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Abstract—This research introduces a card game designed to
enhance the understanding of parallel and distributed computing
(PDC) concepts among junior and senior undergraduate com-
puter science students. The game is an interactive assessment
tool that enables instructors to evaluate student knowledge
and simultaneously identify which PDC concepts are inherently
covered within undergraduate curricula. The game reinforces
core PDC concepts by employing active learning strategies,
such as collaborative group activities, while engaging students
in a dynamic and interactive learning experience. The game’s
design is guided by the NSF/IEEE-TCPP Curriculum Initiative,
ensuring it aligns with industry-relevant knowledge and best
practices in parallel and distributed computing education.

Index Terms—Parallel and Distributed Computing, Student
Engagement, Active Learning, Early Computer Science Under-
graduate Curriculum, Cards Game, Unplugged CS Activity

I. INTRODUCTION

Recognizing the critical role of parallel and distributed
computing (PDC) in modern computing, the National Science
Foundation (NSF), in collaboration with the Institute of
Electrical and Electronics Engineers Technical Committee
on Parallel Processing (IEEE-TCPP), has initiated efforts to
integrate PDC concepts into undergraduate computer science
curricula [26]. However, effectively conveying the breadth
and complexity of PDC to students can be challenging.
Traditional instructional methods, which often rely heavily
on lectures and textbooks, can present students with an
overwhelming amount of information, potentially hindering
their grasp of fundamental concepts.

To address this challenge, we have previously investigated
the use of “unplugged” activities, which involve hands-on,
physical activities that simulate or model computing concepts
without the use of computers. Our preliminary research
demonstrated the effectiveness of these unplugged activities
in increasing student participation and improving their
understanding of key PDC topics [30]. To further adopt
the pedagogical benefits of active learning and collaborative
group work, we developed a card game called PDC Quest
that introduced topics from the concepts categories of PDC
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recommended in the NSF/IEEE-TCPP Curriculum Initiative
on Parallel and Distributed Computing [31] [35]. The card
game is specifically designed to foster collaborative learning
by encouraging students to work together in groups, discuss
concepts, and solve problems together. By combining the
engaging nature of a card game with the pedagogical benefits
of active learning and collaborative group work, our goal is
to establish a stimulating and effective learning environment
that enables students to comprehend complex parallel and
distributed computing principles better.

This research aims to evaluate the depth of experience ju-
nior and senior computer science students have gained with
PDC concepts throughout their undergraduate education. It
also explores students’ perceptions of the game after play-
ing, specifically regarding engagement and enjoyment, critical
thinking skills, collaboration, and motivation and self-efficacy.
To achieve this, we propose a modified version of a previously
developed card game. In order to understand students’ pre-
existing familiarity with essential PDC concepts relevant to
their curriculum, we employed this interactive assessment
method in junior/senior level courses at our respective univer-
sities at the start of the Spring 2025 semester. The assessment
also evaluates the impact of the card game on student learning
of PDC concepts through a post-activity survey. The survey
adapts elements (questions and frameworks) from the Student
Assessment of Learning Gains (SALG) survey [36] and the
Motivated Strategies for Learning Questionnaire (MSLQ) [37]
[38]. The remaining sections of this paper will delve into the
details of our proposed instructional activity and its poten-
tial implications. Section II provides a synthesis of relevant
literature, identifying research gaps addressed by this study.
Section IIT outlines the experimental design, data collection
procedures, and analytical methods. The benefits of integrating
gamified PDC instruction are discussed in Section IV. Finally,
the Section V summarizes the findings and outlines the direc-
tions for future research.

II. BACKGROUND AND RELATED WORK

Parallel and distributed computing (PDC) has emerged as
a critical area in research and education in STEM disci-
plines, particularly in computational science and engineering.



Although the importance of “parallel thinking” has been
emphasized [5], many recent computer science graduates lack
a foundational understanding of PDC. Despite efforts to inte-
grate PDC into the undergraduate curriculum through modular
approaches [8]- [13], elective courses, and dedicated teaching
materials [14]- [16], challenges remain. Bogaerts [17]- [20]
has explored integrating parallelism concepts into introductory
CS courses (CSO and CS1). This approach involves incorporat-
ing supplementary lectures on parallel computing and hands-
on programming activities within the existing curriculum to
provide students with foundational knowledge and practical
experience in parallelism. Traditional teaching methods, such
as lectures and programming exercises, may not effectively
convey the complex concepts of PDC to students [19]- [25].
This highlights the need for innovative pedagogical approaches
to enhance student understanding of both the theoretical and
practical aspects of parallel and distributed computing.

