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ABSTRACT
The jigsaw method which utilises peer-teaching in small-group settings permits a facilitator to 
incorporate active learning strategies into their educational toolbox. In November 2022, we 
evaluated the impact of the jigsaw method with groups stratified by post-graduate year (PGY) 
level. We assessed pre and post learner confidence and medical knowledge during a facilitator- 
led workshop. Participants were stratified into three groups who presented on the following 
subtopics about osteoporosis in men: (1) history and physical examination (PGY1s), (2) lab work 
and imaging studies (PGY2s) and (3) management and interventions (PGY3s). We evaluated if 
stratifying by PGY level impacted learner medical knowledge and confidence in November 2022. 
We had an 80% response rate from 16 actual participants from a total of 20 possible participants. 
Authors found a statistically significant increases in residents’ confidence and medical knowledge 
after the training for all questions, but broad application across a variety of learners is still 
needed. The jigsaw method showed improvement in learner confidence about osteoporosis in 
men and may be implemented in teams distributed by PGY levels. Distribution by PGY level 
allows each team to building on their current training level to educate their peers.
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Introduction

The jigsaw method is an active learning strategy which 
uses peer-teaching in small-group settings that may 
help faculty to incorporate active learning strategies 
into their teaching toolbox. Previous research shows 
that the jigsaw method is effective in improving learner 
education when applied to mixed-learning groups on 
unfamiliar topics [1–4]. Active learning strategies have 
shown to improve learning among participants but are 
not widely used among medical educators [5]. Some of 
the perceived barriers to implementation of active 
learning strategies include lack of familiarity and per
ceived increased time for preparation [5].

Our project objective evaluated the influence of the 
jigsaw method for knowledge acquisition on and confi
dence in diagnosing and treating osteoporosis in men 
among learning teams of family medicine residents at the 
University of Texas Medical Branch (UTMB). Learning 
teams were grouped based on level of post-graduate train
ing (PGY) as knowledge is generally gained as one pro
gresses further in training [6]. The intermediate effect 
demonstrates that learning is not typically linear as one 
progresses from novice to expert [7]. Rather there is 

a downward slump that learners experiences as they jour
ney through learning [7]. This is the first project to evaluate 
the impact of stratifying content expert groups based on 
post graduate training level and if it demonstrates the 
intermediate effect. Our hypothesis is that improvements 
seen by utilising the jigsaw method of learning will be 
sustained when splitting learning groups by PGY levels.

Main Text

The UTMB Institutional Review Board (IRB) reviewed 
the project and determined that it did not meet the 
definition of human subjects research defined by the 
regulations at 45 CFR 46.102 as this project involves 
Quality Assessment/Quality Improvement. Therefore, 
the project did not require IRB approval or oversight.

The lead author evaluated the jigsaw method during 
the dedicated didactics time, in November 2022. The 
lead author served as the facilitator of the two-hour 
workshop on osteoporosis in men. The goal of the 
training was to increase resident physician knowledge 
about osteoporosis in men, given that fewer men are 
impacted by osteoporosis, they have a higher mortality 

CONTACT Namita Bhardwaj nabhardw@utmb.edu Department of Family Medicine, The University of Texas Medical Branch 301 University 
Boulevard, Galveston, TX 77555-1123, USA

JOURNAL OF CME
2024, VOL. 13, 2384546
https://doi.org/10.1080/28338073.2024.2384546

© 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which 
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been 
published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.

http://orcid.org/0000-0002-0841-4975
http://orcid.org/0000-0003-4333-5444
http://orcid.org/0000-0001-7484-6138
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/28338073.2024.2384546&domain=pdf&date_stamp=2024-07-25


rate [8]. The objectives of the workshop were to (1) 
determine the information needed to evaluate a patient 
with osteoporosis; (2) illustrate the differences between 
normal bone mineral density, osteopenia and osteo
porosis; and (3) develop a treatment plan for a man 
with osteoporosis. Residents completed a pre-learning 
assessment at the beginning of the training to assess 
their previous medical knowledge about and self- 
reported confidence in their ability to diagnose and 
treat osteoporosis in men. Previously published curri
cula informed assessment questions [9]. Resident 
demographics were also collected. After completion of 
the initial assessment, the facilitator then divided the 
residents into three groups: PGY1s, PGY2s and PGY3s. 
Each group then researched and presented on the 
following subtopics about osteoporosis in men: (1) 
history and physical examination (PGY1s), (2) lab 
work and imaging studies (PGY2s) and (3) manage
ment and interventions (PGY3s). Groups prepared 
brief presentations on their assigned subtopics for 25 
minutes. The facilitator actively addressed questions 
during the given development time.

