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Aims This study compared two innovative teaching methods, including interactive online
lecture-based versus online jigsaw puzzle-based instruction for surgical technology education
in a virtual environment.

Materials & Methods This quasi-experimental pre-post single-group design was conducted
on 42 undergraduate surgical technology students at Alborz University of Medical Sciences.
Topics in a general surgical technology module were divided into two sections and taught using
these methods. Learning and retention were assessed using 40-item multiple-choice questions
in the pre- and post-test stages. Academic enthusiasm was evaluated using a standard 15-item
questionnaire.

Findings Participants’ mean age was 20.26+0.63 years, with a GPA of 16.43+0.94. The interactive
online lecture-based group demonstrated significantly higher learning gains than the online
jigsaw puzzle-based group (p=0.02, z=-2.20, d=3.41). No significant between-group differences
emerged in retention (p=0.95, t=0.05, d=0.013). For academic enthusiasm, the interactive online
lecture-based group showed higher behavioral engagement compared to the online jigsaw
puzzle-based group (p=0.005, t=2.87), but no other differences were noted.

Conclusion Interactive online lectures lead to superior learning outcomes, supporting the
transition of traditional techniques online with interactivity. However, virtual jigsaw puzzles
exhibit weaker educational effects, potentially due to coordination challenges.
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Introduction

The emergence of COVID-19 in late 2019 posed
unprecedented challenges to educational systems. As
countries implemented social distancing measures
and health protocols, educational institutions faced
the daunting task of transitioning to remote learning
environments, particularly in medical education [*.2].
This abrupt shift led to the temporary suspension of
most in-person medical training activities,
necessitating innovative solutions to ensure
continuity in education [3 4. In response to these
challenges, various virtual platforms, webinars,
social media tools, and simulators were rapidly
developed and deployed to facilitate both online and
offline learning experiences [5l. However, educators
worldwide grappled with the complex task of
adapting their teaching methodologies from
traditional  classroom  settings to  virtual
environments [¢l. One of the common teaching
methods affected by virtual education was the
lecture. Despite growing concerns about the
effectiveness of the lecture-based teaching method
and considerable criticisms regarding its ability to
empower health system learners, it has still been the
most commonly used method by professors [7-9].
Recent literature highlights the potential of replacing
conventional lectures with participatory learning
approaches that emphasize interpersonal
interactions between instructors and students, as
well as among students themselves [0l These
interactions, along with frequent discussions and
questions from students in interactive teaching,
transform a lecture into an effective, student-
centered teaching method 1. Such methods have
been shown to enhance active learning and improve
overall satisfaction [12l. Furthermore, they strengthen
deep learning, critical thinking abilities, academic
performance, and self-directed learning among
medical students [131. Undoubtedly, educators’
proficiency in utilizing social networks and virtual
technologies can significantly enhance their
interaction with students, potentially increasing
academic enthusiasm and learning motivation [4.
The concept of academic enthusiasm refers to the
amount of effort a learner puts into academic affairs
and its efficiency, which is influenced by factors, such
as the subject of study, educational atmosphere, and
the level of learner participation in the learning
process [15].

In addition to interactive lectures, other participatory
learning approaches, such as the jigsaw puzzle
method, have gained attention in student-centered
teaching. @ This  technique assigns more
responsibilities to students in the learning process,
potentially increasing motivation and self-directed
learning [16-181.  Studies have demonstrated
improvements in learning outcomes, retention, and
clinical skills among students exposed to jigsaw
puzzle-based learning [19 20]. While numerous studies
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have reported positive effects of participatory
teaching methods compared to traditional
approaches in face-to-face settings [21 22, there is
limited research on the efficacy of these methods in
virtual education environments. Given the
importance of surgical technology education and the
scarcity of studies comparing student-centered
teaching methods in virtual settings, this study aimed
to compare interactive online lecture-based (IOLB)
and online jigsaw puzzle-based (OJPB) methods
regarding knowledge retention and academic
enthusiasm among surgical technology students.

Materials and Methods

Design and setting

This quasi-experimental study employed a one-group
pre-post design and was conducted at Alborz
University of Medical Sciences from 2020 to 2021 as
a pilot study.

Participants and sampling

Forty-five undergraduate surgical technology
students were selected through a census method. The
inclusion criteria were informed consent, enrollment
in the gastrointestinal and endocrine surgical
technology course, and access to the virtual system
“Skype Room” and the social network “WhatsApp.”
Three participants were excluded for missing one
test or more than two teaching sessions.

Research tools

Educational outcomes were assessed using pre-post
tests and an academic enthusiasm questionnaire.
Multiple-choice questions were designed based on
the course syllabus and blueprint, with content and
face validity confirmed by eight surgeons and
operating room faculty experts. Some items were
modified, and others were deleted based on expert
evaluation to improve validity. Construct validity was
established through key checks by experts, as
recommended [23]. Finally, based on experts’
opinions, an 80-item exam was obtained and
included five specific questions per surgical
procedure across eight sessions. Each group’s test
consisted of 40 specific questions, with each question
worth half a mark. The reliability of the exam was
confirmed by calculating the kappa coefficient (0.83)
and the correlation coefficient of even and odd scores
using Pearson’s correlation coefficient (0.79).
Academic enthusiasm was measured using the 15-
item Academic Enthusiasm Questionnaire developed
by Fredericks et al, which assessed behavioral,
emotional, and cognitive dimensions on a five-point
Likert scale. Its reliability has been confirmed in
previous studies, with a Cronbach’s alpha of 0.66 [24],
In this study, Cronbach’s alpha was 0.71.

