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Abstract

Collaborative teaching strategies such as peer instruction and conventional group work have previously been shown to enhance
meaningful learning, but they have not previously been compared. In this present study, we compared the impact of solving
quizzes with peer instruction and conventional group work on immediate learning in a laboratory exercise. A total of 186 sec-
ond-year medical students were randomized to solve two quizzes by either a peer instruction strategy (n = 93) or conventional
group work (n = 93) during a mandatory laboratory exercise on respiratory physiology, after which all students completed an
individual test. There was no difference in total test scores between groups, but students randomized to peer instruction
obtained the highest test scores in solving simple integrated questions. Conversely, students randomized to conventional group
work provided the best evaluations of the overall assessment of the laboratory exercise. In conclusion, different collaborative
teaching strategies implemented during a laboratory exercise appear to affect immediate learning and student satisfaction
differently.

active learning; collaborative learning; respiratory mechanics; teaching methods

INTRODUCTION

As teachers and communicators of physiology, we contin-
ually strive to facilitate students’ “meaningful learning”
through the active assembly of information intomental repre-
sentations that may be used to identify and solve problems in
the real-world laboratory or clinical setting (1). The traditional
teaching format used to facilitate this is laboratory exercises,
where students may gain hands-on experience while con-
structing, testing, and adjusting their mental representations
of various physiological mechanisms (2–4).

According to several studies, the implementation of com-
plementary collaborative activities within a laboratory exer-
cise may facilitate student learning further (5–8). However,
when introducing formative assessments in the form of
quizzes in a laboratory exercise on baroreflex physiology, we
previously found that students’ ability to solve an advanced
physiological problem after completing the exercise was
when quizzes had been solved individually rather than in
groups (9). This may reflect that the relatively short time
available for group discussion in a laboratory exercise may
prompt less-secure students to simply accept the notions of

stronger classmates without understanding the underlying
physiological rationale.

So-called peer instruction may be used as an alternative
and time-efficient collaborative strategy to conventional
group discussions (10). The concept was originally developed
by the American physicist Eric Mazur in the early 1990s (11)
and consists of three phases: first, the students answer a
question individually and rate how confident they are in
their answer (phase 1), then they team up with a fellow stu-
dent and discuss their answers (phase 2), and lastly, they
revise their answer and confidence level (phase 3). Although
peer instruction only takes a few minutes per assignment, it
has been found to enhance both the transfer and retention
of physiological knowledge during conventional ex cathedra
classroom teaching and lectures (12–15). However, studies
comparing peer instruction to conventional group work,
where students discuss and solve questions in groups within
a well-defined time frame are scarce, even though it has
been reported to exert similar beneficial effects on student
learning (13, 15–18). In a previous study on acid-base physiol-
ogy teaching in the classroom setting, we found that second-
year medical students were similarly skilled at diagnosing
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simple acid-base disorders immediately after the class,
regardless of whether peer instruction or conventional group
work had been employed (19). However, at 2-yr follow-up,
the students subjected to peer instruction reached superior
scores in a similar test on acid-base diagnostics, indicating
that this teaching strategy may lead to a higher degree of
retention than conventional group work (20). The impact of
using peer instruction-based quizzes on student learning has
to our knowledge not previously been investigated in the
context of a physiology laboratory exercise.

In the present study, we implemented two quizzes during
a mandatory laboratory exercise on respiratory physiology.

We compared the impact of solving quizzes with peer-
instruction versus unstructured discussion in small groups
(conventional group work) on immediate learning and stu-
dent satisfaction. We specifically hypothesized that peer
instruction would lead to better learning and a higher degree
of student satisfaction than conventional group work.

