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Obijective: We aimed to determine the impact of a standardized curriculum on learning outcomes for surgical trainees in East, \
Central, and Southern Africa (ECSA).

Background: As surgical education expands throughout ECSA, there is a recognized need for a standardized curriculum. We pre-
viously described the design of a novel, large-scale, flipped-classroom, surgical curriculum for trainees in ECSA.

Methods: In January 2020, the first year of curricular content for trainees of the College of Surgeons of ECSA was released, contain-
ing 11 monthly thematic topics, each with 2 to 5 weekly modular subtopics. We aimed to evaluate 3 outcomes utilizing data sources
incorporated into the curriculum structure. Learner engagement was assessed by the number of trainees completing curriculum
topics. User experience was evaluated using quantitative and qualitative feedback responses to embedded surveys for each content
week. Curriculum impact on trainee examination performance was assessed by comparing certification examination scores stratified
by the number of curricular topics each trainee completed.

Results: Two hundred seventy-one trainees (96%) in 17 countries accessed at least 1 weekly module. Trainees completed a
median of 9 topics (interquartile range: 6—10). The feedback survey response rate was 92% (5742/6233). Quantitative and qualitative
responses were positive in overall module value (93.7% + 2.6%), amount of learning experienced (97.9% + 1.4%), confidence in
achieving learning objectives (97.1% + 2.4%), and ease of use of the module (77.6% + 5.98%). Topic-related certification examina-
tion performance improved significantly with increased completion of thematic topics.

Conclusions: A standardized surgical curriculum in ECSA demonstrated excellent trainee usage, positive feedback, and improved
examination scores.
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INTRODUCTION

Surgical education is a vital component of expanding access to
surgical care in low- and middle-income countries (LMICs)*
as increasing the surgical workforce remains a key interven-
tion priority for sub-Saharan Africa.’ Tailored curricular activ-
ities have been determined to be a necessary part of improving
surgical education in LMICs like those in East, Central, and
Southern Africa (ECSA).>'° Despite this recognition, there
has been a lack of standardized surgical curricula for training
programs in this region.® ' Standardized medical and surgical
curricula have previously been shown to increase uniformity
of knowledge,'*> ensure necessary content is covered without
solely relying on case- and patient-based experiences within
training,'’ and increase in-training examination scores.'? #
A context-relevant, standardized surgical curriculum was
identified as a priority to address this gap and enhance sur-
gical training programs in the ECSA region. In the preceding
paper, we describe a standardized online curriculum designed
and developed for trainees within the College of Surgeons of
East, Central, and Southern Africa (COSECSA).” This study
aimed to report outcomes following the first year of curriculum
implementation as evaluated through trainee utilization, par-
ticipant perceptions, and impact on certification examination
performance.

METHODS

Setting, Curriculum Design, and Participants

COSECSA is a nonprofit professional body that fosters surgi-
cal education by providing postgraduate surgical training in
the rural areas of the ECSA region.'® It is the largest surgical
training institution in sub-Saharan Africa and provides gradu-
ates with an internationally recognized surgical qualification.
The Surgical Foundations in Basic Science curriculum is a
2-year, online, flipped-classroom surgical curriculum designed
for first- and second-year surgical trainees (designated as train-
ees for Membership in the College of Surgeons or Membership
of the College of Surgeon [MCS] trainees) of COSECSA. The
curriculum is structured for trainees to independently complete
a weekly web-based module, which includes learning objec-
tives, a precontent multiple-choice assessment, topical content
sections, and a postcontent multiple-choice assessment. In addi-
tion to written material, the modules incorporate interactive
and multimedia components like videos and interactive images.
Completing the module is intended to prepare trainees for a
semistructured group tutorial time consisting of small group
activities and discussions that aim to solidify the important
themes and concepts.

In January 2020, the curriculum was released for use by
trainees in 17 COSECSA member and affiliate countries. These
were the COSECSA countries with enrolled MCS trainees at the
time of the curriculum release and are listed in Supplemental
File A http://links.lww.com/AOSO/A103. Though encouraged,
the modular curriculum was not mandatory in the initial year
of implementation, which was the timeframe for reporting our
outcomes. The curriculum is organized by thematic topic, each
composed of 2 to 5 subtopics. For each subtopic, instructional
material is delivered via an online module, which learners com-
plete independently over the course of 1 week in preparation
for a group teaching session. The COSECSA institutional review
board granted ethical approval for this study.

