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Abstract 
 
 Medical schools devote considerable time to impart knowledge of 
biochemistry to medical students for the effective practice of clinical 
medicine. However, there is a challenge to effectively deliver the 
biochemistry curriculum in an appropriate clinical context. At Patan 
Academy of Health Sciences different strategies were under taken to 
integrate biochemistry curriculum with other basic science disciplines in 
the context of organ system based curriculum during the undergraduate, 
curriculum development. Although major portion of the curriculum is 
covered using PBL; seminars and laboratory sessions along with lectures 
were also used. After the implementation of curriculum, in-depth 
interview was used to analyze students' perception on biochemistry 
curriculum integration. The analysis revealed that students were 
convinced with the arrangement of curricular content and integrated 
delivery through PBL, lecture and practical sessions in different blocks 
except for Principles of Human Biology (PHB) I and PHB II. 
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Perspective 
 
There is widespread concern among clinicians 
and medical educators that basic science 
knowledge learned during the traditional 
preclinical years have substantial loss of by the 
time medical students reach clinical years.1,2 
The decline in retention of biochemistry 
knowledge was even greater than for other 
basic science disciplines.3 Learning theory 
reveals that learning is best accomplished and 
retained when information is presented in a 
meaningful and integrated pattern.4,5 It has 
also been shown that integrated medical 
curricula are more effective than conventional 
curricula. 6-8  
 
The problem based learning (PBL) provides a 
suitable platform to integrate biochemistry 
curricular content with all the other basic and 
clinical sciences by using relevant clinical case 
scenarios.9 In this study we have described 
how biochemistry curricular content is 
integrated through PBL at Patan Academy of 
Health Sciences (PAHS and other teaching 
learning strategies undertaken to foster active 
learning. 
 
Strategies under taken to align biochemistry 
curricular content 
The PAHS MBBS curriculum was developed 
through consultative meetings and workshops 
during 2005 to 2007 involving national and 
international academics along with stake 
holders in health care services to address the 
health care disparity between rural and urban 
areas 
 
The curriculum includes two years of basic 
sciences delivered through integrated organ 
system using PBL teaching/learning (T/L) to 
foster retention of basic science knowledge in 
later clinical years for in-depth lifelong learning 
and enhance generic skills of communication, 
leadership, and teamwork.  
 
The curriculum includes two foundation blocks 
of principle of human biology (PHB) I and II and 
the eight organ system blocks (OSB) 
(supplementary file 01, Table 1). The content 
of biochemistry at PAHS, reviewed the 

contents from within the country (Tribhuvan 
University, Kathmandu University and BP 
Koirala Institute of Health Sciences) overseas 
universities (University of Newcastle, Australia 
and University of British Columbia, Canada) for 
validated and finalized  by local faculties for 
delivery in blocks, (supplementary file, Table 
2a,b,c) to assist the students gain foundations 
in year one, similar to other medical college.10 
For active learning and retention of 
knowledge11 via PBLs followed by seminars, 
assignments, laboratory sessions and 
supplemented by lectures for more difficult 
concepts uncovered by active T/L approaches, 
(Figure 1).  
 
The temporal sequencing of PBL cases, 
seminars, lab sessions and lectures were found 
to complement and reinforce learning.12-14  The 
PBL case scenarios discussed during the week 
were reintroduced in subsequent lectures and 
laboratory sessions to contextualize the 
learning and to bridge gaps, as well as foster 
generic skills (communication, team work, 
critical thinking and self-directed learning).15,16 
Spiral integration approach was also 
undertaken to enhance learning made in 
earlier blocks. For example, the metabolism 
content was mapped initially to the basis of 
metabolism (glycolysis, TCA cycle, beta 
oxidation and gluconeogenesis) in PHB I. It was 
then mapped to the OSB, for example, cardiac 
muscle metabolism and lipid metabolism in 
the "cardiovascular system (CVS) block", 
muscle metabolism in the "musculoskeletal 
and skin block" and hormonal regulation of 
metabolism in the "endocrinology block", 
(Supplementary file, Table 3). 
 
