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Abstract. Despite almost two decades of interest in reducing gaming the system
in interactive learning environments, gaming continues as a key factor reducing
student learning outcomes and contributing to poorer learning outcomes. Part of
the problem is the creativity of students in finding new ways to game the system.
In this article, we document two gaming the system strategies that students developed in the Kupei learning system: students rapidly going through all practice
sets to exhaustively obtain answers, and students quitting in the middle of a problem set after completing some problems and then returning to the practice set to
enter the answers they saw. In this study, we redesigned the Kupei learning system by implementing a combined set of three interventions aimed at mitigating
the impact of those gaming behaviors: 1) not allowing students to complete more
than 15 problems (3 practice sets of 5) on the same topic in one day to slow down
students who try to game; 2) integrated meta-cognitive feedback to encourage
students to engage in behaviors that lead to better learning; 3) mandatory videos
or notes to provide students another chance to learn the materials missed by gaming. Our results show evidence of a possible positive effect of the combined gaming prevention intervention, significantly reducing gaming by quitting the problem set to seek external answers and improving performance within the system.
However, the approach was not as successful at mitigating gaming by exhaustively completing problem sets.
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Introduction

Interactive learning environments are intended to create opportunities for students to
learn but a substantial proportion of students choose instead to game the system, attempting to succeed by taking advantage of the regularities and properties of a system
rather than by learning the material [1]. Considerable research has demonstrated negative correlations between gaming the system and student outcomes, including negative
correlations with content learning [2, 1, 3], standardized examinations [4, 5], and educational outcomes years later [6, 7].
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Over the last 15 years, several research groups have attempted to refine learning systems to reduce the prevalence of gaming or mitigate its impacts. A range of interventions have been proposed and investigated. One approach has been to detect when gaming occurs and then adapt in real time to detection of gaming behavior, for example by
giving students supplementary exercises on the material they bypass by gaming [8], or
by giving students textual messages recommending better strategies [9]. Other work
has intervened in more subtle fashions, providing visualizations to students of their
learning efficiency in between problems [10], or offering a “reflective nudge” which
allows reflection on gaming behaviors [11]. These approaches have generally been successful at reducing the amount of gaming behavior. Findings have been less consistent
in terms of learning. The approach in [12] was unsuccessful at improving learning outcomes at the domain level. By contrast, the approaches in [8, 10] improved learning
outcomes but were not adopted at scale. The literature does not clearly indicate why
these approaches did not scale, but it may be due to intrusiveness in the overall learning
experience, the difficulty of authoring them across an entire year of content, or other
non-beneficial impacts of these re-designs.
An alternate approach is to try to prevent gaming behavior in the first place. For
example, Murray and VanLehn [13] discussed how a delay between each level could
prevent students from requesting unnecessary help or clicking through the hint too
quickly. However, they found that this approach simply led students to find an alternate
strategy for gaming the system. Other researchers re-designed their system to have students spend a minimum amount of time on a problem before giving a hint [14]. However, this intervention may hinder the usefulness of help-seeking for non-gaming students; Aleven et al. 's [15] prescriptive model of help-seeking recommends that a student who is completely uncertain what to do should seek help immediately. Nonetheless,
approaches that can reduce gaming non-intrusively, through design, may be more
straightforward to scale than detection-based approaches, making this general strategy
worthy of further investigation.
In this paper, we investigate a multi-pronged redesign of an AIED system, using
three interventions in tandem to reduce students’ propensity to game. The three interventions are designed to reduce gaming through overall interaction re-design, i.e. general changes to the system rather than adaptivity based on detecting gaming. We conduct a within-system quasi-experiment, investigating whether the redesigned version
of the system leads to reduced gaming behavior and better within-system performance.
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Method

2.1

Platform

Our integrated intervention was developed in the context of the Kupei learning platform
(Fig 1) that supports the learning of math, English and science subjects for 4th to 9th
grade Chinese students. The Kupei learning platform is used in after-school learning
centers and provides additional academic support for students who struggle with content learned at school, allowing students to work through it at their own pace. Rather
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than teacher-led instruction, the system uses algorithms that can automatically determine which content a student should work on next based on their previous performance
and interactions with the system [16].
With the Kupei learning system, students usually take less than three practice sets to
achieve basic mastery (probability of mastery falls between 80% and 95%) of each
concept. Therefore, we define practices on the same concept after three practice sets as
extra practices. We believe that a considerable proportion of extra practice will be the
result of either gaming the system or struggling with the content.

Fig. 1. Example of a user’s dashboard within the Kupei learning system. I) panel showing overall
learning progress for the math topics; II) detailed view of a particular math topic displaying all
concepts, numbers of practice completed, and mastery levels.

