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Abstract

Telemedicine is increasingly relevant in undergraduate medical education; however,
most educational studies emphasize short-term interventions, learner satisfaction, or tele-
Objective Structured Clinical Examination performance rather than evidence derived from
sustained platform implementation. This multi-cohort longitudinal implementation study
evaluated a multiplatform asynchronous telemedicine system integrated into simulation-
based gynecology training across three consecutive academic periods at a medical simu-
lation center in Ecuador. Platform-generated teleconsultation records were analyzed at
the record level, with repeated records nested within student identifiers when students
submitted more than one case. Because the expected number of submissions differed
across cohorts as part of planned curricular refinements, cohort-level differences were
interpreted descriptively as implementation and process indicators rather than as com-
parative evidence of learner performance. A total of 205 teleconsultation records from
95 student users were analyzed. Documentation quality was high for current illness doc-
umentation (98.5%), physical examination documentation (87.3%), and physiologically
plausible vital signs (74.1%). Specialist responses were linked to 196/205 records (95.6%),
with complete structured feedback among linked responses. Faculty expert review and
learner-reported perceptions provided complementary educational evidence, including
perceived usefulness of specialist feedback for gynecology learning. These findings support
the feasibility of asynchronous telemedicine-supported simulation workflows and the value
of platform-generated data for educational process evaluation, documentation monitoring,
and feedback tracking, while not demonstrating individual competence improvement.

Keywords: telemedicine; medical education; simulation-based education; gynecology;
digital health; asynchronous learning; undergraduate medical education

1. Introduction

Digital health has become a central component of healthcare transformation, requiring
coordinated technological, organizational, human, and governance capacities, rather than
isolated technology deployment [1]. In parallel, health professions education has evolved
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to incorporate digital competencies as essential components of contemporary clinical train-
ing, particularly in environments where healthcare delivery increasingly involves remote
communication, digital documentation, and technology-mediated decision-making [2-5].

Telemedicine training in undergraduate medical education has expanded through
curricular modules, standardized patient encounters, tele-Objective Structured Clinical
Examinations (tele-OSCEs), and competency-based frameworks [6]. Broader evidence
from digital education research suggests that online, mobile, and communication-based
instructional approaches can support knowledge and skills acquisition. However, outcome
heterogeneity and variability in instructional design continue to limit comparability across
studies [7-10].

Simulation-based education provides a robust pedagogical framework for preparing
learners for direct patient care. Technology-enhanced simulation has been associated
with improvements in knowledge, clinical skills, behaviors, and patient-related outcomes
compared with no intervention [11], while established simulation frameworks emphasize
feedback, repetitive practice, curriculum integration, and outcome measurement as core
educational mechanisms [12,13]. These principles are particularly relevant to telemedicine-
based learning, where students must synthesize remotely acquired histories, structured
clinical information, and diagnostic reasoning in digital environments [14].

Despite these advances, an important gap remains in telemedicine education research.
Much of the published literature has focused on short-term curricular interventions, learner
satisfaction, self-reported perceptions, or isolated tele-OSCE performance. Less evidence is
available from sustained educational implementations that analyze real platform-generated
activity across successive academic periods, including structured documentation qual-
ity, specialist response coverage, temporal usage patterns, diagnostic exposure, faculty
expert review, and learner-reported acceptability. This limitation is particularly relevant
in gynecology, where remote clinical reasoning requires careful history-taking, privacy-
sensitive communication, diagnostic prioritization, and recognition of conditions that
require in-person assessment.

The present study builds on, but is distinct from, previous outputs of the same in-
stitutional research program on telemedicine, simulation, and digital health education
in Ecuador. Earlier publications addressed rural telemedicine deployment [15,16], ini-
tial web/mobile platform validation, mixed-reality telemedicine-assisted simulation [17],
rotating-intern implementation needs [18], and sensor-integration workflows [19]. In
contrast, the present manuscript focuses on the educational process evaluation of the
asynchronous telemedicine workflow across three consecutive academic cohorts, using
platform-generated teleconsultation records, specialist response linkage, documentation
quality indicators, faculty expert review, and learner-reported perceptions as complemen-
tary sources of implementation evidence.

