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ABSTRACT

Background: Point-of-care ultrasound (POCUS) training programs are increasingly implemented in low- and 

middle-income countries (LMICs) to strengthen diagnostic capacity. Qualitative and sustainable implementation of 

POCUS capacity requires evaluation of training concepts and programs. In this review we collate approaches of 

how POCUS training programs and trainee competencies are evaluated in LMICs using Donabedian’s structure–

process–outcome model and Miller/De Biasio’s framework of clinical competence.

Methods: This review presents a secondary analysis of data from a previous systematic scoping review that 

included 53 original studies on POCUS training in LMICs, identified through July 2023. Reported evaluation 

methods for POCUS training were extracted and categorized according to the Donabedian (structure- 

process-outcomes) and Miller/De Biasio (“Knows”, “Knows How”, “Shows How”, “Does”) frameworks. Data synthesis 

focused on the type, timing, and scope of evaluation across structural, procedural, and outcome domains.

Results: POCUS training evaluation approaches were highly heterogeneous, with most studies using multiple 

methods. Pre- and post-course assessments predominated, focusing mainly on knowledge and technical skills. 

Competence evaluations covered all levels of the Miller/De Biasio framework, though most targeted lower-order 

levels (“Knows,” “Knows How”), while workplace-based (“Does”) assessments were infrequent. When mapped 
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Introduction

In low-resource settings, point-of-care ultrasound 
(POCUS) has increasingly been recognized as a valu-
able diagnostic modality across clinical disciplines  
(1-7). Its portability, affordability, and diagnostic 
yield make it particularly suited for use in low- and 
middle-income countries (LMICs), where conven-
tional imaging is often unavailable (8-10). Beyond its 
technical utility, POCUS also holds promise for task 
redistribution within overstretched health systems (6). 
However, successful integration depends on the avail-
ability of context-specific training strategies, adapt-
able to local constraints and tailored to diverse user 
backgrounds (6, 9, 11, 12). Existing POCUS training 
initiatives in LMICs remain highly heterogeneous in 
terms of target groups, content, structure, and delivery  
models (13).

Ensuring that POCUS training reliably trans-
lates into both diagnostic competence and long-term 
clinical application is essential, not only to support safe 
patient care but also to inform sustainable investment 
in ultrasound programs (14). Training evaluation is 
therefore a critical step in both quality assurance and 
program development.

In medical education, numerous conceptual 
frameworks have been developed to guide the evalua-
tion of training programs. Most of these emphasize the 
assessment of learners’ competence following training 
(15), among them Miller’s pyramid of clinical compe-
tence (16) and Moore’s expanded outcomes framework 

(17). Other approaches, such as Kirkpatrick’s model, 
additionally focus on learner satisfaction (18, 19). The 
Donabedian structure–process–outcome model, origi-
nally devised for quality assurance in industry and later 
adapted to healthcare evaluation, has been applied to 
assess structural and contextual aspects of educational 
programs (20-23). Together, these frameworks provide 
a structured basis for evaluating training design, im-
plementation processes, and outcomes, ranging from 
individual competence to changes in clinical perfor-
mance and patient care.

While such models are well-established in ed-
ucational literature, their application to POCUS 
training programs in LMICs remains inconsistent. A 
recent adaptation of Miller’s framework by De Biasio 
et al. specifically contextualizes the levels of clinical 
competence for POCUS, offering a structured ap-
proach to assess POCUS-related knowledge, skills, 
and performance (24). Nonetheless, a wide range of 
evaluation strategies continues to be employed, rang-
ing from written knowledge tests and image inter-
pretation to clinical performance assessments and 
follow-up surveys (14, 24-30). However, there is no 
consensus on how best to evaluate the quality and 
sustainability of POCUS training in low-resource 
settings.

This scoping review collates concepts and meth-
ods used to evaluate POCUS training in LMICs and 
provides a descriptive conceptual mapping of applied 
tools, intended to guide comprehensive and standard-
ized development of program evaluation strategies.

to Donabedian’s model, outcome evaluations dominated, whereas structural and process assessments were in-

consistently reported. Few studies demonstrated contextual adaptation, validity testing, or long-term evaluation of 

training outcomes.

Conclusions: POCUS training evaluation in LMICs remains inconsistent and focuses primarily on short-term 

outcomes and basic competency levels. Applying Donabedian’s and Miller/De Biasio’s frameworks reveals critical 

evaluation deficiencies across system and learner dimensions and establishes a conceptual basis for more com-

prehensive and sustainable POCUS evaluation strategies.

Key words: Point of care ultrasound, POCUS, training, training evaluation, medical education
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Methods

This systematic scoping review followed the 
PRISMA Extension for Scoping Reviews (PRISMA-
ScR) guidelines (31), the JBI Manual for Evidence 
Synthesis (32), and updated methodological guid-
ance for scoping reviews (33). The protocol was regis-
tered on the Open Science Framework (OSF) (DOI: 
10.17605/OSF.IO/8FQJW). A previous publication 
from this literature review described training concepts 
for POCUS in LMICs (13). The present analysis fo-
cuses on how these training programs were evaluated, 
examining methods used to assess outcomes, quality, 
sustainability, and scalability.

Detailed methodology, including database search, 
eligibility criteria, and study appraisal, has been re-
ported elsewhere (13). Briefly, a systematic search of 
Medline, Embase, Cochrane, and Google Scholar was 
conducted on December 8, 2022, and updated on July 
6, 2023, using terms related to POCUS, training, and 
LMICs (based on the 2022 World Bank classification 
(34)). Studies were included if they reported original 
data on evaluation of POCUS training in LMICs. 
Screening was performed independently by two re-
viewers, with disagreements resolved through discus-
sion with two additional reviewers. In the original 
scoping review, data extraction already explicitly in-
cluded information on training evaluation approaches 
and challenges, which was verified by a second reviewer, 
and summarized descriptively in Microsoft Excel (Sup-
plement Figure S1 Prisma Flowchart). Although these 
evaluation data were collected during the initial review, 
they were intentionally not analysed or reported in the 
first publication to avoid overextension of scope. These 
data were then systematically mapped to Donabedian’s  
structure–process–outcome framework and, for  
outcome-related assessments, to the levels of Miller’s/
De Biasio’s competence framework. Where additional 
clarification or contextual detail was required (e.g. needs 
assessment or ambiguous reporting), targeted verifica-
tion and supplementary extraction were undertaken 
by revisiting the original full texts to ensure accuracy. 
Categorization followed predefined operational defini-
tions (Supplement Table S2) and was reviewed within 
the author team to ensure conceptual consistency and 
agreement on framework alignment.

Methodological quality was appraised using a 
five-item tool developed for this review and based on 
previously published instruments (13, 35, 36).

Because this study analyzed publicly available lit-
erature, ethical approval was not required.

Conceptual frameworks for mapping 
evaluation methods

To address the complex context of POCUS 
training in LMICs and to enable a structured catego-
rization of the heterogeneous evaluation methods re-
ported, we applied the Donabedian (20-22) and the 
Miller (16) framework, two established approaches in 
medical education previously adapted by Gullick et al. 
(23) and De Biasio et al. (24), respectively. These mod-
els were selected for their complementary perspectives: 
Donabedian provides a systems-level view of training 
quality, whereas Miller/De Biasio allow structured 
classification of outcome assessments by competence 
level.

