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Abstract: A safe, effective clinician should have the ability to reason through any case they 

encounter — some of which may be unusual presentations or complex cases which may not 

fully match standard clinical practice guidelines. When faced with a situation that does not 

match a known pattern, a solid foundation in the underlying principles of the scientific basis 

of medicine would be needed to correctly reach the most probable diagnosis and choose the 

most appropriate treatment strategy. The ability to do this requires the clinician to be able to 

integrate relevant pieces of related knowledge from both the basic and clinical sciences. 

However, these two elements are often taught in a dissociated manner in medical school. This 

often results in students struggling to see connections between the two, and often perceiving 

the basic sciences as being not relevant to the practice of clinical medicine. The need for 

better integration of the curriculum has been recognized and many medical schools have 

attempted to implement an integrated curriculum to varying degrees. This article attempts to 

summarize the theoretical basis and available evidence supporting a fully integrated spiral 

curriculum as an effective model for medical curriculum development in order to train safe, 

effective clinicians. We also briefly discuss some challenges to this and some possible 

strategies to overcome them. 
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1. Introduction 

The basis of a medical school curriculum is to produce doctors who are able to 

manage a variety of cases — from the simple to complex — safely and effectively. This 

seemingly simple aim, however, necessitates the blending of a wide range of information and 

skills in a complex balance; and a collective agreement of the best way of achieving this has 

never been reached. The lack of consensus on this is clearly illustrated by the wide range of 

medical curricula currently implemented in medical schools around the world.  

The medical curriculum has evolved greatly over the years — possibly the clearest 

defining event in medical education remains the Flexner report in 1910. Abraham Flexner 

was commissioned by the Carnegie Foundation and the American Medical Association to 

assess medical education in Canada and America. At this time, medical education in America 

was based exclusively on an apprenticeship model, and he was impressed by the discipline-

based method of teaching in Europe — especially in Germany — leading to the strong 

recommendation of his landmark report that the sciences played a fundamental role in the 

practice of medicine and should be similarly reflected in medical training. His report was 

largely what promoted movement toward an academic model of medical education; as 

opposed to the rather piecemeal and often exclusively apprenticeship model of medical 

training that preceded it.  

Even today, at the core of their curricula, most medical schools worldwide follow the 

model largely based on Flexner’s recommendations and have a curriculum of 2+2 (or 3) 

model with a clear division of the pre-clinical sciences or foundational sciences being taught 

in the first 2 years, and clinical sciences in the second half of the course.  The basic sciences 

otherwise known as foundational or pre-clinical sciences are those that describe the biological 

mechanisms underpinning the function or dysfunction of the human body — such as 

physiology, anatomy, biochemistry and microbiology. The clinical sciences refer to 

information directly teaching the relationship between particular signs and symptoms with 

specific diseases, as well as how to diagnose and treat them[1]. One way of looking at this is 

that clinical sciences answer the question of ‘what’ while the basic sciences deal more with 

the ‘how’ and ‘why’ — all of which are needed to obtain a complete picture of a particular 

patient’s condition.  

Flexner’s underlying philosophy in recommending the program structure he did came 

on the belief that having acquired a solid foundation of the basic sciences, the students would 

automatically apply it to cases seen in the clinical years. In the era before the Flexner report, 

medical training rested almost entirely on an apprenticeship model of simply learning by 

observing physicians at work with very limited and poorly specified theoretical foundations. 
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He strongly believed that physicians must deal with the complexities of the human body and 

apply biological concepts and principles in order to effectively analyze, assimilate, and solve 

novel and ill-structured patient problems[2].  

Clearly, the legacy of his recommendations has resulted in a much more scientific 

and safe practice of medicine in large part due to generating wider acceptance of the idea that 

the basic sciences are fundamental in medical education, but there is still a lack of consensus 

on the most effective way in which to convey this knowledge to the students to maximize its 

potential to improve their clinical performance. We do know that this traditional method, 

while providing the students with the core theory has limited success in enabling cross over 

of the knowledge into the clinical years. Students have been described as feeling that the pre-

clinical sciences are not relevant to patient care and simply a hurdle to be passed in order to 

enter clinical training[3–5]. It has also been demonstrated in several studies that students in the 

advanced years have a very poor recollection of the core sciences[6–9], with one study of 

retention of anatomy knowledge in a traditional curriculum reporting that the forgetting curve  

was almost identical to that of nonsense syllables[10]. 