Data collection

Based on the course plan, general surgery topics were
divided into two sections. Section one was taught
using the IOLB method, while section two utilized the
OJPB method. To minimize the effects of content
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difficulty, topics were homogenized according to the
expert panel’s recommendations. In the first section,
a pre-test consisting of 40 multiple-choice questions
evaluated students’ baseline knowledge concerning
the modules in this section.

IOLB teaching occurred over eight sessions, which
included presenting slides/images, and videos, and
facilitating questioning via Skype. The instructor
maintained engagement by numbering questions and
encouraging interaction. After presenting images and
videos, the instructor asked questions to identify and
address misconceptions with student participation. A
post-test followed the eighth session.

Pre-testing for the second section, using the OJPB
teaching method, was then conducted. An
introductory session explained the puzzle teaching
method. Students were divided into six groups of five
members each (A-F) on WhatsApp. Each of the six
main groups (A-F) was considered a household
group. Prepared topics were presented as puzzles
under five heading titles, which were accessible to
each member. For example, student one covered pre-
and post-operative care, student two covered
instruments, student three covered surgical
techniques, and so on. File numbering was consistent
across all household groups. To begin teaching, group
members with similar headings formed skill groups
on WhatsApp. They discussed their similar headings
related to different procedures for 20 minutes. To
enhance their understanding, students asked
questions or utilized online resources. Students then
presented the content of their files in ten-minute
WhatsApp voice conferences to their household
groups (with times adjusted based on content and
agreement). Finally, the instructor summarized and
completed the content. After eight sessions, a post-
test was administered.

Pre-post tests were compared for both sections.
Academic enthusiasm was evaluated over the course
duration. To assess retention, post-tests were
repeated after six weeks and compared between
groups.

Data analysis

Data were analyzed using SPSS 25 at p<0.05.
Normality was tested via the Kolmogorov-Smirnov
test. Independent t-tests were used to compare
learning, retention, and enthusiasm between groups.
Paired t-tests compared pre-post outcomes within
groups. Linear regression examined the relationships
between quantitative variables after assessing the
significance of the correlation coefficients. All
analyses adhered to statistical principles and
precision.

Findings
The sample (n=42) consisted of 28 females (66.7%)
and 14 males (33.3%), with a mean age of 20.26+0.63
years. The baseline grade point average (GPA) was
16.43+0.94.
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The t-test showed no significant difference in
learning scores between the two groups before the
intervention (p=0.48). However, a significant
difference was observed between the IOLB and OJPB
groups in terms of post-test scores (p=0.007, d=0.58).
The mean score reported in the IOLB group was 1.21
units higher than that of the OJPB group (17.01
versus 15.80).
Within groups, paired samples t-tests revealed
significantly improved post-intervention learning
scores relative to baseline for both the IOLB
(p<0.001, d=0.35) and OJPB (p<0.001, d=0.36)
groups. However, the between-groups effect size
suggests that the extent of improvement was greater
for the IOLB group (Table 1).

Table 1. Comparing students' mean learning scores between the
interactive online lecture-based (IOLB) and online jigsaw puzzle-

based (OJPB) groups

Parameter IOLB OJPB p-Value t
Pre-test 0.42+0.76  0.55+0.93 0.48 -0.69
Post-test 17.01+1.65 15.80+2.05 0.007 2.77
p-Value <0.001 <0.001

T -63.84 -38.54

An independent samples t-test indicated no

significant difference in knowledge retention scores
between the IOLB and OJPB groups (p=0.92, t=0.09,
d=0.13) when assessed at the six-week follow-up.
Both teaching methods demonstrated similar
retention over this interval.

Total enthusiasm scores were marginally higher in
the IOLB group (M=43.20, SD=4.95) compared to the
OJPB group (M=41.25, SD=6.15), although an
independent samples t-test found no significant
difference between the groups overall (p>0.05; Table
2).

Table 2. Comparing students’ enthusiasm scores across three
domains between the two interactive online lecture-based (IOLB)
and online jigsaw puzzle-based (OJPB) teaching methods

Parameter Emotional Behavioral Cognitive
IOLB 12.80+1.87 15.80+4.21 14.69+3.38
OJPB 11.52+2.21 14.59+3.75 15.21+2.77
p-Value 0.005 0.16 0.44
t 2.87 1.39 0.77

When examining enthusiasm domains, the IOLB
group showed significantly greater behavioral
enthusiasm than the OJPB group (p=0.005, d=0.67).
No significant differences emerged for emotional
enthusiasm (p=0.16,d=0.31) or cognitive enthusiasm
(p=0.44, d=0.16).

