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Abstract
Aim  To identify the core components of obstetric point-of-care ultrasound (POCUS) training programs while 
simultaneously evaluating the effectiveness of these programs using the Analyze, Design, Develop, Implement, and 
Evaluate (ADDIE) model.

Methods  This systematic review and meta-analysis followed a PROSPERO-registered protocol (CRD42024566260) 
and adhered to PRISMA2020, Cochrane Handbook, and JBI Manual guidelines. Comprehensive searches from database 
inception to September 22, 2024, covered international and Chinese databases to identify studies evaluating obstetric 
POCUS training. Two independent reviewers screened studies, assessed methodological quality with JBI tools, and 
extracted data on study, participant, intervention, and outcome characteristics. Training content was mapped to the 
ADDIE instructional design model via thematic and framework analyses. Meta-analyses of comparable quantitative 
outcomes used random-effects models. Integrating quantitative and qualitative findings, this review systematically 
evaluated the effectiveness and implementation of obstetric POCUS training programs.

Results  Systematic synthesis showed that obstetric POCUS training significantly improved healthcare providers’ 
competencies, including knowledge, skills, sustained use, and clinical decision-making. Training also increased 
antenatal care attendance and identification of high-risk pregnancies, while reducing referrals and optimizing 
resource use. However, limitations were noted in needs assessment, implementation flexibility, and outcome 
evaluation. Using thematic and framework analyses combined with the ADDIE model, we systematically organized 
training phases and key components to provide a scientific basis for program improvement and optimization.

Conclusions  Obstetric POCUS training effectively enhances clinical competencies and improves maternal and 
neonatal health outcomes. Applying the ADDIE model offers a replicable, practical, and sustainable approach for 
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Introduction
Point-of-care ultrasound (POCUS), originally developed 
for emergency settings, has become increasingly valu-
able in obstetric care. It enables real-time, radiation-free 
imaging at the bedside, supporting critical assessments 
such as fetal position, gestational age, placental loca-
tion, and amniotic fluid volume [1, 2]. As its use expands 
beyond radiologists to include midwives, nurses, and 
generalist physicians, training non-specialist healthcare 
providers has become essential [3, 4]. However, current 
training programs range from short courses to mentor-
ship or lectures, often lacking clear objectives or evalu-
ation criteria. This inconsistency raises a key question: 
how can POCUS training be systematically designed to 
ensure clinical competence?

This question is particularly critical in low- and mid-
dle-income countries (LMICs), where maternal mortality 
remains disproportionately high, accounting for over 90% 
of global maternal deaths [5]. In sub-Saharan Africa, the 
lifetime risk of maternal death is 1 in 55, over 30 times 
higher than in most high-income countries (HICs) [5]. 
Many of these deaths are preventable and stem from 
delays in recognizing complications such as dystocia or 
placenta previa. Portable ultrasound devices are now 
more affordable and accessible, but frontline providers 
often lack the training needed to use them effectively [6]. 
With proper training, non-specialist healthcare work-
ers can detect high-risk pregnancies, avoid unnecessary 
referrals, and better manage obstetric emergencies [7, 8]. 
In rural Uganda, midwives trained in POCUS outper-
formed routine examinations in detecting twin pregnan-
cies and breech presentations [3].

Despite the growing number of obstetric POCUS 
training programs, their design and implementation 
vary widely. Some are developed without assessing local 
learning needs or defining clear educational goals and 
competency standards [7, 8]. Training curricula vary 
widely—from self-directed modules to workshops—often 
lacking justification for their design [9]. Implementation 
also differs: some programs include supervised practice 
and feedback, while others rely solely on lectures [10]. 
When it comes to evaluation, studies often focus on 
short-term outcomes, such as quiz scores or observed 
skills, with limited attention to retention or clinical appli-
cation [11, 12]. These inconsistencies highlight the lack of 
a unified framework to guide training development, hin-
dering both within-study interpretation and cross-study 
comparison.

These limitations in original studies have prompted 
five reviews to synthesize existing training efforts. While 
these reviews offer valuable summaries, many stop at 
describing instructional formats or cataloging skills, with 
limited attention to how program components relate to 
health outcomes [13, 14]. Some highlight strengths like 
simulation fidelity [15], but few assess clinical endpoints. 
For example, among 27 studies reviewed by Bidner et al. 
[12], only 6 reported maternal or neonatal health out-
comes. This lack of a design-to-outcome framework 
leaves two critical questions insufficiently addressed: (1) 
Which components are essential for effective POCUS 
training? (2) What criteria should be used to measure 
effectiveness?

To resolve these critical questions, we applied the 
ADDIE model—Analyze, Design, Develop, Implement, 
and Evaluate—as an organizing framework to examine 
obstetric POCUS training programs [16, 17]. By mapping 
existing training programs onto the five phases, we could 
assess their internal coherence and identify key gaps. 
Viewed sequentially, the ADDIE model links upstream 
planning decisions with downstream outcomes. In 
reverse, the model also allows retrospective analysis of 
training failures by identifying which phase may have 
broken down. Thus, the ADDIE model serves as both a 
development framework and an evaluation tool.

This systematic review aims to identify key components 
and assess the effectiveness of obstetric POCUS training 
programs using the ADDIE model. It focuses on studies 
targeting midwives, nurses, generalist physicians, and 
clinical educators across both high- and low-resource 
settings. Outcomes are examined in three domains: (1) 
Training effectiveness—including knowledge, skills, diag-
nostic accuracy, retention, and application; (2) Maternal 
and neonatal health outcomes; and (3) Health economic 
outcomes. By organizing existing evidence through the 
ADDIE model, this review offers practical insights into 
what works, why it works, and under which conditions 
it is most effective. The findings are intended to support 
educators, implementers, and policymakers in designing 
more coherent, context-appropriate training programs 
that contribute to safer, more equitable global maternal 
care.

