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ABSTRACT
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International (CC BY-NC 4.0). respiratory rate. Corresponding MAPE values were 0.26%, 0.19%, and 2.58%.
The 31-participant dataset produced mean values of 14.77 breaths/min, 97.99%
SpO,, 84.77 bpm, 37.36 °C, and 121.65 mmHg systolic pressure. Total NEWS2
scores ranged from O to 4, and all participants were categorized as low risk
without a single red score. Simulated scores of 6 and 9 verified medium-risk,
high-risk, and single-red-score alert branches. The prototype demonstrated end-
to-end technical feasibility, but the reported agreement and risk outputs are not a
clinical validation and require calibrated references, repeated measurements,
broader cohorts, and formal clinical evaluation

INTRODUCTION

Vital-sign monitoring is central to the early recognition of physiological deterioration because changes in
respiratory rate, oxygen saturation, systolic blood pressure, pulse rate, body temperature, and consciousness may
precede serious clinical events. The National Early Warning Score 2 (NEWS2) standardizes these observations into an
aggregate track-and-trigger score. Recent validation studies have reported useful discrimination for -clinical
deterioration and mortality in emergency and general-ward populations, although performance varies by outcome and
clinical setting (Vergara et al., 2021; Alhmoud et al., 2023; Chen et al., 2025). These findings support NEWS2 as a
structured assessment aid, while reinforcing that it must be interpreted alongside clinical judgement.

NEWS2 combines respiratory rate, oxygen saturation, supplemental-oxygen status, systolic blood pressure, pulse
rate, temperature, and level of consciousness or new confusion. Each physiological parameter contributes a weighted
score, which is aggregated to indicate the level of concern and guide an appropriate response. Reliable use therefore
depends on complete and timely measurements, correct data entry, and consistent score calculation (Welch et al., 2022;
Reichl et al., 2024).

Digital and automated approaches have been investigated to reduce the workload and potential calculation errors
associated with manual early-warning scoring. A study of a digital NEWS2 system in a cardiac specialist setting
described automated score calculation and display within clinical workflows (Alhmoud et al., 2023). A wearable-based
pilot study also found substantial agreement between automatically generated and conventional NEWS2 values, while
identifying signal-quality and data-availability challenges (Reichl et al., 2024). Such studies indicate the potential of
technology-assisted monitoring but do not remove the need for sensor validation and clinical oversight.

The practical value of NEWS2 depends not only on its predictive performance but also on the quality of
measurement and the response process. Recent studies have evaluated NEWS2 in emergency departments and general
wards, including external validation in COVID-19 populations and large-scale evaluation of deterioration outcomes
(Zarama et al., 2024; Chen et al., 2025). Other work has shown that digital early-warning systems can improve the
availability and visibility of scores, although their effect on downstream clinical outcomes depends on workflow
integration (Alhmoud et al., 2023).
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In healthcare practice, an Early Warning System supports the structured recognition of changes in patient
condition and helps staff determine the urgency of reassessment or escalation. Recent work has discussed EWS
implementation and patient-safety processes in Indonesian settings, while digital NEWS2 studies emphasize the
importance of workflow integration and clear clinical response (Astuti et al., 2022; Simanjuntak et al., 2023; Alhmoud
et al., 2023). However, an automated score should remain a decision-support output rather than a substitute for
professional assessment.

NEWS2 has been evaluated in different clinical contexts. Vergara et al. (2021) reported its prognostic value in an
emergency-department cohort, while Sofwan et al. (2023) evaluated its ability to predict mortality among adult
COVID-19 patients in Yogyakarta. Zarama et al. (2024) subsequently compared NEWS2 with other indices for
predicting adverse outcomes in emergency-department patients with COVID-19. These studies provide a rationale for
using NEWS2 as the scoring framework in a monitoring prototype, but their clinical findings cannot be transferred
directly to the present engineering test sample.

LITERATURE REVIEW

Recent literature covers three related areas: clinical validation of NEWS2, digital or wearable generation of
early-warning scores, and implementation of EWS in routine care. Clinical validation studies have assessed NEWS2 in
emergency and inpatient populations (Vergara et al., 2021; Sofwan et al., 2023; Zarama et al., 2024; Chen et al., 2025).
Their results support the usefulness of NEWS2 for risk stratification, while also showing that predictive performance
depends on the outcome being assessed and the population under study. Riccalton et al. (2025) further mapped proposed
NEWS2 modifications and highlighted the potential value of trend information and selected demographic variables,
while emphasizing the need for further validation.