MATERIALS AND METHODS

Laboratory Exercise

The study was set during a mandatory laboratory exercise
on respiratory physiology for second-year medical students
at the University of Copenhagen. This encompassed a total
of 186 students, divided between 18 classes with 11 (median,

Figure 1. Time schedule. The laboratory exercise on respiratory physiol-
ogy is composed of three sessions. Session 1 consisted of a brief introduc-
tion to principles in respiratory physiology and a student performing
maximal voluntary ventilation (MVV) followed by a joint discussion of the
principles behind the theory. After session 1, both students randomized to
peer instruction and conventional group work solved quiz A. Session 2
consisted of a student performing a series of different dynamic spirometry
maneuvers and then placed in whole body plethysmograph (WBP). This
was followed by a joint discussion of the principles behind the theory.
After session 2, both students randomized to peer instruction and conven-
tional group work completed quiz B. Session 3 consisted of a student per-
forming multiple breath nitrogen washout after breathing 100% O2

(Fowler’s method) and then measurement of pulmonary diffusing capacity.
The laboratory exercise ended with a final individual test and evaluation.
Figure was generated with BioRender and used with permission.

Table 1. Quizzes

Quizzes

Quiz A: Mark the right answer
1. Total lung capacity. . .

a) . . . = inspiratory capacity þ expiratory reserve volume
b) . . . = inspiratory reserve volume þ tidal volume þ expiratory

reserve volume þ residual volume�
c) . . . = vital capacity þ functional residual capacity
d) . . . = inspiratory capacity þ tidal volume þ functional residual

capacity
2. Regarding O2 uptake in the lungs. . .

a) The respiratory exchange ratio (RER) is the inhaled amount of
O2 divided by the amount of exhaled CO2

b) Fitness = VO2max · weight
c) VO2max is perfusion-limited�
d) All the above-mentioned are correct

3. Regarding forced expiration. . .
a) . . . FEV1 is the total amount of expired air
b) . . . FEV1 is notably high in case of obstructive lung disease
c) . . . FEV1/FCV is always 80% in a lung healthy person
d) . . . a maximal inspiration is necessary for a maximal peak expira-

tory flow to be achieved�
Quiz B: Mark the right answer
1. The physiologic dead space. . .

a) . . . will always contain 100% O2 after a single full inspiration with
pure O2

b) . . . is reduced during snorkeling
c) . . . is equal to the total of alveolar dead space and anatomic

dead space�
d) All the above-mentioned are correct

2. In the last part of a forced expiration. . .
a) . . . air flow is approximately proportional to the amount of air in

the airways�
b) . . . air flow is approximately proportional to the work of the expir-

atory muscles
c) . . . air flow is approximately proportional to pleural pressure
d) . . . the trans pulmonary pressure is 0

3. Diffusing capacity of the lungs for a particular gas. . .
a) . . . depends on the functional alveolar surface area
b) . . . depends on the thickness of the blood-gas barrier
c) . . . depends on pressure difference for the gas across the

blood-gas barrier
d) All the above-mentioned are correct�

Quiz A and quiz B were introduced during the laboratory exer-
cise, immediately after session 1 and session 2 of the laboratory
exercise, respectively. Both quizzes were solved either with peer
instruction or in small groups (conventional group work). Each
quiz consisted of three questions which were of moderate diffi-
culty. Each question had four answer choices with only one correct
answer. All questions are related to central elements of respiratory
physiology. �Correct answers.
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range 4 to 13) students in each class that were all taught by
the same instructor (SLV). The duration of the whole labo-
ratory exercise was 3 h and 45 min. Each day, one labora-
tory exercise took place from 8:15 AM to 12 PM (morning
session) and from 12:15 PM to 4 PM (afternoon session),
including two 15-min breaks. The laboratory exercise
consisted of three sessions, each lasting 45 min including
instructor-student and student-student discussions of
the obtained data (Fig. 1). The aim of the laboratory exer-
cise was to introduce the students to theoretical and
practical aspects of commonly used clinical lung func-
tion assessments.

In session 1, the instructor introduced the basics of ventila-
tion, gas exchange and lung function testing, including
dynamic and static lung volumes. After this, a student vol-
unteer performed a 15-s maximum voluntary ventilationma-
neuver, and in relation to this, the concept of “ventilatory
capacity,” minute ventilation and dead space ventilation
was discussed.

