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ABSTRACT	 Objective: Cervical cancer remains a global health challenge with substantial disparities between countries. High-quality colposcopy is 
essential for cervical cancer prevention, yet training opportunities remain inadequate worldwide. We developed the Intelligent Digital 
Education Tool for Colposcopy (iDECO) to address training gaps and evaluated the effect across diverse international settings.
Methods: Six pre-post interventional training programmes were conducted in China, Mexico, and Mongolia from December 2024 to 
May 2025. A total of 369 trainees from 87 centers participated in a 3-week online training programme using iDECO, a bilingual web-
based platform featuring authentic colposcopy cases, gamified learning pathways, and personalized analytics. The primary outcomes 
included colposcopy competence in general assessment, colposcopic findings, diagnostic accuracy, and management decisions. The 
secondary outcomes focused on participant feedback and satisfaction.
Results: Of 369 participants who completed pretests, 333 (90.24%) completed post-training assessments. Significant improvements 
were observed across all competency domains. Diagnostic accuracy increased with an odds ratio (OR) of 1.72 (95% CI: 1.60–1.86) 
with the greatest gains in high-grade lesion identification [OR = 2.27 (95% CI: 1.94–2.64)]. Squamocolumnar junction visibility and 
transformation zone type assessments improved with ORs of 1.41 (95% CI: 1.31–1.51) and 1.87 (95% CI: 1.73–2.01), respectively. 
Biopsy decision-making accuracy also showed significant improvement [OR = 2.09 (95% CI: 1.91–2.29)]. International participants 
showed lower baseline performance but achieved the greatest improvements. Greater than 85% of participants rated the training 
highly satisfactory and 83.56% preferred intelligent training over traditional methods.
Conclusions: iDECO-based training significantly improved colposcopy competence across diverse international settings with high 
user satisfaction. These findings support the potential for worldwide implementation of intelligent digital training tools to address 
colposcopy training gaps and contribute to the elimination of cervical cancer.
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Introduction

Cervical cancer remains a significant global health challenge 
with > 660,000 new cases and 340,000 deaths reported world-
wide in 20221. Despite a well-established etiology and effective 
preventive measures, substantial disparities in the incidence of 
cervical cancer persist. Specifically, the incidence of cervical 
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cancer in countries with a low Human Development Index 
(HDI) is nearly three times higher than in nations with a 
very high HDI2. In response, the World Health Organization 
launched a global strategy to eliminate cervical cancer by 
achieving 90% vaccination, 70% screening, and 90% treatment 
coverage by 20303. Colposcopy serves as the bridge between 
screening and treatment4 with colposcopy-guided biopsy the 
gold standard for diagnosing cervical cancer and precancerous 
lesions. High-quality colposcopic assessment is essential for 
therapeutic decision-making and ensuring timely, appropriate 
care. However, colposcopy services are still lacking in many 
low- and middle-income countries5. Even where colposcopy 
services exist, quality often falls short due to differences in the 
training and expertise of colposcopists with sensitivity ranging 
widely from 36%–100%6,7.

Continuous training and monitoring are essential to 
achieve high-performance colposcopy8. Nevertheless, training 
opportunities remain inadequate in many settings. In Africa 
only 12.6% of providers involved in cervical cancer prevention 
received prior colposcopy training9. In Europe formal training 
programmes are available in 67.7% of the member countries of 
the European Federation for Colposcopy with only 54.8% hav-
ing oversight committees10. While apprenticeships in tertiary 
hospitals are commonly used and often effective, apprentice-
ships have high costs and limited accessibility. Other formats, 
such as continuing education programmes and academic con-
ferences10-12, primarily focus on theoretical knowledge, fre-
quently lacking sufficient image-based diagnostic training and 
personalized guidance adapted to varying experience levels. 
The absence of interactive learning components and feedback 
mechanisms can further reduce motivation for continuous 
learning. Therefore, more practical training strategies suitable 
for worldwide implementation, especially in low-resource set-
tings, are urgently needed.

To address these gaps in colposcopy training, our team 
developed the Digital Education Tool for Colposcopy 
(DECO), the first online colposcopy training platform in 
China. This platform leverages a large image database and 
has demonstrated promising results among Chinese train-
ees13. Building on this foundation, we created an upgraded 
version known as the Intelligent Digital Education Tool for 
Colposcopy (iDECO), which integrates personalized analytics 
and advanced intelligent features. However, the effectiveness 
and user feedback of this innovative platform require further 
evaluation within China and internationally. Therefore, the 
present study aimed to systematically assess the training effect 

and participant experiences with iDECO, providing broader 
evidence to incentivize wider implementation and potential 
contribution to global cervical elimination efforts.

Materials and methods

Study design and participants

This study used a pre-post interventional design to evaluate 
the effectiveness of iDECO-based training. Six training pro-
grammes were implemented between December 2024 and 
May 2025 across China, Mexico, and Mongolia (Figure 1). 
The training sessions were organized as part of an interna-
tional capacity-building initiative aimed at improving colpos-
copy performance in diverse healthcare settings. Participants 
were recruited through outreach to local healthcare institu-
tions. Investigators contacted the individuals responsible for 
cervical cancer screening programmes at each institution to 
facilitate identification and enrollment of eligible trainees. 
Colposcopists, gynecologists, or resident physicians who vol-
unteered to participate were considered eligible. To ensure 
successful engagement with the online training platform, 
access to a mobile electronic device with an internet connec-
tion was required. All participants were informed of the study 
procedures and were expected to comply with the training and 
assessment components throughout the programme. No spe-
cific exclusion criteria were applied at the recruitment stage to 
allow for broad and inclusive participation.