An additional side effect of the discipline based teaching was the creation of 

segregated departments  - while these enabled progress in medical science they also created 

a deep divide between the scientists and the clinicians[11]. This could in part be the reason a 

large number of senior clinicians felt that basic sciences were not relevant to the practice of 

medicine[12]. An incident related by Booth[13] describes how when Sir Henry Dale, the great 

physiologist and pharmacologist, first arrived to study medicine at St Bartholomew’s 

Hospital in 1900, a senior doctor, Samuel Gee, advised him to forget all the physiology he 

had learned at Cambridge as medicine was not a science but an empirical art.  Paradoxically, 

this division and in some ways, the devaluation of biomedical science actually occurred as 

the ability to use new discoveries to rationalize clinical decision making was rapidly 

expanding[14]. This perception of basic sciences being disconnected and irrelevant to clinical 

science  is untrue as studies have shown that even though many cases in clinical medicine 

are diagnosed through experience and pattern recognition, when confronted with a diagnostic 

challenge  experienced clinicians do begin to explicitly rely on biomedical principles[15,16]. 

A longitudinal study analysing 3 decades of data also indicated that scores obtained by 

students in basic science evaluations were predictive of their future clinical competence 

evaluations after medical school[17] and other work has shown that level of retention of basic 

science correlates with clinical knowledge in final year students[6].Surveys among graduating 

students have also indicated that they would prefer greater degrees of integration between 

clinical and preclinical sciences to feel better equipped to practice[18]. 
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2. Defining Integration and The Various Medical Curricula 

There are several medical curriculum models that have been used over the years and 

in some form still form the basis of medical education today. These include the 

apprenticeship model[2], the discipline based model[19,20], outcome based model(21), hybrid 

spiral model[22] — all of which are summarized in Table 1.  

Table 1. Summary of various medical curriculum models with their overall strengths and weaknesses 

Curriculum model General description Strengths/weaknesses 

Apprenticeship based 

curriculum model 

• Practiced in the 1800s in America 

• Teaching by didactic lectures and 

shadowing mentors 

• No formal curriculum or textbooks 

 

• No basic science teaching, 

only practical observations 

• Heavily dependent on rote 

memorization 

Discipline-based 

curriculum 

• Originated in Europe based on best 

practice  

• Teaching was by individual 

segregated departments who taught 

their own discipline related content 

independently of each other  

• 2 years of pre-clinical with no 

horizontal or vertical integration 

• No horizontal or vertical 

integration 

• Teaching details of subjects 

through different departments 

in a repetitive, unrelated 

manner which had little 

apparent value to medical 

students 

Organs system-based 

model  

• Integrates basic sciences around a 

focus of single organ system 

• Basic science, pathophysiology of 

disease, and clinical sciences were 

integrated.  

• Provided a more cohesive 

focus for the sciences  

• Students unable to use 

integrated knowledge to solve 

clinical problems in the 

clinical year 

Problem based model 

• Started by McMaster University in 

Canada 

• Structured around clinical problems 

and delivered through small group 

discussions 

• Emphasized active learning and 

student-centered learning. The 

students were given a clinical case as 

a problem and they had to use their 

prior knowledge to hypothesize and 

identify their learning needs 

• Aids with knowledge 

retention 

• Gaps in knowledge base 

acquired by students 

• Resource intensive 

Outcome based model 

• Content of the curriculum, methods of 

teaching and learning, time allocation 

in different courses, and assessments 

are guided by the learning outcomes 

of the course 

• Very teacher directed rather 

than student centered 
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Curriculum model General description Strengths/weaknesses 

• Graduating physicians are judged 

based on predefined 

competencies/outcomes. 

Clinical presentation 

curriculum 

• Developed in University of Calgary, 

Canada 

• Teaching organized around the 120 

ways a patient can present to a 

physician 

 

• Teaches the basic science and 

clinical knowledge relevant to 

the various clinical 

presentations 

• Organizes knowledge to 

provide an approach to 

common clinical problems. 

Hybrid with spiral 

design curriculum 

• Basic science knowledge gained in 

earlier phase is revisited and used to 

build concepts of the next phase of the 

curriculum.  

•  Basic sciences are taught even in the 

clinical clerkship phase. 

