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Physiol Educ 43: 76–81, 2019; doi:10.1152/advan.00148.2018.—
Evidence shows that biomedical knowledge is more effectively taught
within the medical curriculum by teaching in context, to facilitate
learning transfer. The purpose of the present study was to evaluate the
effect of combining high-technology simulation and physiology
teaching on medical student learning and experience. First-year med-
ical students received respiratory physiology teaching in the form of
lectures, problem-based learning, and practical sessions. These stu-
dents were then given the opportunity to apply their knowledge and
problem solve using respiratory-related clinical case scenarios in
simulated patients. Student understanding was assessed using a short
quiz performed immediately before and after the session. Results
revealed that the session significantly improved the mean score on
tests (6.97 � 0.29 vs. 8.22 � 0.19, P � 0.001). Student evaluation
was collected in focus groups, and recurring concepts were extracted
from the data. Students reported that the sessions helped to bridge the
gap between theory and practice, which aided their learning. In
addition, this teaching methodology (simulation) was reportedly pa-
tient centered and added to the realism of the simulated scenario, with
students stating that this teaching improved their confidence with
managing real patients and clinical uncertainty. Simulation has been
used extensively to teach clinical skills; however, research regarding
its potential for teaching biomedical science within a clinical context
is limited. Our study shows that combining high-technology simula-
tion and physiology teaching contributed to an immediate improve-
ment in medical student knowledge and enhanced their ability to make
connections between theoretical knowledge and the world of practice.

learning transfer; respiratory teaching; simulation

INTRODUCTION

Biomedical science teaching in areas such as physiology,
biochemistry, and anatomy forms an integral part of the med-
ical curriculum. Scientific knowledge provides an important
foundation for complex problem solving, diagnosis, and patient
care within a clinical context (24, 25, 30). Several educational
approaches can be used to facilitate the (cognitive) integration
of basic and clinical science and enhance the transition from
theoretical understanding to application in a work-based envi-
ronment. The challenge is to introduce and optimise teaching
strategies that enhance this learning transition throughout the
medical program and beyond.

Redesign of medical curricula has drawn heavily from the
idea of “learning transfer,” in which the application of knowl-
edge/skills learned in one area can be applied in another
context (11, 22). An example of this is the use of integrative,
problem-based learning,which has been shown to foster the
process of transfer in medical education (21) and is now a
well-established teaching method in many medical schools (4).
Equally important to medical training is the idea of “recontex-
tualization,” which recognizes that knowledge exists within the
context in which it was generated, and thus changes in relation
to practice within different settings (7). The idea of recontex-
tualization is supported by studies demonstrating that cognitive
integration of scientific knowledge within a clinical setting is
enhanced by using multiple contexts and mixed practice during
training (15–17).

Respiratory physiology is classically an area in which med-
ical students struggle to understand core biomedical concepts
(28). Within our institute, medical students are taught respira-
tory physiology via lectures, problem-based learning, and prac-
tical sessions in the early years in preparation for practice in the
later years. This model of teaching promotes the acquisition of
biomedical concepts; however, the opportunity for the students
to apply their knowledge in different contexts is limited. In
recent years, simulation has become widely used in medical
education to advance the acquisition of clinical skills, improve
team working, and encourage deliberate practice in the clinical
environment (6, 14, 18). Typically used to teach clinical skills,
simulation-based teaching can also be used effectively to
reinforce core theoretical concepts in areas of health science,
such as physiology (12). The potential for the use of simulation
to enhance learning within the preclinical environment has yet
to be realized fully (13).

This study investigated whether combining high-technology
simulation and basic science teaching put learning into context
within the early years of the medical curriculum. First-year
graduate-entry students undertook examinations of simulated
patients with one of two respiratory conditions [ventilation/
perfusion (V̇/Q̇) mismatching, or restrictive vs. obstructive
conditions]. Student learning was assessed immediately after
the sessions using a short quantitative test, followed by focus
groups to record the student perspective in terms of under-
standing, engagement, and putting learning into context.

METHODS

This study was conducted with the approval of the Research Ethics
Committee, Queen Mary University of London, and students were
asked to participate on an opt-out basis. Informed, written consent was
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obtained before the study commencing, and all data werer anony-
mized before analysis.