Fig. 2. Student’s interfaces during a practice and learning the material. I) panel showing a question from a practice set that was answered correctly; II) screenshot of the video that provides the
student another chance to learn the material missed by gaming.
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Kupei uses Bayesian Knowledge Tracing (BKT) [17] to estimate student proficiency
in real-time. BKT assesses the probability a student knows a specific concept by their
history of performance involving it. If a student’s probability of knowing a concept is
less than 80%, the concept is considered unmastered. When the probability falls between 80% (a cut-off used by many commercial systems) and 95% (the original cut-off
in) [17], then the concept is labeled as basic mastery. If a concept’s level of mastery
exceeds 95% then it is labeled as advanced mastery. When studying a concept using
the Kupei system, BKT assesses students’ probability of mastering a concept after the
first 3 items are completed. If the mastery probability is more than 95% (advanced
mastery), the system stops and advances them to the next concept. In the case that the
probability of mastery is lower than 80% (unmastered) after the first three items are
completed, the practice stops and displays the result. However, if the probability of
mastery falls between 80% and 95%, the students will continue to work on two additional items. Students who did not master the concept (whether after 3 or 5 problems)
are next required to complete an integrated review on the same concepts/skills (involving video and/or lecture notes). In all situations, the learning recommendation offered
after each concept (i.e. what concept to work on next) will change according to students’
performance during the practice. Kupei offers students a dashboard (shown in Fig 1)
where students can see their overall progress, and also their detailed work on past concepts, including mastery level achieved, problems encountered, and answers.
2.2

Gaming Behaviors

Prior to the integration of the gaming prevention intervention, gaming behaviors typically observed in the Kupei system can be divided into two types:
1. Students use an exhaustive method to obtain the correct answers of the practice
sets by inputting random answers for each question of each practice set until earlier
questions are re-shown. They can then go to their problem history prior to starting
a new practice set and view the answers, or may simply remember past answers.
2. Students open a practice set to obtain the set of questions, then quit the practice
set midway to seek answers elsewhere. Then students return to the practice set
within 10 minutes and typed in the correct answers.
2.3

Design

In order to prevent the gaming behaviors mentioned above and encourage students
to interact in ways that improve learning, our design aimed to simultaneously accomplish two goals: first, by increasing the costs of gaming, it is hoped that students will
game the system less often; second, with less gaming behaviors, we hope that students
will engage in more productive behaviors and learn more effectively.
Aiming to achieve these objectives, we designed the following three gaming prevention interventions: first, we re-designed the system so that students may not complete
more than two practice sets (of five problems each) on a concept more than three times
a day [18], with a pause of 36 hours before they can work on a concept again. Therefore,
if students game the system and work through two practice sets quickly, they will have
to delay their return to the content, preventing them from making the rapid progress

5
(without learning) that gaming the system attempts to achieve. Second, Kupei now provides meta-cognitive feedback [9]. Prior to the beginning of the second practice set,
right after the student performed poorly on the first practice set, students now receive a
system reminder that states “This is today’s last chance to practice this concept! Please
take it seriously”. This feedback acts as a reminder to the students about the cost of
gaming -- if they now game, they will have to wait 36 hours. Third, the system now
provides students another way to learn the materials missed by gaming [8]. Students
who responded too quickly and failed to reach basic mastery (probability of mastery
falls between 80% and 95%）are required to complete an integrated review on the same
concepts/skills (involving video and/or lecture notes).
We hypothesized that this combined gaming prevention intervention would reduce
gaming and mitigate its effects. We hypothesized that the limited number of practice
sets per day and wait time would be successful at reducing students’ degrees of gaming
by making it harder and more costly to game. The required integrated review might also
encourage students to become more engaged in the content and apply themselves more
seriously to solving problems. The interventions would also prevent wheel-spinning
students (students performing poorly due to struggling rather than gaming the system)
[19]. from continuing content that is too difficult for them and providing them with 36
hours to catch up and understand the concept better, perhaps through incubation effects,
which have been shown to reduce wheel-spinning in prior research [20].
2.4

Data Collection

A within-subjects quasi-experiment was conducted comparing two 15-day periods -- a
control period before the new strategy for reducing gaming behavior was adopted, and
an experimental period immediately following adoption of the new strategy within the
system. We analyzed data from students who studied at least 10 concepts in both two
periods. This led to a sample of 343 students who worked on math, and 345 students
who worked on English. 87 students participated in both conditions. We collected interaction logs from the Kupei learning system, including detailed performance on each
item (including start and end time), annotated with concepts.
2.5

