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What’s on the Horizon of Integration?

Even as medical schools seek to 
innovate to respond to changes in 
the context of health care,1–3 the 
development of clinical reasoning 
remains a foundational element of 
medical education. Studies of memory, 
learning, and decision making in students 
from across the health professions 
have demonstrated a key role for 
basic science knowledge in learning 
diagnostic reasoning.4–9 Deliberate 
integration of basic science knowledge 
(pathophysiology and biochemistry) 
with clinical knowledge (signs and 
symptoms) has been found to support 
the development of clinical reasoning 
by enabling students to form more 
robust, conceptually coherent mental 

representations of diagnostic categories. 
Specifically, cognitive integration, the 
explicit linking of clinical manifestations 
and basic science mechanisms within 
the mind of the learner, has been shown 
to lead to better diagnostic accuracy, 
better performance on complex cases, 
and greater retention of learning over 
time.5,6,10–15 Most important, compared 
with teaching clinical knowledge in 
isolation, instruction that integrates 
biomedical science has been shown to 
enhance later learning of new related 
concepts.15 This pattern of performance 
suggests that integrated instruction 
both supports the effective application 
of knowledge during “routine” clinical 
reasoning and serves a critical role in 
developing clinical reasoning in novel, 
ambiguous, or complex situations that 
require new learning.15 Taken together, 
this body of work suggests that integrated 
instruction of basic science content is 
a useful tool for developing essential 
clinical reasoning skills.16

While robust, research exploring 
the impact of integrated instruction 

has generally used a limited set of 
biomedical sciences as the basis for 
integration.5,6,10,12,17,18 Traditionally, 
subjects such as biochemistry, anatomy, 
and physiology have been a focus of 
integration within medical curricula as 
they represent the core content areas that 
have been most readily aligned with the 
practice of medicine for more than 100 
years.19 Conversely, calls highlighting a 
mismatch between the changing needs 
of health systems and the way that 
health care professionals are currently 
trained have suggested that clinical work 
within current and future health systems 
requires that clinicians be proficient 
in both traditional biomedical basic 
sciences such as anatomy, physiology, 
and biochemistry and basic sciences 
that support learning and performance 
in complex health systems, including 
social determinants of health, behavioral 
processes, and knowledge of system 
structures and processes of care.2,20 The 
expectation is that inclusion of these 
and other underemphasized forms of 
knowledge that we refer to as “extended” 
basic science will support an effective 
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approach to care in complex health 
systems and thus have significant 
implications for the training of future 
physicians.

While definitions of extended forms 
of basic science content have been 
proposed, the imperative to introduce 
this content into curricula has thus far 
been without any theoretical framework 
for implementation.2,20,21 To ensure 
that educational curricula achieve 
their intended objectives and build 
capacity for learning and performance 
in complex health systems, it is not 
sufficient to simply add these new 
content areas (i.e., as discrete lectures 
or stand-alone additional sessions) into 
already brimming curricula without 
an understanding of their purpose or 
value.19 Ideally, the integration of this 
new content into medical training 
would be done in a manner that 
fosters the development of cognitive 
integration, allowing learners to 
explicitly link knowledge of clinical 
signs and symptoms with mechanistic 
underpinnings of extended basic science 
(EBS). The anticipated value of this form 
of cognitive integration would be similar 
to the value associated with cognitive 
integration of other basic sciences. Done 
correctly, integration of EBS should 
help students develop coherent mental 
representations that serve as a basis 
for later learning. However, to date, 
the potential role for EBS in integrated 
instruction and preparation for later 
learning has not been explored.

The current study sought to determine 
whether the deliberate integration of 
EBS can support the development of 
diagnostic problem solving and later 
learning of new related concepts. We 
compared the effect of integrated 
instruction using EBS versus clinical-
features-only instruction (clinically 
focused [CF]) on both an initial 
assessment (IA) of diagnostic problem 
solving using clinical vignettes and 
a “preparation for future learning” 
assessment (PFLA) that assessed later 
learning of novel, related content. 
Anticipating that integration of EBS 
would enable cognitive integration in a 
manner consistent with previous studies, 
we hypothesized that there would be 
no difference between the 2 instruction 
conditions on IA but that participants 
in the EBS group would outperform 
participants in the CF group on the PFLA.

