
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​
v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​​i​c​e​​n​s​e​s​​/​b​​y​-​n​c​-​n​d​/​4​.​0​/.

George et al. BMC Medical Education         (2025) 25:1626 
https://doi.org/10.1186/s12909-025-08177-5

BMC Medical Education

*Correspondence:
Ann George
Ann.George@wits.ac.za

Full list of author information is available at the end of the article

Abstract
Background  Videos demonstrating clinical skills are considered powerful educational tools. However, there is limited 
evidence on the effectiveness of comprehensive multimedia skills courses on knowledge and skills acquisition. We 
used cognitive load theory to develop an online course to introduce medical students to core paediatric physical 
examination concepts and skills, within a resource-constrained learning environment with high student-to-clinical 
teacher ratios. This study evaluated the impact and acceptance of the online course.

Methods  We used an observational quasi-experimental analysis for the impact evaluation. The main outcome was 
students’ marks for the paediatrics station in the final paper-based observed structured clinical examination (OSCE). 
We measured the frequency of viewing core course content and used the median number of views to divide 351 
fourth-year students into low and high users. Propensity score matching analysis was used to adjust for potential 
selection biases of course use. Low- and high-users were matched on gender, age, type of course entry, previous 
academic performance, and OSCE group before calculating the average treatment effect (ATE). The matched ATE was 
also calculated for different sub-groups of the class. A voluntary, online, cross-sectional survey about the course was 
administered post-OSCE. Closed-ended survey responses were analysed using descriptive statistics, and open-ended 
questions using content analysis.

Results  Increased course usage significantly increased performance in the paediatrics component of the OSCE: high 
course users scored an average of 7.0% points [95%CI: 3.8–10.2] higher. The impact of the course was greatest for the 
middle 60% of the class, in terms of previous academic performance, with a matched ATE of 8.2% [95%CI: 4.3–12.2]. 
The survey response rate was 74.9%. The respondents expressed positive perceptions about the overall value of the 
course, including the clearly presented content that fostered an appreciation for paediatrics and prepared them for 
hospital rotations and the OSCE.

Conclusions  This study demonstrates that an online paediatric physical examination skills course can significantly 
improve students’ examination performance, particularly for those in the middle academic performance range. The 
findings support the integration of multimedia clinical skills courses in medical curricula, especially in resource-
constrained settings.
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Background
Videos demonstrating clinical skills are considered 
“incredibly powerful” tools to augment bedside teach-
ing (p. 777) [1]. Bedside teaching is regarded as the opti-
mal method for teaching clinical skills [2] but it may be 
affected by contextual conditions, including variation 
across different instructors [3, 4] and the time instructors 
have available for bedside teaching beyond their clini-
cal duties [5]. Bedside teaching may also be affected by 
teaching conditions, such as physical space constraints 
[6]. For example, recent evidence suggested that bedside 
teaching works better in groups with lower student-to-
teacher ratios [7].

We previously compared video teaching of under-
graduate paediatric students to bedside teaching in an 
under-resourced setting with a high student-to-teacher 
ratio [8]. We found that video teaching was not infe-
rior, within a 10% margin, in terms of performance in 
an observed structured clinical examination (OSCE) 
[8]. These findings contributed to the development of 
an online multimedia paediatric physical examination 
skills (PPES) course. The overall purpose of the PPES 
course was to introduce undergraduate medical students 
to the paediatric examination. By the definition of Song 
et al. [9], the course qualifies as a ‘complex multimedia 
environment’–a learning environment providing mul-
tiple representations of information, such as text, sound, 
images, animation, and video. The PPES course included 
several types of clinical recordings: skills demonstration 
videos (narrated and unnarrated), audio recordings, clini-
cal photographs, and infographics. Some of the clinical 
photographs were derived from the videos, and others 
were independent of the videos. The distinctive features 
of the course included the use of local South African 
patients and instructors in clinical settings in the videos, 
the use of unnarrated videos for student self-assessment 
of knowledge, coupled with narrated and annotated feed-
back videos, and specially developed interactive info-
graphics highlighting clinical examination skills that are 
difficult to learn.

According to Sweller, teaching with technology must 
fit into the human cognitive architecture and capacity 
for learning [10]. Cognitive load theory proposes empiri-
cally derived instructional design principles to ameliorate 
the limited processing capacity of working memory [10, 
11]. The practical implications of cognitive load theory 
are to minimise extraneous processing and preserve 
working memory capacity for learning through deliber-
ate instructional design. For example, extraneous pro-
cessing can be minimised by avoiding non-essential and 

redundant information and using temporal and spatial 
contiguity [12]. Cognitive load theory is most beneficial 
for high-complexity material where many elements must 
be learned simultaneously [10]. The cognitive load prin-
ciples applied to the PPES course are described in the 
Methods section.

Our evaluation of this course was motivated by three 
primary considerations: (1) the critical importance of 
evaluating online teaching within its specific implemen-
tation context [13], (2) the limited number of evaluations 
of online paediatric clinical skills courses that include dif-
ferent types of clinical recordings, and (3) methodologi-
cal limitations in previous comparative studies of online 
learning components and video-based studies [13]. In 
addition to providing information to improve our course, 
this study adds to the evidence base for online paediat-
ric clinical skills teaching. Our findings are relevant to 
course designers, paediatricians, and other clinical teach-
ers and researchers.

