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Abstract

Background: While there is some evidence in the literature demonstrating success in using a triage software application in ED,
none of the solution was developed specifically to support a holistic decision of pediatricians in triage and diagnosis purposes to
initiate the first treatment properly. To explore the usefulness and possibility of employing a digital-based solution to enhance
clinician performance, the mobile application was developed and then assessed in different perspectives.

Objective: The primary objective of this study is to contribute implementation practice of an application to support pediatric
triage and diagnoses. The secondary objective is to present the results of the preliminary evaluation of the application.

Methods: The application called Pedicmeter was developed. Formative tests with revisions were applied throughout the devel-
opment phase. A number of summative extensive evaluations were also conducted to investigate the efficacy of the proposed
method. The evaluation focused on measuring the ability of an application to support a pediatric staff’s decision to determine an
overall severity level and disease diagnosis. Finally, the user’s (clinician’s) satisfaction of using the application was measured.

Results: The application Pedicmeter enables clinicians to make more accurate decisions in determining emergency level of pediatric
patients by 6.66%. The application accurately diagnosed a disease with 73.08% accuracy and 66.67% accuracy for respiratory and
infectious diseases, respectively. The diagnostic information that the application suggested shows that it does have an influence on a
clinician’s diagnosis. Using the app showed improvements in diagnostic accuracy for asthma, croup, sepsis, but it showed a decrease
in the accuracy of a clinician’s decision for pneumonia. The benefit of the application that satisfies the pediatricians the most is the
helpfulness of the features of the application (86%), while the least satisfying factor was the required number of inputs (63%).

Conclusion: The developed application conceptually shows a promising opportunity to enhance clinicians’ decisions from the pilot
study. However, the study also reveals further tweaks are required and unveils challenging issues and the concerns of clinician users
when use the application. Further research will be conducted to investigate and determine the limiting factors and specific issues
revealed by this study. Longitudinal data collection and analysis also need to be conducted to investigate the clinical implications.
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Introduction
Globally, the 24-hour mortality rate for children admitted to
hospitals remains high at 32–66%.1,2,3 In low-income coun-
tries, the under-5 mortality rate was 67 deaths per 1000 live
births versus 5 deaths per 1000 live births in high-income
countries.4 The causes of death vary slightly depending
on what classification system is used, but the major
causes of death are generally the same. According to Zhu
et al.,1 the top three causes of death are respiratory diseases
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(14.8%), neuromuscular disorders (14.3%), and cardiovas-
cular disease (12.6%), whereas in Jofiro et al.,2 cardiovas-
cular diseases are the leading cause of death (27.8%),
followed by respiratory diseases 78 (26.2%), and infectious
diseases (25.5%). More specific causes of death were dis-
covered by Lahmini3 who ranked pneumonia and meningi-
tis as the top two causes of death.

The sooner a correct diagnosis is obtained, and the
urgency of the patient’s condition is established, the sooner
appropriate treatment or a resuscitation process can begin.
For example, some studies suggested the deaths from
respiratory tract infections are readily preventable through
timely access to appropriate public health or medical inter-
ventions, including vaccination, passive immunization, and
antibiotic treatment.5,6 Similarly, the early recognition of
the sepsis and septic shock enabled the early goal-directed
therapy to improve the survival rate significantly in pediat-
ric patients.7,8

Although early screening is crucial in a hospital’s
Emergency Department (ED), it can be especially difficult
to start proper treatments on pediatric patients. The retro-
spective review from the previous research for common
malpractice in ED revealed that one of the most frequent
malpractices caused by inaccurate diagnosis was pediatric
fever/meningitis.9

Many systems and processes for triage have been pro-
posed in the literature and have shown promising results
compared to paper and memory-based triage processes.
For example, reducing disagreements among nurses10;
increasing accuracy11; and increasing confidence in triage
difficult and rare situations.12 However, viable solutions
for pediatric groups are still limited. This paper presents
the findings of research into a new application.

