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Abstract 

Background As ultrasound is one of the most utilized imaging procedures in clinical practice in Germany, its inte-
gration into undergraduate medical education is imperative. Thereby, the limited availability of qualified instructors 
is a major challenge. Peer tutors, who are trained to instruct their peers collaboratively, could resolve staff constraints. 
This systematic review explores the literature on peer teaching in undergraduate ultrasound education, aiming to pro-
vide an overview of methodologies, outcomes, and peer teacher training concepts.

Methods Following the PRISMA guidelines, a systematic literature review was conducted on the subject of peer 
teaching in undergraduate ultrasound education. Using PubMed and Google Scholar as databases, studies in Eng-
lish or German involving training concepts for peer teachers in undergraduate ultrasound education, published 
up to November 21, 2023, were included. Data extraction of original studies followed the PICOS schema with special 
respect to didactic concepts of peer tutor training programs and the effectiveness of peer teachers compared to fac-
ulty instructors. A modified version of the Newcastle–Ottawa Scale (NOS) was used to assess the quality of included 
studies.

Results Finally, the search resulted in 20 relevant original studies, including 16 studies exploring peer teacher train-
ing concepts. Predominantly, peer teachers studied in their 4th year of medical school and on average one year 
further compared to their students. Peer teacher training was integrated into curricula by course-based concepts 
(93.8%) and internships (50.0%). Didactic modalities varied, encompassing laboratory rotations including the scan-
ning of patients, the scanning of fellow students, lectures, and didactic training. The median training duration 
was about ten days. Of six comparative studies, five found peer-assisted learning to be comparably effective and one 
even better than faculty-led courses.

Conclusion Despite the growing amount of literature underlining the effectiveness and wide application of peer 
teaching in ultrasound education, training concepts stay heterogenous without a standardized system for training 
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and qualifying peer teachers. Developing comprehensive guidelines for peer tutor education could increase accept-
ance and recognition of peer-assisted learning and ensure minimum training standards.

Keywords Student ultrasound education, Peer teaching, Peer-assisted learning, Train the teacher, Peer teacher 
training concepts

Introduction
Given its numerous advantages, ultrasound plays a cru-
cial role as a diagnostic tool in everyday clinical practice 
and became the most frequently used imaging procedure 
for extended clinical examination in Germany [1]. As a 
radiation-free, non-invasive, and cost-effective modality, 
it also meets the ideal conditions for medical students to 
practice a commonly used clinical imaging tool early in 
their studies [2, 3]. For preclinical students, ultrasound 
training facilitates the understanding of anatomy and 
physiology, and strengthens the acquisition of diagnostic 
and procedural skills by the focused extension of physi-
cal examination [4–6]. Furthermore, early exposure to 
ultrasound during medical school provides the chance to 
decrease the educational load during residency [7]. Both 
the European Federation of Societies for Ultrasound in 
Medicine and Biology (EFSUMB) and the World Federa-
tion of Ultrasound in Medicine and Biology (WFUMB) 
provide recommendations for the vertical integration of 
ultrasound training into preclinical and clinical medical 
education in terms of a longitudinal curriculum [8–10]. 
The EFSUMB suggests the implementation of preclini-
cal courses to improve students’ understanding of anat-
omy, physiology and pathology, and clinical courses to 
strengthen students’ diagnostic ultrasound competen-
cies [8]. In addition, the WFUMB recommends at least 
40 h of practical ultrasound training during preclinical 
medical education [9]. However, findings by Nourkami-
Tutdibi et  al. reveal that students perceive current 
ultrasound education as insufficient and report limited 
ultrasound-related knowledge and skills among medical 
students [7]. An underlying problem might be poten-
tial cognitive overload by the complexity of ultrasound 
examinations, requiring theoretical knowledge about the 
physics of ultrasound and anatomy, image interpreta-
tion, pattern recognition for pathologies, communication 
skills, and the ability to use the device correctly to obtain 
high-quality images [11]. While theoretical content 
can be efficiently taught in lectures or using scripts, the 
actual scanning requires hands-on practice under quali-
fied instructor supervision in a low student-instructor 
ratio [10]. The shortage of qualified instructors, the lack 
of teaching time slots, and the costs of sonography equip-
ment, continues to limit the further curricular incorpora-
tion [12–14]. However, the use of peer-assisted learning 
offers a chance to resolve these barriers [3, 15–17]. “Peer 

teaching” or “peer-assisted learning” comprise various 
approaches of instruction between students who are at 
a different (´near-peer teaching´) or the same academic 
level (´peer-to-peer-teaching´) [18]. For this review, peer 
teaching is defined as the non-hierarchical, collabora-
tive instruction of students to fellow students to acquire 
knowledge and skills by theoretic and practical ultra-
sound [19, 20]. There are few approaches described in the 
literature to train peer teachers. In this context, the fol-
lowing systematic review of the literature aims to provide 
an overview of published studies on the implementation 
of peer teaching in undergraduate medical ultrasound 
education. Furthermore, different concepts for training 
students to become peer teachers are investigated and 
experiences of courses led by peer teachers compared to 
faculty instructors are displayed.

Methods
Search strategy
This systematic search of the literature was conducted in 
accordance with the updated Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
statement on reporting systematic reviews and meta-
analyses of studies [21, 22] (see Fig. 1). A literature search 
on the topic of peer teaching concepts in ultrasound edu-
cation was conducted in PubMed and Google Scholar 
using the keywords [ultrasound] and [peer] combined 
with [undergraduate], [education], [teaching], or [curric-
ulum]. All studies published in English or German up to 
November 21, 2023, that investigated ultrasound training 
with peer teachers, were eligible for inclusion. First, pub-
lications were selected according to the level of informa-
tion based on their title. Duplicate entries were removed 
automatically. Subsequently, three authors (L.W., R.N. 
and F.R.) independently screened the publications’ 
abstracts for compliance with predetermined eligibility 
criteria, using a blinded approach. Any differences among 
the authors concerning inclusion were resolved through 
direct discussion. After the removal of excluded records 
based on abstracts, full-text versions were obtained, read, 
and analyzed for data extraction.

