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Abstract — This research aims to find out how
effective the IoT microcontroller training Kit learning
media is and to analyze the effect of using the IoT
microcontroller training kit compared to the common
microcontroller training kit on students' cognitive
learning outcomes in learning microcontroller and
microprocessor  programming techniques. The
normalized gain method was used to determine the
effectiveness of the IoT microcontroller training Kkit
learning media. The ANOVA method was used to
determine the effect of using the IoT microcontroller
training kit and common microcontroller training kit
on the average student cognitive learning outcomes.
The research results show that the IoT microcontroller
training kit learning media has a normalized gain
value of 59.62% in the effective enough category. The
average cognitive learning outcomes of students using
the IoT microcontroller training kit are greater than
those using the regular microcontroller training Kkit,
according to the results of the study using one-way
ANOVA, where the p-value is less than the o value of
0.05. This IoT microcontroller training kit can be used
to improve students’ cognition regarding
microcontroller learning in vocational schools.
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1. Introduction

The use of the Internet of Things (IoT) is growing
rapidly in the current digital era. Implementation of
IoT in the digital era includes smart home [1],
telehealth monitoring [2], smart industry [3], and
smart agriculture [4]. In the future, the
implementation of IoT will expand its coverage area
to other fields. IoT is a technology that uses a
microprocessor to send and receive data over the
Internet network. IoT devices function to collect data
from the environment and process this data into a
microprocessor which then provides decisions to
make processes more efficient, reduce costs, and
improve product quality [5].

The cognitive domain is an important aspect of
learning and developing students' abilities. The
cognitive domain includes the ability to observe,
estimate, and judge things. In the world of education,
the cognitive domain plays an important role in
developing students' knowledge, including in science
learning [6]. Vocational education institutions such as
vocational schools must prepare their graduates to be
able to apply IoT technology. IoT technology applied
to education can be in the form of learning media.
The use of learning media in education has been
shown to have a significant impact on student
learning outcomes. Learning media refers to any
materials or tools that are used to support the
learning process, such as textbooks, videos,
interactive software, and other digital resources.
Some learning media have developed the use of [oT
for learning such as using IoT in laboratory
experiments to help students study cell biology [7],
science, technology, engineering, and mathematics
(STEM) practical kits for learning STEM [8].
Activity-based utilizing IoT with project-based
learning can be used to study several academic
projects [9]. Virtual reality and web-based 3D are
examples of how the Internet of Things (IoT) may be
used to enhance learning activities, inspire students,
and create new interests and needs [10].
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Learning media that follows technological
developments can influence students' competence
regarding the application of the latest technology
such as the use of IoT.

This research uses learning media in the form of
an loT microcontroller training kit using the
NodeMCU ESP8266 microcontroller. IoT-based
training kit used to help students learn and
understand microprocessor and microcontroller
programming techniques. Students learn five
instructional materials to apply microcontroller
programming for 1) temperature monitoring with the
DS18B20 sensor; 2) text input on a 16x2 LCD; 3)
safety system with PIR and Buzzer; 4) AC light
control system with relay module; and 5) DC motor
control system with relay module. As a comparison,
this research uses learning media in the form of a
common microcontroller training kit which is also
used to apply microcontroller programming to the 5
instructional materials without using IoT technology.

The research aims to analyze the influence of
students' cognitive domain learning outcomes on the
use of the [oT microcontroller training kit learning
media compared to the cognitive domain learning
outcomes of students who wuse the common
microcontroller training kit learning media in
learning  microprocessor and  microcontroller
programming techniques. The problems in this
research include:

1. What is the normalized gain value and
effectiveness category of the IoT microcontroller
training kit learning media in  learning
microcontroller and microprocessor programming
techniques?

2. Are the average cognitive learning outcomes
of students taught using the loT microcontroller
training kit learning media higher than the average
cognitive learning outcomes of students taught using
the common microcontroller training kit learning
media in learning microcontroller and
microprocessor programming techniques?

2. Literature Review

Some of the following literature is related to
material that supports research and aims to provide a
deeper understanding. These materials are training
kit as learning media, the Internet of Things, and
cognitive domain.

2.1. Training Kit as Learning Media

Learning media is a tool used to convey or deliver
messages and information during learning. Learning
media can also be interpreted as a source of teaching
materials or intermediaries that help teachers convey
material to students effectively so that learning
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objectives can be achieved well. Learning media in
the form of training kits can help educators explain
instructional material that is difficult to explain
orally, such as in the engineering field. The author
[11] used a training kit in the form of a portable
prototype of hydrogen fuel cells to teach students the
characteristics of the fuel cells. Training kits are
designed and created to make it easier to learn the
instructional material. However, to ensure that a
training kit is effectively implemented in the learning
process, its feasibility must be assessed [12].