Ethical approval for the study was obtained from the 
Institutional Review Board of the Chinese Academy of Medical 
Sciences and Peking Union Medical College (Approval No. 
CAMS & PUMC-IEC-2022-077). All participants provided 
informed consent prior to enrollment in the study in accord-
ance with the ethical principles of the Declaration of Helsinki.

iDECO

The iDECO is a bilingual (Chinese and English) web-based 
platform that functions not only as a knowledge repository but 
also as an intelligent learning system designed to support the 
progressive development of trainees. The iDECO integrates 
multimodal educational content, including video lectures, digi-
tal textbooks, clinical guidelines, and explanations of terminol-
ogy. The iDECO incorporates a large set of authentic colposcopy 
cases with time-sequence images collected from multiple clini-
cal centers across China to enhance the practical relevance and 
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simulate real-world clinical scenarios. Each case was reviewed 
by a panel of colposcopy experts (10 experts with > 20 years of 
experience and 10 experts with an average of 10 years of expe-
rience) who generated standardized reports detailing general 
assessment, colposcopic findings, diagnoses, and management 
schemes. Cases with biopsies were graded according to the 
highest pathologic diagnosis, while cases without biopsies were 
assessed by expert consensus based on colposcopic findings. 
General assessments, colposcopic findings, and management 
plans were established in line with clinical guidelines.

The platform uses a gamified, closed-loop learning path-
way to enhance user engagement and motivation. Upon initial 
login, trainees complete a self-assessment to evaluate baseline 
competency. The system then identifies areas of weakness, 
generates tailored recommendations, and intelligently assigns 

learning objectives. Trainees then follow a customized learn-
ing path, completing corresponding educational modules and 
practice tasks. Successful task completion and examination 
passage are rewarded with achievement badges and digital 
certificates. The platform continuously monitors individual 
learning progress through metrics, including time spent, error 
patterns, and development within the competency framework. 
A visual summary of the trainee’s progress is displayed on their 
personal dashboard (Figure 2).

Study procedure

Each online training was 3 weeks in length. Participants were 
grouped into online learning cohorts for streamlined man-
agement prior to the training and a kickoff meeting was held 

•

•

Inadequate colposcopy training undermines colposcopy competence, thereby limiting accurate diagnosis and
appropriate treatment, which hinders effective cervical cancer prevention and control.

Recruitment in targeted regions
from December 2024 to May 2025

Eligibility criteria
Colposcopists, gynecologists, or resident physicians who volunteered to participate;

Required access to a mobile electronic device with internet connection.

Intervention
3-week online training, including self-paced modules, 3 expert-led Q&A sessions, and real-time progress tracking and reminders

via iDECO, which is a bilingual web-based platform integrating knowledge repository and intelligent learning system.

Online feedback and satisfaction survey
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iDECO (Intelligent Digital Education Tool for Colposcopy) was developed to provide an innovative online solution and
evaluated across international settings.

Recruitment 1:
Shenzhen, Guangdong

Province, China

Pretest 1:
26 participants
from 5 centers
in urban China

Posttest 1:
26 participants

(100%)

Posttest 2:
71 participants

(88.75%)

Posttest 3:
54 participants

(98.18%)

Posttest 4:
13 participants

(92.86%)

Posttest 5:
154 participants

(86.03%)

Posttest 6:
15 participants

(100%)

Pretest 2:
80 participants
from 20 centers
in rural China

Pretest 3:
55 participants
from 21 centers
in urban China

Pretest 4:
14 participants

from 1 center overseas

Pretest 5:
179 participants
from 33 centers
in rural China

Pretest 6:
15 participants

from 7 centers overseas

Recruitment 2:
Low health resource

area, China

Recruitment 3:
Chengdu, Sichuan

Province, China

Recruitment 4:
Mexico

Recruitment 5:
Low health resource

area, China

Recruitment 6:
Mongolia

Figure 1  Continued
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to introduce the study procedures and demonstrate platform 
usage. Trainees were required to access the platform, pro-
vide their basic demographic and professional information, 
and complete a baseline competency assessment. Based on 
the platform feedback and recommendations, trainees then 
independently engaged in self-paced learning and practice 
modules. Throughout the training period, three live ques-
tion-and-answer (Q&A) sessions were offered by experienced 
colposcopy experts to reinforce key concepts and clarify 

frequently encountered errors. The participants completed a 
post-training assessment and an online feedback survey at the 
end of each training cycle. The assessment included 18 pre-
viously unseen colposcopy cases, each presented with indica-
tions and images. Trainees were required to provide general 
assessments, colposcopic findings, diagnosis, and management 
recommendations for each case, all within a total time limit of 
120 min. Trainee engagement and progress were monitored in 
real time by project team members, who also sent reminders 

Training
Pretest vs. posttest
diagnostic accuracy aOR (95% CI) P value

Mexico

Mongolia

Urban China 1 1.45 (0.98–2.14)
1.87 (1.40–2.49)
2.32 (1.73–3.11)
5.10 (3.17–8.18)

<0.001

1.89 (1.45–2.47)
3.64 (2.38–5.57)

Urban China 2
Rural China 1

Rural China 2

•

•

•

•

Training effect Moderator analysis

Feedback

Significant improvement in colposcopy
competence metrics:

Training effect varied across training batch.

Participants from Mexico showed lowest baseline

performance but achieved the greatest improvements.

Sensitivity analyses confirmed the training-batch

interaction and showed stronger effects with longer

learning time.

Over 85% rated the training highly satisfactory; 83.56%

preferred intelligent training over traditional methods.

iDECO training improved colposcopy competence with high satisfaction, supporting its potential in global application

and contribution to cervical cancer elimination.

General assessment

Colposcopic findings

Colposcopic diagnosis

Management decisions
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Diagnostic accuracy improved from 56.5% →

69.1% (OR = 1.72) with the largest gain in high-

grade lesions (OR = 2.27).

Sensitivity analyses showed attenuated but

robust effects.

