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			ABSTRACT: As digital competencies become integral to healthcare, the intersection of analytical reasoning and computer science learning in medical education remains underexplored. This qualitative study examined how seven medical students and five faculty members perceived the development of analytical reasoning when engaging with computational tasks. Semi-structured interviews were analyzed using inductive content analysis, revealing four themes: cognitive overload that promoted memorization rather than reasoning, anxiety and confidence gaps that shaped willingness to engage, limited interactive opportunities that reinforced surface learning, and curiosity and motivation—amplified by faculty support—that enabled deeper reflection. The findings suggest that analytical reasoning in computational contexts is constrained by structural and psychological barriers but can be strengthened through interactive pedagogy, faculty development, and the strategic use of computational tasks as opportunities for reasoning and resilience.
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			RESUMO: À medida que as competências digitais se tornam parte integrante da área da saúde, a interseção entre o raciocínio analítico e a aprendizagem da ciência da computação no ensino médico permanece pouco explorada. Este estudo qualitativo examinou como sete estudantes de medicina e cinco docentes perceberam o desenvolvimento do raciocínio analítico ao interagirem com tarefas computacionais. Entrevistas semiestruturadas foram analisadas por meio de análise de conteúdo indutiva, revelando quatro temas: sobrecarga cognitiva que promoveu a memorização em vez do raciocínio; ansiedade e insegurança que influenciaram a disposição para o engajamento; oportunidades interativas limitadas que reforçaram a aprendizagem superficial; e curiosidade e motivação — amplificadas pelo apoio docente — que possibilitaram uma reflexão mais profunda. Os resultados sugerem que o raciocínio analítico em contextos computacionais é limitado por barreiras estruturais e psicológicas, mas pode ser fortalecido por meio de pedagogia interativa, desenvolvimento docente e o uso estratégico de tarefas computacionais como oportunidades para o raciocínio e a resiliência.

			PALAVRAS-CHAVE: Raciocínio analítico. Habilidades computacionais. Educação médica. Reforma curricular. Pesquisa qualitativa.

			RESUMEN: A medida que las competencias digitales se integran de forma estructural en el ámbito de la salud, la intersección entre el razonamiento analítico y el aprendizaje de la ciencia de la computación en la educación médica sigue siendo poco explorada. Este estudio cualitativo examinó cómo siete estudiantes de medicina y cinco docentes percibieron el desarrollo del razonamiento analítico al interactuar con tareas computacionales. Las entrevistas semiestructuradas fueron analizadas mediante análisis de contenido inductivo, revelando cuatro temas: sobrecarga cognitiva que promovió la memorización en lugar del razonamiento; ansiedad e inseguridad que influyeron en la disposición para el compromiso; oportunidades interactivas limitadas que reforzaron un aprendizaje superficial; y curiosidad y motivación —amplificadas por el apoyo docente— que posibilitaron una reflexión más profunda. Los resultados sugieren que el razonamiento analítico en contextos computacionales se ve limitado por barreras estructurales y psicológicas, pero puede fortalecerse mediante una pedagogía interactiva, el desarrollo docente y el uso estratégico de tareas computacionales como oportunidades para el razonamiento y la resiliencia.
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			INTRODUCTION

			Medical education is undergoing rapid transformation, and one of the clearest signs of this shift is the recognition that doctors must now be trained to meet both clinical and digital demands. Recent work has emphasized that medical students cannot rely solely on mastering biomedical knowledge; they must also cultivate competencies that prepare them for a healthcare environment increasingly shaped by technology and data-driven practice (Car et al., 2025; Marsilio et al., 2024). 

			This broader view reflects the need to move beyond traditional content-heavy teaching and embrace a curriculum that integrates higher-order skills. Kasalaei et al. (2020) argued that the academic system must reorient its teaching toward cultivating abilities such as reasoning, reflection, and adaptability, because surface-level revisions are insufficient for preparing graduates to manage complex healthcare challenges. By situating analytical skill development within this wider educational reform, it becomes possible to see how digital competence is not a supplementary skill but part of the essential foundation of medical training.