Methods
Study setting
The study was conducted at the University of the Wit-
watersrand (Wits University) in Johannesburg, South 
Africa, in 2022. The University offers a six-year under-
graduate-entry medical degree that merges with the third 
year of study for students pursuing a four-year postgrad-
uate degree, known as the Graduate Entry Medical Pro-
gram (GEMP). GEMP I and II are pre-clinical years. The 
GEMP II curriculum includes an introductory clinical 
skills programme, which is assessed at the end of the year 
by a paper-based OSCE consisting of multiple discipline-
specific, five-minute stations. The knowledge-based 
assessment, focusing on cognitive skills, is less resource-
intensive and is regarded as an appropriate introduction 
to the OSCE format for pre-clinical students.

The paediatric physical examination skills online course
The Paediatric Physical Examination Skills (PPES) course 
was developed by paediatricians, a health professions 
educationalist, curriculum designers, and instructional 
designers. The aim of the course at the GEMP II level was 
to introduce the basic paediatric examination and aug-
ment the lecture-based and bedside teaching. The course 
was hosted on the University’s learning management sys-
tem, Ulwazi, the University’s instance of Canvas. Ulwazi 
was introduced in January 2021.

The course consists of five modules: General Exami-
nation, Vital Signs Measurement, Nutritional Assess-
ment, Respiratory Distress and Noisy Breathing 
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Assessment, and Assessment of Hydration and Perfusion. 
The sequence of the clinical recordings approximates the 
first two steps of Peyton’s four-step teaching approach 
(demonstration, deconstruction, comprehension, and 
performance) [7]. The students initially watch a non-nar-
rated video. They are then asked to record their observa-
tions (testing video). The testing videos are followed by 
feedback videos that provide explanations (either in nar-
rative or text form). The video length ranges from 30 s to 
5 min. The videos are followed by clinical photographs 
and specially designed infographics explaining complex 
concepts. The course also includes three types of addi-
tional materials: instructions for bedside clinical skills 
drills, multiple-choice quizzes, and downloadable PDFs 
with further information and exercises. Table 1 outlines 
the design principles applied in the course based on rec-
ommendations by Mayer [14] and van Merriënboer and 

Sweller [15] to reduce the cognitive load of multimedia 
educational materials.

The GEMP II OSCE
The 2022 GEMP II cohort was divided into five groups for 
the three-and-a-half-hour paper-based OSCE1. Table  2 
shows the timing and structure of the OSCE, which was 
conducted over five sessions on four days. Two groups of 
students took the OSCE in morning and afternoon ses-
sions on 13 October. The paediatric station, comprising 
four questions, was one of 12 five-minute stations. The 
paediatric questions asked students to either describe an 
examination technique, interpret anthropometric param-
eters, or identify and interpret physical signs after view-
ing photographs or video recordings of ill children. No 
communication was possible between the two groups of 
students participating in the OSCE sessions on 13 Octo-
ber, as they were asked the same question (Table 2).

Study design
This observational study consisted of a quasi-experi-
mental, non-equivalent group evaluation design and a 
descriptive, cross-sectional, voluntary online survey. All 
351 GEMP II students at Wits University in 2022 were 
eligible to participate in the study.

1  The OSCE questions were answered on paper.

Table 1  Design principles used in the course*
Principle Application in the PPES 

course
Reduce extrane-
ous processing

Omit extraneous mate-
rial in slides or scripts

Captions consisted of 
phrases and not whole 
sentences.

Use cues to highlight 
information essential for 
learning

Symbols and labels were 
used to highlight specific 
clinical features and exami-
nation techniques.

Do not use cap-
tions that repeat the 
narration

The videos do not have 
subtitles.

Present text near the 
corresponding part of 
the graphics

Text is placed close to the 
corresponding parts of the 
graphics.

Present corresponding 
words and pictures 
simultaneously rather 
than successively.

The narration is synchro-
nised with the images.

Manage essen-
tial processing

Present material in 
manageable user-con-
trolled segments rather 
than a continuous unit.

The course consisted of 
structured modules.

Present words as spo-
ken text

Narration was used where 
applicable.

Foster genera-
tive processing

Voice principle South African paediatri-
cians narrated the videos.

Insert generative learn-
ing activities.

At pauses in the video, the 
learner is asked to type in 
a brief explanation of the 
preceding segment.

Worked-out examples 
principle

Clinical examination tech-
niques were demonstrated 
in a sequential manner.

Self-explanation 
principle

Students were asked to 
record their unique obser-
vations of clinical scenarios.