Eligibility criteria
All relevant publications addressing the topic of peer 
teaching in undergraduate ultrasound education were 
included. Special interest was given to the didactic 
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structure of peer teacher training formats. Both rand-
omized controlled trials and observational studies were 
eligible, as were comparative studies that evaluated the 
effectiveness of peer-led versus faculty-led instruction. 

After screening studies for publication type, case reports 
and expert opinions were excluded due to their limited 
generalizability. Furthermore, relevant publications that 
were referenced by included studies were additionally 

Fig. 1 Literature selection process according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [21, 22]
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involved. Studies were selected for their relevance to 
undergraduate medical education and the quality of the 
reported training interventions. This approach aims 
to provide a comprehensive overview of the current 
literature on the implementation of peer teaching in 
undergraduate allopathic medical education. It analyzes 
various training concepts for peer teachers and compares 
the experiences and effectiveness of peer teaching with 
faculty-led instruction. The literature search was limited 
to undergraduate ultrasound education due to differing 
didactic objectives regarding postgraduate settings. Fur-
thermore, articles were excluded due to duplication, non-
fulfillment of inclusion criteria, inaccessibility of full-text 
versions or published in languages other than German or 
English.

Data extraction and synthesis
All included reports were analyzed for the targeted study 
characteristics, according to pre-defined characteris-
tics categorized after the PICOS (Participants, Inter-
vention, Comparator, Outcome, Study design) schema 
(see Table  1) [22]. For this purpose, medical students 
were defined as participants. To ascertain the students’ 
theoretical and practical competence profile during the 
ultrasound course, their academic year and assignment 
to the preclinical or clinical study period were analyzed. 
The students participated in differently designed ultra-
sound courses led by peer teachers. The learning out-
comes of students instructed by peer teachers were 
compared with those of students who had participated in 
courses with varying structures, instructors, or didactic 
approaches. To offer an overview of the diverse didactic 
concepts employed in the training of peer teachers, the 
educational approaches in terms of timing (year of medi-
cal school and study period), format, content, duration, 
as well as the involvement of supervisors and post-train-
ing exams were investigated. Furthermore, comparative 
studies on the learning success achieved by peer or pro-
fessional instruction were analyzed. Two of the authors 
read and extracted data independently. No automation 
tools were used. For data synthesis, relevant data was col-
lected and compared in tables. All descriptive statistical 
analyses were performed in Microsoft Excel for Windows 

(Version 2311 Microsoft Corporation, Redmond, Wash-
ington, USA) and IBM SPSS 29.0 for Windows.

Quality assessment of included studies
The quality assessment of included studies was based 
on a modified version of the Newcastle–Ottawa Scale 
(NOS) [23]. This scale is traditionally used for evaluat-
ing the quality of non-randomized studies, particularly 
clinical cohort studies, and is recognized for its rigor-
ous approach [24]. The included didactic teaching stud-
ies exhibited non-standardized, heterogeneous study 
designs with characteristics not comparable and not 
transferable to clinical cohort studies. We therefore 
adapted the original NOS of clinical cohort studies to 
the requirements of the included prospective interven-
tional and observational teaching studies investigating 
peer-teacher-led ultrasound education in undergraduate 
medical education.

The scale consists of three categories to evaluate the 
methods of included studies as well as to assess the 
findings’ relevance and significance: 1) selection (maxi-
mum of four scores), 2) comparability (maximum of two 
scores), and 3) outcome (maximum of three scores) (see 
Appendix Table 7). A total score of seven or higher indi-
cates good quality of the study. Scores between five and 
six suggest fair quality, while scores below five suggest 
poor quality of the study [25]. The scoring algorithm of 
each category is shown in Appendix Table 8.

The modifications made to the NOS include the follow-
ing aspects.

1) Selection Criteria: The items related to the selection 
of study groups assess the representativeness of the 
included cohorts. The exposed cohort was defined 
as medical students taught by peer teachers, whereas 
the non-exposed cohort was defined as those taught 
by faculty. As for the ascertainment of exposure, we 
included criteria to evaluate the applied peer teacher 
training concepts. This modification aimed to ensure 
peer teachers’ content-related, practical, and didactic 
competence, as well as to verify the quality of train-
ing provided by peer teachers. Furthermore, by dem-
onstrating the absence of prior ultrasound skills, it is 

Table 1 Study characteristics for included studies according to PICOS

Participants Students pursuing medical degrees

Intervention Peer-teaching in ultrasound education

Comparator Different course concepts, instructors, and educational approaches

Outcomes Assessment and evaluation of peer teacher training programs, peer teachers’ competency, students’ learning 
outcomes, further didactical parameters, and further key messages

Study design Original studies or reports on prospective studies, interventional studies, observational studies, and cross-sectional 
studies
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ensured that the outcome of interest was not present 
at the start of the study.

2) Comparability Factors: We modified the assessment 
of comparability to include whether the study con-
trols for factors such as the year of medical school, 
age, and sex of study participants, or if a randomized 
cohort allocation is conducted.

3) Outcome Evaluation: We refined the outcome assess-
ment criteria to evaluate the reliability and objectiv-
ity of the methods used to assess acquired ultrasound 
skills, as well as the appropriateness of follow-up 
examinations for assessing long-term outcomes.

By detailing these modifications and their rationale, we 
aim to enhance the reliability of our quality assessment 
and improve the replicability of our findings.

Results
Search results
The literature search yielded 80 records, with 56 deemed 
relevant based on the title. In total, 39 records were 
excluded due to duplication, inappropriate abstract con-
tent, inaccessibility of full-text version, and non-compli-
ance with inclusion criteria after full-text review. After 
additionally including three further records based on 
references of analyzed publications, the overall search 
produced a total of 20 publications dedicated to peer 
teaching in medical undergraduate ultrasound (see 
Fig.  1). These 20 literature entries represent original 
studies encompassing a diverse range of peer teacher-
led course concepts and were examined according to the 
PICOS scheme with regard to the participants’ exper-
tise levels and various aspects of the curricular format 
in ultrasound training programs (see Table  2). Further-
more, in 16 of the 20 original studies included, the didac-
tic approaches employed to train peer teachers were 
described, as outlined in Table 3.