Methods
A systematic review and meta-analysis was conducted 
to comprehensively identify key components and assess 
the effectiveness of obstetric POCUS training programs 

developing standardized training programs. Future obstetric POCUS training should leverage the ADDIE model and 
adapt to local contexts to improve maternal and neonatal health globally.

Keywords  Point-of-care systems, Ultrasonography, Prenatal, Education, Medical, Developing countries, Systematic 
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according to the ADDIE model. The review protocol fol-
lowed the methodological guidelines outlined in the 
Cochrane Handbook for Systematic Reviews of Interven-
tions [18] and the Joanna Briggs Institute (JBI) Manual 
for Evidence Synthesis (2024) [19], and was reported 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses 2020 (PRISMA2020) State-
ment [20] (Supplementary Table 1). The protocol was pro-
spectively registered in PROSPERO (CRD42024566260).

Search strategy
Following the JBI three-step search method [19], the lit-
erature search began with an initial search in PubMed 
and SinoMed to identify potentially relevant studies and 
analyze text words from titles, abstracts, keywords, and 
index terms. Based on this preliminary analysis, a com-
prehensive search was conducted across international 
databases (PubMed, Embase, CINAHL Plus, Web of Sci-
ence, and Scopus), Chinese databases (CNKI, WanFang, 
CQVIP, and SinoMed), clinical trial registries (WHO 
ICTRP, CENTRAL, and ClinicalTrials.gov), and grey 
literature sources (ProQuest Dissertations, CNKI Dis-
sertations, and WanFang Dissertations). The final step 
involved supplementary searching through Google 
Scholar and a snowballing approach, screening reference 
lists of included studies to identify potentially relevant 
literature.

All databases were searched from inception to Sep-
tember 22, 2024. Search strategies combined controlled 
vocabulary (e.g., MeSH terms) with free-text terms, 

adapted for each database’s specific characteristics. 
Search terms were organized around three main con-
cepts, including “obstetric”-related terms, “point-of-care 
ultrasound”-related terms, and “training or education”-
related terms, and were combined using Boolean opera-
tors “AND” and “OR” to enhance search precision. To 
ensure comprehensiveness, no restrictions on language 
or study design were imposed at this stage. Detailed 
search strategies for each database are provided in Sup-
plementary Table 2.

Eligibility criteria and study selection
The PIOS (P = Population, I = Intervention, O = Out-
comes, S = Study Design) framework was used to formu-
late the research questions and develop inclusion and 
exclusion criteria (Table  1). We omitted a “comparison” 
criterion as our primary aims were to assess the imple-
mentation process and effectiveness of obstetric POCUS 
training programs. This focus on training outcomes 
such as knowledge enhancement, skill improvement, 
and influence on patient care provides a comprehensive 
evaluation without requiring standardized comparisons 
across studies.

Following comprehensive database searches, all records 
were imported into EndNoteX9 for deduplication, then 
transferred to the Covidence systematic review platform 
for study screening. Two independent reviewers screened 
titles and abstracts to identify potentially relevant stud-
ies, followed by full-text assessment according to the 
eligibility criteria. Disagreements were resolved through 
discussion, with a third reviewer consulted when con-
sensus could not be reached. Reasons for exclusion at the 
full-text screen stage were systematically recorded and 
categorized.

Quality assessment
The JBI Critical Appraisal Checklists for quasi-experi-
mental studies (9 items), cohort studies (11 items), and 
cross-sectional studies (8 items) were used to assess the 
methodological quality of included studies (n = 27) [21]. 
These quality evaluation tools systematically evalu-
ate key dimensions, including appropriateness of study 
design, reliability of measurement methods, adequacy 
of statistical analysis, and control of potential biases. 
Each checklist item was rated as “Yes,” “No,” “Unclear,” 
or “Not Applicable,” with overall assessment resulting in 
“Include,” “Exclude,” or “Seek further information.” Stud-
ies with a “Yes” rating of 50% or above were considered 
acceptable quality, a predetermined threshold established 
by two independent researchers [22, 23]. Quality assess-
ment was conducted back-to-back by two reviewers 
following a pilot assessment to ensure consistency. Dis-
agreements were resolved through discussion or third-
party arbitration when consensus could not be reached.

Table 1  Inclusion and exclusion criteria using PIOS format
Criteria Inclusion Exclusion
Population Healthcare providers (doc-

tors, nurses, midwives, 
clinical staff ) or medical 
students involved in 
obstetric care, at any 
experience level

Certified sonographers, 
ultrasound specialists, 
temporary workers in 
the healthcare facilities, 
and participants con-
currently enrolled in 
other training programs

Intervention Training programs involv-
ing obstetric POCUS 
devices

Training programs lack-
ing identifiable ADDIE 
model components

Outcomes Training effectiveness 
(knowledge, skills, confi-
dence), clinical practice 
changes, patient health 
outcomes, economic 
impacts

Studies reporting other 
content (e.g., disease di-
agnosis) without train-
ing outcomes, studies 
without extractable 
quantitative data

Study design Randomized controlled 
trials (RCTs), quasi-
experimental studies, 
cross-sectional studies, 
cohort studies, case–con-
trol studies

Reviews, abstracts, 
editorials, case reports, 
non-peer-reviewed 
studies

Language All languages Language other than 
English or Chinese
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Data extraction
Data extraction was conducted using a standardized 
form adapted from the JBI Qualitative Data Extraction 
Tool [19]. A preliminary form (Supplementary File 1) was 
piloted on five included studies to evaluate its compre-
hensiveness and applicability. Based on the pilot testing, 
adjustments were made to streamline the extraction pro-
cess and improve focus, including the removal of seven 
items. These comprised related certifications (Item 2.6), 
the subdivisions of maternal and neonatal health out-
comes (Items 4.2.1–4.2.3), and the detailed health eco-
nomic analyses categories (Items 4.3.1–4.3.3). The final 
data extraction template is available in Supplementary 
File 2.

