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Exploring medical students’
attitudes on computational
thinking in a Saudi university:
insights from a factor analysis
study

Abdulaziz Althewini* and Omar Alobud

College of Science and Health Professions, King Saud bin Abdulaziz University for Health Sciences,
Ministry of National Guard, King Abdullah International Medical Research Center (KAIMRC), Riyadh,
Saudi Arabia

Computational thinking represents an innovative pedagogical paradigm embraced
by numerous academic institutions to cultivate the problem-solving acumen of
students. Despite its widespread acceptance across diverse disciplines, the integration
of computational thinking within medical education remains incomplete. This
study seeks to ascertain the attitudes of medical university students in Saudi Arabia
regarding computational thinking. Employing an exploratory research design, the
investigation encompassed 394 health sciences students, transcending educational
backgrounds and gender, with the objective of gaging their attitudes and awareness
concerning the value, learning, and perceived difficulty associated with computational
thinking within the context of medical curricula. The findings of the study indicate
a notably positive disposition among students enrolled in medicine and health
informatics programs toward computational thinking, surpassing the attitudes
observed in other health disciplines. This discernible preference underscores
the potential for integrating computational learning into medical curricula. The
results further reveal a pronounced enthusiasm among students for computational
thinking, suggesting a genuine interest in leveraging this approach for clinical
problem-based learning. Consequently, it can be posited that the incorporation
of computational thinking within medical education and clinical problem-solving
scenarios warrants active encouragement in forthcoming educational initiatives.

KEYWORDS

computational thinking, college education, medical education, computing literacy,
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Introduction

Computational thinking (CT) has emerged as a contemporary educational paradigm,
encompassing a set of skills imperative for effective problem-solving across diverse academic
domains. Coined by Wing (2006), CT represents the amalgamation of critical thinking and
computer science, evolving into a fundamental cognitive process amid the transformative
influence of computers on various industries. This innovative approach entails the formulation
of problems and their solutions in a manner conducive to execution by information processing
agents (Cuny et al,, 2010). Students’ cognizance of CT, its theoretical underpinnings, and their
proficiency in its application bear significance, as it fosters systematic thinking and the
utilization of CT tools as a framework for an enhanced repertoire of problem-solving skills.
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This paper seeks to investigate the attitudes among medical
university students regarding the importance and value of CT in their
lives. Pioneering an exploratory research design, this study represents
the first of its kind in the Saudi context, endeavoring to
comprehensively collect and analyze students CT knowledge
irrespective of their educational background and gender.

In the contemporary era characterized by data-driven paradigms
and computational advancements, the extent of awareness among
medical students regarding CT assumes particular significance.
Notably, the absence of available Saudi data delineating the
proficiency of students in computing and CT skills underscores the
importance of this study. Proficiency in such skills empowers
students to engage in broad and creative problem-solving endeavors,
utilizing computational tools effectively. Consequently, this research
serves as an initiative to introduce CT to the Saudi educational
community, emphasizing its inherent value and elucidating the
actual extent of students’ knowledge. In an epoch dominated by
data-driven imperatives, the acquisition of computational skills,
especially in problem-solving, becomes indispensable across
academic fields.

Literature review

The conceptualization of Computational Thinking (CT) was
expanded by Wing (2006), marking a vital moment in educational
discourse as her advocacy for the integration of CT into K-12 curricula
garnered significant attention and prompted diverse initiatives across
fields. The higher education domain has, in turn, exhibited a
burgeoning interest in exploring the implications of CT for students’
learning. Wing (2006) posits CT as an indispensable skill applicable
to individuals engaging in mental processes for problem-solving and
seeking computational solutions. Contrary to a common assumption
associating CT primarily with computer scientists, its relevance
extends across diverse disciplines, including the sciences, humanities,
and education. Positioned as a component of logical thinking
repertoires, CT is perceived to exert a pronounced impact on students’
analytical capabilities (Agbo et al., 2023; Aryan and Shettar, 2023; Shin
etal, 2021). Wing (2006) clarifies that the intent behind applying CT
to various academic domains, particularly in education, is not to mold
human thought in emulation of computers but rather to provide an
innovative framework facilitating adept problem-solving.