Statistical Analysis

To determine if gaming behavior was reduced, we compared the frequency of gaming
behavior and extra practices (more than three practice sets) between the control and
experimental conditions. Also, the average time spent per item per student and the percent correctness on items per concept per student are compared to see whether students
studied more carefully with the new design. To study the effectiveness of our redesigned version of the system in reducing gaming behavior, we used paired Wilcoxon
signed rank tests (only among the students seen in both conditions) to compare the
frequency of gaming behavior and extra practices, before and after the gaming prevention interventions were introduced. We also conducted paired t-tests (separately for
both English and math) to examine if the total time spent and percent correctness were
statistically significantly different before and after the gaming prevention interventions
were introduced. We also compared the changes between the control and experimental
groups between two non-overlapping sub-groups of students: the control-gamers, students who gamed the system in the control period and the control-non-gamers, students
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who never gamed in the control period (this design is also seen in [8]), using a paired
Wilcoxon rank sum test (frequency of extra practices) and a repeated measures
ANOVA (total time spent and percent correctness).

3

Results

3.1

Frequency of Gaming Behavior by Condition

In mathematics, 93 students were control-gamers (they gamed the system during the
control period) and 250 students were control-non-gamers (they did not game the system during the control period). In English, 155 students were control-gamers and 190
students were control-non-gamers. After the gaming prevention interventions were integrated, the frequency of gaming significantly reduced in both math and English. For
math, the average gaming frequency per student decreased from 0.124 to 0.064, a statistically significant difference, V=5411, p<0.01. There were more gaming behaviors
found in English practices overall, 0.211 in the control period, and 0.157 in the experimental period, but the decrease was also significant, V=13144, p=0.047.
In terms of specific behaviors, there was a statistically significant reduction in gaming by quitting to seek answers. Among all students, the average frequency of gaming
by quitting decreased from 0.085 to 0.031 in math, V=2511, p<0.01; and from 0.045 to
0.026 in English, V=3315, p=0.029. However, there was not a significant reduction in
gaming by memorizing answers. Among all students, for math, the average frequency
of students gaming by memorizing answers was 0.040 during the control period and
0.032 during the experimental period, V=2086, p=0.51. For English, the average frequency of gaming by memorizing answers was 0.166 during the control period and
0.132 in the experimental period, V=11339, p=0.15.

Fig. 3. The frequency of each form of gaming behavior in Math (Left) and English (Right)

3.2

Other Behavior Changes

The Proportion of Extra Practice. The average proportion of extra practice for 343
students in math decreased from 12.20% in the control period to 7.66% in the experimental period, which is statistically significant, V=25588, p<0.01. Similar results are
found for English. The average proportion of extra practice for 345 students in English
decreased from 9.00% in the control period to 4.75% in the experimental period,
V=22751, p<0.01. Results are consistent within different student groups. The proportion of extra practice in math statistically significantly decreased for both the control-
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gamers, V=3246, p<0.01; and the control-non-gamers, V=10448, p<0.01. For English,
the proportion of extra practice significantly decreased from control period to experimental period in both the control-gamers, V=8815, p<0.01, and the control-non-gamers,
V=3128, p=0.023. As shown in Figure 3, the gaming prevention interventions produced
a stronger impact on the control-gamers. For math, the proportion of extra practice in
the control-gamers decreased from 23.1% in the control period to 13.4% in the experimental period, while for control-non-gamers, the proportion of extra practice decreased
from 8.1% control to 5.5% experimental. According to a Wilcoxon rank sum test, the
control-gamers’ decrease in extra practice is significantly steeper than the control-nongamers, W=7928, p<0.01. As for English, the proportion of extra practice in the control-gamers decreased from 15.7% control to 7.3% experimental, which is significantly
steeper than the proportion of the control-non-gamers, which decreased from 3.5% control to 2.7% experimental, W=9035, p<0.01.

