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Abstract

This study aimed to develop and validate the appearance
and functionality of a low-cost simulator for training in
gynecological  procedures, including speculum
examination, hysterometry, and intrauterine device
(IUD) insertion. This methodological pilot study was
conducted between March and June 2025 at a federal
university in northeastern Brazil and involved two
stages: prototype development/testing and appearance/
functionality validation. Twelve Family and Community
Medicine residents (mean age: 28 years; 58.3% male)
participated. The simulator, classified as low-cost (BRL
202.00 = USD 36), presented medium technological
complexity and handcrafted production, enabling all
proposed procedures. Internal consistency was high

(Cronbach’s a = 0.915). Accessibility (4.69 + 0.62) and
usability (4.8 £ 0.4) scored highest, while realism was
moderate (4.0 + 1.06). Significant correlations were
observed between versatility and usability (p = 0.714; p
< 0.01) and between technology and realism (p = 0.543;
p <0.01). Findings support appearance and functionality
validity only; educational effectiveness and skill transfer
were not assessed. No objective measures of skill
acquisition, error reduction, or transfer to clinical
performance were evaluated in this study. The simulator
proved accessible, safe, and pedagogically useful,
supporting competency-based and sustainable training in
sexual and reproductive health.
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INTRODUCTION

Training in sexual and reproductive health requires
supervised practical experience in procedures such as
speculum examination, hysterometry, and IUD insertion
for individuals with a uterus and vagina. However,
limited access to controlled training environments
restricts skill development and learner safety.!? Clinical
simulation is an established strategy for safe and
structured procedural learning, enabling repetition, error
recognition, and progressive skills acquisition.!?
Simulators may be physical, technological, or service-
based representations® and are commonly classified as
low-, medium-, or high-fidelity, according to complexity
and cost.*?
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Commercial simulators are often expensive and
inaccessible, especially in low- and middle-income
countries. Low-cost models made from reproducible
materials are a sustainable alternative without
compromising educational value.>*78%1%  Simulation-
Based Education (SBE) improves psychomotor skills
and reduces learner anxiety but requires trained faculty
and adequate infrastructure.':'?> Resource constraints
reinforce inequities and reliance on traditional
observational teaching.!>!4

Teaching gynecological procedures also involves ethical
and communication aspects, including privacy and
modesty. Simulation enables technical and relational
skills practice in a safe environment. In Brazil, I[UD use
among women aged 15-49 remains low (=4%),
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indicating training gaps.”” Expanding access to
procedural simulation is therefore relevant to workforce
qualification.

Aim of the study

This study aimed to develop and validate the appearance
and functionality of a low-cost simulator for speculum
examination, hysterometry, and IUD insertion.

METHODS

Study Design

A methodological applied study was conducted at a
public university in Rio Grande do Norte, Brazil. The
process included prototype development/testing and
appearance/functionality  validation with medical
residents. Ethical approval was granted (CAAE
6,974,590). The design followed pilot-stage validation
principles focused on appearance and functionality
domains.

Stage 1: Development and Prototype Testing

The simulator integrates three gynecological procedures
in a single platform to reduce fragmentation seen in
commercial devices. Materials included a trapezoidal
wooden base (20° incline), silicone genital structure,
acrylic cover, removable elastomeric cervix, silicone
uterus, and an Arduino UNO microcontroller with a
piezoelectric sensor that emits light and sound when the
uterine fundus is reached. Expert-guided refinement
ensured anatomical coherence, stability, and adequate
tactile resistance.

Stage 2: Validation
Twelve Family and Community Medicine residents
participated after providing informed consent.

The small and homogeneous sample reflects a
preliminary validation phase and was not intended to
support broad generalization. Multicenter validation
with larger and more diverse professional groups is
planned for future studies.
Participants performed the three procedures and
completed:
* Sociodemographic questionnaire
* Low-Cost Simulator Assessment Instrument
(IESBJ), with 25 items across six domains: cost,
accessibility, technology/manufacturing,
realism, versatility, and usability.’

Data Analysis

SPSS 24 was used. Descriptive statistics summarized
scores. Cronbach’s o assessed internal consistency
(>0.70 acceptable). Spearman’s p tested domain
correlations (p < 0.05).

RESULTS

Simulator Overview

The device was classified as medium-technology and
handcrafted, suitable for low-resource settings.
Anatomical dimensions supported the execution of all
three procedures (Fig. 1).

Production cost totaled BRL 202 (= USD 36),
substantially lower than commercial simulators
exceeding USD 1,000-100,000.' These higher-cost
models typically include high-fidelity pelvic trainers and
sensor-based gynecological task simulators described in
prior studies.®!!