Study Design

Based on the curriculum design, outcomes were evaluated via
3 sources: uptake and utilization of the curriculum (termed
engagement), qualitative and quantitative user responses
(termed feedback), and certification examination performance
data (termed examination).
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Engagement

The outcome of engagement in the modules was determined
by the number of thematic topics completed by trainees. Each
trainee’s participation in the weekly online content was tracked
via the learning management system. Participants are required
to achieve a score greater than 80% on a postcontent, multi-
ple-choice question assessment to complete the module. After
completion of all modular subtopics, the thematic topic is
recorded as complete.

Feedback

To evaluate users’ experiences with the online curriculum and
investigate perceptions of learning related to the stated learning
objectives, we reviewed user-reported feedback to perform con-
tent analysis. At the end of each week of content, participants
were invited to take a brief anonymous survey about the learn-
ing experience via an embedded Google form (Google LLC).
Feedback was solicited using several open- and closed-ended
questions incorporating Likert scales and free-text responses.

Examination

To determine the effectiveness of the curriculum, we evaluated
the association between completion of the curriculum and cer-
tification examination scores. For the first 2 years, trainees are
enrolled in the MCS surgical training program.!* At the comple-
tion of MCS training, trainees take a written summative certifica-
tion examination, successful completion of which qualifies them
for an objective structured clinical examination. Passage of these
examinations allows the trainee to continue with further training.
The validated, standardized written examination consists of 120
multiple-choice questions on topics related to the general practice
and basic principles of surgery and serves as a proxy for attaining
sufficient surgical knowledge. The multiple-choice questions on
the 2020 examination were reviewed by three authors (RKP, ASP,
BCS) to determine, a priori, which questions were related to the-
matic topics covered in the first year of the Surgical Foundations
in Basic Science curriculum. Those questions that assessed infor-
mation covered in the curriculum were designated module-related
questions; questions that assessed information not covered in the
curriculum were designated nonmodule questions.

Analysis and Assessment of Curriculum Outcomes

Engagement

Participation was analyzed to identify the total number of train-
ees completing each thematic topic, which required complet-
ing all subtopics. Due to a technical error with uploading the
Anesthesia and Perioperative care modules, the number of par-
ticipants for this one topic could not be obtained.

Evaluation of Feedback

Based on the mixed-methods study design, we performed quan-
titative survey analysis and qualitative content analysis of the
feedback responses provided by the trainees. For ease, we uti-
lized a convergent survey design,'” eliciting quantitative and
qualitative feedback from all users. The feedback text was ana-
lyzed separately and integrated during interpretation. Closed-
ended questions were dichotomized to determine reported
percentages of learning, confidence, value, and ease of use.
Qualitative source material was reviewed in its entirety. Due to
the volume of responses, autocoding was used to initially iden-
tify themes for each open-ended question'® using NVivo 12 Plus
software (QSR International), which facilitates the analysis of
large amounts of free-text data. Proceeding forward, the text
was explored and further coded to develop emerging themes
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and subthemes with an inductive approach by two investigators
(RKP, ASP) until saturation was reached. Representative com-
ments for each subtheme were extracted."”

Examination Performance

Examinees who took the 2020 MCS certification examination
were stratified into groups based on the number of completed
thematic topics (0-3, 4-6, or >6) available at the time of the
examination. Examination performance, as measured by average
score, was compared using these groups. To better understand
the direct impact of the curriculum, we assessed performance on
individual questions relevant to the topics covered in the curric-
ulum (36 questions), comparing examinees who did and did not
complete the modular content specific to these questions. We also
evaluated performance on the non—module-related questions (84
questions) to control and account for a trainee’s baseline medical
knowledge and ability to navigate multiple-choice examinations.
Quantitative analysis was conducted using Stata version 16 (Stata
Corp). Pearson’s ? test was used for categorical data, and analy-
sis of variance was used for continuous outcomes. A multiple lin-
ear regression model was created. The outcome was examination
scores on modular curriculum topics, and the exposure was the
number of thematic topics completed within the curriculum, con-
trolling for performance on non—curriculum-related questions. A
P value of <0.05 was considered statistically significant.

RESULTS

Engagement

In 2020, 283 trainees were granted access to the material in
17 countries. 271 trainees (96%) accessed at least 1 weekly

www.annalsofsurgery.com

module. Among the 10 topics with available data, trainees com-
pleted a median of 9 thematic topics (interquartile range: 6-10).
Trainees who participated in the weekly modules achieved a
passing score on the postmodule assessment 91% of the time
(6233 passing scores out of 6870 assessments). Table 1 displays
the number of trainees who completed the available topics.