Research on digital monitoring has moved beyond manual score calculation. Alhmoud et al. (2023) examined
digital NEWS2 in a cardiac specialist setting, and Reichl et al. (2024) investigated a wearable-based approach for
automatically generating NEWS2. These studies are relevant to the present work because they demonstrate the
feasibility of combining physiological measurements with automated scoring. They also highlight important constraints,
including measurement quality, missing data, and the need to compare automated outputs with conventional
measurements. Continuous multiparameter monitoring research has also explored real-time risk alerts using wearable
sensors (Eisenkraft et al., 2023).

In Indonesia, published work has examined NEWS2 validation and EWS implementation (Sugiyarto et al., 2021;
Astuti et al., 2022; Simanjuntak et al., 2023; Sofwan et al., 2023). International research has also investigated digital
EWS documentation and continuous multiparameter monitoring (Wong et al., 2024; Eisenkraft et al., 2023). These
studies provide context for the importance of consistent assessment and training. However, the present study addresses
a different engineering objective: integrating multiple vital-sign acquisition devices, an ESP32-based communication
layer, automated NEWS2 calculation, digital documentation, and local alerts into a prototype intended for clinical
simulation learning.

The implementation of EWS is influenced by staff knowledge, completeness of observations, monitoring
frequency, and the availability of an integrated support system. Indonesian studies have reported challenges in EWS
implementation and the need to strengthen monitoring processes (Simanjuntak et al., 2023). Recent reviews and digital-
system evaluations also emphasize the importance of trend information, data quality, and integration with clinical
workflows (Riccalton et al., 2025; Wong et al., 2024).

Despite these developments, there remains a practical need for an integrated prototype that combines
multiparameter acquisition, NEWS2 calculation, a web-based history and trend display, and local alerts in a clinical-
simulation learning environment. The current study therefore focuses on system development and technical testing
rather than clinical prediction or validation. Its contribution is the integration of sensor-derived measurements with
manually entered NEWS?2 inputs, automated scoring, and multi-channel presentation of results.

Existing research has largely evaluated clinical implementation or automated monitoring in hospital settings. The
present study differs by developing an integrated, learning-oriented prototype for a clinical simulation laboratory. It
combines sensor acquisition, ESP32-based communication, NEWS2 calculation, web-based documentation, and local
alert outputs. The study evaluates technical feasibility and measurement comparison; it does not claim clinical
validation or proven detection of acute deterioration.

METHOD

This study used a Research and Development (R&D) approach with an engineering-based system-development
model adapted from the Borg and Gall stages. The workflow comprised needs analysis, system design, prototype
development, limited field testing, data collection, and data analysis. Needs analysis included a literature review,
observations of vital-sign monitoring activities, and discussions with lecturers and clinical instructors. System design
covered the hardware architecture, NEWS2 calculation logic, and dashboard interface. Prototype development
integrated the sensors, ESP32 firmware, communication services, database, and dashboard. Limited testing and data
collection used device experiments and measurements from participants. The workflow is summarized in Figure 1.
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Research and Development (R&D) Workflow

Needs analysis
Literature review, laboratory observation,
lecturer/clinical-instructor interviews

v

System design

Hardware architecture, NEWS2 algorithm,
and dashboard interface

!

Prototype development
Sensor integration, ESP32 programming,
BLE/Wi-Fi/MQTT and dashboard

:

Limited field testing

Testing during clinical-case simulations

!

Data collection

30 paired sensor comparisons;
31-subject vital-sign dataset

v

Data analysis and evaluation

MAPE comparison, NEWS2 score review,
and functional-system assessment

Figure 1. Research and development workflow of the NEWS2-based multiparameter monitoring prototype

Sensor comparison used 30 paired samples (P002-P031) for SpO, body temperature, and respiration rate.
Measurements were compared with a commercial oximeter, thermometer/thermogun, and manual respiratory counting,
respectively. The manuscript reports mean absolute percentage error (MAPE) and MAPE-derived accuracy (100% —
MAPE). The complete prototype dataset comprised 31 participants aged 20-81 years. System evaluation also
considered the reported operation of BLE and MQTT communication, database storage, dashboard functions, Excel
export, LCD, LEDs, and buzzer. NEWS2-related inputs not acquired directly by sensors—including ACVPU, oxygen
status, oxygen device/flow, and SpO: scale—were entered through the dashboard. These procedures evaluate technical
feasibility and do not constitute clinical validation.