Table 1: Final simulator — top and lateral views showing the identification of structural and anatomical
components. Source: Authors’ own elaboration.
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Validation Outcomes
Cronbach’s o = 0.915 confirmed excellent internal
consistency. Participants (mean age = 28 years; 58.3%

male) rated the simulator highly across most domains
(Table 1 summary):

Table 1: Global assessment of the low-cost gynecological simulator according to the dimensions of the Low-
Cost Simulator Assessment Instrument

Dimension Mean + SD Median (P25-P75) Mode Min Max
Cost 4.64+0.60 5.0 (4.0-5.0) 50 20 50
Accessibility 4.69 +0.62 5.0 (5.0-5.0) 50 30 50
Technology, manufacturing,

and reproducibility 4.32+0.80 5.0 (4.0-5.0) 50 1.0 50
Realism 4.00 £ 1.06 4.0 (4.0-5.0) 40 20 50
Versatility 453£0.70 5.0 (4.0-5.0) 50 20 50
Usability 4.80+0.40 5.0 (5.0-5.0) 50 40 50

Overall, the results demonstrate very high acceptance in
accessibility, usability, and versatility domains, with
acceptable but comparatively lower realism scores,
supporting feasibility for low-cost procedural training.

Accessibility and usability were top-rated, confirming
portability, intuitive handling, and safety. Realism,
though acceptable, was lower due to limited tactile
fidelity. Participant comments indicated that realism
limitations were mainly related to reduced tactile
feedback, simplified tissue resistance, and less detailed
cervical and vaginal anatomical texture, findings
consistent with other low-cost simulator studies.”'?

Correlation analysis revealed positive relationships
between usability x versatility (p =0.714; p <0.01), and
technology x realism (p = 0.543; p < 0.01), suggesting
coherence among domains. The moderate correlation
between cost X realism (p = 0.483; p < 0.01) indicated
perceived balance between affordability and fidelity.

Overall, participants considered the simulator feasible,
versatile, and pedagogically effective for procedural
training. Figure 2 shows its practical application and
structure during simulated sessions.DISCUSSION

Figure 2: Practical use of the developed simulator: (a) simulated procedure by a student under faculty
supervision; (b) anteroposterior view of external genitalia and model; (¢) posterosuperior view during
intrauterine device (IUD) insertion. Source: Authors.

© Education for Health ¢ 39:2 « (April-June 2026)

Page 227



Raniere de Oliveira Costa, et al.. Low-cost simulator for gynecological procedures

This study presents an integrated, affordable simulator
addressing an important gap in gynecological procedural
training. Combining three procedures in a single device
improves efficiency compared with existing fragmented
commercial solutions.

This validation specifically addresses face (appearance)
and functionality validity and should not be interpreted
as evidence of educational effectiveness or competency
gain. QOutcomes related to performance improvement
were outside the scope of the present study design.

Simulation-based education improves learner confidence
and standardizes exposure but remains unevenly
implemented in resource-limited contexts."*!* The
present simulator addresses cost and infrastructure
barriers using simple materials and embedded sensory
feedback. Its cost (= USD 36) contrasts sharply with
high-fidelity and 3D-printed systems. Functionally, it
compares favorably with previous designs'™'® while
maintaining multifunctionality.

Pedagogical Implications

High usability and accessibility align with experiential
learning principles, enabling repeated safe practice and
the development of communication skills. Correlations
among realism, technology, and usability suggest that
perceived fidelity contributes to engagement.

Moderate realism scores are consistent with low- to
medium-fidelity devices. Material refinement may
improve haptic performance without major cost
increases.

However, because only perception-based measures
(IESBJ) were used, conclusions must be limited to user-
rated appearance and functionality attributes.

Sustainability and Social Accountability

The  handcrafted, reusable design  supports
environmentally responsible simulation practices.!*?
Multifunctionality reduces material use and production
burden. Expanding equitable access to skills-based
education, it reinforces social accountability aligned

with  Brazil’s Unified Health System (SUS),
UNESCO,*'?? and The Network: Towards Unity for
Health.”* The simulator is used in a clinical skills
laboratory.

The simulator is currently under patent filing with the
Brazilian National Institute of Industrial Property
(INPI). The authors declare that there is presently no
commercial licensing agreement or financial
commercialization in place. This intellectual property
status does not influence data collection, analysis, or
reporting.

There are no conflicts of interest related to commercial
exploitation at the time of submission (March 2026).

Comparison with Existing Literature

Findings are consistent with other low-cost simulation
studies in which high usability compensates for
moderate realism.”!? The high a value supports
instrument reliability and reproducibility.

Limitations

The validation sample was small (n=12). This should be
interpreted as a pilot, preliminary validation study.
Participants were limited to Family Medicine residents.
Objective performance outcomes were not measured.

Future research should include gynecologists and other
frontline professionals performing these procedures in
primary care and remote settings, as recommended by
the reviewers.

Conclusion

The low-cost simulator demonstrated reliable
appearance and functionality validity for training in
speculum examination, hysterometry, and IUD insertion.
It combines affordability, usability, and sustainability in
a multifunctional educational device. Educational
effectiveness and clinical skill transfer were not
evaluated and should be addressed in future multicenter
studies. It represents a practical strategy to expand
equitable access to procedural training and support
competency-based reproductive health education.
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