• Involves aspects of outcome-based 

approach, integrated learning organ-

based approach, student-centered 

approach, and problem-based 

learning. 

• Allows repetition with 

progression to enable 

reinforcement of content in 

authentic learning 

environment 

Within the medical curricula, there has been a great deal of discussion about 

integration. However, the term ‘integration’ itself potentially has a wide range of meanings 

when used in the context of a medical curriculum. Among these, two definitions best fit the 

term as we are using it in this article: Shoemaker et al.[23] defined an integrated curriculum 

as “education that is organized in such a way that it cuts across subject-matter lines, bringing 

together various aspects of the curriculum into meaningful association to focus upon broad 

areas of study”; while Ron Harden defined integration as “the organisation of teaching matter 

to interrelate or unify subjects frequently taught in separate academic courses or 

departments”[24].  

This integrated organization can potentially take place across a seemingly infinite 

spectrum of time periods or depths both within and among subjects although the two key 

terms used in this space are vertical and horizontal integration. Horizontal integration refers 

to teaching related disciplines such as anatomy, physiology and pharmacology concurrently; 

while vertical integration refers to integration of basic sciences with clinical subjects. This 

idea is illustrated in Figure 1.  
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Figure 1. Illustrating the concept of vertical and horizontal integration within a medical curriculum. 

3. Support for an Integrated Curriculum 

3.1 Recommendations from Medical Education Bodies 

The need to revisit and modify the Flexnerian, discipline-based way of the teaching 

of basic and clinical sciences to an integrated model has been one of the key items listed by 

several medical education consensus groups over the years.  One strong voice for this is  the 

Carnegie Foundation report “Educating Physicians: A Call for Reform of Medical School 

and Residency”, whose recommendations include “strengthening connections between 

formal and experiential knowledge across the continuum of medical education, specifically 

by incorporating more clinical experiences earlier in medical school and providing more 

opportunities for knowledge building later in medical school and throughout residency.”[25]  

Other influential voices include the Edinburgh declaration from the World Federation 

for Medical Education in 1989, the Association of Faculties of Medicine of Canada’s report 

entitled “The Future of Medical Education in Canada:  A Collective Vision for MD  

Education ” in 2009, and a document released by Association of American Medical Colleges 

and the Howard Hughes Medical Institute (AAMC–HHMI) in 2009. All of these advocates 

for the integration of basic and clinical sciences throughout the medical curriculum.  

There is also support for this idea in some curriculum accreditation guidelines, for 

example, the Australian Medical Council require that a medical curriculum provide evidence 

of “both horizontal (within a programme segment or year) and vertical (across successive 

programme segments or years) integration of related subject matter.” A document from the 

General Medical Council of the UK in 1993 entitled “Tomorrow’s Doctors: 

Recommendations on Undergraduate Medical Education” — among other key reforms- 

recommended spreading out the basic sciences right across the course and introducing 

exposure to patients and their families from the beginning of the course[26] — in essence 

creating a spiral curriculum. The updated document in 2002 also includes the statement that 
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“The core curriculum must be the responsibility of clinicians, basic scientists and medical 

educationists working together to integrate their contributions and achieve a common 

purpose “and that medical graduates should ´ know about, understand and be able to apply 

and integrate the clinical, basic and behavioural and social sciences on which medical 

practice is based”[27]. 

To a large extent, from a purely theoretical perspective, there is in general a sense of 

agreement that greater degrees of integration between clinical and pre-clinical sciences would 

be helpful but a wide variety of factors make implementation of this in the wider curriculum 

challenging.  

3.2 Educational Theory 

Flexner’s original theory was that having acquired a significant amount of basic 

science knowledge in the preclinical years, this would then automatically allow students to 

apply this information to cases and clinical problems in the clinical years[28]; however the 

reality is that learning information out of context is tedious and retention is poor[5,29]. Looking 

at the traditional medical curriculum through the lens of the principles of adult learning theory 

or andragogy highlights several deficits that in the model with regard to effective learning 

and retention[30].  