*Based on Mayer [14] and van Merriënboer and Sweller [15]

Table 2  Structure of the paediatric OSCE station
Group Testing 

Date
Time Overview of the 

OSCE question
1 and 2 13 

October
Morning/Afternoon Anthropometry in-

terpretation (height/
BMI Z-scores), BP cuff 
selection, manual BP 
procedure

3 25 
October

Morning Growth measure-
ment techniques: 
height measure-
ment (stadiometer), 
head circumference, 
growth chart plotting 
and interpretation

4 26 
October

Morning Growth parameter 
interpretation, MUAC 
measurement, nutri-
tional classification, 
oedema assessment

5 27 
October

Morning Growth interpreta-
tion, respiratory 
rate measurement, 
respiratory distress 
signs, and abnormal 
breath sounds
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Impact evaluation
The following datasets were used for the evaluation. 
The GEMP II class data (n = 351) provided demographic 
and background information. Course activity reports 
from the University’s Business Intelligence Services and 
course-related analytic data from Ulwazi (n = 347) were 
used to determine the total number of views of core 
module content pages. We also had access to the cohort’s 
promotion marks in the previous year (2021) (n = 328) 
and their final OSCE marks (n = 347).

The outcome variable for the impact evaluation was 
students’ marks for the paediatrics station in their final 
OSCE in 2022. The predictive variable was activity on 
the course, measured as the total number of views of 
core module content (“page views”). We used the median 
number of page views to divide the 351 students into low 
and high course users.

We used a propensity score matching analysis to adjust 
for potential selection biases of course use [16]. Propen-
sity score matching and regression adjustment provide 
a more accurate estimate of causal effects than using an 
unmatched sample [17]. Propensity scores calculate the 
probability of a participant’s treatment group as a func-
tion of the measured confounders for that participant 
[18]. Low users and high users were matched on gender, 
age, type of course entry (non-graduate or graduate), 
previous academic performance (2021-year marks), and 
OSCE group before calculating the average treatment 
effect (ATE) using the kmatch ado program in Stata (ver-
sion 18). In this case, the ATE is the adjusted difference 
in the mean paediatric OSCE marks between the low 
and high users [16, 19]. Propensity score matching analy-
sis was also used to calculate the ATE for different sub-
groups in the cohort. Additional details of the propensity 
score analysis are included in Supplementary Material 1.

Survey
The online questionnaire developed for the study (Sup-
plementary Material 2) was administered in REDCap. 
The questionnaire was piloted with 55 GEMP III stu-
dents from the two final paediatric rotations in 2021 and 
modified based on their feedback. The final questionnaire 
consisted of six sections with closed- and open-ended 
questions about students’ use of the modules, the general 
usefulness and usability of the course, access and naviga-
tion difficulties, socio-demographic information, and the 
hospital for their paediatric rotation. As recommended 
by our Human Research Ethics Committee, we offered 
reimbursement for the time spent completing the survey 
in the form of a meal voucher redeemable at the Medical 
School cafeteria.

An individualised survey link was emailed to students 
after they completed the OSCE in November 2022. The 
first page of the survey included participant information 

and requested informed consent before participants pro-
ceeded with the survey (Supplementary Material 2). All 
survey items had to be answered. The survey remained 
open for two months, with reminder emails at approxi-
mately two-week intervals.

The closed-ended responses were analysed using 
descriptive statistics in Stata. The textual open-ended 
responses were analysed using content analysis to sys-
tematically categorise the student responses and iden-
tify patterns in their usage and experience of the online 
course [20]. Content analysis was deemed appropriate 
given the discrete nature and large number of open-
ended survey responses.

The following questions (Supplementary Material 2) 
were analysed using content analysis: the three open-
ended responses in Sect. 2 (general usefulness of the 
online course) and the three in Sect. 3 (accessibility 
of the course). The responses to these questions were 
transferred to Microsoft Excel and coded individually 
as follows. Each response was examined for meaning 
units (words or phrases relevant to the research). One 
response could have more than one meaning unit. Each 
meaning unit was assigned a code and a frequency of 1. 
The codes were renamed and refined iteratively by two 
experienced coders, who held discussions to resolve any 
contrasting opinions until a comprehensive coding sys-
tem was developed. Once all the responses for a question 
had been coded, the codes were grouped into subcatego-
ries, then categories, and the frequencies were counted. 
The results for the three open-ended responses in Sect. 2 
(Supplementary Material 2) are displayed graphically to 
facilitate pattern identification [21]. Selected participant 
quotations have been used as examples of categories or 
subcategories [22].

The Wits University Human Research Ethics Com-
mittee (Medical) approved the study (Ethics Certificate 
M210663). We also obtained permission for the study 
from the Deputy Registrar, the Head of the School of 
Clinical Medicine, and the Unit for Undergraduate Medi-
cal Education.

Results
Figure 1 shows the sequence of the study. The impact 
evaluation was conducted for the entire 2022 cohort, 
excluding four students who had not taken the OSCE. 
The response rate for the post-OSCE survey was 74.9% 
(260 completed responses out of 347 total responses).

Demographics and background information
Table 3 summarises the demographic and background 
information for the entire 2022 cohort as well as the 
sub-group of survey respondents. The majority of the 
cohort were female (65.2%) and non-graduate admissions 
(58.1%), with a mean age of 23. White students were the 
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largest racial group (36.3%). Most students were of urban 
origin (84.5%) and had attended private schools or the 
more affluent quintiles 4 and 5 public schools (88.6%). 
South African public schools are classified using a quin-
tile system based on socioeconomic indicators, including 
the average income and unemployment rates in a school’s 
geographical location [23, 24].