Method

Design

The study employed a “double-transfer” 
design adapted from previous studies22,23 
(see Figure 1). In this design, students 
are first randomized to learn material 
under 1 of 2 possible instructional 
interventions and then complete an IA 
of knowledge acquired and knowledge to 
solve a clinical problem. Subsequently, all 
students are then given an opportunity 
to use this knowledge to learn new 
content (transfer in) and then to solve 
clinical problems pertaining to the new 
learning (transfer out) in the PFLA.23,24 
The experimental design is summarized 
in Figure 1. We assessed performance on 
both a diagnostic problem-solving task 
using clinical vignettes and PFLA using a 
clinical management framework.

Material development

We chose to use medical psychiatry 
content (co-occurring physical and 
mental health conditions) as the 
topic of study because of the inherent 
complexity in managing co-occurring 
conditions where multiple domains of 
knowledge must be incorporated using a 
biopsychosocial approach to care.

Initial learning instructional material. 
Learning materials were developed in 
consultation with 5 medical psychiatry 
content experts. Before case development, all 
experts were engaged in a modified Delphi 
process that generated consensus on (1) the 
most common categories of co-occurring 
physical and mental health disorders 
and their defining signs and symptoms 
and (2) basic science mechanisms to 
describe disorders’ underlying etiology 
(i.e., explicit explanation of why) that 
predominantly included psychological, 
evolutionary biological, and sociological 
explanations with some traditional 
biomedical explanations in medical 
psychiatry (Table 1). Four of the 5 experts 
were then assigned a category and asked to 

develop preliminary narrative descriptions 
for each of the 2 learning conditions: (1) 
extended basic science causal learning and 
(2) clinically focused learning with no basic 
science mechanisms.

Other members of the research team 
(M.M., N.N.W., Z.K.C.) iteratively 
reviewed the case narratives to validate 
experimental differences between learning 
conditions. Edited cases were shared back 
with the experts to verify for accuracy 
of clinical content. Eight narratives were 
developed through this process (4 with 
extended basic science causal learning, 4 
with clinically focused learning).

PFL learning instructional material. Two 
members of the research team (Z.K.C. 
and R.B.) used existing teaching materials 
from a framework to assess complex needs 
of patients (INTERMED framework25) to 
create PFL materials. The materials were 
then reviewed by content experts for their 
suitability for first-year medical students. 
The PFLA consisted of an existing 
INTERMED clinical instrument validated 
for use in assessing health services needs 
for complex patients in practice.25,26 
The format of this tool was adapted for 
use in the study, and all materials were 
reviewed by education scientists on the 
research team for compatibility with the 
experimental design (M.M. and N.N.W.).

Participants

Thirty-three first-year undergraduate 
medical students from the University of 
Toronto MD Program participated in 
this study. Participants were recruited 
using email advertisements. Respondents 
completed informed consent. This study 
was approved by the Health Sciences 
Research Ethics Board at the University of 
Toronto.

Data collection

Participants were randomly assigned to 
either the integrated EBS (N = 17) learning 
or the clinically focused (CF; N = 16) 

Figure 1 Study design. Adapted from Mylopoulos and Woods.15 Abbreviation: PFL indicates 
preparation for future learning.
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learning group condition. Students were 
individually scheduled to participate in the 
study. Participants completed all learning 
and testing materials independently on 
a desktop computer through a custom 
program designed using E-Prime 2.0 
(Psychology Software Tools, Sharpsburg, 
Pennsylvania). The study consisted of 2 
phases operationalized in a double-transfer 
design: the initial instruction and initial 
assessment (IA) followed by the PFLA.

