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Abstract— In this paper, statistical evaluation 
of microcontroller-based body temperature 
measuring (MCBBTM) device for smart 
applications is presented. Empirical paired data 
collection was conducted on 104 patients in a 
hospital using the MCBBTM device and the Body 
Infrared Thermometer DJ-8861 (the DJ-8861 
device) which is commonly used in various 
hospitals for body temperature measurements. 
The data were further sorted into two paired 
datasets, namely, those temperature dataset 
where the patient’s body temperature is greater or 
equal to the ambient temperature (referred to in 
this paper as net positive temperature dataset 
which is about 73 data records) and those 
temperature dataset where the patient’s body 
temperature is less than the ambient temperature 
(referred to in this paper as net negative 
temperature dataset which is about 31 data 
records). The repeated-samples t-test was 
conducted at 95 % confidence level on the paired 
104 body temperature (°C) datasets, on the 73 net 
positive temperature dataset and on the 31 net 
negative temperature dataset. The repeated-
samples t-test on the 104 body temperature 
datasets, show that the mean of the sample is 
0.36538 °C which is beyond the 95 % interval of -
0.34030 °C to +0.34030 °C. Hence, the results 
showed that when both the net positive and net 
negative dataset are taken together in the 104 
body temperature datasets, the MCBBTM device is 
not accurate with respect to the reference DJ-8861 
device. The repeated-samples t-test on the 73 net 
positive temperature dataset, show that the mean 
of the sample is 0.02603 °C which is within the 95 
% interval of -0.5372 °C to +0.5372 °C. Hence, the 
results showed that the body temperature 
measured by the MCBBTM device is accurate with 

respect to the reference DJ-8861 device only when 
the net positive temperature dataset are 
considered. This is because the results for the  31 
net negative temperature dataset, show that the 
mean of the sample is 1.16452 °C which is outside 
the 95 % interval of -1.09582°C to +1.09582°C.  

Keywords— Statistical Evaluation, 
Microcontroller Device, Body Temperature 
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1. Introduction
The Internet era with web-based solutions, mobile 
device applications, e-solutions, the rise of embedded 
and smart embedded systems, sensor networks and 
Internet of Things has brought with it changes in the 
way we live and take care of our health 
[1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 
15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32]
. Notably, the internet era emerged from the bedrock of 
various kinds of networks, ranging from the traditional 
wired networks, the fiber optic networks and the 
wireless networks which includes satellite 
communication networks [33,34,35,36, 37,38,39, 
40,41,42, 43,44,45,46, 47,48,49,50, 51,52,53,54, 55,56, 
575,585,59,60]. Accordingly, many industries are 
tapping into the potentials of the Internet and the 
associated networks. In the healthcare industry, the need 
for timely and sometimes, real-time information 
concerning the health status of patients has prompted 
the use of microcontroller-based Internet-ready devices 
and software solutions that can support remote access 
and web-based storage of requisite health related data 
records of patients.  Accordingly, in this paper, the 
focus is on body temperature measuring device. 
Basically, the body temperature measuring device can 
be described as a hardware that can be used to capture 
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and quantify the temperature of human body 
[61,62,63,64]. The temperature measuring hardware 
presented in this paper has temperature sensor suitable 
for the body temperature range along with 
microcontroller and other electronic components that 
help to quantify and represent sensed temperature 
values in ways that can be stored, displayed and 
transmitted to remote storage locations [65,66]. The 
microcontroller-based body temperature measuring 
device is also interface with web application for online 
storage and management of the measured body 
temperature data records [67,68,69]. 
In any case, the ability to measure body temperature 
using the microcontroller-based body temperature 
measuring device is not enough; the accuracy of the 
measurements need to be ascertained for the readings to 
be useful for rea-life applications. Accordingly, in this 
paper, statistical evaluation of the microcontroller-based 
body temperature measuring device is presented. The 
evaluation is performed using an empirical 
measurement data obtained using Body Infrared 
Thermometer DJ-8861 as the reference measurement 
device [70,71,72]. The repeated-samples t-test approach  
[73,74,75,76,77] was used determine how accurate is 
the measurement of the microcontroller-based body 
temperature measuring device when compared with the 
body temperature measurement with the reference Body 
Infrared Thermometer DJ-8861 device. 
2. Methodology 
The study presents statistical evaluation of a 
microcontroller-based body temperature measuring 
(MCBBTM) device using a repeated-samples t-test 
approach. Empirical paired data collection was 
conducted on patients in a hospital using the MCBBTM 

device and the Body Infrared Thermometer DJ-8861 
(Figure 1) which is commonly used in various hospitals 
for body temperature measurements.  