There are several elements of learning theory that support a move towards greater 

integration in the curriculum. Of particular relevance to medical education is adult learners’ 

interest in meaningful learning[31] — learners are only willing to invest time to learn a topic 

after they understand the topic’s relevance. In medical education, basic science details are 

difficult to connect to clinical scenarios for beginning learners with limited or no clinical 

exposure; this challenge is overcome by linking basic science material to clinical problems, 

often through patient-based or case-based learning. Another relevant learning theory comes 

from the field of cognitive psychology and details how learners’ organize knowledge: 

knowledge is most effective when the organization of that knowledge matches the way in 

which the knowledge is to be used[32]. Thus, teaching medical students about basic science 

in the context of clinical examples and explicitly making connections among concepts 

through integrated presentation of material are two ways that integration can enhance long-

term retention and deeper understanding. Additionally, further learning theory with roots in 

cognitive psychology regarding transfer of learning also supports that making use of clinical 

examples in teaching basic science can help students identify deep features of basic science 

concepts that will help them elaborate on that knowledge as they progress into clinical 

education[5]. 
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Herrington’s principles of authentic learning state that meaningful learning takes 

place when course content is presented with a more authentic context, particularly when 

presented as a realistic problem preserving the complexity of the real-life setting[33]. 

Herrington also adds that to support this mode of learning, students should be able to access 

information resources as required, rather than have topics presented in a linear manner 

through weekly lectures and tutorials — this is an approach that would work perfectly in the 

clinical setting where students can review basic sciences linked to the cases they see in the 

wards having all the resources from the early years[34]. It has been noted by Woods and 

Mylopoulos[35] that “biomedical knowledge can help novices develop a coherent and stable 

mental representation of disease categories.” Only after learners make new connections 

between their knowledge and specific clinical encounters,  will they also be able make strong 

connections between clinical features and the knowledge stored in memory[36]. 

A spiral, integrated curriculum appears to be an ideal model that provides multiple 

timepoints within the curriculum where core ideas are repeated across a variety of time points 

and scenarios; and this repetition is a key strategy to enhance learning and engagement with 

ideas at a deeper level[37]. This model, which is designed to be repetitive yet progressive, has 

gained significant support as it seems to provide an achievable means of breaking down the 

barrier between the basic and clinical sciences; which would  then improve connections 

between these disciplines, enhance retention of knowledge among medical graduates as well 

as boost the development of their clinical skills[38]. This will support the development of a 

feature that is seen in expert level clinical reasoning whereby the foundational sciences are 

so encapsulated within the clinical reasoning that the doctors are unaware of a divide in the 

two[35].  

3.3 Studies on Various Forms of Integration in The Curriculum 

Almost all medical schools have now, to some degree, begun to incorporate some 

clinical knowledge into the preclinical years, and a few have experimented with reintroducing 

the basic sciences during the clinical years. Since Case Western became the first school to 

launch an integrated curriculum in the 1950s(20), several studies have been done 

demonstrating various ways in which this system may aid learning. We summarize some of 

the published work on this in this section.  

Duban et al.[5] had an opportunity to create an experimental parallel curriculum for 

teaching clinical skills in the 1st year of medical school in the University of New Mexico. 

This course was designed and run collaboratively by a mix of clinicians and basic scientists 

and taught the skills of history taking and physical examination together with the relevant 
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basic sciences with the respective content experts working together. The students in the 

experimental arm attained the same basic science scores as the conventional curriculum, but 

scored much higher on clinical (p<0.001); and they also viewed basic sciences as relevant to 

clinical medicine as opposed to the conventional arm. The staff also reported gains — the 

clinical staff reported that they “understood in depth for the first time the diagnostic 

manoeuvres they had performed for years” while the basic scientists, by learning the physical 

examination along with the students, could better tailor their expertise into a useful resource 

for the students. Students also reported that the open, co-operative learning behaviour among 

teaching staff fostered a safe and engaging learning environment.  

Goldszmidt[39] had an intervention group of students learning clinical skills of 

examination of the respiratory system in combination with explanations of how sounds 

transmit via the lung and chest wall and how this changes in normal and diseased states. The 

control group received the same information in a standard textbook format without the causal 

information. Questions related to the interpretation of physical exam findings served as the 

critical test items with the experimental group outperforming the control group on the critical 

test items. This indicates that learning the basic science underpinning the clinical findings 

can improve a student’s memory for interpreting clinical details[39].  