Feedback

Feedback was provided 5978 times via the weekly postmodule
surveys, corresponding to an approximate 92% response rate
(5742/6233, excluding the anesthesia modules). The response
rates for each thematic topic are shown in Table 2. Average
responses were positive in: overall value of the module (93.7%
+ 2.6%), amount of learning experienced for the objectives
(97.9% = 1.4%), confidence in achieving the learning objec-
tives (97.1% = 2.4%), and ease of use of the module (77.6% =
5.98%). The levels of value, learning, and confidence are graph-
ically presented by thematic topic in Figure 1. Qualitative anal-
ysis revealed themes and subthemes of the free-text responses as
displayed in Table 3.

Examination

At the time of the written membership examination in
September 2020, 8 thematic topics had been introduced. The
ninth topic (Burns) became available in September but was
not widely utilized as the examination was the first week of
September. One-hundred twenty-two candidates took the
written certification examination. Among examinees, 120
(98%) participated in at least 1 weekly module. The aver-
age examination scores by topics completed are exhibited in
Table 4, and further performance on specific topic questions

Completion of Modular Curriculum Content by Thematic Topic

Thematic Topics

Released in 2020 Weekly Subtopic Modules Trainees Who Completed the Topic* Percentage Completing Topict

Statistics & Research Methods January 2
Oncology February 3
Wound Healing March 4
Fluids & Electrolytes April 4
Systemic Response to Injury May 3
Shock June 4
Hemostasis July 3
Trauma August 5
Burns September 3
Surgical Infections October 2
Anesthesia and Perioperative Considerationst November 2

238 84.1
229 80.9
229 80.9
246 86.9
237 83.7
218 77.0
191 67.5
165 58.3
166 58.7
164 58.0

*Completion as documented on December 31, 2020.

FAs information on attrition at individual training programs was not tracked, we used the number of trainees who were given initial access as the denominator (N = 283).
FAnesthesia and Perioperative Considerations was the 11th topic, but results were not recorded due to technical error.

TABLE 2.

Response Rates for Feedback by Thematic Topic

Thematic Topics

Number of Weekly Modules Number of Passing Scores Number of Feedback Surveys Completed Response Rate (%)

N

Statistics & Research Methods
Oncology

Wound Healing

Fluids & Electrolytes

Systemic Response to Injury
Shock

Hemostasis

Trauma

Burns

Surgical Infections

Anesthesia and Perioperative Considerations*

NWOaWrWMPW

N

404 383 94.8
648 588 90.7
892 767 86.0
824 783 95.0
582 565 97.1
696 679 97.6
573 534 93.2
825 791 95.9
471 467 99.2
318 228 mn7
- 255 -

*Anesthesia and Perioperative Considerations was the eleventh topic, but results were not recorded due to technical error.
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FIGURE 1. Quantitative feedback by thematic topic regarding overall value of the module, amount of learning experienced, and confidence in achieving
objectives.

is detailed in Table 5. The multiple linear regression model  of 0.41) demonstrated examination scores on module-related
was calculated to establish the effect on modular curricu-  questions were equal to 9.2+0.61 x (number of topics com-
lum-related examination scores by the number of modules  pleted) + 0.27 x (performance on nonmodule examinations).
completed, controlling for the examinees’ performance  Examinees’ scores on the module-related questions increased
on questions not related to curricular topics. A significant by 0.61 points for every topic completed, a significant predic-
regression equation (F[2,119] = 42.1, P < 0.001 with an 7  tor (P < 0.001).
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TABLE 3.

Qualitative Analysis of the Feedback Provided by Participants After Weekly Module Completion

Theme

Subtheme

Representative Comments

List any components of the module that were particularly helpful

Everything or all

Topic-specific content

Examples and scenarios 1.

Multimedia components

1

2
1.
2

4.

w N =

. Appreciation

. Satisfaction

Explanation of particular concepts within topic
. Practical examples with content application

Clinical connections
. Summarized content

Video

. Reading materials

. Diagrams, interactive activities, and illustrations
Knowledge checks

Any suggestions on how to improve this module
Desire for more content 1

Internet functionality

No suggestions or
encouragement

2
3

. More videos
. More diagrams, illustrations, and interactive content
. More practice opportunities such as knowledge

checks and multiple-choice questions

1

1
2

. Access to offline or downloadable content

. Desire for continued use
. Approval of methods

Technical challenges or issues you encountered while using the online module

Network connectivity

No challenges

1.