Guided by the PIOS framework, the extraction pro-
cess focused on four key domains: (1) Study characteris-
tics, including first author and publication year, country, 
setting, study design, and sample size; (2) Participant 
characteristics, documenting healthcare providers’ age, 
gender, professional role, years of experience, previous 
ultrasound training, and relevant certifications; (3) Inter-
vention characteristics, systematically extracting specific 
content across the five ADDIE model phases (Analysis, 
Design, Development, Implementation, and Evaluation); 
and (4) Outcome characteristics, including training effec-
tiveness (diagnostic accuracy, knowledge acquisition, 
skill mastery, knowledge retention, clinical application), 
maternal-neonatal health outcomes (maternal health 
outcomes, neonatal health outcomes, maternal satisfac-
tion), and health economic indicators (cost-effectiveness 
analysis, cost-utility analysis, cost–benefit analysis). Data 
extraction was independently conducted by two review-
ers, with all data entered into an Excel database and dou-
ble-checked. Pilot extraction ensured consistency before 
formal extraction. Disagreements during extraction were 
resolved through discussion or by referring back to the 
original text, with a senior team member verifying accu-
racy and consistency.

Statistical analysis
A narrative synthesis and meta-analysis approach was 
employed for data analysis. Narrative synthesis was 
conducted using both thematic analysis and frame-
work-based analysis. Thematic analysis is a method for 
identifying and reporting patterns through systematic 
coding [24, 25], which helped identify recurring themes 
in training implementation and outcomes across stud-
ies. Framework-based analysis applies an existing con-
ceptual framework to organize and interpret data [26]. 
In our study, the ADDIE model was used as the ana-
lytical framework to systematically categorize training 
content into five instructional design phases. Through 
combining these two methods, study characteristics, 
implementation of ADDIE model components, outcome 

measurement methods, and training effects were com-
prehensively synthesized. Based on these synthesis find-
ings, meta-analysis was performed for outcomes where 
three or more studies reported comparable data within 
the ADDIE model ‘Evaluation’ phase.

Meta-analyses utilized restricted maximum likeli-
hood (REML) random-effects models to pool effect 
sizes, with confidence intervals (CIs) adjusted using the 
Hartung–Knapp–Sidik–Jonkman (HKSJ) method to 
optimize robustness in small sample analyses. Different 
approaches were applied based on data type. For continu-
ous data (e.g., pre-post mean changes), effect sizes were 
calculated as standardized mean differences (SMD) with 
Hedges’ g correction applied to eliminate small sample 
bias. For single-group proportions (e.g., diagnostic accu-
racy, training pass rates), the Freeman–Tukey double 
arcsine transformation was used to stabilize variance 
before calculating raw effect sizes [27]. Heterogene-
ity was assessed using Cochran’s Q test and quantified 
using Higgins’ I2 statistic, with subgroup and sensitivity 
analyses conducted to explore sources of heterogeneity 
when I2 > 50%. All statistical analyses were performed in 
STATA18.0 (StataCorp LLC, Texas, USA), with statistical 
significance defined as a two-tailed p value < 0.05.

Results
Study selection and quality assessment results
The systematic literature search yielded 3708 records 
from multiple databases. After removing duplicates and 
screening titles and abstracts, 61 articles remained for 
full-text assessment. During full-text review, 41 arti-
cles were excluded due to various reasons, including 
unavailable full-texts, ineligible outcomes, interventions, 
study designs, or language restrictions. Seven additional 
reports were identified through citation searching, all 
of which met the inclusion criteria, resulting in a total 
of 27 included studies (Supplementary Files 3–5). The 
PRISMA2020 flowchart (Fig. 1) illustrates the search and 
selection process. Quality assessment using JBI Criti-
cal Appraisal Tools demonstrated satisfactory method-
ological rigor across studies. One study [28] was excluded 
following quality assessment due to inadequate method-
ological quality, leaving 26 studies for narrative synthe-
sis and meta-analysis within the ADDIE model (Table 2; 
Supplementary Table 3).

Basic characteristics of included studies
Table 3 presents the characteristics of the 27 included 
studies, published between 2009 and 2024. Geographi-
cally, Africa contributed the most studies (n = 15, 55.6%), 
followed by the Americas (n = 11, 40.7%), Asia (n = 5, 
18.5%), and Oceania (n = 2, 7.4%), with 4 studies (14.8%) 
involving multiple regions. Training settings ranged 
from university medical schools to rural health centers, 
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with 8 studies (29.6%) conducted in rural settings. Study 
designs comprised cohort studies (n = 11, 40.7%), quasi-
experimental studies (n = 10, 37.0%), and cross-sectional 
studies (n = 6, 22.2%). Sample sizes ranged from 3 to 514, 
with 24 studies (88.9%) reporting specific numbers. Par-
ticipants included physicians, midwives, nurses, medical 
students, clinical staff, and imaging technicians. Among 
demographic characteristics, 2 studies (7.4%) provided 
age data (mean 27  years or range 18–26  years) and 5 
studies (18.5%) reported gender distribution, showing 
female predominance except in medical student cohorts. 
Six studies (22.2%) documented work experience rang-
ing from 1 to 40  years. Prior ultrasound training was 
reported in 19 studies (70.4%), with 18 studies (66.7%) 
involving participants who had no previous ultrasound 
experience.