A systematic review of mobile triage applications recently
found that majority of application implied to applicable to
general ages.13 In addition, the literature on triage application
in pediatric patients has largely focused on solutions for spe-
cific diseases or looking at specific purposes for triage such as
abdominal pain investigation,14 sepsis-focused triage,15,16 or
in telehealth setting used by non-medical triagers.17

Because the proposal of using a digital tool that compre-
hensively includes triage and diagnosis information to
support pediatricians is a relatively new approach, this
research focuses on conducting a feasibility study to inves-
tigate the effectiveness and feasibility of the approach in a
clinical setting. It contributes to the literature by presenting
implementation details from a user-centered design (UCD)
approach, as well as the results of an evaluation at Maharaj
Nakorn Hospital, a teaching hospital affiliated with Chiang
Mai University in Thailand.

Methods
The nature of this study is empirical research to investigate
the impact of providing pediatricians with a new approach

to triage and diagnosis in a teaching hospital setting. The
study was conducted at the pediatric Chest and ICU unit,
department of pediatrics, Chiang Mai University, also
known as Maharaj Nakorn Hospital, Chiang Mai between
July 2019 and March 2021. The study was conducted in
two major phases which are the software development
phase and the evaluation phase.

During the software development phase, several research
approaches were combined to create a workable solution. For
example, archival research was carried out in order to iden-
tify and extract medical knowledge about triage and diagno-
sis from medical guidelines. In order to synchronize the
solution with clinic practice, additional survey research
was conducted with the expert to fine-tune the results of
the archival research.

During the evaluation phase, experimental research was
conducted to investigate the impact of the proposed solu-
tion’s effectiveness, especially how the application influ-
ences pediatricians’ decisions. To assess pediatricians’
technology adoption, survey research was undertaken to
explore user satisfaction in both quantitative and qualitative
aspects.

Developmental phase

The application entitled “Pedicmeter” operated using an
Android operating system platform, which was developed.
The implementation focuses on a report by Elmasllari and
Reiners,18 who reports lesson learnt from the failures
found in many e-triage assessment that lack involvement
from the healthcare staffs. This research, on the other
hand, maintained a close collaboration between the
software engineering team and the clinician team
throughout the entire project. Therefore, the software
implementation of this project adheres to the engineer-
ing paradigm known as UCD, which defines an
approach in which end-users have a significant impact
on the shape of a design. The purpose of the UCD meth-
odology is to ensure that the developed software is con-
sistent with clinical practices. In this phase of the study,
the research involved defining the implementation’s
requirements and scope, as well as designing and devel-
oping software.

Defining requirements and scope of the implementation. At
the early stage of the application implementation for this
research, requirements are elicited from the pediatrician
users, clear scope of the application is defined, and what
factors pediatrician users considered to determine the
level of emergency from patient’s conditions and diagnosis
are investigated.

The requirement study is the first activity of this
research; the requirements were extracted from a staff
member at the Department of Pediatrics through meetings.
The ultimate goal of the project is to develop a triage system
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that can enhance pediatric triage residents in ED settings so
that proper treatment can start earlier.

As “Pedicmeter” has an objective to provide a function
as an e-triage tool, the key activity and procedure should
follow standard triage processes stringently. The
Department of Pediatrics, Chiang Mai University uses a
pediatrics’ early warning score (PEWS) as routine practice.
At the Requirement Elicitation phase, PEWS are reassessed
by clinician target users. When interviewed, they voiced
that one of the significant difficulties is that the approach
presently being used relies on the subjective justification
of the triagers. For this research, it was decided that the
application should adopt the modified version of PEWS,
which is entitled the modified pediatric early warning
score (MPEWS) instead. The MPEWS rely more on object-
ive factors, such as heart rate, respiratory rate, and body
temperature. These biometric measures are standard health-
care practice and are easy for the triager to evaluate.19

Using the MPEW score alone is theoretically possible,
but pediatricians will face another significant challenge
in memorizing the standard range of all vital signs cri-
teria, which vary by patient age, and pediatricians must
determine the severity score associated with those vital
signs measured.

Another important requirement had been raised by the
clinician who has supervisory role in pediatrician training.
The requirement is that when giving a diagnostic sugges-
tion, the system needs to present all possible answer possi-
bilities to the triagers. Triagers need to decide on a final and
definitive diagnosis by themselves; they may or may not act
on the suggestion.

Setting up a clear scope of which disease diagnosis to
include in the application—is another important task that
the project predefined at the early stage of the project. A
disease selection based on the prevalence, and medical
records review has indicated that respiratory-related and
infectious diseases were the major cause of hospitalization
by accounting for 43% of the total cases at the
Department of Pediatrics, Chiang Mai University. So,
four important diseases which are asthma, croup, pneumo-
nia, and sepsis are selected to focus. Those four have stand-
ard medical guidelines for investigation. Details of diseases
and their standard diagnosis guidelines are presented in
Table 1.