Fig. 4. The proportion of extra practice (more than 3 problem sets) during the control and experimental periods, for Math (Left) and English (Right)

Average Time Spent Per Item. Starting from the second practice set, there was a statistically significant increase in the average time spent on each item in the experimental
period compared to the time spent in the control period, especially in the second practice set, as shown in Figure 5. In math learning, the average time spent per item in the
first practice set decreased from 98.87s in the control period to 91.06s in the experimental period, which is significantly different, t(342)=3.32, p = 0.001 for a paired ttest. However, we observed that 340 students out of 343 completed at least two practice
sets for each concept they encountered, in both the control and experimental periods.
In the second practice set, the average time a student spent answering each math item
increased from 79.66s in the control period to 116.90s in the experimental period, which
is statistically significant, t(339)=12.75, p<0.01. We also observed 217 students out of
343 completed at least 3 practice sets for each concept they encountered, in both the
control and experimental periods. In the third practice set, the average time a student
spent on each math item increased from 85.05s in the control period to 97.41s in the
experimental period, which is statistically significant, t(216)=2.98, p<0.01.
In English, the average time spent per item in the first practice set decreased statistically significantly from 40.87s in the control period to 37.75s in the experimental period,
t(344)=2.84, p = 0.004 for a paired t-test. However, we observed that 338 students out
of 345 completed at least two practice sets for each concept in both the control and
experimental periods. In the second practice set, the average time a student spent on
each item increased from 29.65s in the control period to 52.91s in the experimental
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period, which is statistically significant, t(337)=13.83, p<0.01. We also observed 204
students out of 343 completed at least 3 practice sets for each concept they encountered,
in both the control and experimental periods. In the third practice set, the average time
a student spent on each English item increased from 30.35s in the control period to
38.47s in the experimental period, which is statistically significant, t(203)=3.46, p<0.01.

Fig. 5. The average time spent per item across practice sets, in the control and experimental periods, in Math (Left) and English (Right)

As shown in Figure 6, starting from the second practice set, students spent more time
per item during the experimental period than during the control period for both subjects
and groups, and students in the control-gamers on average spent less time per item than
the control-non-gamers. In math, a repeated measures ANOVA indicates that the average time spent on each item is higher in the experimental time period than in the control
time period, F(1,338)=120.7, p<0.01. Average time spent on each item is also generally
higher (across both time periods) for the control-non-gamers than the control-gamers,
F(1,338)=20.3, p<0.01. However, the interaction between time period and whether students gamed during the control period is not quite significant, F(1,338)=1.2, p=0.28.
The lack of a clear interaction suggests that time increases occurred even for students
who never gamed, and that there is not clear evidence that this intervention impacted
the behavior of gaming students differently than non-gaming students.
For English, the average time spent per item is also significantly higher in the experimental time period than the control time period, F(1,336)=141.2, p<0.01. The average
time spent on each item is also generally higher (across both time periods) for the control-non-gamers than the control-gamers, F(1,336)=6.3, p=0.01. However, the interaction between time period and whether students gamed during the control period is not
significant, F(1,336)=0.05, p=0.82. Again, the lack of an interaction suggests that time
increases occurred even for students who never gamed, and that this intervention did
not impact the behavior of gaming students differently than non-gaming students.
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Fig. 6. The average time spent per item, in the control and experimental periods, for students who
did/did not game in the control period, in Math (Left) and English (Right)

Average Percent Correctness. The average percent correctness was higher in the experimental period than in the control period, as shown in Figure 7. For math learning
in the first practice set, the average percent correctness increased statistically significantly from 60.3% in the control period to 66.0% in the experimental period,
t(342)=7.50, p<0.01 for a paired test. In the second practice set, 340 students out of 343
completed at least two practice sets for each concept. The average percent correctness
increased statistically significantly from 59.3% in the control period to 66.6% in the
experimental period, t(339)=7.07, p<0.01 for a paired test. In the third practice set, 217
students out of 343 completed at least two practice sets for each concept. The average
percent correctness increased statistically significantly from 56.3% in the control period
to 64.9% in the experimental period, t(216)=4.93, p<0.01 for a paired test.
For English learning, the average percent correctness in the first practice set increased from 68.1% in the control period to 73.5% in the experimental period, which is
statistically significant, t(344)=9.03, p<0.01 for a paired test. In the second practice set,
338 students out of 345 completed at least two practice sets for each concept. The average percent correctness increased from 66.4% in the control period to 72.3% in the
experimental period, which is statistically significant, t(337)=6.67, p<0.01 for a paired
test. In the third practice set, 204 students out of 345 completed at least two practice
sets for each concept. The average percent correctness increased from 63.8% in the
control period to 69.6% in the experimental period, which is statistically significant,
t(203)=3.40, p<0.01 for a paired test.