Accordingly, the objective of this study was to evaluate the implementation and
educational process indicators of a multiplatform asynchronous telemedicine system used
in simulation-based gynecology training across three consecutive academic cohorts. The
analysis focused on platform activity, documentation quality, specialist response coverage,
diagnostic exposure diversity, temporal usage behavior, faculty expert review, and learner-
reported acceptability within an asynchronous telemedicine learning workflow.

2. Materials and Methods
2.1. Study Design and Reporting

This multi-cohort observational implementation study was conducted in a simulated
medical education setting. Reporting was aligned with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement and with simulation-reporting

https://doi.org/10.3390/app16126161


https://doi.org/10.3390/app16126161

Appl. Sci. 2026, 16, 6161

30f12

guidance extending STROBE/CONSORT principles, where applicable, to educational
simulation data [20,21]. This study is best understood as a multi-cohort observational
implementation study with longitudinal institutional follow-up across academic peri-
ods [22,23]. The term longitudinal refers to the sequential implementation and analysis
of the same educational platform across three consecutive academic periods; it does not
indicate participant-level follow-up of the same students over time. The primary unit
of analysis was the platform-generated teleconsultation record, and some student users
contributed more than one record during their cohort’s scheduled activity [3].

2.2. Setting, Participants, and Educational Intervention

The study was conducted at a medical simulation center in Ecuador across three
consecutive academic periods: Ordinario I 2024, Ordinario II 2024-2025, and Ordinario I
2025. This longitudinal implementation and analytical framework are summarized in

Figure 1.
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Figure 1. Longitudinal study design, cohort implementation, and integrated analytical dimensions of
the multi-platform telemedicine system.

The intervention integrated asynchronous teleconsultations into simulation-based
gynecology training. Students submitted structured simulated cases through the mobile
platform, including clinical history, physical examination fields, vital signs, diagnostic
descriptors, comments, and attachments. Faculty specialists reviewed the submissions
and provided structured feedback, including diagnostic codes, presumptive and definitive
diagnoses, therapeutic recommendations, and educational guidance. Unlike the rural
clinical implementation of the platform, which followed a 24-72-h response protocol, this
educational implementation used faculty-scheduled review cycles, with teleconsultations
assessed and answered in batches before the end of each academic period.

The submission protocol was progressively refined across cohorts in response to fac-
ulty experience, curricular time constraints, and workload considerations. Cohort 1 allowed
approximately four teleconsultations per student to maximize exploratory platform use; Co-
hort 2 reduced the expected workload to approximately two submissions per student; and
Cohort 3 required one teleconsultation per student to ensure completion of the scheduled
formative activity. These planned protocol differences are central to the interpretation of
the findings. Therefore, differences in submission volume, records per student, diagnostic
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diversity, or documentation indicators across cohorts were interpreted as implementation
patterns rather than as direct evidence of cohort-level educational performance.

The simulated gynecological cases were selected within the educational scope of the
gynecology training activity and reviewed by faculty specialists to ensure internal clinical
coherence. Clinical information, including symptoms, physical examination findings,
and expected vital signs, was aligned with the simulated case context. During analysis,
physiological plausibility was assessed descriptively by verifying whether the recorded vital
signs were compatible with clinically reasonable ranges for the corresponding simulated
scenario. This procedure evaluated documentation coherence and data quality, not real
patient measurements or physical examination performance.

Physiological plausibility was operationalized as the presence of vital-sign values
compatible with clinically reasonable ranges for the corresponding simulated gynecological
scenario. This review was conducted as a documentation-coherence check rather than as
an assessment of real patient physiology or bedside examination performance. Records
were considered physiologically plausible only when the available vital-sign fields were
internally coherent with the simulated case context and did not contain values that were
clinically implausible for the scenario.