The form of training kits can vary according to
the instructional material to be delivered. In the field
of nutrition, training kits can be in the form of a Fruit
and Vegetable-Focused Grocery Store Tour [13], or
in the form of a A2U Food Training Kit as a learning
medium for the management of food loss and waste
[14]. In the field of pharmacist training kits, it can be
in the form of visual training to teach safe medication
practices in the community for student pharmacists
[15]. Students can be trained in hazardous chemical
processing using virtual reality as a training kit
before diving into the real system [16].

A training kit is any object or component that can
be wused to transmit information messages to
establish a favorable learning atmosphere that
ensures students complete the learning process
quickly and successfully. Training kits can be
designed according to educators' needs to convey
information to students [17]. Some of the functions
of training kits in various forms include: stimulating
interest and being useful for students, playing an
active role in the learning process [18], [19], training
kits can be used to present information on certain
instructional materials such as training robots for
learning program coding computers [20], and the use
of Android for mathematics learning [21].

2.2. Internet of Things (IoT)

IoT is a technology that allows objects such as
hardware devices to exchange information with each
other through internet infrastructure connectivity
[22]. IoT includes other sensor technologies, such as
wireless technology, which are all connected to local
and global networks based on the Internet. The
Internet of Things (IoT) refers to the idea that an
object may be set up with software and sensors that
enable it to connect, communicate, control, and
exchange data with other devices as long as those
devices are still online [23].

IoT allows devices to connect and communicate
with each other, thereby increasing efficiency and
productivity in various fields, such as industry,
health, and households. IoT also allows users to
operate devices remotely with little or no human
assistance.
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One example of the application of IoT is a smart
home, where electronic devices such as lights, fans,
AC, and other devices can be connected via the
Internet and operated remotely [24].

To develop and learn IoT, one can use an loT
microcontroller training kit. The [oT microcontroller
training kit is specifically designed to help
individuals learn and develop IoT systems. This kit
comes with various components and sensors that can
be used to build IoT devices and applications. Some
examples of IoT applications in daily life are smart
homes, smart health, and smart cities. The
application of a smart home involves connecting
electronic devices such as lights, fans, AC, and other
devices via the Internet to be operated remotely [25].
Smart health applications include the use of [oT with
sensors to monitor health conditions and provide
early warnings if health problems occur [26]. Smart
city applications include the use of [oT technology to
increase efficiency and productivity in various
aspects of city life, such as transportation, waste
management, and security [27], [28]. In its
application, IoT has many benefits, such as making it
easier to operate devices remotely, increasing
efficiency and productivity, and providing solutions
to various problems in everyday life. However, the
use of IoT also has security and privacy risks that
need to be considered [29], [30]. Along with the
development of IoT, microcontrollers have
developed modules based on Ethernet and WiFi,
starting from the Ethernet shield to the latest, the
WiFi module known as NodeMCU ESP8266.

2.3. Cognitive Domain

The cognitive domain is an important aspect for
students to study instructional material and to
develop their abilities. The cognitive domain plays an
important role in developing students' knowledge,
including in science learning [31], design education
in engineering [32], and the architectural education
program [33]. The cognitive domain includes
intellectual abilities, such as the ability to think,
remember, understand, and solve problems [34].
Bloom's taxonomy is a theory used to categorize the
cognitive domain. Bloom's taxonomy has three
cognitive domains [35], [36], namely the knowledge
domain, namely the ability to remember or recognize
certain facts, Understanding domain, namely the
ability to understand concepts or ideas, and the
Application domain, namely the ability to use
knowledge in practical situation.

Research results [37] show that of the 3
educational domains, the cognitive domain is
considered the most important and is ranked highest.
This is because testing using the cognitive domain is
widely used in several aspects.
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The authors [38] used Cognitive testing to look
for correlations with certain mental and neurological
conditions and demographic factors. Cognitive
assessment can be used to identify individuals with
neurocognitive disorders [39]. Research by [40]
showed that individuals' cognitive domains and their
ability to hear are significantly correlated. Cognitive
domain development can be done in various ways,
such as active learning, problem-based learning, and
project-based learning. According to [41] learning
with the Escape Room — Breakout model in science,
technology, engineering, and mathematics (STEM)

education,  specifically, in  scientific  and
mathematical concepts can improve student
performance.
3. Method

The methods section details the target population,
the sampling method used to select participants, the
data collection procedures, and the process for
calculating normalized gain.