A total of 40 students were included from the first year of the
Bachelor of Medicine, Bachelor of Surgery (MBBS) graduate entry
course at Barts and the Royal London School of Medicine and
Dentistry, Queen Mary University of London. The groups were all
from the same year group and at the same point in the academic year
in the same medical school. Students had been taught key concepts in
respiratory physiology (including V̇/Q̇ matching and air flow) within
a lecture setting in the weeks before the simulation sessions.
Lecture objectives included an introduction to the concept of the
ventilation perfusion ratio (V̇/Q̇) [questions 3 and 4 (Q3 and Q4) in
the knowledge test, APPENDIX A], a description of how the V̇/Q̇ ratio
changes under various pathological conditions, the differentiation
between obstructive and restrictive lung disease, and the role of
spirometry in the diagnosis of lung disease (Q5–Q7 in the knowl-
edge test, APPENDIX A).

SimMan essential (Laerdel) is a high-technology robotic simulator
that can simulate a range of clinical signs and is used within our
department to teach clinical skills. For the class, two manikins were
used as the simulated patients. Two respiratory-based medical cases
that focused on V̇/Q̇ mismatch (pulmonary embolism) and obstructive
and restrictive respiratory conditions [chronic obstructive pulmonary
disease (COPD)] ran concurrently in each session. Each scenario
started with a simplified summary of the patient’s history, including
name, age, the presenting complaint and history of presenting com-
plaint, past medical/surgical history, medication history, social and
occupational history, and family history. The pulmonary embolism
case was based on a hospitalized 55-yr-old female patient who had
recently undergone an open surgical approach for a cholecystectomy.
Due to concerns over potential bleeding from the wound, several
doses of chemical thromboprophylaxis had been missed postopera-
tively. The patient complained of new-onset, pleuritic-sounding chest
pain and breathlessness and has a background of hypertension and
being overweight. When assessed oxygen saturations were 86% on
room air, with a respiratory rate of 31 breaths/min. Blood pressure
was 162/95 mmHg, pulse rate was 128 beats/min, and ECG showed
sinus tachycardia. An arterial blood-gas sample showed the patient to
be hypoxic, in type 1 respiratory failure, and hypocarbic. The COPD
case was based on a 60-yr-old male patient presented in winter with
worsening shortness of breath and productive cough. The patient was
known to have COPD diagnosed 5 yr previously using National
Institute for Health and Clinical Excellence guidance diagnostic
criteria and had stopped smoking with help from the National Health
Service Stop Smoking Service at the point of diagnosis, but had
smoked 40 cigarettes a day for 35 yr. The patient has some symptoms
and is currently on Salmeterol 50 mg (1 puff twice daily), but has, up
to this point, never experienced an exacerbation of his COPD. He is
up to date with vaccines, attends all follow-up appointments, and says
he is compliant with treatment. These findings were used to guide
student management of the case and focus discussion points.

Students were divided into two groups (20 students) and given a
1-h SimMan teaching session. Within each group, the class was split
into half, and 30 min were allocated to each scenario so that a total of
10 students worked to complete each case (see APPENDIX B, study
plan). Details of the cases were not disseminated to the students before
the teaching session. The teaching was supported by the authors (a
combination of clinical and nonclinical teaching faculty), but self-
directed, collaborative learning was encouraged, and students were
expected to lead the management of the simulated patient. Under-
standing of V̇/Q̇ matching and obstructive and restrictive respiratory
conditions was assessed immediately before and after the simulation
sessions. The students were asked to complete a matched pre-post
MCQ/SAQ knowledge test based on subject material delivered in
respiratory physiology lectures and revisited during the simulation
sessions (APPENDIX A). Marks were collated and expressed as mean
percentage and standard deviation (SD) of the marks. Students with

incomplete data sets were excluded from analysis. Any difference in
mean performance between the two groups for each module was
determined using either a one-way ANOVA with Tukey-Kramer
multiple-comparisons test or paired t-test using InStat (GraphPad
Software), with results considered significant if P � 0.05.