Internet reliability

2. Failure to save progress

w

N

. Failure to load content
. Ease of use

. Encouragement to continue with the teaching method

“All”

“All components were very useful”

“Management and classification of pelvic and extremity fracture were very helpful”
(Trauma)

“[Comparison of] the changes in metabolism between the fed state, the fasted state, and
states of stressed illness.” (Systemic response to injury)

“Critically assessing literature, types of studies, hypothesis testing.” (Research)
“Healing in specific type of tissues and their clinical correlation”

“Clear examples. Simple language”

“The clinical application of different forms of shock”

“Good knowledge checks lead to better understanding.”

“Video tutorials are impressive”

“Interactive approach to learning”

“More studies quoted and possible links to download those papers.”

“More videos and links to guidelines and papers would be much welcome.”
“More questions after reading assignments”

“Give a short summary of video tutorial on all subject”

“To provide a downloadable module for offline use”

“Make videos downloadable”

“Excellent work. Well summarized”

“Good module. Good pictures and questions. | would keep as is.”

“Module is well structured”

“Keep it up!”

“Kept losing my progress, likely due to poor internet connection”
“Due to internet interruption, video took a lot more time to load.”

“No issues or technical challenges”
“| appreciate this way of teaching and learning”

TABLE 4.

Performance on Certification Examination Stratified by the Number of Topics Completed

Factor Overall Completed 0-3 Topics Completed 4-6 Topics Completed >6 Topics P
Number of candidates 122 11 24 87
Passed examination, N (%) 105 (86) 6 (55) 21 (88) 78 (90) 0.006
Examination score on module-related questions (N = 36), 25.7 (4.0); (71) 20.6 (5.0); (57) 25.5 (3.0); (71) 26.4 (3.6); (73) <0.001
average score (SD); (% correct)
Examination score on non—module questions (N = 84), 46.4 (7.3); (55) 41.9 (5.8); (50) 452 (7.1); (54) 47.3 (7.4); (56) 0.05
average score (SD); (% correct)
Overall examination score (N = 120), average score 72.1(10.1); (60) 62.5(10.1); (52) 70.7 (8.9); (59) 73.7 (9.8); (61) 0.002
(SD); (% correct)
Performance on Module-Related Questions Among Examinees by Completion of the Thematic Topic
Percentage of

Number of Examinees Examinees Who Number of Examination Overall Average Completed Did Not
Module Who Completed Topic* Completed Topic Questions on Topic Correct Topic Complete Topic P
Statistics & Research 111 91.0 2 1.61 1.63 1.45 0.3
Methods
Oncology 107 87.7 2 117 1.21 0.93 0.1
Wound Healing 107 87.7 7 5.02 519 3.87 0.0002
Fluids & Electrolytes 116 95.1 4 2.37 2.41 1.67 0.03
Systemic Response 109 89.3 5 3.64 3.74 2.85 0.0008
to Injury
Shock 106 86.9 4 3.55 3.67 2.75 <0.0001
Hemostasis 84 68.9 2 1.27 1.37 1.05 0.01
Trauma 73 59.8 7 5 4.92 512 0.3

*Completion as of September 2020 at the time of the examination.
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DISCUSSION

A quality surgical curriculum is an essential component of effec-
tive surgical training programs,?® 2! increasingly recognized as
necessary to developing surgical education in LMICs.*'° Online
curricula are an integral part of surgical training in high-income
countries,” and blended learning instructional designs like the
flipped classroom have been shown to improve trainee perfor-
mance.” Covering a large, heterogeneous area and involving
nearly 300 trainees in 17 countries, the results of this study
demonstrate that an online, modular surgical curriculum can be
successfully implemented in sub-Saharan Africa, as indicated by
the high utilization of the curriculum.

The mixed-methods approach allows for parallel analysis of
quantitative and qualitative aspects of student perceptions of
the curriculum, which is an important strength of this study. A
large majority of participants (92%) responded to the feedback
surveys. This excellent response rate ensures that we understand
most trainees’ experience with the curriculum, thus increasing
the validity of our findings. Trainee perceptions of the content
were favorable toward the value of the weekly modules, the
learning that occurred, and the confidence that resulted from
their use. Qualitative analysis showed a strong desire for more
content, especially multimedia and interactive content like vid-
eos, multiple-choice questions, and clinical scenarios. Our data
were consistent with other conclusions supporting the effec-
tiveness of incorporating active learning tools within surgical
curricula.?