Comparing the respondents to the non-respondents, 
the former consisted of significantly more females than 
males (p = 0.004) (Table 3). There were no significant dif-
ferences between the respondents and non-respondents 
in terms of age, background factors, and OSCE group.

Impact evaluation
Table 4 presents the number of PPES course page views 
for the high- and low-user groups. The total number of 
views ranged from 0 to 1219, with a mean of 270.9 ± 216.7 
and a median of 195.

The overall mean OSCE score for the cohort was 80.0% 
[95%CI: 79.4–80.7]. The mean score for the pediatric sta-
tion was 79.8% [95% CI: 78.3–81.2]. Figure  2 compares 
the median scores for low (77.8%) and high (84.6%) users 
of the PPES course. The rightward shift of the high-user 
curve shows the effect of course usage on the OSCE 
marks. Most students in both groups scored above the 
OSCE pass mark of 60%, though the failure rate was 
significantly lower for high users than for low users of 
the PPES course in the unmatched analysis (Χ2 = 3.9, 
p = 0.048).

Selection bias occurs when participants are not ran-
domly assigned to treatment groups, which can lead to 
biased estimates of treatment effects [25]. In this study, 
attributes such as diligence, self-regulation, and motiva-
tion may be related to both higher use of the course and 
OSCE performance, overestimating the impact of course 
activity on performance. Logistic regression analysis of 
the predictors of course use showed that females were 
1.7 times more likely (p = 0.029) to be in the high user 
group, as were higher academic achievers in the previous 
year–each 10% increase in the cohorts’ 2021 year-mark 
increased (their odds of being in the top half of the user 
group by 1.54 (p = 0.030). Age (p = 0.593) and type of 
course entry (GEMP or non-GEMP) (p = 0.119) did not 
significantly affect the likelihood of being in the high user 
group.

The analysis of impact after propensity score matching 
(Table  5) confirmed that increased PPES course usage 
significantly affected performance in the paediatrics 
component of the OSCE: high course users scored an 
average of 7.0 [95%CI: 3.8–10.2] percentage points higher 
in the OSCE than low users. This equates to a Cohen’s d 
of 0.249, indicating a small effect size.

The sub-group analysis (Table  5) suggests that the 
course had the greatest impact on the middle 60% of the 
class in terms of previous academic performance, with 
a matched ATE of 8.2% [95% CI: 4.3–12.2]. The impact 
did not appear statistically significant for students from 
schools in quintiles 1 and 5, rural areas, or those from 

Fig. 1  Study flow diagram
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poorer feeder schools. However, the small sample sizes 
limit the power of these sub-group analyses.

Survey results
Most respondents viewed all five modules, with high 
viewership (> 90%) across all five modules; all respon-
dents viewed the General Examination module (Table 6). 
The modular content was generally perceived as clearly 
presented (> 85% of respondents), with the Nutritional 
Assessment module reported as having the least clear 
content presentation. Most respondents agreed that 

the learning activities in the course helped them engage 
with the learning material (> 80% across the five mod-
ules) (Table 6). However, fewer respondents agreed that 
the learning activities helped prepare them for the OSCE 
(69%−78% across the five modules) (Table 6).

Most respondents indicated that the course had stimu-
lated their interest in paediatrics (79.6%), regarded the 
video demonstrations as more helpful than the textbook 
(86.5%), and felt that the videos provided more structure 
than bedside teaching (74.2%). A slightly lower propor-
tion agreed that it made them feel confident about the 
OSCE (62.3%).

Figure 3 displays the results of the question asking 
respondents whether the course was worth their while. 
Positive and negative perceptions are represented as pos-
itive and negative numbers in Fig. 3. The overwhelming 
perception was the overall value of the course (n = 321). 
There were 12 subcategories of reasons for this percep-
tion–the primary reason being that ‘the course provided 
an introduction to paediatrics’ (n = 58). One respondent 
stated:

“The course gave me the opportunity to learn a lot 
regarding paediatrics in a short period of time since 
Paed[iatric]s was not part of our clinical skills con-
tent”.

Another reason contributing to the overall value of the 
course (n = 321) was the feeling that ‘the course prepared 
them for their hospital rotations’ (n = 51), as explained by 
two respondents:

“Overall, the course was really useful in helping me 
to prepare for clinical visits, for the OSCE, and just 
gaining a better knowledge and appreciation for 
paediatrics overall. I was able to engage with doctors 
at the hospital more confidently”.

and

“It provided a structured and useful base for our 
clinical methods session, where we could build on 
that knowledge via bedside teaching”.