Donabedian’s structure–process–outcome model, 
originally developed to evaluate healthcare quality, dis-
tinguishes between structural conditions, procedural 
activities, and resulting outcomes (20-22). Following 
its adaptation to medical education by Gullick et al. 
(23) this framework was used to organize the evalu-
ation of POCUS training programs. In this context 
structure referred to training prerequisites and re-
sources, including infrastructure, course organization, 
local clinical needs, and trainees’ prior skills. Process 
encompassed the conduct of training, such as instruc-
tional methods, attendance, and trainer–trainee in-
teraction. Outcome described the effects of training, 
including acquired POCUS competence, integration 
into clinical practice, and user confidence (Figure 1a).

To further differentiate the outcome domain, we 
applied Miller’s framework of clinical competence 
(16), as adapted for POCUS by De Biasio et al. (24). 
This model conceptualizes outcome evaluation as 
progressive levels of competence development, from 
foundational knowledge to independent clinical per-
formance. Level 1 (“Knows”) and Level 2 (“Knows 
How”) assess theoretical and applied understanding 
through written or image-based tests. Level 3 (“Shows 
How”) evaluates technical skills in simulated settings, 
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Input/Structure evaluations

Across the included studies, structural fac-
tors were most often evaluated through pre-training 
knowledge tests, surveys, and documentation of train-
ing conditions. Nearly half of the studies used pre-
training knowledge tests (n=23, 43%) (41, 44, 45, 47, 
50, 59-62, 65-68, 75-77, 81, 82, 84-87, 89), while a 
smaller proportion conducted formal needs assess-
ments (n=12, 23%) (41, 44, 50, 52, 55, 60, 79, 80, 82, 
83, 86, 88) or surveys (n=6, 11%) (45, 63, 67, 79, 80, 
83) to capture trainees’ prior ultrasound experience, 
expectations and local clinical needs. Qualitative in-
terviews were rarely applied (n=3, 6%) (74, 83, 84) but 
provided additional insights into training conditions 
and infrastructure. All studies included at least mini-
mal descriptions of training conditions and contextual 
factors. We conceptualized these collectively as train-
ing logs; however, these were not standardized evalu-
ation tools but largely narrative or program-specific 
records documenting local clinical context and avail-
able resources, participation and implementation con-
ditions and highlight the heterogeneity of settings in 
which POCUS training was delivered. An overview of 
the applied methods, frequencies, and corresponding 
studies is presented in Table 1.

Process evaluation

Across the included studies, process factors were 
mainly assessed through training logs, post-course sur-
veys, and qualitative interviews. Post-course surveys 
were used in approximately one-third of studies (n=18, 
34%) (39, 44, 45, 52, 55, 57, 58, 61-63, 67, 71, 75, 76, 
80, 83, 85, 86) to obtain feedback on training delivery 
and teaching quality, whereas qualitative interviews 
were less common (n=3, 6%) (74, 83, 84). Training logs 
were reported by all studies in variable detail, including 
information on course duration, attendance, and curric-
ulum adjustments, reflecting diverse approaches to pro-
cess evaluation. Details on applied methods and their 
frequencies are summarized in Figure 1b and Table 2.

Outcome evaluation

Outcome evaluations primarily focused on assess-
ing training effects and subsequent healthcare impacts, 

such as hands-on or Objective Structured Clinical Ex-
amination (OSCE)-style assessments, while Level 4 
(“Does”) reflects integration of POCUS into clinical 
practice, evaluated through workplace-based assess-
ments. In addition, we included an “other competence 
assessments” category to capture broader training ef-
fects or contextual factors (such as learners’ confidence, 
perceived utility, or frequency of POCUS use) that 
were not represented within the original Miller/De 
Biasio framework (Figure 2a).

This review provides a descriptive inventory and 
conceptual mapping of evaluation and assessment 
approaches applied in LMIC POCUS training pro-
grammes. Owing to substantial heterogeneity, no 
comparative effectiveness or inferential analyses were 
undertaken.

Results

As previously described in our earlier scoping 
review on POCUS training in LMICs (13), the da-
tabase search identified 357 unique records, of which 
174 underwent full-text review and 53 met inclusion 
criteria for the present analysis (37-89) (Supplement 
Figure S1 Prisma Flowchart). Details on the search 
strategy, inclusion criteria, and methodological quality 
of included studies have been reported elsewhere (13).

Training evaluation

Across the 53 included publications, we identi-
fied a total of 232 individual training assessments. A 
wide range of methods was used to evaluate POCUS 
training, with most studies employing multiple tools 
in combination (Table 1). The median number of as-
sessment methods per study was four with a range 
from two to nine assessments per publication. Pre- 
and post-course evaluations were commonly applied 
to capture changes in knowledge, skills, and clinical 
performance. Competence assessments were reported 
across all levels of Miller and De Biasio’s framework. 
We subsequently mapped the identified evaluation 
methods to the Donabedian framework (22) to dis-
tinguish structure, process, and outcome assessments 
(Figure 1b, Table 2).
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including changes in POCUS competence, frequency 
of use, and influence on clinical management. Across 
the included studies, outcome measures were assessed 
through competence evaluations, ultrasound case logs, 
surveys, and qualitative interviews, with many studies 
combining multiple methods to capture a broader pic-
ture of training impact. Additional outcomes included 
assessment of post-training confidence, the number of 
ultrasound examinations performed, and self-reported 
practice integration. Long-term retention was evalu-
ated in five studies (9.4%) using follow-up OSCEs 
alone (74, 79, 80) or in combination with written 
knowledge assessments (45, 53).

Competence assessments

We mapped competence assessments along Miller 
and De Biasio’s framework, reflecting progressive lev-
els of POCUS proficiency. We identified a total of 167 
individual competence assessments across the included 
studies, representing a broad range of approaches from 
written knowledge tests to workplace-based perfor-
mance evaluations.

Level 1/2 – “Knows / Knows How”: We identi-
fied a total of 53 knowledge assessments, representing 
the highest evaluation level in 4 studies (8%) (59, 66, 
84, 89). Written tests and case-based or image-based 
questions were used to evaluate theoretical and applied 
understanding.

Level 3 – “Shows How”: These evaluations were 
conducted 46 times and constituted the highest level 
in 22 studies (42%) (40, 44, 45, 47, 53, 55, 60, 62-64, 
67, 73-77, 80, 81, 83, 85-87). Assessments included 
OSCEs, expert image-quality reviews, and tracking of 
examination times to monitor proficiency gains.

Level 4 – “Does”: Was reported 24 times and 
served as the highest level in 17 studies (32%) (38, 41-
43, 46, 48-51, 56, 61, 65, 68, 69, 79, 82, 88). Methods 
comprised expert review of post-course POCUS in-
terpretations, validation of ultrasound findings against 
clinical outcomes (e.g. post-delivery of newborn), 
inter-operator agreement testing, proctored scans, 
and documentation of management changes following 
POCUS use.

Other outcome measures were evaluated 45 times 
and represented the primary outcome in 10 studies 

(19%) (37, 39, 52, 54, 57, 58, 70-72, 78). These en-
compassed follow-up surveys, ultrasound case logs, 
qualitative interviews, and needs assessments address-
ing confidence, frequency of POCUS use, and broader 
contextual effects.

We present a summary of competence assess-
ments and their frequencies across framework levels in 
Table 3 and Figure 2b.

Evaluation challenges

Challenges related to training evaluation were re-
ported in 27 studies (51%). The most common issues 
concerned incomplete data such as trainee dropout, low 
survey return rates, and data loss, followed by technical 
difficulties (internet instability, power outages, equip-
ment malfunction) and methodological limitations, 
including lack of baseline OSCEs, language barriers, 
and absence of gold-standard comparators. Nearly 
half of the studies (n=26, 49%) reported no evaluation 
challenges (37, 41, 46, 47, 49, 51, 54, 55, 59-62, 65-70, 
72-74, 77, 82, 84, 86, 88) (Table 4).