The study used focus groups as a tool to gather a variety of student
viewpoints of their experience in this learning environment (3, 26).
Four focus group interviews were conducted one after another imme-
diately after the simulation, and all students who completed the
knowledge test completed the focus group. Two focus groups were
conducted with two sets of 10 students per group. The sample
population was assigned at random to a focus group dependent on
centralized timetabling. The focus group lasted 45 min and consisted
of students being asked semistructured questions. In line with the
research aims, these questions included enquiry about the experiences,
knowledge gains, and challenges faced by the students during the
teaching intervention (APPENDIX C). The focus group interviewer was
not involved in the day-to-day teaching of the participants and was not
associated with the research in any other aspect. There were no
financial or academic incentives given to students as part of the study.
The interviewer asked students to discuss the questions in groups of
five and wrote field notes on the answers they gave, both in these
small groups and in a whole group discussion. At the end of the focus
groups, the interviewer checked that the notes he/she had made
reflected an accurate representation of the students’ views.

One of the researchers performed a manual theme extraction of the
data individually, identifying passages that illustrated recurring con-
cepts (3, 26). This was also done separately by an experienced,
independent academic not associated with the project. Any discrep-
ancies in theme generation were discussed, and only themes agreed to
by both academics were used in the results. Major and minor themes
were based on the number of times they recurred in the focus group
conversations, and the cutoff for qualifying as a major theme was
being mentioned four time or more. Fifteen themes were identified, of
which nine were noted by both of the academics undertaking the data
analysis. The data analysis was based on field notes, not verbatim
transcriptions, which may have affected interpretation of the results
and the themes generated. All identifying information was removed
before analysis to maintain the anonymity of the participants.

RESULTS

Knowledge test scores. Results for pre- and postsession
knowledge tests were averaged for each question, and mean
overall scores were calculated (Fig. 1). On comparison of mean
individual question scores pre- and postsession, participants
demonstrated an increase in average score in all but one
question. The average for Q4 was 0.92 (SD 0.28) both pre- and
postsession. The largest increase in the mean scores between
pre- and postsession occurred in Q2 and Q3, where a one-way
ANOVA with post hoc tests indicated a significant increase in
mean scores [for Q2 an increase from 1.33 (SD 0.86) to 1.81
(SD 0.40), P � 6.172, and for Q3 an increase from 0.69 (SD
0.71) to 1.14 (SD 0.64), P � 5.687].

Collectively, the student group obtained a mean score of
6.97 (SD 1.73) out of 10 in the presession knowledge test,
compared with a mean score of 8.22 (SD 1.12) when tested
again immediately following the teaching session (Fig. 2).
Analysis using paired t-test revealed this improvement in mean
scores between the pre- and posttests to be statistically signif-
icant (P � 0.0002). Thus our results indicate that the teaching
session contributed to an immediate improvement in student
knowledge.

Focus group results. Quotations from the focus group, based
on theme, are illustrated in Table 1. In terms of confidence in
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managing real patients and clinical uncertainty, students discussed
improved practical skills, being able to find signs that they had
previously not been able to elicit, being able to systematically
assess a patient and encountering real-to-life scenarios. With
respect to patient-centered and contextualized learning, students
discussed relating basic science knowledge to clinical pathology,
applying theory to practice, and learning in a different, “fun” way,
which aided their learning. Students also commented that the
scenarios, using SimMan, were realistic, that this added to their
learning experience, and that the session was interactive. Sugges-
tions for improvement included a need for more prereading and
preparation before the session and smaller group sizes so that
everyone gets a chance to practice using the manikin.

DISCUSSION

Influenced by educational theory as well as observation and
reflection in practice, this study evaluated the use of high
technology simulation to recontextualize core concepts in
physiology and potentially facilitate learning transfer during
the early years of the MBBS program. The outcomes of this
study demonstrated the effectiveness and feasibility of this
teaching design. Evidence of the immediate improvements in
quantitative knowledge gain was supported by qualitative data,
indicative of an enhancement of the student experience with
the opportunity to apply scientific knowledge within a more
realistic, clinical environment.

