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Abstract 

Introduction: Biochemistry is a foundational yet challenging discipline in medical education. Traditional lecture-based teaching 

often promotes rote memorization over deep conceptual understanding. Case-Based Learning (CBL) addresses this by framing 

scientific concepts within clinical scenarios to enhance relevance. While CBL has anecdotal support, its efficacy requires rigorous 

local evaluation. This study assessed CBL within the integrated medical curriculum at al-Zaeim al-Azhari University, Sudan. 

Methods: This intervention-based case study involved first-year medical students (n=140) in a "Nutrition and Metabolism" 

course. Didactic lectures were followed by a directed CBL intervention. Students were divided into 13 small groups to analyze 

and present clinical cases. Data were collected via pre- and post-course student questionnaires and a facilitator feedback form. 

Quantitative data from these surveys were analyzed to determine the intervention's impact. The majority of students recognized 

the importance of biochemistry for basic sciences (79%) and clinical medicine (73.3%) even before the intervention. Post-CBL, 

a significant shift was observed, with 65.5% of students reporting an improved understanding of clinical relevance. Furthermore, 

(74.2%) agreed that CBL successfully integrated biochemical knowledge with clinical scenarios. While (60%) found metabolism 

challenging, over (70%) affirmed its necessity. Facilitators unanimously reported that CBL improved students' analytical skills, 

deep learning, and active participation, strongly endorsing its continued use. The integration of a directed Case-Based Learning 

model significantly enhanced medical students' appreciation of the clinical relevance of biochemistry and improved their 

understanding of complex metabolic topics. The method was positively received by both students and faculty, effectively 

bridging the gap between basic science and clinical application. It is recommended that CBL be further integrated into the medical 

biochemistry curriculum to promote a more engaging, student-centered, and effective learning environment. 
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1. Introduction 

A persistent challenge in science education is identifying 

effective methods to help undergraduate students achieve core 

learning outcomes. Beyond the acquisition of content 

knowledge, there is a recognized need to cultivate problem-

solving, critical thinking, and communication skills [1]. In 

medical biochemistry, effective instruction should therefore 

employ a variety of tools, including tutorials, seminars, ap-

plied exercises, and case-based learning (CBL) sessions [2]. 

Peer tutoring and closer interaction between students and fac-

ulty are also crucial for optimizing the learning process [2]. 

The pedagogical impact of problem-solving is linked to ev-

idence-based inquiry, cognitive flexibility, the exploration of 

alternative strategies, and the fostering of creativity [1]. Evi-

dence suggests that CBL more effectively promotes access to 

Bloom's higher-order cognitive skills—such as application, 

analysis, synthesis, and evaluation—than traditional lecturing 

alone. Biochemistry teaching, however, is often condensed 

and lecture-driven, with assessments focusing on fact recol-

lection through multiple-choice tests. Consequently, students 

in such environments may rely predominantly on lower-order 

cognitive skills, adopting a surface-level learning approach. 

There is a pressing need to develop pedagogical alternatives 

that accommodate diverse learning styles and make studying 

more engaging and enjoyable [3]. For instance, Cornely [4] 

reported that in lecture-based courses, while students could 

grasp individual metabolic pathways, they often struggled to 

integrate them, resorting to memorization for examinations. 

Students in introductory courses frequently lack well-devel-

oped critical thinking and personal responsibility skills. In re-

sponse, a range of student-centered strategies for teaching bi-

ochemistry have been developed. When instruction is tailored 

to student needs and interests, learners are more likely to en-

gage deeply with the material, leading to a more robust under-

standing of Biochemistry and Molecular Biology [5]. The role 

of the instructor thus shifts to guiding students in learning both 

biochemical content and the strategies needed to master it. 

Strong indicators show that students enjoy CBL and per-

ceive it as enhancing their learning, while teachers value its 

capacity for active student engagement [1]. However, many 

reported outcomes are based on anecdotal evidence or quali-

tative data. While valuable, these findings require corrobora-

tion through statistically sound research instruments, such as 

validated questionnaires for students and teachers. 

Nonetheless, the potential benefits of CBL are substantial, 

with the method showing promise in fostering higher levels of 

student engagement and understanding [1, 3]. These findings 

support the growing call for instructors to adopt CBL as a 

complement to traditional lectures. In this study, we imple-

mented a CBL approach in the Nutrition and Metabolism 

course at Alzaeim al-Azhari University. This course is part of 

an integrated medical curriculum designed to connect founda-

tional concepts by addressing specific learning issues and 

knowledge gaps. 