In addition to largely positive trainee perceptions, we show
the objective effectiveness of the curriculum based on the results
of the summative COSECSA certification examination, which
is used to assess trainees’ medical knowledge and determine
their ability to progress through training.>’ Trainees who com-
pleted the modular curriculum topics demonstrated significant
improvement on written examination performance, with scores
proportionate to their degree of completion of the curriculum.
This finding holds true even when controlling for trainee base-
line medical knowledge and aptitude with standardized testing.
Participation in the modular curriculum thus represents an
effective learning strategy. Passing certification examinations is
a marker of surgeon quality and professionalism,? and a curric-
ulum that improves passage rates is an important contribution
to surgical education and quality.

While meaningful in its scope, this study is limited in that
it reviews a single year of data. Evaluating trends in the use of
the curriculum would better characterize potential chronologic
shifts in curriculum uptake. Further, while we designed the cur-
riculum as a flipped-classroom structure, we were not able to
put into place a formal way to monitor the institutional perfor-
mance of the group tutorial session. Based on informal feedback
from trainees and faculty, the group tutorial time is occurring at
many institutions. However, there is likely variable application
of this practice, especially in programs with fewer faculty. This
limits assessment as to whether true blended learning is consis-
tently being employed. It is also possible that the presence of
more engaged faculty increases both the use of the modules and
examination scores. However, the impact of faculty engagement
was not addressed in this study. Finally, we recognize that the
anonymous nature of the survey and resultant lack of demo-
graphic data collected represents a potential limitation of the
study. The primary goal of the survey is to evaluate the cur-
riculum’s effectiveness and impact and obtain feedback for
improvements in future iterations. Thus, to maximize feedback
responsiveness and decrease social desirability bias, we opted to
maintain anonymity for survey respondents.

Despite high uptake and overwhelmingly positive quanti-
tative and qualitative feedback, we found technical challenges
to be the greatest source of negative feedback. Within LMICs,
internet connectivity due to low bandwidth is a commonly
cited challenge for lack of uptake.?”?® Yet, our study shows
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that despite issues related to internet functionality, uptake of
the curriculum was excellent. Somewhat paradoxically, there
was a strong desire for more multimedia content. Other studies
have similarly shown good utilization of web-based curricula
in our region.?”>%-3% Many trainees in our region report using
the internet for learning opportunities during the coronavirus
disease 2019 (COVID-19) pandemic,’! and there is a desire
by trainees to have access to educational content via distance
learning, specifically basic science modules.?® While the imple-
mentation of our curriculum was independent of the COVID-19
pandemic, it is possible that the pandemic impacted utilization.
Numerous comments expressed a desire for the content to be
made available offline for those training institutions with poor
internet functionality. This potential concern was anticipated in
the curriculum design, and the decision was made to make the
content available to COSECSA program directors in an offline
format. With the implementation of the curriculum, the content
was made available in a fully functional HTML web format on
USB flash drives and for download from a Google drive (Google
LLC). Program directors had access to offline content, but train-
ees were unaware of this and expressed their desire for it. This
reveals a communication gap that we hope to correct. While the
nature of this miscommunication is not fully understood, we
anticipate that a better presentation of information regarding
these available offline versions will help to alleviate the frustra-
tion expressed by participants when they encounter bandwidth
or connectivity issues.

Surgical education in LMICs remains a vital endeavor with
tremendous opportunities, including that of curriculum devel-
opment. With the completion of the curriculum for the MCS
trainees this year, we anticipate several future directions for this
project. With the knowledge gained from the analysis of the
qualitative feedback, we plan to begin updates and revisions to
the content. Consistent with the feedback received, we plan to
increase the multimedia content within the modules and hope
to collaborate with those creating such content for educational
purposes. Finally, we anticipate beginning the design and devel-
opment of a standardized surgical curriculum for senior trainees
pursuing general surgery training through COSECSA.

Online, modular surgical curriculum is effective in the ECSA
region based on trainee use, perceptions, and performance. With
increasing internet use and availability in sub-Saharan Africa,
web-based content delivery is ideal for addressing the perceived
need for standardized surgical curriculum in the region.” The
flipped-classroom instructional design with the incorporation of
active learning techniques applies current best educational prac-
tices to this surgical curriculum. Further, online content helps
supplement the gaps in education within various disciplines of
surgery?? and creates context specificity. The successful imple-
mentation of a standardized surgical curriculum is a crucial step
in advancing global surgical education and closing the surgical
access gap.
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