3.1. Population and Sample

The research population is the number of students
at a vocational school in Surabaya City, Indonesia
who take microcontroller and microprocessor
programming engineering subjects, namely 70
students. Determination of the sample size is guided
by the Slovin formula [42].

N
n=——
1+Ne?

(1

Where n is the number of samples, N is the
number of populations, and e is the error percentage
(5% = 0,05). Based on the formula above, the size of
the research sample can be calculated as follows:

N 70
1+ Ne?z 1+70(0,052)

n 60

Figure 1. Sequence of learning for microprocessor and
microcontroller programming engineering subjects
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Furthermore, the sample of 60 students was
divided into 2 research classes, namely the
experimental ~class  which used the IoT
microcontroller training kit with 31 students, and the
control class which used the common microcontroller
training kit with 29 students. The research was
carried out in April — July 2023. The IoT training kit
for the research is shown in Figure 1.

The instructional materials (IM) studied are (a)
temperature monitoring with the DS18B20 sensor;
(b) text input on a 16x2 LCD; (c) safety system with
PIR and Buzzer; (d) AC light control system with
relay module; and (e) DC motor control system with
relay module. The learning used in both classes is
problem-based learning.

3.2. Data Collection Method

The instruments used to collect data consisted of
two instruments, namely the pre-test and post-test
instruments used to measure normalized gain (N-
Gain) and the instructional material cognitive testing
instruments to measure the cognitive test results of
students from two different classes. Pre-tests and
post-tests are carried out at the beginning and the end
of learning.

Table 1. Basic competencies and their indicators

The instrument built refers to two Dbasic
competencies, namely 1) planning a simple
application program with a microcontroller and 2)
planning a simple application program for a control
system with a microcontroller as shown in Table 1.
The indicators shown refer to the experimental class,
while for the control class, change the words

NodeMCU  microprocessor to Arduino Uno
microprocessor.
Table 2 shows several examples of the

development of the indicators in Table 1 to become
pre-test and post-test questions to be asked to
students at the start of learning and the end of
learning. The instructional material cognitive testing
instrument was created for each instructional material
with 10 questions per instructional material so that
the total material had 50 cognitive test questions.
After each meeting, a cognitive test is carried out on
each material. The cognitive test questions are
multiple choice questions with 5 answer choices for
each question where only one answer is correct.

Table 2. Pre-test and post-test questions

Basic competencies Indicators

Define the working

principle of the NodeMCU

microcontroller

2. State the function of
microcontroller input and
output ports

3. Explain the IoT-based
microcontroller system

4. Identify simple sensor
system application
programs

5. Identify the 16x2 LCD
application program

6. Develop a sensor

application program

flowchart algorithm

Planning simple L.
application programs with
a microcontroller

No Question

1 Describe the specifications of the NodeMCU
Microcontroller.

2 A sensor sends analog data to the NodeMCU, the
right pin to input/send sensor data to the
NodeMCU is....

3 Choose practical work steps for programming a

microcontroller for a temperature monitoring
project with a DS18B20 sensor systematically
based on the correct work steps below.....

Implement the AC light

control/control system

program

2. Implement DC motor
controller/control system
programs

3. Compare input application

programs and

microcontroller output

application programs

Planning a simple L.
application program for a
control system with a
microcontroller

4 Explain the effect on the PIR sensor below, if VR
no.2 is adjusted/trimmed to the right....

«
|
St

Instructional ~ material ~ cognitive  testing
instrument is used to measure learning outcomes of
students in mastering competency in learning
microcontroller and microprocessor programming
techniques.
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5 State the most appropriate function of the 16x2
LCD module in a microcontroller application....

6 Based on the image of the 16x2 LCD module
below, the functions of pins no. 15 and no. 16
are......

@ Qw < ¥
QoW wE o —aoxwor~30
>5>> xRBw Ooo0o0ocoococoww

e
_|N|m| v|m|m| .\|m|m|o|_|w|m|<r|m|m|

7 Choose the most appropriate working principle
algorithm for the IoT-based temperature
monitoring system application.....
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3.3. One-Way Anova Testing

The one-way ANOVA method is used to compare
the average student cognitive learning outcomes
between classes that used the IoT microcontroller
training kit and classes that used the common
microcontroller training kit. One-way ANOVA is
also used for hypothesis testing to determine whether
there are differences in means between groups. The
following is the hypothesis of this research:

Hy: The average student cognitive learning outcomes
of students taught using the IoT microcontroller
training kit learning media is the same as students
taught using the common microcontroller training kit
learning media

H,: The average student cognitive learning outcomes
of students taught using the IoT microcontroller
training kit learning media is higher than students
taught using the common microcontroller training kit
learning media

3.4. Normalized-Gain (N-Gain)

N-Gain is a measurement used to assess how
effectively a subject increases understanding of
concepts. N-Gain is calculated by comparing the
class average grades before and after a subject. The
following is the N-Gain formula:

__ Posttest Score—Pretest Score

The results of running IBM SPSS Statistics 26
obtained reliability statistics as shown in Table 4.
The Cronbach's alpha based on the standardized
items column in Table 4 is the overall test reliability
value. The value shown is 0.975 which is greater
than the r-table of 0.632, which shows that the test as
a whole is reliable.