Colposcopy indications

General assessment
1. Adequacy

2. SCJ visibility

3. TZ types
Type 1 Type 2 Type 3

Adequate Inadequate

Completely visible Partially visible Not visible

Colposcopic findings
1. Colposcopic features Incorrect Answer

Normal features

Thin acetowhite epithelium
Irregular/geographic border
Coarse mosaic
Atypical vessels

Fine punctation
Cuffed crypt (gland) openings
Sharp border
Exophytic lesion

Fine mosaic
Thick acetowhite epithelium
Coarse punctation
Irregular surface

Abnormal features Other features

Age: 30 Cytology: NILM HPV: positive, 18 (+)

Figure 1  Study flowchart. The flowchart outlines participant recruitment and progression through a 3-week online colposcopy training pro-
gramme based on the Intelligent Digital Education Tool for Colposcopy (iDECO) platform, which was offered across 6 cohorts in China, Mexico, 
and Mongolia. A total of 369 participants were recruited and completed a pretest from December 2024 to May 2025. After the intervention, 
333 (90.2%) completed the posttest. The findings demonstrated that the training significantly improved colposcopy competence across multi-
ple metrics. A moderator analysis showed that training effectiveness varied by cohort and participant feedback indicated high satisfaction with 
a strong preference for the intelligent training method over traditional ones. The study concluded that iDECO is an effective and well-received 
training platform with potential for global implementation to help eliminate cervical cancer. Q&A, question and answer; OR, odds ratio; aOR, 
adjusted odds ratio; CI, confidence interval.
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to ensure timely completion of learning tasks. Although all six 
training sessions followed the same standardized procedure, 
the Q&A sessions were led by different local experts in each 
setting, which allowed for cultural and clinical adaptations. In 
addition, local administrative staff supported monitoring and 
coordination efforts throughout the training process.

Outcomes

The primary outcome was the change in colposcopy compe-
tence from pre- to post-training. Competence was assessed 
through general assessment, colposcopic findings, diagnoses, 
and management competencies. General assessment included 
the identification of squamocolumnar junction (SCJ) visibil-
ity and transformation zone (TZ) type. Colposcopic findings 
encompassed lesion location, lesion size, thin or thick acetow-
hite epithelium, and vascular features. Colposcopic diagnoses 
were categorized as normal/benign, low-grade lesions, high-
grade lesions, or suspicious for cancer. Management com-
petence involved decisions regarding whether to perform a 
biopsy or endocervical curettage (ECC). In addition to overall 
accuracy, the accuracy of individual response categories within 
key variables, such as SCJ visibility, TZ type, colposcopic diag-
nosis, biopsy, and ECC, was also evaluated to enable a more 
detailed analysis. Secondary outcomes focused on participant 
feedback regarding the iDECO-based training, including over-
all satisfaction, preferred educational materials, suggestions for 
improvement, perceptions of intelligent training compared to 
traditional methods, and preferred training mode.

Statistical analysis

Sociodemographic characteristics and colposcopy experience 
were described separately for participants who completed the 
pretest and participants who completed the posttest; differences 
between the two groups were assessed using chi-squared tests. 
The performance of trainees on colposcopy competence met-
rics in the pre- and post-test was described using mean accu-
racy rates and standard deviations (SDs). The primary analysis 
utilized a generalized linear mixed-effect model (GLMM) with 
a logit link function to estimate the training effect on the com-
petence metrics14. This approach appropriately handles the pro-
portional accuracy data, the nested data structure (participants 
within training batches), and missing posttest data for drop-
outs by leveraging all available observations through a likeli-
hood-based estimation framework. The models included time 

(pre- vs. post-training) as a fixed effect with random intercepts 
for training batch and individual participants. The training effect 
was quantified using odds ratios (ORs) with 95% confidence 
intervals CIs. GLMM was extended to include interaction terms 
between time and potential moderators (e.g., training batch, 
sociodemographic characteristics, work experience, and learn-
ing time) to identify factors moderating the training effect on 
diagnostic accuracy with the final model adjusted for all varia-
bles. In addition, separate univariate and multivariate GLMMs 
were used to identify factors independently associated with 
diagnostic accuracy at the pre- and post-test time points. A sen-
sitivity analysis for the training effect, moderator analysis, and 
the posttest accuracy predictors was performed to assess the 
robustness of the findings against a more conservative missing 
data assumption. Missing posttest outcomes for participants who 
dropped out were imputed using the baseline-observation-car-
ried-forward (BOCF) method for this analysis15. This conserv-
ative approach assumes no improvement, setting a participant’s 
posttest performance to be identical to the pretest performance. 
Participant feedback on an ordinal scale was compared across 
geographic areas using the Kruskal-Wallis test, followed by 
Dunn’s test with a Bonferroni correction for post-hoc pairwise 
comparisons. All analyses were conducted in R (version 4.5.1) 
with two-sided tests and a P < 0.05 significance threshold.

Results

Participant characteristics

A total of 369 trainees from 6 training programmes com-
pleted the pretest, as shown in Figure 1 and Table 1. The 
trainees were recruited from 87 centers in 3 countries. Among 
the participants, 340 (92.14%) were from China, including 
81 (23.82%) from urban areas and 259 (76.18%) from rural 
areas, while 14 (3.79%) were from Mexico and 15 (4.07%) 
from Mongolia. Most participants were 30–39 years of age 
[n = 135 (37.29%)], female [n = 355 (96.21%)], held a bach-
elor’s degree [n = 272 (74.12%)], and worked in a tertiary 
hospital [n = 205 (56.63%)]. Of the participants, 28.62% were 
resident physicians, 35.69% were attending physicians, and 
35.69% were associate chief or chief physicians. Nearly one-
half (43.48%) of the participants had < 1 year of colposcopy 
experience, while 26.09% had at least 5 years of colposcopy 
experience. Most participants (61.52%) performed < 50 col-
poscopies annually. With respect to platform engagement, 
25.20% spent < 5 h, 29.81% spent 5–9 h, 19.51% spent 10–14 h,  
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and 25.48% spent ≥ 15 h on the training. A total of 333 train-
ees (90.24%) completed the posttest. Moreover, participants 
who completed the posttest were more likely to be from urban 
areas in China or from Mexico and Mongolia (P  =  0.004), 

tended to have completed a higher level of education 
(P = 0.048), had longer colposcopy experience (P = 0.020), a 
higher case volume (P = 0.022), and greater time invested in 
learning (P < 0.001).