			The growing intersection between medicine and computer science further reinforces this need, as healthcare delivery increasingly depends on informatics, coding, and computational reasoning. Althewini and Alobud (2024) found that medical students demonstrated a positive disposition toward computational thinking, recognizing its value in structuring problems and supporting clinical decision-making. Similarly, Zainal et al. (2023) highlighted that clinical informatics is being introduced into more medical curricula, but often in a limited and inconsistent fashion that restricts its impact. These findings underline that despite a general awareness of the importance of computational skills, students still lack opportunities to develop them systematically. Kasalaei et al. (2020) provided additional support for this concern by showing that when medical education does not adapt to the intellectual and technological changes of the 21st century, students are left with fragmented skill sets that do not match the realities of practice. Thus, the convergence of medicine and computer science creates a pressing demand to examine how medical curricula can more effectively nurture the competencies that link clinical reasoning with computational problem-solving.

			At the heart of this convergence is the role of analytical reasoning, which provides the cognitive foundation upon which computational skills can be built. Araújo et al. (2024) demonstrated that pedagogical practices aimed at fostering analytical reasoning—such as reflective questioning and structured discussion—equip medical students with the habits of mind necessary to transfer reasoning skills into technical contexts. Ho et al. (2023) further illustrated this by showing how Socratic questioning techniques can stimulate reflective judgment, helping learners interrogate assumptions and refine their problem-solving approaches. Computational thinking, often described in terms of decomposition, abstraction, and algorithmic logic, mirrors these cognitive processes, suggesting a natural synergy between the two domains (Tariq et al., 2025). 

			

			This parallel highlights why medical students who are trained in analytical reasoning are likely to be better prepared to engage with coding or data-related tasks, as both require evaluation, inference, and structured reasoning. Châlon and Lutaud (2024) reinforced this point by reviewing evidence that analytical reasoning is not an isolated skill but one that supports adaptability across contexts, including those shaped by emerging technologies. Facione and Facione (2006) long ago noted that interpretation, analysis, and evaluation are central to effective clinical reasoning, and these same elements align closely with the logic underpinning computer science learning. These insights demonstrate that integrating analytical reasoning with computational training offers a powerful way to prepare medical students for the evolving demands of healthcare.

			Although the value of integrating analytical reasoning with computational training is increasingly recognized, medical students still face substantial barriers that limit their ability to develop these skills in tandem. Châlon (2024) observed that heavy course loads and the stress associated with mastering vast amounts of knowledge leave students with little room to engage in reflective or analytical processes, a problem that becomes even more acute when technical or digital competencies are added to already crowded curricula. Mehrpour et al. (2023) provided further evidence of this structural constraint, showing how rigid teaching formats and reliance on traditional exams reinforce memorization rather than promoting reasoning and problem-solving. 

			The problem extends beyond pedagogy, as Regmi and Jones (2020) found that inadequate technical skills and difficulties with e-learning platforms often discourage students from fully engaging with digital tools, thereby weakening opportunities for computational exploration. Gharib et al. (2024) also emphasized that faculty workload and skepticism about computer-based learning reduce the likelihood that instructors will create interactive environments where analytical reasoning and computational skills can be cultivated together. These findings echo earlier warnings by Agnes and Mary (2005), who noted that resistance to change and limited faculty development obstructed efforts to foster analytical reasoning in professional education, and by Paul (2014), who stressed that competency standards for reasoning are often not implemented effectively despite broad acknowledgment of their importance. The convergence of these barriers shows that while medical education aspires to integrate higher-order reasoning with technical fluency, existing structures too often pull students back toward passive and fragmented learning.

			This persistent misalignment between what medical education aspires to achieve and what it actually delivers highlights a clear research gap. Sumner et al. (2025) reported that despite widespread agreement on the need for digital competencies, there is little consensus on which specific skills should be prioritized for medical graduates, leaving curricula inconsistent and incomplete. Araújo et al. (2024) similarly pointed out that although many strategies exist to encourage analytical reasoning, evidence remains fragmented on which approaches are most effective, particularly when applied to computational or technical domains. Kasalaei et al. (2020) underscored this challenge by noting that surface-level reforms rarely succeed in equipping students with the higher-level skills necessary for professional practice, suggesting that more fundamental changes are required. 

			

			These observations together reveal that while both analytical reasoning and computer science skills are valued independently, very little work has investigated how they intersect in medical training. This gap calls for studies that not only document the challenges but also capture the lived experiences of students and faculty, clarifying how analytical reasoning is expressed, supported, or constrained when medical students learn computer science–related skills.