Table 4. Reliability statistics pre-test and post-test

Cronbach's Alpha Based on N of Items
Standardized Items
0.975 25

In Table 5 there is a scale-corrected item-total
correlation column which is a column for item
validity values and a Cronbach's alpha if item deleted
column is a column for item reliability values. Table
5 shows that the overall value for each item validity
column and item reliability column shows a number
greater than 0.632, so it can be stated that the pre-test
and post-test questions consisting of 25 questions are
valid and reliable.

Table 5. Result of item validity and item reliability for pre-
test and post-test

N Gain = Ideal Score—Pretest Score x100% (2)
Table 3. N-Gain leveling [43]
Percentage (%) Assessment
<40 ineffective
40-55 less effective
56-75 effective enough
>76 effective
4. Results

This section explains the research results, which
include the results of the reliability and validity tests
of the instrument, the results of comparison testing of
two classes using ANOVA, and the learning
outcomes of the experimental class using N-Gain.

4.1. Reliability and Validity Items for Pre-Test and Post-
Test Results

Validation tests and reliability tests used 10
samples of students who were not involved in the
experimental class and control class. The number of
questions for the pre-test and post-test is 25
questions. The r-table value for a sample of ten
individuals with a probability value of 0.05 is 0.632.

TEM Journal —Volume 13 / Number 2/ 2024.

No | Corrected Item-Total | Cronbach's Alpha if
Correlation Item Deleted
(Item Validity) (Item Reliability)
Qstl 0.789 0.972
Qst2 0.806 0.972
Qst3 0.789 0.972
Qst4 0.840 0.971
Qst5 0.824 0.971
Qst6 0.762 0.972
Qst7 0.658 0.973
Qst8 0.654 0.973
Qst9 0.654 0.973
Qst10 0.722 0.972
Qstl1 0.929 0.971
Qst12 0.787 0.972
Qstl3 0.658 0.973
Qst14 0.929 0.971
Qstl5 0.916 0.971
Qstl6 0.747 0.972
Qst17 0.687 0.972
Qst18 0.947 0.970
Qst19 0.787 0.972
Qst20 0.658 0.973
Qst21 0.787 0.972
Qst22 0.687 0.972
Qst23 0.694 0.972
Qst24 0.654 0.973
Qst25 0.947 0.970
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Table 6. Result of validity and reliability items for instructional materials

No

M1 1M2 IM3 IM4 lleM5

Item Item Item Item Item Item Item Item Item Item
Validity Reliability | Validity Reliability | Validity Reliability | Validity Reliability | Validity Reliability
Qstl | (757 0.896 | (413 0.907 | (793 0879 | oee0 |  0879| o9p7|  0.880
Qst2 | 706 0900 | 709 | 0910 [ oq50| 0886 | 57| O0871] 401 0.898
Qst3 | 523 0892 | gag| 0901 | (es2| 0887 [ (703 0868 | (767 |  0.894
Qstd | (709 0.892 | g 0.906 | 743 0885 | oec0| 0879 | oeoa| 0898
Qsts 0.793 0.891 0.774 0.907 0.757 0.884 0.757 0.871 0.813 0.887
Qst6 0.780 0.894 0.721 0.910 0.743 0.888 0.699 0.876 0.639 0.899
Qst7 0.701 0.897 0.710 0.915 0.743 0.885 0.732 0.874 0.683 0.897
Qst8 | (730 0896 | o770 | 0907 | (7o 0885 | (es0| 0880 (705 |  0.894
Qst9 | (730 0896 | o770 | 0907 (esa| 0890 (700 | 0875 eo7|  0.896
Qst10 | (600 0.898 | (75 0.906 | (793 0.879 | (661 0882 (795 |  0.894

4.2. Reliability and Validity Item for Learning Process
Results

In the learning process, it is carried out to study 5
instructional materials (IM1-IM5). Every time
students finish learning instructional material, a
cognitive test is carried out on each material. The
number of cognitive test questions is 10 questions per
instructional material so the total material is 50
cognitive test questions. Validation tests and
reliability tests at this stage also use the same steps as
at the previous stage. Table 6 shows the results of the
validity test and reliability test for the cognitive test
questions from each instructional material with valid
and reliable results because the r-count is greater than
the r-table, namely 0.632. Likewise, the overall test
reliability value is declared reliable because all
values are greater than 0.632, as shown in Table 7.