In session 2, a student volunteer performed a series of
dynamic spirometry maneuvers, with a maximum forced in-
spiration followed by forced expiration at maximal power
with a duration of minimum 6 s, which was then repeated
with the forced expiration at approximately two-thirds of
perceived maximal power, and then again during a passive
expiration. Meanwhile, the clinical use of dynamic spi-
rometry, the concept of dynamic airway compression and
equal pressure point, and sources of error during dynamic
spirometry were discussed. A student was then placed in a
whole body plethysmograph, and classical static lung vol-
ume and capacity measurements were obtained based on
Boyle’s law.

In session 3, anatomic dead space and closing volume
were measured by Fowler’s method, i.e., by multiple breath
nitrogen washout after breathing 100% O2, and the concepts
of anatomical, physiological, and alveolar dead space were

outlined. The pulmonary diffusing capacity to carbon mon-
oxide was then measured in both the upright sitting and
supine position, while the factors that determine pulmonary
diffusion were discussed, including the impact of postural
changes on the alveolar-capillary surface area through
changes in central blood volume and subsequent pulmonary
capillary recruitment.

All lung function measurements were performed in ac-
cordance with established clinical guidelines and recom-
mendations (10, 21–24).

Study Design

As part of the study, two quizzes, quiz A and quiz B, were
introduced during the laboratory exercise, immediately after
session 1 and session 2, respectively (Fig. 1). Quiz A and B
each consisted of three moderately difficult questions with
four possible answers with only one correct answer per ques-
tion (Table 1). Each day, one class was randomized to solve
the quizzes during the exercise by peer instruction and one
by conventional group work, the sequence of which was
determined by throwing a dice. Before the laboratory exer-
cise, students in both intervention groups completed a brief
questionnaire including age, sex, and preparation time.
After session 3, all students completed a final individual test
on the core curriculum in respiratory physiology individu-
ally as well as an evaluation form.

In classes randomized to peer instruction, quizzes were
performed by asking students to complete the quiz and rate
their level of confidence within 3 min individually (phase 1)
and then to discuss their answer with one to two fellow stu-
dents, depending on class size, and modify it within the next
three minutes (phases 2 and 3) (Fig. 2). In classes randomized
to conventional group work, the students completed the
quizzes in groups of two to three, again depending on class
size, over a total period of 6 min (Fig. 2). In both intervention
groups, the students were divided into appropriate groups

Figure 2. Peer instruction vs. conventional
group work. The students were assigned
either to peer instruction or conventional
group work when completing the quizzes
(quiz A and quiz B). Peer instruction was
performed by the student first individually
completing the quiz within 3min (phase 1).
Thereafter, the student discussed, modi-
fied, and rated their level of confidence of
the answer with a fellow peer within 3 min
(phases 2 and 3), making it a total of 6
min. Conventional group work was per-
formed by students working together in
groups of 2 to 3 students, in which all
questions of the quiz were discussed and
completed within 6 min. Figure was gen-
erated with BioRender and used with
permission.
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by the teacher. Each quiz was followed by an interactive ses-
sion, in which the laboratory instructor highlighted the cor-
rect answer to each question.

Test

After session 3, the students completed a final individual
test with no aids (Table 2). The test is provided in Table 2.
The test was to be completed within 10 min and consisted of
five questions: 1) one recall question, which related to facts
that had explicitly been repeatedly mentioned and specifi-
cally discussed during the laboratory exercise, 2) one inter-
mediate question relating to facts that had been explicitly
mentioned and briefly discussed during the laboratory exer-
cise, and 3) three integrated question, classified as a simple,
moderate and advanced questions, in which students had
to reflect on principles introduced during the laboratory

exercise in a context that had not previously been intro-
duced. Each question had our four true/false subquestions,
and for each sub-question, one point was awarded for a cor-
rect answer (identification of true/false). The maximum
score of each question was 4 points and a total achievable
score when answering all 5 questions ranged between 0 and
20 points. None of the questions related directly to the
quizzes that the students had completed during the labora-
tory exercise. To maximize overall learning for both inter-
vention groups, the correct answers to the test were
emphasized by the laboratory instructor after the test.