Narrative review based on ADDIE model
Overview of the ADDIE model
After a rigorous quality assessment, 26 studies were 
included in the narrative review and meta-analysis. The 

systematic analysis of the 26 included studies, using the-
matic analysis [24, 25] and framework-based analysis 
[26], revealed distinct patterns across each phase of the 
ADDIE instructional design model. The ADDIE model 
is a systematic instructional design framework compris-
ing five interrelated phases, including Analysis, Design, 
Development, Implementation, and Evaluation (Fig.  2). 
It forms a training-centered, iterative cycle that provides 
structured methodological guidance for the planning and 
execution of obstetric ultrasound training programs.

The Analysis phase serves as the foundation, involv-
ing trainee population analysis, needs assessment, base-
line surveys, and their influence on instructional design. 
Building upon these insights, the Design phase translates 
identified needs into specific learning objectives, instruc-
tional methods, and curriculum planning. The Develop-
ment phase operationalizes the design by assembling 
instructional teams, selecting teaching tools, and prepar-
ing training materials to ensure effective content deliv-
ery. The Implementation phase puts the plan into action 
through practical arrangements, including scheduling, 

Fig. 1  PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources. PubMed (National 
Library of Medicine’s Database), Embase (Excerpta Medica Database), CINAHL Plus (Cumulative Index to Nursing and Allied Health Literature plus), Web 
of Science (Web of Science Core Collection Database), Scopus (Elsevier’s Abstract and Citation Database), CNKI (China National Knowledge Infrastruc-
ture), WanFang (WanFang Data Knowledge Service Platform), CQVIP (Chinese Scientific Journals Database), SinoMed (Chinese Biomedical Literature 
Database),WHO ICTRP (World Health Organization International Clinical Trials Registry Platform), Cochrane Central Database (Cochrane Central Register 
of Controlled Trials (CENTRAL)), ClinicalTrials.gov (ClinicalTrials.gov database), CNKI Dissertation Database (China Doctoral Dissertations & Master’s Theses 
Full-text Database). 
Source: Page et al. [20]
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venue selection, participant management, and adaptive 
adjustments. Finally, the Evaluation phase, integrated 
throughout and extending beyond training comple-
tion, employs a multi-level framework assessing diag-
nostic accuracy, knowledge and skill acquisition, clinical 
application, and participant feedback, alongside broader 
health impact assessments.

These phases form a closed-loop system where each 
phase’s output becomes the next phase’s input, support-
ing continuous improvement and systematic enhance-
ment of training programs. An overview of the basic 
characteristics of each ADDIE model phase in the 
included studies is presented in Table 3 and Supplemen-
tary File 6.

Analysis
The Analysis phase laid the foundation for effective 
training design by systematically identifying target 
populations, uncovering learning needs, and conduct-
ing baseline evaluations to inform instructional strate-
gies. Across the 26 included studies, trainees came from 
diverse healthcare backgrounds. Doctors were the most 
commonly targeted group (46.2%), followed by midwives 
(38.5%), and nurses (34.6%). Other participants included 
clinical staff (19.2%), medical students (11.5%), and medi-
cal imaging technologists (11.5%). Notably, 30.8% of stud-
ies engaged multiple professional groups simultaneously, 
underscoring the interdisciplinary nature of obstetric 
POCUS training and its relevance across varied clinical 
settings.

To better align training with real-world gaps, 22 stud-
ies conducted formal needs assessments at three levels. 
At the individual level, 15 studies (57.7%) identified defi-
cits in ultrasound knowledge or procedural skills among 
frontline practitioners. On the system level, 6 studies 
(23.1%) highlighted operational barriers such as lim-
ited access to ultrasound equipment, inadequate staff-
ing, and insufficient supervision. At the national level, 3 
studies (11.5%) addressed broader public health priori-
ties, including high maternal mortality rates, position-
ing POCUS training as a strategy to mitigate critical gaps 
in maternal care. This multi-layered approach to needs 
analysis helped tailor training content to both personal 
competence and systemic demands.

Baseline evaluations were reported in 9 studies (34.6%) 
to gauge initial knowledge or skill levels before training. 
Tools varied, with structured questionnaires or surveys 
used in 4 studies (15.4%), multiple-choice exams in 3 
studies (11.5%), Likert scales in 1 study (3.8%), and other 
tools in 1 study (3.8%). Although not universally applied, 
these assessments served an important role in 16 stud-
ies (61.5%) by directly shaping the instructional design. 
For example, 8 studies (30.8%) adjusted the sequenc-
ing of content based on learners’ starting points, while 4 

(15.4%) employed stratified instruction to match varying 
levels of proficiency. Others diversified teaching strate-
gies (n = 4, 15.4%) or emphasized practical skills training 
(n = 5, 19.2%) in response to identified baseline weak-
nesses. These comprehensive needs analyses laid the 
foundation for targeted curriculum design in the subse-
quent phases.