2.3. Multiplatform Implementation and Data Sources

The telemedicine system consisted of a custom-developed multiplatform architecture
integrating Android, iOS, and browser-based web applications through a secure RESTful
API and a centralized PostgreSQL database infrastructure, as shown in Figure 2. The
Android application was implemented for the Android operating system (Google LLC,
Mountain View, CA, USA), the iOS extension was implemented for the iOS operating sys-
tem (Apple Inc., Cupertino, CA, USA), and the browser-based web application supported
assignment control, specialist response documentation, and workflow monitoring. The cen-
tralized database was implemented using PostgreSQL (PostgreSQL Global Development
Group, Berkeley, CA, USA). The RESTful API was part of the custom-developed system ar-
chitecture and was not a commercial software product. The architecture enabled structured
case submission, local save/synchronization processes, coordinator validation, specialist
review, and response documentation within a shared, asynchronous educational workflow.
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Figure 2. Multiplatform technical architecture of the Cayapas telemedicine system supporting asyn-
chronous simulation-based gynecological training. Solid arrows indicate the primary asynchronous
workflow; dashed arrows indicate the feedback loop (specialist response and educational plans).
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The data sources included structured teleconsultation records and specialist response
records from the full longitudinal implementation, an institutional study design document,
learner survey exports, faculty evaluation exports, and technical documentation related to
the iOS extension. The platform variables included the academic period, consultation code,
user identifier, diagnostic descriptors, documentation fields, physical examination fields,
vital signs, attachments, and timestamps. The specialist response variables included linkage
status, comments, presumptive and definitive diagnoses, therapeutic recommendations,
educational guidance, diagnostic codes, and response timestamps.

2.4. Outcomes and Statistical Analysis

Categorical variables were reported as counts and percentages, and continuous vari-
ables as means, standard deviations, medians, interquartile ranges, and ranges. The
documentation and response indicators were defined as follows.

Documentation indicators were defined a priori from available platform fields. Cur-
rent illness documentation was considered present when the corresponding structured
field contained clinically interpretable text. History-field completeness required completion
of all seven structured history fields. Physical examination documentation required at
least one completed examination field. Diagnostic descriptor completeness required both
primary diagnostic and subdiagnostic fields to be completed. Response linkage indicated
that a specialist response record could be matched to the original teleconsultation record.
Feedback completeness was calculated from the structured specialist response fields avail-
able in the platform, including diagnostic coding, presumptive and definitive diagnoses,
therapeutic recommendations, and educational guidance.

Diagnostic diversity was calculated using Shannon’s diversity index, H = —X(p; In p;),
where p; represents the proportion of records in primary diagnostic category I [24]. In this
educational implementation, Shannon’s index was included to summarize the breadth and
evenness of simulated diagnostic exposure across the platform-generated case portfolio.
It was interpreted only as a descriptive implementation indicator of diagnostic exposure
diversity and not as a validated learner performance score, diagnostic accuracy metric,
or measure of competence acquisition. Given the observational implementation design,
repeated records within some student users, and planned differences in cohort submission
protocols, formal between-cohort hypothesis testing was not used to support comparative
educational claims. Cohort-level indicators are therefore reported descriptively to charac-
terize implementation patterns, documentation quality, response coverage, temporal use,
and simulated diagnostic exposure across academic periods.

2.5. Faculty Expert Review

Faculty evaluation exports were interpreted as a post-experiment expert review layer
collected after completion of the implementation [25]. Because the available forms did
not allow ratings to be attributed to specific academic periods, faculty assessments were
analyzed as summative educational triangulation across the full implementation [26,27].
The two faculty specialists evaluated different submissions or participant groups rather
than independently rating the same dataset [28]. Therefore, these data were reported as
supporting expert opinion regarding documentation quality and were not used to estimate
interrater reliability, scoring validity, or formal psychometric evidence.

2.6. Ethical Considerations

This study was conducted in accordance with the principles of the Declaration of
Helsinki and the ethical standards for educational research involving human participants.
It was developed within the framework of the institutional research project “Efectividad
de la telemedicina como herramienta de simulacién en el desarrollo de competencias de
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diagnostico a distancia en estudiantes de medicina,” officially registered and approved by
the institutional Research Center [29]. All participants provided written informed consent.
Participation was voluntary, and students were informed that participation or withdrawal
would not affect their academic performance. All records were anonymized at the time of
collection, de-identified before analysis, and handled confidentially.