The constituents of CT encompass algorithmic thinking,
decomposition, abstraction, parallel thinking, and pattern-matching.
Of these, abstraction assumes paramount significance, as emphasized
by Wing (2011). Abstraction, in the context of CT, involves the
strategic removal of extraneous details or complexities, directing
attention to the essential features of an object, concept, or system. This
foundational concept holds particular relevance in computer science
and programming, facilitating the development of more efficient and
maintainable code. The application of abstraction is instrumental in
creating intricate systems and synthesizing information by
generalizing from elementary components.

Various strategies exist for the integration of CT into educational
frameworks. One approach involves infusing CT concepts into
existing subjects and courses, such as incorporating them into math
and science curricula to cultivate students’ adeptness in problem-
solving. Alternatively, dedicated CT courses can be instituted to
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impart the requisite skills and competencies associated with CT. Such
courses, offered across diverse academic fields, aim to equip students
with the proficiencies essential for success in the digital age (Su and
Yang, 2023; Triantafyllou et al., 2024; Chen et al., 2023).

The integration of CT into education holds the potential to exert
a profound impact on students’ learning outcomes. A body of research
has delved into the repercussions of CT instruction on learning
outcomes, revealing enhancements in students’ creativity, problem-
solving acumen, and collaborative skills. Furthermore, CT instruction
has demonstrated the capacity to elevate student achievement in
science and technology subjects, fostering improvements in critical
thinking, creativity, and communication skills. These empirical
investigations collectively underscore the substantial promise of CT
in augmenting students’ learning outcomes across a spectrum of
academic disciplines (Liu et al., 2023; Ye et al., 2023; Richardo
etal., 2023).

CT holds the potential to enhance creativity among students by
instilling a structured and systematic approach to problem-solving.
CT instructs students to deconstruct intricate problems into more
manageable components and to discern patterns and relationships
within the elements of the problem. This methodological approach
fosters the generation of novel and innovative solutions, enabling
students to perceive connections and relationships that may elude
them otherwise. Furthermore, CT cultivates critical thinking skills
as students engage in a meticulous analysis of each step in the
problem-solving process, discerning potential areas for
improvement. The development of these skills equips students with
the capability to confront complex problems adeptly, culminating in
the formulation of creative and inventive solutions (Richardo et al.,
2023; del Olmo-Muiioz et al., 2023; Zhang et al., 2024; Agbo
etal., 2023).

Empirical evidence from several studies corroborates the
affirmative impact of CT instruction on diverse learning outcomes,
encompassing creativity, problem-solving acumen, collaboration
skills, critical thinking, communication proficiency, and digital
competencies. Key contributors to this body of research include
Brennan and Resnick (2012), Van Der Linde et al. (2021), and
Angeli (2021).

Brennan and Resnick's (2012) study, for instance, investigated the
effects of CT instruction on high school students’ creativity, problem-
solving, and collaboration skills. The study, conducted during a four-
week summer program in the United States, encompassed 105
participants and involved comprehensive instruction on CT concepts
such as algorithmic thinking, decomposition, abstraction, and
pattern-matching. Additionally, hands-on activities were integrated to
afford students practical experience in applying these skills. Pre-and
post-program assessments were administered to gage students’
creativity, problem-solving, and collaboration skills.

Results from the study unveiled a significant augmentation in
scores related to creativity, problem-solving, and collaboration among
students who underwent the CT program compared to their
non-participating counterparts. Notably, the CT program exerted a
positive influence on students’ attitudes toward computer science, as
evidenced by a substantial increase in the number of students
expressing interest in pursuing computer science post-program. This
empirical investigation thus contributes substantive evidence attesting
to the efficacy of CT instruction in fostering enhanced creativity and
other crucial learning outcomes among students.
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Beyond student outcomes, scholarly inquiries have extended to
the impact of CT on teacher education. For instance, the investigation
conducted by Angeli (2021) demonstrated that CT instruction
contributes to the enrichment of teachers’ pedagogical content
knowledge and fosters the adoption of innovative teaching practices.
These collective findings underscore the imperative of incorporating
CT into teacher education programs, ensuring that educators acquire
the requisite skills and competencies to effectively prepare students for
the challenges posed by the digital age.