Table 1  Sociodemographics and colposcopy work experience of participants

Characteristics Pretest (n = 369) Posttest (n = 333) P

Age, years 0.715

  < 30 49 (13.54) 44 (13.33)

  30–39 135 (37.29) 126 (38.18)

  40–49 124 (34.25) 112 (33.94)

  ≥ 50 54 (14.92) 48 (14.55)

Gender 1.000

  Male 14 (3.79) 13 (3.90)

  Female 355 (96.21) 320 (96.10)

Area 0.004

  Urban China 81 (21.95) 80 (24.02)

  Rural China 259 (70.19) 225 (67.57)

  Mexico and Mongolia 29 (7.86) 28 (8.41)

Education level 0.048

  College degree or below 29 (7.90) 23 (6.93)

  Bachelor’s degree 272 (74.12) 246 (74.10)

  Master’s degree or above 66 (17.98) 63 (18.97)

Hospital level 0.816

  Primary or secondary hospital 157 (43.37) 142 (43.03)

  Tertiary hospital 205 (56.63) 188 (56.97)

Title 0.226

  Resident physician 105 (28.62) 92 (27.71)

  Attending physician 131 (35.69) 123 (37.05)

  Associate chief or chief 
physician

131 (35.69) 117 (35.24)

Years performing colposcopy 0.020

  < 1 160 (43.48) 138 (41.44)

  1–4 112 (30.43) 102 (30.63)

  ≥ 5 96 (26.09) 93 (27.93)

Number of colposcopy 
examinations per year

0.022

  < 50 227 (61.52) 198 (59.46)

  ≥ 50 142 (38.48) 135 (40.54)
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Training effect on general assessment and 
colposcopy findings

The mean accuracy of SCJ visibility assessment increased from 
54.89% (SD = 14.06%) at pretest to 62.97% (SD = 14.21%) after 
training [OR = 1.41 (95% CI: 1.31–1.51), P < 0.001], as shown 
in Table 2. Accuracy improved across all levels of SCJ visibil-
ity. Cases with a partially visible SCJ had the lowest baseline 
accuracy (37.46%) and the smallest improvement [OR = 1.29 
(95% CI: 1.12–1.47)], whereas cases with a completely visible 
SCJ had the highest initial accuracy (64.82%) and the greatest 
improvement [OR = 1.67 (95% CI: 1.48–1.88); both P < 0.001]. 
The accuracy for TZ type identification rose from 52.66% (SD 
= 17.80%) to 67.54% (SD = 16.24%) [OR = 1.87 (95% CI: 
1.73–2.01), P < 0.001]. Type 1 TZ cases had the highest accu-
racy in pretests (69.73%) and posttests (77.16%), while type 
3 TZ cases had the lowest pretest accuracy (41.98%) but the 
largest gain [OR = 2.58 (95% CI: 2.32–2.88), P < 0.001]. The 
training effect was strong for identifying lesion characteristics. 
The probability of correct identification was nearly three-fold 
higher for lesion location [OR = 2.94 (95% CI: 2.68–3.23)] and 
thin acetowhite epithelium [OR = 3.04 (95% CI: 2.71–3.41); 
both P < 0.001]. Significant gains were also shown for lesion 
size [OR = 1.73 (95% CI: 1.59–1.89)], thick acetowhite epithe-
lium [OR = 1.67 (95% CI: 1.42–1.95)], and vascular features 
[OR = 1.75 (95% CI: 1.53–2.00); all P < 0.001].

Training effect on diagnostic accuracy and 
management decisions

Overall colposcopic diagnostic accuracy improved from 
56.53% (SD = 14.12%) to 69.08% (SD = 14.55%), correspond-
ing to a 1.72-fold higher likelihood of a correct diagnosis after 
training [OR = 1.72 (95% CI: 1.60–1.86), P < 0.001; Table 2]. 

The diagnostic accuracy was highest for suspicious cancer 
(84.40%) and lowest for high-grade lesions (48.15%) in the 
pretest. Despite this low baseline, high-grade lesions had the 
greatest improvement [OR = 2.27 (95% CI: 1.94–2.64)], fol-
lowed by low-grade lesions [OR = 2.18 (95% CI: 1.95–2.44); 
both P < 0.001]. Conversely, the accuracy for normal/benign 
cases remained unchanged [OR = 0.92 (95% CI: 0.78–1.09),  
P = 0.339] and the improvement for suspicious cancer did not 
reach significance [OR = 1.90 (95% CI: 0.98–3.67), P = 0.058]. 
Management decision-making also improved markedly. The 
probability of correct decisions increased for biopsy [OR = 
2.09 (95% CI: 1.91–2.29)] and ECC [OR = 2.35 (95% CI: 2.18–
2.53); both P < 0.001]. Accuracy in identifying cases requiring 
biopsy [OR = 3.70 (95% CI: 3.28–4.18)] and ECC [OR = 3.90 
(95% CI: 3.53–4.31); both P < 0.001] improved substantially. 
However, accuracy in withholding biopsy declined [OR = 
0.78 (95% CI: 0.66–0.92), P = 0.003], while accuracy in with-
holding ECC showed no significant change [OR = 0.94 (95% 
CI: 0.80–1.10), P = 0.425]. Sensitivity analyses of the training 
effect showed slightly attenuated effect sizes but the main con-
clusions remained unchanged (Table S1).

Moderators of the training effect on diagnostic 
accuracy

Diagnostic accuracies in the pre- and post-test across par-
ticipant subgroups are presented in Figure 3 and Table S2. 
Univariate analyses indicated that diagnostic accuracy varied 
across training batches in the pretest and was higher among 
participants with a higher professional title, more years of col-
poscopy experience, and greater annual colposcopy volume. 
Only training batch [Mexico vs. the first training in urban 
China: adjusted OR (aOR) = 0.59 (95% CI: 0.40–0.87)] and 
professional title [associate chief/chief vs. resident physician: 

Characteristics Pretest (n = 369) Posttest (n = 333) P

Learning time < 0.001

  < 5 h 93 (25.20) 59 (17.72)

  5–9 h 110 (29.81) 108 (32.43)

  10–14 h 72 (19.51) 72 (21.62)

  ≥ 15 h 94 (25.48) 94 (28.23)

Data are presented as numbers (percentages). Totals may not sum due to missing data. Among 369 trainees who completed the pretest, 
333 (90.24%) also completed the posttest. Posttest completers were more likely to be from urban China or overseas compared to non-
completers and to have higher education, longer colposcopy experience, larger case volume, and greater learning time investment.