The primary goal of integrating CBL was to bridge basic 

science with clinical application. When effectively designed, 

CBL can stimulate student interest, improve comprehension, 

encourage active participation, and promote self-directed 

learning, ultimately motivating students to become lifelong 

learners [3]. Clinical correlations were introduced alongside 

lecture content to promote knowledge retention through active 

learning rather than passive memorization. We employed a 

"Directed Case Study" method, initially described by Cliff and 

Wright, which guides students through structured questions 

targeting key conceptual areas. This strategy has been success-

fully adapted in various scientific disciplines and was used 

here to reinforce key learning objectives within the medical 

curriculum. 

2. Methodology 

2.1. Study Design and Population 

This study employed an intervention-based case study de-

sign. It was conducted at the Faculty of Medicine, al-Zaeim 

al-Azhari University (AAU), Sudan. The participants were 

first-year medical students (Batch 29) enrolled in the Semester 

2 "Nutrition and Metabolism" course, which included CBL 

sessions. The inclusion criterion was enrollment in the course; 

students who did not attend the CBL sessions were excluded. 

The project was discussed with faculty members of the Bio-

chemistry Department, who participated by preparing the case 

studies. 

2.2. Intervention Protocol 

The pedagogical intervention followed a three-phase struc-

ture: 

1) Phase 1: Didactic Lecture. Clear learning objectives 

were established in structured interactive sessions. Core 

subject content was delivered, and a conceptual link to 

the subsequent clinical case was created. 

2) Phase 2: Case Structuring. Cases were selected by sub-

ject experts (the lecturers) based on the lecture topics. 

Each case was structured around specific learning objec-

tives. The experts and facilitators collaborated to develop 

model answers. 

3) Phase 3: Case Discussions. The 140 students were di-

vided into 13 small groups of 11 students each. Each 

group appointed a leader and received a case. The dis-

cussion sessions, lasting two hours, covered four cases, 

allowing approximately half an hour per case. Each 

group was supervised by an expert and a facilitator who 

guided the discussion toward the learning objectives. 

The sessions facilitated active group discussion among 

students and with staff. The biochemical basis of the 

clinical disorder was highlighted in relation to normal 
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physiological processes, followed by a summary that 

clarified the disorder's biochemical basis, clinical fea-

tures, and relevant abnormal laboratory findings. 

2.3. Data Collection and Ethical Considerations 

Data were collected using two types of questionnaires: a 

pre- and post-course student questionnaire and a post-session 

facilitator questionnaire. Formal consent was obtained from 

the Dean of the Faculty. 

1) Questionnaire One (Pre-Questionnaire): Assessed stu-

dents' baseline perceived knowledge and attitudes re-

garding the importance of biochemistry to basic science, 

clinical medicine, professional development, teamwork, 

and CBL as a teaching tool. 

2) Questionnaire Two (Post-Questionnaire): All students 

completed a post-session survey. Facilitators provided 

feedback via a questionnaire containing open-ended 

questions. 

3) Performance was assessed by analyzing the responses 

collected via Google Forms. 

3. Results 

All 140 enrolled students participated in the study. The data, 

derived from 16 statements, provide insight into student per-

ceptions and experiences of learning biochemistry within 

medical education. 

The findings reveal that while students' self-perceived un-

derstanding of basic biochemistry is largely positive, it is pre-

dominantly moderate. As shown in Figure 1, half of the stu-

dents (50%) reported a moderate understanding, while (43.5%) 

rated their understanding as strong, and only (6.4%) consid-

ered it weak. 

 

Figure 1. Facilitator perceptions on the importance of biochemistry for basic science. 

The results further indicate that a majority of students rec-

ognize the fundamental importance of biochemistry. Specifi-

cally, (79%) agreed that understanding biochemical processes 

is essential for comprehending basic medical sciences (Figure 

2), and (73.3%) agreed for clinical medicine (Figure 3). 

Furthermore, (76.4%) strongly agreed that studying bio-

chemistry is necessary to become a competent physician (Fig-

ure 4), and approximately (70%) disagreed that the subject is 

an unnecessary burden (Figure 5). 

  

Figure 2. Facilitator perceptions on the importance of biochemistry for clinical medicine. 
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Figure 3. Facilitator agreement that CBL improves analytical skills 

and deep learning. 

 
Figure 4. Facilitator observations on student attendance in CBL ses-

sions. 

 
Figure 5. Facilitator observations on student active participation in 

CBL sessions. 