Our rationale for using the pre- and postsession knowledge
recall test was to establish the immediate effect of the novel
simulation-based teaching session on student understanding of
respiratory concepts taught previously in lectures. The quanti-
tative data from matched pre-post knowledge tests showed a
significant improvement in subject knowledge immediately
following the session and supports our expectation that the use
of simulation to teach physiology concepts improved student
understanding. However, there are several limitations to this

pilot study that need to be explored further. First, the present
data indicate the acquisition of short-term gains, but do not
provide information on longer term knowledge retention. Sec-
ond, the goal is to determine whether this approach is useful to
develop the integration of basic and clinical science and as a
learning tool for the students to bridge the gap between
knowledge and practice. Our study did not directly address the
effectiveness of the simulation on improving the student’s
ability to apply their knowledge in practice. Learning transfer
has been tested in various ways, primarily using case studies to
assess student’s understanding and diagnostic reasoning using
quantitative measures (31). These types of techniques should
be employed in future studies to explore learning transfer in the
context of the present study.

Improvement in student learning was supported by feedback
received from the focus groups as part of qualitative research in
this study. One major theme identified that the teaching interven-
tion recontextualized student learning and helped to bridge the gap
between theory and practice, supporting the idea that simulation
helped put biomedical knowledge into context. Evidence shows
that good understanding of basic science is key to the develop-
ment of clinical expertise and is most effectively taught in a
manner in which the relationship between causal mechanism and
disease is made explicit (29). Basic science knowledge serves as
a framework for the organization of clinical knowledge (learning
transfer/recontextualization), and this can be optimized by empha-
sis of the core biological concepts taught alongside sessions that
expose learners to multiple contexts in which these concepts apply
(17). In summary, our results showed that the session had an
immediate positive impact on learning and support the use of this
approach as a supplementary strategy for teaching within the
existing curriculum.

Another of the major themes identified in student feedback
reported that this teaching methodology (simulation) was pa-
tient centered and added to the realism of the simulated
scenario, with students stating that the teaching improved their
confidence with managing real patients and clinical uncer-
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(Pre) and after (Post) the SimMan session. Values are means (SD) in percent
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tainty. It is important that medical students can adapt to change
and manage uncertainty in the clinical environment to provide
patient-focused, holistic care and adapt to an ever-changing
health system. However, students often do not feel confident to
manage uncertainty, and this causes them significant mental
strain (20). Managing uncertainty can also be a relatively
abstract concept for a student group that could be argued to be,
overall, positivist thinkers (9). The authors used elements of
Bruner’s (1) and Vygotsky’s work (27) on educational psy-
chology to implemented a staged, scaffolding approach to
support students’ learning. With a sociocultural lens, the au-
thors accepted that, particularly in multidisciplinary scenarios,
such as simulated medical emergencies, knowledge is co-
constructed with other learners and influenced heavily by
environment. We created a realistic hospital ward environment
and designed scenarios that required collaborative working and
learning with other students. This was supported with “con-
crete” (1) facts in the form of lectures before the session and
scaffolded involvement of educators during the sessions, which
are recognized techniques to help students gain a more ad-
vanced understanding of both anatomy and physiology (5).

Importantly, high-technology simulation applies to the first two
levels of Miller’s framework for clinical assessment (19), mean-
ing that educators can program specific learner content, give
students a standardized experience, and provide measurable out-
comes. Work has identified four key areas that underpin simula-
tion-based learning, and, although these are more directed toward
the acquisition of procedural skills within clinical practice, they
could as easily be applied to the use of simulation in the early
years of learning (14). Despite their extensive use in medical
training and evidence to show that high-fidelity patient simulators

are an effective teaching tool for key concepts of human physi-
ology, they remain underutilized (13). Obstacles to the introduc-
tion of patient simulators into physiology teaching include cost
and concerns over fidelity compared with more traditional teach-
ing methods. There is evidence to show that there are very little
gains between high-fidelity compared with low-fidelity simulation
(23). However, utilizing high-technology simulation equipment in
more diverse ways, such as teaching of the underlying sciences,
makes the investment in simulation technology even more justi-
fiable. One of the strengths of human simulation lies in its ability
to demonstrate pathophysiological concepts under different con-
ditions (2, 12). Within the context of our study, cost was not a
limiting factor, and the introduction of high-fidelity patient sim-
ulators proved effective in enabling students to recontextualize
their understanding of key physiological concepts in a more
clinically focused setting. We are now exploring the possibility of
how to deliver simulation teaching to larger cohorts of undergrad-
uate students.