Table 3  Demographic and background information
Entire 
cohort 
(N = 351)

Survey re-
spondents 
(n = 260)

p-value (Com-
paring re-
spondents to 
non-espondents)

Gender: Female [n 
(%)]

229 (65.2%) 181 (69.6%) Χ2 = 8.458, p = 0.004

Age [mean ± SD] 22.9 ± 2.5 22.9 ± 2.5 t = 0.187, p = 0.852
Race*: [n (%)]
Black 119 (33.9%) 91 (35.0%) Fisher’s exact, 

p = 0.095Coloured 19 (5.4%) 11 (4.2%)
Indian/Asian 86 (24.5%) 58 (22.3%)
White 127 (36.2%) 100 (38.5%)
Nationality: South 
African [n (%)]

340 (96.9%) 252 (96.9%) Fisher’s exact, 
p = 1.000

Graduate entry [n 
(%)

147 (41.9%) 113 (43.5%) Χ2 = 1.030, p = 0.310

Area of origin: Rural 53 (15.5%) 36 (14.2%) Χ2 = 1.320, p = 0.250
School socioeco-
nomic status** [n 
(%)]
Public quintile 1–3 39 (11.4%) 28 (11.0%) Χ2 = 0.191, p = 0.909
Public quintile 4–5 158 (46.2%) 117 (46.1%)
Private 145 (42.4%) 109 (42.9%)
OSCE group: [n (%)]
Group A 73 (20.8%) 52 (20.0%) Χ2 = 0.2.85, 

p = 0.579Group B 70 (19.9%) 54 (20.8%)
Group C 71 (20.2%) 57 (21.9%)
Group D 66 (18.8%) 47 (18.1%)
Group E 71 (20.2%) 50 (19.2%)
*The racial classifications used were those introduced during the apartheid 
era (1947–1994) according to the South African Population Registration Act 
(No. 30 of 1950). These classifications are still used to assist the South African 
government in redressing injustices against previously disadvantaged 
population groups

**Quintile 1 schools are in the poorest areas, and Quintile 5 in the wealthiest 
[24]

Table 4  Number of page views for high and low users (n = 347*)
User group N Mean SD Min Max p50 IQR**
Low users 174 110.2 40.4 0 195 109 34
High users 173 432.5 201.1 198 1219 360 256
Total 347 270.9 216.7 0 1219 195 251
*Four students did not use the course (see Fig. 1)

**Interquartile range
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The respondents also valued the course because it ‘pro-
vided an approach to the paediatric examination’ (n = 39), 
as expressed by the following respondents:

“I feel the large majority of the course was helpful in 
teaching an approach to a paediatric patient. I feel 
it is a good resource to refer back to moving forward”.

and

“I have a better understanding of how to approach a 
younger patient, what important things to look out 
for, and how certain things are different in children/
infants than in adults, e.g., breath sounds”.

Respondents also felt that ‘the course fostered an appre-
ciation for paediatrics’ (n = 29). One student said:

I learnt a lot from it. It was very informative, and it 
sparked a passion for paediatrics in me. I intend on 
going through it again for my electives.

The negative perceptions about the overall value of the 
course (n = 8) (Fig. 3) included the notions that it ‘did not 
adequately prepare students for the OSCE’ (n = 3) or their 
hospital rotations (n = 2), as summed up in the following 
comment from one student :

I enjoyed the course and feel that I have more knowl-
edge on how to examine children. However, I did 
struggle to apply this knowledge to the OSCE as the 
course taught a broad view of treating children, and 
the OSCE was very focused on one specific aspect 
only.

Table 5  Propensity score matched average treatment effect 
(ATE) for the total group and different sub-groups

n ATE* 95%CI p-value
Total 343 7.0 3.8–10.2 < 0.001
Previous academic performance**:
Lowest 20% of the class 62 3.7 −2.3–9.7 0.217
Middle 60% of the class 195 8.2 4.3–12.2 < 0.001
Top 20% of the class 65 2.0 −3.9–7.9 0.501
Area of origin
Rural 46 2.8 −4.1–9.7 0.414
Urban 267 5.0 1.4–8.6 0.007
Feeder school socioeconomic status
Public Quintiles 1–4 (Poorest) 58 4.6 −2.2–11.3 0.181
Public Quintile 5 (Richest) 117 4.3 −0.8–9.4 0.096
Private 138 6.27 1.0–11.6 0.020
*Average treatment effect 

**Based on 2021 final year marks

Table 6  Use and perceptions of the five modules throughout 
2022 (n = 260)
Module Viewed 

the 
module 
(%)

Content 
clearly 
presented 
(%)

Activities* 
promoted 
engagement 
(%)

Activities* 
prepared 
students for 
the OSCE (%)

General 
Examination

100.0 93.5 89.6 78.0

Vital Signs 98.1 93.0 88.3 77.7
Respiratory Dis-
ease and Noisy 
Breathing

97.7 90.6 87.8 77.1

Nutritional 
Assessment

96.2 86.4 81.2 73.6

Hydration and 
Perfusion

94.6 89.8 84.9 69.5

* Bedside clinical skills/drills and multiple-choice questions

Fig. 2  Cumulative probability distribution of the OSCE scores for low and high users of the PPES online course
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Figure 4 presents respondents’ combined perceptions of 
the most helpful and least helpful aspects of the course 
for learning clinical skills in preparation for the final 
OSCE. To facilitate comparison, the most helpful aspects 
are represented as ‘positive’ and the least helpful aspects 
as ‘negative’. Two broad categories related to the course 
design and video design were identified through the con-
tent analysis.

The most helpful aspect of the course design was that 
students felt it ‘prepared them for the OSCE’ (n = 65). In 
the words of one student:

The course allowed me to know what was expected of 
me in the OSCE. It allowed me to say, “Okay, I need 
to know XYZ for [the] respiratory examination.

