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Abstract— This work-in-progress research-to-practice paper 

provides ongoing results from the development and testing of a 

personalized learning system integrated into a serious game. 

Given limited instructor resources, the use of computerized 

systems to help tutor students offers a way to provide higher 

quality education and to improve educational efficacy. 

Personalized learning systems like the one proposed in this paper 

offer an accessible solution. Furthermore, by combining such a 

system with a serious game, students are further engaged in 

interacting with the system. The proposed learning system 

combines expert-driven structure and lesson planning with 

computational intelligence methods and gamification to provide 

students with a fun and educational experience. As the project is 

ongoing from past years, numerous design iterations have been 

made on the system based on feedback from students and 

classroom observations. Using computational intelligence, the 

system adaptively provides support to students based on data 

collected from both their in-game actions and by estimating their 

emotional state from webcam images. For our evaluation, we focus 

on student data gathered from in-classroom testing in relevant 

courses, with both educational efficacy results and student 

observations. 

To demonstrate the effect of our proposed system, students in 

an early electrical engineering course were instructed to interact 

with the system in place of their standard lab assignments. The 

system would then measure and help them improve their 

background knowledge before allowing them to complete the lab 

assignment. As they played through the game, we observed their 

interactions with the system to gather insights for future 

developments, which are presented in this work. Additionally, we 

demonstrate the system’s educational efficacy through early pre-

post-test results from students who played the game with and 

without the personalized learning system integration. 

Keywords—Gamification, Educational Software, Learning 

Technology, Higher Education, Engineering Education 

I. INTRODUCTION 

Despite many recent advancements and paradigm shifts 
worldwide, classroom education still plays a pivotal role in 
equipping students with the skills and knowledge required to 

join the workforce and address real problems. However, larger 
classrooms can struggle to address student needs and concerns, 
especially when those needs heavily deviate from the standard 
one-size-fits-all lesson plan [1, 2]. And as classroom sizes 
increase, it becomes impossible for instructors to provide 
support to each individual student based on their needs and 
background [3]. As such, students often need to resort to 
excessive studying, self-learning, or external tutoring to gain 
much-needed knowledge [4]. 

To take some burden off the instructor while still limiting 
learning to class time, one possible solution is intelligent 
tutoring systems (ITSs). ITSs are educational systems that 
leverage student data to provide personalized educational 
support and tutoring to students [5]. Unlike human tutors, these 
systems are not limited by time and resource constraints and can 
support many students at the same time. By collecting data such 
as student performance, student actions when interacting with 
the system, or results on graded assignments, these systems can 
make informed decisions about what support a student needs to 
succeed. Furthermore, recent trends in artificial intelligence (AI) 
and data mining have further bolstered the accuracy and ability 
of these systems to provide effective support. 

However, while these systems can provide appropriate 
support, they can often struggle with engaging students. This is 
especially prevalent when students are interacting with systems 
that require them to read large sections of content, watch 
extended videos, or otherwise undergo non-active learning [6]. 
Maintaining this engagement is crucial for effective learning. [7, 
8]. The solution to the issue of student engagement, as addressed 
in this paper, is to combine an ITS with a serious game (SG) [9]. 
Serious games are virtual or physical games that focus primarily 
on education, training, or other non-entertainment purposes 
[10]. Due to the gamification aspect of SGs, students are often 
significantly more engaged in lessons. In a well-designed game, 
students may not even realize that they are learning [11]. 
Additionally, virtual SGs have added benefits in that they can 
create environments, visualizations, or interactive scenarios that 
students would not otherwise experience through standard 
lectures or videos. Combining ITSs with serious games has been 
explored in recent years through gamification models [12] and 
intelligent agent-assisted games [13, 14]. However, our 
approach differs in both the underlying methodology for the ITS 
and in how the ITS is integrated within the serious game. 
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This paper presents results from the ongoing development of 
Gridlock, a serious game that focuses on binary logic, simple 
programming, and digital system design. Gridlock is designed 
to be run in tandem with a lab assignment where students are 
tasked with designing the logic controller for a traffic light. This 
task is the goal of the game, and is a common lab assignment for 
early students in electrical engineering, computer engineering, 
and computer science. Gridlock further supports student 
learning by combining a serious game environment with an ITS 
that supports students on various topics relevant to the 
overarching task. Using reinforcement learning, an AI method, 
the system automatically adjusts what support it provides based 
on student responses. This support then manifests as pop-up 
prompts, hints, adjusted content, and enabling or disabling 
certain areas in the game based on student performance. We 
refer to the combined system as the personalized instruction and 
need-aware gaming (PING) system, and while this paper 
focuses on Gridlock, the system is designed as a modular, 
general-purpose approach for any SG. 