At the end of groundwork session, each PGY team 
presented to the large group. After each team’s mini- 
presentation, the facilitator then gave a comprehensive 
overview of the topic to ensure completeness of the train
ing. At the end of the training, residents completed a post- 
learning assessment identical to the pre-learning assess
ment. A quasi-experimental, pre-test-post-test design was 
used to evaluate changes in confidence and knowledge 
among 20 residents. Medical knowledge was assessed sepa
rately from confidence to decrease the impact of perceived 
confidence on medical knowledge. We also assessed post- 
workshop confidence to see if there was an impact on 
confidence from having participated in the training. The 
assessment asked residents five confidence questions rank
ing from 1 (not confident) to 5 (very confident) and seven 
knowledge-related questions. Similar to a clinical trial, we 
collected pre- and post-training outcomes from the same 
individual. Scores of knowledge questions were averaged 
for each resident. Descriptive statistics were presented for 
each variable. Wilcoxon rank sum tests were conducted to 
examine whether variations in confidence before and after 
the training were statistically significant and paired sample 

t-test was used for the continuous variable (knowledge 
score). A 5% significance level was used for all tests and 
analyses were performed using STATA v16 (College 
Station, TX: StataCorp LLC).

Results

Sixteen family medicine residents (response rate = 80%) 
completed both pre- and post-assessments, and a power 
analysis showed that the project achieved power = 0.94 
with an alpha of 0.05 and effect size = 0.319. There were 
20 possible participants in attendance at the time of the 
lecture. Table 1 shows self-reported demographics of the 
participants and distribution by PGY group.

Table 2 illustrates the average score before and after 
training for each PGY level. PGY1 was found to have 
the lowest level of confidence before training 
(avg = 2.50–3.50) and PGY3 has the highest level of 
confidence (avg = 3.40–4.20). However, PGY1 was 
found to have the best performance in knowledge 
before the training than PGY3 (3.25 > 3.00) and PGY2 
has the most significant increase in knowledge from 
2.86 to 6.14. We compared the changes in scores 
(improvement in knowledge) between each two levels 
of residents (p PGY1-PGY2 = 0.800; p PGY1-PGY3 = 0.165; p 
PGY2-PGY3 = 0.163) and across three groups (p = 0.773), 
but no statistically significant difference was found.

We found statistically significant increases in residents’ 
confidence and knowledge after the training for all ques
tions (see Table 3). Among the five confidence questions, 
Question 5, “I am confident in my ability to refer patients 
appropriately for a bone health specialty evaluation”, had 
the largest increase from 3.13 to 4.25. Question 1, “I am 
confident in diagnosing osteoporosis”, achieved the next 
highest increase in score. The fourth question regarding 

Table 1. Demographic distribution of residents 
participating in both pre- and post-surveys.

Total (N = 16)

Age (mean, std.) 29.9 (.62)
Female (n, %) 6 (37.5)

Year (n, %)
PGY1 4 (25.0)
PGY2 7 (43.8)
PGY3 5 (31.2)

Table 2. Comparing average scores by PGY level.
PGY1 (n = 4) PGY2 (n = 7) PGY3 (n = 5)

Question Pre Mean (SD) Post Mean (SD) Pre Mean (SD) Post Mean (SD) Pre Mean (SD) Post Mean (SD)

C1 3.50 (0.29) 4.33 (0.33) 3.71 (0.18) 4.29 (0.29) 4.20 (0.02) 4.33 (0.21)
C2 3.00 (0.00) 3.37 (0.33) 3.14 (0.40) 4.29 (0.29) 4.00 (0.32) 4.33 (0.21)
C3 3.00 (0.00) 4.00 (0.00) 3.57 (0.30) 4.29 (0.29) 3.40 (0.24) 4.17 (0.31)
C4 2.75 (0.25) 4.00 (0.00) 2.86 (0.51) 4.00 (0.38) 3.40 (0.40) 4.17 (0.31)
C5 2.50 (0.50) 4.00 (0.00) 2.86 (0.51) 4.29 (0.36) 4.00 (0.32) 4.33 (0.21)
Knowledge 3.25 (0.48) 5.00 (0.58) 2.86 (0.55) 6.14 (0.34) 3.00 (0.32) 5.67 (0.49)
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their confidence in treating their own patients for osteo
porosis had the lowest score (post = 4.06).