Discussion

In this systematic scoping review, we provide a 
structured overview of how POCUS training has been 
evaluated in LMICs. As training programs expand, 
systematic evaluation becomes increasingly important 
to ensure that educational objectives translate into 
competence, clinical performance, and improved care. 
Despite the recognized value of POCUS in resource-
limited settings, evaluation efforts have not kept pace 
with program growth.

Across 53 studies, evaluation approaches were 
highly heterogeneous and largely outcome- and short 
time focused, with limited attention to the structural 
and procedural factors that influence training effec-
tiveness. Most assessments targeted lower levels of 
Miller’s framework, while evaluations of skill demon-
stration or workplace performance were far less com-
mon. This predominant focus on short-term outcomes 
reflects broader trends in POCUS education literature 
(14, 25, 27-29, 90, 91) but contrasts with established 
quality assurance frameworks such as Donabedian’s, 
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Table 4. Evaluation challenges.

Category Challenge Detail
No (%) of 
publications References

Additional details or 
commentary

Incomplete data Limited trainee attendance to 
evaluation

4 (8%) (45, 50, 64, 75)

Loss to follow up 2 (4%) (45, 80)

Trainee dropout 5 (9%) (40, 48, 50, 78, 79)

Low response rates (Survey) 5 (9%) (56, 57, 63, 71, 80) “50% return rate” (71)

Delayed data transfer 1 (2%) (83)

Delayed data collection 1 (2%) (40) It took 6  weeks after the initial 
session to get the ultra-sound 
logs to all the machines and 
have consistent recording of the 
examinations (40)

Loss of data 7 (13%) (38, 40, 42, 43, 53, 
71, 79)

5 POCUS studies lost in 
transmission (38)

Technical 
challenges

Internet connectivity 
Power outages

4 (8%) (50, 52, 81, 83) Hampered proper conduct of 
evaluation

Ultrasound machine breakdown 1 (2%) (50)

High cost 3 (6%) (52, 79, 83) Related to machine maintenance, 
image archiving, as well as data 
transfer and internet

Methodological 
constraints

Changes in evaluation 
methodology necessary due to 
high failure rate

1 (2%) (44) Initially closed book pre-training 
test - 50% pass mark to high 
--> changed to open book pre-
training with unlimited trials and 
pass mark 90%

High failure rate 2 (4%) (89) (44) “3 trainees had worse results in the 
post training test compared to pre 
training” (89)

No pre-course OSCE 2 (4%) (76, 87) No baseline; change not 
measurable

Language barriers 4 (8%) (40, 43, 50, 85)

Inadequate evaluation methods 3 (6%) (39, 40, 58) No OSCE/clinical competence 
evaluation planned 

Lack of gold standard 
diagnostics

2 (4%) (38, 42) E.g. no chest x-ray available 

No challenge 
reported

No evaluation challenge 
reported

26 (49%) (37, 41, 46, 47, 49, 
51, 54, 55, 59-62,  
65-70, 72-74, 77, 82, 
84, 86, 88)

Table 4 Evaluation challenges: This table presents challenges related to the evaluation of POCUS training, as reported in the included publications. The first 
column indicates the overarching category of each challenge (e.g. incomplete data, technical challenges, methodological constraints, or no challenges reported). The 
second column lists the challenges as reported by the study authors. The third column shows the number of publications addressing each challenge, with correspond-
ing percentages. The fourth column provides references. The final column offers additional details or commentary to further contextualize the reported challenges.
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which emphasize the interdependence of structure, 
process, and outcome in achieving sustainable training 
quality (22, 23).

System-level evaluation gaps

From a systems perspective, structural and pro-
cess evaluations were inconsistently reported. Most 
studies included basic details such as course duration, 
setting, and available equipment, but few performed 
formal needs assessments and systematically assessed 
structural readiness, including trainer availability, 
equipment maintenance, or alignment with local dis-
ease profiles. Likewise, process evaluation was rarely 
formalized: although all studies used some form of 
training log, only one-third incorporated post-course 
surveys or qualitative interviews. Consequently the 
majority of studies provided limited insight into teach-
ing quality and implementation challenges. Programs 
that lack structured input and process data produce 
outcome findings that are difficult to interpret or 
replicate. Consistent documentation of context and 
delivery quality is therefore essential for meaningful 
comparison and adaptation across settings. Applying 
Donabedian’s framework underscores that sustain-
able POCUS capacity building depends not only on 
producing competent trainees but also on ensuring 
adequate infrastructure, supportive training processes, 
and follow-up mechanisms that evaluate and maintain 
performance over time.

Competence evaluation and emerging 
practices

Mapping the reported assessments along Miller’s 
framework, as adapted for POCUS by De Biasio et 
al. revealed a strong concentration at the lower com-
petence levels. Most programs assessed theoretical 
knowledge and applied understanding (Levels 1 and 2: 
“Knows” / “Knows How”) using written tests or patient 
vignettes, often in pre-/post-training design. While 
such assessments demonstrate measurable cognitive 
gain, they offer limited insight into procedural skill or 
clinical translation. Consistent with broader POCUS 
education literature (14, 28), this gap between knowl-
edge acquisition and practical competence remains a 

key challenge in training evaluation. Several studies 
further highlighted language-related bias and limited 
contextual adaptation (40, 43, 50, 85), underscoring 
the need for culturally and linguistically appropriate 
assessment tools.

Evaluations at the “Shows How” level were less 
frequent but provide essential insight into hands-on 
and interpretive skills in non-clinical settings. These 
methods are recognized as key components of struc-
tured POCUS assessment frameworks (14, 24, 25, 27, 
30) yet remain difficult to implement in low-resource 
contexts due to supervision constraints. Some innova-
tive strategies, including remote image quality review 
often combined with timely tele-mentoring and struc-
tured interpretation feedback, represent feasible al-
ternatives to strengthen skill verification and sustain 
learning even under resource limitations.

The “Does” level, reflecting autonomous per-
formance in clinical practice, was reported in ap-
proximately 1/3 of studies (32%), and was primarily 
assessed through expert POCUS interpretation re-
view, inter-operator agreement testing, or proctored 
ultrasound scans thereby indicating that real-world 
performance evaluation is increasingly feasible even in 
resource-limited settings. These workplace-based as-
sessments best capture real-world performance and are 
increasingly emphasized in competency-based medi-
cal education (28-30, 91). At this level, several innova-
tive approaches were identified that serve as pragmatic 
proxies for assessing clinical impact, including post-
delivery validation of obstetric POCUS findings (82), 
documentation of POCUS-induced changes in clini-
cal management (56, 69) and remote tele-mentoring.

An additional category, “Other outcome assess-
ments,” captured behavioral and contextual effects of 
training that extend beyond technical competence, 
such as learners’ confidence, frequency of POCUS use, 
and perceived clinical utility. These measures comple-
ment competence evaluations by reflecting behavioral 
change and clinical integration. While a few recent tools 
developed in high-income settings have attempted to 
incorporate such elements (92), their applicability in 
LMIC contexts remains to be demonstrated.

Overall, competence assessments clustered at the 
lower tiers of Miller’s pyramid, emphasizing short-
term learning rather than long-term performance. 
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Consistent with recommendations by Damewood  
et al. (26) and Kumar et al. (28), most programs em-
ployed multiple complementary tools rather than a 
single assessment method suggesting that multimodal 
approaches may strengthen validity of training outcomes.