As the contribution of this work, we provide design insights 
for both our ITS and our virtual game environment based on 
both observations of student interactions with the system and 
interview sessions with students where they provided direct 
feedback. We also provide educational results from in-
classroom testing to verify the educational efficacy of our 
proposed system. To that end, Section II of this paper gives a 
more detailed overview of our ITS, Gridlock, and the support 
provided in the game. Section III provides our development 
insights and educational results, followed by conclusions in 
Section IV. 

II. OVERVIEW OF PING SYSTEM AND GRIDLOCK 

A. Intelligent Tutoring in the PING System 

This section provides a non-technical overview of the PING 
system and, more specifically, the ITS we integrate for 
personalized learning. For more technical information, we ask 
that readers refer to our other recent publication [15, 16]. The 
PING system is designed as a modular intelligent tutoring 
system (ITS) that can be integrated with any serious game (SG). 
To make the ITS modular, the system developer first partitions 
the game’s educational domain into certain subject-specific 
sections, referred to here as content blocks. Within each content 
block, the student can then be tested and supported on a specific 
topic. For example, a game dealing with math might have a 
block for multiplication and a block for division. 

Then, as the student interacts with game components and 
completes in-game content, the system receives a constant feed 

of that student’s performance, as well as any relevant data. For 

example, Gridlock collects timing information on how long 

students took to complete sections. In addition, Gridlock also 

records a score on each section, various data on mouse 

movement and keyboard interaction, as well as estimated 

emotional response through facial emotion recognition and 

webcam images. All of this data is collected through quizzes 

and mini-games, which are covered in the next section. 

Then, the data are fed into a set of reinforcement learning 

agents, each of which is trained to support a student on a 

specific content block [16]. With reinforcement learning, the 

system learns optimal behavior by exploring choices, so the 

system needs some student interaction before providing 

acceptable student support. But after initial training, the 

reinforcement learning back-end allows the system to adapt to 

trends and changes in student behavior without any human 

intervention. 

To learn, reinforcement learning requires feedback about 

the quality of the decisions made. As such, student performance 

is used as a “reward” for the agent. If a student performs better 

after receiving assistance from the system, the system receives 

a positive reward, encouraging the chosen assistance for future 

students. Likewise, if a student performs poorly after receiving 

some assistance, the specific assistance chosen will be less 

likely to appear to similar students in the future. 

B. Gridlock 

Gridlock is a game that has been iteratively redesigned and 
improved over the past several years. Through in-classroom 
testing, pilot evaluations, and student feedback, numerous 
changes have been made to improve both the usability of the 
game and to make the game more enjoyable and educational for 
students. The game places students in the position to redesign 
the logic controller for a traffic light, which is a typical lab 
assignment for courses that teach digital logic design. When the 
game starts, students are quizzed on their entry knowledge to 
establish a benchmark for future assistance. Then, students 
explore a 3D environment and unlock a door by completing 
tasks specific to the content the game intends to teach. 

 

Figure 1: An excerpt of the help documentation in Gridlock. 

The tasks given to students vary between concepts. For 
example, one block focuses on the specific design 
specifications students need for the traffic light problem. In this 
section, students must complete a miniature design problem 
which tests their ability to set the order of the traffic light 
changes. This problem is structured more as a puzzle or a mini-
game, and students’ number of actions, time taken, and 
correctness of their submitted solution all give the system 
insight into the student’s knowledge of this section’s content. 
Then, the system can give the student feedback to bolster their 
content knowledge. As shown in Figure 1, students are given 
dialogue from the game, videos, images, and other relevant 
materials based on their performance. 
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Figure 2: The in-game coding functionality. 

Once students have mastered the concepts presented by the 
game, they are tasked with programming their final traffic light 
logic and submitting it into the game. To help minimize 
instructor time used by this assignment, the game has full 
functionality to let students program and debug and simulate 
their solutions, all within the game, as shown in Figure 2 and 
Figure 3. With this approach, students have a seamless 
experience, and the game can observe student performance as 
they write their solutions.  

 

Figure 3: The traffic light simulator that helps students visualize 
their solutions. 

III. DESIGN INSIGHTS AND EDUCATIONAL IMPACT 

A. Design Insights and Student Feedback 

When discussing design changes made in the game with regards 

to student feedback, the iterations focused on three main areas: 

Interface design, student testing, and tutorials/student 
assistance. 

 

1) Interface Design 

For interface design, we had a few main considerations. 

First, the target audience for the game is highly generalized, and 

thus includes players who are and are not familiar with virtual 

games. For players who are familiar with virtual games, certain 

aspects such as a standard control scheme and familiar interface 

elements are enough for players to understand the goals, 

controls, and objective of the game. For example, the updated 

game features a system of objective markers shown in Figure 4, 

where students receive a visual indication of their current 

objective. Even among students who were less familiar with 

virtual games, a visual indicator marking their objective helps 

to significantly improve their ability to navigate the virtual 

environment. 

 

Figure 4: The waypoints in Gridlock that guide students to their next 

destination. 

