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Purpose: This study explored the validity of a new type of thermometer and parent
satisfaction with the new device. This 24-hour continuous monitoring smart wearable
wireless thermometer (TempTraq”) uses a very small semiconductor sensor with a thin
patch-like shape. Methods: We obtained 397 sets of TempTraq® axillary temperatures
and tympanic temperatures from 44 pediatric patients. Agreement between the axillary
and tympanic measurements, as well as the validity of the TempTraq® axillary
temperatures, were evaluated. Satisfaction surveys were completed by 41 caregivers
after the measurements. Results: The TempTraq” axillary temperatures demonstrated a
strong positive correlation with the tympanic temperatures. The Bland-Altman plot and
analysis of TempTraq” axillary temperatures and tympanic temperatures showed that
the mean difference was +0.45 C, the 95% limits of agreement were -0.57 to +1.46 C.
Based on a tympanic temperature of 38 C, the results of validity of fever detection were
sensitivity 0.85 and specificity 0.86. Satisfaction scores for TempTraq” temperature
measurement were all > 4 points (satisfactory). Conclusion: TempTraq” smart axillary
temperature measurement is an appropriate method for measuring children's
temperatures since it was highly correlated to tympanic temperatures, had a reliable
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level of sensitivity and specificity, and could be used safely and conveniently.
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INTRODUCTION

Physiological indicators of body include temperature,
blood pressure, pulse, electrocardiogram, and oxygen satura-
tion. Among these, temperature is a sensitive and reliable in-
dicator that can be used to evaluate patients' conditions, iden-
tify problems, and reflects the presence and progress of
disease. Temperature is important information for the diag-
nosis and treatment of disease and for nursing care [1].

The immature immune systems of infants and toddlers
make them vulnerable to frequent viral and bacterial infections
that can cause high fevers [2]. It is particularly important to ac-
curately measure the temperature of newborn babies. The heat
transfer rate is high because the surface area to body mass ratio
is three times larger than that of adults, and the skin, subcuta-
neous fat layer, and muscular layer are thin [3].

Various types of thermometers are used depending on the
part of the body used to measure temperature. In the recent
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past, body temperature was primarily measured in the oral
cavity and the axilla with a glass mercury thermometer or an
electronic thermometer. However, body temperature is cur-
rently measured in the tympanic membrane or forehead with
an infrared thermometer, which has a short reading time [4].

In recent years, wearable devices such as smart watches,
glasses, and bands have been developed for the purpose of
monitoring fitness and health. Wearable thermometers have
also been developed and marketed, such as the TempTraq®
(Model TT-100, Blue Spark Technologies, Westlake, OH,
USA), a 24-hour continuous monitoring smart wearable wire-
less thermometer, introduced in the United States in May
2015. The TempTraq® wearable wireless thermometer trans-
mits body temperature information to a portable electronic
device via wireless Bluetooth for 24 hours when attached to
the body and, if the temperature goes higher than the set tem-
perature, it sounds an alarm. When temperature is measured
periodically, as with the existing temperature measurement
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methods, fever may not be detected early enough and increas-
ing/decreasing temperature trends cannot be clearly iden-
tified. Making physical contact to measure temperature with a
regular thermometer may also disturb children who need rest
to recover. A wearable thermometer enables remote monitor-
ing for up to 24 hours and provides a real-time alarm system
to detect fever so that timely interventions can be provided. In
addition, using a wearable thermometer can minimize direct
contact between the caregiver and the child with an infectious
disease, helping to prevent the disease from spreading [5].

There are various studies on body temperature measure-
ment, including studies to identify non-invasive measure-
ments of temperature that best reflect the core body tem-
perature [6,7], studies on the accuracy of each type of ther-
mometer [8-10], and systematic reviews of the accuracy of
non-core thermometer devices [11,12]. However, there are a
limited number of studies on wearable thermometers [13-15].
Therefore, it was necessary to study the validity and efficacy
of a new type of thermometer-the 24-hour continuous mon-
itoring smart wearable wireless thermometer (TempTraq®).

The purpose of this study was to compare the accuracy of
24-hour continuous monitoring axillary temperature meas-
urements (using a smart wearable, wireless thermometer)
with tympanic temperature measurements in children with
elevated body temperature and to review its clinical useful-
ness through a parental satisfaction survey.

METHODS

Ethics statement: This study was approved by the institutional re-
view board of Eulji University Hospital (EMC 2015-10-015-003).

Informed consent was obtained from the participants.