Quality assessment of included studies
The evaluation of the Newcastle–Ottawa Scale (NOS) 
scores revealed fair study quality in nine of the 20 stud-
ies (45%), corresponding to a NOS score of five or six, 
and poor study quality in eleven studies (55%) with a 
NOS score of four or less (see Table  4). The analysis of 
categorial NOS subscores revealed the following: In the 
selection category, the included studies averagely met 
three of four criteria. Regarding comparability, the aver-
age NOS score was 0.5 out of two possible points. Finally, 
in the subanalysis regarding the study outcome, the stud-
ies achieved an average score of one out of three possible 
points (see Table 4). Detailed information is provided in 
Table 5.

Characteristics and requirements of students for becoming 
peer teachers
Groups of a median of 13 (range: 3 to 44) medical stu-
dents were trained as peer teachers. Student peer teach-
ers attend the 2nd to 6th year, with a median attendance 
in the 4th year of medical school (see Table  6). In only 
one study [5], peer tutors started from a preclinical level, 
whereas most studies only trained clinical students to 
become student teachers. Related data were missing in 
four studies. The background and specific ultrasound 
experience of peer teachers were generally underre-
ported. Most of the studies did not address whether the 
students should have any previous teaching experiences 
or fulfill any further professional or personal require-
ments to enter the training program. Given the short-
age and the difficulty in recruiting peer teachers, many 
programs do not require applicants to meet any specific 
criteria to minimize barriers for potential new tutors. In 
the course conducted by Celebi et al., all students of the 
third year onwards could apply freely without any fur-
ther selection criteria [28]. However, a few studies high-
lighted the importance of prior training in determining 
peer-assisted learning success. There are peer teacher 
programs that expect prior teaching experience and com-
pletion of a specific introductory course or ultrasound 
elective [6, 16]. A common concept also requires stu-
dents to complete the ultrasound course, which they plan 
to teach [29].

Curricular integration and didactic methods of peer 
teacher training programs
Peer teacher training in ultrasound is implemented in 
different curricular formats. Internships (50%, 8/16) and 
courses (94%, 15/16) are prevalent. Didactic concepts 
used to train medical students as peer teachers included 
the transfer of knowledge via lectures (57%, 8/14), online 
modules (29%, 4/14), scripts (29%, 4/14), or case presen-
tations (7%, 1/14). They also involved training of didac-
tic (50%, 7/14) and technical skills (29%, 4/14) during 
hands-on scanning of healthy volunteers (79%, 11/14), 
during clinical rotations (86%, 12/14), video reviews of 
performed scans (7%, 1/14), and self-study of the course 
content (7%, 1/14) (see Fig. 2). Lectures convey theoreti-
cal knowledge, such as ultrasound examination princi-
ples and pathophysiological findings. In contrast, didactic 
training imparts skills and techniques for teaching oth-
ers, particularly fellow students. This includes training 
in instructional methods and communication strategies. 
The median duration of peer teacher training across 
studies was 10 days (range: 2 to 40). According to a study 
by Ahn et al. peer teachers who underwent a four-week 
training were evaluated better than student tutors who 
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were trained for two weeks, indicating an influence of 
the duration of the training intervention on the teach-
ing quality [26]. When comparing different training 
approaches, Celebi et al. showed that the training of peer 
tutors through internships, conventional courses, or a 
combination of both leads to an equivalent learning out-
come for future peer instructors [27]. Subsequently, no 
significant difference in the effectiveness of their instruc-
tion of other students could be measured [28].

Assessment, certification, and financial remuneration 
of future peer teachers
In most peer teacher training programs, a final exami-
nation evaluates the competence of the future student 
teachers. Utilized assessment methods included self-
assessment and feedback by the course directors (13%, 
2/16), as well as objective assessments (56%, 9/16) like 
multiple choice questionnaires (MCQ) or objective struc-
tured clinical examinations (OSCE). In five cases, the 
form of  assessment was either not specified or absent 
(31%, 5/16). In most studies, students did not receive 
any certification after completing their training as peer 
teachers. In the program of Celebi et al., however, it was 
possible to obtain a certificate from the German Society 
for Ultrasound in Medicine (DEGUM) after complet-
ing the training program [3]. Only five studies addressed 
whether the students were paid by the university or clinic 
for their work as peer teachers [3, 5, 6, 26, 33]. Two stud-
ies rewarded the students financially with payment or a 
voucher [3, 6]. The remaining studies relied on the volun-
tary contribution of the students [5, 26, 33].

Implementation and evaluation of peer‑assisted learning
Study design, control, and effect assessment 
of the educational intervention
Study characteristics of included studies, incorporat-
ing educational interventions utilizing peer teach-
ing in undergraduate ultrasound education, were 
examined following the PICOS scheme (see Table 2). All 
20 studies included in this systematic review were found 
to be prospective in design. The educational interven-
tions involved a median number of 75 (range: 40 to 310) 
participants. The distribution of participants according to 
their medical school year revealed most students were in 
4th year, but spanning from 1st to 6th year. However, the 
average difference between years of medical school com-
pleted by peer teachers compared to their taught students 
amounted to 0.95 years. 11% (2/18) of studies included 
participants in the preclinical study phase, 72% (13/18) 
involved participants in the clinical phase, and 17% (3/18) 
included participants in both phases. Two studies did 
not specify the study year of the participating students. 
Among examined studies, 70% (14/20) compared their 

intervention with a control group, whereas in 30% (6/20) 
no control group was employed.