The next most helpful aspect of the course design was 
that it ‘included both videos and pictures’ (n = 65), as 
exemplified by the following quote:

“ …the videos and descriptive pictures were super, 
super useful. Being shown exactly how some clinical 
signs look that I’ve never seen before will make it so 
much easier for the next time I see it in person at a 
hospital”.

The overall course structure and presentation (n = 24) 
were also perceived as helpful:

It had a systematic approach and was straight to the 
point. It gave an explanation but also provided pic-
tures and videos to help consolidate clinical exam-
ples and understanding.

and

The course was well-structured with integrated 
activities to test the material. This helped me to 
learn the material efficiently and gain some confi-
dence to apply it.

The least helpful aspect of the course design (Fig. 4) was 
that the ‘content was not comprehensive’ (n = 46). Some 
respondents wanted more content about vital signs, his-
tory-taking, and anthropometry in the Vital Signs mod-
ule (n = 33):

“I find that it helped me learn a lot about anthro-
pometry and the different pathologies seen in chil-
dren, specifically. However, I do wish that we were 
given the opportunity in the course to plot our own 
graph and interpret it for practice before the OSCE”.

Requests for more content were often aligned with what 
had been asked in the OSCE questions.

Another less helpful aspect was the perception that the 
‘course was poorly designed’ (n = 19) (Fig. 4). Two respon-
dents’ comments illustrate this perception:

“So, the course itself was stuff we sort of knew 
already, just a bit of extra information. I would have 
rather had these small bits of info given over a lec-
ture rather than a full online course”.

and

“Some stuff was repeated several times throughout 
the course without adding any value; it just made it 
longer to go through”.

The most helpful aspect of the video design in preparing 
respondents for the OSCE was that the ‘video design was 

Fig. 3  Respondents’ perceptions of whether the course was worth their while (n = 441). The numbers represent counts of codes

 



Page 9 of 14George et al. BMC Medical Education         (2025) 25:1626 

satisfactory’ (n = 29) (Fig.  4). The video demonstrations 
and physical examinations, in particular, were regarded 
as helpful (n = 16). Another notable helpful aspect was 
that ‘the videos were authentic’ (n = 13), as explained by 
two respondents:

“The combination of a simple layout, videos of real 
patients with the pathologies, and assessments 
incorporated made for a great learning experience”.

and

“The doctors in the videos were examining actual 
babies instead of dummies, so it helped to see how 
they interact with the kids and hold their attention”.

The least helpful aspect of the videos was the perception 
that the ‘video design was unsatisfactory’ (n = 15). The 
reasons for this perception included that the videos were 
of ‘poor quality’ (n = 3), ‘outdated (n = 3), and ‘too long’ 
(n = 3), as described by the following respondents:

Fig. 4  Perceptions of the course and video design (n = 425). The legend represents the categories. The labels on the y-axis represent the subcategories, 
and the numbers represent counts of codes. Counts < 4 are not displayed
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“The videos were not always very clear”.

and

“The videos were too long, plus none of the skills pro-
vided in the videos were assessed”.

Another less helpful feature of the videos was that the 
‘video content was not comprehensive’ (n = 10). The 
major reasons for this perception were that some respon-
dents felt the videos seemed incomplete (n = 3) and failed 
to provide sufficient explanations (n = 3):

“Some videos seemed half-done, as in there should 
be more explanation of how the overall procedure 
was done”.

The survey also asked students how frequently they expe-
rienced technical difficulties accessing the online course. 
The majority of respondents (93.4%) indicated that they 
never (76.9%) or rarely (16.5%) experienced technical dif-
ficulties, with 5.8% responding that they had ‘sometimes’ 
experienced problems. The primary technical barrier was 
internet connectivity issues (n = 29), including connec-
tion problems caused by scheduled power outages (n = 8). 
Some students explained how the scheduled power out-
ages, called ‘loadshedding’ in South Africa, prevented 
access to the online course:

”…just when load shedding was in place and I 
couldn’t access it at all”.

and

Load shedding–lack of WiFi.

The other technical barrier was institutional techni-
cal issues (n = 8), which referred to difficulties accessing 
Ulwazi due to server downtime, account-related prob-
lems, ICT errors, and maintenance issues, particularly 
during critical examination periods. The following quo-
tations exemplify the impact of account-related problems 
and maintenance-related issues:

“There was an ICT error recently where students 
could not access their accounts as they were deacti-
vated and so could not access the course”.

and

“The night before my OSCE, the Wits server was 
down, and I was unable to access the course via 
Ulwazi, which was very stressful”.

Beyond these reported technical difficulties, almost all 
respondents (99.23%) indicated that it was easy to find 
the course on Ulwazi and navigate through it (97.69%).

Discussion
This study consisted of an impact evaluation to deter-
mine whether the use of an online paediatric clinical 
examination skills course influenced performance in an 
OSCE and an online survey exploring students’ experi-
ences and perceptions of the course.