It was concluded that the MPEW scores should be used
to determine what severity level pediatric patients are in,
and a multiple disease screening metric will be used to
determine what disease patients are likely to have.

In order to enable an application to provide triage and
diagnosis suggestions, a set of inputs from the medical
investigation are required to proceed to generate decisional
output. At this stage, it is necessary to investigate the
required inputs, what logical rules clinicians associate
when making diagnostic decisions as well as the output
characteristics and their interpretation(s). That information

is defined and can be extracted from the diagnosis guide-
lines listed in Table 1.

It was found there are mainly three categories of required
inputs. These are vital signs, scoring based on the investiga-
tion, and specific signs that might signify a symptom. For
the outputs, there are two major possibilities, which are
the score-based results and Boolean results. The main
inputs and output characteristics are outlined in Table 2.

Software design and implementation. The details of how two
major challenges in the application development process are

Table 1. Disease and standard diagnosis guidelines.

Diseases Standard guideline

Asthma PRAM score20

Croup Downes and Raphaely croup score21

Pneumonia WHO classification of childhood pneumonia 201422

Sepsis Pediatric sepsis trigger tool23

PRAM: preschool respiratory assessment measure.

Table 2. Inputs and output from diagnostics guidelines.

Guidelines Major inputs Output

MPEW Vital signs: Score based
on O2 therapy Score
based on Level of
consciousness score

Range of 0–4 and
above to
representing level
of severity

Asthma Score based on retraction
and contraction Score
based on lung signs
Score based on O2Sat

≥9 Severe asthma ≥5
Moderate asthma
<5 Mild asthma

Sepsis Vital signs Specific sign
such as suspected
infectious, pulse,
capillary refill, risk
factors

True/Falsa logical
Condition for
Suspected sepsis
Suspected septic
shock

Pneumonia Vital signs Score based
on retraction and
contraction Specific
signs: suspected
infection, nasal flaring,
grunting

True/Falsa logical
Condition for
Suspected sepsis
Suspected septic
shock

Croup Specific signs such as
suspected infection,
nasal flaring, stridor

True/Falsa logical
Condition for
Suspected croup
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addressed are elaborated here. These are (a) how the applica-
tion generates a decision output, and (b) how the user inter-
face (UI) and interaction design process is designed.

Formulating decision outputs. The Pedicmeter application
uses a set of inputs that triagers supply to enter decision
modules to compute for triage and diagnostic decisions. The
decision modules are formulated from the medical guidelines
presented in Table 1. There are twomajor approaches to deter-
mine outputs that the application adopts. The first approach is
using an arithmetical approach in calculation. In this approach,
the module interprets each input to a numeric score. The sum-
mation of scores for every related factor is a total score to
determine the severity or how likely a patient is present with
a specific disease. The outputs that take an arithmetic approach
are the calculation of MPEW to determine overall severity and
the preschool respiratory assessment measure (PRAM) score
to diagnose asthma. MPEW uses five numeric factors,
which are heart rate by age; respiratory rate per minute by
age; body temperature; oxygen saturation; oxygen therapy
(L/minute); and consciousness level. Possible score ranges
to indicate the severity in each factor are 0, 1, 2, and 4. The
PRAM score is a score-based metric used for detecting
signs of asthma. Five important signs that this measurement
focus are: suprasternal retractions, scalene muscle contraction,
air entry, wheezing sound, and SpO2. The score range for each
factor is from 0 to 3, where the magnitude of each factor is
based on the presentation of symptoms or physical examin-
ation. The total score indicates the level of severity patient
attributes to asthma. A score greater than or equal to 9, for
example, indicates a sign of severe asthma.

Another approach to determine decision outputs is using
a logical approach. The disease diagnosis guidelines
employing this approach include sepsis, pneumonia, and
croup screening. In this approach, the signs and symptoms
presented are monitored. All related signs and symptoms
indicated by the standard guidelines are checked, and the
data is used to formulate a logical expression, which in
turn indicates the approximate disease stage. If there are
indications of a specific disease, and there is a need for
examination, it will prompt a suggested diagnosis based
on that condition. Typically, several indicators are needed
to formulate a compound logical expression, and in some
cases, there are several possible expressions to determine
a disease stage. An example of a suspected condition,
such as pneumonia, is shown in an expression (1).