			In light of these gaps, the present study was designed to address an overlooked intersection in medical education: how analytical reasoning is perceived and developed when medical students engage with computer science–related skills. While previous scholarship has examined analytical reasoning as a broad educational outcome and digital competencies as separate curricular innovations, few investigations have explored how these domains overlap in practice. By drawing on the perspectives of both students and faculty, this study seeks to provide a nuanced account of how reasoning, reflection, and problem-solving are mobilized when learners encounter computational tasks such as informatics, coding, or data-driven exercises. 

			The aim is not only to identify barriers and supports within the curriculum but also to highlight the potential for aligning analytical reasoning with computer science learning as a coherent strategy for preparing graduates to navigate the increasingly digital landscape of healthcare. This focus positions the study as a timely contribution to ongoing debates about curriculum reform, ensuring that medical education equips students with the intellectual and technical capacities required for modern practice.

		

	
		
			METHODS

			The study was guided by qualitative design, chosen because it allowed for a close exploration of how medical students and faculty understood the role of analytical reasoning in learning computer science skills. Rather than imposing predefined categories, the analysis was built inductively, enabling the voices of participants to shape the insights that emerged. This approach aligned with the purpose of the research, which was to capture experiences in their complexity and uncover the subtleties of how reasoning skills are mobilized in a computational learning environment.

			

			The setting for the study was a medical university that had a natural site to observe how students, many with little prior exposure to technical fields, approached the challenge of combining clinical training with computational problem-solving. To gather a range of perspectives, participants were recruited purposively. In total, eight individuals agreed to take part: four medical students representing both preclinical and clinical phases, and four faculty members who had direct teaching responsibilities in informatics or computational modules. Students were included if they had completed at least one computer science–related course, while faculty members were invited if they had more than five years of teaching experience and direct involvement in curriculum delivery. This combination of perspectives ensured that both learners and educators contributed to the understanding of the phenomenon under study.

			Data collection was carried out through virtual semi-structured interviews, designed to balance consistency with flexibility. Each interview began with open-ended prompts about participants’ experiences with computer science tasks, before moving into more focused questions about how these activities challenged or supported their analytical reasoning. Examples of guiding questions included asking how coding exercises influenced their approach to problem-solving, or how faculty encouraged students to question assumptions when working with digital tools. Interviews typically lasted between forty and fifty minutes and were conducted in a quiet setting chosen by the participant. With consent, all conversations were audio-recorded and transcribed verbatim. Interviews continued until thematic saturation was achieved, meaning that no new insights were emerging in subsequent sessions.

			The analysis followed an inductive content approach. Transcripts were read several times to build familiarity with the data, after which meaningful units were identified and condensed. These units were coded and then compared to identify similarities and differences. Codes that captured related ideas were grouped into categories, and from these categories, broader themes were generated to capture the essence of the participants’ accounts. To strengthen the credibility of the analysis, two members of the research team independently coded an initial set of transcripts before meeting to discuss and reconcile differences. This process ensured that the interpretation was not reliant on a single perspective and that the categories were grounded in the data.

			Throughout the study, steps were taken to ensure trustworthiness. Credibility was enhanced through member checking, with participants reviewing summaries of findings to confirm their accuracy. Dependability was maintained by keeping an audit trail of coding decisions and analytic notes, while confirmability was supported by regular peer debriefings with colleagues not directly involved in the project. Transferability was considered by providing rich detail about the research setting and participant characteristics, enabling readers to assess the relevance of the findings to other educational contexts.

			

		

	
		
			RESULTS

			The analysis of eight interviews revealed four interconnected themes that shed light on how analytical reasoning is experienced when medical students engage with computer science–related skills. These themes illuminate not only the barriers that constrain students but also the personal and institutional factors that can help reasoning flourish in a computational learning environment.

			The first theme concerned cognitive overload in computational learning, a challenge described by nearly every student participant. Students noted that when faced with extensive material in both medicine and computer science, they were often left with no choice but to memorize procedures rather than reason through them. One participant explained that in programming classes, “we rush through commands so quickly that I hardly have time to ask why a particular function works; I just try to remember it for the exam.” 