1. Study Design and Data Collection

This study is a method-comparison study; it aimed to ex-
plore the validity and parents' satisfaction with a new type of
thermometer (TempTraq®) that continuously monitors tem-
perature wirelessly for 24 hours compared to an infrared ther-
mometer that measures tympanic temperature.

2. Setting and Samples

Participants included 44 feverish children under 12 years
old admitted to the Eulji University Hospital pediatric ward
in Daejeon. The participant inclusion criteria were as follows:
1) children under 12 years old whose parents or guardians
voluntarily agreed to participate in the study; 2) had fever
over 38 C within the past 24 hours. Exclusion criteria were: 1)
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having ear infections; 2) having skin problems; and 3) being
allergies, especially to adhesive bandages, food, or medicine.
The sample size was conveniently determined based on the
nature of a comparative study between two measurements.

3. Ethical Considerations

This study was approved by the Institutional Review Board
(EMC 2015-10-015-003) and the Pediatric Department of Eulji
University Hospital in Daejeon. At the time of data collection,
guardians and participating children received explanations
regarding the study's purpose, method, and participation
withdrawal options, and informed consent was obtained.
Participants were assured that the collected data would be
used only for research purposes. Serial numbers were given to
the data after removing personal identifiers to ensure person-
al information protection.

4. Data Collection and Procedure

Axillary temperature was measured by TempTraq®(Model
TT-100, Blue Spark Technologies, Westlake, OH, USA), a
24-hour continuous monitoring smart wearable, wireless
thermometer. A thin, soft, breathable electronic patch with
an embedded temperature sensor detects the skin temper-
ature and wirelessly transmits it to a portable electronic de-
vice via Bluetooth communication. Its accuracy has been
tested to the ASTM E1112-00 Standard Specification for
Electronic Thermometer [16]. TempTraq® was attached to the
center of the child's axilla after the TempTraq® application
was installed on a portable electronic device. Real-time tem-
perature information and temperature graphs were then dis-
played on the handheld electronic device via Bluetooth wire-
less communication for 24 hours (Figure 1) and the recorded
data were exported via e-mail in the form of an Excel file.
Tympanic temperature was measured by one researcher us-
ing a designated infrared thermometer (Thermo Scan IRT
6520, Braun, Marlborough, MA, USA). Participants' ears were
pulled gently to position the thermometer probe to the tym-
panic membrane for accurate measurements. Measurements
were made three times each on the left and right sides, and the
average value was used.

After the informed written consent was obtained, the Temp
Traq” smart thermometer was attached to the participant's
axilla. Once TempTraq® was activated, the participant's axil-
lary temperature could be monitored via a designated tablet
device for 24 hours. The tympanic temperature was measured
in the same child every 4 hours while the 24-hour axillary tem-
perature was being monitored. The researcher checked and re-
corded the TempTraq” axillary temperature while the tym-
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Ppanic temperature was being measured.

Satisfaction surveys were conducted after the 24-hour tem-
perature measurement using the Satisfaction Measurement
Tool designed by the authors. The validity of the tool was
verified by two nursing professors. As an assessment of the re-
liability of the tool, Cronbach's a was measured at .88.

5. Data Analysis

The data collected in this study were analyzed using SPSS
Statistics 22.0 (IBM Corp., Armonk, NY, USA). The general
characteristics of the participants, the satisfaction scores, and
the body temperatures were analyzed by frequency, percent-
age, average, and standard deviation. The Pearson's correla-
tion coefficient was used to evaluate the relationship of the two
different measurements, and the paired t-test was used to
compare the difference between tympanic and TempTraq” ax-
illary temperature. To analyze the agreement between tym-
panic and TempTraq® axillary measurements, a Bland-Altman
plot (MedCalc version 16.4.1; MedCalc Software, Ostend,
Belgium) was used. The sensitivity, specificity, positive pre-
dictive value, and negative predictive value of the TempTraq”
axillary temperature were calculated against a tympanic tem-
perature of 38.0 C.

Figure 1. Axillary temperature graph of subject 1 measured by the
TempTraq® thermometer.

RESULTS

1. General Characteristics of the Participants

The final participants included 44 children (27 boys and 17
girls), ranging in age from 0-11 years, with an average age of
3.412.9 years. There were 3 infants (6.8%, less than 1 year old),
21 toddlers (47.7%, 1-2 years old), 12 preschoolers (27.3%, 3-5
years old), and 8 schoolers (18.2%, 6-11 years old). The partic-
ipants were diagnosed with pneumonia (n=18; 40.9%), acute
pharyngotonsillitis (n=7; 15.9%), acute gastroenteritis (n=6;
13.6%), influenza (n=4; 9.1%), bronchitis (n=3; 6.8%), and oth-
er diseases (n=6; 13.7%). Fevers above 38°C were seen in 34
participants (77.0%) during the 24-hour temperature measure-
ments.