 
Figure 1 Body Infrared Thermometer DJ-8861 

2.2  Field measured body temperature datasets 
The essence of the study in this paper is to check if the 
body temperature measured using the MCBBTM device is 
accurate when compared with the body temperature 
measured using the popular Body Infrared Thermometer 
DJ-8861 device. Accordingly, 104 patient’s body 
temperature data were captured using the MCBBTM device 
and the hospital device (Body Infrared Thermometer DJ-
8861 device). The MCBBTM device was used to 
simultaneously capture the ambient temperature at the time 
of capturing the body temperature. The data were further 
sorted into two paired datasets, namely, those temperature 
dataset where the patient’s body temperature is greater or 
equal to the ambient temperature (referred to in this paper 
as net positive temperature dataset) and those temperature 
dataset where the patient’s body temperature is less than the 
ambient temperature (referred to in this paper as net 
negative temperature dataset). There are about 73 data in 
the net positive temperature dataset while 31 data are in the 
net negative temperature dataset.  The simultaneously 
measured complete 104 body temperature (°C) datasets 
measured using the MCBBTM device and the reference DJ-
8861 device are shown in Table 1, Figure 2 and Figure 3. 

Table  1: The simultaneously measured complete 104 body temperature (°C) datasets measured and ambient 
temperature measured using the MCBBTM device and the reference DJ-8861 device 
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1 34.5 34.2 32.8 35 36.6 36.8 32.8 70 38.1 38.1 32.5 
2 34.6 34.5 33.4 36 36.7 36.9 32.9 71 38.5 38.4 33.1 
3 34.8 34.8 33.8 37 36.7 36.9 33.1 72 38.6 38.5 33.3 
4 33.1 40.2 33.3 38 36.1 36.3 33.1 73 36.1 35 36.5 
5 34.7 34.7 32.8 39 36.7 36.9 32.7 74 38.7 38.6 32.5 
6 34.8 34.7 33.8 40 36.8 37 33.8 75 38.9 38.7 32.5 
7 33.2 39.5 33.4 41 36.8 37 32.4 76 39 38.8 32.3 
8 33.3 39.1 33.4 42 36.2 36.5 32.7 77 36.3 35 36.4 
9 35 35.1 33.4 43 36.9 37.2 31.2 78 36.5 34.4 36.6 

10 33.5 38.7 33.8 44 34.8 37.7 34.9 79 39.3 39 32 
11 33.4 38.6 33.7 45 37 37.3 32.8 80 36.1 34.6 36.2 
12 33.6 38.5 33.8 46 37.1 37.4 33.2 81 39.4 39.2 30.3 
13 35 35.1 32.4 47 36.3 36.6 33 82 39.6 39.2 32.6 
14 34.7 34.5 33.6 48 37.1 37.4 32.4 83 39.7 39.3 32.3 
15 35.4 35.5 33.1 49 35.1 37.5 35.2 84 39.9 39.5 32.4 
16 35.4 35.6 33.3 50 35.2 37.1 35.3 85 36.2 34.2 36.9 
17 35.4 35.5 32.1 51 37.2 37.5 32.7 86 36.4 34.1 36.5 
18 35.1 35.2 32.2 52 37.4 37.6 32.3 87 39.5 39.2 32.3 
19 35.6 35.8 32.1 53 36.9 37.1 32 88 40 39.6 31.4 
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20 35.7 35.9 32.9 54 37.5 37.7 32 89 36.4 34.1 36.8 
21 34 37.8 34.2 55 37.5 37.7 32.7 90 40.3 39.9 31.8 
22 35.8 36 32.6 56 37.6 37.8 32.8 91 36.3 34.3 36.4 
23 35.3 35.4 33 57 36.9 37.1 31.4 92 36.5 34 36.8 
24 35.8 36 33.3 58 37.9 38 32.3 93 36.5 34 36.6 
25 35.9 36 32.1 59 38 38.1 32.8 94 40.9 40.7 31.9 
26 36 36.2 32.4 60 38.1 38.2 33 95 39.5 39.1 33.1 
27 35.5 35.8 31.4 61 35.6 36.3 35.7 96 36.6 34 36.7 
28 36.3 36.5 32 62 37.7 37.8 32.7 97 40.9 40.6 31.8 
29 36.4 36.6 33.9 63 35.3 36.9 35.4 98 41.1 41 32.2 
30 36.4 36.7 33.5 64 35.3 36.9 35.4 99 41.4 41.6 32.2 
31 34.2 38 34.8 65 35.6 36.1 35.7 100 36.7 34 36.8 
32 34.3 37.6 34.6 66 35.9 35.3 36.4 101 40 39.5 31.2 
33 36 36.3 33 67 38.2 38.2 32.3 102 40.4 40 30.2 
34 34.6 37.7 34.7 68 38.3 38.2 32.1 103 35.2 36.7 35.4 
35 36.6 36.8 32.8 69 38.5 38.4 32.6 104 39 38.7 31.2 