Evaluation

After the final individual test, the students completed an
evaluation form in which the students had to 1) rate the aca-
demic gain of the laboratory exercise, 2) rate the quality of
the teaching, 3) rate their own efforts during the laboratory
exercise, and 4) provide an overall assessment of the labora-
tory exercise. In each rating, students had to choose between
poor, below average, average, above average, and excellent.
Students also had the opportunity to provide free text com-
ments about the laboratory exercise.

Ethics

Ethical approval was not required for this laboratory
exercise. The laboratory exercise was completed in ac-
cordance with Danish and European legislation and was
approved by the Faculty of Health Sciences of the
University of Copenhagen. The volunteering students
were healthy with no previous known medical history,
and the methods used in this exercise are regarded as
safe in healthy subjects.

Statistical Analyses

Apart from age, all data were considered categorical, and
nonparametric methods were applied. For the statistical
analysis of student evaluations, the student ratings were
ranked, so that a rating of “poor” was assigned 0 points,
below average 1 point, average 2 points, above average 3
points, and excellent 4 points. The Mann-WhitneyU test and
chi-squared test were applied to compare the two interven-
tion groups. All analyses were performed using GraphPad
Prism v. 8.4.3, and P < 0.05 was considered statistically

Table 2. Postexercise test

Postexercise Test

1. The transport of O2 and CO2 across the blood-gas barrier. . .
a) . . . occurs solely by diffusion�
b) . . . is faster for CO2 than O2

�
c) . . . occurs in the ratio 1:1 when the respiratory exchange ratio

(RER) is 1�
d) . . . is independent of the perfusion of the lungs

2. In forced expiration, the equal pressure point (EPP). . .
a) . . . moves gradually in distal direction towards the alveoli�
b) . . .moves gradually in proximal direction towards the mouth
c) . . . moves gradually towards the alveoli or mouth depending on

the increase in pleural pressure
d) . . . EPP is fixed and does not move at all

3. In a resting healthy person in the upright position. . .
a) . . . total lung capacity is the total amount of air expired during a

forced expiration
b) . . . the alveoli collapse at the end of a tidal expiration
c) . . . the ventilation/perfusion ratio is higher at the apex than at

the base of the lung�
d) . . . the anatomic and physiological dead space are basically

identical�
4. A healthy person hyperventilates and subsequently faints. What

happened?
a) A metabolic alkalosis has arisen
b) Cerebral blood flow has decreased�
c) The CO2-fraction in the expiratory air has increased
d) The O2-fraction in the expiratory air has increased�

5. A patient with severe obstructive lung disease discovers a relief of
dyspnea when exhaling through a couple of straws. What
changes have occurred compared to exhaling without using straws?

a) The equal pressure point (EPP) moves more distally towards the
alveoli at the onset of expiration

b) The airway resistance in the bronchioles is reduced at end-
expiration�

c) Residual volume is reduced�
d) Total lung capacity is increased

The final individual test consisted of five questions. Each question
had four true/false sub-questions, and for each subquestion, 1 point
was awarded for a correct answer yielding an achievable test score
between 0 and 20 points. Question 1 is a recall question which relates
to information that have been repeatedly mentioned and specially
highlighted during the laboratory exercise. Question 2 is an interme-
diate question that relates to information that have been explicitly
mentioned and briefly discussed during the laboratory exercise.
Questions 3, 4, and 5 are integrated questions classified respectively
as simple, moderate, and advanced, in which students had to reflect
on physiological principles in a new context. All questions are related
to central elements of respiratory physiology. �True, otherwise false.

Table 3. Student characteristics

Peer Instruction

Conventional

Group Work P Value

Number of students 93 93
Mean age (SD), yr 23 (3) 23 (4) 0.24
Sex, male/female 35/58 (38/62%) 34/59 (36/64%) 0.87
Morning/afternoon 5/4 (56/44%) 4/5 (44/56%) 0.63
Has read the protocol, % 70 73 0.62
Has studied the subject in
physiology textbooks, %

59 54 0.54

Total preparation time 0.54
None, % 16 12
>30 min, % 38 43
30-60 min, % 42 36
60–120 min, % 3 9
>120 min, % 1 0
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significant. Data are reported as median unless otherwise
specified.