Among the 41 parents or guardians who responded to the
survey, 21 (51.2%) were full-time homemakers, while others
were employed in jobs such as office workers and pro-
fessional workers or were self-employed. The methods that
respondents reported using to take a temperature in their
household were a tympanic thermometer (n=34, 82.9%), elec-
tronic thermometer (n=5, 12.3%), non-contact infrared ther-
mometer (n=1, 2.4%), and touch (feeling the child's skin with
their hands) (n=1, 2.4%).

2. Correlation between Tympanic Temperature and
TempTraq® Axillary Temperature

A total of 397 pairs of tympanic temperatures and real-time
TempTraq® axillary temperatures were obtained from 44
subjects. The mean tympanic temperature was 37.56£0.79 C
and the mean TempTraq” axillary temperature was 37.12+
0.93°C (Table 1). The TempTraq” axillary temperature demon-
strated a strong positive correlation with the tympanic tem-
perature (r=.83, p <.001) (Figure 2-A).

3. Paired t-test of Tympanic Temperature and TempTraq®
Axillary Temperature

As shown in Table 1, the paired t-test was used to compare
the difference between tympanic and TempTraq® axillary
temperature, resulting in a statistically significant difference

Table 1. Paired t-test of Tympanic Temperature and TempTraq® Axillary Temperature (N=397)

Tympanic TempTraq® axillary Tympanic temperature
temperature temperature - axillary temperature t p
M*SD M=%SD M+SD
37.5610.79 37.12+0.93 0.45+0.52 17.22 <.001

64 | Smart wearable thermometers in South Korean children

www.e-chnr.org



https://doi.org/10.4094/chnr.2022.28.1.62

CHNR

(t=17.22, p <.001).

4, Agreement between Tympanic Temperature and
TempTraq® Axillary Temperature

The agreement between TempTraq® axillary temperatures
and tympanic temperatures was evaluated with a Bland-
Altman plot. The mean difference was 0.45C (SD=0.52), the
95% limits of agreement were -0.57 to +1.46C (Figure 2-B).

5. Diagnostic Validity of TempTraq® Axillary Tempera-
ture for Fever

We evaluated the diagnostic validity of the axillary temper-
ature values measured with the TempTraq” thermometer by
comparing them with the tympanic temperature measure-
ment data. A tympanic temperature of 38 C or above was
classified as fever, and 110 out of 397 measurements belonged
in this category. For TempTraq® axillary temperatures, 37.5 C
or above was classified as fever, based on the statistical differ-
ence between tympanic and TempTraq” axillary temper-
atures shown in Table 1. Applying this criterion, 134 out of 397
measurements were classified as fever. The results of the val-

®

Tympanic temp. (°C)

k2 3 36 37 38 39
Temptraq axillary temp. (°C)

®

Lympanic Lemp - axillary lemp fC)

idity test were as follows: sensitivity=0.85, specificity=0.86,
positive predictive value=0.69, and negative predictive val-
ue=0.93 (Table 2).

6. Satisfaction Measurements

Forty-one parents or guardians completed the Satisfaction
Measurement Tool, using a 5-point Likert scale ranging from
1 (very dissatisfied) to 5 (very satisfied). A higher score in-
dicated greater satisfaction with the thermometer. Table 3 lists
the items in order of highest satisfaction score and the parent
or guardian's self-described reasons for satisfaction or dissat-
isfaction with the TempTraq” thermometer. The items with
high satisfaction scores were "continuous monitoring" (4.5+
0.6), "convenience of high fever alarm" (4.5+0.7), "auto-re-
cording" (4.4£0.7), and "measuring without disturbing the
parent's sleep" (4.4£0.7). The item with the lowest score was
"easy to measure" (4.210.9) (Table 3).

"Easy to measure" (4.410.6) had the highest satisfaction
score for temperature measurements using the tympanic
thermometer. "Quick measurement in less than 5 seconds"
(4.2£0.8) and "easy to purchase" (4.2%0.8) ranked equally
(Table 3).

Bland-Altman plot

38
Mean of tympanic temp and axilary temp.(*C)

Figure 2. Correlation and agreement between tympanic temperature and TempTraq® axillary temperature.

(A) Correlation (r=.83, p<.001). (B) Agreement. temp, temperature.