Initial instruction. Participants were 
instructed to learn 4 categories of 
comorbid physical and mental health 
diagnoses: (1) Depression and Obesity, 
(2) Anxiety and Asthma, (3) Cancer and 
Depression, and (4) Schizophrenia and 
Cardiovascular Disease. Participants in the 
EBS condition learned the comorbidities 
with explanations of clinical features and 
basic science mechanisms to explain these 
features. Participants in the CF learning 
condition reviewed descriptions with the 

same defining clinical features and some 
epidemiological figures and associations 
(to balance content length between 
conditions) but without mechanistic 
explanations. Participants were allowed 
to take as much time as they required in 
learning this material. Immediately after 
instruction, all participants completed a 
memory test consisting of 14 multiple-
choice questions to assess knowledge 
retention of the clinical features of 
comorbidities. A criterion score of 
50% on the memory test was required 
for participants to continue in the 
experiment.

Initial assessment. Participants were 
presented with 14 clinical vignettes and 
were asked to respond with the most 
likely diagnosis or diagnoses for each case 
using free text. Responses were scored for 
diagnostic accuracy.

PFL instruction. In this second 
instructional phase, all participants learned 
new content information conceptually 
related to the initial instruction. The new 
material was identical for both groups 
and consisted of a 4-part framework 
to determine complex patients’ health 
care needs, an abbreviated version of the 
INTERMED framework.25 While the initial 
instruction material familiarized students 
with some of the most common comorbid 
disorders, this framework taught students 
how to manage this kind of complexity 
by defining the relevant concepts and 
variables. This framework emphasizes 
that biopsychosocial aspects of disease 
must be integrated to enable a coherent 
understanding of patients’ context 
including the physical health system, 
psychological/behavioral health system, 
social system, and health system. Students 
learned that within each of these broad 
domains, 5 specific variables are used in 
practice to systematically assess health 
service needs. They learned a total of 20 
variables that make up the INTERMED 
clinical assessment instrument (Chart 1). 
No time limit was imposed in learning 
the new material. Participants completed 
a memory test consisting of 20 multiple-
choice questions to assess retention of the 
new material.

PFL assessment. The PFLA measured 
the participants’ ability to apply the new 
content in the solution of novel problems. 
Students were presented with 3 elaborate 
complex patient scenarios (including 
comorbidity and ambiguous information 
built into the cases). Once they read each 
patient’s scenario, the 20 variables from 
the INTERMED clinical instrument were 
presented sequentially. Students rated 
the variables they thought they needed 
to monitor or that required action. The 
responses for each of the 20 variables 
on this instrument consisted of a score 
from 0 (no need to act) to 3 (need for 
immediate attention). Student responses 
were scored by comparison with response 
consensus from 4 experts. A higher score 
indicates greater consistency with expert 
ratings, whereas a lower score indicates 
deviance from expert ratings. A mean 
score was calculated for each participant.

Data analyses

Individual participant scores were 
calculated for the memory quiz (initially 
and before PFLA), for diagnostic 
accuracy (IA), and for assessing patient 

Table 1
Basic Science Causal Mechanisms for Medical Psychiatry

Category Mechanism
Examples of explanations using extended 
forms of basic science

Psychological 
explanations

Attachment theory, 
response factors 
to illness like social 
conditioning and a 
person’s cognitive 
repertoire of coping 
strategies

For asthma and anxiety, a student might learn that 
underlying fearful cognitions (mechanism) can give rise 
to catastrophic beliefs about respiratory symptoms that 
can be appraised to be unmanageable and in turn affect 
patients’ sense of control and may result in less effective 
self-managing behaviors like smoking cessation.

Evolutionary 
biological 
explanations

Behavioral 
adaptability to one’s 
environment with 
respect to illness 
outcomes such as 
harm avoidance or 
risk aversion

For schizophrenia and cardiovascular disease, a student 
might learn that accumulated adversity and chronic 
strains could affect development across the life span 
beginning with prenatal care and care received by 
parents throughout childhood.

The lived experience of chronic strain negatively affects 
behavioral factors. For example, in some people, it can 
result in poor adaptations to stress, causing strain on 
the cardiovascular system and elevating the risk of heart 
disease.

Sociological 
explanations

Economic theory, 
socioeconomic 
vulnerability, 
downward drift 
hypothesis, social 
causation theory, 
health-system-level 
organization, and 
processes of care

A disproportionate number of patients with 
schizophrenia are observed to be in low socioeconomic 
class. Of several explanations, social causation theory 
would posit that low socioeconomic status (SES) causes 
increased risk for both schizophrenia and heart disease 
because socioeconomic deprivation increases the rate of 
death in severe mental illness.