Research has shown that a fun and low-stress learning
environment enhances student motivation and learning out-
comes [32] [33]. Educational games, including those using
flashcards, have shown significant potential in achieving these
goals. Flashcards promote active recall, engage metacognition,
and facilitate confidence-based repetition — all proven effective
learning strategies [1]- [4]. In previous research, we explored
using a card game to introduce PDC concepts to undergraduate
students but did not fully develop it or have students play
it [31] [35]. Building upon this foundation, this research
proposes a modified version of the card game to assess the
level of experience junior and senior computer science students
have gained with PDC concepts during their undergraduate
studies.

III. METHODOLOGY

To assess the degree of PDC knowledge among junior and
senior CS students, we modified the flashcards developed in
our previous study [31]. This involved carefully identifying
and categorizing the specific PDC concepts to be assessed,
adhering to the guidelines outlined in the NSF/IEEE-TCPP
Curriculum Initiative on Parallel and Distributed Comput-
ing [26]. The resulting eight categories and their associated
questions are detailed in Table I. Based on our analysis of the
ACM Computer Science Curricula 2023 [34], we hypothesize
that a significant proportion of the PDC categories and related
topics included in our assessment are likely to be implicitly
addressed within the core curriculum of most undergraduate
computer science programs, both within the United States and
internationally.

A. Game Design and Description

To assess student knowledge, we developed a card game
called PDC Quest based on the eight PDC categories in Ta-
ble I. The game includes 80 cards (questions), each illustrated
with the PDC category on one side the category question,
answer, and a unique QR code on the other. PDC Quest
is designed for groups of three players. However, it can be
adapted for more than three players if needed. A deck of 80

cards serves as the Deal stack. Each card features the game
name, category number, and code on the front. The question,
answer, and a QR code linking to further explanation are on
the back (Figure 1). We created a dedicated website (a Github
repository) with detailed game rules and descriptions of each
question, including links to relevant sources. This additional
resource will assist evaluators in assessing student answers and
facilitate further discussion.
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What is concurrency in
QueSt parallel and distributed

computing?
111l puting

o

Answer
Concurrency is the ability of a
system to manage multiple
tasks or processes at the
same time, even though the
tasks may not be running
simultaneously. It allows
overlapping execution of
tasks to improve efficiency
and resource utilization.
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Fig. 1: PDC Quest Sample Card

(a) Note: Each card includes a QR code. Scanning the code will
direct the players to a website offering additional details and links to
resources related to the specific question.

Before gameplay, the game moderator can select and shuffle
the desired category cards into the Deal stack. Player 1 draws
a card and passes it to Player 2. Player 2 reads the question
aloud, and Player 1 has 60 seconds to answer. Players 2
and 3 evaluate the answer, assigning scores of 0 (incorrect),
1 (partially correct), and 2 (correct). The QR code can be
used for further discussion and evaluation. Player 1’s score
(category and score) is recorded, and Player 2 places the card
in the Played stack. Play continues rotationally, with each
player drawing a card, answering the question, and having their
answer evaluated by the other two players. Scores are recorded
on the score sheet as illustrated in Figure 2, indicating player
names, categories, and scores. Once all cards are played,
players calculate their average score for each category. This
analysis can help identify areas where further study is needed.

B. Data Collection and Analysis

The PDC Quest card game was played with groups of
junior and senior computer science students to enhance student
engagement and understanding of PDC concepts at Hawaii
Pacific University (HPU) and the University of Southern
Indiana (USI) at the start of the 2025 spring semester.
The game’s duration was limited to 45 minutes due to the
time constraints imposed by our course schedule. After the
game, a survey was administered to assess knowledge and
understanding of parallel and distributed computing concepts



TABLE I: PDC concept categories with sample questions

PDC Concept Category

Related Questions

1-Concurrency (CC)

What is concurrency in PDC?
How does concurrency differ from parallelism?
What is a race condition in concurrent systems?