Table 2. Diagnostic Validity of TempTraq® Axillary Temperature for Fever (N=397)

TempTraq® Tympanic temperature
] Total
axillary temperature >38 C <38
>375TC 93 41 134
<37.5C 17 246 263
Total 110 287 397

Sensitivity=0.85; Specificity=0.86; Positive predictive value=0.69; Negative predictive value=0.93
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Table 3. Satisfaction Scores for the TempTrag”® Thermometer and the Tympanic Thermometer (N=41)

Ranking  Characteristics of TempTraq® M=SD Characteristics of tympanic thermometer M=SD
1 Continuous monitoring 4.510.6 Easy to measure 4.410.6
2 Convenience of high fever alarm 4.5%0.7 Quick measurement in less than 5 seconds 42108
3 Auto-recording 4.4+0.7 Easy to purchase 421038
4 Measuring without disturbing the parent's sleep ~ 4.4+0.7 More accurate than axillary temperature 3.9+0.8
5 Continuous measuring while child is sleeping 44+0.7
6 Autonomic measurement 43%0.8
7 Easy to measure 42109

Parent/caregiver comments from the satisfaction survey

“ A smart thermometer is more hygienic than a tympanic thermometer, my child didn't complain about wearing it and it measures the
temperature regularly and automatically, so I highly recommend the smart thermometer to others.”

“Since I had to check whether my child is feverish every hour, it was good to find out the temperature right away and it was even better

to see how many times and when a fever has gone up.”

“I was worried about my child's temperature for 24 hours because she was hospitalized for febrile seizure. It was really convenient,
especially when I was nursing in the bed at night, when the temperature was showing on the tablet all the time.”

“I compared the TempTraq® temperature with my tympanic thermometer frequently to make sure whether it was correct or not. It was
reliable and convenient to show a similar temperature. I was worried because my children were always feverish at night when they
were sick. But I'd feel relief if a wearable smart thermometer measures their temperature at night for me.”

Based on a 5-point scale ranging from 1 (very dissatisfied) and 5 (very satisfied).

DISCUSSION

The difference between tympanic temperatures and Temp
Traq” axillary temperatures (0.45+0.52°C) in this study is con-
sistent with previous studies comparing the difference be-
tween tympanic and axillary temperatures, in which the tym-
panic temperatures were 0.2 to 0.8°C higher than the axillary
temperatures [11,17,18].

The correlation (r=.83, p<.001) of the tympanic and
TempTraq® axillary temperatures was higher than the corre-
lation coefficient of previous studies that examined the corre-
lation between tympanic and axillary temperatures [7,9,19].

The Bland-Altman plots of agreement between the two
temperature measurements showed that the data were evenly
scattered around the mean difference (0.457C). The results of a
backtrack analysis of measurements outside the confidence
interval were as follows; at the time of the temperature read-
ing, moving or sleeping with the child's arm away from the
body; sweating; incorrect thermometer's position; sleeping in
an oxygen tent with lower temperature than the outside. If the
child was in a caregiver's arms, the TempTraq® axillary tem-
perature tended to be higher than the tympanic temperature.

In this study, the sensitivity of TempTraq® axillary temper-
ature to tympanic temperature was 0.85 and the specificity
was 0.86. In a meta-analysis of the diagnostic accuracy of tem-
perature measurements in children [20], the sensitivity of axil-
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lary temperatures was 0.00 to 0.86 and the specificity was 0.31
to 1.00, indicating that the TempTraq® axillary temperature
measurements are a valid method for use in children.

Satisfaction with temperature measurements using the
TempTraq” was above 4 points (satisfactory). Satisfaction lev-
els for caregivers whose child had experienced febrile seiz-
ures, who had difficulty getting up at night, and who experi-
enced the benefits of continuous monitoring were particularly
high. Parents whose children had experienced febrile seizures
tended to be especially anxious when their children felt sick
[6,21,22], and tended to use excessive amounts of antipyretics
[23]. The continuous monitoring characteristics of the
TempTraq® may be helpful in relieving the anxiety of these
parents who are particularly sensitive to temperature. In addi-
tion, when monitoring the temperature of a patient who is
susceptible to infection, it is possible to quickly identify
changes in body temperature and provide a quick response by
medical staff [14].

The reasons given by parents or guardians for satisfaction
with the TempTraq® thermometer were summarized as con-
venience, automatic temperature measurement, continuous
temperature monitoring, fewer worries, quick response to re-
al-time checks, and minor sleep disturbance. When using the
TempTraq® thermometer, caregivers could constantly see re-
al-time changes in temperature, so they felt less anxious, did
not have to wake up at night to check the child's temperature,
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and were able to intervene immediately, as soon as a fever
started. These advantages may help alleviate some of the pa-
renting stresses experienced while taking care of a sick child.