CT in medical education

The integration of CT into health science education programs
assumes critical significance, given the increasing data-centric nature
of professions within the health sciences. These fields necessitate a
heightened computational aptitude and a sophisticated level of
thinking, aligning with the evolving landscape of healthcare systems
reliant on data-driven decision-making processes. Such integration is
essential for preparing future medical professionals to navigate and
contribute meaningfully to the complexities of contemporary healthcare.

Musaeus et al. (2017) advocate for the integration of “Medical
Computational Thinking” into medical education, emphasizing its
potential to enhance problem-solving skills and deepen understanding
of complex medical concepts as it is asserted in other research studies
(Si et al., 2023; Si et al., 2021; Torregiani and Torregiani, 2023). The
study, as a theoretical discussion, underscores the growing importance
of computational thinking in healthcare, where data-driven approaches
and technology are increasingly pivotal. Integrating computational
thinking into medical curricula equips students to navigate expanding
medical information landscapes and use technology effectively.
Musaeus et al. (2017) propose dedicated courses where students can
learn to analyze medical data, apply algorithms in decision-making,
and devise innovative solutions to medical challenges. This inclusion
empowers future healthcare professionals to make informed decisions,
improve patient outcomes, and contribute to medical research and
innovation. The study also highlights the broader benefits, including
fostering critical thinking and multidimensional problem-solving,
leading to more accurate diagnoses, personalized treatment plans, and
enhanced healthcare delivery.

Expanding this line of inquiry, Law et al. (2019) conducted a
comprehensive study exploring the role of computing in medical
education and the imperative need to prepare medical students for the
future. They assert that the transformative potential of technology in
healthcare necessitates the adept incorporation of computer literacy skills
among future physicians to ensure optimal patient care. Recognizing the
inadequacies in the preparedness of aspiring doctors in computer literacy,
the authors devised a 14-month Computing for Medicine certificate
course (C4M), initiated at the University of Toronto. This course
incorporates hands-on programming workshops, homework exercises,
seminars by computer science experts contextualized within the medical
domain, and coding projects. A qualitative study, utilizing purposive and
maximal variation sampling, was conducted, involving interviews with 17
students who completed the course from April to May 2017. Thematic
analysis, employing an iterative constant comparison approach, revealed
that participants lauded the C4M as an avenue for achieving computer
literacy, encompassing language, syntax, and fundamental computational
concepts, with direct applicability to medicine.
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Additionally, participants emphasized the enhancement of
algorithmic and logical thinking skills vital for problem-solving.
The course was commended for elucidating the intricate linkages
between computer science and medicine, although participants
acknowledged the potential divide between technology producers
and users in the medical domain. Consequently, a recommendation
emerged for fostering two-way communication between these
disciplines during the development of medical technology. The
study advocates for medical schools to recognize computer
literacy as an indispensable skill, fostering collaborative
computing partnerships for enhanced technology utilization by
physicians and, consequently, optimal patient care. The authors
advocate for ongoing evaluation of future iterations of the C4M
and similar courses to continually refine and improve
their effectiveness.

Collectively, these studies create compelling evidence of the
transformative potential of CT in elevating medical students’
problem-solving abilities, diagnostic accuracy, and decision-making
skills. The incorporation of CT into medical education emerges as
a strategic imperative to equip students with the requisite skills and
competencies essential for success in the contemporary digital age
(Si et al., 2023; Torregiani and Torregiani, 2023; Si et al., 2021; Law
et al., 2019; Musaeus et al., 2017).

Research questions

The primary objective of this research study is to address several
key inquiries pertaining to Saudi medical students’ attitudes toward
CT. Specifically, the study endeavors to elucidate the following questions:

1 What are the prevailing attitudes of Saudi medical students
toward CT, and what are the emergent categories characterizing
these attitudes?

2 To what extent do these attitude categories rank among the
students, and is there a discernible inclination toward one
category over another?

3 Are there significant variations in the attitudes toward CT
among students based on their health science major?

Methodology
Participants

The research enlists the participation of 394 medical students
enrolled in a Saudi university, where the curriculum predominantly
comprises science and medical courses. Notably, these students
undergo a computer science course during their sophomore year,
emphasizing foundational skills for computer literacy. The
curriculum of this course encompasses essential topics in computer
science, including computer architecture, basics of computer
networks, fundamentals of algorithms, basics of database
management, and their applications in electronic health records. The
course is designed to equip students with computational thinking
principles derived from the domain of computer science, facilitating
their application in solving medical problems through computer-
based agents.
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Materials

The study employs an exploratory survey crafted by Yadav et al.
(2011) to gage the attitudes of medical students toward CT. This
survey is administered to participants concurrently with their
enrollment in the computer science course, with their written
informed consent.