To measure the effects of didactic approaches involv-
ing peer teaching in undergraduate ultrasound educa-
tion, diverse evaluation methodologies were utilized. In 
terms of the timing, 75% (15/20) of the studies conducted 
a post-interventional assessment, whereas 25% (5/20) 
employed a pre- and post-interventional design. Various 
modalities were used to assess participants’ knowledge 
and skills in ultrasound. The theoretical knowledge was 
assessed in 45% (9/20) of the studies, using multiple-
choice questionnaires (MCQ) in five cases. Practical skills 
assessment was conducted in 70% (14/20) of the studies, 
using Objective Structured Clinical Examination (OSCE) 
in twelve cases. The perceived efficacy and acceptabil-
ity of the implemented ultrasound curriculum, the per-
formance of the peer teachers, the subjective learning 
success, and further aspects were evaluated by feedback-
surveys in 75% (15/20) of the studies.

Peer teacher vs. faculty instructors
In terms of comparing peer teacher-led courses with 
faculty instructor-led courses, six studies conducted 
such comparisons. Among these, the instruction by peer 
teachers was found to be equivalent to that of faculty 
instructors in 73% (5/6), while they were deemed supe-
rior in 27% (1/6) of the studies (see Fig.  3). Ten studies 
did not compare directly between peer and faculty-led 
teaching.

However, when analyzing subitems of ultrasound skills, 
peer teachers proved not to be equivalent effective with 
faculty in all aspects of ultrasound training. In a study by 
Li et al., basic ultrasound principles and physics seemed 
to be more effective when taught by ultrasound experts 
than by peer students who focused on maximal hands-on 
scanning time without beginning with a theoretical intro-
duction [32]. Ahn et  al. identified ocular ultrasound as 
more difficult to be taught by peer teachers [26].

Peer teaching in different ultrasound applications 
and student groups
Ultrasound applications varied, encompassing point-of-
care ultrasound (PoCUS), transthoracic echocardiogram 
(TTE), focused cardiac ultrasound (FoCUS), focused 
assessment with sonography for trauma (FAST) and 
abdominal ultrasound (Abdominal US). In three studies, 
the ultrasound application was not specified [3, 27, 28]. 
Furthermore, specific protocols such as the Trinity hypo-
tensive ultrasound protocol can be successfully and sus-
tainably taught by peer teachers, as a study by Jeppesen 
and Bahner showed [36]. The evaluation of student per-
ceptions after the training of different ultrasound appli-
cations by peer tutors and faculty instructors identified 
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re
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, b

la
dd

er
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te
ru
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te
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L,

 th
yr

oi
d,

 
ju
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ns
, c
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), 
O

SC
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l. 
[1

5]
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 p
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r m
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, 

w
hi

le
 fa

cu
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ar
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ri-
en
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 te
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hi

ng
 

U
S 
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d 

cu
r-

re
nt
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ac
h 

tw
o 

ho
ur

s 
pe

r m
on

th
.

?
n.

 s
p.

?
n.

 s
p.

✗
Fa

cu
lty

A
bd

om
in

al
 U

S
D

iv
is

io
n 

in
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ic

 
an

d 
ad

va
nc

ed
 c

ou
rs

e,
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ch

 tr
ai

ni
ng
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st

ed
 

3 
da

ys
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 n

. s
p.

n.
 s

p.
O

SC
E

» (a
na

ly
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s 
of
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id

eo
s 
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 te

ac
hi

ng
)

N
ea

r-
pe

er
 a

nd
 fa

c-
ul

ty
 tu

to
rs

 u
se

d 
si

m
ila

r t
ea

ch
in

g 
st

ra
te
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ltr
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so
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d 
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ill
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ni
ng
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ea
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pe
er

 
tu
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 s
pe
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in

g 
m
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e 
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e 

cr
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tin
g 
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ng
 

en
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en
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si
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le
dg
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N
ea

r-
pe

er
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w
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e 
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 li
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 c
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e 
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si
tio

ni
ng
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re
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, i
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te
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of
te

n 
ob

se
rv
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si
le

nt
ly

, p
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si
bl

y 
du

e 
to

 th
ei

r a
w

ar
en
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s 

of
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m
ite

d 
co

nt
en

t 
ex

pe
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e.

Kn
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e 
et

 a
l. 
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0]
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ur

se
1w

-
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.

✗
Se

lf-
di

re
ct

ed
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ud

y 
of

 li
t-

er
at
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e

-
-

-
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lf‑
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ed
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sk
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 m
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 re
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te
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tu
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. s
p.
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p.
Th

eo
re

tic
al

 te
st

 
(M

CQ
), 
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SC

E,
 

Ev
al

ua
tio

n 
su

rv
ey

FI
 »

 P
T 

fo
r s

tu
de

nt
s 

w
ith

 a
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to
m
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kn
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le
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e
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 >
 P

T 
fo

r s
tu

de
nt

s 
w

ith
ou

t

Th
e 

pe
er

 te
ac

he
rs
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ne
fit

ed
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os
t 

fro
m
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e 

pr
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ec
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su
pp

or
tin

g 
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e 
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.
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r d
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]

Co
ur

se
n.

 s
p.

-
n.

 s
p.

✗
E-

Le
ar

ni
ng

,
Le

ct
ur

es
✗

n.
 s

p.
- /

 n
. s

p.
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cu
lt

y
PO
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Co
ur

se
 c
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te

nt
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Fe
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up
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vi

so
rs
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Ev

al
ua
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 S
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se
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m
en
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p.
Ev

al
ua

tio
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✗
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ed
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 le
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ar
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 m
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✗
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ur
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ni
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✗
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cu
lt

y
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om

in
al

 U
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A
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in
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ur
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od
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ra
ng
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et
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 o
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in
ic

 p
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• D
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at
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 p
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p.
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at
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su
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A

 s
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ll 
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n 
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 o
f 1
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d 

pa
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 c
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l. 
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0]
, G

er
m

an
y

Co
ur

se
2m

-
n.

 s
p.

✗
O

nl
in

e 
le

ct
ur

es
,

E-
Le

ar
ni

ng

✗
M

 &
 P

✗
n.

 s
p.