Integrating system- and learner-level 
perspectives

To align evaluation strategies with intended out-
comes, evaluators should first define what is being as-
sessed: training context, implementation processes, or 
learner outcomes. By combining Donabedian’s and 
Miller’s frameworks we were able to achieve a multi-
layered understanding of training quality by linking 
system-level prerequisites and educational delivery 
with learner competence and clinical application. Pro-
grams that assess both contextual and learner dimen-
sions yield a more comprehensive view of training 
effectiveness and sustainability. This integrated logic 
can help guide the selection of appropriate evaluation 
methods and foster more coherent, theory-informed 
evaluation design. Conversely, when structural and 
process data are missing, outcome findings remain dif-
ficult to interpret or reproduce.

Evaluation challenges

Evaluation challenges were reported in roughly 
half of the included studies, most commonly related 
to incomplete or missing data, technical limitations, 
and methodological constraints. Low survey response 
rates, data loss, unstable internet connectivity, and par-
ticipant dropout frequently affected evaluation qual-
ity. Strengthening methodological planning and use of 
streamlined digital tools could help mitigate these re-
curring barriers. Sparse data on long-term competence 
retention and workplace integration further highlight 
persistent challenges in evaluating sustained POCUS 
training outcomes in LMICs.

Limitations

This scoping review has several limitations that 
should be considered when interpreting its find-
ings. The heterogeneity of study designs, report-
ing quality, and evaluation terminology inherently 

limits comparability and restricts the extent to which 
broader generalisations can be made. Moreover, the 
available evidence is unevenly distributed across set-
tings and program types, which likely introduces  
contextual bias.

Most studies originated from tertiary or academic 
centers, which may limit generalizability to peripheral 
or primary care settings where POCUS could have 
the greatest impact. This contextual bias suggests that 
many programs operated within established institu-
tional structures, while data from less-resourced en-
vironments, where systematic evaluation is even more 
challenging, remain scarce.

Framework-based mapping inherently involves 
interpretation. To minimize bias, evaluation meth-
ods were independently extracted by two reviewers, 
while categorization according to predefined opera-
tional definitions was conducted by one reviewer and 
reviewed within the author team for consistency. Al-
though appropriate for a scoping review, heterogene-
ous terminology and inconsistent reporting limited 
comparability across studies.

In addition, a temporal limitation must be ac-
knowledged. The literature search was completed in 
July 2023. Since then, POCUS education has con-
tinued to evolve, particularly with the emergence of 
AI-assisted guidance and automated feedback tools. 
While recent literature increasingly discusses these in-
novations as educational supports (93-95), we did not 
identify evidence that they are currently being used 
as structured, validated evaluation methods in LMIC 
POCUS training contexts. Nevertheless, early work – 
including evidence from other imaging domains and 
POCUS-related pilot studies – suggests that AI may 
be particularly promising for automated image quality 
review (96, 97). Coupled with survey data indicating 
openness to AI-assisted tools among obstetric provid-
ers (98), this suggests growing acceptance and future 
feasibility. Future work is needed to explore whether 
and how such technologies may be integrated into for-
mal assessment frameworks.

Recognising these limitations is essential, as they 
reflect both the realities under which many LMIC 
POCUS programs operate and the urgent need for 
more standardised, transparent, and methodologically 
robust approaches to evaluation.
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validating context-adapted evaluation frameworks will 
be essential to enhance comparability across studies 
and to build an evidence base for sustainable, high-
quality POCUS training programs in resource-limited 
healthcare systems.

Building on these implications and in response 
to the observed fragmentation and inconsistency of 
current evaluation practices, we propose a set of core 
reporting domains for POCUS training programs in 
LMICs. Derived from the combined findings of this 
scoping review and our previously published review 
on POCUS training concepts in LMICs (13) and in-
formed by Donabedian’s structure-process-outcome 
framework, these domains outline a small set of essential 
elements that should be assessed and reported at a min-
imum: (1) trainee characteristics; (2) training context; 
(3) curriculum and training design; (4) intended evalu-
ation focus and target competence level; (5) documen-
tation of implementation and process; and (6) timing 
and type of outcome assessment performed (Table 5).  

Implications for future POCUS training 
evaluation

Comprehensive evaluation of POCUS train-
ing should address three dimensions: (1) structured 
documentation of training prerequisites and context, 
(2) transparent monitoring of instructional processes, 
and (3) longitudinal outcome assessment extending 
beyond immediate post-course testing. The mapping 
presented here provides practical orientation for se-
lecting appropriate methods within these domains but 
does not establish which approaches are most valid or 
feasible for each purpose. Further research is needed 
to determine which evaluation methods best capture 
training effectiveness, competence acquisition, and 
sustained clinical integration under varying LMIC 
conditions. Feasible approaches such as workplace-
based evaluations, tele-supervision, and remote image 
review could enable higher-level competence assess-
ment, provided that reliable mentorship and feedback 
systems are established. Ultimately, developing and 

Table 5. Proposed core reporting domains for POCUS training evaluation in LMICs.

Proposed reporting domain Proposed key reporting items Item description

Trainee characteristics
Determines starting competence level 
for interpretability of assessments

Number of trainees Number of applicants and trainees enrolled in and starting 
the training program

Trainees’ profession and 
experience

Professional background of trainees (e.g. clinical officer, 
midwife, nurse, medical student, physician), preferably 
stratified by level of training or specialization, years of 
clinical practice and local clinical role

Baseline POCUS experience Prior exposure to POCUS, including previous training and 
clinical use

Training context
Enables contextualization and 
assessment of appropriateness, 
feasibility and scalability

Local setting and needs:
a.	 care setting
b.	 clinical scope
c.	 assessed needs 

a.	 Clinical level and context in which the POCUS training 
is delivered (e.g. primary, secondary, tertiary care; urban 
or rural setting)

b.	 Clinical domains and intended applications of POCUS 
relevant to the local practice setting

c.	 Whether and how local needs, gaps, or baseline 
competencies were assessed to inform training design and 
content

Training capacity:
a.	 trainer qualification
b.	 trainer-trainee ratio
c.	 no. and type of devices
d.	 training models

a.	 Professional background, clinical expertise, and POCUS-
related training of instructors involved in the programme

b.	 Number of trainees per instructor during training 
activities

c.	 Availability and characteristics of ultrasound devices used 
for training (e.g. number, portability, functionality)

d.	 Types of models used for training, such as simulators, 
healthy volunteers, or patients with relevant pathology

(Continued)
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Proposed reporting domain Proposed key reporting items Item description

Curriculum and training design
Core determinant of learning 
exposure and competence development

Content scope Range of POCUS topics, protocols, and applications covered 
by the training program

Instructional approach Teaching methods used and share of practical hands-on 
training versus didactic instruction

Training duration Total instructional time allocated to the training program, 
preferably stratified by instructional components (e.g. didactic 
sessions, hands-on practice)

Training format Overall structure of the training program, distinguishing 
between single-session courses and longitudinal training formats

Intended evaluation focus & target 
competence level
Clarifies evaluation intent and 
alignment between training goals 
and assessment

Purpose of evaluation Primary focus of the evaluation (e.g. POCUS protocols, 
training approach, trainee satisfaction, or trainee competence)

Intended trainee competence 
level post training (according to 
Miller/De Biasio (24))

Target level of competence the training program aims to 
achieve according to the Miller/De Biasio framework

Implementation & process
Distinguishes monitoring of 
implementation from descriptive 
context reporting

Delivery fidelity Extent to which the training was delivered as originally 
planned

Trainee attendance Overall attendance, dropout rates, relevant lack of attendance 
including reasons

Deviations from planned training 
delivery

Documented changes to the planned curriculum, timing, 
instructional methods, or evaluation approach during 
implementation