Following the submission of surveys by the students, the
researchers conduct an exploratory factor analysis to distill the results
into coherent categories, thereby eliminating extraneous survey items.
To examine potential variations in attitudes toward CT based on
students’ health science majors, statistical analyses including ANOVA
tests and Tukey post-hoc tests are employed. These tests are crucial for
elucidating any significant differences that may exist among students
with varying health science majors.

Results
Exploratory factor analysis

To investigate the underlying structure of a computational
thinking questionnaire, data collected from 394 participants were
subjected to principal axis factoring with Promax rotation
(kappa = 4; suppressing small coefficients of <0.4; Pituch et al., 2013).
Please note that 354 participants remained after list-wise
exclusion procedure.

Prior to running the principal axis factoring, we examined all the
variables and found that the variables were reasonably normally
distributed, although not every variable passed the Shapiro-Wilk test.
Note that these deviations were not considered problematic, given the

TABLE 1 Pattern matrix®.

10.3389/feduc.2024.1444810

robust nature of factor analysis. Negatively worded items were reverse
coded. An exploratory factor analysis was conducted on the 19
questionnaire items (3 questions assessing academic achievements
and 16 questions to assess different aspects of computational thinking).

We found a high Kaiser-Meyer-Olkin (KMO) value of 0.87
suggested that the factor analysis could identify distinct and reliable
factors. Bartletts Test of Sphericity was significant x* (df =171,
N =354) =2099.89, p < 0.001, confirming the presence of significant
correlations between some variables (Zygmont and Smith, 2014). The
correlation matrix showed that every item had a correlation with at
least one other above 0.3 (Tabachnick et al., 2007). Overall, the
analysis revealed no problems with multicollinearity or singularity
(ie., all r's <0.85; Allen and Bennett, 2012) as examined in the
correlation matrix. Multiple correlations within the anti-image
matrices ranged between 0.619 and 0.942, exceeding the recommended
threshold of 0.5 and confirming adequate sampling adequacy
(Field, 2013).

Four factors (i.e., categories) were initially identified with
eigenvalues greater than 1, accounting for 54.2% of the total variance,
which was confirmed by the corresponding scree plot. However, three
items were found to be problematic, failing to load to any of the
factors. These items were removed, and the analysis was then rerun on
the remaining 16 items. As results, we again observed four factors with
eigenvalues greater than 1, consistent with the scree plot which also
suggested a four-factor solution accounting for 58.35% of the total
variance would be retained. Please refer to Table 1 for the full pattern
matrix following Promax rotation.

As can be seen from Table 1, category 1 comprised 5 items, with
the highest factor loading item: “Think Computational Science (CS)
is interesting” This category was labeled “CT value” (i.e., the level of
importance and enjoyment students have while solving problems

Factor

Think Computational Science (CS) is interesting 0.778
Will voluntarily take computing courses 0.762
Challenge solving problems by CT appeals 0.756
Compute thinking should be integrated into high school 0.577
Hope future career requires computing concepts 0.565
Computational thinking can be integrated into high school 0.456
Having CT knowledge is valuable 0.418

Can achieve good grades in computational courses

0.679

Expect to use computational apps for future projects

0.598

Expect to use computational software

0.533

Can learn computing concepts

0.474

SAAT

0.822

GPA

0.693

GAT

0.577

No requirement for computation skills

0.644

Not comfortable with computing concepts

0.606

Extraction Method: Principal Axis Factoring. Rotation Method: Promax with Kaiser Normalization.

“Rotation converged in 6 iterations.
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using computers, desire to employ computational thinking approached
in the future etc.). Category 2 included four items with the highest
loading item: “Can achieve good grades in computational courses.”
The second factor was labeled “CT learning,” as it was clearly
associated with expectations of learning the use of computer science.

