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Background: Teaching basic science courses is challenging in undergraduate medical education because of

the ubiquitous use of didactic lectures and reward for recall of factual information during examinations.

The purpose of this study is to introduce concept maps with clinical cases (the innovative program) to

improve learning of biochemistry course content.

Methods: Participants were first year medical students (n�150) from Saveetha Medical College and Hospital

(India); they were randomly divided into two groups of 75, one group attending the traditional program,

the other the innovative program. Student performance was measured using three written knowledge tests

(each with a maximum score of 20). The students also evaluated the relevance of the learning process using a

12-item questionnaire.

Results: Students in the innovative program using concept mapping outperformed those in the traditional

didactic program (means of 7.13�8.28 vs. 12.33�13.93, pB0.001). The students gave high positive ratings for

the innovative course (93�100% agreement).

Conclusion: The new concept-mapping program resulted in higher academic performance compared to the

traditional course and was perceived favorably by the students. They especially valued the use of concept

mapping as learning tools to foster the relevance of biochemistry to clinical practice, and to enhance their

reasoning and learning skills, as well as their deeper understanding for biochemistry.
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Introduction
Anatomy, physiology, and biochemistry are the three

major subjects offered in the first year of a traditional

medical curriculum. Biochemistry needs to be taught

and learned effectively in the context of the disease

or a medical problem to facilitate the transfer of this

knowledge in terms of diagnosis and treatment of

the patients once they graduate and practice in the

community (1).

Saveetha Medical College and Hospital was estab-

lished in 2008, with an aim to provide quality medical

education by adopting and implementing the active and

self � directed learning strategies in its curriculum. The

first batch of medical students was admitted during the

academic year 2008�2009, and like in other medical

schools in India, biochemistry is taught through didactic

lectures. Since the institution was determined to change

the teaching from passive to active learning, during

the academic year 2008�2009, a study was conducted

among the first-year MBBS students to see the effect of

integrated teaching with case-based learning (CBL) in

biochemistry (1). It was evident from the results of this

study that the CBL improved learning gains as com-

pared to the traditional curriculum (1). It was also

observed that the students were able to formulate the

learning objectives, were able to take responsibility for

their own learning, and were able to gain knowledge by

virtue of case scenarios used in the CBL strategy (1).

Despite the CBL, students were unable to organize and

integrate information and relate and link the basics of

clinical biochemistry to medical problems. This is the

most important lacuna that we have identified, and we

strongly felt the need for the introduction of another

innovative tool in combination with the clinical cases to

fill this gap.

In this context, we conducted the literature review

to find a solution for the problem identified and found

that a few studies in physiology education have empha-

sized the use of concept mapping as an important tool to

facilitate active, self-directed, and deep learning (2, 3).
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Schmidt describes the conceptual framework that

promotes deep learning in a study about the Foundations

of PBL (1993), where he describes six principles of

cognitive learning, one of which deals with ‘elaboration’

of a content area (4). In concept-mapping sessions with

clinical cases, elaboration of the clinical cases promotes

the understanding and better retention of a content

area. During the past decade, the use of concept mapp-

ing in medical education provided a chance for the

medical students to improve their meaningful and deep

learning (5, 6). However, the relevance and the use of

concept mapping in medical biochemistry education

were not studied and this is the rationale for developing

this innovative curriculum.

Specific objectives of this study are to: 1) design

and implement the innovative curriculum consisting of

concept mapping with clinical cases, 2) compare the

knowledge of the undergraduate medical students in

the traditional curriculum with that of the students in

the innovative curriculum, and 3) know the perceptions

of the undergraduate medical students on the usefulness

of the concept mapping with clinical cases in learning

biochemistry.