Woods[40] found that teaching clinical signs and symptoms together with the basic 

science ‘story’ explaining the clinical presentation improved students ability to recall the 

facts and make a diagnosis after a gap from the teaching session. Undergraduate medical 

student were taught a cluster of neurological or rheumatological diseases — one group 

learned them with basic science and the other with epidemiology. After 1 week, the group 

that did the basic science had much higher ability to recall and make a diagnosis a week after 

the class.  Through an alternative method of teaching students to diagnose a series of 

artificial diseases with and without causal mechanisms; the students who learned a causal 

model were better able to retain their diagnostic performance over time[41].  

Richards et al.[42] evaluated 3rd year students some of whom had undergone a PBL 

curriculum against others who had undergone traditional lecture-based curricula. The 

students who learned in a more integrated manner — ie the PBL curriculum — were more 

highly rated on all 4 parameters evaluated. Other studies have also demonstrated positive 

outcomes through PBL based integration of basic and clinical sciences[43].  Schmidt et al.[44] 

found that students who had undergone an integrated curriculum as opposed to a traditional 

curriculum were able to demonstrate superior diagnostic accuracy, leading them to suggest 

that integration between basic and clinical sciences and an emphasis on patient problems may 
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be the critical factors that determine superior diagnostic performance. Nouns et al.[45] found 

that students were much more enthusiastic about basic sciences when they were taught in 

clinical context, but scores were equivalent for both integrated and conventional cohorts. 

In terms of integrating basic sciences into the clinical years, one of the earliest 

reported attempts to have a “back to basic sciences” approach was described by Croen et 

al.[46] at the Albert Einstein School of medicine at Yeshiva University. An 8-week “return-

to-the-basic-sciences” course was designed and run between the 3rd and 4th years of the 

medical program, meaning it came after a full year of clinical exposure. The course was 

designed to emphasize the importance of basic science in clinical medicine, unify various 

aspects of clinical teaching and expose students to some of the neglected or rapidly changing 

areas in medicine. A 5-year compilation of student feedback data from 1979 to 1984 indicated 

that the program successfully demonstrated the continuum of basic and clinical science 

knowledge and imparted scientific knowledge in an interesting way. 

McGill University[47] attempted to reintroduce basic sciences in the final year of the 

course by allowing students to select from a range of 3 month long basic options. Student 

feedback indicated that they felt they had improved in their ability to integrate basic science 

knowledge into clinical as well as analyse and interpret clinical data. They also felt the course 

put the clinical knowledge gained into perspective and some also reported that it triggered 

their interest in research. The overall student opinion was that the return to basic sciences 

after clinical training was an excellent concept, and the students did not prefer to have the 

time for this basic science course allocated to the clinical departments (p<0.001)   

 

University of Pittsburgh School of Medicine  attempted a return to the basic sciences 

in the 4th year[48]. This was done in 1995 via the introduction of the Integrated Life Science 

(ILS) program. The ILS curriculum consists of a selection of courses, each 4 weeks long, that 

the students can choose to do at any point within their 4th year. It was mandatory to do at least 

one of the 7 offered. Each course was taught by both clinicians and basic scientists and was 

designed to be broad based and multidisciplinary while emphasizing core bench to bedside 

fundamentals; as well as providing opportunities for staff to interact and students to benefit 

from the inter-disciplinary interaction and exposure. The program met with very positive 

response, with the review committees evaluating the program opting to expand the program 

further.  

Harvard introduced the Harvard Medical School-Cambridge Integrated Clerkship 

(HMS-CIC) where clinical students participate in weekly, case-based tutorials integrating 
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instruction in the basic sciences with training to address the common and important issues in 

medicine. HMS-CIC students performed at least as well as traditional students in tests of 

content knowledge and skills, as measured by National Board of Medical Examiners 

(NBME) Subject Exams and the fourth-year Objective Structured Clinical Exam.  They also 

scored higher on a year-end comprehensive clinical skills self-assessment examination, 

suggesting that they retained content knowledge better[49]. 

Dahlman et al.[50] described a formally implemented program integrating basic and 

clinical sciences within the advanced clinical years in Vanderbilt University School of 

Medicine. These “integrated science courses” were designed with collaborative inputs from 

clinical specialists and scientist to combine rigorous training in the foundational sciences 

with meaningful clinical experiences. More than 90% of students who had completed these 

courses agreed that the foundational sciences informed and enriched their clinical 

experiences and that the clinical experiences also enriched the foundational science learning; 

and 94% anticipated using the foundational science acquired in their future clinical work.  