When comparing knowledge to confidence we found 
no statistically significant correlation. We compared pre- 
class knowledge to pre-class confidence and obtained 
a correlation coefficient of 0.37 (SD0.42), p-value of 
0.386. We also compared post-class knowledge to post- 
class confidence and obtained a correlation coefficient of 
0.10 (SD 0.46), p-value of 0.823. Interestingly, when we 
compared post-class knowledge with pre-class confidence 
there was a very slight negative correlation − .01(SD 0.08), 
p-value of 0.879. Although female trainees reported lower 
scores than male trainees, the improvements in confidence 
and knowledge before and after the training were not 
varied by gender (p > 0.05).

Figure 1 visualises the results of Table 3. Before the 
training, the average scores in five confidence questions 
were below 3. In all cases, mean scores improved on 
the post-test to 4.06 and more.

Discussion

The jigsaw method showed gains in increasing lear
ner confidence about osteoporosis in men and can 

be implemented in teams distributed by PGY levels. 
The distribution by PGY levels, which helps the 
learners build on their training, adds a way in 
which to divide groups and tailor more to where 
they may be during their learning. Our project 
demonstrates that stratifying by PGY level shows 
a linear progression of learning in contrast to the 
intermediate effect which typically shows a drop 
followed by a gain as learners progress in their 
knowledge acquisition. Since we collected pre- and 
post-training outcomes from the same individuals, 
we can confidently attribute the improvement to 
the intervention. Although the literature does show 
that women tend to rate themselves lower in self- 
assessments, our study did not reflect such 
a difference [10]. These findings are important as 
medical education is moving away from traditional 
lecture techniques in favour of active learning tech
niques [11]. Weaknesses of the project include that it 
is a single institution project, and that the jigsaw 
method was only evaluated during one training on 
one topic. We were not able to assess application in 
practice for workshop participants. We were also not 
able to assess if knowledge gains were sustained 
among participants as only three participants 
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Figure 1. Average scores and 95% confidence interval for each question before and after training.

Table 3. Comparing average scores in five confidence questions and one set of seven 
knowledge questions.

Question Pre Mean (SD) Post Mean (SD) Difference p-Value

C1 3.81 (0.14) 4.31 (0.15) 0.50 0.0078
C2 3.38 (0.22) 4.19 (0.16) 0.81 0.0020
C3 3.38 (0.15) 4.19 (0.16) 0.81 0.0010
C4 3.00 (0.26) 4.06 (0.19) 1.06 0.0005
C5 3.13 (0.30) 4.25 (0.17) 1.13 0.0010
Knowledge 3.00 (0.27) 5.75 (0.27) 2.75 <0.001
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completed the 6-month follow-up assessment 
(response rate = 19%). Next steps include evaluating 
the effectiveness of this teaching method by other 
faculty as well as other topics and institutions. The 
jigsaw method showed gains in increasing learner 
confidence about osteoporosis in men and can be 
implemented in teams distributed by PGY levels. 
This method allows each PGY level to build on 
their current training level to educate their peers [6].

Acknowledgments

The authors would like to acknowledge Christen Walcher for 
editing and formatting the manuscript.

Disclosure Statement

No potential conflict of interest was reported by the 
author(s).

Author Contributions

All authors have contributed to the reported work. NB con
tributed to the conception, project design, acquisition of 
data, analysis and interpretation, drafting and revision of 
the manuscript. WL and KMC contributed to the data ana
lysis, interpretation, and drafting and revision of the 
manuscript.

Data Availability Statement

The data that support the findings of this project are avail
able from the corresponding author, NB, upon reasonable 
request.