RESULTS

Randomization

Of the 18 classes (186 students), 9 classes (93 students)
were randomly allocated to each intervention group. There
were no between-group differences regarding age, sex, and
preparation time. Student characteristics are summarized in
Table 3.

Test Results

There was no overall difference in total test scores
between peer instruction and conventional group work (14
[13–16] vs. 14 [12–16] points, P = 0.61). When considering the
specific questions, peer instruction led to higher scores than

conventional group work in the case of simple integrated
questions, while scores were similar for either recall, inter-
mediate, moderate integrated or advanced integrated ques-
tions (Fig. 3).

Evaluation

Student evaluations are provided in Fig. 4. More than half
of the students rated the academic gain, the quality of the
teaching, and the overall assessment of the laboratory exer-
cise above average or excellent, and their own efforts as aver-
age or higher, regardless of whether they had been allocated
to peer instruction or conventional group work. Students
allocated to conventional group work provided higher rat-
ings in their overall assessment of the laboratory exercise,
while there were no differences between intervention groups
for the students’ evaluation of the academic gain, quality of
the teaching or their self-perceived own effort during the lab-
oratory exercise (Fig. 4). No substantial comments were
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Figure 3. Test scores. Test scores on
recall, intermediate, simple integrated,
moderate integrated and advanced inte-
grated questions. Each question had four
true/false subquestions, and for each sub-
question, one point was awarded for a
correct answer (identification of true/false).
The maximum score of each question was
4 points and the minimum score for each
question was 0 points. The abscissa
shows the number of correctly answered
questions, and the ordinate shows the
percentages of students in the given
group (Peer instruction vs conventional
group work). �Significant difference
between peer instruction and conven-
tional group work (P< 0.05) for the simple
integrated questions. Besides that, no dif-
ference between peer instruction and
conventional group work were found.
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provided by the students in the free text section of the
evaluation.

DISCUSSION

In this present study, we introduced collaborative
quizzes, solved by either peer instruction or conventional
group work, during a laboratory exercise on respiratory
physiology. We found that both strategies generally led to
high test scores and student satisfaction. Furthermore,
when comparing the two collaborative strategies, stu-
dents that were randomized to peer instruction reached
higher scores within simple integrative questions than
students randomized to conventional group work. On the
other hand, students randomized to conventional group
work provided highest evaluation scores in their overall
assessments.

For students, collaborative quizzes and tests are an oppor-
tunity not only to express their knowledge but also to unveil
potential misunderstandings (1, 25, 26). For instructors, they
are useful for ensuring that students comprehend various
principles correctly, and if not, they provide further explana-
tion and correct potential misconceptions (25, 27). The high
test scores achieved in both intervention groups renders it
difficult to detect between-group differences. However, the
higher test scores in the simple integrative question category
in students randomized to peer instruction does support the
contention that this collaborative teaching strategy is supe-
rior to conventional group work (11, 12, 14).

It may remain speculative but the relatively short time to
solve each quiz might possibly confluence the results of the
study because the discussion and exploration of answers to a
topic can be time consuming. This may perhaps notably
influence the participation from less secure students in con-
ventional group work as they may tend to accept the notions
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Figure 4. Student evaluations. After the final individual test, the students rated the laboratory exercise on respiratory physiology on following parame-
ters: own effort, quality of the teaching, academic gain and overall assessment. The students had following options when rating: poor, below average,
average, above average and excellent. �Difference between peer instruction and conventional group work (P < 0.05) regarding overall assessment.
Besides that, no difference between peer instruction and conventional group work were found.
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of stronger classmates without understanding the underly-
ing principles for the sake of the group to move forward to
the next question. This may also explain why solving quizzes
individually, and not by conventional group work, led to the
highest test scores, also within an integrated question cate-
gory, in a previous study conducted in a similar laboratory
exercise setting (9). Thus, in the context of a laboratory exer-
cise, both solving quizzes individually and by peer instruc-
tion may improve overall learning by preventing less-secure
students from “sitting on the fence” during the quizzes.