Category 3 consisted of three items with the highest factor
loading: “SAAT;” followed by “GPA” and “GAT” This category was
labeled “Academic measurements” as all three items reflect academic
performance and overall learning abilities. Finally, category 4
encompassed two items with the highest factor loading: “No
requirement for computational skills” and “Not comfortable with
computing concepts” This category was labeled: “CT difficulty” since
this category described to what extent students sense the difficulty of
computer science (i.e., not comfortable with computer science).

The factor correlation matrix showed correlations up to r = 0.57,
suggesting that the oblique [Promax] rotation was justified (Schmitt,
2011; see Table 2). Finally, note also that additional Chronbach’s alpha
analyses across the four Factors revealed moderate to very good values
(Factor 1 =0.83, Factor 2 = 0.72, Factor 3 used Chronbach’s alpha
based on standardized items due to scale differences in GPA vs. SAAT/
GAT =0.72, Factor 4=0.63). This implies acceptable internal
consistency of items in each of the four observed factors.

Rank of categories

In subsequent steps, we have directly contrasted participants’
responses in the three categories (CT value, CT learning and CT
difficulty). For this purpose, we have averaged response scores
separately for each of category so that each participant would have 1
value that represents his specific category score. Since each participant
answered questions that were related to each of the categories, we used
a repeated measures ANOVA design with within-group items with
three levels. Note that Greenhouse-Geisser corrected values are
reported whenever the sphericity assumptions were violated.

As a result, we found a significant main effect of categories [F(2,
754) = 337.68, p<0.001, pEta®=0.47].
comparisons revealed that there was a significantly higher expectations

Subsequent pairwise
of CT learning (mean score = 3.36) relative to CT value [mean
score = 2.96; t(377) = —16.35, p < 0.001]. Interestingly, there were
higher levels of CT value (mean score = 2.25) relative to CT difficulty
[t(377) =13.98, p<0.001] and higher levels of CT learning
expectations relative to CT difficulty [t(380) = 22.42, p < 0.001].

Due to the fact that each category average consistent of different
number of questionnaire items across all participants (i.e., CT value
contained 7 questions, CT learning had 4 questions and CT difficulty
only 2 questions) and due to violations of normality (K-S, all
ps < 0.001) we have additionally performed a non-parametric version

TABLE 2 Factor correlation matrix.

Factor 1 2 3 4

1 0.569 —0.087 -0.316
2 0.319 -0.301
3 0.083

Extraction Method: Principal Axis Factoring. Rotation Method: Promax with Kaiser
Normalization.
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of one-way ANOVA, the Friedman’s test. The test revealed a significant
main effect of categories (X* = 373.9, p < 0.001). Follow-up Wilcoxon
signed-ranks test revealed a significant difference between
expectations of CT learning and CT value (Z = —13, p < 0.001), CT
value and CT difficulty (Z=-11.7, p<0.001) and CT learning
expectations vs. CT difficulty (Z = —14.73, p < 0.001). To conclude, it
seems that participants could clearly see the learning of computational
science in the near future and although there was some degree of
negative attitude toward CT in the student population, there was even
higher degree of value expressed toward CT.

Finally, we found a number of positive and negative correlations
between the three categories (see Table 3).

Differences in attitude according to health
science major

Now, for analyzing the difference among students according to
their health science major, we run ANOVA analysis and Tukey post-
hoc test. We look at the three categories: “CT value;” “CT learning,” and
“CT difficulty” For the first category, CT value, there is 99% significant
difference between respondents from the considered colleges. To find
out which college students really differ on that category, we need to
run multiple comparison table based on Tukey post-hoc test. It reveals
that College of Public Health and Health informatics has a statistically
higher value for CT value than for College of Medicine (p = 0.003) and
for College of Dentistry (p = 0.010).

For the second category, “CT learning,” there is a significant
difference among the colleges with 99% level of confidence. The
College of Medicine (COM) has a more loaded positive attitude for
CT learning than the other colleges.

For the third category, “CT difficulty;” even though it proves that
with p < 0.05 the college type has a significant effect on this category,
there are no significant differences between every possible pair
of colleges.

Discussion

The application of CT in the medical domain involves the
exploration of computer-aided solutions to clinical challenges,
requiring an evaluative framework to discern the value of such
solutions in facilitating medical decision-making. This study
delves into a comprehensive analysis of medical students’ attitudes
regarding CT within the context of a Saudi University. Employing
an exploratory survey as the primary instrument, the research
aims to assess students’ awareness and attitudes toward
computational thinking. Subsequently, an exploratory factor
analysis is conducted to distill key insights into students’
perceptions, and an investigation is undertaken to identify
potential variations in attitudes based on students’ health
science majors.