Regarding curriculum integration, nearly 80% of students 

(40.2% strongly agreeing, 39.2% agreeing) confirmed that bi-

ochemistry is taught as an integrated component of the medi-

cal curriculum (Figure 6). Students also acknowledged that 

learning biochemistry requires significant effort and memory 

retention, which can be challenging. 

 
Figure 6. Facilitator agreement that CBL aids in long-term content 

retention. 

Student responses regarding the cognitive load of biochem-

istry were also gauged. A significant proportion of students 

found that learning biochemistry requires considerable mem-

orization, which they perceived as demanding (Figure 7). 

 

Figure 7. Facilitator assessment of how well the cases demonstrated 

the basic-clinical science relationship. 

The post-course questionnaire included specific questions 

to evaluate the CBL sessions. The data indicate that the ses-

sions enhanced students' knowledge of biochemical metabo-

lism and its clinical relevance. A majority of students (74.2%) 

agreed that the cases successfully demonstrated the relation-

ship between basic and clinical sciences (Figure 8) and helped 

them integrate biochemical knowledge with clinical scenarios 

(Figure 9). 

When asked if the cases were too clinically oriented for 

first-year students, opinions were divided, with 57% in agree-

ment (Figure 10). Students also recognized the effectiveness 

of their peer group leaders, with a strong majority agreeing 

that their leader was both an effective teacher (Figure 11) and 

sufficiently knowledgeable to lead the discussions (Figure 12). 
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Figure 8. Facilitator assessment of whether sessions helped students connect biochemistry to clinical scenarios. 

 
Figure 9. Facilitator opinions on whether the sessions were too clinically oriented for first-year students. 

 
Figure 10. Facilitator feedback on whether leading sessions improved their teaching skills. 
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Figure 11. Facilitator feedback on whether leading sessions enhanced their own knowledge of metabolism. 

 
Figure 12. Student assessment of their group leader's knowledge. 

Overall, (73%) of students strongly agreed or agreed that 

CBL sessions should be a permanent component of the course 

(Figure 13). Perceptions on the difficulty of studying metabo-

lism at this stage were mixed: 60% found it to be a significant 

burden, while 36% found it easy to understand. Despite this, 

over 70% affirmed that studying metabolism at this stage is 

necessary for comprehensive learning (Figure 14). 

 
Figure 13. Facilitator support for repeating CBL sessions in the next academic year. 

Blue: Agree 

Red: Disagree 
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Eight facilitators participated in the feedback survey. The 

data show that facilitators strongly affirmed the importance of 

biochemistry, with 50% and 87.5% agreeing it is crucial for 

understanding basic science and clinical medicine, respec-

tively (Facilitator Figures 14.) 

  
Figure 14. Perceptions on the difficulty of studying metabolism. 

All facilitators (100%) strongly agreed or agreed that CBL 

sessions improve analytical skills and promote deep learning 

(Facilitator Figure 3). They also reported that the sessions im-

proved student communication skills (87.5%), attendance, and 

active participation (87.5%) (Facilitator Figures 4 & 5). Fur-

thermore, 85% of facilitators agreed that CBL aids in content 

retention beyond rote memorization (Facilitator Figure 6). 

All facilitators confirmed that the cases successfully 

demonstrated the relationship between basic sciences and 

clinical medicine (Facilitator Figure 7), and 74% indicated 

that the small group sessions effectively helped students con-

nect biochemistry to clinical scenarios (Facilitator Figure 8). 

However, there was some disagreement (37%) on whether the 

sessions were too clinically oriented for first-year students 

(Facilitator Figure 9). 

From a teaching perspective, 75% of facilitators agreed that 

leading these sessions improved their own teaching skills (Fa-

cilitator Figure 10) and enhanced their knowledge of meta-

bolic biochemistry (Facilitator Figure 11). Finally, all facilita-

tors (100%) recommended that the small group CBL sessions 

be repeated for next year's biochemistry class (Facilitator Fig-

ure 12). 

4. Discussion 

Biochemistry is a foundational discipline in medical educa-

tion, crucial for establishing the scientific basis of clinical 

practice [3]. Its effective instruction is therefore essential for 

preparing students for their future clinical roles [2]. Tradi-

tional, teacher-centered curricula, however, often present bio-

chemical knowledge—which spans factual, conceptual, and 

procedural domains—as a significant challenge for students 

[6]. This is particularly true for complex and abstract topics 

like metabolism, which require deep, analytical thinking to 

master. 

