second, the amount of shifts in which emotion had
higher intensity and the direction of emotion changes
(same vs. opposite direction) may be important factors
for understanding how user experience relates to
performance. In particular, we found that how students
performed, regardless of expectations, differed on
these two factors. We can come to the preliminary
conclusion that GBAs should be designed such that
moments of challenge and enjoyment co-occur and that
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increases in the amount of challenge could be used to
inspire students to perform to the best of their ability.

Third, these case studies have provided further support
for incorporating student characteristics (e.g., digital
game play, academic grit) into analyses. It would not
have been possible to find these patterns with only the
use of post-game surveys. Thus, the use of methods
like the retrospective affect judgment task can provide
critical information to understand the user experience,
and specifically how different game features can impact
the user experience. The combination of these three
findings may allow for the determination of how to
match students with an assessment format such that
students can have both a positive test-taking
experience and perform to the best of their abilities.
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