Biomedical 
explanations

Inflammatory 
processes, neuronal 
and endocrine 
systems implicated 
in stress, genetic 
predispositions

Inflammation is suspected to be a central link in 
a bidirectional cycle of obesity and depression. 
Accumulating evidence suggests that depression often 
precedes higher levels of proinflammatory cytokines. 
Accumulating adipose tissue in obesity is also associated 
with a proinflammatory state. In some cases, then, 
adiposity can be a source of inflammation and cytokine 
signals in the brain that can affect neurotransmitter 
metabolism implicated in causing depression.
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needs (PFL). We used independent-
samples t tests to compare group means 
for these measures using SPSS Statistics 
24 software (IBM, Armonk, New York).

Results

One student did not complete the 
learning phase and scored below 50% on 

the memory retention test. This students’ 
data were therefore excluded from the 
statistical analyses (N = 32; EBS = 17, 
CF = 15). Total time to complete the 
experiment was not significantly different 
between the EBS (M = 77.19 minutes, 
SD = 26.4) and CF (M = 73.31 minutes, 
SD = 14.1) conditions (t[28] = 0.533, 
P = .30).

Initial learning

There was no difference between the EBS 
(M = 10.12 out of 14, SD = 1.41) and CF 
(M = 10.40 out of 14, SD = 1.40) groups 
(t[30] = 0.567, P = .58) on memory 
retention for the initial learning material. 
The 2 groups also had comparable 
performance when diagnosing clinical 
vignettes (max score = 28) on IA (EBS: 
[M = 20.13, SD = 3.96]; CF: [M = 20.86, 
SD = 2.85]; [t(28) = 0.573, P = .56]) as 
shown in Figure 2.

Preparation for future learning

There was no difference between groups 
on memory for PFL instruction material 
(max score = 20): EBS (M = 14.76 out 
of 20, SD = 2.63); CF (M = 15.67 out of 
20, SD = 1.29); t(30) = 1.203, P = .24. On 
the PFLA, the EBS group outperformed 
the CF group in evaluating integrated 
health care needs using the 4-part 
framework. Similarly, in scoring the 
clinical significance of variables (max 
score = 180) used to address patient 
needs, the EBS group scored significantly 
higher than the CF group (EBS: 
M = 131.76, SD = 8.97; CF: M = 122.4, 
SD = 10.63); t(30) = 2.70, P = .01 (see 
Figure 3). A Cohen effect size value of 
d = 0.95 suggested a large effect.

Discussion

The aim of the current study was to 
determine the effect of an extended 
definition of “basic science” on cognitive 
integration and PFL. We found that 
integrated instruction of EBS with 
clinical signs and symptoms led to 
superior performance on a measure 
of PFL. This suggests that, similar to 
previous studies of integration of basic 
science, the integration of EBS can 
enhance clinical reasoning by providing 
essential mechanistic knowledge that 
supports cognitive integration.

Our results suggest that compared 
with clinically focused instruction, the 
integration of extended forms of basic 
science supports the development of a 
coherent mental representation that serves 
as a platform for new learning.23 Consistent 
with other findings in the literature, 
the knowledge acquired during initial 
instruction shaped the way subsequent 
information was interpreted and used 
during the new learning phase. Critically, 
this benefit is not captured in conventional 
measures of near transfer (i.e., diagnosing Figure 2 Initial assessment performance across extended basic science (EBS) and clinically focused 

(CF) conditions.

Chart 1
List of Variables Used to Assess Health Care Service Needs of Patients During PFLAa 