2-Mutual exclusion (ME)

Why is mutual exclusion important in PDC?
‘What is a critical section, and how does mutual exclusion relate to it?
What is the difference between mutual exclusion and deadlock?

3-Consistency in state/memory manipulation (CM)

What is consistency in PDC?
What is the difference between strong and eventual consistency?
What is the CAP theorem and how does it relate to consistency?

4-Message passing (MP)

What is message-passing in parallel and distributed computing?
What are the key differences between message-passing and shared memory approaches?
What are point-to-point and collective communication in message-passing?

5-Shared-memory models (SM)

What is a shared-memory model in PDC?
What synchronization mechanisms are commonly used in shared-memory models?
How does the concept of a critical section relate to shared-memory programming?

6-Scalability (SC)

What is scalability in the context of PDC?
What are the two main types of scalability?
What role does the architecture of a system play in its scalability?

7-Scheduling and load balancing (SL)

What is scheduling and load balancing in the context of PDC?
What are the common types of scheduling algorithms used in parallel computing?
How do static and dynamic scheduling differ?

8-Speedup/Amdahl’s law (SA)

What is speedup in the context of PDC?
What is Amdahl’s Law?
Can you provide an example of Amdahl’s Law in practice?

PDC Quest Scoresheet
Score (0—no or incorrect answer, 1-partially correct answer, 2—complete & correct answer)
Average score for each category (total score for each category/number of cards played in that category)
Average Score:
Mastered Understanding: 1.8 and above
Good understanding:1.6-1.78,
Average understanding: 1.4-1.58
Category Player's Name 1 Player's Name 2 Player's Name 3
CC C1 (1), C3(0), C5(2)
ME
CM
MP
SM
SC
SL
SA
Avg 1-CC (1+0+2)3=1
Avg 2-ME
Avg 3-CM
Avg 4-MP
Avg 5-SM
Avg 6-SC
Avg 7-SL
Avg 8-SA
Note: Sample data for player score recording includes C# indicates the card played (#) indicates the
score and Average score for each category (total score for each category/number of cards played in that
category)

Fig. 2: Sample PDC Quest Score Sheet




and to assess engagement, enjoyment, critical thinking, col-
laboration, motivation, and self-efficacy related to the card
game. The survey, adapted from the Student Assessment
of Learning Gains (SALG) [36] and the Motivated Strate-
gies for Learning Questionnaire (MSLQ) [37] [38], collected
quantitative and qualitative feedback from participants. The
survey included Likert scale questions that assessed students’
perceived knowledge in eight PDC categories, along with two
questions each on engagement, enjoyment, critical thinking,
collaboration, motivation, and self-efficacy. In addition, the
survey contained two open-ended questions. One question
asked students to identify previous courses that had contributed
to their understanding of parallel and distributed computing.
The other asked for suggestions how to improve the card
game to enhance the learning experience. As mentioned, the
researchers implemented the PDC Quest card game in two
upper-level undergraduate CS courses with junior and senior
students. These courses had relatively small enrollments, with
18 students at USI and 10 at HPU. Due to the limited sample
size, the responses were combined for analysis, resulting in
28 participants. Given this sample size, the analysis remains
descriptive. Given the small sample size and the Likert scale
data, descriptive statistics are presented using the median, not
the mean. In addition, a summary of the responses to open
questions has been included.

As shown in Figure 3, the median score of 3 suggests that
most respondents provided a neutral response, indicating that
the card game neither significantly enhanced nor failed to
enhance their understanding of the concepts in the categories
of Speedup/Amdahl’s Law, Scheduling and Load Balancing,
Scalability, Consistency in State/Memory, and Mutual Exclu-
sion. In contrast, a median score of 2 for the Shared Memory
Models and Message Passing categories suggests that most
respondents felt the card game did not help them understand
these concepts. The mixed effectiveness, particularly the neu-
tral or negative learning impacts observed for certain PDC con-
cepts, necessitates a deeper analysis. We plan to directly ad-
dress the areas yielding neutral/negative responses by revising
and enhancing the supplementary learning materials associated
with those specific topics. Our aim is to provide more effective
support and ensure a better understanding of these concepts
through improved instructional resources. Furthermore, we
plan to initiate departmental discussions regarding the PDC
topics that received neutral/negative feedback to explore ways
to enhance PDC instruction within the existing curriculum.