Table 1  Continued
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aOR = 1.23 (95% CI: 1.00–1.51)] remained statistically sig-
nificant predictors on multivariate analysis. For the posttest, 
Multivariate analysis showed that diagnostic accuracy dif-
fered among training batches and was positively associated 
with more years of colposcopy experience [1–4 y vs. < 1 y: 
aOR = 1.23 (95% CI: 1.01–1.50)] and longer learning time 
[10–14 h vs. < 5 h: aOR = 1.29 (95% CI: 1.01–1.64); ≥ 15 h 

vs. < 5 h: aOR = 1.34 (95% CI: 1.05–1.70)] for the posttest. 
Sensitivity analyses of the posttest diagnostic accuracy pro-
duced consistent results (Table S2).

Figure 3 (right panel) presents the results of the multivariate 
analysis testing for interaction effects. A significant interaction 
was observed between training effect and training batch in the 
primary analysis (P for interaction < 0.001) with aORs ranging 

Table 2  Effect of training on colposcopy competence metrics

Pretest mean (SD), % Posttest mean (SD), % OR (95% CI) P

SCJ visibility 54.89 (14.06) 62.97 (14.21) 1.41 (1.31, 1.51) < 0.001

  Completely visible 64.82 (24.70) 74.80 (22.21) 1.67 (1.48, 1.88) < 0.001

  Partially visible 37.46 (26.51) 43.55 (27.43) 1.29 (1.12, 1.47) < 0.001

  Not visible 57.55 (33.59) 64.45 (29.49) 1.41 (1.19, 1.67) < 0.001

TZ types 52.66 (17.80) 67.54 (16.24) 1.87 (1.73, 2.01) < 0.001

  Type 1 69.73 (31.11) 77.16 (25.18) 1.50 (1.28, 1.76) < 0.001

  Type 2 55.37 (36.08) 61.00 (36.28) 1.33 (1.10, 1.60) 0.003

  Type 3 41.98 (23.60) 63.81 (24.03) 2.58 (2.32, 2.88) < 0.001

Lesion location* 57.75 (22.38) 79.11 (15.26) 2.94 (2.68, 3.23) < 0.001

Lesion size* 29.50 (15.24) 41.56 (18.32) 1.73 (1.59, 1.89) < 0.001

Thin acetowhite epithelium* 44.32 (27.92) 67.41 (25.91) 3.04 (2.71, 3.41) < 0.001

Thick acetowhite 
epithelium*

57.53 (30.68) 69.00 (25.36) 1.67 (1.42, 1.95) < 0.001

Vascular features* 29.79 (23.22) 42.09 (25.39) 1.75 (1.53, 2.00) < 0.001

Colposcopic diagnosis 56.53 (14.12) 69.08 (14.55) 1.72 (1.60, 1.86) < 0.001

  Normal/benign 64.58 (30.69) 63.29 (28.61) 0.92 (0.78, 1.09) 0.339

  Low grade 55.46 (24.55) 71.38 (23.32) 2.18 (1.95, 2.44) < 0.001

  High grade 48.15 (28.29) 66.92 (25.83) 2.27 (1.94, 2.64) < 0.001

  Suspicious cancer 84.40 (34.70) 90.56 (27.56) 1.90 (0.98, 3.67) 0.058

Biopsy 72.04 (16.01) 84.28 (10.80) 2.09 (1.91, 2.29) < 0.001

  Yes 72.59 (22.78) 89.64 (13.88) 3.70 (3.28, 4.18) < 0.001

  No 70.29 (28.59) 65.54 (27.66) 0.78 (0.66, 0.92) 0.003

ECC 49.24 (17.17) 69.03 (16.76) 2.35 (2.18, 2.53) < 0.001

  Yes 38.93 (27.95) 67.27 (23.81) 3.90 (3.53, 4.31) < 0.001

  No 74.97 (28.48) 72.65 (27.31) 0.94 (0.80, 1.10) 0.425

Data are presented as the mean (SD) of accuracy rates (%). Training effects were estimated using a generalized linear mixed-effects model 
(GLMM) with a logit link, accounting for the nested structure of participants within training batches and leveraging all available data, 
including dropouts. Time (pre- vs. post-training) was modeled as a fixed effect with random intercepts for training batch and individual 
participants. Training effects are reported as odds ratios (ORs) with 95% confidence intervals (CIs), reflecting the multiplicative change in 
the probability of a correct response after training. *Analysis for these indicators was restricted to cases with abnormal colposcopic findings. 
SD, standard deviation; OR, odds ratio; CI, confidence interval; SCJ, squamocolumnar junction; TZ, transformation zone; ECC, endocervical 
curettage
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from 1.45 (95% CI: 0.98–2.14) in the first cohort to 5.10 (95% 
CI: 3.17–8.18) in the fourth cohort. Sensitivity analyses con-
firmed the interaction with training batch (P for interaction 

< 0.001) and identified a significant interaction with learning 
time (P for interaction = 0.021, Table S3). Training gains gen-
erally increased with longer engagement and the aOR rising 

Pretest vs. posttest
diagnostic accuracy

aOR (95% CI)
P for 

interaction
Training

1 1.45 (0.98–2.14)

<0.001

2 1.87 (1.40–2.49)
3 2.32 (1.73–3.11)
4 5.10 (3.17–8.18)
5 1.89 (1.45–2.47)
6 3.64 (2.38–5.57)

Age group, years
<30 2.39 (1.73–3.32)

0.481 
30–39 2.28 (1.75–2.97)
40–49 2.68 (2.03–3.55)
≥50 2.49 (1.80–3.45)

Gender
Male 3.03 (1.94–4.73)