The PBL case was constructed with a relevant 
clinical scenario to cover learning objectives of 
basic sciences curriculum including 
biochemistry. The clinical scenario was 
partitioned into multiple episodes (triggers) 
and was administered to students in a 
sequence. Though the initial triggers generate 
a very broad discussion, the sequential 
unfolding of clinical clues guides students to 
narrow down a discussion and to reach to a 
clinical diagnosis. There were three PBL 
sessions of 2 hours each where students 
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discuss the triggers given by a trained tutor. 
Seven jump PBL approach was taken during 
PBL discussion.17 Tutor’s primary responsibility 
was to facilitate the discussion ensuring 
intended learning objectives.  
 
In the OSB, the clinical presentations triggered 
much more student led discussions and 
achieved the intended biochemistry learning, 
for example the PBL case of hepatitis in 
‘gastrointestinal and hepatobiliary block’, 
(Supplementary file 01, Table 4).  
 
The assessment drives learning of medical 
students.18,19 The integrated formative and 
summative assessment using clinical or 
experimental vignette based multiple choice 
questions (MCQ), problem based questions 
(PBQ) and structured viva are used at PAHS. 
Laboratory skills were assessed through 
observed structured practical exam. 
Assessment of generic skills was done by tutors 
through validated tools during PBL. 
 
 
Students' perception on the integration of 
biochemistry curriculum in basic sciences 
In December 2012, after the completion of 
two-year basic sciences, eight students were 
identified for in-depth recorded interview 
(supplement file, interview) in both Nepali and 
English language with open ended questions 
for the perception on biochemistry curriculum 
integration. At the conclusion of interviews, 
first author (BRM) transcribed the recorded 
interviews and compared with the notes taken 
during the interview. Nepali script was 
translated into English by BRM.  
 
Overall perception on the arrangement from 
simple to complex content was good.  For 
example, in PHB I the nature of biomolecules 
was delivered early on followed by the 
dynamics of biomolecules (inter-convertibility 
of biomolecules) in the basic metabolism 
section. Students perceived that biochemistry 
content in PHB I and PHB II was very heavy and 

not well integrated like in OSB. A spiral 
arrangement of biochemistry curriculum gives 
students an opportunity to obtain a simpler 
understanding initially and to build on this with 
a deeper knowledge at a later point in time.20 
This repetitive learning not only helps students 
to have a more comprehensive overview of the 
subject but also to achieve a better retention 
of knowledge.21 
 
There is increasing trend to use PBL to deliver 
biochemistry curriculum in medical schools in 
Nepal.22 
 
 
Conclusions 
 
In-depth interview of students shows spiral 
integration of biochemistry content with 
clinically relevant problem based learning as 
main approach is well accepted by 
undergraduate medical students at PAHS to 
foster deeper and lifelong learning. Students 
agreed that there was better integration of the 
content with other disciplines in organ system 
blocks. Some students felt the biochemistry 
curricular content was heavy in the early 
period of principle of human biology I and II.  
 
 
Acknowledgments 
 
We thank Emeritus Prof Peter Dunkley, 
University of Newcastle, Australia and 
Emeritus Prof Fred Bosman, University of 
Laussane, Switzerland for kindly reviewing this 
manuscript.  
 
 
Supplementary Files  
 
i. Table 1 
ii. Table 2 
iii. Table 3 
iv. Table 4 
v. Table 5 
vi. Table 6 

 
 



 
 

101 
 

Babu R Maharjan: Integration of biochemistry curriculum using PBL 

Journal of Patan Academy of Health Sciences. 2018Dec;5(2):98-102. 