 
A

bd
om

in
al

 U
S,

 
FA

ST
, T

TE
• O

nl
in

e 
le

ct
ur

es
 

an
d 
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xt

bo
ok

 (6
0h

): 
ba

si
c 

kn
ow

le
dg
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D
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 D
op

-
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er
 U

S;
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od

e,
 

M
-m

od
e,

 n
or

m
al

 
ra

ng
e 

of
 im

po
rt

an
t 

pa
ra

m
et

er
s

• a
bd

om
in

al
 

U
S 

w
or

ks
ho

p 
(3

0h
):d

ra
w

in
gs

, 
vi

de
os

, h
an

ds
-o

n 
sc

an
ni

ng
 o

n 
he

al
th

y 
in

di
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du
al

s
• U

S 
el
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tiv

e 
(4

 w
): 

ha
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on

 s
ca

nn
in

g 
on

 c
lin

ic
 p

at
ie

nt
s 

(1
00

 
ab

do
m

in
al

 U
S;

 2
0 

th
yr

oi
d 

U
S)

• D
id

ac
tic

 s
ki

ll 
tr

ai
n‑

in
g 

(4
0h

):t
ra

in
in

g 
an

d 
co

m
m
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ic

at
io

n 
sk

ill
s

O
SC

E,
 p
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so
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 fe
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ck
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p.
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SC
E

-
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ud
en

t t
ut
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w
er
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hi
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ly
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ot
iv
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ed
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ac
h 

ul
tr
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nd
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ss
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 a
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 th

em
 

to
 p

ro
vi

de
 v

al
ua

bl
e 

in
-p

er
so

n 
in

st
ru

c-
tio

n 
du

rin
g 

th
e 

pa
n-

de
m

ic
, e

nh
an

ce
 

th
ei

r r
es

po
ns

ib
ili

ty
, 

an
d 

ac
tiv

el
y 

co
nt

rib
-

ut
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to
 c

ur
ric

ul
um

 
de

ve
lo
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en

t.



Page 17 of 25Winter et al. BMC Medical Education         (2024) 24:1369  

Ta
bl

e 
3 

(c
on

tin
ue

d)

St
ud

y
Tr

ai
ni

ng
 

fo
rm

at
Ti

m
e 

Pr
e‑

ex
is

tin
g 

ex
pe

ri
en

ce
s 

 a
nd

 if
 

re
qu

ire
d 

(if
 y

es
 ‑ 
✗

)

Co
ur

se
 s

tr
uc

tu
re

Ty
pe

 o
f a

pp
lie

d 
U

S 
an

d 
de

ta
ile

d 
de

sc
ri

pt
io

n 
of

 
co

ur
se

 c
on

te
nt

 

A
ss

es
sm

en
t 

af
te

r t
ra

in
in

g
O

n‑
go

in
g 

tr
ai

ni
ng

 
an

d 
fu

rt
he

r 
as

se
ss

m
en

t o
f 

kn
ow

le
dg

e 
an

d 
sk

ill
 re

te
nt

io
n

Ev
al

ua
tio

n 
an

d 
Co

m
pa

ri
so

n 
of

 P
ee

r a
nd

 F
ac

ul
ty

 
In

st
ru

ct
or

s

Th
eo

re
tic

al
 

tr
ai

ni
ng

 a
nd

 
te

ac
hi

ng
 

m
et

ho
ds

Pr
ac

tic
al

 
tr

ai
ni

ng
 o

n 
m

od
el

s 
or

 
pa

tie
nt

s

D
id

ac
tic

 
tr
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r d
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3]
, U

SA
Co

ur
se

2w
✗

2-
w

ee
k 

el
ec

-
tiv

e 
fo

rm
al

 U
S 

tr
ai

ni
ng

?
n.

 s
p.

?
n.

 s
p.

-
n.

 s
p.

PO
CU

S
Ve

rt
ic

al
 m

an
da

to
ry

 
ul

tr
as

ou
nd

 c
ur

ric
ul

um
 

an
d 

ad
di

tio
na

l 
ul

tr
as

ou
nd

 e
le

ct
iv

e 
ha

d 
to

 b
e 

co
m

pl
et

ed
 

by
 fu

tu
re

 p
ee

r 
te

ac
he

rs

n.
 s

p.
n.

sp
.

Th
eo

re
tic

al
 te

st
 

(M
CQ

), 
O

SC
E,

 
Ev

al
ua

tio
n 

su
rv

ey

»
St

ud
en

ts
 ta

ug
ht

 
by

 N
P-

in
st

ru
ct

or
s 

ha
d 

hi
gh

er
 s

co
re

s 
on

 b
ot

h 
th

e 
th

eo
re

tic
al

 te
st

s, 
w

hi
le

 th
os

e 
ta

ug
ht

 
by

 fa
cu

lty
 in
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ru
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rs
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d 
hi

gh
er

 
on

 th
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E.

W
ei
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er
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t a

l. 
[1

7]
, G

er
m

an
y

Co
ur

se
, I

nt
er

n-
sh

ip
30

h
-

n.
 s

p.
✗

n.
 s

p.
✗

n.
 s

p.
✗

n.
 s

p.
A

bd
om

in
al

 U
S,

 F
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ST
D

EG
U

M
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er
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ed
 

U
S-

co
ur

se
,
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or
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ce

 
of
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t l

ea
st

 1
00

 
ex
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in

at
io
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 in
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n 

U
S 

la
bo
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ry
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tic
al

 a
ss

es
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m
en

t
n.

 s
p.

O
SC

E,
 E

va
lu

a-
tio

n 
su

rv
ey

-
Th

e 
tr

ai
ne

d 
pe

er
 tu

to
rs

 
an

d 
pa
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ic

ip
an

ts
 

ro
ta

te
d 

th
ro

ug
h-

ou
t t

he
 c

ou
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e 
se
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en

ce
s, 
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lo

w
in
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pa
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ic

ip
an
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 to
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t w
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of
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A

 1
0-

w
ee

k 
pe

er
-a

ss
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te
d 

so
no

gr
ap

hy
 c

ou
rs

e 
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to

 s
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tly
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er

 c
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su
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le
dg
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d 
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y 
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m
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at
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 m
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 m
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s.