In evaluating academic performance, Pearson
correlation revealed a significant moderate positive
association between baseline GPA and learning
scores in the IOLB group. Linear regression indicated
that this relationship was non-linear prior to the
intervention (p=0.01, f=6.20) but linear afterward
(p<0.001, f=21.87). GPA explained 35% of the
variance in IOLB learning scores (adjusted R*=0.35),
highlighting its utility in predicting academic
performance for this teaching method.
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Discussion

The present study compared IOLB and OJPB teaching
methods regarding learning, retention, and academic
enthusiasm. The central finding was that students in
the IOLB group demonstrated significantly higher
learning outcomes on the post-intervention
assessment compared to their OJPB counterparts.
This finding aligns with and builds upon the study by
Iwanaga et al, who previously advocated for the
value of interactive virtual lectures in online clinical
anatomy education. Their study highlighted the
ability to successfully facilitate participatory learning
in virtual environments, despite the inherent lack of
in-person contact [25],

The present results suggest that incorporating
interactivity into online lectures, through strategies,
such as prompting questions, soliciting feedback, and
encouraging student discussions, can enhance
engagement and knowledge gains, even in technical
content areas like surgical technology. As noted by
earlier researchers, active learning techniques
appear essential for modern medical educators
striving to move beyond static, passive lectures,
regardless of whether in physical or virtual
classroom settings [26.27]. The interactive format used
here may have facilitated deeper levels of
understanding, integration, and retention of key
concepts, consistent with theories emphasizing the
cognitive benefits of student participation [7-9].

At the same time, the OJPB approach also led to
significant  pre-to-post-learning  improvements,
although not to the same extent as the IOLB method.
This contrasts with several studies demonstrating
the superiority of in-person jigsaw puzzle teaching
techniques over traditional lectures [28-31], Replicating
small group collaborations and peer-to-peer learning
online likely poses substantial challenges. Technical
difficulties related to concentration, coordination,
and sustained participation could reduce the
effectiveness of virtual jigsaw methods. Additional
research  should further explore optimal
implementation schemes, group sizes, platform
choices, and instructor support to enhance the
viability of this approach for remote medical trainees.
Creative solutions to simulate the immersive, game-
like puzzle experience may help offset the barriers
associated with web-based delivery.

An encouraging finding was that both the IOLB and
OJPB groups showed comparable long-term
knowledge retention when re-assessed six weeks
later. This contrasts with the study by Zamani et al,
reporting that in-person puzzle teaching and
traditional lectures yield different retention rates
over a one-month follow-up B2l Appropriately
designed virtual education techniques, grounded in
pedagogical theory and evidence, can foster durable
learning gains that persist beyond the initial teaching
encounter. While the puzzle format may have
advantages for motivation and engagement, the IOLB
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approach appeared equally capable of supporting
lasting content assimilation and application.
Analysis of academic enthusiasm scores also
provides valuable insights. Overall academic
enthusiasm was moderately high for both groups,
with no significant between-group differences in
composite scores. However, the IOLB group reported
higher behavioral engagement, encompassing
dimensions such as effort, participation, and rule-
following [33 34, This suggests that the real-time
interactivity = of lectures promoted greater
involvement than the more complex, asynchronous
interactions required for virtual puzzle teamwork.
Technical and coordination issues inherent in online
group activities may have also been limiting factors.
In contrast, measurements of emotional and
cognitive motivation were comparable between the
groups. These constructs are more closely tied to
intrinsic qualities, such as interest in the material,
academic self-efficacy, and the desire for self-directed
learning [331. Some researchers have proposed that
well-implemented jigsaw designs enhance perceived
autonomy, drive, and self-regulation [35-37]. However,
in the current virtual context, the two methods
appeared equivalent in these dimensions. The
COVID-19 circumstances likely impacted these facets
of motivation as well, as chronic stress diminishes
efficiency, focus, and determination [38], Follow-up
studies should examine virtual jigsaw teaching under
typical conditions to further investigate the effects on
student attitudes and engagement.

The findings provide guidance for developing
impactful virtual curricula grounded in pedagogical
theory when traditional instruction is disrupted.
Despite these insights, it is important to acknowledge
the limitations of this study. Notably, the research
was conducted during the early stages of the COVID-
19  pandemic, which introduced unique
circumstances that may have influenced the results.
Replications in post-pandemic contexts will clarify
conclusions about optimal virtual teaching
techniques for surgical technology students. The
study also relied on a small convenience sample from
one institution, limiting generalizability. Follow-up
with larger randomized controlled trials is warranted
to further compare these novel virtual education
methods. Optimizing virtual interactivity, group
coordination, self-directed learning, and platform
reliability can facilitate engagement and motivation
for online students. Educators should leverage
evidence-based techniques that creatively adapt in-
person active learning strategies to remote settings.

Conclusion

Interactive online lectures lead to superior learning
outcomes, supporting the transition of traditional
techniques online with interactivity. However, virtual
jigsaw puzzles exhibit weaker educational effects,
potentially due to coordination challenges.
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