3. Results
3.1. Longitudinal Implementation and Platform Activity

Across the three academic periods, 205 platform records from 95 student-user iden-
tifiers were analyzed. The distribution was 64, 109, and 32 records in Cohorts 1, 2, and
3, respectively. The records per student user were 4.00, 2.10, and 1.19, respectively, re-
flecting the progressive reduction in the expected number of teleconsultation submissions
introduced across cohorts as part of protocol refinement. These differences in records per
student reflected the planned reduction in expected submissions across cohorts and were
therefore interpreted as implementation characteristics rather than as indicators of student
performance or engagement.

Valid ICD-10 diagnostic coding was available for 182/205 records (88.8%). Attachment
use was observed in 25/205 records (12.2%), with the highest proportion in cohort 3 (10/32,
31.3%). The cohort implementation characteristics and platform activity indicators are
summarized in Table 1. The temporal distribution of the submissions is shown in Figure 3.

Table 1. Cohort implementation and platform activity across three academic periods.

Cohort

Students/ Response Valid Records Records per

Attachment

Use Diagnostic

Linkage n/N

Sections (%) ICD-10 Student 1 (%) Diversity

Cohort 1
Ordinario I 2024
2 July 2024 to 10
August 2024
Cohort 2
Ordinario II 2024-2025
10 August 2024 to 22
May 2025
Cohort 3
Ordinario I 2025
21 May 2025 to 16 June
2025
Overall
Three academic
periods

16/2 62/64 (96.9%)  63/64 (98.4%) 4.00 5/64 (7.8%) 33; H = 3.039

52/6 105/109 (96.3%)  90/109 (82.6%) 2.10 10/109 (9.2%) 39; H=3.342

27/4 29/32 (90.6%) 29/32 (90.6%) 1.19 10/32 (31.3%) 11, H=1971

95/12 196/205 (95.6%)  182/205 (88.8%) 2.16 25/205 (12.2%) —

The predominance of evening/night submissions suggests that the asynchronous
workflow enabled students to complete teleconsultation activities outside conventional
classroom hours. This pattern supports the flexibility of the implementation model but
does not provide direct evidence of improved learning outcomes.

3.2. Documentation Quality and Diagnostic Diversity

The teleconsultation records represented a broad range of simulated gynecological
cases. Diagnostic diversity varied across cohorts, with 33 primary diagnostic categories in
cohort 1 (H = 3.039), 39 in cohort 2 (H = 3.342), and 11 in cohort 3 (H = 1.971), as shown
in Table 1. Shannon’s index was used only as a descriptive indicator of the simulated
diagnostic exposure breadth and evenness. The documentation quality indicators are
summarized in Table 2. Current illness was documented in 202 /205 records (98.5%), at
least one physical examination field in 179/205 (87.3%), complete primary/subdiagnostic
descriptors in 174/205 (84.9%), physiologically plausible vital signs in 152/205 (74.1%),
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and all seven history fields in 118/205 (57.6%) records. The lower diagnostic diversity
observed in Cohort 3 should be interpreted in the context of the reduced expected number
of submissions per student and the smaller number of total records, rather than as evidence
of lower diagnostic ability.

Cohort1 | 7/64 57/64
(n=64)] (10.9%) (89.1%)
3/109
(2.7%)
Cohort 2 | / 16/109 90/109
(n = 109) (14.7%) (82.6%)
Cohort 3 | 6/32 26/32
(n=32) (18.8%) (81.2%)
0 ZIO 4I0 6IO 8‘0 l(l)O
Percentage of submissions (%)
Morning (06:00-11:59) Afternoon (12:00-17:59) Night (18:00-05:59)
Figure 3. Temporal distribution of teleconsultation submissions across academic periods. Submission
times were grouped as morning (06:00-11:59), afternoon (12:00-17:59), and night (18:00-05:59). The
distribution describes use of the asynchronous platform and should not be interpreted as a direct
measure of learning, engagement, or competence acquisition.
Table 2. Documentation and data quality indicators by cohort.
Indicator Overall n/N (%) Cohort 1 n/N (%) Cohort 2 n/N (%) Cohort 3 n/N (%)
Primary /subdiagnostic
descriptors complete 174/205 (84.9) 60/64 (93.8) 85/109 (78.0) 29/32 (90.6)
Any physical examination
field documented 179/205 (87.3) 62/64 (96.9) 91/109 (83.5) 26/32 (81.2)
All seven vital signs
physiologically plausible 152/205 (74.1) 52/64 (81.2) 78/109 (71.6) 22/32 (68.8)
Current illness documented 202/205 (98.5) 63/64 (98.4) 107/109 (98.2) 32/32(100.0)
All seven history fields 118,/205 (57.6) 44/64 (68.8) 54/109 (49.5) 20/32 (62.5)