W
ei
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l. 
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y
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ur

se
, I

nt
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-
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✗
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A
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• D
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t l
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• D
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Ev
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ua
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ey
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W
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m
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t a

l. 
[3

4]
, G

er
m

an
y

n.
 s

p.
Th

eo
re

tic
al

 
as

se
ss

m
en
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tio
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su
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ey
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ocular ultrasound as more difficult to be taught by peer 
teachers [26]. Ahn et  al. concluded that the peer tutors 
would have needed more intensive training as they only 
received limited training in ocular ultrasound [26]. Kühl 
et  al. came to a similar conclusion when conducting a 
peer tutor-based echocardiography course. Students who 
were instructed by faculty instructors achieved a better 
average performance than peer-teacher-instructed fel-
low students [31]. In musculoskeletal ultrasound, the 
comparison of student and professional teachers showed 
the superiority of faculty in teaching preclinical students 
without prior anatomical knowledge [30].

Discussion
Characteristics of peer teachers and training approaches
This systematic review aims to provide a comprehen-
sive overview of current studies on peer teaching in 
undergraduate medical ultrasound education. The 
analysis of proposed didactic approaches used in the 
training and assessment of medical students as peer 
teachers revealed peer teachers averagely have com-
pleted approximately one additional year of medical 
school compared to their taught students. The cur-
ricular integration of peer-tutored training showed 

the predominance of course-based training sessions, 
followed by internships. Course-based concepts offer 
to train a considerable number of peer-student tutors 
simultaneously and allows for a focused delivery of 
content while maintaining full control over the educa-
tional material. On the contrary, the internship model 
provides a practical focus with ample opportunities for 
hands-on scanning of patients, enabling students to 
see first pathologies, while the range of taught content 
depends on the clinical availability of patients. Unfortu-
nately, the number of students in this approach is con-
strained by the capacity of the ultrasound laboratories 
and suitable patients [4, 27]. The study by Celebi et al. 
demonstrated an equivalence learning outcome for 
medical students qualified as peer teachers through an 
internship, course concept, or a combination of both. 
Thus, the didactic effectiveness of all these modalities 
appears to be comparable [27].

The median duration of peer teacher training was 
around ten days, striking a balance between providing 
substantial education in the constrained setting of the 
medical curriculum. The positive correlation between 
the duration of training and peer teachers’ skill acquisi-
tion emphasizes the positive effect of allocating more 

Table 4 Quality assessment of included studies according to Newcastle-Ottawa Scale for cohort studies modified to didactic teaching 
studies

Author Selection
(max. 4 criteria)

Comparability
(max. 2 criteria)

Outcome 
(max. 3 criteria)

Fulfilled criteria

Ahn et al. [26] 4 - - 4

Ben-Sasson et al. [16] 4 2 1 6

Boivin et al. [6] 2 - 1 3

Celebi et al. [27] 3 2 1 6

Celebi et al. [3] 3 - 1 4

Celebi et al.[28] 4 1 1 6

Dickerson et al. [29] 1 - - 1

Eimer et al. [19] 1 - 1 3

Hari et al. [15] 4 - 1 5

Knobe et al. [30] 4 - 1 5

Kühl et al. [31] 3 2 1 6

Li et al. [32] 3 - 1 4

Miller et al. [5] 2 - - 2

Nourkami-Tutdibi et al. [7] 3 - 2 5

Nourkami-Tutdibi et al. [20] 2 - 1 3

Rong et al. [33] 3 - 1 4

Weimer et al. [17] 3 - 1 4

Weimer et al. [2] 3 2 1 6

Weimer et al. [34] 3 1 1 5

Yan et al. [35] 2 - 1 3

Category score 2.9 0.5 0.9
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resources to ultrasound education [26]. The final evalu-
ation of peer teachers predominantly leaned towards 
rather objective assessments than subjective evaluations 
as they offer a more standardized and impartial measure-
ment of the peer teachers’ competency.

Comparative effectiveness: benefits and limitations of peer 
teaching
Most studies comparing peer teaching with faculty-led 
courses revealed that peer-assisted learning was con-
sidered either comparable or even more effective. Peer 

Table 5 Newcastle-Ottawa Scale item evaluation of the included studies (n=20)

Cohort = medical students; exposed cohort = medical students taught by peer teacher; non-exposed cohort = medical students taught by faculty instructors

Selection
 1) Representativeness of the exposed cohort (medical students taught by peer teachers)
   a) truly representative of the average student in the community 20/20 (100 %)

  b) somewhat representative of the average student in the community 0/20 (0 %)

  c) selected group of students 0/20 (0 %)

  d) no description of the derivation of the cohort 0/20 (0 %)

 2) Selection of the non‑exposed cohort (medical students taught e.g. by faculty instructors)
  a) drawn from the same community as the exposed cohort 14/20 (70 %)

  b) drawn from a different source 0/20 (0 %)

  c) no description of the derivation of the non-exposed cohort 6/20 (0 %)

 3) Ascertainment of exposure (ensuring adequate content, practical, and didactic competence of peer teachers)
  a) ultrasound course led by peer teachers who were trained by internships 16/20 (80%)

  b) ultrasound course led by peer teachers who were trained by course 
concepts

  c) ultrasound course led by peer teachers who were trained by a different 
concept

0/20 (0 %)

  d) no description of peer teacher training 4/20 (20 %)

 4) Demonstration that outcome of interest (ultrasound skills of taught students) was not present at start of study
  a) yes, no prior ultrasound skills were obtained (e.g.  1st or  2nd year of medical 
school, survey on prior ultrasound experiences)

8/20 (40 %)

  b) no description of the presence or absence of any prior ultrasound skills 12/20 (60 %)

Comparability
 1) Comparability of cohorts on the basis of the design or analysis
  a) study controls for year of medical school/age 6/20 (39 %)

  b) study controls for sex

  c) randomized allocation of study participants 5/20 (25 %)

  d) no control for any factors/confounders 9/20 (45 %)

Outcome
 1) Assessment of outcome 
  a) objective practical skills evaluation of students taught by peer teachers/
faculty instructors (e.g. OSCE)