Nasal flaring AND (Subcostal retraction OR Suprasternal
retraction) AND (heart rate AND respiratory rate) AND
suspect infection (1)

UI design. Although the triage criteria used in this research
were extracted from multiple standard guidelines, they
could not be simply taken and applied to the Pedicmeter
application straight away because some criteria were redun-
dant which needed to be removed or grouped them together.

Also, with the interest in making the design applicable to
the healthcare operation time of Maharaj Nakorn Chiang
Mai Hospital, the sequence of triage should be considered.
Information architecture (IA) is the art of organizing and
labeling an information space for optimal understanding
and use. This research captured all triage parameters from
the MPEWS, and specific disease screening guideline men-
tioned in Table 1, then using a card sorting technique to find
the order of triage; consolidating parameter; categorizing
triage parameters; and seek out a label that exactly match
user’s understandings.

The card sorting was conducted with four pediatric resi-
dents through a mini workshop. Before the workshop, cards
of parameters were prepared and shuffled, and at the work-
shop, the residents are asked to group the parameters
together and give a title for each category. It took three
iterations of sorting before participant could gain consensus
on the card organization. Cards were arranged based on the
sequence of routine diagnosis, which generated four kinds
of diagnosis categories which are: initial impression; risk
factors; vital signs; and physical examination. Figure 1
shows the card sorting activity conducted for this project.

The output from the IA procedure was then applied to
the UI design. Each diagnosis category represents a step
of determining diagnosis, containing diagnosis item limits
with approximately 10 questions to each UI to reduce the
burden of a user’s cognitive workload. A user, as a
triager, is asked to evaluate the condition of a patient, fol-
lowing a checklist, that is, whether a specific symptom is
present. The application design maintains consistency of
the control actions required by presenting a toggled
switch of “yes/no” for each question. On the diagnosis
result page, which is in the last step, the system output
two important information the MPEW score to show the
overall severity and presumptive diagnosis with the pos-
sible following justification: suspected sepsis/suspected
septic shock/suspected mild asthma/suspected moderate
asthma/suspected severe asthma/suspected pneumonia/
suspected moderate pneumonia/severe pneumonia and sus-
pected croup. The UI of the application is illustrated in
Figure 2.

Evaluation phase

Two kinds of usability evaluation are employed. Formative
evaluations are implemented throughout the development
phases to detect and fix any problems before the application
is released. Summative evaluation is conducted to evaluate
the performance of the system after implementation. There
were several summative evaluations conducted in this
research, each of the evaluation has a specific testing object-
ive and detailed as follows:

Beta version test. The first release of Pedicmeter was tested
by six senior pediatricians who have at least five years of
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pediatric experience. The objectives of this evaluation were
twofold: (a) to evaluate the overview experience and to test
the UI of the application and (b) to focus the test on the
novel concept of the disease identification feature. Six
experienced pediatricians, which this research as medical
experts, were given a mobile phone with the application.
The research team gave a quick introduction about the
application, but no tutorial was offered to them. The
experts were required to use the application to assist in diag-
nosis. For the 10 cases that had been prepared, they were
encouraged to “think aloud” when using the application.

From this beta version test, some UI issues were
detected, such as an unclear system status; visibility and
conspicuity issues of some design items; and the speed of
response.

The test found that most of the experts can use an appli-
cation to finish the evaluation. However, three significant
UI problems were detected: (a) many of the participants
could not use the slider UI, where the user was required
to use his/her finger to press and drag the status to supply
the progressive input smoothly. Later we changed the
slider to a series of buttons, where the user was required

to use a simpler click to address the problem. (b) The inter-
face contained technical abbreviations to indicate the level
of consciousness of a patient. Some participants (users)
were asked to repeat the definition of each choice, and
later we added a short definition to give extra information
on the screen and (c) the original UI for input of patient’s
age used a dropdown menu to indicate the age, where the
default shows the unit as “Year.” Some users accidentally
missed the unit of “month” for baby patients, causing the
system to incorrectly compute the severity score. Later we
made the option more prominent using a radio button.