Our findings are in line with previous studies that have
generally reported high student satisfaction for the use of
collaborative teaching strategies in physiology education,
both in the classroom (15, 16, 20) and the physiology labora-
tory setting (8). However, as we have no control group that
completed the laboratory exercise without any collaborative
quizzes, we cannot discernwhether this is due to the collabo-
rative activities or the laboratory exercise per se. In any
event, the overall assessments in the present study were
highest in students randomized to conventional group work.
Even though peer instruction, particularly the initial
individual phase, may force students to engage more
actively in the quizzes, students rated their own involve-
ment during the laboratory exercise similarly regardless
of allocation. Furthermore, the quality of the teaching
and the self-perceived academic gain were also evaluated
similarly, despite the abovementioned differences in test
scores within simple integrated questions.

From our results, we cannot infer what the explanation of
the better overall assessments associated with conventional
group work is. However, we speculate that this may reflect a
higher degree of security and relaxed atmosphere among stu-
dents working together in groups when solving the quiz. The
less challenging environment in conventional group work
may thus have influenced their perception of the overall
assessment of the laboratory exercise in the present study. To
clarify the impact of introducing quizzes during a laboratory
exercise further, a larger study that includes both peer instruc-
tion, an individual, and a control (no quizzes) group is needed.

In conclusion, we found that the use of peer instruction in
quiz-based assessments appeared to lead to better immediate
learning than conventional group work in second-year medi-
cal students during a laboratory exercise on respiratory physi-
ology, but that conventional group work was associated with
better student evaluations of the teaching. Further studies are
needed to determine whether peer instruction is also superior
to individual quiz-based assessments in this setting.

GRANTS

The Center for Physical Activity Research is supported by
TrygFonden Grants ID 101390 and ID 20045.

DISCLOSURES

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

AUTHOR CONTRIBUTIONS

S.L.V., M.W.M., and R.M.G.B. conceived and designed research;
S.L.V. performed experiments; M.M. and R.M.B. analyzed data;

M.M., S.L.V., M.W.M., and R.M.G.B. interpreted results of experi-
ments; M.M. prepared figures; M.M. and R.M.G.B. drafted manu-
script; M.M., S.L.V., M.W.M., and R.M.G.B. edited and revised
manuscript; M.M., S.L.V., M.W.M., and R.M.G.B. approved final ver-
sion of manuscript.

REFERENCES

1. Michael J. The Claude Bernard Distinguished Lecture. In pursuit
of meaningful learning. Adv Physiol Educ 25: 145–158, 2001.
doi:10.1152/advances.2001.25.3.145.

2. Modell HI,Michael JA, Adamson T, Goldberg J, Horwitz BA, Bruce
DS, Hudson ML,Whitescarver SA,Williams S. Helping undergradu-
ates repair faulty mental models in the student laboratory. Adv
Physiol Educ 23: 82–90, 2000. doi:10.1152/advances.2000.23.1.s82.

3. Modell HI, Michael JA, Adamson T, Horwitz B. Enhancing active
learning in the student laboratory. Adv Physiol Educ 28: 107–111,
2004. doi:10.1152/advan.00049.2003.

4. Ra’anan AW. The evolving role of animal laboratories in physiol-
ogy instruction. Adv Physiol Educ 29: 144–150, 2005. doi:10.1152/
advan.00017.2005.

5. Fitzpatrick KA. An investigative laboratory course in human physiol-
ogy using computer technology and collaborative writing. Adv
Physiol Educ 28: 112–119, 2004. doi:10.1152/advan.00007.2004.

6. Fuller K, Linden MD, Lee-Pullen T, Fragall C, Erber WN, R€ohrig KJ.
An active, collaborative approach to learning skills in flow cytometry.
Adv Physiol Educ 40: 176–185, 2016. doi:10.1152/advan.00002.2015.

7. Griff ER. Changing undergraduate human anatomy and physiology
laboratories: perspectives from a large-enrollment course. Adv
Physiol Educ 40: 388–392, 2016. doi:10.1152/advan.00057.2016.