The qualitative analysis also captured in our study provides
potential areas for improving the teaching methodology. Sugges-
tions of additional preparation materials were discussed by par-
ticipants throughout the focus groups. Also, students asked for
more real-time involvement from educators during the session and
summary sheets at the end. Despite attempts, as discussed above,
to scaffold and frame this teaching to support students better, it
would appear that this could have been done more explicitly. This
could have potentially occurred because the technology, as well as
the concepts and the type of teaching intervention, were all new to
the students, causing a degree of cognitive overload (32). Future
work in this area may look at introducing techniques shown to be
effective around the management of uncertainty, including self-

Table 1. Outcomes from the focus groups

Themes Quotes Assigned to Each Theme

Major

This teaching improved my confidence with managing real
patients/clinical uncertainty.

“Useful to hear clinical signs.” (Line 37)
“It will help me to think systematically.” (Line 33)
“Scenarios you might actually encounter made it feel interesting.” (Line 51)

The combination of physiology teaching and simulation
technology bridged the gap between theory and practice.

“It clarified knowledge and how it relates to pathology.” (Line 28)
“I learned things . . . things like equations make more sense when you see a clinical

scenario.” (Line 29/30)
“Applying my knowledge has been really useful.” (Line 34)

This teaching methodology was patient centered and
contextualized learning as such.

“Learning can be quite dry and quick, and this was fun, made sense of our knowledge and
helped to relate the pathology to the patient.” (Line 31/32)

“It improved our understanding; it applied our knowledge and put it into context.” (Line 83)
“Explanations linked to clinical scenarios really helped.” (Line 86)

This teaching methodology added to the realism of the
simulated scenario.

“It was good . . . realistic.” (Line 75)
“They were scenarios you might actually encounter, made it feel interesting.” (Line 51)
“Very realistic.” (Line 20)

Not everyone got hands-on experience with the manikins. “Have smaller groups . . . not everyone got to ‘lay hands’ on the SimMan.” (Line 13)
“Didn’t all get to use it.” (Line 19)
“Small student groups but could be even smaller.” (Line 49)

More preparation for the session would have been useful
for learning during the session.

“More insight about what it will be on before session.” (Line 59)
“More prereading.” (Line 62)
“Summary sheet of needed info would be good.” (Line 70)

Minor

The teaching methodology made the session more
interactive. “Really good, interactive way of learning.” (Line 47)

The teaching methodology allowed students to find clinical
signs that they had not found before.

“Really useful to hear what the breath-sounds are like . . . often just examine each other.”
(Line 21/22)

The teaching methodology needs to be an established part
of the MBBS curriculum.

“We would like these regularly, like the surface anatomy sessions.” (Line 35/36)
“Please can we use SimMan more in the session?” (Line 68)

Line numbers are in direct reference to the transcription of the field notes. MBBS, Bachelor of Medicine, Bachelor of Surgery.
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directed group work before the session, web-based simulation
preceding the simulation session, and students creating their own
summary sheets after the sessions (8, 10).

In conclusion, this study demonstrates the feasibility of using
high-fidelity simulation to teach physiology to medical students.
These results support the use of simulation to improve student
learning, facilitate engagement, and potentially promote learning
transfer within the early years training. This preliminary study
demonstrates the effectiveness of simulation for delivering key
physiological concepts within different clinical contexts. Further-
more, it supports the potential of simulation teaching as a strategy
to facilitate learning transition during the early years of medical
school. This was a small study and the outcomes illustrated here
need to be replicated with a larger representative sample before
they can be generalized to other student populations in the UK.
However, the study showed quantitative improvements in learn-
ing, as well as qualitative evidence that the intervention recontex-
tualizes students’ learning and helps them to manage clinical
uncertainty. We aim to learn from the feedback that we received
in the construction of this intervention and repeat this study with
a larger cohort of students at our institution.

APPENDIX A: MULTIPLE-CHOICE QUESTION/SHORT-ANSWER
QUESTION KNOWLEDGE TEST

1. The portion of the total ventilation that reaches the alveoli and partici-
pates in gas exchange is termed? (1 mark)
A. Alveolar ventilation
B. Minute ventilation
C. Physiological dead space
D. Residual volume
E. Vital capacity

2. Define the term cardiac output. (2 marks)
The volume of blood pumped by the heart per minute [can be defined as
the product of the heart rate (number of beats per minute) and the stroke
volume].