Materials and methods
The clinical case units consisted of a series of three

common medical problems and symptoms, each fol-

lowed by a set of case-related questions. These clinical

case units were prepared as described in the previous

study (1) with few modifications (see Box 1). All current

first-year MBBS students (n�150) admitted during the

academic year 2011�2012 attending the biochemistry

course were randomly divided into two groups: the ones

in the traditional, lecture-based program (n�75), and

the ones in the new innovative, clinical cases with

concept-mapping program (n�75). This study was

conducted from December, 2011, to May, 2012. Due

permission was obtained from the Institutional Ethics

Committee before the start of the study. The 75 students

in the innovative group were further randomly divided

into groups of five, for a total of 15 small groups. Three

units for concept mapping with clinical cases were used

for this study. The clinical cases were given to the

students for discussion in the small groups, including the

preparation of concept maps, all under the supervision

of a faculty member. The following steps were adopted

for concept mapping as described by Novak and Canas

with little modifications: 1) brainstorming stage, 2)

organizing stage, 3) layout stage, 4) linking stage, 5)

revising and finalizing stage, and 6) gallery walk (7).

During this study, the same faculty member taught both

groups of students, and the students of both groups had

the same amount of teaching and learning time. Care

has been taken so that both groups have the opportunity

to clarify understanding by asking for help from the

Box 1. An example of a clinical case unit

Topic: Cardiovascular System � Coronary Artery

Disease

A 50-year-old male executive from a corporate firm

comes to the Saveetha University Medical College

Hospital complaining of recent pain in his chest that

went to his left shoulder. This episode occurred after

a brisk 10-min walk. The executive explained that

the pain disappeared after he rested. He is suspected

of having angina pectoris.

Specific Learning Objectives

By the end of the session, the students should be

able to:

1) Explain the mechanism of plaque formation in

the arteries

2) Enumerate the risk factors in coronary artery

disease

3) List the normal and abnormal blood para-

meters in coronary artery disease

4) Explain cholesterol metabolism

5) Learn and interpret the normal and abnormal

values of cholesterol

6) Retrieve the names of the compounds/drugs

that reduces the cholesterol, lipids in the body

and explain their role in clinical medicine

7) List the bile acids and explain how bile acids

can be synthesized in our body

8) Illustrate the primary sources and precursors

of cholesterol in the body

9) Explain how dietary cholesterol can be

restricted

10) Illustrate and implement the protocol for the

diagnosis of myocardial infarction in laboratory

11) List the biochemical markers for an acute

myocardial infarction

12) Name and classify lipoproteins

13) Appreciate the biochemical role of lipoproteins

in coronary artery disease

Areas to develop proficiency related to the objectives:

1) Cholesterol and other sterols that are impor-

tant in normal metabolism and in disease states

2) Biosynthesis, metabolism, and excretion of

cholesterol and bile acids

3) Role of cholesterol in the development of

atherosclerosis and the relationship of hyperch-

olesterolemia and dietary fat intake in this

disease

4) Cholesterol normal values and interpretation

of abnormal values

5) Hypocholesterolemic and hypolipidemic drugs
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faculty member. Also, the time lag between the teaching

and learning sessions and the assessment for each group

was similar.

Student performance was assessed using the scores

from the three post-module written tests. The test con-

tained multiple choice questions (MCQs), structured essay

questions (SEQs), and short answer questions (SAQs).

On an average, each test contained eight questions, that is,

five MCQs, one SEQ, and two SAQs; the maximum score

for each test was 20.

Statistical analyses to compare groups 1 (traditional

program) and 2 (innovative program) were done using

Student t-tests (SPSS version 15 for Windows).

The students in the innovative program were asked

to complete a 12-item, 5-point Likert scale question-

naire regarding their perception of the usefulness of the

concept-mapping approach in combination with the

clinical cases, which was prepared based on the directions

documented by Pinto and Zeitz (8). The questionnaire

assessed the following issues: deep understanding of the

subject matter, relevance of the cases, opportunities for

discussion, use of critical thinking, usefulness of concept

mapping, relevance for future practice, promotion of self-

assessment, promotion of active learning, motivation

to learn, meaningfulness of learning, and the role of the

teacher with an open-ended question at the end of the

questionnaire.