			This sense of rushing eroded opportunities to step back, connect ideas, or question assumptions. Another student elaborated that the constant stream of new concepts—from medical content to coding syntax—created mental fatigue that discouraged analytical engagement. Faculty echoed this concern, observing that compressed schedules prevented them from offering problem-solving workshops where students could slow down and apply logic. These perspectives suggest that curriculum overload not only exhausts learners but also pushes them toward superficial strategies, limiting their ability to exercise analytical reasoning in computational contexts.

			The second theme centered on anxiety and confidence gaps in applying logic, which shaped how students approached computational tasks. Faculty members noticed that some students hesitated to attempt coding problems because they feared making mistakes in front of peers. One professor commented, “when students lack self-belief, they avoid trying altogether, even though trial and error is exactly how computational skills are learned.” Students themselves described the emotional toll of learning programming alongside a demanding medical curriculum. Fatigue from clinical rotations, coupled with the novelty of computer science, left them feeling inadequate or “not smart enough” to grasp abstract concepts. 

			Conversely, participants who described themselves as confident or resilient reported that they were more willing to engage in discussions, test alternative solutions, and defend their reasoning, even when errors occurred. These contrasting accounts highlight how psychological readiness—self-efficacy, resilience, and tolerance for failure—directly affects whether analytical reasoning is applied in computational learning.

			

			The third theme highlighted the lack of interactive problem-solving opportunities, which participants felt was a major barrier to connecting reasoning with computation. Students repeatedly remarked that their learning was dominated by lectures and demonstrations, leaving little chance to practice coding independently or collaboratively. One student explained, “I feel like I only know the theory, but when I face a real programming task, I don’t know where to start.” Another student noted that assessment practices reinforced passivity, with exams often testing memorized functions rather than open-ended problem-solving. 

			Faculty also admitted that time pressures pushed them toward delivering content rather than creating interactive labs. This reliance on passive formats deprived students of the chance to experiment, fail safely, and refine their reasoning—conditions that are central to both analytical and computational thinking. The absence of such interactive spaces reinforced a cycle of surface learning, where students reproduced examples rather than constructing solutions.

			The fourth theme revealed the role of curiosity and motivation in digital contexts as powerful enablers of analytical reasoning. Several students described moments when personal interest transformed their engagement, such as exploring coding beyond the syllabus or collaborating with peers on small projects. One explained, “when I am curious about how the program works, I keep asking questions until I understand, and that makes me think more deeply.” Faculty observed similar patterns, noting that motivated students often took initiative to solve problems creatively, even when resources were limited. 

			Curiosity, they explained, acted as a catalyst, pushing students to connect computational skills with clinical applications, such as imagining how coding could support patient data analysis. Motivation also influenced persistence: while some students gave up when facing obstacles, others pushed through errors and refined their logic, demonstrating the very habits of analytical reasoning educators aim to instill. These accounts suggest that fostering intrinsic motivation and intellectual curiosity may be as important as structural reform in enabling students to apply reasoning to computer science learning.

			These findings portray a complex picture. On one hand, structural and systemic barriers—overloaded curricula, passive teaching, and stressful environments—constrain the development of analytical reasoning in computational learning. On the other hand, personal dispositions such as curiosity, confidence, and motivation act as counterweights, enabling some students to break through constraints and engage more deeply. The interplay of these forces reveals that analytical reasoning in computer science education for medical students cannot be nurtured by content delivery alone; it requires both systemic changes and cultivation of individual strengths.

			

		

	
		
			DISCUSSION

			This study set out to explore how medical students and faculty perceive the role of analytical reasoning when learning computer science skills, a domain that has received surprisingly little direct attention in medical education research. By focusing on the intersection of reasoning and computational learning, the study responds to recent calls for broader integration of higher-order thinking within curricula that are increasingly shaped by technology. Araújo et al. (2024) emphasized that while pedagogical practices designed to promote analytical reasoning are growing, they remain fragmented and uneven, which means that students often do not experience them in a systematic way. 

			Building on this concern, Reddi and Javidi (2025) argued that current curricular designs frequently emphasize surface coverage of knowledge at the expense of deeper integration of skills such as reasoning, reflection, and digital literacy. This gap highlights why it is important to consider not just the teaching of analytical reasoning or computer science separately, but rather how they come together in the experiences of medical learners. To frame such inquiry, Blalock et al. (2025) reminded us that qualitative methods are uniquely suited to uncovering the lived realities of students and educators, because they allow complex and contextualized insights to emerge. This framing reinforces the value of a study that captures voices from both learners and teachers, pointing toward what may be overlooked in more quantitative assessments.