Design
Building on the findings from the Analysis phase, the 
Design phase centered on defining learning objectives, 
selecting appropriate teaching methods, and structur-
ing curricula to meet diverse learner needs. All 26 stud-
ies clearly articulated training objectives, which were 
broadly categorized into three domains including skill-
based, knowledge-based, and attitude-based. Every study 
(100%) emphasized skill-related goals, with a strong 
focus on core obstetric POCUS competencies such as 
probe handling, equipment operation, and image acqui-
sition. Additionally, knowledge-based objectives such as 
ultrasound theory, fetal anatomy, and image interpreta-
tion were specified in 11 studies (42.3%). A smaller subset 
(n = 7, 26.9%) addressed attitudinal outcomes, particu-
larly enhancing trainee confidence and self-efficacy in 
ultrasound use. Notably, half of the studies (50%) inte-
grated objectives across multiple domains.

Instructional methods were similarly diverse, reflecting 
an effort to accommodate varying resource settings and 
learner backgrounds. Teaching strategies fell into three 
primary categories, namely face-to-face instruction, 
hands-on practical training, and remote or self-directed 
learning. Practical skills training was the most preva-
lent component (n = 21, 80.8%), often involving practice 
on simulators, volunteers, or pregnant patients under 
supervision. Face-to-face teaching was also common 
(n = 19, 73.1%), typically delivered through classroom-
based didactics (n = 17, 65.4%) or supplemented with 
clinical mentoring and on-site rotations (n = 7, 26.9%). 
Meanwhile, remote and self-directed learning modalities 
were featured in 12 studies (46.2%), leveraging self-study 
modules and, in some cases (n = 7, 26.9%), incorporating 
remote feedback mechanisms to facilitate asynchronous 
learning. Importantly, 24 studies (92.3%) combined two 
or more of these methods, highlighting a shift toward 
blended learning models that integrate theoretical 
knowledge with experiential application.

Curriculum structure was carefully designed to sup-
port incremental learning and clinical applicability. Five 
distinct strategies were identified across the studies, 
including progressive structures, modular contents, prac-
tice-oriented designs, clinical case integration, and cer-
tification modules. A majority of studies (n = 22, 84.6%) 
employed progressive structures, gradually increasing 
content complexity to support skill acquisition. Modular 
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content was used in 15 studies (57.7%) and allowed flex-
ibility in delivery and customization. Practice-oriented 
designs were evident in 13 studies (50.0%), often linking 
teaching directly to clinical tasks. Clinical case integra-
tion appeared in 12 studies (46.2%), enhancing contex-
tual understanding and diagnostic reasoning. Lastly, 10 
studies (38.5%) embedded certification modules, either 
through formal evaluation or institutional recognition, 
to encourage learner motivation and standardization. 
Overall, 21 studies (80.8%) adopted multiple design strat-
egies, reinforcing the importance of instructional flex-
ibility and learner engagement in obstetric ultrasound 
training. These carefully designed curricula then needed 
to be operationalized through appropriate resources and 
expertise.

Development
The Development phase transformed the Design blue-
print into tangible educational resources by focusing on 
instructor assignment, teaching tool selection, and prep-
aration of learning materials. Clinical instructors were 
utilized in 19 studies (73.1%), including emergency physi-
cians (n = 8), sonographers (n = 7), and obstetricians and 
gynecologists (n = 7). Academic instructors were involved 
in 13 studies (50.0%), with certified experts or lecturers 
in 8 studies and university faculty in 4 studies. Instruc-
tional formats varied in scale: 6 studies (23.1%) reported 
individualized teaching with a student-to-instructor 
ratio ranging from 1:1 to 1:6, while 16 studies (61.5%) 
described scalable formats without specific ratios.

A wide range of teaching tools was applied across 
the studies. All 26 studies (100%) used POCUS as the 

primary training tool, with 4 studies (15.4%) also incor-
porating electronic training devices. Self-learning plat-
forms were used in 4 studies (15.4%), while remote 
feedback systems supporting image collection, storage, 
and expert review were implemented in 8 studies (30.8%). 
High-fidelity simulation tools were employed in 2 studies 
(7.7%). In addition, 11 studies (42.3%) included practical 
sessions with healthy volunteers, offering trainees direct 
scanning experience in non-clinical settings.

Training materials consisted of theoretical content, 
procedural guides, and structured data sheets. Theoreti-
cal instruction materials appeared in 23 studies (88.5%), 
including lecture handouts (n = 12), PowerPoint presenta-
tions (n = 10), and instructional videos (n = 5). Seven stud-
ies (26.9%) provided guidelines or manuals, among which 
3 studies developed new ultrasound guidebooks and 4 
studies adapted existing standards. Scan data sheets were 
reported in 3 studies (11.5%) as part of structured docu-
mentation. Eleven studies (42.3%) combined multiple 
types of teaching materials to reinforce learning across 
formats.