As shown in Figure 4, the majority of respondents agreed or
strongly agreed that PDC Quest was engaging, enjoyable, and
promoted active participation, with median scores of 4 and 5,
respectively.

As illustrated in Figure 5, the median response of 3.5
suggests that participants generally agreed that the PDC Quest
game encouraged critical thinking in their decision-making.
However, some respondents remained neutral, indicating a
moderately positive but mixed perception. In contrast, the
median score of 2.5 suggests a slight tendency toward dis-
agreement regarding the game’s effectiveness in fostering new

PDC Concept Category Knowlege

Speedup/Amdahl’'s Law(SA)

Scheduling and Load Balancing(SL)

Scalability(SC)

Shared Memory Models(SM)

Message Passing(MP)
Consistency in State/Memory...

Mutual Exclusion(ME)

Concurrency(CC)

o

1 2
Median Score
To what extent did the card game help you understand the PDC concept
category
Likert Scale 1-Not at All-----5-A great deal

w
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Fig. 3: PDC Quest Response Knowledge

Engagement & Enjoyment

Median Score
o - N w = o (2]

| found the card game engaging and fun. | was actively involved in the game and its

activities.
Questions
Likert Scale 1-Strongly Disagree-----5-Strongly Agree

Fig. 4: PDC Quest Engagement

learning strategies. Responses were relatively balanced be-
tween neutral and negative perceptions, indicating a somewhat
negative, though not strongly opposed, view.

Critical Thinking Skills

Median Score
N

The card game encouraged me to think | developed new learning strategies while
critically about my decisions. playing the game.

Questions

Likert Scale 1-Strongly Disagree-----5-Strongly Agree

Fig. 5: PDC Quest Critical Thinking

As presented in Figure 6, the median score of 4 for the
statement regarding effective communication with peers during
the PDC Quest game suggests that most respondents agreed.



In contrast, the median score of 3 for the statement on the
game’s impact on teamwork skills indicates that a substantial
portion of respondents selected “Neutral,” suggesting either
a balanced distribution of opinions or an absence of strong
sentiment.

Collaboration

N w »
w o Ao

Median Score

o = r
cumraNnG»

I communicated effectively with my peers Playing the card game improved my ability to
during the game. work in a team.

Questions

Likert Scale 1-Strongly Disagree-----5-Strongly Agree

Fig. 6: PDC Quest Collaboration

As shown in Figure 7, the median score of 4 for the
statement about the card game motivated them to learn more
about parallel and distributed computing suggests that most
respondents agreed. In contrast, the median score of 3 for
the statement about respondents’ confidence in applying what
they learned in the game to real-world scenarios indicates
that a substantial portion selected “Neutral,” reflecting either
a balanced distribution of opinions or an absence of strong
perspectives.

Motivation & Self Efficacy

Median Score

The card game motivated me to learn
more about parallel and distributed
computing.

| feel confident applying what | learned in
the game to real-world scenarios.

Questions

Likert Scale 1-Strongly Disagree-----5-Strongly Agree

Fig. 7: PDC Quest Motivation and Self Efficacy

Participant Feedback: Feedback from participants on how
to improve PDC Quest to improve a better learning experience.
Several suggestions were provided in response to the open-
ended question about improving the card game to enhance the
learning experience. These suggestions were grouped into the
following categories.

Clarity and Specificity: Many respondents suggested re-
wording vague or open-ended questions to make them more
specific, helping players better understand them and improving
response quality. Additionally, they recommended allowing

more time for questions and providing clearer grading in-
structions to enhance the learning experience. The 45-minute
gameplay limitation revealed that some categories were not
covered, indicating a need to extend the time or reduce the
number of categories per game.

Learning Aids and Resources: Suggestions included adding
hints, definitions, or analogies to the cards to assist players,
particularly first-time players. Linking videos to QR codes was
also recommended to provide more detailed explanations and
help players better understand the concepts.