One substantial recommendation to improve the accur-
acy of the system is for pneumonia diagnosis. The original
guideline suggests observing the sign of “Nasal flaring.”
However, this observation is never performed to inspect
patients in many clinicians. So, one of the medical
experts recommended inspecting the lung sign for crepita-
tion instead.

Based on the feedback for the beta version evaluation,
the enhancements were made to the Pedicmeter application
with a view to releasing the revised version. The revised
version was then tested for usability by residents and

Figure 1. Card sorting activity.
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Figure 2. User interface of the application.
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interns. With the limitation of conducting the test in a real
hospital environment where all the stakeholders and evalua-
tors are busy with their routine duties, it is difficult to allo-
cate a long session to evaluate the application in its entirety
in one session. The evaluation was therefore split into three
sessions over three days. Each session was limited to
1.30 hour. Clear and explicit evaluation purposes were
determined for each evaluation.

Evaluation of diagnosis feature. This evaluation has the
objective of testing the disease identification feature of
the proposed application, as far as we know, the integration
of diagnosis to the triage application is relatively new. It is
also the first time that a multiple disease screening metric
has been considered simultaneously. Verification is
required to see whether the approach is feasible to be
used to support clinician’s decision. This evaluation is
broken down into stages: (a) validity test and (b) test for
efficiency in decision support.

Validity test. The validity test is a test that validates the per-
formance of the disease determination feature of the appli-
cation. The test was made by using an application to
determine a disease from historical medical records. The
steps of the validity test are as follows:

1. Retrieve cases from retrospective data from Pediatric
Outpatients’ Medical Records within 12 months of
patient discharge to make a pool of data sets for the test.

2. To prevent bias, only one nurse used the application to
diagnose all the cases in the data sets in 1) above. Only
the application was used to determine a disease by
input-given data.

3. Record a list of all possible diseases that the application
might suggest.

4. A pediatrician reviews and checks the application’s
decisions for diagnosis accuracy.

Influence to pediatrician’s decision-making. The purpose of
this evaluation is to determine how the information that
clinicians are exposed to impacts their clinical decision-
making. This evaluation follows this experimental protocol:

1. Prepare the questions, in a format similar to an exam
paper, where each question gives a list of diagnostic
factors that could lead to a diagnosis for the four dis-
eases included in this study. There are 4 cases for
each disease, with a total of 16 cases. Two copies of
question sets were prepared: Set A and Set B.

2. Triagers complete the Set A test. They are asked to justify
a disease from the given information purely based on
their knowledge and expertise. Then submit the answer.

3. Next, they take a turn to complete the Set B test. This
time, triagers are asked to use the Pedicmeter to
support their triage decision. The application is likely

to provide presumptive diseases from the given infor-
mation. Triager may or may not decide to follow the
guide answers. They then give their final answer.

4. After completing both tests, the accuracy of diseases’
identifications are compared.

Evaluation of triage feature

This evaluation mainly focuses on how effective the
Pedicmeter can support a decision in determining a level
of urgency in triage. The following protocol is used for
this evaluation.

1. Prepare the questions, in a format like an exam paper,
the questions are devised to determine the urgency
level of hypothetical pediatric patients from the given
information extracted from real medical records. There
are 15 questions shuffled according to different levels
of urgency. Level 7 questions are “severe-condition
cases,” and eight questions are “moderate-condition
cases.” Two copies of the question sets are prepared:
Set A and Set B.

2. Triagers complete the Set A test. They are asked to
determine the level of emergency, which is classified
according to three levels: “Mild moderate” and
“Severe” based on their knowledge and expertise.
They submit their answers.

3. Next, they take a turn to complete the Set B test. This
time, triagers are asked to use the Pedicmeter to
support their triage process.

4. After completing both tests, the accuracies of the disease
identifications are compared.

Evaluation of user satisfaction

This evaluation measures the general satisfaction of users
and gathers feedback opinions on the perceived effective-
ness after a user has had experience with the application.

1. Organize a public engagement event to introduce the
application Pedicmeter at Maharaj Nakorn Chiang
Mai Hospital. Pediatric staff are invited to join a
half-day event and are encouraged to download a trial
version of the application to evaluate the application.