 

 
Figure 2: The graph of the simultaneously measured complete 104 body temperature (°C) datasets measured using the 

MCBBTM device and the reference DJ-8861 device 

 
Figure 3: The graph of the complete 104 field measured body temperature (°C) dataset measured using the reference 

DJ-8861 device and the simultaneously measured ambient temperature (°C) dataset measured using the 
MCBBTM device and 
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3. Results and Discussion 
The repeated-samples t-test was conducted at 95 % 
confidence level on the paired simultaneously measured 
104 body temperature (°C) datasets measured using the 
MCBBTM device and the reference DJ-8861 device, as 
presented in Table 1 and Figure 2 and the result of the 
repeated-samples t-test is shown in Figure 4. The results in 
Figure 4 show that the in the repeated-samples t-test using 
the difference of the two datasets, the mean of the sample is 
0.36538 °C which is beyond the 95 % interval of -0.34030 
°C to +0.34030 °C. Hence, the mean of the two sample 
datasets, the simultaneously measured body temperature 
(°C) datasets measured using the MCBBTM device and the 
reference DJ-8861 device are not the same.  
In view of the significant disparity between the mean of the 
two paired datasets, further classification was conducted on 
the datasets based on some observations. Notably, it was 

observed that the errors between the simultaneously 
measured body temperature datasets measured using the 
MCBBTM device and the reference DJ-8861 device is 
small when the measured body temperature is greater or 
equal to the measured ambient temperature. However, the 
errors between the two datasets are much when the 
measured body temperature is less than the measured 
ambient temperature. In view of these observations, the 
body temperature datasets were classified into the net 
positive body temperature dataset for those datasets where 
the measured body temperature is greater or equal to the 
measured ambient temperature. On the other hand, the net 
negative body temperature dataset is for those datasets 
where the measured body temperature is less than the 
measured ambient temperature. Each of the two categories 
of body temperature datasets was then subjected to further 
repeated-samples t-test. 

 
Figure 4 The results of the repeated-samples t-test was conducted at 95 % confidence level on the paired simultaneously 

measured 104 body temperature (°C) datasets measured using the MCBBTM device and the reference DJ-8861 
device 

3.1  Repeated-samples t-test for the net positive 
temperature dataset 
The net positive body temperature dataset consists of a total 
of 73 data as shown in Table 2. The graph of the reference 
device DJ-8861 measured body temperature (°C) and 
MCBBTM device measured body temperature (°C) for the 
net positive temperature dataset is shown in Figure 5. 
Similarly, the graph of the MCBBTM device measured 
body temperature (°C) and MCBBTM device measured 
ambient temperature (°C) for the net positive temperature 
dataset is shown in Figure 6. 
The repeated-samples t-test was carried out  at 95 % 
confidence level for the reference device DJ-8861 measured 

body temperature (°C) and MCBBTM device measured 
body temperature (°C) for the net positive temperature 
dataset and the summary of the results are presented in 
Figure 7. The results in Figure 7 show that the in the 
repeated-samples t-test using the difference of the two 
datasets, the mean of the sample is 0.02603 °C which is 
within the 95 % interval of -0.5372 °C to +0.5372 °C. 
Hence, the mean of the two sample datasets, for the net 
positive temperature dataset are the same. It can be 
concluded that for the net positive temperature dataset, the 
MCBBTM device measurements are as accurate as the 
reference  hospital body temperature measurement device, 
which is the Body Infrared Thermometer DJ-8861 device. 