			The findings of the present research point directly to the problem of cognitive overload, which students described as a central barrier when engaging with computer science tasks. By beginning with this structural challenge, the discussion acknowledges how curriculum design shapes the space available for reasoning. Châlon and Lutaud (2024) highlighted that content-heavy teaching, particularly when layered onto already demanding medical training, places strain on learners that undermines their ability to engage in reflective reasoning. Similarly, Azar et al. (2024) developed a toolkit for higher-order thinking in health professions education and argued that without reducing overload and restructuring learning tasks, such tools are unlikely to achieve their intended effects. Ge et al. (2025) confirmed this pattern in a broad review, showing that while problem-based learning can support analytical reasoning, its impact is weakened when students feel pressured by the volume of required material. 

			These observations resonate strongly with the accounts of participants in the current study who described focusing on memorizing coding commands rather than questioning how computational logic worked. Shi, X et al. (2025) added that lecture-based delivery continues to dominate medical education, reinforcing a reliance on rote methods even in areas like computer science where problem-solving is fundamental. When viewed together, these insights illustrate that overload does not just make learning harder in general; it actively shifts students’ strategies away from analysis toward memorization, which directly limits the development of analytical reasoning. This recognition sets the stage for examining how psychological factors, such as anxiety and confidence, further shape the way students engage with computational learning.

			

			The next insight from the study focuses on the psychological dimensions of learning, where anxiety, stress, and confidence gaps became clear determinants of how students approached computational challenges. By moving from structural barriers to internal states, it becomes possible to see how context and mindset intertwine in shaping analytical reasoning. Dang et al. (2024) showed that students with a stronger disposition toward analytical reasoning are less likely to experience anxiety when tackling complex material, suggesting that confidence and reasoning ability reinforce each other. 

			The present findings echoed this, as students who doubted their skills tended to avoid coding exercises altogether, while those with higher self-belief were more willing to persist through errors and defend their reasoning in class. Singh et al. (2025) confirmed the importance of confidence by demonstrating that structured training programs designed to build analytical reasoning in postgraduate trainees also enhanced resilience, showing how growth in one area can buffer against stress in another. This link was evident in the accounts of faculty, who described how medical students often arrived fatigued and hesitant, making it harder to sustain focus when introduced to computational logic. Batarfi and Agha (2025) added that institutional culture and faculty support are crucial, as they found that educators themselves often feel constrained in how they can nurture analytical reasoning when broader systems do not value or prioritize it. Together, these findings reveal that psychological readiness cannot be seen as separate from institutional structures, since students’ willingness to engage in reasoning is closely tied to the confidence and safety fostered by their learning environments.

			The analysis also pointed to the problem of limited interactive opportunities, which shifted the discussion from internal barriers to pedagogical formats that shape daily learning. Participants described how lecture-based instruction left them little chance to test ideas, experiment with code, or learn through trial and error, leading to a surface engagement with material. Su et al. (2025) demonstrated in a meta-analysis that problem-based learning significantly improves analytical reasoning outcomes, but only when students are given authentic opportunities to solve problems collaboratively rather than passively absorb information. The accounts from the present study resonate with this, as students described the gap between knowing coding syntax in theory and applying it to real problems. 

			

			Hammond et al. (2023) similarly stressed the value of facilitation in case-based learning, showing that guided dialogue and active participation foster deeper reasoning than lectures alone. Spaic et al. (2025) added further evidence by reviewing flipped classroom approaches, finding consistent benefits for analytical reasoning when students had space to engage actively before and during class. Shi, L et al. (2025) supported this conclusion with evidence that blended case-based and flipped methods were more effective than traditional lectures, underscoring the importance of structural change in teaching methods. These findings, when placed alongside the present study’s results, demonstrate that the lack of interactive opportunities in computational learning is not just an isolated complaint but part of a larger pattern in medical education. By connecting local experiences to broader evidence, it becomes clear that pedagogical reform is central if analytical reasoning is to be genuinely cultivated in computer science contexts.