2. The questionnaires with the five statements below are
distributed to staff who have experience with the appli-
cation. The level of agreement for each aspect is mea-
sured using 5-likert scale. A space for extra comments
is also provided in the questionnaire.
• “ I think the features of this application are helpful.”
• “I think the procedure of using this application in a

clinical setting makes sense.”
• “The application helps me gain more confidence in

diagnosis.”
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• “The input required for the application is just the
right amount.”

• “I like the overall appearances of the User Interface.”
3. Analyzing data collected from the questionnaire.

Results
The research explores three important aspects of triage,
which are the efficiency of the triage feature to the decision-
making: validity of the diagnosis feature; impact on
decision-making; and overall user satisfaction. The results
are presented below.

Efficiency of triage feature to the decision-making

Five residents participated in the evaluation session. It was
found that with the supplement of MPEW scores information
from the mobile application, pediatrician trainees could
make triage decision more accurately when determining
the emergency level of pediatric patients by approximately

6.66%. The median of the pretest was 9 (8–10.5) from 15
or equivalent to 60%, while the median of the post-test
was 10 (8.5–12.5) from 15 or equivalent to 66.66%. The
result of pre- and post-supplement of digital MPEW from
five participants is presented in Figure 3.

Validity of the diagnosis feature

The case retrieval process was carried out using archived
medical records which had not been categorized by
disease. The clinical member of the research team was
then able to categorize them according to disease for the
purposes of the research.

Six major groups of diseases were found, which are:
respiratory diseases; cardiovascular diseases; gastrointes-
tinal diseases; neurologic diseases; infectious diseases;
and a miscellaneous group. The study extracted the cases
that were categorized in respiratory diseases and infectious
diseases groups (n= 88). Of the 88 participants, 56 patients
were in the respiratory group and 32 patients were in the

Figure 3. Efficacy of the application when being used to facilitate emergency level.

Table 3. Accuracy of the pedicmeter application for diseases diagnosis.

Disease group Total cases (n= 88) Cases detected from APP (n= 64) Correct (n= 46) Incorrect (n= 18)
Accuracy of cases
detection (%)

Respiratory diseases 56 52 38 14 73.08

Infectious diseases 32 12 8 4 66.67

Total 88 64 46 18 71.88
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infectious group. We conducted a retrospective test by
using an application to predict a disease from the known
information. It was found that the Pedicmeter is able to
give a correct diagnosis for respiratory diseases 73.08%
of the time and 66.67% for infectious diseases. The
results are shown in Table 3. It should be noted that the
sample sizes of infectious diseases are relatively smaller
than the respiratory groups.

Impact to diagnosis decisions

This study investigates whether the provision of a second
opinion influences the outcome of a decision. The Content
Validity Index (CVI) was used to measure the decision
agreement to disease diagnosis by residents. Five residents
attended this evaluation. Each of them gave a diagnosis of
the written scenario twice by following the experimental
protocol 1B. From Table 4, it can be seen that after supplying
the second opinion information, the residents had stronger

corroboration to the correct diagnosis in most diseases.
Exceptional results were found in the pneumonia diagnosis.
When supplying the second opinion, residents showed less
agreement to the correct diagnosis.

User satisfaction

There were 38 participants (3 pediatricians, 12 pediatric
residents, 7 interns, 6 externs, and 10 nurses) who returned
the questionnaire. The satisfaction results that were in
5-scale Likert scale were consolidated. The given score
from the participants was interpreted and recorded as
“agree,” Those who gave a score of 1–3 were grouped
and interpreted as “disagree.” The results from the question-
naires are illustrated in Table 5. It was found that the parti-
cipants who gave the higher scores of agreements as
“helpful” aspects of the application and the least agreement
of the system was onto the amount of the required inputs.

The questionnaires provided an opportunity for partici-
pants to leave their comments. There were two substantial
challenges indicated by the participants to further improve
the Pedicmeter application. Can the number of required
inputs be further reduced? and Can the application advise
suitable treatment and healthcare protocol based on the
triage and diagnosis results found on the application.

Discussion
The results of this study highlight some effectiveness of the
Pedicmeter application that has two key features in provid-
ing triage and diagnosis advice to support a pediatrician’s
decision-making. The approach sheds some light on pro-
moting the solution to use in mainstream healthcare set-
tings. However, the implementation has also revealed
challenges that require further revision.

In order to serve the triage purposes, the application
introduced the digital MPEW, which was developed from
the conventional MPEW. The application thus relieves
the need for triagers to memorize the vital signs standard
which is in age-specific, when determining patient’s sever-
ity. For example, they are not required to remember whether
“Is the respiratory rate of xx normal for this three year’s old
boy.”