The exploration focuses on three distinct categories, namely CT
value, CT learning, and CT difficulty, each pivotal in understanding the
nuanced dimensions of Saudi medical students’ awareness and attitudes
toward CT. The study positions itself as an exploration into the attitudes
of health-oriented students within the Saudi Arabian context, aspiring
to influence educational decision-makers by advocating for the
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TABLE 3 Correlations.

10.3389/feduc.2024.1444810

Enthusiasm CS in Future Negative attitude

CT value Pearson Correlation 1 0.537%% —0.297%%*

Sig. (2-tailed) 0.000 0.000

N 378 378 378
CT learning Pearson Correlation 0.537%* 1 —0.295%%*

Sig. (2-tailed) 0.000 0.000

N 378 381 381
CT difficulty Pearson Correlation —0.297%* —0.295%# 1

Sig. (2-tailed) 0.000 0.000

N 378 381 381

#*Correlation is significant at the 0.01 level (2-tailed).

incorporation of principles from the Computer Science community
into the curriculum for non-Computer Science students.

The outcomes of the study unveil a pronounced admiration and
valuation of computational thinking principles among students,
signaling a collective endorsement for their integration into educational
curricula. In consonance with several studies (Agbo et al., 2023; Aryan
and Shettar, 2023; Shin et al., 2021; Wing, 2011), the findings underscore
students’ recognition that medical challenges can be effectively
addressed through the application of CT principles, particularly in the
generation of computer-based agents. The identified categories
encapsulating students” attitudes—CT value, CT learning, and CT
difficulty—provide a nuanced understanding of the appeal, confidence,
and perceived challenges associated with computational thinking.

Notably, students enrolled in the College of Medicine exhibit a
significantly positive attitude toward computational thinking and
learning in comparison to their counterparts in other colleges. This
discernible trend underscores the potential applicability and relevance
of computational thinking within a medical curriculum. The study
further highlights a palpable interest among medical students in
computer sciences, manifested through a voluntary willingness to
engage in computing courses, as it is aligned with the other studies
within the medical field (Si et al., 2023; Si et al., 2021; Law et al., 2019;
Musaeus et al., 2017).

The exploratory survey encompasses diverse categories that
collectively underscore the central role of computational thinking in
medical education. The findings advocate for the inclusion of
computational thinking and learning content within medical
curricula, with a specific focus on cultivating competence in utilizing
information technology to enhance patient care. The envisaged
computational thinking and learning curricula in medical education,
as proposed by this study, advocate for an initial focus on population
health, emphasizing its potential impact on disease prediction, risk
stratification, and management.

Pearson correlation results clearly indicated that students believed
in more involvement of CT as a part of their medical education in
their near future. Courses related to computational thinking and
learning with a particular focus on public health and evidence-based
medicine could initially be introduced for the students. Students’
awareness toward the computer sciences indicates that the CT will
become an additional tool for the clinician to provide care.

Health informatics majors, engaged in the realms of data
manipulation, analysis, and reporting, notably expressed a heightened
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affinity for CT, endorsing its integration into educational curricula.
Conversely, medical majors exhibited the strong confidence in learning
CT principles and their application to address medical challenges.

Remarkably, only two Saudi studies have delved into the role of
CT in education so far but not yet in medical education, consistently
converging on the conclusion that there is a significant interest among
Saudi educators in utilizing CT for problem-based learning and
improving students cognitive skills.

Alfayez and Lambert (2019) have raised concerns regarding the
adequacy of computational thinking knowledge among computer
science educators for effective subject instruction. To explore this
matter, a quantitative research study involving 55 male computer
science teachers in Riyadh, Saudi Arabia, was conducted. The
outcomes of the investigation disclosed that a considerable proportion
of the computer science teachers exhibited a diminished conceptual
proficiency in various aspects of computational thinking, including
problem-solving, algorithmic thinking, abstraction, and automation.