0.074 
Female 1.99 (1.70–2.33)

Education level
College degree or below 2.36 (1.64–3.38)

0.729 Bachelor’s degree 2.59 (2.02–3.32)
Master’s degree or above 2.43 (1.84–3.20)

Hospital level
Primary or secondary hospital 2.47 (1.88–3.26)

0.894 
Tertiary hospital 2.44 (1.92–3.11)

Title
Resident physician 2.67 (1.99–3.59)

0.241 Attending physician 2.56 (1.96–3.35)
Associate chief or chief physician 2.17 (1.64–2.86)

Years doing colposcopy
<1 2.20 (1.67–2.91)

0.246 1–4 2.63 (2.01–3.44)
≥5 2.56 (1.93–3.39)

Number of colposcopy examinations per year
<50 2.61 (2.02–3.37)

0.254 
≥50 2.31 (1.76–3.03)

Learning time
<5 h 2.21 (1.64–2.97)

0.480 
5–9 h 2.40 (1.83–3.13)
10–14 h 2.63 (1.99–3.47)
≥15 h 2.62 (1.99–3.46)

50 60 70 80

Figure 3  Moderators of the training effect on diagnostic accuracy. This figure illustrates factors moderating the training effect on diagnostic 
accuracy. A generalized linear mixed-effects model (GLMM) with interaction terms between time (pre- vs. post-training) and potential mod-
erators was used, adjusting for all variables shown. Left panel: Dumbbell plot showing mean diagnostic accuracy changes from pretest (blue 
circles) to posttest (red diamonds) for each subgroup. Right panel: Adjusted odds ratios (aORs) represent the training effect for each sub-
group relative to its reference group after controlling for other variables. P for interaction tests whether the training effect differs significantly 
across moderator levels. An aOR > 1 indicates a greater training benefit. aOR, adjusted odds ratio; CI, confidence interval.
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from 1.87 (95% CI: 1.42–2.46) in the < 5 h group to 2.60 (95% 
CI: 1.99–3.41) in the 10–14 h group in the sensitivity analyses. 
No other variables showed significant interactions with the 
training effect in primary or sensitivity analyses.

Training feedback and satisfaction

A total of 314 (85.09%) participants completed the feedback 
questionnaire (Figure 4). Most participants gave the highest rat-
ing (score of 5) for the iDECO-based training, as follows: fit with 
personal needs (74.52%); helpfulness for clinical work (83.76%); 
willingness to recommend (82.17%); willingness to continue 
using the platform (84.39%); and overall satisfaction (85.35%). 
Regional differences were detected in participants’ willingness 
to recommend (P = 0.008, Figure S1), with trainees from urban 
China reporting higher scores than trainees from rural China 
(Bonferroni-adjusted P = 0.008). Video courses were the most 
favored educational materials (89.81%), followed by online Q&A 
sessions (75.48%) and image interpretation exercises (71.34%); 
books and guidelines were the least preferred educational 
materials (55.73%). Of the participants, 77.07% recommended 
incorporating virtual simulations, such as virtual reality (VR) or 
augmented reality (AR), while 69.75% of the participants sug-
gested adding more professional content and expert-led Q&A 
sessions to improve the programme. Peer experience sharing was 
selected by only 50.64% of the participants. Among the 46.50% 
of participants who had prior colposcopy training experience, 
most perceived the intelligent training to be more authorita-
tive (81.51%), practical (86.30%), intelligent (88.36%), engag-
ing (78.08%), and convenient (78.08%) compared to traditional 
approaches; 83.56% preferred the intelligent training overall.

Discussion

Main findings

Six training programmes were administered utilizing the 
iDECO in China, Mexico, and Mongolia, demonstrating 
effectiveness in improving colposcopy competence across 
diverse populations. Significant gains were observed in mul-
tiple domains, including general assessment, identification of 
colposcopic findings, diagnostic accuracy, and biopsy deci-
sion-making capabilities. Baseline diagnostic accuracy was 
associated with trainee characteristics, while improvements 
in accuracy were moderated by training cohort. Although 
participants responded positively to this intelligent training 

approach, regional differences were notable. These findings 
highlight the potential of iDECO for worldwide implemen-
tation, although successful deployment requires careful cul-
tural adaptation and contextualization to local healthcare 
environments.

iDECO: an integrated platform for training 
and assessment

The iDECO serves as an effective assessment tool for evaluat-
ing trainee competencies and a practical training instrument 
for skill enhancement. Despite variations in participant char-
acteristics, case complexity, and severity classifications, base-
line diagnostic accuracy remained comparable to findings in 
our previous study13. Moreover, baseline performance corre-
lated positively with professional title and colposcopy experi-
ence, underscoring the ability of the platform to discriminate 
actual clinical competence. Importantly, all subgroups of 
trainees demonstrated significant improvement after training. 
The magnitude of the training effect was not moderated by 
professional title or years of experience, indicating that the 
programme is broadly effective across different levels of prior 
expertise. This generalizability suggests that the training can 
benefit providers, regardless of baseline proficiency and may 
be particularly valuable in low-resource settings where clini-
cal exposure and formal training opportunities are limited16. 
Given the lack of standardized certification mechanisms for 
colposcopy in many settings, the iDECO, which combines 
assessment, training, and certification, provides a one-stop 
solution to support competency evaluation and professional 
accreditation. This integrated approach may ultimately con-
tribute to more equitable workforce development and sus-
tained quality assurance in cervical cancer screening.