Case-Based Learning (CBL) offers a pedagogical solution 

by framing foundational content within clinically relevant sce-

narios. This method enhances comprehension of complex ma-

terial, increases student engagement, and fosters higher-order 

cognitive skills, including analysis, evaluation, and problem-

solving [6, 7]. When biochemistry is taught without clear clin-

ical context, students may perceive it as abstract and resort to 

rote memorization [3]. CBL directly addresses this by bridg-

ing the gap between basic science and clinical application, 

making learning more dynamic and purposeful. 

This study implemented a directed CBL approach in the 

Nutrition and Metabolism course at al-Zaeim al-Azhari Uni-

versity. Out of 163 enrolled students, 140 (85.9%) attended 

the small-group discussions, with high response rates for the 

pre- (98.5%) and post-questionnaires (72.9%). These figures 

are comparable to similar studies, such as one by Alexander 

Gallan, which reported a 98% attendance rate and 66% post-

session survey response rate [8]. 

Our pre-session findings revealed that students initially per-

ceived biochemistry as more critical for understanding basic 

science (89.1%) than for clinical medicine (77.5%) or becom-

ing a competent physician (77.9%). This aligns with prior re-

search where students rated biochemistry's importance to 

basic sciences significantly higher than its clinical relevance 

[8, 9]. Post-intervention, a notable shift occurred: students be-

gan to perceive biochemistry as almost equally important for 

understanding clinical medicine (73.5%) as for basic sciences 

(79.4%). This trend mirrors findings by Alexander and 

Wikanta, where post-CBL ratings for clinical and basic sci-

ence importance became nearly equivalent [8, 9]. Although 

the percentage of students emphasizing basic science im-

portance slightly decreased post-session, it remained the high-

est, indicating a persistent—though diminished—bias. 
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Crucially, the CBL intervention enhanced students' per-

ceived understanding of metabolism. In our study, 57% of stu-

dents reported a better grasp of metabolism after the session, 

a substantial increase from the 39.9% in the pre-intervention 

course. This aligns with Alexander's study, which also demon-

strated a significant improvement in understanding metabolic 

biochemistry post-CBL [8]. These results collectively suggest 

that CBL effectively enhances both the appreciation of clinical 

relevance and the conceptual understanding of complex bio-

chemical topics. 

When compared directly with Alexander's study [8], our re-

sults showed a slightly greater improvement in knowledge of 

metabolism (67.7% vs. 64%) but a comparable effect on 

knowledge of clinical medicine. While a lower percentage of 

our students agreed that the cases successfully demonstrated 

the basic-clinical science relationship (74.2% vs. 91%), a 

strong majority (73%) supported repeating CBL sessions in 

the following year, a figure similar to the 70% reported else-

where [8]. A higher proportion of our students (19% vs. 8%) 

found the cases too clinically oriented, which may reflect the 

specific case design or the students' initial preparedness. 

Faculty feedback was overwhelmingly positive. All facili-

tators agreed that CBL improved students' analytical skills, 

deep learning, communication, and participation, consistent 

with findings by Eissa et al. and Wikanta [9, 10]. Facilitators 

also reported personal benefits, including enhanced teaching 

skills and subject knowledge. However, one challenge noted 

was the significant time and effort required for session prepa-

ration, a common constraint also identified by Eissa et al. [9]. 

Qualitative feedback from staff highlighted that CBL 

helped students comprehend metabolic pathways, increased 

their interest in biochemistry, and encouraged strategic, appli-

cation-based thinking [11-13]. The small-group, interactive 

nature of CBL was praised for fostering improved teacher-stu-

dent and peer-to-peer interactions, allowing for closer moni-

toring of student performance [14-16]. 

5. Conclusion 

In conclusion, this study demonstrates that a structured 

Case-Based Learning model is an effective strategy for teach-

ing biochemistry in a medical curriculum. The intervention 

successfully bridged the gap between basic science and clini-

cal practice, leading to a significant shift in student percep-

tions. Participants showed an increased appreciation for the 

clinical relevance of biochemistry and reported a deeper un-

derstanding of challenging topics like metabolism. Both stu-

dents and faculty endorsed the method, citing improvements 

in critical thinking, engagement, and collaborative skills. 

Despite the challenges, including the resource-intensive na-

ture of CBL and the need for careful case design for first-year 

students, the benefits are clear. We strongly recommend the 

continued and expanded integration of CBL into medical bio-

chemistry courses to foster a more engaging, relevant, and ef-

fective learning environment that prepares students for the 

complexities of clinical practice. 
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