During the data collection, we found external factors that
may influence the temperature of the TempTraq® thermom-
eter. Posture, clothing, sweating, and attachment site tend to
affect the temperature. These external factors, except for the
attachment site, are not mentioned in the TempTraq” manual,
which suggests a need to supplement the manual with this
information. It is not easy to fully control these factors, in par-
ticular with infants and children, but caregivers should be
aware of these limitations and try at least to minimize them. In
this study, the clothing condition was controlled because all
participants were patients in the same hospital, and utmost
care was taken to correctly place the sensors and control the
initial posture of patients. Nevertheless, the normal variations
(ex., sweating and position changes) over the full course of the
measurement span could not be actively controlled, which
may be regarded as a limitation of this study. Another limi-
tation was not comparing temperatures according to differ-
ences in thermoregulation, due to the lack of neonatal partic-
ipants who have non-shivering thermogenesis. Further re-
search including neonates is recommended.

In contrast to current temperature measuring methods, the
TempTraq® wearable thermometer can remotely and con-
tinuously monitor temperature for 24 hours with one at-
tachment without disturbing pediatric patients who need
sufficient sleep and rest. From a nursing perspective, this
continuous real-time monitoring and alarm system pro-
vides the advantage of early detection and intervention for
rising temperatures. However, using an adhesive patch-type
thermometer such as TempTraq” would be limited for chil-
dren who have vulnerable skin conditions. Therefore, it is nec-
essary to obtain skin allergy histories before applying, avoid
using for more than a specified period, and assess adverse
skin reactions around the applied area.

The ideal thermometer should be able to measure body
temperature accurately, be easily measurable in a short time,
be safe, and be well tolerated by the patient [24]. The ex-
perimental results showed that the TempTraq® smart axillary
temperature measurements constitute an appropriate method
since they are highly correlated to tympanic temperatures,
have a reliable level of sensitivity and specificity, and can be
used safely and conveniently. In addition, the TempTraq®
smart thermometer provides the useful functions of con-
tinuous monitoring, auto-recording, and managing the tem-
perature by using smart information technology (IT) equip-
ment and wireless communication. Continuous monitoring
makes it possible to identify the pattern of temperature changes
(ie., rises and falls) that conventional thermometers cannot
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provide. When the alert temperature has been reached, Temp
Traq® notifies the smart device, enabling the child to receive
care and treatment in a timely manner. Moreover, the temper-
ature can be checked without disturbing the sleep of children
and can help reduce the anxiety of caregivers. Caregivers re-
ported definite satisfaction with these additional functions.
However, there were some disadvantages. Differences in pos-
ture and the types of clothing worn may influence the external
temperature. Furthermore, it was noticed that the communica-
tion distance between the child and the portable electronic mon-
itoring device created some temporary errors in monitoring.
The temperature data stored in the smart device may also
be stored on the main server of a hospital, with patient and
guardian consent, along with the progress of an illness. For
this to take place, it is crucial that medical institutions, net-
work system providers, medical device manufacturers, and
public institutions related to medical information collaborate
organically to provide a solid security system for collected per-
sonal medical information [25]. As patient advocates, nursing
providers need to be aware of these personal information pro-
tection procedures and explain them to their patients. These
data are expected to play an important role in new conceptual
health services based on 'big data', providing important data
linking temperature patterns and disease progression [26].
These new features can benefit patients, caregivers, nurses,
and healthcare providers and are good examples of how
healthcare services and new technologies can be developed
through collaboration. If a wearable health monitoring device
such as the TempTraq® can improve the limitations of current
technical monitoring devices and lower manufacturing costs,
such tools will advance the measurement of important phys-
iological indicators for diagnosis, treatment, and nursing care.

CONCLUSION

While the healthcare environment is rapidly changing with
the utilization of smart electronic technologies, nurses need to
embrace these new innovations and utilize them for the full
benefit of patients. Some technologies may indeed help im-
prove the quality of patient care, while others may not. Nurses
must be involved in evaluating these technologies to de-
termine which can be applied safely in the actual clinical envi-
ronment and work well for both patients and providers.

Based on the results of this study, the TempTraq® smart ax-
illary temperature measurement device is an appropriate
method to measure the body temperature of children who
need continuous temperature monitoring since it has high pa-
rental satisfaction, is highly correlated to tympanic temper-
ature, and has a reliable level of sensitivity and specificity. The
new features of the TempTraq®, such as continuous monitor-
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ing, auto-recording, managing the temperature by using
smart IT equipment, can benefit patients, caregivers, nurses,
and healthcare providers by detecting and managing temper-
ature rise early.
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