Improved accuracy in high-grade lesion 
identification

Overall diagnostic accuracy improved significantly after train-
ing with the most substantial gains observed in identifying 
high-grade lesions. Accurate differentiation between low-and 
high-grade lesions is essential because high-grade lesions 
mark the threshold for treatment, whereas low-grade lesions 
are generally monitored through follow-up evaluations17. 
Expert consensus recommends a minimum concordance rate 
of 65% between colposcopic impression and pathologic diag-
nosis for high-grade lesions18. However, the pretest results 
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Traditional
training
9 (6.16%)

No preference
15 (10.27%)

Intelligent
training

122 (83.56%)

Preferred training modeE

12.42%

12.10%

14.33%

14.01%

19.75%

85.35%

84.39%

82.17%

83.76%

74.52%

0% 20% 40% 60% 80% 100%

Overall satisfaction

Willingness to continue
using the platform

Willingness to recommend

Helpfulness for
clinical work

Fit with personal needs

Satisfaction across dimensions and overall

1 2 3 4 5

21.23%

19.18%

10.96%

12.33%

18.49%

78.08%

78.08%

88.36%

86.30%

81.51%

0% 20% 40% 60% 80% 100%

Convenience

Engagement

Intelligence

Practicality

Authority

Intelligent training compared to traditional training 
(46.50% had prior training)

Worse Comparable Better

A 

B

224 (71.34%)

237 (75.48%)

199 (63.38%)

175 (55.73%)

282 (89.81%)

0% 20% 40% 60% 80% 100%

Image interpretation exercises

Online Q&A

Terminology explanations

Books and guidelines

Video courses

Preferred educational materials

159 (50.64%)

219 (69.75%)

242 (77.07%)

217 (69.11%)

219 (69.75%)

0% 20% 40% 60% 80% 100%

Add peer experience sharing

Add expert Q&A sessions

Add virtual simulations (e.g., VR/AR)

Add more exercises

Add more professional knowledge

Suggestions for improvement

C

D

Figure 4  Feedback on the training. This figure summarizes participant feedback on the intelligent colposcopy training programme. A total 
of 314 trainees completed the feedback questionnaire. (A) Satisfaction across dimensions and overall; (B) perception of intelligent training 
compared to traditional training; (C) preferred educational materials; (D) suggestions for improvement; (E) preferred training mode. Q&A, 
question and answer; VR, virtual reality; AR, augmented reality.

revealed a diagnostic accuracy of only 48% for high-grade 
lesions, which was nearly one-half that achieved for suspicious 
cancer cases. This deficiency was associated with inadequate 
identification of key abnormal features with accuracy rates 
of 44% and 57% for thin and thick acetowhite epithelium, 
respectively. Unlike the more apparent manifestations of can-
cer, such as exophytic lesions, acetowhite changes and vascular 

abnormalities require extensive case-based practice to mas-
ter19. The iDECO addresses this challenge by providing the 
correct diagnosis and clarifying the reasoning process through 
annotated time-sequence images that illustrate the dynamic 
progression of lesion features. However, the diagnostic utility 
of certain features remains limited. The analysis revealed low 
interobserver agreement on vascular patterns among experts 
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and identification of vascular features remained suboptimal 
despite improvements following training. This aligns with 
previous studies showing that while acetowhite epithelium 
remains an important diagnostic feature, mosaic and puncta-
tion patterns, though highly specific, tend to have lower sensi-
tivity due to infrequent occurrence20. With HPV vaccination 
and HPV-based primary screening altering the epidemiology 
profile and reducing the visibility of classic lesion patterns21-24, 
the development of new diagnostic markers that remain effec-
tive under these changing conditions has become increasingly 
important.

Challenges in overdiagnosis and biopsy 
decision-making

Notably, no improvement in diagnostic accuracy was observed 
for normal or benign cases, reflecting a tendency toward over-
diagnosis, a conservative pattern also evident in biopsy prac-
tices. This finding may partly reflect the inherent difficulty 
in distinguishing normal cervical tissue from minor abnor-
malities, particularly subtle metaplasia or thin acetowhite 
epithelium. To minimize missed diagnoses, current guide-
lines from the American Society of Colposcopy and Cervical 
Pathology (ASCCP) recommend multiple targeted biopsies of 
all areas showing acetowhitening, metaplasia, or more severe 
abnormalities4. While this approach improves detection, 
unnecessary procedures inevitably occurs in cases in which 
tissue sampling is unwarranted. This more aggressive clin-
ical approach, marked by overdiagnosis, excessive biopsies, 
and even overtreatment in ambiguous cases, often becomes 
the default to avoid medicolegal risk, particularly when col-
poscopists lack adequate training or confidence in their 
diagnostic abilities25,26. However, this approach represents a 
clinical compromise rather than an optimal solution because 
the physical, psychological, and financial burdens on patients 
cannot be overlooked27. In addition to enhanced training ini-
tiatives, implementing risk-stratified strategies that incorpo-
rate prior screening history and HPV vaccination status could 
help optimize patient care. Emerging biomarkers, such as p16 
immunostaining and Ki-67 proliferation, show promise for 
predicting high-grade lesion progression and providing more 
objective clinical data to support colposcopic decision-mak-
ing28-30. Additionally, artificial intelligence (AI)-driven image 
analysis may reduce subjective interobserver variability and 
improve diagnostic consistency31,32. Overall, addressing 

diagnostic challenges requires integrating training, risk-based 
approaches, and emerging technologies.

TZ classification and clinical significance

The TZ, defined as the area between the original and new 
SCJ, is the anatomic region where most cervical cancers 
originate19. Accurate classification of TZ types is critically 
important because the TZ directly informs the need for 
ECC and guides the appropriate depth and extent of exci-
sional procedures when indicated33. Inaccurate assessment 
may lead to omission of necessary diagnostic steps, thereby 
increasing the risk of undetected endocervical lesions. This 
skill is becoming increasingly essential with an aging pop-
ulation and ongoing discussions about extending cervical 
cancer screening to older age groups, where type 3 TZs are 
more prevalent34,35. Consistent with the existing literature, 
the findings herein confirmed that type 2 and 3 TZs pose 
greater challenges to observers and are associated with lower 
accuracy compared to type 1 TZs6. However, the iDECO 
training programme successfully improved TZ classification 
accuracy, underscoring the value of structured education in 
enhancing reliability. Given the profound implications for 
treatment planning and follow-up protocols, these improve-
ments represent a significant advancement for clinical 
practice.