documented

Note: Cohort-level indicators are reported descriptively. Formal between-cohort hypothesis testing was not used
to support comparative educational claims because repeated teleconsultation records could be nested within
student users, and the expected number of submissions differed across cohorts as part of planned implementa-
tion refinements.

3.3. Specialist Feedback and Faculty Expert Review

Specialist response linkage was achieved for 196/205 platform records (95.6%), with
high coverage across the three academic periods studied. Structured specialist feedback
was complete among linked responses, with a median completeness score of 7.0 (IQR
7.0-7.0) overall and in each academic period. Faculty expert review provided supportive
opinion regarding the quality of submitted teleconsultation write-ups, with high ratings
for history structure (mean 3.91, SD 0.56; ratings 4-5: 45/54, 83.3%) and medical language
(mean 4.54, SD 0.88; ratings 4-5: 45/54, 83.3%). These faculty ratings were interpreted as
complementary expert evidence, not as formal reliability or scoring-validity evidence.

https://doi.org/10.3390/app16126161


https://doi.org/10.3390/app16126161

Appl. Sci. 2026, 16, 6161

8of 12

Learner-reported outcomes showed that 88/95 respondents (92.6%) perceived spe-
cialist feedback as useful for gynecology learning, 81/95 (85.3%) perceived benefit for
diagnostic/management ability, and 76/95 (80.0%) rated the platform as being easy to use.
The main implementation priorities identified by learners were fewer technical problems
(33/95, 34.7%), easier platform use (23/95, 24.2%), and more real-time faculty interactions
(19/95, 20.0%).

4. Discussion
4.1. Principal Findings

This study provides multi-cohort educational process evidence that a multiplatform
asynchronous telemedicine system can be implemented within simulation-based gynecol-
ogy training across successive undergraduate cohorts. The main findings were that the
platform generated a structured portfolio of student-created gynecology teleconsultation
records, enabled monitoring of documentation quality and specialist response linkage,
supported descriptive analysis of simulated diagnostic exposure, and provided comple-
mentary evidence from faculty expert review and learner-reported perceptions. These
findings should be interpreted as process-level implementation evidence rather than as
proof of individual competence gain. The platform traces how students used the system,
how completely teleconsultation records were documented, and how reliably specialist
feedback was linked to submissions. However, the study did not include direct observation
of synchronous telemedicine encounters, linked pre/post competence assessments, or
validated learner-level diagnostic accuracy measures [3,4,22,23].

The contribution of the present manuscript is not the technical development of the
platform alone, which has been addressed in earlier stages of the research program, but the
analysis of platform-generated educational process data across a complete multi-cohort
implementation. This distinguishes the study from prior platform-development and early
implementation reports by focusing on documentation quality, response linkage, diagnostic
exposure diversity, temporal use, faculty expert review, and learner acceptability within an
asynchronous simulation-based gynecology workflow.

4.2. Relationship to Existing Literature

These findings align with the telemedicine education literature, emphasizing the im-
portance of structured opportunities to practice remote communication, digital documen-
tation, technology use, data collection, and telehealth decision-making [5,6,30]. However,
this study addresses a more specific gap by moving beyond single-session satisfaction,
isolated tele-OSCE performance, and short-term curricular exposure. Its contribution lies
in longitudinal platform-generated evidence from an authentic simulation-based educa-
tional workflow.

The results are also consistent with simulation-based education and digital education
evidence showing that technology-enhanced simulation, Internet-based education, mobile
learning, and virtual patient approaches can support learning when integrated with clear
objectives, feedback, and structured assessment [7-14]. Simultaneously, assessment and
validity literature cautions against inferring competence from a single metric, learner satis-
faction alone, or unvalidated composite indicators [22,23,31-34]. For this reason, the present
study used conservative language: the platform supported educational process evaluation
and triangulated documentation of implementation quality rather than demonstrating
individual competence improvement.