Results
On all three tests administered, the students in the inno-

vative curriculum with the concept-mapping group

(range: 12.33�13.93) significantly outperformed (all p-

values B0.001) the ones in the traditional lecture-based

group (range: 7.13�8.28); see Table 1 for details.

Virtually all of the students felt that the clinical cases

were interesting and thought that the concept maps

helped them better understand the biochemical topics.

Participants opined that by virtue of the concept-

mapping technique they were able to integrate the

information and relate and link the basic concepts

in biochemistry in terms of the clinical problem. They

valued the exchange of ideas that took place in

the small group discussions of the clinical cases followed

by the concept mapping in small groups, thus mak-

ing biochemistry much more fun and meaningful.

6) Biochemical tests used in the diagnosis of

myocardial infarction

7) Estimation of creatine kinase (CK) over a

period of time

8) Significance of estimation of CK, lactate dehy-

drogenase (LDH), and transaminase in the

diagnosis of myocardial infarction

9) Biochemical role of lipoproteins and functions

10) Importance of lipoprotein (a)

11) Importance of heparin

Self-evaluation:

1) Define coronary artery disease

2) Enumerate the common risk factors in coron-

ary artery disease

3) Write the normal values of the following

biochemical parameters in blood:

a) Cholesterol, b) triglycerides, c) LDL-

cholesterol, d) HDL-cholesterol

4) Explain how Atherosclerosis can be prevented

5) Name the hypolipidemic drugs

6) Write the name of the key enzyme of the

cholesterol biosynthesis pathway

7) Hypercholesterolemia is thought to be related

to the development of atherosclerosis � justify

this statement

8) Lowering of the plasma cholesterol concentra-

tion is potentially beneficial for this patient �
explain.

9) Describe the mechanism involved in producing

the atherosclerosis

10) How cholesterol biosynthesis is normally regulated?

11) What role does HMG CoA-reductase play in

cholesterol biosynthesis?

12) Explain the purpose of prescribing a drug that

inhibits HMG CoA-reductase

13) List the biochemical markers available for the

diagnosis of acute myocardial infarction

14) What is the relative merit of estimation of CK,

LDH, and transaminase in the diagnosis of

myocardial infarction

15) What is the relation of CK activity in the blood

to tissue damage?

16) Explain the role of myoglobin in the diagnosis

of myocardial infarction

17) Analyze the advantage of estimation of tropo-

nins in the diagnosis of myocardial infarction

18) What is heparin and mention the importance of

heparin in management of coronary artery

disease

Table 1. The mean9SD values of the test scores to assess

the academic performance in group 1 (controls) and group

2 (study subjects)

Test

Group1: traditional

program (n�75)

Group2: innovative

program (n�75)

Effect size

(Cohen’s d)

1 7.9992.34 12.3393.17*** �0.61

2 8.2891.40 13.9391.67*** �0.88

3 7.1391.26 13.391.51*** �0.91

***pB0.001 compared to controls.
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The students felt that the clinical cases and concept maps

promoted meaningful learning and deeper understanding

of biochemistry compared to the traditional classroom

teaching. Our data are supported by the results of

various other studies (9, 10). Also, the participants in

the innovative curriculum felt that the teacher’s role as

facilitator is the key factor for the proper conducting of

these concept-mapping sessions in small groups.

Discussion and conclusion
This innovative program consisting of concept mapping

in conjunction with clinical cases improved the learning

environment of the students and resulted in better test

scores in biochemistry for the first-year medical curricu-

lum. Our results are supported by various other studies

that show instructional strategy using concept mapping

as an innovative tool, which provides opportunities for

developing and practicing contextual thinking and clini-

cal collaboration skills (2, 3, 11).