Additionally, a subset of these educators harbored misconceptions
concerning the precise conceptualization of computational thinking.
The findings underscored a discernible need for enhanced training
among computer science teachers to augment their comprehension of
computational thinking and to refine their pedagogical strategies for
the effective dissemination of this subject matter.

Within the context of Saudi teachers’ low awareness of CT, Alyahya
and Alotaibi (2019) focused in their study on how CT would help
students to enhance their proficiency in mathematics. This research seeks
to explore the interrelationships between CT and their corresponding
outcomes in the context of mathematics tests conducted as part of the
Trends in International Mathematics and Science Study (TIMSS). The
study considers five dimensions of CT: creativity, algorithmic thinking,
cooperativity, critical thinking, and problem-solving.

Recognizing the vital role of these cognitive skills and their impact
on students’ academic outcomes would furnish educators with
valuable insights for refining instructional methodologies and
enhancing TIMSS achievement. The study, conducted with a cohort
of 46 participants, exclusively comprising female students, revealed
that heightened levels of CT significantly predicted superior
mathematics performance in TIMSS. Specifically, problem-solving
skills emerged as the most influential factor in test results, whereas
creativity skills demonstrated the least impact.

The findings suggest that students would derive greater
benefits from honing their problem-solving abilities rather than
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emphasizing critical thinking skills to excel in TIMSS assessments.
This study’s positive impact is paramount in the realm of CT and
its influence on mathematics education. By highlighting the crucial
role of CT skills, particularly problem-solving, algorithmic
thinking, and critical thinking, the findings urge educators to
strategically integrate these skills into instructional practices. The
identification of problem-solving skills as the most impactful
contributor to TIMSS performance underscores CT as a catalyst
for academic success. Moreover, the study’s focus on female
students promotes gender-inclusive CT education, encouraging
educators to foster these skills across diverse student populations.
Overall, the research provides a solid foundation for integrating
CT into curricula, ensuring that education aligns with the
demands of a technologically advanced and problem-solving-
oriented future.

Collectively Alfayez and Lambert (2019), Alyahya and Alotaibi
(2019), and our study provide compelling evidence of the
transformative potential of CT in fortifying students’ problem-solving
competencies. However, as in our study supported by the other two
studies, the incorporation of CT into medical education emerges as a
strategic imperative, affording students the opportunity to cultivate
the skills and competencies indispensable for success in the
contemporary digital age and, consequently, effecting improvements
in patient care.

The incorporation of medical computational thinking within the
medical curriculum emerges as a potential avenue to educate medical
students and trainee physicians in the intricacies of analyzing and
designing complex healthcare organizations heavily reliant on
computer technology, as highlighted by Musacus et al. (2017). This
educational initiative is envisioned to immerse students in
information practices, fostering an understanding of computer
technology’s direct involvement in patient care provision. Despite the
established presence of computational thinking in bioinformatics and
its impact on teaching and research, its penetration into the medical
curriculum remains limited (Musaeus et al., 2017). The paucity of
literature underscores the need for further research to delineate the
fundamental principles that medical students should assimilate to
develop a profound comprehension of computational thinking and
its application in problem-solving within systemic healthcare and
individual patient care contexts. The identified categories in this
study serve as clear indicators for advocating the introduction of
computer science courses into pre-medical and professional health
programs in Saudi Arabia. While these categories provide valuable
studies should elucidate the correlations

insights, future

between them.

Conclusion

Medical students dedicate a substantial portion of their education
to understanding principles of clinical practice, problem-based
learning, and patient care. Integrating computational thinking into
their educational framework can synergize traditional healthcare
approaches with innovative computer-aided thinking tools. The study’s
exploratory survey, conducted among Saudi medical college students,
irrespective of their educational background and gender, reveals a
noteworthy attitude and enthusiasm toward computational thinking.
The positive attitude observed among students suggests a receptiveness
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to the potential integration of computational thinking courses into
future medical curricula. This shift toward a computing-based
paradigm is indicative of a broader understanding of the principles
inherent in computational thinking, thereby endowing healthcare
practitioners with enhanced problem-solving skills aligned with
contemporary technology (Saqr and Tedre, 2019). In summation, Saudi
university medical students exhibit enthusiasm and a positive
disposition toward the integration of computer sciences into their
medical education, acknowledging the imperative need for
computational thinking and advocating for its inclusion in forthcoming
medical curricula.
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