In relation to independent telehealth education literature, the present study comple-
ments telehealth competency frameworks and tele-OSCE research by examining routine
platform traces generated during an educational implementation rather than a single per-
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formance assessment event. The findings, therefore, add implementation-level evidence
about documentation behavior, feedback availability, and asynchronous workflow use,
while still requiring future studies with validated assessment rubrics to determine whether
repeated platform use translates into measurable competence improvement.

4.3. Educational and Technical Implications

For gynecological education, the platform provided a structured model for asyn-
chronous remote diagnostic reasoning. The workflow required students to document
simulated clinical histories, examination findings, vital signs, diagnostic descriptors, and
supporting attachments while receiving structured specialist feedback. This aligns with
telehealth competency domains related to communication, technology use, patient data
collection, clinical assessment, safety, and ethical practice [5].

The temporal submission pattern suggests that the asynchronous design allowed
students to complete teleconsultation activities outside conventional classroom schedules.
This supports the logistical flexibility of the workflow and may be relevant for curricular
implementation where faculty review occurs in scheduled batches. However, temporal
submission patterns should be interpreted only as platform-use indicators and not as direct
evidence of learning, motivation, or competence acquisition.

Physical examination data require separate and cautious interpretation. In this study,
examination fields represented documented simulated case information rather than direct
assessment of real-time remote physical examination skills. Asynchronous teleconsultation
records can support evaluation of documentation and clinical reasoning processes, but
they cannot replace direct assessment through tele-OSCE stations, remote examination
checklists, or supervised patient-assisted examination protocols [30,34].

The iOS extension strengthened the implementation context by demonstrating the
continuity of the platform model beyond Android and web components. However, because
no iOS-specific usage analytics, usability testing, synchronization-error rates, or learning
outcomes were available, the iOS component should be interpreted only as contextual
technical evolution, not as independent evidence of educational effectiveness.

4.4. Strengths and Limitations

Several limitations should be emphasized. First, although the implementation was
longitudinal at the institutional level, the study did not follow the same participants over
time. Second, some students contributed repeated teleconsultation records, which limits
the independence of record-level observations. Third, the expected number of submissions
differed intentionally across cohorts as part of implementation refinement, limiting direct
cohort comparability. Fourth, the study did not include linked pre/post assessments,
validated diagnostic accuracy measures, direct observation of remote physical examination
skills, or synchronous telemedicine performance assessment. Fifth, faculty ratings were
provided by specialists who evaluated different submissions or participant groups, so
these data should be interpreted as supporting expert opinion rather than formal interrater
reliability or scoring-validity evidence.

Future studies should prospectively link platform records, student identifiers, special-
ist feedback, faculty ratings, and validated pre/post assessments at the individual level.
Subsequent implementations should prespecify feedback windows, use fully crossed fac-
ulty ratings when expert reliability is required, and combine asynchronous teleconsultation
workflows with tele-OSCEs or supervised remote examination stations. This would allow
behavior-trace analytics to examine whether documentation patterns, repeated exposure,
response review, or revision behavior are associated with measurable improvement in
remote diagnostic reasoning.
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5. Conclusions

This study showed that a multiplatform asynchronous telemedicine system can sup-
port the multi-cohort implementation of simulation-based gynecology training and generate
useful platform-based evidence for educational process evaluation. Across three academic
periods, the platform enabled structured teleconsultation documentation, specialist re-
sponse linkage, diagnostic exposure analysis, faculty expert review, and learner-reported
educational acceptability.

The findings support the use of platform-generated data for documentation monitor-
ing, specialist feedback tracking, and implementation refinement, rather than as evidence
of individual competence improvement. Future studies should prospectively link learner-
level platform activity with validated telehealth assessment rubrics, direct observation
of remote examination skills, structured expert ratings, and pre/post measures of diag-
nostic reasoning to determine whether repeated asynchronous teleconsultation practice
contributes to measurable competence development.
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