Moreover, the Pedicmeter application assists triagers to
assess the patient in a wholistic manner step-by-step and
avoids subjective justifications, resulting in more accurate
triage outcomes.

However, the study found some constraints that limit the
clinicians utilizing this triage information in clinical settings
effectively. First. the scale of MPEW may be too broad in
range. For example, the MPEW score of 4 and 14 are
both for emergency and are symbolized by the color
“red.” In clinical practice, patients who receive an assess-
ment score of 4 and 14 have significantly different levels
of severity. This implies clinicians seem to need a finer

Table 4. The efficiency of the application by comparing
performance.

Dx Set A (pre) Set B (post)

Asthma 0.866 0.966

Pneumonia 0.666667 0.5

Croup 0.666667 0.708333

Sepsis 0.666667 0.75

CVI 0.7165 0.731083

Table 5. Level of satisfaction of the application by the participants.

Questions

Percent

Agree Disagree

I think the features of this application are
helpful

86% 14%

I think the use of this application in this
clinical setting is make sense

68% 32%

The application helps me gain more
confidence in diagnosis

69% 31%

The input required for the application was
just the right amount

63% 37%

I like the overall appearances of the user
interface

71% 29%
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scale of severity classification when they justify a patient’s
conditions.

Another issue is that there has not yet been standardized
treatments and care protocol defined for each score. When
the score is obtained, there are no clear guidelines for the
required healthcare operational action or a standard treat-
ment protocol to enforce. This healthcare setting can vary
the practice of care and treatment for different clinicians.

In order to support the diagnosis purpose, it was shown
from the result of the study that the Pedicmeter solution is a
feasible option for early identification of diseases. The
application predicts correct diagnosis more than 70% of
the time.

Another potential advantage of using a computer-based
solution in triage is that clinical biases can be reduced,
since in a real-world setting, clinician’s decision-making
is sometimes influenced by non-medical influence.24

Focusing on the screening of each specific disease, infec-
tious diseases showed the lowest accuracy from the disease
diagnosis feature of the Pedicmeter application because
there are a great variety of diseases in this category.
These include dengue fever; hemorrhagic fever; infectious
diarrhea; others bacterial infections; and sepsis. This
research focuses on only a small section of the infectious
diseases category.

In the respiratory diseases category, we identified two dis-
eases that are also common but outside the scope of this
research. These are the viral-induced wheezing and the bron-
chiolitis. When we investigated clinician practices from clin-
icians who acted on the application’s advice, we found that
clinicians are selectively acting on the advice. When a
group of pediatricians are provided with the same explicit
medical suggestion, they are likely to have a similar diagno-
sis. For example, for the asthma, croup and sepsis diagnoses,
the research result indicates that clinicians have a higher CVI
after receiving the output from the application. However,
there was also one situation where a second opinion from
the application caused diagnosis disagreement between clin-
ician’s shown by lower down the CVI in the case of
Pneumonia diagnosis. This could have been due to a com-
plexity of symptoms resulting diagnosis could not be deter-
mined easily by the standard Pneumonia diagnosis
guideline. This finding also suggests that the knowledge
and experience of pediatricians are still necessary in
disease diagnosis. The only implication shown from the
result of this study is “with highly accurate information sup-
plied, medical staff will make better decisions.”

The mechanism underpinning the disease diagnosis
feature of the application relies on checking whether spe-
cific signs or symptoms defined in a disease screening
guideline are presented; there was also the case that two
or more different diseases, that cause patient having
similar symptom, for example, pneumonia and asthma,
use the same indicators. This means that the application is
unable to pinpoint a disease prediction for similar diseases.

This led to the interesting notice that in medical practice
some tacit knowledge to differentiate two similar diseases
is still in need. Identifying the accurate key indicator for a
certain disease accurately will lead to early and accurate
diagnosis.