The impact evaluation was based on the supposition 
that time spent on the course is a measure of course 
usage. The main finding was that students who spent 
more time using the course performed better in the 
OSCE. This finding remained robust even after adjust-
ing for potential selection biases using propensity score 
matching, which controlled for student characteristics 
such as gender, age, type of course entry, previous aca-
demic performance, and OSCE group. While propen-
sity score matching helped address selection bias, we 
acknowledge that unobserved confounding variables may 
still influence the relationship between course usage and 
OSCE performance.

Possible unobserved confounders in our study may 
include differences in students’ ability to self-regulate 
their learning and manage their time effectively. Accord-
ing to Bandura’s social cognitive theory of self-regulation, 
“behavior is extensively motivated and regulated by the 
ongoing exercise of self-influence” (p. 248) [26]. Self-
influence becomes essential in online learning, where 
students must self-regulate their learning [27]. Self-
regulated learning encompasses students’ ability to set 
learning goals, monitor their progress, and adjust their 
learning strategies as needed [28, 29]. Students with 
stronger self-regulation skills may engage more actively 
and effectively with online resources [27, 30] and may 
also perform better in examinations due to their overall 
learning effectiveness, as demonstrated in one medical 
study [31]. Similarly, students’ abilities to manage their 
time could influence both the extent of their engage-
ment with supplementary materials and their exami-
nation preparation and performance. In our study, it is 
unclear to what extent self-regulation impacted perfor-
mance, rather than specific course content or the extent 
of course usage.

Technical and socioeconomic factors could indepen-
dently influence both students’ ability to engage effec-
tively with video-based learning materials and their 
overall academic performance. Course access and naviga-
tion were not major barriers in our study. It is possible, 
however, that the lowest performers in our study may not 
have been sufficiently technologically proficient or com-
fortable with digital learning to maximise the benefits of 
the online course. Similar challenges related to students’ 
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technological proficiency have been noted in other stud-
ies; for example, Huang et al. [31] indicated that partici-
pants who lacked computer skills may have felt frustrated 
when using online learning resources. The study by 
Hatlevik et al. [32] showed that digital self-efficacy 
impacts learning. Students’ preference for traditional 
teaching methods has also been shown to affect learning 
[31]. Our results suggest that lower-performing students 
need additional learning support to utilise online learn-
ing resources effectively.

In our study, most students passed the OSCE, regard-
less of whether they used the course. This suggests that 
students demonstrated a high level of competence in the 
basic skills assessed in the OSCE. Nevertheless, increased 
course usage had a significant impact on students’ OSCE 
scores in the paediatric component, with a small effect 
size (Cohen’s d = 0.249). The pass rate was also signifi-
cantly higher in the high-use group.

The scarcity of studies evaluating complex multimedia 
learning environments for undergraduate medical stu-
dents makes it challenging to assess the findings from 
our impact evaluation of the stand-alone PPES course 
against those of studies comparing videos to other learn-
ing modalities. However, given the emphasis on videos in 
the PPES course, comparisons to the findings from recent 
meta-analyses of video-based learning are relevant. The 
Morgado et al. [33] meta-analysis reported moderate 
effects of video-based learning for knowledge acquisi-
tion (Cohen’s d = 0.67) and skills development (Cohen’s 
d = 0.76) in 25 studies across medical disciplines. How-
ever, the authors highlighted several potential limitations 
related to the risk of bias across the 40 total included 
studies, notably selection bias due to shortcomings in the 
randomisation process (57.5% of 40 studies) and perfor-
mance bias due to deviations from the planned interven-
tion protocols (47.5% of 40 studies) [33]. These authors 
also cautioned against assessing the true effectiveness 
of video-based learning across different educational 
contexts based on the small number of studies in some 
disciplines. Another meta-analysis of 50 empirical stud-
ies comparing video and traditional learning conditions 
across multiple disciplines, countries, and educational 
levels [34] also reported an overall moderate effect size 
for instructional videos across various educational con-
texts (Cohen’s d = 0.492). Similar effect sizes were found 
for the specific outcome measures of knowledge acquisi-
tion (Cohen’s d = 0.477) and skills development (Cohen’s 
d = 0.493). The meta-analysis included only 10 studies 
focused on medical education.

The significant effectiveness of online teaching has 
been demonstrated in medical studies. However, hetero-
geneous online learning approaches were investigated. 
Where studies compared blended learning with lec-
tures, the significantly better learning outcomes may be 

due to the experimental groups receiving quantitatively 
more teaching (an online component in addition to tradi-
tional teaching) than the control groups (only traditional 
teaching). For example, Durán-Guerrero et al. [35] com-
pared radiology lectures to online modules plus lectures. 
Gong et al. [36] compared lectures with blended learn-
ing, which consisted of online resources, active learning 
before class, face-to-face learning, and simulated clinical 
training. In another blended learning study, all students 
attended four hours of lectures on ECG analysis and 
interpretation, with the experimental group subsequently 
having additional access to a web application with 24 
ECGs [37].

Studies where the comparisons did not involve addi-
tional teaching may be less likely to show significant 
gains. For example, the Berland et al. [38] compara-
tive analysis of online versus in-person opioid overdose 
prevention training found no meaningful differences 
between in-person and online training. However, in 
another study comparing video versus face-to-face teach-
ing, the video group performed significantly better than 
the control group on the OSCE. These examples high-
light the heterogeneity and lack of generalisability of 
studies involving online components, thus underscoring 
the need to evaluate such teaching within the context of 
its use, as has been done in this study.