3. Define ventilation-perfusion (V̇/Q̇) ratio. (2 marks)

Alveolar ventilation/cardiac output (1 mark for each term)
4. The apex of upright lung has greater ventilation than perfusion; therefore,

the ventilation/perfusion ratio would be? (1 mark)
A. Greater than one
B. Infinity
C. Less than one
D. One
E. Zero

5. Obstructive lung disease is a category of respiratory disease characterized
by airway obstruction. Which of the following lung function measure-
ments is a strong indicator of obstructive lung disease? (1 mark)
A. Decreased FVC
B. Decreased residual volume
C. Reduced FEV1

D. Increased peak expiratory flow rate
E. Increased vital capacity

6. State how the FEV1/FVC ratio is affected in restrictive lung disease. (2
marks)
FEV1/FVC ratio is normal as all lung volumes are reduced (FEV1 and
FVC are reduced).

7. Spirometry, which reveals a mild degree of obstruction that is highly
responsive (significant reversibility) to a bronchodilator, is a strong
indicator of: (1 mark)
A. Asthma
B. Chronic bronchitis
C. Cystic fibrosis
D. Emphysema
E. Fibrosis

The correct answers are underlined.

APPENDIX B: STUDY PLAN

Figure B1 shows the study plan.

APPENDIX C: FOCUS GROUP QUESTIONS
1. What did you like best about the session and why?
2. What would you change about the session and why?

Fig. B1. Summary of the study plan. A total of 40 students from the first year of the Bachelor of Medicine, Bachelor of Surgery (MBBS) graduate entry course
(GEP) were initially taught within a lecture setting in the weeks before the simulation sessions. Students were then divided into two groups (20 students) and
given a 1-h SimMan teaching session. Within each group, the class was split into half, and 30 min were allocated to each scenario, so that a total of 10 students
worked to complete each case. Knowledge was assessed immediately before and after the simulation sessions using a matched presession and postsession
multiple-choice question/short-answer question knowledge test. Four focus group interviews (two for each session) were conducted immediately after the
simulation. All students who completed the knowledge test completed the focus group. See METHODS for further details. COPD, chronic obstructive pulmonary
disease; V̇/Q̇, ventilation/perfusion. *Note: Students with incomplete data sets were excluded from analysis (as described in METHODS).
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3. What was it like using SimMan?
4. How has the session affected your understanding of V̇/Q̇ mismatch and

obstructive/restrictive conditions?
5. Suppose you had 1 min to talk to the dean about the topic of today’s

discussion. What would you say?

ACKNOWLEDGMENTS

We thank Adrienne Kirk, who led the focus groups, Dr. Dason Evans for
support, and all of the students who took part in this study.

DISCLOSURES

No conflicts of interest, financial or otherwise, are declared by the authors.

AUTHOR CONTRIBUTIONS

H.L.B., A.B., and R.A. performed experiments; H.L.B. and A.B. analyzed
data; H.L.B., A.B., and R.A. interpreted results of experiments; H.L.B., A.B.,
and R.A. drafted manuscript; H.L.B., A.B., and R.A. edited and revised
manuscript; H.L.B., A.B., and R.A. approved final version of manuscript; A.B.
and R.A. prepared figures.

REFERENCES

1. Bruner J. The Process of Education. Cambridge, MA: Harvard University
Press, 1960.

2. Cendan JC, Johnson TR. Enhancing learning through optimal sequenc-
ing of web-based and manikin simulators to teach shock physiology in the
medical curriculum. Adv Physiol Educ 35: 402–407, 2011. doi:10.1152/
advan.00061.2011.

3. Cohen L, Manion L, Morrison K. Research Methods in Education (6th
ed.). Oxford, UK: Routledge, 2007. doi:10.4324/9780203029053.

4. Dolmans DH, De Grave W, Wolfhagen IH, van der Vleuten CP.
Problem-based learning: future challenges for educational practice and
research. Med Educ 39: 732–741, 2005. doi:10.1111/j.1365-2929.2005.
02205.x.

5. Eagleton S. An exploration of the factors that contribute to learning
satisfaction of first-year anatomy and physiology students. Adv Physiol
Educ 39: 158–166, 2015. doi:10.1152/advan.00040.2014.