			The findings further revealed how curiosity and motivation acted as powerful enablers, showing that individual dispositions could sometimes counterbalance structural and psychological barriers. By shifting attention from what hinders students to what propels them, it becomes possible to see how engagement can be cultivated even in challenging contexts. Bugaj et al. (2023) developed and validated a curiosity scale in medical education, demonstrating that students with higher curiosity scores were more likely to engage actively and pursue deeper learning. This aligns closely with the present accounts, where learners described moments of persistence and exploration driven not by assessment pressure but by personal interest in understanding how computational logic applied to clinical scenarios. Shrivastava (2024) echoed this point in highlighting curiosity as a fundamental driver of learning in medical students, emphasizing that when curiosity is stimulated, it leads naturally to more reflective and analytical approaches. 

			Faculty participants in this study also noted that motivation was often sparked by relevance, as students were more willing to engage analytically when computational tasks were linked to meaningful applications in healthcare. Quintero et al. (2025) added weight to this view, showing that motivational strategies in research education helped students overcome perceived barriers and sustain engagement. Taken together, these perspectives suggest that curiosity and motivation are not peripheral qualities but central conditions that can transform how students approach computational learning, turning coding or informatics from rote tasks into opportunities for reasoning and discovery.

			The discussion also underscored the decisive role of faculty and the broader learning environment in shaping whether analytical reasoning could take root in computational learning. Moving from individual motivation to institutional context highlights how culture and support systems amplify or suppress student engagement. Koh et al. (2023) and Patel et al. (2023) both stressed the importance of role modeling in professional identity formation, showing that students often mirror the intellectual habits of their teachers. The relevance to the present study is clear, as participants described how faculty attitudes toward computational learning either encouraged exploration or reinforced passivity. Sutcliffe et al. (2025) provided further evidence during the pandemic, noting how medical students constructed role models even under stressful conditions, suggesting that positive modeling of reasoning behaviors can be influential regardless of external pressures. 

			

			Dewi et al. (2023) highlighted how facilitators’ approaches to teaching communication skills shaped student engagement, reinforcing the idea that facilitation style is just as crucial in computational contexts. Nicola-Richmond et al. (2024) and Mohd Noor et al. (2025) both emphasized feedback as another mechanism through which faculty shape learning, with effective practices helping students to understand their progress and reflect analytically. In the present findings, faculty who provided space for questioning and constructive feedback were perceived as pivotal in motivating students to think more deeply about computational problems. Together, these studies demonstrate that the cultivation of analytical reasoning in computer science learning is not simply a matter of student disposition but is heavily dependent on how faculty model, facilitate, and provide feedback within a supportive environment.

			The results also pointed toward the need for broader curricular reform, showing that isolated adjustments are unlikely to resolve the tensions students face when learning computer science skills. By moving from the influence of individual faculty members to the structure of medical curricula, the discussion highlights how systemic choices either enable or restrict analytical reasoning. Aulakh et al. (2025) found that self-directed learning approaches were more effective than didactic lectures in developing independent reasoning, suggesting that curricula which promote autonomy could strengthen students’ ability to apply analytical reasoning in computational settings. 

			Mengesha et al. (2024) similarly showed that flipped classroom strategies improved engagement and outcomes, reinforcing the idea that when students are given preparatory work and active learning opportunities, they come to class better positioned to analyze and problem-solve. Shi, L et al. (2025) confirmed through meta-analysis that flipped classrooms consistently outperform traditional approaches in fostering analytical reasoning, and Fonseca et al. (2023) emphasized concept mapping as another tool that promotes deeper connections between ideas, a skill particularly relevant to coding and informatics. 

			Maqsood et al. (2025) extended this conversation by demonstrating that reflection integrated with feedback enhanced deep learning, suggesting that reflection-driven models could help students process computational errors not as failures but as opportunities for reasoning. Collectively, these findings align with the present study’s evidence that passive, content-heavy methods limit growth, and they reinforce the urgency of curricular reforms that deliberately integrate analytical reasoning with computational skills.

			

			At the same time, the sustainability of such reforms depends heavily on the preparation and support of faculty, pointing to the importance of faculty development as the next layer of discussion. Moving from curriculum design to those who enact it, it becomes clear that without trained and supported educators, even well-intentioned reforms may fail to achieve their goals. Barzegar et al. (2023) illustrated this in outpatient clinical education, where faculty perspectives shaped the extent to which students engaged analytically, showing that the learning environment is co-constructed. Grijpma et al. (2024) stressed that small-group active learning only succeeds when educators are skilled in stimulating engagement, underscoring the need for structured faculty training. 