Difficulty Levels and Coverage: Participants suggested in-
corporating varying difficulty levels for each question, as-
signing different point values accordingly. Including more
questions from earlier coursework was also recommended to
provide a more comprehensive learning experience.

Gameplay Mechanics and Scoring: Enhancements to scor-
ing clarity were proposed, such as adding individual card
numbers and refining the instructions for score recording.
Additionally, adjusting how cards are shuffled could increase
the challenge by avoiding consecutive cards from the same
category.

Curriculum Contributions: Feedback from participants
on which CS courses at USI or HPU contributed to their
understanding of parallel and distributed computing is shown
in the word cloud in Figure 8. In descending order of PDC
concept coverage, students most frequently cited computer
architecture, operating systems, data structures, software en-
gineering, and database technologies.

_ algorithms
operatingsystems
computerarchitecture

datastructures
databasetechnologies

sofbwat cengineering

Fig. 8: Courses taken that have taught PDC concepts

(a) Note: A word cloud visually represents text data, where the size
of each word indicates its frequency or importance in the dataset.
The larger the word, the more frequently it appears in the text.

PDC Quest Score Sheet: The PDC Quest score sheet aims
to help students identify which categories of PDC concepts
they need to study further while also providing instructors with
a measure of student understanding. In this implementation
of the PDC Quest card game, students were given a 45-
minute class period to play. We observed that most of the
groups were unable to progress through many categories of
questions in the allotted time, making it challenging to analyze
the results of the scorecard in this initial test. However, the
results provided valuable insights into potential modifications
for future implementations of the game. For example, extend-
ing the game beyond the classroom, perhaps as part of a
student ACM meeting, would provide more time for in-depth
gameplay. Alternatively, the game could be adapted for shorter



class sessions by limiting the number of PDC categories
used, focusing only on specific topics such as Consistency,
Scalability, Message Passing, or other selected combinations.

IV. OBSERVATIONS AND BENEFITS OF THE PROPOSED
APPROACH

1) Instructors as Participant Observers: During the imple-
mentation of the card game in two junior- and senior-level
undergraduate computer science classes at USI and HPU,
instructors served as facilitators and participant observers,
moving between groups to monitor interactions and provide
guidance as needed. Their observations were documented
through note-taking, which included tracking the time spent on
each stage of the game, recording direct quotes from student
discussions on PDC questions, scoring answers using the
score sheet, and noting student suggestions for improving the
information on the GitHub page. Based on these observations,
instructors will revise the game to address the challenges
the students encountered, incorporating additional scaffolding
where necessary. Further analysis of these observations will
explore the game’s effectiveness in enhancing student engage-
ment and problem-solving skills.

2) Benefits of the Card Game: The PDC Quest card game
offers a dynamic and engaging approach to assessing student
knowledge. By providing immediate feedback and encourag-
ing collaborative problem solving, it fosters critical thinking
and application. As a low-stakes assessment, it creates a
relaxed and supportive learning environment that promotes
communication and caters to students’ diverse learning styles.
Here we outline a few of the key benefits of our proposed
approach:

Increased Engagement and Motivation: Gamified assessments
can enhance student motivation and engagement compared to
traditional tests.

Immediate Feedback: The game’s interactive nature provides
immediate feedback on student understanding, allowing for
real-time adjustments and reinforcing learning.

Critical Thinking and Application: The game encourages
critical thinking and problem-solving skills as students apply
their knowledge to answer questions.

Informal and Low-Stakes Assessment: The game creates a
low-pressure environment, reducing anxiety and encouraging
students to demonstrate their knowledge more freely.
Collaboration and Communication: Teamwork and peer inter-
action within the game foster collaboration and communica-
tion skills.

Differentiated Learning: The game can cater to diverse learn-
ing styles, making it a more inclusive assessment method.