Intelligent design as a driver for engagement 
and efficacy

A key strength of the iDECO platform lies in the intel-
ligent design, which appeared to foster high user engage-
ment and effective learning outcomes. This strength was 
reflected in a high posttest completion rate (90.24%) and 
a strong preference for iDECO over traditional methods 
(83.56%) among trainees. Participants particularly valued 
the interactive features of the platform, such as personal-
ized feedback and gamified pathways, which offer a level 
of tailored guidance often lacking in conventional training 
settings. This enhanced engagement was associated with 
substantial competency gains. The 1.62-fold improvement 
in diagnostic accuracy is noteworthy when contextualized 
against the limited literature on traditional training. For 
example, a one-day European training programme reported 
only a marginal increase in diagnostic scores (from 3.37 to 
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3.7 out of 10)36, while other studies have shown no signifi-
cant improvement37,38. The principles of established learn-
ing theories may offer a framework for understanding the 
more pronounced effect of the iDECO. The interactive ele-
ments of the platform could support learner autonomy and 
competence, aligning with tenets of self-determination the-
ory39,40. Simultaneously, the structured, intuitive interface is 
designed to reduce extraneous cognitive load, a core prin-
ciple of cognitive load theory that facilitates focus on com-
plex learning tasks41,42. This combination of motivational 
support and cognitive efficiency may contribute to high 
perceived usefulness and ease of use, a finding consistent 
with the technology acceptance model43,44. These observa-
tions collectively suggest that intelligent design is a pivotal 
element in developing effective and scalable digital medical 
education tools.

International implementation and adaptation

Baseline diagnostic accuracy and improvement magnitude 
varied considerably among different training cohorts. The two 
international training programmes in Mexico and Mongolia 
demonstrated the lowest baseline diagnostic accuracy but 
achieved the most substantial post-training improvements. 
The initially poor baseline performance may be partly attrib-
uted to the use of English-language materials instead of the 
native languages of the participants, potentially underestimat-
ing the true diagnostic capabilities due to language-related 
comprehension barriers45. However, the superior posttest 
performance indicates that the training content and local 
expert adaptations during Q&A sessions were highly effec-
tive. Moreover, the variation in expert instructors leading 
different Q&A sessions, each bringing unique expertise and 
teaching methodologies, likely contributed to the observed 
differences in trainee improvement rates. The smaller cohort 
sizes in international training programmes facilitated more 
interactive educational approaches, allowing focused attention 
on individual participants during Q&A sessions compared to 
larger Chinese programmes where individual attention was 
more challenging to provide. Additionally, the relative scar-
city of systematic colposcopy training opportunities in Mexico 
and Mongolia may have contributed to the more dramatic 
improvements observed5. However, the small sample sizes 
and individual variation may have amplified improvement 
measurements, necessitating cautious interpretation of these 

findings. Despite these considerations, the results suggest that 
the platform demonstrates adaptability across diverse linguis-
tic and clinical environments, indicating potential for broader 
implementation with appropriate localization strategies.

User satisfaction and the evolving role of 
educators

High satisfaction with iDECO-based training reflects alignment 
with contemporary learning expectations, offering personal-
ized recommendations, visualized feedback, and flexible sched-
uling that traditional methods lack. However, the disparity in 
willingness to recommend between urban and rural Chinese 
participants reveals the impact of digital divide on educa-
tional equity because the lower satisfaction among rural users 
likely stems from infrastructure limitations and digital literacy 
gaps46,47. User preferences revealed a fundamental shift in med-
ical education paradigms. The strong preference for interactive 
content (video courses, Q&A, and image interpretation) over 
static materials, coupled with 77% supporting VR integration, 
indicates that passive knowledge consumption is becoming 
obsolete48. The pronounced demand for expert-led Q&A ses-
sions over peer experience sharing demonstrates that learners 
continue to value authoritative guidance in medical knowledge 
acquisition, confirming that expertise remains indispensable in 
the learning process. However, this preference pattern also sig-
nals a necessary evolution in expert involvement. Rather than 
simply delivering standardized content, experts must transition 
toward facilitating personalized skill development and fostering 
critical thinking capabilities49,50. This transformation acknowl-
edges that while expert knowledge remains fundamental to 
medical education, the methods of knowledge transmission 
must adapt to meet the evolving expectations of learners for 
interactive, personalized learning experiences.

Limitations and future directions

Several limitations should be acknowledged in interpreting 
the findings of the current study. First, although the digital 
platform yielded significant gains in colposcopy competence, 
the effectiveness in clinical settings remains to be proven. To 
close the loop between simulation and clinical practice, future 
research should correlate simulation scores with provider 
performance, behavioral patterns, and patient outcomes in 
real-world environments51. Moreover, assessments of learning 
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curves, knowledge decay, and long-term skill maintenance 
are essential to determine the durability of training effects. 
Second, the current repository, primarily composed of domes-
tic and relatively typical cases, may not adequately capture the 
clinical variability and standards encountered internationally. 
To ensure continued relevance, the platform requires regu-
lar updates that incorporate emerging evidence and expand 
case diversity, particularly to reflect atypical presentations 
and evolving disease patterns in the post-HPV vaccination 
era. Third, the current platform provided limited support for 
communication skills and other non-technical competencies 
essential to clinical practice. As a next step, incorporating 
AI-driven standardized patients and multimodal simulations 
could enhance interactivity and realism, fostering more com-
prehensive clinical readiness. Finally, structural barriers, 
such as the digital divide and uneven technological literacy, 
may hinder adoption, particularly in low-resource settings. 
Addressing these requires systematic assessment of access gaps 
and the development of sustainable implementation strategies, 
including localized training networks and adaptive delivery 
models.

Conclusions

Our multi-national evaluation of iDECO demonstrates its 
significant potential as an effective, scalable solution for 
improving colposcopy competence across diverse healthcare 
environments. The platform successfully enhanced diagnos-
tic accuracy with high participant satisfaction, supporting 
the value of intelligent, interactive educational approaches. 
Despite certain limitations regarding real-world application, 
iDECO offers a promising pathway toward more equitable 
colposcopy workforce development and improved cervical 
cancer prevention outcomes worldwide.
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