The use of concept mapping along with the clinical

cases stimulated meaningful learning on the part of the

students (8). The students indicated that concept map-

ping promoted meaningful discussion of the clinical

cases in the brainstorming stage; stimulated deep analysis

of the medical problem in the organizing stage; facili-

tated the learning process to organize and integrate

information in the layout stage; linked, related the basic

biochemical concepts to medical problem in the linking

stage; provided an opportunity to assess existing knowl-

edge, gain insights about new and existing knowledge

in the revising and finalizing stage, and exchange infor-

mation by going through all the concept maps made

by fellow students during the gallery walk. These find-

ings strongly confirm that concept mapping is a useful

strategy to promote meaningful learning in medical

education (3, 11).

To conclude, our study results showed that the use

of concept-mapping techniques resulted in significantly

better test scores and promoted a deeper understanding

of the basic concepts of biochemistry to relate and link

to medical problems.

Acknowledgements

We are thankful to Dr. S. Porchelvan, MSc, MBA, PGDCA, PhD,

Professor in Biostatistics for assisting with the statistical analyses.

Conflict of interest and funding
The authors have not received any funding or benefits

from any industry or elsewhere to conduct this study.

References

1. Surapaneni KM. The effect of integrated teaching with case

based learning (CBL) in the biochemistry of undergraduate

medical curriculum. J Clin Diagn Res 2010; 5: 3058�63.

2. West DC, Pomerory JR, Park JK, Gerstenberger EA, Sandoval

J. Critical thinking in graduate medical education: a role of

concept mapping assessment? JAMA 2000; 284: 1105�10.

3. Rendas A, Fonseca M, Pinto PR. Toward meaningful learn-

ing in undergraduate medical education using concept maps

in a PBL pathophysiology course. Adv Physiol Educ 2006; 30:

23�9.

4. Schmidt HG. Foundations of problem-based learning: some

explanatory notes. Med Educ 1993; 27: 422�32.

5. Novak JD. The promise of new ideas and new technology

for improving teaching and learning. Cell Biol Educ 2003; 2:

122�32.

6. Markham K, Mintzes J, Jones G. The concept map as a research

and evaluation tool: further evidence of validity. J Res Sci Teach

1994; 31: 91�101.

7. Novak JD, Canas AJ. (2008). The theory underlying concept

maps and how to construct them. Technical Report IHMC

Cmap Tools 2006�01 Rev 01-2008, Florida Institute for Human

and Machine Cognition. Available from: http://cmap.ihmc.us/

Publications/ResearchPapers/TheoryUnderlyingConceptMaps.pdf

8. Pinto AJ, Zeitz HJ. Concept mapping: a strategy for promoting

meaningful learning in medical education. Med Teach 1997; 19:

114�21.

9. Dabbagh N. Concept mapping as a mind tool for critical

thinking. J Comput Teach Educ 2001; 17: 16�24.

10. Laight DW. Attitudes to concept maps as a teaching/

learning activity in undergraduate health professional educa-

tion: influences on preferred learning styles. Med Teach 2004;

26: 229�33.

11. McGaghie WC, McCrimmon DR, Mitchell G, Thompson JA.

Concept mapping in pulmonary physiology using pathfinder

scaling. Adv Health Sci Educ 2004; 9: 225�40.

*Krishna M. Surapaneni
Department of Biochemistry
Faculty of Medicine
Saveetha Medical College and Hospital
Saveetha University
Saveetha Nagar, Thandalam
Chennai 602 105, India
Email: krishnamohan_surapaneni@yahoo.com

Krishna M. Surapaneni and Ara Tekian

4
(page number not for citation purpose)

Citation: Med Educ Online 2013, 18: 20157 - http://dx.doi.org/10.3402/meo.v18i0.20157

http://cmap.ihmc.us/Publications/ResearchPapers/TheoryUnderlyingConceptMaps.pdf
http://cmap.ihmc.us/Publications/ResearchPapers/TheoryUnderlyingConceptMaps.pdf
http://med-ed-online.net/index.php/meo/article/view/20157
http://dx.doi.org/10.3402/meo.v18i0.20157


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Settings for the Rampage workflow.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