V. CONCLUSIONS AND FUTURE WORK

This work presents the development and implementation
of a card game, using the flashcards that were introduced
in [31]. Th proposed approach is designed to foster a more
engaging and enjoyable learning experience for students learn-
ing complex foundational PDC concepts. Acknowledging the
challenges of learning PDC, we believe gamification is key in

enhancing instruction in undergraduate CS programs. While
traditional teaching methods remains essential, this card game
is being proposed to provide a valuable supplementary learning
experience. During the Spring 2025 semester, we conducted a
pilot study of the game in junior- and senior-level computer
science courses. To assess student knowledge gaps, we utilized
the score sheet as shown in Figure 2 alongside a post-activity
survey to gather student feedback on the game. In addition,
using two open ended questions on the survey, the students
were asked to provide suggestions for improving the game,
and to reflect on coursework that introduced them to the PDC
concepts covered in the game. Moreover, instructors observed
and facilitated gameplay, circulating among student groups
to monitor interactions and provide assistance. The instructor
observations were recorded using notes capturing gameplay
time, student discussions (including quotes), answer scoring,
and suggestions on improving additional resources provided
through the GitHub page.

Based on the feedback, planned future improvements in-
clude rewording vague questions, streamlining the score sheet
for better clarity, and adding learning resources such as
instructional videos and supplementary links to the PDC
Quest website. Furthermore, we aim to allocate more time
for responses and discussions to enhance the overall learning
experience. To address this, we plan to implement one of
two strategies in future iterations: either utilize the full class
session to allow for more comprehensive gameplay, or conduct
the activity during extended after-hours sessions, such as ACM
club meetings, to provide students with ample time to engage
with the game and its concepts. Given the small sample size,
we were limited to analyzing survey responses using descrip-
tive statistics. In the future, we plan to implement the game
with a larger cohort to enable statistical analysis while gaining
deeper insights into the effectiveness of the game. To achieve
a larger sample size and more comprehensive data analysis,
we plan to collaborate with instructors at other universities to
implement our PDC Quest game in their senior/junior-level CS
classes and collect additional data. We also plan to incorporate
more open-ended questions to the post-activity survey in future
iterations of the game. This will be further assessed using
sentiment analysis to extract actionable insights into student
perceptions. This approach will help us continue to identify
areas for improvement in the design of the card game and its
implementation, ultimately guiding the development of more
effective and engaging learning experiences for future cohorts.

REFERENCES

[1] J. D. Karpicke and H. L. Roediger, “The critical importance of re-
trieval for learning,” in Science, 2008, 319(5865), pp. 966-968. doi:
10.1126/science.1152408

[2] J. D. Karpicke and J. R. Blunt, “Retrieval practice produces more
learning than elaborative studying with concept mapping,” in Science,
2011, 331(6018), pp. 772-775. https://doi.org/10.1126/science.1199327

[3] E. R. Lai, “Motivation: A Literature Review Research Report,”
2011, http://images.pearsonassessments.com/images/tmrs/Motivation_
Review_final.pdf

[4] Tabibian, Behzad et al., “Enhancing human learning via spaced repeti-
tion optimization.” in Proceedings of the National Academy of Sciences



[5]
[6]

[7]

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

of the United States of America, vol. 116,10 (2019), pp. 3988-3993.
doi:10.1073/pnas.1815156116

M. D. Cohen, “The power of parallel thinking,” in Journal of Economic
Behavior and Organization, vol. 2, no. 4, pp. 285- 306, 1981.

J. Mullen, C. Byun, V. Gadepally, S. Samsi, A. Reuther, and J. Kepner,
“Learning by doing, high-performance computing education in the mooc
era,” in Journal of Parallel and Distributed Computing, vol. 105, pp.
105-115, 2017.

H. Lin, “Teaching parallel and distributed computing using a cluster
computing portal,” in Parallel and Distributed Processing Symposium
‘Workshops and Ph.D. Forum (IPDPSW), 2013 IEEE 27th International.
IEEE, 2013, pp. 1312-1317.

R. Brown and E. Shoop, “Csinparallel and synergy for rapid incremental
addition of pdc into cs curricula,” in 2012 IEEE 26th International
Parallel and Distributed Processing Symposium Workshops PhD Forum,
2012.

D. W. Juedes and F. Drews, “Engineering a new curriculum: Experiences
at ohio university in incorporating the ieee-tcpp curriculum initiative
during a transition to semesters,” in Parallel and Distributed Processing
Symposium Workshops and PhD Forum (IPDPSW), 2012 IEEE 26th
International. IEEE, 2012, pp. 1279-1282.