Implementation
With all resources prepared, the Implementation phase 
put the training programs into action, addressing how 
they were organized and delivered across diverse con-
texts. Training duration varied widely across studies, 
ranging from 1  h to 3  years. Long-term training pro-
grams (≥ 12  weeks) were the most common, reported 
in 14 studies (53.8%), while short-term (1–2 weeks) and 
medium-term (3–11  weeks) durations were each used 
in 6 studies (23.1%). Timing and length of follow-up 

Fig. 2  Core elements of obstetric POCUS training extracted based on ADDIE model
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Fig. 3  Meta-analysis forest plots of the effects of obstetric POCUS training. a Knowledge test scores (pre vs. post). b Knowledge pass rates. c Skill pass 
rates. d Impact on clinical decision-making. e Post-training use frequency
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assessments also differed. Immediate post-training evalu-
ations were reported in 11 studies (42.3%), while follow-
ups at 3  months (n = 2, 7.7%), 4  months (n = 3, 11.5%), 
6 months (n = 2, 7.7%), and beyond 6 months (n = 1, 3.8%) 
were less common. In terms of follow-up duration, 9 
studies (34.6%) extended beyond 6  months, 4 studies 
(15.4%) lasted 3–6  months, and 2 studies (7.7%) con-
ducted follow-up at 10 weeks.

Training locations were also diverse. Most programs 
were implemented in healthcare institutions (n = 19, 
73.1%), while others took place in educational institu-
tions (n = 4, 15.4%) or combined settings (n = 3, 11.5%). 
Hands-on practice primarily occurred in clinical facili-
ties (n = 23, 88.5%), with simulation laboratories used in 
3 studies (11.5%). Three studies (11.5%) implemented 
training in low-resource countries, including Guatemala, 
Peru, Congo, and Kenya. Trainers consisted of health-
care professionals in 18 studies (69.2%) and academic 
faculty members in 8 studies (30.8%). Trainees were 
predominantly in-service medical and nursing person-
nel, involved in 23 studies (88.5%), while students were 
included in 3 studies (11.5%).

Training execution followed a multi-phase process. 
Pre-training activities were reported in 8 studies (30.8%), 
followed by theoretical instruction in 21 studies (80.8%) 
and practical skills training in all 26 studies (100%). 
Clinical practice was incorporated in 10 studies (38.5%). 
Assessment and feedback mechanisms were present in 
all studies, while post-training support was mentioned in 
8 studies (30.8%). All studies included some form of fol-
low-up evaluation. Adaptive adjustments during imple-
mentation were documented in 11 studies (42.3%). These 
modifications were based on training content and deliv-
ery formats (n = 3, 11.5%), learner-specific differences 
(n = 5, 19.2%), and external factors such as resource avail-
ability or contextual barriers (n = 3, 11.5%). This flexibility 
proved crucial to program success, as evidenced in the 
Evaluation outcomes.

Evaluation
The Evaluation phase revealed whether the carefully 
designed and implemented training programs achieved 
their intended objectives, comprehensively assessing 
training effectiveness through multiple dimensions. 
Overall, findings indicate positive trends across most 
reported training effectiveness evaluation indicators and 
health impact assessment indicators.

Training effectiveness evaluation  For training effec-
tiveness, diagnostic accuracy was evaluated in 9 studies 

(34.6%). Among these, image quality achieved acceptabil-
ity rates ranging from 88.2 to 94.8% in 3 studies (11.5%), 
while measurement consistency was reported in 2 stud-
ies (7.7%) with Kappa values equal to or greater than 0.8. 
Three studies (11.5%) documented diagnostic accuracy 
exceeding 99%, with sensitivity values ranging from 81.4 
to 100% and specificity between 85.7 and 100%.

Knowledge acquisition was assessed in 11 studies 
(42.3%). Among them, 7 studies (26.9%) applied pre- and 
post-tests, reporting improvements such as the increase 
from 35.6 to 82.1% in Lee et al. [46]. A meta-analysis of 
4 studies showed a pooled effect size (Hedges’ g) of 2.64 
(95% CI 0.92–4.36), corresponding to an average increase 
of 31 points (Fig.  3a). Reported pass rates ranged from 
27.27 to 100% (Fig.  3b), with meta-analysis yielding an 
overall pass rate of 86.48% (95% CI 60.87–100%).

Skills acquisition was evaluated in 11 studies (42.3%). 
Five studies (19.2%) reported pre-post improvements in 
scanning or interpretation performance. Another 5 stud-
ies (19.2%) reported skills-related pass rates ranging from 
82.93 to 99.44% (Fig.  3c), and meta-analysis showed an 
overall pass rate of 95.89% (95% CI 89.10–99.76). Addi-
tional outcomes included scan time optimization in 2 
studies (7.7%) and task success rates from 12 to 100% in 
4 studies (15.4%). Knowledge and skill retention were 
assessed in 7 studies (26.9%), which generally showed 
performance remained above baseline, though some 
decline over time was noted.

Practical application of skills was evaluated in 18 
studies (69.2%), spanning five thematic areas. Scan 
volume increases were reported in 5 studies (19.2%). 
Clinical decision-making changed in 28.47% of cases 
(95% CI 13.66–46.11), based on findings from 6 studies 
(Fig.  3d). Continued use of POCUS following training 
was reported in 3 studies (Fig.  3e), with a pooled usage 
rate of 83.57% (95% CI 62.78–97.43). In addition, 5 stud-
ies (19.2%) described user feedback and program feasibil-
ity, and all 10 studies (38.5%) assessing learner confidence 
reported improvements.

Health impact assessment  Beyond individual learning 
outcomes, the true test of these training programs lies in 
their impact on maternal and neonatal health services. 
Maternal and neonatal health impacts were assessed in 
7 studies (26.9%). One study reported a 70% increase in 
antenatal care attendance. Screening for high-risk preg-
nancies identified breech (13.3%), transverse (4.8%), twins 
(2.1%), and placenta previa presentations (1.3%). Psycho-
logical outcomes were also described, including reduced 
anxiety through fetal visualization. In addition, health 
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economic outcomes were reported in 4 studies (15.4%). 
These included reduced referrals and decreased imaging 
utilization, contributing to institutional cost-effective-
ness. Furthermore, 74% of trainees reported improved 
resource use, and 43% of ultrasound examinations led to 
changes in patient management, such as avoiding unnec-
essary referrals or further imaging.

