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ABSTRACT 
Semiconductor manufacturing is crucial for national economies; 
however, the industry faces signifcant talent shortages. While ex-
tensive research exists on motivating students in STEM learning, 
there is little work specifcally addressing semiconductor educa-
tion. To fll this gap, we frst examined current barriers and mo-
tivational factors infuencing students’ pursuit of careers in semi-
conductor felds through interviews with 13 participants. Findings 
reveal that limited recognition of semiconductor companies relative 
to software engineering poses a barrier, while early exposure to the 
feld and hands-on experience emerge as pivotal factors motivating 
prospective students. Drawing upon these insights, we introduce 
ChipQuest, an educational game designed to enhance K-12 students’ 
engagement and interest in semiconductors. ChipQuest integrates 
gamifcation elements to simulate the complexities of semiconduc-
tor chip manufacturing, featuring a pedagogical agent, interactive 
tasks, a reward system, and competitive components. By incorpo-
rating gaming principles into semiconductor education, ChipQuest 
aims to ofer a promising approach to inspire young students as 
the future workforce in the semiconductor industry. 

CCS CONCEPTS 
• Human-centered computing → Empirical studies in inter-
action design. 
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1 INTRODUCTION 
In response to the global surge in chip demand, the U.S. government 
enacted the CHIPS and Science Act in 2022 to revitalize the semi-
conductor industry and establish reliable supply chains through 
the development of a self-sustaining chip production sector [7]. 
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Despite these government eforts, the U.S. semiconductor industry 
continues to face a signifcant talent shortfall [22]. Semiconductors 
are the foundation for critical technologies across various sectors, 
including automotive, medical, aerospace, transportation, and mili-
tary applications. Thus, bridging the talent gap in semiconductor 
manufacturing and fabrication, and developing a future workforce, 
is crucial for the nation’s economic stability and security. Recent 
surveys by McKinsey & Company [2, 21] highlight several fac-
tors contributing to challenges in talent acquisition within the U.S. 
semiconductor industry. These include (1) lower brand recogni-
tion of semiconductor companies (e.g., Micron, Texas Instruments) 
among engineering students compared to software companies (e.g., 
Microsoft, Google), and (2) a lack of student interest in the feld, 
compounded by industry-specifc issues such as limited hybrid 
work options and lower fexibility [20]. 

This study aims to address these challenges through a twofold 
approach. First, we seek to identify specifc factors that discourage 
engineering students from pursuing careers in the semiconductor 
industry and to uncover motivating factors that infuence current 
workers’ career choices through in-depth interviews. Second, based 
on insights from these interviews, we propose potential design 
interventions to inspire young students to consider careers in semi-
conductors. To this end, we introduce "ChipQuest," an educational 
simulation game designed to immerse players in the role of an 
engineer at a semiconductor fabrication plant. Players navigate all 
eight steps involved in the fabrication process using state-of-the-art 
technology. ChipQuest integrates various game elements known to 
enhance student engagement, including task-based challenges, com-
petition, and a reward system. This work contributes to the existing 
literature, which has predominantly focused on gamifcation and 
education in computer science, by addressing the underexplored 
topic of teaching semiconductor manufacturing and fabrication. 
This is a critical area for national importance that has received 
limited attention in the HCI community. 

2 IDENTIFYING REQUIREMENTS 
Method: To better understand the current barriers for engineer-
ing students pursuing careers in semiconductor fabrication and 
manufacturing, as well as to identify motivating factors, we con-
ducted in-depth interviews. We recruited 13 participants through 
convenience sampling: six graduate students, three undergraduate 
students, and two engineers currently employed at Intel and Qual-
comm. Participants majored in electrical and computer engineering, 
materials science, and chemical engineering. The interview ques-
tions focused on: (1) reasons for pursuing studies and careers in 
semiconductors, (2) factors that make semiconductor manufactur-
ing fascinating, (3) perceived barriers to studying semiconductors 
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Figure 1: ChipQuest Game: The game features a pedagogical 
agent that explains essential learning content. It also allows 
students to use state-of-the-art facilities to perform a series of 
tasks and compete with other users for the best performance. 

in college, and (4) factors contributing to low student involvement 
in the semiconductor feld. Each interview lasted approximately 
20 to 30 minutes. The transcriptions were analyzed using thematic 
analysis with MAXQDA. 