S. K. Prasad, A. Gupta, K. Kant, A. Lumsdaine, D. Padua, Y. Robert,
A. Rosenberg, A. Sussman, C. Weems et al., “Literacy for all in
parallel and distributed computing: guide-lines for an undergraduate core
curriculum,” in CSI Journal of Computing, vol. 1, no. 2, pp. 82-95, 2012.
R. Brown and E. Shoop, “Modules in community: injecting more
parallelism into computer science curricula,” in Proceedings of the 42nd
ACM technical symposium on Computer science education. ACM, 2011,
pp. 447-452.

D. J. John and S. J. Thomas, “Parallel and distributed com-puting
across the computer science curriculum,” in Parallel and Distributed
Processing Symposium Workshops (IPDPSW), 2014 IEEE International.
IEEE, 2014, pp. 1085-1090

W. B. Gardner, “Should we be teaching parallel programming?” in
Proceedings of the 22Nd Western Canadian Conference on Computing
Education, ser. WCCCE ’17, 2017.

S. J. Matthews, “Teaching with parallella: a first look in an under-
graduate parallel computing course,” Journal of Computing Sciences in
Colleges, vol. 31, no. 3, pp. 18-27, 2016.

S. K. Prasad, A. Gupta, A. Rosenberg, A. Sussman, and C. Weems,
Topics in Parallel and Distributed Computing: Introducing Concurrency
in Undergraduate Courses, 1st ed. Morgan Kaufmann, August, 2015.
S. K. Prasad, A. Gupta, A. Rosenberg, A. Sussman, and C. Weems, Top-
ics in Parallel and Distributed Computing: Enhancing the Undergraduate
Curriculum: Performance, Concurrency, and Programming on Modern
Platforms, 2nd ed. Springer International Publishing, 2018.

S. Bogaerts, K. Burke, B. Shelburne, and E. Stahlberg, “Concurrency and
parallelism as a medium for computer science concepts,” in Curricula
for Concurrency and Parallelism workshop at Systems, Programming,
Languages, and Applications: Software for Humanity, 2010.

S. Bogaerts, “Hands-on exploration of parallelism for absolute beginners
with scratch,” in 2013 IEEE International Sympo-sium on Parallel and
Distributed Processing, Workshops and Ph.D. Forum. IEEE, 2013, pp.
1263-1268.

S. A. Bogaerts, “Limited time and experience: Parallelism in cs1,” in
Parallel and Distributed Processing Symposium Workshops (IPDPSW),
2014 IEEE International. IEEE, 2014, pp. 1071-1078.

S. A. Bogaerts, “One step at a time: Parallelism in an introductory
programming course,” in Journal of Parallel and Distributed Computing,
vol. 105, pp. 4-17, 2017.

E. Saule, “Experiences on teaching parallel and distributed computing
for undergraduates,” in 2018 IEEE International Parallel and Distributed
Processing Symposium Workshops (IPDPSW), 2018.

A. Branco, A. L. De Moura, N. Rodriguez, and S. Rossetto, “Teaching
concurrent and distributed computing—initiatives in Rio de Janeiro,” in
Parallel and Distributed Processing Symposium Workshops and Ph.D.
Forum (IPDPSW), 2013 IEEE 27th International. IEEE, 2013, pp.
1318-1323.

D. Grossman and R. E. Anderson, “Introducing parallelism and concur-
rency in the data structures course,” in Proceedings of the 43rd ACM
technical symposium on Computer Science Education. ACM, 2012, pp.
505-510.

M. Johnson, R. H. Liao, A. Rasmussen, R. Sridharan, D. D. Garcia, and
B. Harvey, “Infusing parallelism into introductory computer science cur-

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

(33]

[34]

[35]

[36]

[37]

[38]

riculum using Mapreduce,” EECS Department, University of California,
Berkeley, Tech. Rep, 2008.

S. V. Moore and S. R. Dunlop, “A flipped classroom approach to
teaching concurrency and parallelism,” in Parallel and Distributed Pro-
cessing Symposium Workshops, 2016 IEEE International. IEEE, 2016,
pp. 987-995.