Discussion
This systematic review applies the ADDIE model to 
analyze 26 obstetric POCUS training studies for the 
first time. Through systematic synthesis, we found that 
POCUS training enhances healthcare providers’ capabili-
ties, improves maternal and neonatal health outcomes, 
and generates health economic benefits. However, while 
existing training programs incorporate various ADDIE 
model phases, there remains room for improvement in 
the systematization of needs assessment, flexibility of 
implementation processes, and comprehensiveness of 
outcome evaluation. By introducing the ADDIE model 
for systematic analysis, this study not only validates 
the effectiveness of obstetric POCUS training but also 
reveals the mechanisms underlying this effectiveness. 
These findings provide theoretical and practical guidance 
for designing and implementing standardized training 
systems in resource-limited settings, ultimately enhanc-
ing primary healthcare service capacity and improving 
maternal health outcomes.

Five previous reviews focused on obstetric POCUS 
training [7, 12, 14, 15, 51]. Among these, Bidner et al.’s 
study [12] is most directly relevant, using the Kirkpatrick 
framework to evaluate 27 studies that assessed knowl-
edge, skills, and clinical impacts. While this review pro-
vided a comprehensive summary of the content related to 
obstetric POCUS training, it lacked quantitative analysis. 
Abrokwa et al. [7] and Eppel et al. [14] included obstet-
ric content, but neither specifically targeted obstetric 
training. The former evaluated clinical decisions from a 
task-shifting perspective without assessing knowledge or 
skills, while the latter assessed knowledge, confidence, 
and skills without addressing clinical impacts. Luntsi et 
al. [51] discussed service accessibility, and Singh et al. 
[15] focused on emergency simulation, neither substan-
tially evaluating obstetric POCUS training effectiveness. 
Consequently, few reviews specifically address obstetric 
POCUS training. Existing studies lack comprehensive 
quantitative evidence and a unified theoretical frame-
work explaining how training elements interact to pro-
duce outcomes. By introducing ADDIE model, our study 

achieves a comprehensive quantitative assessment at 
three levels. At the individual level, we provide quanti-
tative evidence on knowledge acquisition, skills devel-
opment, POCUS usage frequency post-training, and 
changes in clinical decision-making rates. At the systemic 
level, we evaluate indicators of diagnostic accuracy and 
image quality. Furthermore, at the institutional level, we 
offer data on improvements in antenatal care attendance, 
the identification of high-risk pregnancies, and the asso-
ciated health economic benefits.

To deeply analyze the mechanisms underlying these 
positive outcomes, we found that although these studies 
weren’t designed according to ADDIE model, their suc-
cessful elements align remarkably with its core princi-
ples. The ADDIE model (Analysis, Design, Development, 
Implementation, Evaluation), initially developed by the 
U.S. military in the 1970s, has become a classic medi-
cal education framework [17]. Analyzing these studies 
through the ADDIE model reveals three core mecha-
nisms driving positive outcomes. First, systematic design 
ensures training integrity and coherence. Successful pro-
grams universally incorporate complete design elements 
where needs identification (Analysis) guides targeted 
design (Design), which translates into resources (Devel-
opment), supporting effective execution (Implementa-
tion), with experience feeding back through Evaluation 
into the next cycle. Second, flexibility and adaptability 
ensure effectiveness across diversified environments. 
The ADDIE model’s iterative nature enables adjustment 
to different contexts and implementation outcomes, 
explaining success despite varying resources. Third, posi-
tive feedback loops promote sustainability and scalabil-
ity. When trainees master POCUS and apply it clinically, 
this success enhances confidence and motivation [52, 53], 
encouraging continued practice. This consolidates skills 
and internalizes technology into stable clinical behaviors, 
expanding effects from individual capacity to system-
wide improvements. These findings clarify the pathway 
for designing successful obstetric POCUS training. The 
key is transforming the ADDIE model from an analyti-
cal tool to a design guide. The following sections detail 
essential elements and implementation points of each 
phase of the ADDIE model, providing evidence-based 
guidance for training designers.

The Analysis phase serves as the cornerstone for train-
ing success, encompassing four core elements, including 
trainee groups, needs analysis, baseline survey meth-
ods, and impact on instructional design. Trainee group 
identification ensures participants have clear application 
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scenarios and learning motivation, with frontline person-
nel such as physicians, nurses, and midwives becoming 
ideal candidates due to their direct patient contact [54]. 
Multi-level needs analysis spans national public health 
objectives, institutional service capacity, and individual 
professional development, serving both macro-level 
goals and individual needs. Baseline surveys capture 
learners’ starting points through various assessment 
tools, providing benchmarks for personalized instruc-
tion and outcome comparison. Most critically, analysis 
results must transform into specific instructional strate-
gies, including content stratification and differentiated 
teaching approaches. The integration of these elements 
ensures training possesses a clear direction and target-
ing from the outset. The Design phase transforms needs 
into instructional plans through systematic planning, 
comprising three core elements including training objec-
tives, training methods, and training content. Train-
ing objectives have evolved from single-skill training to 
three-dimensional integration of knowledge, skills, and 
attitudes, producing synergistic effects. Knowledge pro-
vides a theoretical foundation, skills ensure operational 
proficiency, and attitudes overcome psychological barri-
ers, promoting technology adoption [52]. Training meth-
ods predominantly feature blended learning approaches 
commonly used in medical education [55] while content 
adopts progressive, modular structures ensuring both 
systematic coverage and clinical relevance. This compre-
hensive design ensures training achieves both theoretical 
depth and practical applicability.