Results: The interview fndings suggested that rewarding learn-
ing experiences and interest were the most crucial motivators for 
studying semiconductors. Specifcally, four participants mentioned 
they decided to study semiconductors because they enjoyed learn-
ing the various concepts involved in semiconductor manufacturing 
and fabrication. One participant noted that the state-of-the-art fa-
cility he saw during his internship inspired him to continue his 
studies in semiconductor manufacturing. Additionally, three par-
ticipants highlighted the importance of early exposure to the feld, 
either from high school or family members, in deciding to study 
semiconductors. However, when discussing barriers, participants 
often compared semiconductor engineering to software engineer-
ing. They cited several disadvantages, including limited access to 
learning resources (e.g., YouTube tutorials, Discord communities) 
and limited hands-on lab experience due to the expensive equip-
ment required for semiconductor fabrication. This makes it difcult 
for students to actively engage with the material. Furthermore, 
one graduate student mentioned the delayed outcome visibility in 
semiconductor work as a signifcant challenge: 

"In software, you can see your results quickly. In hardware, it takes 
a signifcant amount of time to see results. You have to go through a 
step called ’tape out,’ where you send the design to a factory and wait 
for months to see the fnal results." 

Design Implications: Building upon our fndings and prior 
literature on STEM education, we derive design interventions to 
motivate aspiring engineering students: Introducing young students 
to semiconductor-related topics early on [3, 5]; ensuring easy access 
to content via the web [1]; ofering hands-on learning experiences 
through 3D interactive contents [12, 19]; enhancing interest in the 
feld by showcasing state-of-the-art facilities [16]; enabling students 
to immediately see the feedback [4]; and creating a rewarding 
learning experience through gamifcation [17, 18]. 

3 CHIPQUEST: DESIGN ELEMENTS 
Gamifcation Targeting K12 Students: Gamifcation has become 
a widely adopted educational strategy, supported by extensive em-
pirical evidence showing its efectiveness in engaging and motivat-
ing young students in STEM felds [8, 17, 18]. A systematic litera-
ture review by Majuri et al. [14] suggested that educational games 
include several key elements: missions and quests (e.g., learning 
tasks), progress indicators (e.g., levels, progress bars), evaluation 
and feedback mechanisms (e.g., rewards, leaderboards), competition 
and cooperation, as well as storytelling and simulation. In line with 
this approach, we integrated these game elements into our solution 
to create an immersive learning experience, as illustrated below. 

Mission & Hands-On Activities: In semiconductor manufac-
turing, mastering the multiple steps—from wafer preparation and 
oxidation to metallization and packaging—is crucial [15]. How-
ever, as revealed in our interviews, this complex process can over-
whelm learners. To address this challenge, ChipQuest integrates 
mini-games that break down the overarching missions into smaller, 
manageable goals, guiding players through the eight steps of semi-
conductor engineering using virtual avatars [13]. Moreover, to 
enhance realism and provide a hands-on experience, we have de-
veloped a 3D interactive virtual game. In this virtual environment, 
users utilize cutting-edge facilities and equipment, fostering active 
learning experiences [12]. 

Pedagogical Agent & Storytelling: Pedagogical agents have 
been shown to enhance learning engagement, particularly in e-
learning environments where social interaction may be limited 
[6, 9–11]. In particular, agents capable of displaying emotions are 
recognized for their ability to improve learning experiences [6, 23]. 
Additionally, employing narrative storytelling and clear instruc-
tions is crucial when teaching complex concepts like semiconductor 
fabrication. In line with these fndings, ChipQuest integrates an 
animated pedagogical agent. Throughout the game, this agent de-
livers instructions and interactive feedback using animated verbal 
and non-verbal cues, thereby promoting engagement and fostering 
empathetic learning connections. 

Evaluation & Competition: Based on insights gathered from 
interviews with industry engineers, ChipQuest integrates essential 
performance metrics into its evaluation system: the speed of chip 
production and cost efciency [15]. Players are tasked with optimiz-
ing these metrics and can assess their performance on a leaderboard 
displayed at the end of each session. This element closely simulates 
real-world challenges faced by engineers, thereby enhancing the 
game’s educational value with practical knowledge. 

4 FUTURE WORKS 
ChipQuest integrates educational gaming principles to provide an 
engaging and educational experience that simulates semiconductor 
manufacturing processes while fostering learning through interac-
tive guidance, performance assessment, and competitive motivation. 
Future work will focus on conducting a user study to evaluate the ef-
fectiveness of ChipQuest, involving multiple participants including 
K-12 students and educators. This study aims to assess its impact on 
student learning outcomes and gathers feedback on user experience. 
The insights gained from the user study will inform us on how to 
refne and optimize the game’s educational efectiveness. 
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