8. Simonson SR. Making students do the thinking: Team-based learn-
ing in a laboratory course. Adv Physiol Educ 38: 49–55, 2014.
doi:10.1152/advan.00108.2013.

9. Berg RM, Plovsing RR, Damgaard M. Teaching baroreflex physiol-
ogy to medical students: a comparison of quiz-based and conven-
tional teaching strategies in a laboratory exercise. Adv Physiol Educ
36: 147–153, 2012. doi:10.1152/advan.00011.2012.

10. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates
A, Crapo R, Enright P, van der Grinten CPM, Gustafsson P, Jensen
R, Johnson DC, MacIntrye N, McKay R, Navajas D, Pedersen OF,
Pellegrino R, Viegi G, Wagner J. Standardisation of spirometry. Eur
Resp J 26: 319–338, 2005. doi:10.1183/09031936.05.00034805.

11. Mazur E. Peer instruction: getting students to think in class. In: The
Changing Role of Physics Departments in Modern Universities
(Proceedings of the ICUPE), edited by Redish EF, Rigden JS.
Woodbury, NY: The American Institute of Physics, 1997, pp. 981–
988.

12. Cortright RN, Collins HL, DiCarlo SE. Peer instruction enhanced
meaningful learning: ability to solve novel problems. Adv Physiol
Educ 29: 107–111, 2005. doi:10.1152/advan.00060.2004.

13. Cortright RN, Collins HL, Rodenbaugh DW, DiCarlo SE. Student
retention of course content is improved by collaborative-group
testing. Adv Physiol Educ 27: 102–108, 2003. doi:10.1152/advan.
00041.2002.

14. Giuliodori MJ, Lujan HL, DiCarlo SE. Peer instruction enhanced stu-
dent performance on qualitative problem-solving questions. Adv
Physiol Educ 30: 168–173, 2006. doi:10.1152/advan.00013.2006.

15. Vázquez-García M. Collaborative-group testing improves learning
and knowledge retention of human physiology topics in second-
year medical students. Adv Physiol Educ 42: 232–239, 2018.
doi:10.1152/advan.00113.2017.

16. Giuliodori MJ, Lujan HL, DiCarlo SE. Collaborative group testing
benefits high- and low-performing students. Adv Physiol Educ 32:
274–278, 2008. doi:10.1152/advan.00101.2007.

17. Rivaz M,MomennasabM, Shokrollahi P. Effect of collaborative test-
ing on learning and retention of course content in nursing students.
J Adv Med Educ Prof 3: 178–182, 2015.

18. Toksvang LN, Berg RM. Teaching basic haemorheology to medical
students by individual and collaborative strategies. MEFANET J 2:
51–55, 2014.

19. Petersen MW, Toksvang LN, Plovsing RR, Berg RMG. Collaborative
strategies for teaching common acid-base disorders to medical

PEER INSTRUCTION VS. CONVENTIONAL GROUPWORK

700 Advances in Physiology Education � doi:10.1152/advan.00045.2021 � http://advan.physiology.org
Downloaded from journals.physiology.org/journal/advances at Copenhagen Univ Lib (130.226.230.200) on December 7, 2021.

https://doi.org/10.1152/advances.2001.25.3.145
https://doi.org/10.1152/advances.2000.23.1.s82
https://doi.org/10.1152/advan.00049.2003
https://doi.org/10.1152/advan.00017.2005
https://doi.org/10.1152/advan.00017.2005
https://doi.org/10.1152/advan.00007.2004
https://doi.org/10.1152/advan.00002.2015
https://doi.org/10.1152/advan.00057.2016
https://doi.org/10.1152/advan.00108.2013
https://doi.org/10.1152/advan.00011.2012
https://doi.org/10.1183/09031936.05.00034805
https://doi.org/10.1152/advan.00060.2004
https://doi.org/10.1152/advan.00041.2002
https://doi.org/10.1152/advan.00041.2002
https://doi.org/10.1152/advan.00013.2006
https://doi.org/10.1152/advan.00113.2017
https://doi.org/10.1152/advan.00101.2007
http://advan.physiology.org


students. Adv Physiol Educ 38: 101–103, 2014. doi:10.1152/
advan.00106.2013.