S. K. Prasad, A. Y. Chtchelkanova, S. K. Das, F. Dehne, M. G. Gouda,
A. Gupta, J. Jaja, K. Kant, A. La Salle, R. LeBlanc, et al., “NSF/IEEE-
TCPP curriculum initiative on parallel and distributed computing: core
topics for undergraduates,” in SIGCSE, vol. 11, 2011, pp. 617-618.
Prince, M., “Does Active Learning Work? A Review of the Re-
search,” in Journal of Engineering Education, 2004, 93: 223-231.
https://doi.org/10.1002/j.2168-9830.2004.tb00809.x

Freeman, S., et al, “Active learning increases student perfor-
mance in science, engineering, and mathematics,” in Proceedings
of the National Academy of Sciences, 2014, 111(23), 8410-8415.
https://www.pnas.org/doi/full/10.1073/pnas.1319030111

B. L. Wiggins, S. L. Eddy, L. Wener-Fligner, K. Freisem, D. Z.
Grunspan, E. J. Theobald, J. Timbrook, and A. J. Crowe, “Aspect: A
survey to assess student perspective of engagement in an active-learning
classroom,” CBELife Sciences Education, vol. 16, no. 2, p. ar32, 2

S. Srivastava, M. Smith, A. Ghimire and S. Gao, “Assessing the
Integration of Parallel and Distributed Computing in Early Un-
dergraduate Computer Science Curriculum using Unplugged Activi-
ties,” 2019 IEEE/ACM Workshop on Education for High-Performance
Computing (EduHPC), Denver, CO, USA, 2019, pp. 17-24, doi:
10.1109/EduHPC49559.2019.00008.

M. L. Smith and S. Srivastava, “Introducing Parallel and Distributed
Computing concepts through the use of Flashcards and a Card Game,”
2023 IEEE International Parallel and Distributed Processing Symposium
‘Workshops (IPDPSW), St. Petersburg, FL, USA, 2023, pp. 278-283, doi:
10.1109/IPDPSW59300.2023.00053.

S. Butler, and D. T. Ahmed, “Gamification to engage and motivate
students to achieve computer science learning goals,” In Proceedings
of the IEEE International Conference on Computational Science and
Computational Intelligence (CSCI), December 2016, (pp. 237-240).

M. Papastergiou, “Digital Game-Based Learning in high school Com-
puter Science education: Impact on educational effectiveness and student
motivation,” Computers and Education, vol. 52, pp. 1-12, 2009.
Amruth N. Kumar, Rajendra K. Raj, Sherif G. Aly, Monica D. Anderson,
Brett A. Becker, Richard L. Blumenthal, Eric Eaton, Susan L. Epstein,
Michael Goldweber, Pankaj Jalote, Douglas Lea, Michael Oudshoorn,
Marcelo Pias, Susan Reiser, Christian Servin, Rahul Simha, Titus
Winters, and Qiao Xiang. 2024. Computer Science Curricula 2023.
Association for Computing Machinery, New York, NY, USA.

S. Srivastava, M. Smith, “Designing a Card Game for Computer Sci-
ence Instructors to Evaluate Students’ Parallel and Distributed Com-
puting Knowledge,” Proceedings of the 2024 IEEE 31st International
Conference on High Performance Computing, Data and Analytics
(HiPCW), Bangalore, India, 2024, (pp. 3-8), ISBN: 979-8-3315-0911-8,
ISSN:2770-0135

E. Seymour, D. Wiese, A. Hunter, and S. M. Daffinrud, ’Creating a
better mousetrap: On-line student assessment of their learning gains,”
presented at the National Meeting of the American Chemical Society,
San Francisco, CA, USA, 2000.

P. R. Pintrich, D. A. F. Smith, T. Garcia, and W. J. McKeachie, A
Manual for the Use of the Motivated Strategies for Learning Ques-
tionnaire (MSLQ), Ann Arbor, MI, USA: Univ. Michigan, National
Center for Research to Improve Postsecondary Teaching and Learning
(NCRIPTAL), 1991.

P. R. Pintrich, D. A. F. Smith, T. Garcia, and W. J. McKeachie, "Reli-
ability and predictive validity of the Motivated Strategies for Learning
Questionnaire (MSLQ),” Educational and Psychological Measurement,
vol. 53, no. 3, pp. 801-813, 1993, doi: 10.1177/0013164493053003024.