Table 2: The net positive body temperature dataset showing the showing the 73 data records of the reference device DJ-
8861 measured body temperature (°C) and MCBBTM device measured body temperature (°C) 

S/N 
MCBBTM  

Body 
Temp (°C) 

Ref. DJ-
8861 Body 
Temp (°C) 

Ambient 
Temp 
(°C) 

S/N 
MCBBTM  

Body 
Temp (°C) 

Ref. DJ-
8861 Body 
Temp (°C) 

Ambient 
Temp 
(°C) 

1 34.5 34.2 32.8 37 37.1 37.4 32.4 
2 34.6 34.5 33.4 38 37.2 37.5 32.7 
3 34.8 34.8 33.8 39 37.4 37.6 32.3 
4 34.7 34.7 32.8 40 36.9 37.1 32 
5 34.8 34.7 33.8 41 37.5 37.7 32 

[X VALUE] [X VALUE] 

[X VALUE] [X VALUE] 

0.004

0.054

0.104

0.154

0.204

0.254

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

Difference in Difference in Temperature, T (°C) 

Temperature _sample value

Temperature _95%CI_Lower

Temperature_95%CI_Upper
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6 35 35.1 32.4 42 37.5 37.7 32.7 
7 35 35.1 33.4 43 37.6 37.8 32.8 
8 34.7 34.5 33.6 44 36.9 37.1 31.4 
9 35.4 35.5 33.1 45 37.9 38 32.3 

10 35.4 35.6 33.3 46 38 38.1 32.8 
11 35.4 35.5 32.1 47 38.1 38.2 33 
12 35.1 35.2 32.2 48 37.7 37.8 32.7 
13 35.6 35.8 32.1 49 38.2 38.2 32.3 
14 35.7 35.9 32.9 50 38.3 38.2 32.1 
15 35.8 36 32.6 51 38.5 38.4 32.6 
16 35.3 35.4 33 52 38.1 38.1 32.5 
17 35.8 36 33.3 53 38.5 38.4 33.1 
18 35.9 36 32.1 54 38.6 38.5 33.3 
19 36 36.2 32.4 55 38.7 38.6 32.5 
20 35.5 35.8 31.4 56 38.9 38.7 32.5 
21 36.3 36.5 32 57 39 38.8 32.3 
22 36.4 36.6 33.9 58 39 38.7 31.2 
23 36.4 36.7 33.5 59 39.3 39 32 
24 36 36.3 33 60 39.4 39.2 30.3 
25 36.6 36.8 32.8 61 39.6 39.2 32.6 
26 36.7 36.9 32.9 62 39.7 39.3 32.3 
27 36.7 36.9 33.1 63 39.9 39.5 32.4 
28 36.1 36.3 33.1 64 39.5 39.2 32.3 
29 36.7 36.9 32.7 65 40 39.6 31.4 
30 36.8 37 33.8 66 40.3 39.9 31.8 
31 36.8 37 32.4 67 40.9 40.7 31.9 
32 36.2 36.5 32.7 68 39.5 39.1 33.1 
33 36.9 37.2 31.2 69 40.9 40.6 31.8 
34 37 37.3 32.8 70 41.1 41 32.2 
35 37.1 37.4 33.2 71 41.4 41.6 32.2 
36 36.3 36.6 33 72 40 39.5 31.2 
37 37.1 37.4 32.4 73 40.4 40 30.2 

 
Figure 5  The graph of the Reference device DJ-8861 measured body temperature (°C) and MCBBTM device measured body 

temperature (°C) for the net positive temperature dataset 
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Figure 6  The graph of the MCBBTM device measured body temperature (°C) and MCBBTM device measured ambient 

temperature (°C) for the net positive temperature dataset 

 
Figure 7 The repeated-samples t-test result for the net positive temperature dataset 

3.2  Repeated-samples t-test for the net negative 
temperature  dataset 
The net negative body temperature dataset consists of a 
total of 31 data as shown in Table 3. The graph of the 
reference device DJ-8861 measured body temperature (°C) 
and MCBBTM device measured body temperature (°C) for 
the net negative temperature dataset is shown in Figure 8. 
Similarly, the graph of the MCBBTM device measured 
body temperature (°C) and MCBBTM device measured 
ambient temperature (°C) for the net negative temperature 
dataset is shown in Figure 9. 