17/20 (85 %)

  b) objective theoretical skills evaluation of students taught by peer teachers/
faculty instructors (e.g. MCQ)

  c) subjective skills evaluation of students taught by peer teachers/faculty 
instructors (e.g. self-assessment)

3/20 (15 %)

  d) no description 0/20 (0 %)

 2) Follow‑up for long‑term outcomes
  a) yes 1/20 (5 %)

  b) no 19/20 (95 %)

 3) Adequacy of follow‑up of cohorts
  a) complete follow-up (all subjects accounted for) 0/20 (0 %)

  b) incomplete follow-up (subjects lost to follow-up unlikely to introduce bias 
(small number lost) or description provided of those lost)

0/20 (0 %)

  c) incomplete follow-up (subjects lost to follow-up likely to introduce bias 
or no description provided of those lost)

1/20 (5 %)

  d) no statement 19/20 (95 %)
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teachers can significantly improve practical ultrasound 
training by enabling low student-instructor ratios [6]. 
Given the high costs of employing ultrasound experts, 
peer teachers can offer a cost-effective opportunity to 
ensure practical ultrasound training without having to 
rely on the voluntary engagement of overburdened cli-
nicians. Furthermore, from a psychological perspective, 
the higher cognitive and social congruence between 
peer teachers and students promote a pleasant learning 
environment. Students may feel more comfortable ask-
ing questions and participating actively when instructed 
by peers [5, 15, 35]. Additionally, peer teachers are less 

susceptible to the “curse of knowledge”, a cognitive bias 
hindering effective knowledge transfer from experienced 
individuals to novice learners. According to this theory, a 
deeper understanding of certain issues can make it more 
difficult to explain concepts to new learners in a simple 
and understandable way, as deeper neurobiological con-
nections can lead to more complex perspectives to the 
respective topic than would be appropriate for begin-
ners [16, 37]. At this point, peer teachers can bridge this 
gap and enhance communication. Moreover, studies by 
Nourkami-Tutdibi et  al. and Weimer et  al. explored the 
long-term effects of peer-teaching, leading to sustained 

Table 6 Number and year of peer teachers and trained students in the context of the duration of the respective national medical 
curriculum

Study Country National duration of 
medical school

Peer teachers Trained student cohort

Number Year Number Year 

Ahn et al. [26] Canada 4 20 4th 310 1st-2nd

Ben‑Sasson et al. [16] Israel 6 4 3rd 44 1st

Boivin et al. [6] USA 4 n. sp. 3rd -4th 228 1st-2nd

Celebi et al. [27] Germany 6 44 3rd -5th n. sp. n. sp.

Celebi et al. [3] Germany 6 10-16 3rd -  4th n. sp. n. sp.

Celebi et al. [28] Germany 6 18 3rd -5th 75 5th

Hari et al. [15] Switzerland 6 16 4th -  6th n. sp. 3rd

Knobe et al. [30] Germany 6 3 4th 151 3rd-  4th

Miller et al. [5] USA 4 19 2nd 63 2nd-3rd

Nourkami‑Tutdibi et al. [7] Germany 6 4-6 3rd -  4th 40 3rd-6th

Nourkami‑Tutdibi et al. [20] Germany 6 30 n. sp. 75 n. sp.

Rong et al. [33] USA 4 11 4th 73 3rd

Weimer et al. [17] Germany 6 n. sp. n. sp. 888 3rd

Weimer et al. [2] Germany 6 n. sp. n. sp. 141 6th

Weimer et al. [34] Germany 6 6 4th -5th 97 3th-5th

Yan et al. [35] Canada 4 n. sp. n. sp. 23 2nd-3rd

Fig. 2 Didactic concepts used in the training of peer teachers
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improvements in ultrasound skills and knowledge [2, 7]. 
Nevertheless, peer-assisted learning also has its limita-
tions. According to Li et al. the superiority of peer teach-
ers over faculty experts with the level of prior knowledge 
of the students being taught depended on level of theo-
retical knowledge [32]. Nevertheless, both studies still 
concluded the practicality of peer teaching concepts. 
While peer-assisted learning offers a valuable approach 
for many ultrasound applications, it may reach its lim-
its for more complex examinations such as ocular ultra-
sound or echocardiography [26, 31]. In addition, results 
of Knobe et  al. indicate that peer-teaching concepts 
should be used primarily in clinical courses with pre-
existing anatomical knowledge [30]. This is also sup-
ported by a meta-analysis on peer-teaching in medical 
school by Brierley et  al., reporting significant improve-
ment in skills was only achieved through peer-teaching in 
randomized studies in clinical courses [38]. In addition, 
professional instructors appear to be more effective for 
teaching basic principles of ultrasound [38]. Further limi-
tations involve peer teachers’ less experience in teach-
ing and clinical practice resulting in less authority than 
expert tutors [33].

Personal benefits for peer tutors
Students who become peer teachers can gain valuable 
personal benefits [5, 26, 39]. Due to the intensive train-
ing, peer tutors gain a deeper understanding of ultra-
sound than fellow students [5]. In addition, many training 
programs also include didactic training to strengthen the 
students’ teaching skills. Although it is not part of the 
standard medical curriculum, the education of students 
and residents is increasingly seen as a core competency 
of every physician [19, 40]. When students volunteer 

as peer teachers, they acquire teaching skills earlier on 
that they can benefit from later in their careers. Besides 
increasing the students´ clinical and didactical compe-
tence, peer teaching also has the potential to improve 
their communication and leadership skills [39]. Further-
more, the formation of student initiatives in ultrasound 
teaching can also strengthen organizational and politi-
cal skills and create research opportunities for motivated 
students in ultrasound teaching [41]. The instruction of 
other students can strengthen peer tutors in their ability 
to reflect on their abilities and limitations – a quality that 
is essential for everyday clinical practice to refer patients 
to specialists outside their own expertise [42].