Fig. 7. The average percent correctness across practice sets, in the control and experimental periods, in Math (Left) and English (Right)

In math, using repeated measures ANOVA, we find that the average percent correctness
for each math practice is significantly higher in the experimental period than the control
period, F(1,341)=90.3, p<0.01. The average percent correctness was also significantly
higher for the control-non-gamers than the control-gamers, F(1,341)=26.2, p<0.01, as
shown in Figure 8. The interaction between time period and whether students gamed
the system was statistically significantly associated with percent correctness,
F(1,341)=6.6, p=0.011, suggesting that the intervention led to a larger gain in accuracy
for the control-gamers than the control-non-gamers.
In English, according to a repeated measures ANOVA, the average percent correctness was statistically significantly higher in the experimental period than the control
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period, F(1,343)=112.6, p<0.01. Average percent correctness was also statistically significantly higher for the control-non-gamers than the control-gamers, F(1,343)=42.2,
p<0.01. The interaction between time period and whether students gamed the system
was statistically significantly associated with percent correctness, F(1,343)=7.6,
p=0.006, suggesting that the intervention impacted the students differently, leading to
a larger gain in accuracy for the control-gamers.

Fig. 8. The average percent correctness, in the control and experimental periods, for students who
did/did not game in the control period, in Math (Left) and English (Right)
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Discussion and Conclusions

Gaming the system is an ongoing problem for many adaptive learning systems and
intelligent tutoring systems, leading to poorer learning [1, 21, 4]. Although it was originally thought that gaming the system mainly occurred in systems that gave students
multiple chances to solve the same item or with hints that give the answer (e.g. [1]),
students can be highly creative in finding ways to obtain answers without learning the
material (such as in [13]). In this paper, we document two ways that students game the
Kupei learning platform, by exhausting the practice set to get repeated problems and
by quitting practice sets and immediately entering the correct answers they just saw.
One possible approach to reducing gaming the system would simply have been to
remove the history of past student work. However, many students review this history
in constructive ways, including in review sessions with instructors where they discuss
their work. In addition, removing the history of past student work would only have
impacted one of the two fashions in which students game, likely driving students to use
the other gaming strategy (as in [13]). Students could also write down the answers as
they completed problems, rather than reviewing the history.
Therefore, we instead sought to address these gaming behaviors with a multi-pronged
gaming prevention intervention consisting of 1) imposing a pause of 36 hours on a
practice set once potential gaming behaviors (completing three practice sets on the same
concept in a single day) are detected; 2) providing meta-cognitive feedback to remind
students about the cost of gaming after the student has performed poorly in two consecutive practice sets on the same concept; and 3) offering students another way to learn
the materials missed by gaming before doing the last practice set in a set of 3.
In this study, we hypothesized that the combined gaming prevention intervention
would help mitigate the effect of gaming and encourage students to become more engaged in the content. These three interventions appear to have been successful at dissuading students from gaming the system. Supporting our hypothesis, we detected a
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lower frequency of gaming behaviors in both English and math after the integration of
the gaming intervention. In addition, we found that fewer students used extra practice
(more than three practice sets) on a concept after the implementation of the gaming
intervention. Instead, students spent more time on later items in both English and math
during the experimental period, possibly indicating students are practicing each item
more seriously than students in the control period. In addition, we observed an increase
in the percent correctness on the second practice set in both English and math.
However, there appear to be some limitations to this approach that should be considered in future work. The intervention was successful at reducing the second type of
gaming — students’ quitting the problem set to seek answers from problems history
and improving performance within the system. However, this intervention did not appear to be as successful at addressing the first type of gaming behavior—students’ exhaustively completing problem sets to obtain answers until questions are re-shown. In
order to prevent this type of gaming behavior, new interventions may need to be developed in the future to -- for instance -- creating more content so that it is not practical to
game until content repeats (particularly given 36-hour delays), notifying a teacher that
a student is close to exhausting the content, or not displaying the history of repeated
content. Ultimately, addressing this form of gaming behavior may benefit from working
with teachers so that teachers identify this behavior and respond to it.
Another possible limitation is that even if some students reduce their frequency of
gaming the system, they may not replace gaming with the most desirable behaviors.
For example, students are required to watch the video on the content they missed once
gaming behaviors are detected. The required integrated review provided students extra
opportunities to review the content. However, students may have failed to complete the
video once the required watch time has been reached or may refuse to watch it at all
(by letting it play while engaging in off-task behavior, watching something else or doing something else). A final possible limitation is that the current interventions may
result in students feeling like they are being forced to watch the video and read the notes,
possibly creating broader negative feelings towards the material as well.
In this article, we have studied the potential effectiveness of a combined gaming
prevention intervention designed to help mitigate student gaming behaviors in the
Kupei learning system. Ultimately, we hope that our research will inform the design of
systems that will reduce students’ motivation to game the system, and, in turn, increase
the frequency of effective self-regulated learning strategies that lead to better student
learning -- hopefully reducing the longer-term impacts that gaming the system appears
to have on student outcomes [7].
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