Ethics Approval

The protocol was approved by the University of Texas 
Medical Branch Institutional Review Board 
(FWA#00002729)

ORCID

Namita Bhardwaj http://orcid.org/0000-0002-0841-4975

Wei-Chen Lee http://orcid.org/0000-0003-4333-5444
Kendall M. Campbell http://orcid.org/0000-0001-7484- 
6138

References

[1] Alrassi J, Mortensen M. Jigsaw group-based learning in 
difficult airway management: an alternative way to teach 
surgical didactics. J Surg Educ. 2020 Jul-Aug;77 
(4):723–725. doi: 10.1016/j.jsurg.2020.02.003

[2] Goolsarran N, Hamo CE, Lu WH. Using the jigsaw tech
nique to teach patient safety. Med Educ Online. 2020 
Dec;25(1):1710325. doi: 10.1080/10872981.2019.1710325

[3] Ng P, Kranz K, Abeles R, et al. Using the jigsaw teaching 
method to enhance internal medicine residents’ knowl
edge and attitudes in managing geriatric Women’s 
health. MedEdPORTAL. [2020 Oct 23];16:11003. doi:  
10.15766/mep_2374-8265.11003

[4] Woods HB. Expediting learning through peer teaching: 
experiences with the jigsaw technique. Health Inf & 
Libraries J. 2019;36(4):378–382. doi: 10.1111/hir.12283

[5] Bucklin BA, Asdigian NL, Hawkins JL, et al. Making it 
stick: use of active learning strategies in continuing 
medical education. BMC Med Educ. [2021 Jan 11];21 
(1):44. doi: 10.1186/s12909-020-02447-0

[6] American Medical Association AM. What is the 
USMLE? American Medical Assocation. [cited 2024 
Jun 30]. Available from: https://www.ama-assn.org/med 
ical-students/usmle-step-1-2/what-usmle#:~:text=Step% 
201%20assesses%20the%20basic,to%20care%20for% 
20patients%20independently

[7] Chiang MF. Cognitive Informatics. In: Shortliffe EH, 
Cimino JJ, Chiang MF , editors. Biomedical Informatics. 
5th ed. Cham, Switzerland: Springer; 2021. doi: 10.10007/ 
978-3-030/58721-5

[8] Rao SS, Budhwar N, Ashfaque A. Osteoporosis in men. 
Am Fam Physician. [2010 Sep 1];82(5):503–508.

[9] Nguyen B, Athauda G, Kashan SB, et al. Osteoporosis: a 
small-group case-based learning activity. MedEdPORTAL. 
2021;17:11176. doi: 10.15766/mep_2374-8265.11176

[10] Reilly D, Neumann DL, Andrews G. Gender differences in 
self-estimated intelligence: exploring the male hubris, 
female humility problem. Front Psychol. 2022;13:812483. 
doi: 10.3389/fpsyg.2022.812483

[11] Tsang A, Harris DM. Faculty and second-year medical 
student perceptions of active learning in an integrated 
curriculum. Adv Physiol Educ. 2016 Dec;40(4):446–453. 
doi: 10.1152/advan.00079.2016

4 N. BHARDWAJ ET AL.

https://doi.org/10.1016/j.jsurg.2020.02.003
https://doi.org/10.1080/10872981.2019.1710325
https://doi.org/10.15766/mep_2374-8265.11003
https://doi.org/10.15766/mep_2374-8265.11003
https://doi.org/10.1111/hir.12283
https://doi.org/10.1186/s12909-020-02447-0
https://www.ama-assn.org/medical-students/usmle-step-1-2/what-usmle#:~:text=Step%25201%2520assesses%2520the%2520basic,to%2520care%2520for%2520patients%2520independently
https://www.ama-assn.org/medical-students/usmle-step-1-2/what-usmle#:~:text=Step%25201%2520assesses%2520the%2520basic,to%2520care%2520for%2520patients%2520independently
https://www.ama-assn.org/medical-students/usmle-step-1-2/what-usmle#:~:text=Step%25201%2520assesses%2520the%2520basic,to%2520care%2520for%2520patients%2520independently
https://www.ama-assn.org/medical-students/usmle-step-1-2/what-usmle#:~:text=Step%25201%2520assesses%2520the%2520basic,to%2520care%2520for%2520patients%2520independently
https://doi.org/10.10007/978-3-030/58721-5
https://doi.org/10.10007/978-3-030/58721-5
https://doi.org/10.15766/mep_2374-8265.11176
https://doi.org/10.3389/fpsyg.2022.812483
https://doi.org/10.1152/advan.00079.2016

	Abstract
	Introduction
	Main Text
	Results
	Discussion
	Acknowledgments
	Disclosure Statement
	Author Contributions
	Data Availability Statement
	Ethics Approval
	References