Outside of marking objectives, it was also very important to 

have both a stated objective and a guide on the control scheme 

of the game. For Gridlock, students can open up a “how to play” 

screen at any time that indicates the control scheme of the game. 

Additionally, students can also access a “current objectives” 

screen that has a written statement of their current objective. 

Finally, the game includes “notification” makers on certain in-

game utilities to encourage them to interact with those options, 

as shown in Figure 5. Among players experienced with virtual 

games, these features were largely ignored. However, their 
inclusion is crucial to help players who are unfamiliar with 

navigating virtual game environments, with our classroom 

observations showing that students, especially those unfamiliar 

with virtual games, did interact with and use these features. 

 

Figure 5: Another view of the "notification" markers that catch 
student attention and encourage students to explore certain 

functions. 

2) Student Testing 

Another modification that was well-received among 

students was the replacement of some testing methods with 
interactive mini-games or puzzles. In each of these basic games, 
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students receive an instructional prompt before participating. 

These games are designed in such a way that we can gather data 

on the students’ knowledge while they play. For example, as 

shown in Figure 6, students are tested on their ability to convert 

binary numbers through a game where they are tasked with 
matching binary numbers to their decimal counterparts as 

quickly as possible. 

 

Figure 6: One of the activities in-game, where students must match 
binary numbers with their decimal counterparts. 

3) Student Assistance 

Finally, the in-game tutorials were also modified as per 
student feedback. In prior iterations, accessing the personalized 
assistance provided to students was required for students to 
progress. Furthermore, the assistance was specifically tailored 
to a student’s issues. In the updated version of the game, the 
assistance is general-purpose, but students are directed to a 
specific area that addresses their issues. This way, students have 
the option to manually explore additional help materials. 
Additionally, students now must manually access the help 
materials, which prevents the help prompts from breaking the 
flow of the game. If a student is performing poorly, the game 
can also put a notification marker on the help menu to 
encourage the student to request help.  

 

Figure 7: Comparison of student improvement from pre-test to post-
test on three game versions and control group. 

With all these changes, students have much more freedom 
to either accept the help as given, explore additional content at 
their own pace, or to ignore the help entirely and attempt to 
solve problems on their own. This gives students guidance if 

they need it, and the freedom to explore and solve problems 
without being limited or interrupted by the system. 

B. Educational Impact 

Preliminary results for an evaluation of educational efficacy 
use a pre-test and a post-test administered before and after 
students played the game, respectively. These tests asked 
students to design a state machine for a vending machine; a task 
which reflects the skills and content presented in Gridlock. 

Figure 7 shows a comparison of score improvement among 
students from our pre-test to the post-test. Students were graded 
on both assignments on a scale from 0 to 1, and the graph 
compares four scenarios: 1) The updated game with PING 
system integration, modified based on student feedback as per 
the design statements outlined in this paper (𝑁 = 13); 2) The 
prior version of the game with PING system integration 
(𝑁 = 20); 3) An old version of Gridlock that did not use the 
PING system (𝑁 = 14); and 4) Students who did not play the 
game  (𝑁 = 8). As shown, students who played the updated 
game had greater improvement over students who played the 
prior version of the game. And while the difference was not 
statistically significant (𝑝 = 0.1254), this can be attributed to 
the low sample size, with student data still showing a promising 
positive trend. Furthermore, the updated game does show 
significant (𝑝 = 0.0213)  improvements in student 
performance compared to the non-adaptive game. Additionally, 
there were a fewer number of students who regressed or showed 
little improvement compared to past classroom evaluations.  

The improvement in student performance is likely due to 
the new quality of life features and easier-to-access help 
documentation making it both easier and less frustrating for 
students to learn with Gridlock. During our observations, we 
noted that in-game guidance and easily accessible instructions 
are key to a smooth game experience, cutting down greatly on 
the amount of possible frustration due to misunderstandings and 
poor directions. In terms of actual student performance, the 
educational content among the three games was largely 
unchanged. In the non-adaptive game, which showed the lowest 
student score improvements, students were not incentivized at 
all to interact with educational content. In the prior and updated 
games, however, students were incentivized and encouraged to 
participate in educational exercises. With the updated game 
especially, improvements in accessibility and game flow 
between modules likely made more students participate in 
educational exercises, reflecting as a greater improvement in 
their post-test scores.  

IV. CONCLUSION 

This paper presents findings from the ongoing 

development and testing of a personalized intelligent tutoring 

system integrated into an educational serious game. With our 

student observation results and design insights, we hope to 

provide some ideas and direction for other researchers in this 

area who are interested in creating this type of system. We also 

show some preliminary results on the educational efficacy of 

the proposed system. Looking ahead, additional work will be 

focused on further verifying the efficacy of the system, as well 

as gathering additional feedback from students and educators to 

further refine the final product. 
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