6. Ericsson KA, Krampe RT, Tesch-Romer C. The role of deliberate
practice in the acquisition of expert performance. Psychol Rev 100:
363–406, 1993. doi:10.1037/0033-295X.100.3.363.

7. Evans K, Guile D, Harris J, Allan H. Putting knowledge to work: a new
approach. Nurse Educ Today 30: 245–251, 2010. doi:10.1016/j.nedt.
2009.10.014.

8. Ghosh AK. On the challenges of using evidence-based information: the
role of clinical uncertainty. J Lab Clin Med 144: 60–64, 2004. doi:
10.1016/j.lab.2004.05.013.

9. Goguen J, Knight M, Tiberius R. Is it science? A study of the attitudes
of medical trainees and physicians toward qualitative and quantitative
research. Adv Health Sci Educ Theory Pract 13: 659–674, 2008. doi:
10.1007/s10459-007-9072-4.

10. Griffin JD. Technology in the teaching of neuroscience: enhanced student
learning. Adv Physiol Educ 27: 146–155, 2003. doi:10.1152/advan.
00059.2002.

11. Hager P, Hodkinson P. Moving beyond the metaphor of transfer of learning.
Br Educ Res J 35: 619–638, 2009. doi:10.1080/01411920802642371.

12. Harris JR, Helyer RJ, Lloyd E. Using high-fidelity human patient
simulators to teach physiology. Med Educ 45: 1159–1160, 2011. doi:
10.1111/j.1365-2923.2011.04105.x.

13. Helyer R, Dickens P. Progress in the utilization of high-fidelity simula-
tion in basic science education. Adv Physiol Educ 40: 143–144, 2016.
doi:10.1152/advan.00020.2016.

14. Kneebone R. Evaluating clinical simulations for learning procedural
skills: a theory-based approach. Acad Med 80: 549–553, 2005. doi:
10.1097/00001888-200506000-00006.

15. Kulasegaram K, Min C, Howey E, Neville A, Woods N, Dore K,
Norman G. The mediating effect of context variation in mixed practice
for transfer of basic science. Adv Health Sci Educ Theory Pract 20:
953–968, 2015. doi:10.1007/s10459-014-9574-9.

16. Kulasegaram KM, Martimianakis MA, Mylopoulos M, Whitehead
CR, Woods NN. Cognition before curriculum: rethinking the integration
of basic science and clinical learning. Acad Med 88: 1578–1585, 2013.
doi:10.1097/ACM.0b013e3182a45def.

17. Kulasegaram KM, Chaudhary Z, Woods N, Dore K, Neville A,
Norman G. Contexts, concepts and cognition: principles for the transfer
of basic science knowledge. Med Educ 51: 184–195, 2017. doi:10.1111/
medu.13145.

18. McGaghie WC, Issenberg SB, Cohen ER, Barsuk JH, Wayne DB.
Does simulation-based medical education with deliberate practice yield
better results than traditional clinical education? A meta-analytic compar-
ative review of the evidence. Acad Med 86: 706–711, 2011. doi:10.1097/
ACM.0b013e318217e119.

19. Miller GE. The assessment of clinical skills/competence/performance.
Acad Med 65, Suppl: S63–S67, 1990. doi:10.1097/00001888-199009000-
00045.

20. Nevalainen MK, Mantyranta T, Pitkala KH. Facing uncertainty as a
medical student–a qualitative study of their reflective learning diaries and
writings on specific themes during the first clinical year. Patient Educ
Couns 78: 218–223, 2010. doi:10.1016/j.pec.2009.07.011.

21. Norman GR, Schmidt HG. The psychological basis of problem-based
learning: a review of the evidence. Acad Med 67: 557–565, 1992. doi:
10.1097/00001888-199209000-00002.

22. Norman G. Teaching basic science to optimize transfer. Med Teach 31:
807–811, 2009. doi:10.1080/01421590903049814.

23. Norman G, Dore K, Grierson L. The minimal relationship between
simulation fidelity and transfer of learning. Med Educ 46: 636–647, 2012.
doi:10.1111/j.1365-2923.2012.04243.x.

24. Rikers RM, Loyens S, te Winkel W, Schmidt HG, Sins PH. The role of
biomedical knowledge in clinical reasoning: a lexical decision study. Acad
Med 80: 945–949, 2005. doi:10.1097/00001888-200510000-00015.