Trainee & trainer responsiveness Level of engagement and participation during training, 
including trainer accessibility and adaptation to learners’ 
needs

Process documentation tools Type of tools used to document training delivery and 
implementation processes (standardised instruments vs. 
narrative “training logs”)

Timing & type of outcome 
assessment performed
Differentiates intended from 
measured competence and addresses 
retention and transfer

Assessment methods applied Types of assessment instruments used (Table 2, Table 3)

Competence levels assessed Levels of competence evaluated according to the Miller/De 
Biasio framework (24) (Figure 2, Table 3)

Timing of assessment Time points at which assessments were conducted (immediate 
post-training vs. longitudinal follow-up)

Evaluation attendance Proportion or number of trainees who participated in the 
evaluation activities

Evaluation results Summary of reported evaluation outcomes, including pass/fail 
decisions and deltas between pre-/post-course levels

Table 5 Proposed core reporting domains for POCUS training evaluation in LMICs: This table presents proposed reporting domains for the evaluation of 
point-of-care ultrasound (POCUS) training programmes in low- and middle-income countries (LMICs). The table lists reporting domains, corresponding key 
reporting items, and brief item descriptions derived from synthesis of two scoping reviews. Domains are organized into six reporting areas and ordered to reflect a 
structure–process–outcome logic informed by Donabedian’s framework. The proposed domains are intended to support transparent description and interpretation of 
training context, implementation, evaluation focus, and assessment practices, rather than to define prescriptive reporting standards or consensus-based guidelines.

These domains represent an evidence-informed, non- 
prescriptive starting point and will require further 
validation through consensus-based approaches, 
ideally involving LMIC stakeholders and relevant 
organisations.

Conclusion

POCUS training evaluation in LMICs remains 
fragmented and dominated by short-term, lower-level 
outcomes. Mapping current practices revealed key 
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methodological gaps - limited structural and process 
evaluation, short-term outcome focus, and inconsist-
ent use of validated tools - and underscored the need 
for structured, theory-informed approaches. Building 
on insights from this and our prior review, we pro-
pose a preliminary, evidence-informed Set of Core 
Reporting Domains for POCUS training programs 
in LMICs as a pragmatic starting point to improve 
transparency and comparability across future studies. 
Further consensus-based work will be required to re-
fine and validate such approaches and to strengthen 
the evidence base for sustainable POCUS training and 
its contribution to improved patient care.

Abbreviations

POCUS: point of care ultrasound
LMICs: Low- and middle-income countries
OSF: Open Science Framework
OSCE: Objective Structured Clinical Examination

Ethics Approval and Consent to Participate: As published 
and publicly available literature forms the basis of the review, 
ethical approval was not required for this investigation.

Consent for Publication: Not applicable

Availability of Data and Materials: The datasets used and/
or analysed during the current study are available from the 
corresponding author on reasonable request.

Competing Interests: The authors declare that they have no 
competing interests.

Funding/Acknowledgement: This project was conducted 
within the “International Paediatric Ultrasound Network (IPUN)” 
funded by the Else-Kröner-Fresenius Stiftung.

Contributions: Conceptualization: FE, BK, SB; Methodology: 
FE, BK, SB; Literature Search and Screening: FE, FH; Data 
extraction: FE, FH; Data curation: FE, BK, SB; Writing of the 
manuscript: FE, BK, SB.

References

1.	Groen RS, Leow JJ, Sadasivam V, Kushner AL. Review: 
indications for ultrasound use in low- and middle-income 
countries. Trop Med Int Health. 2011;16(12):1525-35.



The Ultrasound Journal 2026; Vol. 18: 18295  doi: 10.5826/tuj.2026.1829526

32.	Peters MDJ. Chapter 11: Scoping Reviews (2020 ver-
sion). In: Aromataris E, Munn Z, editors. JBI Manual for  
Evidence Synthesis: JBI; 2020. p. 407-51.

33.	Peters MDJ, Marnie C, Tricco AC, Pollock D, Munn 
Z, Alexander L, et al. Updated methodological guid-
ance for the conduct of scoping reviews. JBI Evid Synth. 
2020;18(10):2119-26.

34.	WorldBank. World Bank Country and Lending 
Groups. Country Classification.: The World Bank 
Group 2022 [Available from: https://datahelpdesk.
worldbank.org/knowledgebase/articles/906519-world 
-bank-country-and-lending-groups.

35.	Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, 
Sfetcu R, et al. Chapter 7: Systematic reviews of etiology 
and risk. In: Aromataris E, Munn Z, editors. JBI Manual 
for Evidency Synthesis: JBI; 2020.

36.	Downs SH, Black N. The feasibility of creating a check-
list for the assessment of the methodological quality both 
of randomised and non-randomised studies of health 
care interventions. J Epidemiol Community Health. 
1998;52(6):377-84.

37.	Dreyfuss A, Martin D, Farro A, Inga R, Enríquez S, 
Mantuani D, et al. A Novel Multimodal Approach to 
Point-of-Care Ultrasound Education in Low-Resource 
Settings. The western journal of emergency medicine. 2020; 
21(4):1017-21.

38.	Nadimpalli A, Tsung J, Sanchez R, Shah S, Zelikova E, 
Umphrey L, et al. Feasibility of Training Clinical Officers 
in Point-of-Care Ultrasound for Pediatric Respiratory Dis-
eases in Aweil, South Sudan. The American journal of tropi-
cal medicine and hygiene. 2019;101(3):689-95.

39.	Vanichkulbodee A, Inboriboon P, Balk A, Sri-On J. Per-
ception of an Introductory Point-of-Care Ultrasound 
Course for Thai Medical Students on Emergency Medi-
cine Rotation. Open access emergency medicine : OAEM. 
2021;13:291-8.

40.	Rominger A, Gomez G, Elliott P. The implementation of a 
longitudinal POCUS curriculum for physicians working at 
rural outpatient clinics in Chiapas, Mexico. Critical ultra-
sound journal. 2018;10(1):19.

41.	Aspler A, Kegel F, Beyene T, Zewdu T, Tesfaye B,  
McKnight A, et al. Establishing a Self-sustaining Emer-
gency Medicine Point-of-Care Ultrasound Curriculum in 
an Academic Teaching Hospital in Ethiopia. Ethiopian 
journal of health sciences. 2022;32(3):533-8.

42.	Terry B, Polan D, Nambaziira R, Mugisha J, Bisanzo M, 
Gaspari R. Rapid, remote education for point-of-care ul-
trasound among non-physician emergency care providers 
in a resource limited setting. African journal of emergency 
medicine : Revue africaine de la medecine d’urgence. 2019; 
9(3):140-4.

43.	Barsky M, Kushner L, Ansbro M, Bowman K, Sassounian M,  
Gustafson K, et al. A feasibility study to determine if mini-
mally trained medical students can identify markers of chronic 
parasitic infection using bedside ultrasound in rural Tanzania. 
World Journal of Emergency Medicine. 2015;6(4):293-8.

15.	Attree M. Evaluating healthcare education: Issues and 
methods. Nurse Education Today. 2006;26(8):640-6.

16.	Miller GE. The assessment of clinical skills/competence 
/performance. Acad Med. 1990;65(9 Suppl):S63-7.

17.	Moore DEJ, Green JS, Gallis HA. Achieving desired results 
and improved outcomes: Integrating planning and assess-
ment throughout learning activities. Journal of Continuing 
Education in the Health Professions. 2009;29(1):1-15.