 

 
 
 
 
 
 
 
References 
 
1. Kennedy WB, Kelley Jr PR, Saffran M. Use of 

NBME examinations to assess retention of 
basic science knowledge. Academic Medicine. 
1981;56(3):167-73. DOI: 10.1016/0307-
4412(81)90213-2  GoogleScholar 

2. Norman G. The essential role of basic science 
in medical education: the perspective from 
psychology. Clin Invest Med. 2000;23(1):47-
51.  PDF  

3. Swanson DB, Case SM, Luecht RM, Dillon GF. 
Retention of basic science information by 
fourth-year medical students. Academic 
Medicine. 1996;71(10):S80-2. DOI: 
10.1097/00001888-199610000-00051   

4. Crowell S. A new way of thinking: the 
challenge of the future. Educational 
Leadership. 1989;49(1):60-3. PDF 

5. Shoemaker BJ. Integrative education: a 
curriculum for the twenty-first century. OSSC 
Bulletin. 1989;33(2). Web link  

6. General Medical Council. Recommendations 
on undergraduate medical education. In: 
General Medical Council, editor. Tomorrow's 
doctors. London: 1993.  PDF 

7. Harden RM, Sowden S, Dunn WR. Educational 
strategies in curriculum development: the 
SPICES model. Med Educ. 1984;18(4):284-97. 
DOI: 10.1111/j.1365-2923.1984.tb01024.x  

 
 
 
 

 
8. Schmidt HG, Machiels-Bongaerts M, Hermans 

H, ten Cate TJ, Venekamp R, Boshuizen HP. 
The development of diagnostic competence: 
comparison of a problem-based, an 
integrated, and a conventional medical 
curriculum. Acad Med. 1996;71(6):658-64. 
DOI: 10.1097/00001888-199606000-00021 

9. Villamor M. Problem-based learning (PBL) as 
an approach in the teaching of biochemistry of 
the endocrine system at the Angeles 
University College of Medicine. Ann Acad Med 
Singapore. 2001;30(4):382-6.  PDF  PMID: 
11503545 

10. Khoo HE. Teaching biochemistry to medical 
students in Singapore – from organic 
chemistry to problem-based learning. Ann 
Acad Med Singapore. 2005;34:79C-83C.  PDF  

11. Lucas KH, Testman JA, Hoyland MN, Kimble 
AM, Euler ML. Correlation between active-
learning coursework and student retention of 
core content during advanced pharmacy 
practice experiences Am J Pharm Educ. 
2013;77(8):171.  DOI: 10.5688/ajpe778171 

12. Camp G. Problem-based learning: a paradigm 
shift or a passing fad? Medical Education 
Online. 1996;1(1):4282. DOI: 
10.3402/meo.v1i.4282  

All curricular objectives of biochemistry in a block 

Allocate curricular objectives to assigned PBL 

Allocate curricular objectives through active learning 
 approaches such as seminar and Lab 

Allocate curricular objectives through lectures 

Temporal sequencing of seminar, lab and lecture 
with PBL case in a block to highlight the clinical relevance. 

 

 

 

 

Figure 1: Strategies of distributing biochemistry curriculum in a block to prioritize active learning 

https://doi.org/10.1016/0307-4412(81)90213-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.1016%2F0307-4412%2881%2990213-2&btnG=
https://www.researchgate.net/profile/Geoffrey_Norman/publication/12535086_The_essential_role_of_basic_science_in_medical_education_The_perspective_from_psychology/links/55d741dd08aeb38e8a85a3c7/The-essential-role-of-basic-science-in-medical-education-The-perspective-from-psychology.pdf
https://doi.org/10.1097/00001888-199610000-00051
https://pdfs.semanticscholar.org/5c5a/e6ba63d49435085341270607b6fba2362504.pdf
https://searchworks.stanford.edu/view/2179106
http://www.gmc-uk.org/Tomorrows_Doctors_1993.pdf_25397206.pdf
https://doi.org/10.1111/j.1365-2923.1984.tb01024.x
https://doi.org/10.1097/00001888-199606000-00021
http://www.annals.edu.sg/pdfJul01/villamor.pdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=11503545
https://www.researchgate.net/profile/Hoon_Khoo/publication/7735004_Teaching_Biochemistry_to_Medical_Students_in_Singapore_-_From_Organic_Chemistry_to_Problem-based_Learning/links/00b7d526a44373e31d000000.pdf
https://doi.org/10.5688/ajpe778171
https://doi.org/10.3402/meo.v1i.4282


 
 

102 
 

Babu R Maharjan: Integration of biochemistry curriculum using PBL 

Journal of Patan Academy of Health Sciences. 2018Dec;5(2):98-102. 