Future directions
Overall, peer teacher-led ultrasound courses offer a 
promising approach with both benefits and challenges. 
Nevertheless, it can be stated that the literature still 
lacks sufficient data to guide the training of ultrasound 
peer-student tutors. Furthermore, it should be noted 
that according to our modified version of the Newcas-
tle–Ottawa scale, approximately only half of the included 
studies can be classified as fair while remaining studies 
presented with poor study quality. Moreover, follow-up 
investigations to record long-term outcomes are lacking 
in most studies. Given the limited NOS scores, the num-
ber of studies in the field of peer-teacher-led ultrasound 
teaching is scarce and needs to be expanded. Future stud-
ies should demonstrate higher quality, particularly con-
cerning the items of comparability and follow-up studies.

Limitations
This review has certain limitations. In the course of lit-
erature searching, there is an inherent risk of missing 

Fig. 3 Comparison of performances and outcomes in courses led by peer teachers and faculty instructors Abbr.: PT: peer teacher, FI: faculty 
instructor
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relevant articles and incomplete retrieval of pertinent 
studies, potentially leading to their exclusion from the 
data synthesis. Given the dynamic nature of ongoing 
research, additional studies on peer teaching in under-
graduate ultrasound education may have been published 
after the completion of our literature search and before 
the publication of this paper. In addition, studies spe-
cific to osteopathic programs were not included, which 
could affect the generalizability of findings. Due to the 
inconsistent study designs and multidisciplinary nature 
of the studies, the teaching concepts examined can only 
be compared and translated to each other to a limited 
extent. Despite these limitations, our systematic review 
provides a comprehensive overview of the available evi-
dence, offering valuable insights into the role of peer 
teaching in this educational context.

Conclusion
This review underscores the prevalent utilization of 
peer teaching as a solution to resource constraints and 
educational gaps. Most studies that compared student 
and postgraduate teachers considered peer teachers 
equivalent to expert-led courses. This finding empha-
sizes the efficacy and acceptance of peer teaching in 
ultrasound education. Peer-assisted learning enhances 
both peer teachers’ and learners’ academic knowledge, 
hands-on skills, and interpersonal competencies such 
as communication and confidence, which are appli-
cable in future clinical situations [5, 19, 35]. Never-
theless, further investigation of training programs to 
prepare students for the role as ultrasound teachers is 
needed. Moving forward, concerted effort is required 
to address gaps in the literature, refine training meth-
odologies, and establish standardized practices, ensur-
ing the continued integration and effectiveness of peer 
teaching in ultrasound education. Key elements for 
potential standards could include a structured curricu-
lum that outlines core content areas such as ultrasound 
physics, anatomy, and practical scanning techniques. 
Additionally, establishing minimum training hours and 
providing competency-based assessments to evaluate 
both theoretical knowledge and practical skills could 
enhance the quality of peer teacher preparation. Finally, 
implementing standardized assessment methods, 
would ensure that peer tutors are equipped with the 
necessary expertise and confidence to lead ultrasound 
training. Future research should also explore optimal 
peer tutor-to-student ratios to balance engagement 
and effectiveness, the long-term retention of skills 
taught through peer-led training, and the comparative 
impact of different teaching modalities. Investigating 

these areas could help refine peer teaching methodolo-
gies and broaden the spectrum of available programs, 
accommodating different learning preferences and 
institutional resources. Addressing these aspects will 
strengthen the integration of peer teaching in ultra-
sound education, enhancing its sustainability and 
impact across medical training programs.

Appendix

Table 7 Newcastle-Ottawa scale for cohort studies modified to 
didactic teaching studies

Selection 1) Representativeness of the exposed cohort (medi‑
cal students taught by peer teachers)
a) truly representative of the average student 
in the community

b) somewhat representative of the average student 
in the community

c) selected group of students

d) no description of the derivation of the cohort

2) Selection of the non‑exposed cohort (medical 
students taught e.g. by faculty instructors)
a) drawn from the same community as the exposed 
cohort

b) drawn from a different source

c) no description of the derivation of the non-exposed 
cohort

3) Ascertainment of exposure (ensuring adequate 
content, practical, and didactic competence of peer 
teachers)
a) ultrasound course led by peer teachers 
who were trained by internships

b) ultrasound course led by peer teachers who were 
trained by course concepts

c) ultrasound course led by peer teachers who were 
trained by a different concept

d) no description of peer teacher training

4) Demonstration that outcome of interest (ultra‑
sound skills of taught students) was not present at 
start of study
a) yes, no prior ultrasound skills were obtained (e.g. 
 1st or  2nd year of medical school, survey on prior ultra-
sound experiences)

b) no description of the presence or absence of any 
prior ultrasound skills

Comparability 1) Comparability of cohorts on the basis of the 
design or analysis

a) study controls for year of medical school/age

b) study controls for sex

c) randomized allocation of study participants

d) no control for any factors/confounders
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Outcome 1) Assessment of outcome 
a) objective practical skills evaluation of students 
taught by peer teachers/faculty instructors (e.g. 
OSCE)

b) objective theoretical skills evaluation of students 
taught by peer teachers/faculty instructors (e.g. MCQ)

c) subjective skills evaluation of students taught 
by peer teachers/faculty instructors (e.g. self-assess-
ment)

d) no description

2) Follow‑up for long term outcomes

a) yes

b) no

3) Adequacy of follow‑up of cohorts

a) complete follow-up (all subjects accounted for)

b) incomplete follow-up (subjects lost to follow-
up unlikely to introduce bias (small number lost) 
or description provided of those lost)

c) incomplete follow-up (subjects lost to follow-up 
likely to introduce bias or no description provided 
of those lost)

d) no statement

A study can be scored a maximum of one star for each numbered item within 
the Selection and Exposure categories. A maximum of two stars can be given for 
Comparability

cohort = medical students; exposed cohort = medical students taught by 
peer teacher; non-exposed cohort = medical students taught e.g. by faculty 
instructors

Table 8 Scoring algorithm of Newcastle-Ottawa scale for cohort 
studies modified to didactic teaching studies

Quality rating Category Total 
fulfilled 
criteriaSelection Comparability Outcome

Good ≥3 ≥2 ≥2 ≤4

Fair 2 ≥1 ≥2 5-6

Poor 0-1 0 0-1 ≥7
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