18.	Kirkpatrick D, Kirkpatrick J. Evaluating training programs: 
The four levels: Berrett-Koehler Publishers; 2006.

19.	Kirkpatrick D. Great ideas revisited. Training & Develop-
ment. 1996;50(1):54-60.

20.	Donabedian A. The Quality of Care: How Can It Be 
Assessed? JAMA. 1988;260(12):1743-8.

21.	Donabedian A. Evaluating physician competence. Bull 
World Health Organ. 2000;78(6):857-60.

22.	Donabedian A. Evaluating the Quality of Medical Care. The 
Milbank Memorial Fund Quarterly. 1966;44(3):166-206.

23.	Gullick J, Lin F, Massey D, Wilson L, Greenwood M,  
Skylas K, et al. Structures, processes and outcomes of spe-
cialist critical care nurse education: An integrative review. 
Aust Crit Care. 2019;32(4):331-45.

24.	DeBiasio C, Pageau P, Shefrin A, Woo MY, Cheung WJ. 
Point-of-Care-ultrasound in undergraduate medical educa-
tion: a scoping review of assessment methods. Ultrasound J. 
2023;15(1):30.

25.	Tolsgaard MG, Todsen T, Sorensen JL, Ringsted C,  
Lorentzen T, Ottesen B, et al. International multispecialty 
consensus on how to evaluate ultrasound competence: a 
Delphi consensus survey. PLoS One. 2013;8(2):e57687.

26.	Gottlieb M, Duanmu Y. Beyond the Numbers: Assess-
ing Competency in Point-of-Care Ultrasound. Annals of 
Emergency Medicine. 2023;81(4):427-8.

27.	Bell C, Hall AK, Wagner N, Rang L, Newbigging J,  
McKaigney C. The Ultrasound Competency Assessment 
Tool (UCAT): Development and Evaluation of a Novel 
Competency-based Assessment Tool for Point-of-care  
Ultrasound. AEM Educ Train. 2021;5(3):e10520.

28.	Kumar A, Kugler J, Jensen T. Evaluation of Trainee Com-
petency with Point-of-Care Ultrasonography (POCUS):  
a Conceptual Framework and Review of Existing Assess-
ments. Journal of General Internal Medicine. 2019;34(6): 
1025-31.

29.	Boniface KS, Ogle K, Aalam A, LeSaux M, Pyle M,  
Mandoorah S, et al. Direct Observation Assessment of Ul-
trasound Competency Using a Mobile Standardized Direct 
Observation Tool Application With Comparison to Asyn-
chronous Quality Assurance Evaluation. AEM Educ Train. 
2019;3(2):172-8.

30.	Ma IWY, Desy J, Woo MY, Kirkpatrick AW, Noble VE. 
Consensus-Based Expert Development of Critical Items 
for Direct Observation of Point-of-Care Ultrasound Skills. 
J Grad Med Educ. 2020;12(2):176-84.

31.	PRISMA Extension for Scoping Reviews (PRISMA-ScR): 
Checklist and Explanation. Annals of Internal Medicine. 
2018;169(7):467-73.



The Ultrasound Journal 2026; Vol. 18: 18295  doi: 10.5826/tuj.2026.18295 27

57.	Ienghong K, Apiratwarakul K. One year of experience 
in using hand-held ultrasound as a learning tool in ultra-
sound rotation at the emergency department. Open Access 
Macedonian Journal of Medical Sciences. 2020;8:674-7.

58.	Ienghong K, Apiratwarakul K, Tiamkao S, Bhudhisawasdi V.  
Development and remodeling of point-of-care ultrasound 
education for emergency medicine residents in resource-
limited countries during the COVID-19 pandemic. Hong 
Kong Journal of Emergency Medicine. 2022;29(1):34S.

59.	Ienghong K, Suzuki T, Phengsavanh A, Nasaarn T. Com-
petency of ultrasound knowledge of Laos emergency 
medicine residents during international elective rotation in 
Thailand. Journal of the Medical Association of Thailand. 
2021;104(2):S20-S4.

60.	Ienghong K, Suzuki T, Tiamkao S, Bhudhisawasdi V, Gay-
sonsiri D, Apiratwarakul K. Point of care ultrasound training 
during the coronavirus disease 2019 pandemic. Open Access 
Macedonian Journal of Medical Sciences. 2021;9:443-6.

61.	Schmidt J, Chiu A, Okiror W, Kolkowitz I, Svenson J, 
Olupot-Olupot P. Training for Pediatric Cardiac and Pul-
monary Point of Care Ultrasound in Eastern Uganda. 
Ultrasound in medicine & biology. 2022;48(12):2461-7.

62.	Lee J, Tse C, Keown T, Louthan M, Gabriel C, Anshus A, 
et al. Evaluation of a point of care ultrasound curriculum for 
Indonesian physicians taught by first-year medical students. 
World journal of emergency medicine. 2017;8(4):281-6.

63.	Jones L, Gathu C, Szkwarko D, Mucheru S, Amin N, Amisi 
JA, et al. Expanding Point-of-Care Ultrasound Training in 
a Low- and Middle-Income Country: Experiences From a 
Collaborative Short-Training Workshop in Kenya. Family 
medicine. 2020;52(1):38-42.

64.	Silva J, Plescia T, Molina N, Tonelli A, Langdorf M, Fox J. 
Randomized study of effectiveness of computerized ultra-
sound simulators for an introductory course for residents in 
Brazil. Journal of educational evaluation for health profes-
sions. 2016;13:16.

65.	Shumbusho J, Duanmu Y, Kim S, Bassett I, Boyer E, 
Ruutiainen A, et al. Accuracy of Resident-Performed 
Point-of-Care Lung Ultrasound Examinations Versus 
Chest Radiography in Pneumothorax Follow-up After 
Tube Thoracostomy in Rwanda. England2020 2020-3.  
499-506 p.

66.	Azizi K, Ismail M, Aftab U, Afzal B, Mian A. Effective-
ness of High-Fidelity Simulation in Training Emergency 
Medicine Physicians in Point of Care Ultrasonogra-
phy in Pakistan: A Quasi-Experimental Study. Cureus. 
2020;12(6):e8659.

67.	Dornhofer K, Farhat A, Guan K, Parker E, Kong C,  
Kim D, et al. Evaluation of a point-of-care ultrasound cur-
riculum taught by medical students for physicians, nurses, 
and midwives in rural Indonesia. Journal of clinical ultra-
sound : JCU. 2020;48(3):145-51.

68.	Kimambo D, Kennedy S, Kifai E, Kailembo N, Eichberg C, 
Markosky S, et al. Feasibility of point-of-care cardiac ultra-
sound performed by clinicians at health centers in Tanzania. 
BMC Cardiovascular Disorders. 2021;21(1):239.

44.	Bell G, Wachira B, Denning G. A pilot training program 
for point-of-care ultrasound in Kenya. African Journal of 
Emergency Medicine. 2016;6(3):132-7.

45.	Bentley S, Hexom B, Nelson BP. Evaluation of an Ob-
stetric Ultrasound Curriculum for Midwives in Liberia. 
Journal of ultrasound in medicine : official journal of the 
American Institute of Ultrasound in Medicine. 2015;34(9): 
1563-8.

46.	Bhoi S, Sinha TP, Ramch, ani R, Kurrey L, Galwankar S. To 
determine the accuracy of focused assessment with sonog-
raphy for trauma done by nonradiologists and its compara-
tive analysis with radiologists in emergency department of 
a level 1 trauma center of India. Journal of Emergencies, 
Trauma and Shock. 2013;6(1):42-6.