 

13. Smith HC. A Course director’s perspectives on 
problem-based learning curricula in 
biochemistry. Academic Medicine. 
2002;77(12):1189-98. DOI: 
10.1097/00001888-200212000-00006 PMID: 
12480620 

14. The learning pyramid, Motorola University, 
Creating Mindware for the 21st Century, 
Corporate University Xchange. 1996;2(3). Web 
link  

15. Ghimire SR, Bhandary S. Students’ perception 
and preference of problem based learning 
during introductory course of a Nepalese 
medical school. Journal of Patan Academy of 
Health Sciences. 2014;1(1):64-8. DOI: 
10.3126/jpahs.v1i1.13024 

16. Lama PY, Koirala P, Bhattarai B, Suwal G, 
Deshar S. Integration of problem based 
learning at Kathmandu Medical College. 
Kathmandu Univ Med J (KUMJ). 
2013;2(3):162-6.  PDF  DOI: 
10.3126/jkmc.v2i3.9969    

17. Gijselaers W. Perspectives on problem-based 
learning. In: Gijselaers W, Tempelaar D, Keizer 
P, et al., editors. Educational innovation in 
economics and business administration: the 

case of problem-based learning. Vol 1. 
Netherland: Kluwer Academic Publishers; 
1995. 39-52p. DOI: 10.1007/978-94-015-8545-
3_5    

18. Newble DI, Jaeger K. The effect of 
assessments and examinations on the learning 
of medical students. Med Educ. 
1983;17(3):165-71. DOI: 10.1111/j.1365-
2923.1983.tb00657.x  

19. Wood T. Assessment not only drives learning, 
it may also help learning. Med Educ. 
2009;43(1):5-6. DOI: 10.1111/j.1365-
2923.2008.03237.x  

20. Harden RM. What is a spiral curriculum? 
Medical Teacher. 1999;21(2):141-3. DOI: 
10.1080/01421599979752  

21. Rumelhart DE, Norman DA. Accretion, tuning 
and restructuring: three modes of learning. 
California: Center for Human Information 
Processing, University of California; 1976. PDF 

22. Dixit H, Vaidya S, Pradhan B. PBL 
implementation of Kathmandu University 
Curriculum - is it quo vadis? Journal of Nepal 
Medical Association. 2013;52(192):652-8. 
PMID: 25327245  PDF GoogleScholar

 
 
 

https://doi.org/10.1097/00001888-200212000-00006
https://www.ncbi.nlm.nih.gov/pubmed/12480620
http://www.simulations.co.uk/pyramid.htm
http://www.simulations.co.uk/pyramid.htm
https://doi.org/10.3126/jpahs.v1i1.13024
https://www.google.com.np/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=2ahUKEwjemdWY9vPeAhXZTX0KHUMtA5cQFjAAegQIChAC&url=https%3A%2F%2Fwww.nepjol.info%2Findex.php%2FJKMC%2Farticle%2FviewFile%2F9969%2F8147&usg=AOvVaw2QookTsHsq81ODA-S4_Dpx
https://doi.org/10.3126/jkmc.v2i3.9969
https://doi.org/10.1007/978-94-015-8545-3_5
https://doi.org/10.1111/j.1365-2923.1983.tb00657.x
https://doi.org/10.1111/j.1365-2923.2008.03237.x
https://doi.org/10.1080/01421599979752
https://apps.dtic.mil/dtic/tr/fulltext/u2/a030406.pdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=25327245
https://www.jnma.com.np/jnma/index.php/jnma/article/view/2445/1683
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=PBL+implementation+of+Kathmandu+University+Curriculum+-+is+it+quo+vadis%3F&btnG=