RESULT
Prototype Development and System Integration

The developed prototype integrates multiparameter vital-sign acquisition with automated National Early Warning
Score 2 (NEWS2) calculation. The hardware uses an ESP32 as the controller, a MAX30102 sensor for oxygen
saturation (SpO:), two MLX90614 sensors for body temperature and respiration-rate estimation, and an OMRON
HEM-7156T blood-pressure monitor connected through Bluetooth Low Energy (BLE). The system transfers
measurements through Wi-Fi and MQTT to a backend and web dashboard. A local LCD, LED indicators, and a buzzer
provide on-device information and alerts.

The online dashboard supports administrator and patient access, active-patient selection, display of real-time
vital signs, manual entry of NEWS2-related parameters, score calculation, measurement-history storage, trend
visualization, and Excel export. Consciousness level (ACVPU), oxygen status, oxygen device/flow, and NEWS2 SpO-
scale are entered through the dashboard, while sensor-derived measurements are received from the device. Functional
tests reported in the progress report showed that BLE and MQTT communication, data storage, dashboard functions,
Excel export, LCD, LED, and buzzer operated according to the design.

Sensor Comparison Results

Comparative testing was conducted on 30 samples (patient IDs P002—P031) for SpO-, body temperature, and
respiration rate. The sensor measurements were compared with a commercial oximeter, a thermometer/thermogun, and
manual respiratory counting, respectively. Table 1 summarizes the reported mean absolute percentage error (MAPE)
and the accuracy calculated as 100% minus MAPE.
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Table 1. Summary of sensor comparison results

Parameter Sensor / method Comparator MAPE Accuracy based on MAPE
Oxygen MAX30102 Oximeter 0.26% 99.74%
saturation (SpO-)

Body MLX90614 Thermometer/thermogun 0.19% 99.81%
temperature
Respiration rate MLX90614 on mask ~ Manual count for 60 s 2.58% 97.42%

The smallest reported error was observed for body-temperature measurement (MAPE 0.19%), followed by SpO-
(0.26%). Respiration-rate estimation had the largest error (2.58%). For temperature, the report also gives a mean
absolute error of 0.07 °C. The reported mean respiration rate in the comparison set was 14.87 breaths/min for both the
sensor and manual method, although individual readings differed by up to one breath/min in the listed samples.

Vital-Sign Measurements and NEWS2 Scores

Vital-sign measurements were collected from 31 subjects aged 20—81 years. The mean age was 28.71 years; 27
subjects (87.10%) were male and four (12.90%) were female. Across the sample, the reported averages were 14.77
breaths/min for respiration rate, 97.99% for SpO, 84.77 beats/min for pulse rate, 37.36 °C for body temperature, and
121.65 mmHg for systolic blood pressure. Subject identifiers were used in place of full names in the report.

The calculated NEWS?2 totals ranged from 0 to 4, with a reported mean score of 1.00. All 31 measurements were
classified as low risk, and no single red score was recorded. These findings describe the tested sample only and do not
establish performance for patients with acute deterioration. NEWS2 Calculation and Alert-Branch Verification
The documented functional tests indicate that the prototype completed the intended data path: measurements from the
devices were transferred to the backend, stored, displayed on the dashboard, and presented through the local LCD and
alert components. The progress-report summary also records simulated NEWS2 totals of 6 and 9 to exercise the
medium- and high-risk alert branches. A separate single-parameter red-score condition was reported as tested. These
simulated cases provide evidence that the alert logic was exercised beyond the low-risk participant dataset; they are
software/functional checks and must not be interpreted as observations of clinical deterioration in participants.

Table 2. Summary of documented NEWS2 and system functional-test evidence.

Test evidence Reported input/condition Reported output or interpretation
Participant dataset 31 participants; NEWS?2 totals 0—4 All observations low risk; no single red score
Simulated aggregate score ~ NEWS?2 total = 6 Medium-risk alert branch exercised
Simulated aggregate score = NEWS2 total =9 High-risk alert branch exercised
Single-parameter trigger One parameter assigned a red score (3)  Single-red-score alert branch exercised

End-to-end functional test ~BLE, MQTT, database, dashboard, Reported to operate according to the design
Excel export, LCD, LED, buzzer

DISCUSSION

The comparison results indicate that the prototype produced measurements close to the selected reference
methods in the tested sample. The MAPE-derived accuracy was highest for body temperature (99.81%) and SpO-
(99.74%), while respiration-rate estimation was lower (97.42%). This difference is consistent with the distinct
measurement approaches: SpO: is derived from optical signals, temperature is measured non-contact, and respiration
rate is inferred from temperature changes in inhaled and exhaled air near the mask. Respiration-rate estimation may
therefore be more sensitive to sensor placement, airflow, breathing pattern, and environmental temperature. These
factors should be examined in further validation. The pattern is consistent with recent work showing that automated
NEWS2 generation is technically feasible, while data quality and agreement between wearable or sensor-derived
measurements and conventional observations remain important concerns (Reichl et al, 2024). The present MAPE
values are based on the comparison procedure reported in the source progress report; they should not be interpreted as
clinical-grade accuracy without calibration, repeatability analysis, and agreement testing using appropriate statistical
methods.