The Development phase bridges instructional design 
and concrete resources, with configuration strategies 
directly affecting feasibility and sustainability. This phase 
encompasses three core elements, including instruc-
tors, teaching aids, and teaching materials. Instructors 
emphasize theory–practice integration, with clinical 
teachers providing practical experience and academic 
teachers ensuring theoretical depth. Localized faculty 
strategies prove crucial for sustainability as these instruc-
tors understand local contexts and can continue training 
after external support withdraws [7]. All included stud-
ies utilized portable POCUS devices as teaching tools, 
validating their feasibility across different geographical 
and economic contexts [56]. Teaching materials reflect 
flexibility through both original content based on local 
needs and adapted international materials, while remote 
feedback systems extend expert guidance technologi-
cally. This optimized allocation ensures implementabil-
ity across various conditions. The Implementation phase 

transforms preparation into practice through flexible exe-
cution. This phase comprises five core elements, includ-
ing time, locations, participants, the execution process, 
and adaptation records. Adaptive adjustment mecha-
nisms prove crucial [57], enabling dynamic optimization 
based on learner feedback and environmental changes 
through adjusted teaching pace, modified instructional 
approaches, or flexible equipment solutions. Training 
duration must consider skill formation patterns, provid-
ing time for complex competency development [58]. The 
execution process encompasses preparation, theoretical 
learning, skill training, and clinical application. Although 
post-training support is not mandatory, it provides con-
siderable value by reinforcing outcomes through ongo-
ing guidance and mentorship. This approach, balancing 
structure with flexibility, ensures training adapts to dif-
ferent environments while producing sustained effects.

The Evaluation phase examines training effectiveness 
and guides continuous improvement through a multi-
dimensional assessment that validates effectiveness and 
reveals how ADDIE model’s systematic design translates 
into substantive outcomes. This phase encompasses two 
core elements, including training effectiveness evalua-
tion and health impact assessment. Training effectiveness 
evaluation focuses on individual-level capacity changes 
across knowledge acquisition, skill proficiency, sustained 
application, and clinical decision-making. Knowledge 
and skill assessments verify instructional objectives 
achievement, sustained application rates reflect prac-
ticality and acceptance, while clinical decision changes 
demonstrate medical practice impact [59]. Health impact 
assessment extends to system and institutional levels, 
encompassing maternal-neonatal health improvements 
and economic benefits. These dual dimensions are essen-
tial because effective medical training must demonstrate 
both clinical value through improved health outcomes 
and sustainability through economic efficiency [60, 61], 
ensuring that training investments translate into last-
ing healthcare system improvements that can be main-
tained and scaled in resource-constrained environments. 
This dimension recognizes that medical training’s ulti-
mate purpose extends beyond individual capabilities to 
improving health service quality and population health.

This assessment framework demonstrates how train-
ing guided by the ADDIE model produces progressive 
positive effects, validating that well-designed programs 
achieve value transformation from capacity build-
ing to health improvement. This approach offers par-
ticular value for resource-limited settings facing faculty 
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shortages, training costs, human resource constraints, 
and geographic dispersion [62], where the ADDIE 
model can enable sustainable training through local fac-
ulty development, portable equipment use, and adap-
tive implementation despite infrastructure challenges. 
By providing a replicable and sustainable framework for 
establishing standardized training systems, future obstet-
ric POCUS training should fully leverage ADDIE model 
while adapting to local contexts, ultimately serving the 
common goal of improving global maternal and neonatal 
health.

This study has three key strengths. First, as the first 
systematic review of obstetric POCUS training based on 
the ADDIE model, we achieved a comprehensive analysis 
across disciplines and resource settings through innova-
tive methodology. Second, we established a complete 
evidence chain from training design to outcomes, quan-
tifying key indicators including knowledge improve-
ment effect sizes, skill mastery rates, and clinical decision 
change proportions. Third, our systematic framework 
analysis revealed not only training effectiveness but also 
the mechanisms of why and how training works, provid-
ing theoretical and practical guidance for low-resource 
settings. However, certain limitations also exist. The 
meta-analysis results showed substantial heterogeneity, 
possibly due to limited study numbers in each analysis. 
To address this issue, we employed a mixed-methods 
approach that integrates meta-analysis, where applicable, 
with narrative synthesis and the ADDIE model for sys-
tematic organization and interpretation of the heteroge-
neous evidence. Furthermore, retrospective mapping to 
the ADDIE model required subjective judgment when 
original studies inadequately described training pro-
cesses. To optimize this procedure, we minimized bias 
through dual independent extraction, detailed mapping 
guidelines, and team consensus.

Conclusion
This systematic review provides the first comprehensive 
analysis of obstetric POCUS training using the ADDIE 
model. Our findings confirm that POCUS training is 
effective in enhancing healthcare providers’ capabilities, 
improving maternal and neonatal health outcomes, and 
generating economic benefits. By mapping 26 studies to 
the ADDIE model, we identified essential elements for 
each phase and revealed the mechanisms driving train-
ing success. This analysis offers evidence-based guidance 
for designing more effective obstetric POCUS training 
programs, especially in resource-limited settings where 
systematic approaches can maximize impact on global 
health outcomes.
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