Physical health domain

Medications and treatments 0 □ 1 □ 2 □ 3 □

Chronicity 0 □ 1 □ 2 □ 3 □

Symptom severity and condition factors 0 □ 1 □ 2 □ 3 □

Diagnostic/therapeutic challenges 0 □ 1 □ 2 □ 3 □

Utilization factors 0 □ 1 □ 2 □ 3 □

Mental health domain

Patient engagement/coping 0 □ 1 □ 2 □ 3 □

Adherence to treatment 0 □ 1 □ 2 □ 3 □

Mental health history 0 □ 1 □ 2 □ 3 □

Mental health symptoms 0 □ 1 □ 2 □ 3 □

Self-management and mental health risk 0 □ 1 □ 2 □ 3 □

Social system domain

Residential stability/home environment 0 □ 1 □ 2 □ 3 □

Job/leisure 0 □ 1 □ 2 □ 3 □

Social support 0 □ 1 □ 2 □ 3 □

Social relationships 0 □ 1 □ 2 □ 3 □

Social support risk 0 □ 1 □ 2 □ 3 □

Health system domain

Access to care 0 □ 1 □ 2 □ 3 □

Patient–team relationship/

experience with provider(s)

0 □ 1 □ 2 □ 3 □

Getting needed services 0 □ 1 □ 2 □ 3 □

Coordination of care 0 □ 1 □ 2 □ 3 □

Medical home/services risk 0 □ 1 □ 2 □ 3 □

Abbreviation: PFLA indicates a “preparation for future learning” assessment.
aAdapted from INTERMED.25
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clinical vignettes immediately after 
instruction) but is seen only when learners 
are assessed on their ability to learn new 
related content (i.e., through a PFLA).23,27 
This explains why the difference between 
the 2 learning conditions is not apparent 
on the IA. Consistent with other studies 
of PFL, the IA represents a traditional 
sequestered problem-solving approach, 
administered in close proximity to initial 
instruction and with no requirement to 
learn new information.23,28 Performance on 
this type of task is generally not dependent 
on the coherence of learners’ mental 
representation.

The results of this study extend the 
previous investigation of integrated 
instruction and PFL by challenging 
participants to learn new material related 
to treatment/management. Previous 
work has demonstrated that integrated 
instruction of diagnostic categories 
supported later learning of related 
diagnostic categories.15 However, the 
PFL training and assessment materials 
used in that study closely mirrored 
those used during initial learning in 
both format and structure. In addition, 
while the content was new, diagnostic 
categories for PFL were related to the 
initial learning (neurological diseases 
in both instances). This meant that the 
overlap between initial and new learning 
may have facilitated performance on the 
PFLA for both groups. By introducing 
a management model in the PFL 
instruction phase and demonstrating 
that integrated instruction can support 
performance on distinctly separate 
learning and assessment tasks, the results 
of the current study are clearer evidence 
of the impact of integration even when 
there is no overlap between initial and 
new learning and the accompanying 
assessment tasks.

This study has a few methodological 
limitations typical in work of this nature. 
First, the study was conducted at a single 
institution and within a tightly controlled 
experimental session. Thus, the results 
are intended as a proof of concept and 
cannot be seen as a definitive evaluation 
of a specific teaching intervention in a 
real classroom. The limited time between 
initial instruction and the PFLA is 
consistent with other double-transfer 
studies but might be less than the typical 
delay between classroom sessions within 
real medical curricula.

Despite these limitations, our findings 
have significant implications for 
educational design in medicine and 
across the health professions. To date, 
the biomedical sciences have been our 
sole focus in the conceptualization and 
study of cognitive integration. This is the 
first study to experimentally explore the 
value of integration of extended forms 
of basic science on learning outcomes. 
The performance of students in the 
EBS learning condition suggests that 
other forms of knowledge, including 
behavioral and sociological sciences, can 
be incorporated within the cognitive 
representations of learners with effects 
similar to those demonstrated with 
traditional basic science. The current 
study, combined with the body of work 
on basic science integration,5,6,10–15,17 
suggests that curricula in the health 
professions should be designed to support 
the acquisition of a knowledge base that 
includes clear mechanistic underpinnings 
drawn from both traditional basic 
science and EBS. This broader integrated 
understanding may optimally foster the 
development of expert clinical reasoning.16

This study not only extends research on 
cognitive integration but also extends 

the literature regarding curricular 
development efforts for extended forms 
of basic science that may support the 
development of effective learning 
and performance in complex health 
systems.2,20,21 It provides a theoretical 
framework for the meaningful 
integration of extended knowledge 
domains into curricula that are aligned 
with the goal of preparing for practice in 
a system with changing delivery models 
of care, increasing patient complexity, 
and changing population priorities.29
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