The differential impact of our online course across the 
student subgroups warrants discussion. Based on previ-
ous academic performance, the middle-performing stu-
dents derived the largest, statistically significant benefit 
from the course. In contrast, the lowest- and highest-per-
forming students showed smaller, non-significant effects. 
Similarly, urban students benefited more than their rural 
counterparts, and students in private schools benefited 
more than those in public schools. The analyses are con-
strained by the small numbers in different sub-groups, 
so these effects require confirmation in more extensive 
studies.

Viljoen et al. [37] raised concerns about the finan-
cial and temporal cost of their ECG ONLINE software 
programme. These authors also highlighted the differ-
ent types of expertise (medical and technical) required 
to develop the programme. However, small effect sizes, 
as found in this and other studies, do not necessar-
ily indicate limited value, especially if the resources can 
be reused across multiple cohorts with minimal ongo-
ing costs, potentially making it cost-effective despite the 
modest per-student impact.

The student experience of the PPES course was largely 
positive, as has been found in other studies [37, 39]. 
Applying cognitive load theory principles in the design of 
our course may have contributed to its effectiveness. One 
specific design element valued by respondents was the 
authenticity of the videos, which referred to the clinical 
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demonstrations involving local patients and expert clini-
cal teachers in real settings. Authentic learning in real-
world contexts has long been considered to enhance 
procedural learning [40]. The students also valued learn-
ing clinical signs from videos and pictures. Two consid-
erations for targeting lower-performing students are to 
include more quizzes and provide immediate feedback 
on why an answer was incorrect. Mirriahi et al. [41] sug-
gest that students with low prior knowledge would ben-
efit from quizzes with immediate feedback – prompt 
feedback may help students monitor their understanding 
and identify areas for improvement.

The major limitation of this study is the lack of a ran-
domised evaluation design. As Heinrich et al. point out, 
in the absence of an experimental design, “assignment 
to treatment is frequently nonrandom” (p. 4) [16]. Ran-
domisation was impossible in our study because the 2022 
cohort had equal access to the PPES online course. We 
addressed potential selection biases using propensity 
score matching to adjust for selection bias [42, 43]. We 
matched low- and high-course users on the basis of gen-
der, age, type of course entry (non-graduate or gradu-
ate), and previous academic performance (based on 
2021 marks). Comparisons using five or six subclasses 
will typically remove 90% or more of the bias present in 
raw comparisons [44]. We previously acknowledged that 
unobserved confounding variables may have influenced 
the relationship between course usage and OSCE per-
formance. Another limitation of the study is the limited 
scope of the OSCE, which focused on knowledge and not 
clinical skills. Also, the non-significant findings in some 
subgroups should not be interpreted as evidence of no 
effect but rather as inconclusive due to the limited sam-
ple sizes. In addition, we did not consider the long-term 
effects of the course in this study. Viljoen et al. [37] found 
that the blended learning group in their study retained 
significantly more knowledge than the conventional 
teaching group when assessed six months later, making 
the long-term retention of knowledge and skills from 
video-based online courses a relevant topic for future 
research.

Future research involving the PPES course should 
utilize larger sample sizes to achieve more conclusive 
results, particularly to confirm the subgroup findings 
observed in this study. Longitudinal studies examin-
ing the retention and transfer of skills to clinical prac-
tice would provide valuable insights into the long-term 
impact of such interventions, particularly during clinical 
rotations in GEMP 3 and 4. Research should also explore 
how to design, utilize, or incorporate online courses, 
such as the PPES course, into teaching to target lower-
performing students. Additionally, cost-effectiveness 
analyses comparing online clinical skills courses to tra-
ditional teaching methods would help institutions make 

informed decisions about resource allocation for similar 
interventions, taking into account the need to support 
lower-performing students and non-cost-related prag-
matic concerns, such as restrictions on physical space in 
under-resourced settings.

Conclusion
This study demonstrates that an online paediatric physi-
cal examination skills course, incorporating different 
types of clinical videos, can significantly improve stu-
dents’ clinical examination performance, particularly 
for those in the middle academic performance range. 
However, strategies are needed to utilise online courses 
more effectively to provide additional support for lower-
performing students. Applying cognitive load theory 
principles in course design and using authentic clinical 
recordings may have contributed to the course’s effec-
tiveness. The findings have important implications for 
supplementing traditional bedside teaching, especially 
in resource-constrained settings. However, more insight 
into the specific design components that support learn-
ing from multimodal courses and longitudinal studies 
examining the transfer of clinical skills could inform cost-
effective and sustainable institutional strategies to exploit 
the potential of video-based learning. When considering 
resource allocation decisions, institutions must weigh 
the potential impact against the investment required to 
develop online resources, especially for lower-perform-
ing students. Online resources, when viewed against the 
limitations of traditional bedside teaching (inconsistent 
instruction, space constraints, and limited patient avail-
ability), offer the valuable advantages of repeated access 
by large numbers of students and subsequent cohorts.
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