After reviewing the performance and usefulness of disease
diagnosis feature in clinical settings, a major issue that the
team members of this research are reconsidering is how sig-
nificantly the diagnostic feature contributes to medical treat-
ment. The trade-off to make this feature perform accurately
is to request users supply more inputs. In turn, these can
reduce the motivation of triager when using an application
especially when considering that the application is likely to
be used in ED that the time-to-decision is the major require-
ment. Another issue is, there are far more the number of
disease screening guidelines. It is impractical to include
them all and difficult to justify which one deserves to be
included in the application to make the application have a
wider reasonable scope. The research team is considering an
alternative option to output this information in a reduced
“resolution” way, for example, output a disease category not
a precise disease diagnosis if this information is adequate for
initial treatment and care.

Focusing the discussion on the overall user satisfaction
of participants is investigated. Participants mostly agree
that having an application to supply information is helpful
as indicated by the result from Question 1. However,
when taking a closer look at the possible technical advan-
tages of the system at “this procedure is making sense
(Question 2)” and whether the application “lift- up confi-
dence to individual (Question 3),” it does not seem unani-
mous agree to the usefulness score. A possible cause of
disagreement could be the relatively low score of agreement
on the number of inputs required to the system (Question 4)
which was also commented explicitly by one participant.
This issue has been reviewed by revisiting the literature
and found that “too much information” was the common
complaint of the Clinical Decision Support Systems.12

Another known suggestion was related to the system
need to provide explicit interpretation from the result.
From the result in this section, further investigation
should be required to confirm the requirements and iden-
tify other aspects of the application that impact user’s
satisfaction.

The high score in evaluating the level of satisfaction of
the application from user implies the effectiveness of
e-triage and e-diagnosis in comparison to the memory-
driven paper-based approach. The result is in line with the
findings of Dong10 who found that the key success of the
e-triage/diagnosis system is due to the approach solving
the vital pain-points in clinical practice: minimizing dis-
crepancy of clinical decision in large group clinicians due
to the variation in skill level and minimizing a decisional
bias from over-influencing the factor associated to the
current state of occupancy in the ED.
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This study presents the findings from the initial imple-
mentation of e-triage/diagnosis. The study discovered sig-
nificant issues during the pilot implementation in clinical
practice. From the standpoint of software engineering, the
revision to improve the performance of the application
from this version is required and ongoing. The ultimate
goal is to deliver an application that contributes accurate
clinical decisions while also being easy to use for clinicians.

Upon completion of the revision, not only will this pedi-
atric e-triage/diagnosis be applicable for use at the pediatric
chest and ICU unit of the Maharaj Nakorn Hospital in
Chiang Mai, as was originally intended, but it will also be
applicable for telemedicine. The significant advantage is
that healthcare providers who do not have a full-time pedi-
atrician on staff can use the application for screening,
thereby reducing unnecessary referrals. The discussion of
e-triage and telemedicine which is termed as tele-triage in
different setting is well outlined in the study of Minervini.25

Research limitations

The limitations of this research occurred in two important
research activities. In the development phase Pedicmeter
was initially implemented for the Android operating
system; this limitation sometimes incurred usability issue
to iOS-users who had a different experience when navigat-
ing the application (as mentioned in the usability evaluation
section). Another limitation is the process of evaluation.
The evaluation was intended to prove the viability of the
method when the application was used by clinicians. The
retrospective case evaluation has the advantage to frame the
scope of the test by preparing the case that was only relevant
to the application to test and when the exact triage was
known. However, this method was highly time-consuming
for evaluators. It was not possible to allocate continued and
long sessions of evaluation because all pediatricians who par-
ticipated in the evaluation session were engaging with
medical routine services in the hospital. Another issue that
may affect the time required to complete the evaluation was
the fact that cases were prepared in an exam-similar format.
An evaluator who is a medical resident may feel pressured
to get “the answer corrects.” Therefore, they might spend a
longer time to review and evaluate the given information.

Conclusions
The paper discusses the development and evaluation of
the application “Pedicmeter” to support pediatricians to
perform better triage. This application has two important
features, which are supplying MPEWS to indicate severity
levels and guiding disease identification. The research
results showed that both features of the pedicmeter applica-
tion deliver fairly promising accuracy.

To the viability study whether the information generated
from the application impacts pediatricians’ decision or not,

the study provides the implication that clinicians selectively
intake information and ultimately use their own justifica-
tion. Also, the more accurate the application, the more
likely medical staff will make better decisions.

Nevertheless, the study revealed that the application has
some significant issues that need to be enhanced.
Modifications to the application will need to be made,
and evaluations will need to be carried out with a larger
number of participants.
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