47.	Damgengkajornwong P, Kotruchin P, Ianghong K, 
Pongchaiyakul C. The focused cardiac ultrasound skill of 
newly-graduated Thai doctors. Journal of the Medical As-
sociation of Thailand. 2018;101(7):S113-S8.

48.	House D, Amatya Y, Nti B, Russell F. Lung ultrasound 
training and evaluation for proficiency among physicians 
in a low-resource setting. The ultrasound journal. 2021; 
13(1):34.

49.	Nazari E, Tajani ZB, Maroufizadeh S, Ghorbaniid M,  
Rad AH, Badeli H. The effect of short-course point-of-care 
echocardiography training on the performance of medical 
interns in children. PLoS ONE. 2022;17(12):e0278173.

50.	Hall E, Matilsky D, Zang R, Hase N, Habibu Ali A, 
Henwood P, et al. Analysis of an obstetrics point-of-care 
ultrasound training program for healthcare practitioners in 
Zanzibar, Tanzania. The ultrasound journal. 2021;13(1):18.

51.	Vanderburg S, Kodikara I, Tharakan A, Sheng T, Gallis JA, 
Sellathurai M, et al. A Practical Approach to Lung Ultra-
sound Training in Sri Lanka. ATS Scholar. 2023:ats-scholar. 
2022-0072BR.

52.	Wanjiku G, Dreizler L, Bell G, Wachira B. Feasibility of 
project ECHO telementoring to build capacity among 
non-specialist emergency care providers. African journal 
of emergency medicine : Revue africaine de la medecine 
d’urgence. 2022;12(4):352-7.

53.	Wanjiku G, Bell G, Wachira B. Assessing a novel point-
of-care ultrasound training program for rural health-
care providers in Kenya. BMC health services research. 
2018;18(1):607.

54.	Shokoohi H, Raymond A, Fleming K, Scott J, Kerry V,  
Haile-Mariam T, et al. Assessment of Point-of-Care 
Ultrasound Training for Clinical Educators in Malawi, 
Tanzania and Uganda. Ultrasound in medicine & biology. 
2019;45(6):1351-7.

55.	Haldeman MS, Kunka E, Makasa M, Birkl, B. Resident per-
ception on the impact of point-of-care ultrasound in clini-
cal care at a family medicine training program in Zambia. 
Ultrasound Journal. 2022;14(1):18.

56.	Kimberly H, Murray A, Mennicke M, Liteplo A, Lew 
J, Bohan J, et al. Focused maternal ultrasound by mid-
wives in rural Zambia. Ultrasound in medicine & biology. 
2010;36(8):1267-72.



The Ultrasound Journal 2026; Vol. 18: 18295  doi: 10.5826/tuj.2026.1829528

81.	Vinayak S, Sande J, Nisenbaum H, Nolsøe C. Training Mid-
wives to Perform Basic Obstetric Point-of-Care Ultrasound 
in Rural Areas Using a Tablet Platform and Mobile Phone 
Transmission Technology-A WFUMB COE Project.  
Ultrasound in medicine & biology. 2017;43(10):2125-32.

82.	Vinayak S, Brownie S. Collaborative task-sharing to enhance 
the Point-Of-Care Ultrasound (POCUS) access among ex-
pectant women in Kenya: The role of midwife sonographers. 
Journal of interprofessional care. 2018;32(5):641-4.

83.	Shah S, Santos N, Kisa R, Maxwell OM, Mulowooza J, 
Walker D, et al. Efficacy of an ultrasound training program 
for nurse midwives to assess high-risk conditions at labor 
triage in rural Uganda. PLoS ONE. 2020;15(6):e0235269.

84.	Shrestha R, Blank W, Shrestha AP, Pradhan A. Evaluation 
of interdisciplinary emergency ultrasound workshop for 
primary care physicians in Nepal. Open Access Emergency 
Medicine. 2020;12:99-109.

85.	Denny S, Minteer W, Fenning R, Aggarwal S, Lee D, Raja 
S, et al. Ultrasound curriculum taught by first-year medical 
students: A four-year experience in Tanzania. World journal 
of emergency medicine. 2018;9(1):33-40.

86.	Reynolds T, Noble J, Paschal G, Sawe H, Sohoni A, Shah 
S, et al. Bedside ultrasound training at Muhimbili Na-
tional Hospital in Dar es Salaam, Tanzania and Hospital 
San Carlos in Chiapas, Mexico. African journal of emer-
gency medicine : Revue africaine de la medecine d’urgence. 
2016;6(3):125-31.

87.	Tafoya CA, Tafoya MJ, Osei-Ampofo M, Oteng RA, 
Becker TK. Sustainable Resuscitation Ultrasound Educa-
tion in a Low-Resource Environment: The Kumasi Experi-
ence. Journal of Emergency Medicine. 2017;52(5):723-30.

88.	Sabatino V, Caramia M, Curatola A, Vassallo F, Deidda A, 
Cinicola B, et al. Point-of-care ultrasound (POCUS) in a 
remote area of Sierra Leone: impact on patient management 
and training program for community health officers. Journal 
of ultrasound. 2020;23(4):521-7.

89.	Rao V, DellaValle J, Gelin G, Day JA. Mission POCUS in 
Haiti. Journal of Radiology Nursing. 2023;42(1):77-84.

90.	Harel-Sterling M, Kwan C, Pirie J, Tessaro M, Cho DD, 
Coblentz A, et al. Competency Standard Derivation 
for Point-of-Care Ultrasound Image Interpretation for 
Emergency Physicians. Annals of Emergency Medicine. 
2023;81(4):413-26.

91.	Bahner DP, Hughes D, Royall NA. I-AIM. Journal of Ul-
trasound in Medicine. 2012;31(2):295-300.

92.	Reid S, Goffi A, Tsou E, Pivetta E, Pascoe S, Solis-Mc-
Carthy J, et al. ULTRA-Metrics. Journal of Ultrasound in 
Medicine.n/a(n/a).

93.	Lei T, Zheng Q, Feng J, Zhang L, Zhou Q, He M, et al. En-
hancing trainee performance in obstetric ultrasound through 
an artificial intelligence system: randomized controlled trial. 
Ultrasound Obstet Gynecol. 2024;64(4):453-62.

94.	Sheikh MS, Kashani KB, Gregoire JR, Thongprayoon C, 
Miao J, Craici IM, et al. Digital transformation of neph-
rology POCUS education-Integrating a multiagent, ar-
tificial intelligence, and human collaboration-enhanced 

69.	Kolbe N, Killu K, Coba V, Neri L, Garcia KM, McCulloch M,  
et al. Point of care ultrasound (POCUS) telemedicine pro-
ject in rural Nicaragua and its impact on patient manage-
ment. Journal of Ultrasound. 2015;18(2):179-85.

70.	Boniface K, Raymond A, Fleming K, Scott J, Kerry V, 
Haile-Mariam T, et al. The Global Health Service Partner-
ship’s point-of-care ultrasound initiatives in Malawi, Tanza-
nia and Uganda. United States2019 2019-4. 777-9 p.

71.	Dreizler L, Wanjiku G. Tele-ECHO for Point-of-Care 
Ultrasound in Rural Kenya: A Feasibility Study. Rhode Is-
land medical journal (2013). 2019;102(7):28-31.

72.	Stolz L, Muruganandan K, Bisanzo M, Sebikali M,  
Dreifuss B, Hammerstedt H, et al. Point-of-care ultrasound 
education for non-physician clinicians in a resource-limited 
emergency department. Tropical medicine & international 
health : TM & IH. 2015;20(8):1067-72.