25. Schmidt HG, Norman GR, Boshuizen HP. A cognitive perspective on
medical expertise: theory and implication. Acad Med 65: 611–621, 1990.
doi:10.1097/00001888-199010000-00001.

26. Stewart DW, Shamdasani PN. Focus Groups: Theory and Practice.
Thousand Oaks, CA: SAGE, 2014.

27. Vygotsky LS. Mind In Society: The Development of Higher Psychological
Processes. Cambridge, MA: Harvard University Press, 1978.

28. West JB. Challenges in teaching the mechanics of breathing to medical
and graduate students. Adv Physiol Educ 32: 177–184, 2008. doi:10.1152/
advan.90146.2008.

29. Woods NN, Neville AJ, Levinson AJ, Howey EH, Oczkowski WJ,
Norman GR. The value of basic science in clinical diagnosis. Acad Med
81, Suppl: S124–S127, 2006. doi:10.1097/00001888-200610001-00031.

30. Woods NN. Science is fundamental: the role of biomedical knowledge in
clinical reasoning. Med Educ 41: 1173–1177, 2007. doi:10.1111/j.1365-
2923.2007.02911.x.

31. Woods NN, Brooks LR, Norman GR. The role of biomedical knowledge
in diagnosis of difficult clinical cases. Adv Health Sci Educ Theory Pract
12: 417–426, 2007. doi:10.1007/s10459-006-9054-y.

32. Young JQ, Van Merrienboer J, Durning S, Ten Cate O. Cognitive
Load Theory: implications for medical education: AMEE Guide No. 86.
Med Teach 36: 371–384, 2014. doi:10.3109/0142159X.2014.889290.

81TEACHING RESPIRATORY PHYSIOLOGY IN A CLINICAL CONTEXT

Advances in Physiology Education • doi:10.1152/advan.00148.2018 • http://advan.physiology.org

Downloaded from journals.physiology.org/journal/advances (081.087.012.202) on May 18, 2026.

https://doi.org/10.1152/advan.00061.2011
https://doi.org/10.1152/advan.00061.2011
https://doi.org/10.4324/9780203029053
https://doi.org/10.1111/j.1365-2929.2005.02205.x
https://doi.org/10.1111/j.1365-2929.2005.02205.x
https://doi.org/10.1152/advan.00040.2014
https://doi.org/10.1037/0033-295X.100.3.363
https://doi.org/10.1016/j.nedt.2009.10.014
https://doi.org/10.1016/j.nedt.2009.10.014
https://doi.org/10.1016/j.lab.2004.05.013
https://doi.org/10.1007/s10459-007-9072-4
https://doi.org/10.1152/advan.00059.2002
https://doi.org/10.1152/advan.00059.2002
https://doi.org/10.1080/01411920802642371
https://doi.org/10.1111/j.1365-2923.2011.04105.x
https://doi.org/10.1152/advan.00020.2016
https://doi.org/10.1097/00001888-200506000-00006
https://doi.org/10.1007/s10459-014-9574-9
https://doi.org/10.1097/ACM.0b013e3182a45def
https://doi.org/10.1111/medu.13145
https://doi.org/10.1111/medu.13145
https://doi.org/10.1097/ACM.0b013e318217e119
https://doi.org/10.1097/ACM.0b013e318217e119
https://doi.org/10.1097/00001888-199009000-00045
https://doi.org/10.1097/00001888-199009000-00045
https://doi.org/10.1016/j.pec.2009.07.011
https://doi.org/10.1097/00001888-199209000-00002
https://doi.org/10.1080/01421590903049814
https://doi.org/10.1111/j.1365-2923.2012.04243.x
https://doi.org/10.1097/00001888-200510000-00015
https://doi.org/10.1097/00001888-199010000-00001
https://doi.org/10.1152/advan.90146.2008
https://doi.org/10.1152/advan.90146.2008
https://doi.org/10.1097/00001888-200610001-00031
https://doi.org/10.1111/j.1365-2923.2007.02911.x
https://doi.org/10.1111/j.1365-2923.2007.02911.x
https://doi.org/10.1007/s10459-006-9054-y
https://doi.org/10.3109/0142159X.2014.889290