The repeated-samples t-test was carried out  at 95 % 
confidence level for the reference device DJ-8861 measured 
body temperature (°C) and MCBBTM device measured 
body temperature (°C) for the net negative temperature 
dataset and the summary of the results are presented in 
Figure 10. The results in Figure 10 show that the in the 
repeated-samples t-test using the difference of the two 
datasets, the mean of the sample is 1.16452 °C which is 
outside the 95 % interval of -1.09582°C to +1.09582°C. 
Hence, the mean of the two sample datasets, for the net 
negative temperature dataset are not the same. It can be 
concluded that for the net negative temperature dataset, the 
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MCBBTM device measurements are not accurate with 
respect to the reference hospital body temperature 

measurement device, which is the Body Infrared 
Thermometer DJ-8861 device. 
 

Table 3: The net negative body temperature dataset showing the showing the 31 data records of the reference device 
DJ-8861 measured body temperature (°C) and MCBBTM device measured body temperature (°C) 

S/N 
MCBBTM  

Body Temp 
(°C) 

Ref. DJ-8861 
Body Temp 

(°C) 

Ambient 
Temp (°C) S/N 

MCBBTM  Body 
Temp (°C) 

Ref. DJ-8861 
Body Temp (°C) Ambient Temp (°C) 

1 33.1 40.2 33.3 16 35.3 36.9 35.4 
2 33.2 39.5 33.4 17 35.6 36.1 35.7 
3 33.3 39.1 33.4 18 35.9 35.3 36 
4 33.5 38.7 33.8 19 36.1 35 36.5 
5 33.4 38.6 33.7 20 36.3 35 36.4 
6 33.6 38.5 33.7 21 36.5 34.4 36.4 
7 34 37.8 34.2 22 36.1 34.6 36.2 
8 34.2 38 34.8 23 36.2 34.2 36.9 
9 34.3 37.6 34.6 24 36.4 34.1 36.7 

10 34.6 37.7 34.7 25 36.4 34.1 36.8 
11 34.8 37.7 34.9 26 36.3 34.3 36.4 
12 35.1 37.5 35.2 27 36.5 34 36.8 
13 35.2 37.1 35.3 28 36.5 34 36.6 
14 35.6 36.3 35.7 29 36.6 34 36.7 
15 35.3 36.9 35.4 30 36.7 34 36.9 
16 35.3 36.9 35.4 31 35.2 36.7 35.4 

 

 
Figure 8  The graph of the Reference device DJ-8861 measured body temperature (°C) and MCBBTM device measured body 

temperature (°C) for the net negative temperature dataset 
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Figure 9 The graph of the MCBBTM device measured body temperature (°C) and MCBBTM device measured ambient 

temperature (°C) for the net genative temperature dataset 
 

 
Figure 10 The repeated-samples t-test result for the net positive temperature dataset 

 
4. Conclusion  

The evaluation of measurement accuracy of a 
microcontroller-based body temperature measuring 
(MCBBTM) device was conducted using a repeated-
samples t-test approach. The accuracy of the MCBBTM 
device is conducted with respect to a reference body 
temperature measuring device used in the hospital, which 
in this study is the Body Infrared Thermometer DJ-8861. 
Specifically, empirical field measurements was 
conducted using the two devices to simultaneously 
capture the patient’s body temperature and at the same 
time use the MCBBTM device to capture the ambient 
temperature. The repeated-samples t-test was used to 
compare the mean of the difference between the 

MCBBTM device measured body temperature and the 
DJ-8861 device measured body temperature and the 
results of the repeated-samples t-test show that there is a 
significant difference in the mean of the two datasets.  
Then, the datasets were split into two categories, namely, 
the net positive body temperature dataset and the net 
negative body temperature dataset. The net positive body 
temperature dataset is for those body temperature data 
items where the body temperature is higher than the 
ambient temperature whereas the net negative body 
temperature dataset is for those body temperature data 
items where the body temperature is lower than the 
ambient temperature. The results of the repeated-samples 
t-test show that there is no significant difference in the 
mean for the net positive body temperature dataset but 
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there is significant difference in the mean for the net 
negative body temperature dataset. Hence, the conclusion 
is the MCBBTM device is only good for measuring the 
body temperature for those cases where the body 
temperature is higher than the ambient temperature. On 
the other hand, the device should not be used for 
measuring the body temperature when the ambient 
temperature is higher than the body temperature. 
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