Overall, the general sense from students and educators is that are several positive 

points related to an integrated teaching of the basic and clinical sciences. It is a very complex 

endeavour to try to tease out definite data in terms of measuring outcomes of these curricular 

interventions, but in the reported studies that attempted quantitative measurements, the 

performance of those in the integrated curriculum was at a minimum non-inferior to — and 

in fact frequently exceeded-  the traditional, with the students reporting a more enjoyable 

and meaningful learning experience 

4. Discussion 

Overall, there is a significant amount of data and theoretical foundations that support 

greater integration of the basic and clinical sciences in the medical curriculum: educational 

theory supports it; and perspectives of students and educators on feedback as well as 

quantitative data — where available — indicate that an integrated curriculum is well received 

and at a minimum non-inferior to the traditional curriculum. Consensus statements from 

several key medical education groups also strongly call for a move to a more integrated 

curriculum. However, despite the tremendous push for it, there are a limited number of 

schools who have moved to high degrees of integration, particularly as relates to integration 

in the clinical years.  

Many schools have incorporated some clinical sciences in the pre-clinical years, but 

a very limited number have a formalized program of reintroducing the basic sciences in the 

clinical years.  As of 2008, only 19% of U.S. medical schools and 24% of Canadian medical 
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schools require basic science courses or experiences during the clinical years[48]. It has been 

noted that it is a greater challenge to bring basic sciences into the clinical years than vice 

versa with eight US medical schools having reported a lack of success in this endeavor[51]. 

These schools initiated several creative endeavours such as including basic scientists in ward 

rounds, adding basic science seminars and additional PBLs to 4th year but failed to meet their 

planned objectives due mainly to logistical and political reasons[51]. This perhaps, explains 

why in spite many calls for curricular revision, changes that have happened are not 

fundamental and widespread but rather in small isolated pockets of the curriculum[52].  

One key reason proposed by several authors for the failure of attempts at integration 

is a lack of true involvement and engagement with the basic scientists[52,53]. At its core this 

may be traced back to the very clear division of the course into the pre-clinical and clinical 

years which then results in a disconnect between the teaching staff. It is known that there 

tends to be a certain mutual ‘distrust’ between scientists and clinicians with both sides 

teaching in siloes and little knowledge of what each side is teaching[54,55]. In fact, early 

attempts to integrate clinical sciences into the early years met with resistance from the 

scientists as they felt this would detract from and dilute the basic science teaching[46].  

A challenge to the integration process is that, in an integrated curriculum, these basic 

science educators must recontextualize their content to mesh appropriately with its clinical 

application, despite not being trained as clinicians. Most biomedical PhD scientists have 

limited to no exposure to medical education or application during their own training. Yet to 

appropriately integrate basic science content with clinical application, these educators must 

develop an understanding of what scientific content is most relevant in a variety of specialties 

to appropriately focus their teaching for a medical audience[52,56]. It is important to note that 

these strategies can also benefit clinician educators as well as basic science educators in other 

health care curricula besides medicine[57].  

This division needs to be addressed and active steps taken at an organizational level 

to break these barriers and create opportunities to bring the clinicians and scientists together. 

It has been noted that on a smaller scale, using friendships to build bridges between the two 

arms was unsuccessful in the long run[51], suggesting that in order to truly bring about change, 

there must be directives and clear cut initiatives from upper management. In order to create 

and sustain a truly integrated curriculum, the academic staff have to be deeply involved, 

enthusiastic and be able and willing  to cooperate across departmental borders — aside from 

having a positive impact on education, this also has the potential to trigger research 

collaborations[43] particularly related to translational research.  Understandably, the 

monumental nature of the task to try to create the changes needed to bring about a truly 
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integrated curriculum are daunting to say the least, and may create a fair amount of 

complexities and tension among all involved. This may be at the core of explaining the lack 

of widespread change at a fundamental level of medical programs despite significant 

evidence for the benefits of an integrated curriculum.  

5. Conclusion 

On the whole, it seems clear that integration of the basic and clinical sciences seems 

to be a key element in developing a medical curriculum that fosters interest and competence 

in both clinical practice as well as research; although the appropriate balance of the sciences 

and the best integration model remain unclear. Innovations in integrated curriculum design 

have occurred internationally, but in most cases as small scale projects which do not change 

the curriculum at a fundamental level, a scenario that is unlikely to change unless solutions 

can be found to overcome the political and practical challenges of integrated curricula. 
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