The participant dataset contained only low-risk NEWS2 totals (0—4). Therefore, it cannot establish sensitivity,
specificity, or predictive performance for moderate- or high-risk deterioration. The simulated scores of 6 and 9 and the
single-red-score condition demonstrate that the programmed alert branches were exercised, but simulation of score
inputs is not equivalent to validation in patients. This distinction is important because recent large-scale validation
studies have shown that NEWS2 performance differs by outcome and time window (Chen et al., 2025), and a recent
emergency-department study reported limitations in using NEWS2 alone to predict time-critical treatment (Goodacre et
al., 2025). This limitation is consistent with recent literature noting that NEWS2 performance varies with the
population, outcome, and scoring context (Forster et al., 2022; Riccalton et al., 2025).

The system’s main contribution is the integration of sensor acquisition, NEWS2 scoring, and digital
documentation within one learning-oriented prototype. Instead of viewing vital signs as separate values, users can see
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them alongside partial scores, total score, risk category, and single-red-score status. The dashboard’s trend chart and
measurement history may also support teaching activities in which students interpret changes over time. Local outputs
through the LCD, LEDs, and buzzer complement the web interface and provide a visible indication of system status.

The NEWS2 results should be interpreted cautiously. All tested subjects were classified as low risk, and the
sample did not contain a single red score. Consequently, these data demonstrate the system’s operation under the
observed measurement conditions but do not verify how reliably it identifies moderate- or high-risk cases. Further
testing should use controlled clinical simulation scenarios representing a wider range of vital-sign abnormalities and
should verify score outputs against independently calculated NEWS2 values, including oxygen-scale selection,
supplemental-oxygen status, and ACVPU inputs.

Several limitations are evident from the progress report. First, the sensor-comparison sample consisted of 30
measurements, whereas the broader vital-sign and NEWS2 analysis involved 31 subjects. Second, the subjects were
predominantly male and the mean age was relatively young, limiting the representativeness of the sample. Third, the
reported accuracy values are calculated as 100% minus MAPE and should be understood as error-derived indicators
rather than a complete clinical validation of each sensor. Fourth, the system combines automated sensor readings with
manually entered NEWS2 parameters, so incorrect or incomplete manual inputs may affect the final score. Finally, the
prototype is intended as a monitoring and educational aid and is not a substitute for professional clinical assessment or
medical diagnosis.

Overall, the findings support the technical feasibility of integrating multiparameter vital-sign monitoring with
NEWS2 calculation, dashboard visualization, data storage, and local alerts. The next stage should prioritize testing with
simulated deterioration cases, assessment of repeatability and communication reliability, and verification of the
complete NEWS2 workflow before any broader clinical use.

CONCLUSION

This study developed and tested a multiparameter vital-sign monitoring prototype integrated with National Early
Warning Score 2 (NEWS2) calculation for use as a learning aid in clinical simulation laboratories. The prototype
combined sensor-based measurements, data transfer through BLE and MQTT, a web dashboard, measurement-history
storage, and local outputs through an LCD, LEDs, and a buzzer. Functional testing reported that these components
operated according to the design. In the sensor comparison tests, the reported MAPE values were 0.26% for SpOa,
0.19% for body temperature, and 2.58% for respiration rate, corresponding to MAPE-derived accuracy indicators of
99.74%., 99.81%, and 97.42%, respectively. Among the 31 subjects assessed, the NEWS2 total scores ranged from 0 to
4, with a reported mean of 1.00; all measurements were classified as low risk and no single red score was recorded.

These results indicate the technical feasibility of integrating multiparameter vital-sign monitoring and NEWS2
scoring into a single educational prototype. However, the current findings do not establish performance in detecting
moderate- or high-risk clinical deterioration because all tested subjects were classified as low risk. Further work should
include controlled simulation scenarios covering a broader range of abnormal vital signs, verification of NEWS2
calculations and manual inputs, and additional testing of sensor repeatability and system reliability. The prototype
should be regarded as a monitoring and educational aid, not as a replacement for professional clinical assessment or
medical diagnosis.
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