			Gundler and Allison (2025) captured the challenges early-career educators face, noting that limited institutional guidance often leaves them struggling to balance innovation with workload. Kitto et al. (2025) provided a broader systems view, showing that communities of practice can act as facilitators for faculty development, enabling educators to share strategies and overcome barriers collectively. These insights resonate with the present findings, where faculty noted constraints on time, resources, and institutional support when trying to nurture analytical reasoning alongside computer science skills. Together, this body of evidence suggests that lasting change requires investment not only in what is taught, but also in how educators are supported to teach it, ensuring that they have the skills, structures, and confidence to foster reasoning in computational contexts.

			Bringing these threads together, the findings of this study highlight how analytical reasoning in the context of computer science learning for medical students is shaped by a web of structural, psychological, pedagogical, and institutional factors. By synthesizing the evidence, it becomes clear that barriers such as overload, stress, and limited opportunities for interaction constrain the development of reasoning, while enablers such as curiosity, motivation, and strong faculty support open pathways for deeper engagement. 

			Su et al. (2025) demonstrated that problem-based approaches can reliably enhance analytical reasoning, and Spaic et al. (2025) added that flipped models provide consistent advantages across diverse settings, suggesting that reform is most effective when it blends interactive and student-centered strategies. Reddi and Javidi (2025) echoed this in their critical review of curricula, emphasizing that surface-level reforms cannot meet the demands of contemporary medical education unless they embed both technological and reflective competencies. This aligns closely with the present findings, which show that students thrive when given opportunities to question, apply, and reflect rather than memorize.

			

			These insights open important directions for research and practice. One implication is that future studies should examine how hybrid pedagogies—such as combining problem-based learning with computational labs—might create environments that are both interactive and relevant to clinical practice. Another is that institutional investment in faculty development, as noted by Kitto et al. (2025) and Batarfi and Agha (2025), must remain a priority if reforms are to be sustained and scaled. This will require moving beyond viewing analytical reasoning as a generic skill to recognizing its specific manifestations in domains such as coding, informatics, and data-driven decision-making. By capturing both student and faculty perspectives, the present study provides a starting point for building these models in ways that respond to real educational experiences.

			 

		

	
		
			CONCLUSION 

			The findings of this study emphasize that analytical reasoning in medical students’ computer science learning is not a single skill but an interwoven process shaped by content design, psychological readiness, pedagogy, and institutional culture. By listening to both students and faculty, it became clear that computational tasks provided a new arena for testing reasoning, but this potential was often blocked by heavy workloads and lecture-driven methods. 

			This observation adds to the literature by showing that barriers identified in clinical or communication teaching—such as overload or passive instruction—also manifest in digital contexts, where they may be even more acute because of the unfamiliarity of programming or informatics. The implication is that reforms cannot treat analytical reasoning as an abstract educational goal; instead, it must be anchored in the specific challenges of computational reasoning, which demands time, experimentation, and reflection.

			Another important insight is that curiosity, motivation, and faculty support play a decisive role in turning computational learning from a mechanical exercise into an intellectual challenge. Students described how curiosity pushed them to persist through errors and how supportive faculty created safe spaces for reasoning, aligning with broader evidence that motivation and role modeling are central to professional growth. 

			This study extends that conversation by suggesting that computational domains may actually heighten the visibility of these traits: when faced with coding tasks that rarely yield immediate success, students’ persistence and curiosity become essential drivers of analytical reasoning. Faculty therefore have a unique opportunity to use computational exercises as laboratories of reasoning, where feedback, encouragement, and modeling not only build digital skills but also cultivate intellectual resilience.

			

			The integration of analytical reasoning and computer science skills should be seen as a strategic response to the future of medicine, where digital decision-making and clinical reasoning will increasingly overlap. This study suggests that hybrid pedagogies—such as problem-based coding labs, flipped informatics modules, and concept-mapping approaches tied to data analysis—may offer promising directions for bridging the gap between knowledge and reasoning. Institutional investment in faculty development and curricular design will be key, but so too will research that measures how these interventions affect not only performance but also dispositions like curiosity and resilience. 

			By reframing computer science learning as a platform for cultivating analytical reasoning, medical education can better prepare graduates for a healthcare system where the ability to reason across both clinical and computational domains will define professional excellence.
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