20. Hartmann JP, Toksvang LN, Berg RM. Collaborative teaching strat-
egies lead to retention of skills in acid-base physiology: a 2-yr fol-
low-up study. Adv Physiol Educ 39: 120–121, 2015. doi:10.1152/
advan.00167.2014.

21. MacIntyre N, Crapo RO, Viegi G, Johnson DC, van der Grinten
CPM, Brusasco V, Burgos F, Casaburi R, Coates A, Enright P,
Gustafsson P, Hankinson J, Jensen R, McKay R, Miller MR,
Navajas D, Pedersen OF, Pellegrino R, Wanger J. Standardisation
of the single-breath determination of carbon monoxide uptake in
the lung. Eur Resp J 26: 720–735, 2005. doi:10.1183/09031936.05.
00034905.

22. Newth CJL, Enright P, Johnson RL. Multiple-breath nitrogen wash-
out techniques: including measurements with patients on ventila-
tors. Eur Respir J 10: 2174–2185, 1997. doi:10.1183/09031936.97.
10092174.

23. Wanger J, Clausen JL, Coates A, Pedersen OF, Brusasco V,
Burgos F, Casaburi R, Crapo R, Enright P, van der Grinten CPM,

Gustafsson P, Hankinson J, Jensen R, Johnson DC, MacIntyre N,
McKay R,Miller MR,Navajas D, Pellegrino R, Veigi G. Standardisation
of the measurement of lung volumes. Eur Respir J 26: 511–522, 2005.
doi:10.1183/09031936.05.00035005.

24. Weisman IM, Marciniuk D, Martinez FJ, Sue D, Myers Bruce
Johnson J,Whipp B, Zeballos J, Beck K,Mahler D, Cotes J, Sietsema
K, Dyspnea U, Killian K, Casaburi R, Testing Measurements Frank
Sciurba E. ATS/ACCP Statement on cardiopulmonary exercise testing.
Am J Resp Crit Care Med 167: 211–277, 2003. doi:10.1164/rccm.
167.2.211.

25. Hunt E, Pellegrino JW. Issues, examples, and challenges in forma-
tive assessment. New Direct Teach Learn 2002: 73–85, 2002.
doi:10.1002/tl.81, 10.1002/tl.57, 10.1002/tl.48. doi:10.1002/tl.48.

26. Michael J. Where’s the evidence that active learning works? Adv
Physiol Educ 30: 159–167, 2006. doi:10.1152/advan.00053.2006.

27. Rao SP, DiCarlo SE. Peer instruction improves performance on
quizzes. Adv Physiol Educ 24: 51–55, 2000. doi:10.1152/advances.
2000.24.1.51.

PEER INSTRUCTION VS. CONVENTIONAL GROUPWORK

Advances in Physiology Education � doi:10.1152/advan.00045.2021 � http://advan.physiology.org 701
Downloaded from journals.physiology.org/journal/advances at Copenhagen Univ Lib (130.226.230.200) on December 7, 2021.

https://doi.org/10.1152/advan.00106.2013
https://doi.org/10.1152/advan.00106.2013
https://doi.org/10.1152/advan.00167.2014
https://doi.org/10.1152/advan.00167.2014
https://doi.org/10.1183/09031936.05.00034905
https://doi.org/10.1183/09031936.05.00034905
https://doi.org/10.1183/09031936.97.10092174
https://doi.org/10.1183/09031936.97.10092174
https://doi.org/10.1183/09031936.05.00035005
https://doi.org/10.1164/rccm.167.2.211
https://doi.org/10.1164/rccm.167.2.211
https://doi.org/10.1002/tl.81, 10.1002/tl.57, 10.1002/tl.48
https://doi.org/10.1002/tl.48
https://doi.org/10.1152/advan.00053.2006
https://doi.org/10.1152/advances.2000.24.1.51
https://doi.org/10.1152/advances.2000.24.1.51
http://advan.physiology.org