73.	Gómez Betancourt M, Moreno-Montoya J, Barragán 
González A, Ovalle J, Bustos Martínez Y. Learning process 
and improvement of point-of-care ultrasound technique for 
subxiphoid visualization of the inferior vena cava. Critical 
ultrasound journal. 2016;8(1):4.

74.	Osei-Ampofo M, Tafoya M, Tafoya C, Oteng R, Ali H, 
Becker T. Skill and knowledge retention after training in car-
diopulmonary ultrasound in Ghana: an impact assessment 
of bedside ultrasound training in a resource-limited setting. 
Emergency medicine journal : EMJ. 2018;35(11):704-7.

75.	Shaffer M, Brown H, McCoy C, Bashaka P. Evaluation 
of a Short-term Training Program in Bedside Emergency 
Ultrasound in Southwestern Tanzania. Journal of ultra-
sound in medicine : official journal of the American Insti-
tute of Ultrasound in Medicine. 2017;36(3):515-21.

76.	Bui M, Fernandez A, Ramsukh B, Noel O, Prashad C, 
Bayne D. Training and implementation of handheld ultra-
sound technology at Georgetown Public Hospital Corpora-
tion in Guyana: a virtual learning cohort study. Journal of 
educational evaluation for health professions. 2023;20:11.

77.	Attiah M, Shirzai S, Prado L, Van Ligten M, Huang T, Cruz 
GM, et al. Evaluation of Ultrasound Teaching Curriculum 
in Tanzania by First Year Medical Students: A Comparison 
of Language on Learning Outcomes. Curr Res Emerg Med. 
2021;1:1004.

78.	Matiang’i M, Ngunju P, Koen J, Kiilu C, Romy H, Hetyey A,  
et al. Viability of Point of Care Ultrasound screening 
in Primary Health Care Setting: A Kenyan Experience. 
2022.

79.	Henwood P, Mackenzie D, Liteplo A, Rempell J, Murray 
A, Leo M, et al. Point-of-Care Ultrasound Use, Accu-
racy, and Impact on Clinical Decision Making in Rwanda 
Hospitals. Journal of ultrasound in medicine : official jour-
nal of the American Institute of Ultrasound in Medicine. 
2017;36(6):1189-94.

80.	Henwood P, Mackenzie D, Rempell J, Douglass E, 
Dukundane D, Liteplo A, et al. Intensive point-of-care 
ultrasound training with long-term follow-up in a cohort 
of Rwandan physicians. Tropical medicine & international 
health : TM & IH. 2016;21(12):1531-8.



The Ultrasound Journal 2026; Vol. 18: 18295  doi: 10.5826/tuj.2026.18295 29

Copyright: the Author(s), 2026. Licensee Mattioli 1885, Fidenza, Italy. This is an open-access article distributed under the terms of the 
Creative Commons Attribution NonCommercial License (CC BY-NC-4.0).
Disclaimer/Publisher’s Note: The statements, opinions and data contained in this article are solely those of the author(s) and 
contributor(s) and do not necessarily reflect those of their affiliated organizations, the publisher, the editors or the reviewers. The 
publisher and the editors disclaim any responsibility for injury to people or property resulting from any ideas, methods, instructions or 
products mentioned in the content. Any product that may be evaluated in this article, or claim made by its manufacturer, is not guaran-
teed or endorsed by the publisher.

curriculum with expert feedback. Digit Health. 2025;11: 
20552076251328807.

95.	Della Ripa S, Santos N, Walker D. AI-enabled obstetric 
point-of-care ultrasound as an emerging technology in 
low- and middle-income countries: provider and health 
system perspectives. BMC Pregnancy Childbirth. 2025; 
25(1):729.

96.	Villamarín Marrugo JJ, Naranjo Piñeros JM, Hernandez 
Rincon EH. Evidence on the Utility of Artificial Intel-
ligence in the Interpretation of Diagnostic Radiological 

Images in Low and Middle-Income Countries: A Scoping 
Review. Acad Radiol. 2025.

97.	Kim J, Maranna S, Watson C, Parange N. A scoping review 
on the integration of artificial intelligence in point-of-care 
ultrasound: Current clinical applications. The American 
Journal of Emergency Medicine. 2025;92:172-81.

98.	Ginsburg AS, Liddy Z, Alkan E, Matcheck K, May S. A 
survey of obstetric ultrasound uses and priorities for arti-
ficial intelligence-assisted obstetric ultrasound in low- and 
middle-income countries. Sci Rep. 2025;15(1):3873.



The Ultrasound Journal 2026; Vol. 18: 18295  doi: 10.5826/tuj.2026.1829530

Supplementary files

Records (n=487) identified from:
Cochrane (n=2)
Google Scholar(n=110)
Embase (n=224)
Pubmed (n=151)

Records removed before screening:

Records screened
(n = 357)

Duplicate records removed (n = 130)
Records removed for other reasons (n = 0)

Records excluded
(n = 182)

Reports sought for retrieval
(n = 175)

Reports not retrieved
(n = 1)

Reports assessed for eligibility
(n = 174)

Reports excluded (n=121):

Studies included in review
(n = 53) 

Id
en

ti
fi

ca
ti

o
n

S
cr

ee
n

in
g

In
cl

u
d

ed

Conference Abstract, Background article, Study
protocol (n =57) 
Wrong study question (n=16) 
Proof of concept of new POCUS modality (n=8) 
Not LMIC (N=5)
No POCUS (n=4)
No training (n = 27)
Procedural ultrasound training (n=3)
Language barrier (n = 1)
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2022, search update on July 6, 2023) from the original scoping review (13), summarizing study selection and 
inclusion process for the dataset used in this secondary analysis.
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Table S2. Coding Framework.

Framework Category What is evaluated? Operational definition
Example assessment 
methods

Donabedian Structure Training conditions:
i.e. Infrastructure, course setup, 
local clinical needs and disease 
spectrum, trainees’ prior skills

Conditions and inputs 
before training

Needs assessment

Donabedian Process Training execution
i.e. Trainer responsiveness, 
mode of teaching, duration, 
training attendance

Implementation aspects of 
training

Training log

Donabedian Outcome Training & Healthcare 
effects
i.e. Change in POCUS 
competence & usage, change in 
clinical management

Post-training results or 
effects

Competence evaluations
Ultrasound case log 

Miller Level 1-2 (“Knows/
Knows How”) 

Knowledge:
Understands ultrasound 
principles, anatomy, and when 
and how to apply POCUS in 
specific clinical contexts.
Excl: practical exams

Theoretical understanding Written knowledge texts

Miller Level 3 (“Shows 
How”)

Competence in non-clinical 
setting: Demonstrates 
accurate image acquisition and 
interpretation in supervised or 
simulated settings.
Excl: independent clinical 
performance

Skill demonstration OSCE
Image quality review

Miller Level 4 “Does” Independent performance 
in clinical settings: 
Independently performs and 
integrates POCUS findings 
into real-time patient care.

Workplace performance Image interpretation 
review
Comparison to 
radiological gold standard

Other outcome 
assessments

Other outcome 
evaluations

Broader training effects or 
contextual factors: such as 
confidence in and opportunity 
to and frequency of performing 
POCUS in clinical practice

Confidence, frequency of use Surveys
Qualitative interviews

Table S2. Coding Framework: The figure illustrates the analytical framework used to categorize observed evaluation methods according to Donabedian’s model 
(structure, process, outcome) and Miller’s pyramid of clinical competence (“knows”, “knows how”, “shows how”, “does”). Each category defines what aspect of train-
ing was evaluated and how it was operationalized in the included studies. “Other outcome assessments” capture broader behavioral and contextual effects, such as 
learners’ confidence, frequency of POCUS use, and perceived clinical utility.