Table 8 presents the results of the study, which
indicate that students in the experimental class had
higher cognitive learning outcomes in each IM than
students in the control class. Thus, the average
cognitive learning outcomes of experimental class
students are higher than those in the control class.
Table 8 shows students' cognitive learning outcomes
based on IM and the average.

Table 7. Reliability statistics cognitive questions for the

Table 8. Comparison of students' cognitive learning
outcomes

IM|IM | IM | IM | IM | Averag
1 2 3 4 5 e

IoT
microcontroll
er training kit
(experiment
class)

80 | 83 84 | 87 | 91 85

Common
microcontroll
er training kit
(control
class)

78 | 80 | 82 | 85 | &9 83

4.3. One-Way Anova Result

The results of running one-way ANOVA on SPSS
produce several calculation results. Table 9 shows
the description of the two classes. The experimental
class using the [oT microprocessor training kit has 31
students with an average cognitive learning outcome
score of 85 a minimum score of 79 and a maximum
score of 89. The control class using the common
microprocessor training kit has 29 students with an
average cognitive learning outcome score of 83 a
minimum score of 80 and a maximum score of 86.

Table 9. Class description

learning process
Instructional |Cronbach's Alpha N of Items Std.
material Based on Class |N|Mean| Deviation | Minimum | Maximum
Standardized loT 31| 85.03 2.496 79 89
Items Common [29(83.00| 1.581 80 86
1 0.915 10
D 0.923 10 Total 60| 84.05 2.325 79 89
3 0.909 10
4 0.890 10
5 0.906 10
1162 TEM Journal —Volume 13 / Number 2 / 2024.
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One of the conditions to be able to carry out the
anova test is that the variances are the same. For this
reason, a test of homogeneity of variances using the
Levene test is needed.

The homogeneity of variance assumption is
fulfilled if the p-value is higher than 0.05. In cases
where the p-value is equivalent to or less than 0.05,
the homogeneity of variance assumption is not
fulfilled. From Table 10 it can be seen that the test
results show that the variance of the two groups is the
same because the p-value (0.065) is greater than
0.05, so the anova test is valid for testing this
relationship.

Afterward, to determine if the two experimental
and control groups' student learning results differed,
Table 11 in the sig column obtained p-value = 0.000,
using alpha (o) of 0.05, then the decision is to reject
HO, so the conclusion is to accept HI that student
learning outcomes using the IoT microprocessor
training kit are higher than student learning outcomes
using a common microprocessor training Kkits.

Table 10. Test of homogeneity of variances

Levene
Statistic | dfl | df2 | Sig.
Based on Mean 3.537 1 58 [0.065
» |Based on Median 3.435 1 58 10.069
£ Based on the Median | 3.435 | 1 |48.978[0.070
55) and with adjusted df
© Based on trimmed 3.778 1 58 10.057
mean

Table 11. One way anova result

Sum of Mean

Squares | df | Square F Sig.
Between 61.882 1| 61.882 13.967 0.000
Groups
'Within 256.968 58 4.430
Groups
Total 318.850 59

4.4. N-Gain Result

By using Equation 2, the N-Gain results for each
student are obtained. This N-Gain is the result of
calculations between the cognitive pre-test and
cognitive post-test of 31 experimental class students.
Table 12 shows the results of the learning gain
calculation.

TEM Journal —Volume 13 / Number 2/ 2024.

Table 12. The experimental class's N-Gain score

Experimental class

No N-Gain No N-Gain
Score Score
1 42.86 18 65.71
2 93.33 19 60.00
3 66.67 20 65.00
4 48.57 21 20.00
5 65.71 22 60.00
6 65.71 23 60.00
7 71.43 24 20.00
8 65.00 25 52.00
9 55.00 26 6.67
10 55.56 27 60.00
11 20.00 28 80.00
12 82.22 29 71.43
13 77.78 30 64.00
14 70.00 31 60.00
15 65.00 average 59.62
16 73.33 minimum 6.67
17 86.67 maximum 93.33

Table 3 indicates that the experimental class's
average N-Gain score value is 59.62%, qualifying
within the effective enough category based on the
results of the N-Gain score test computation. N-Gain
score values range from 6.67% at the lowest to
93.33% at the highest. Thus, the use of IoT
microprocessor training kit learning materials is
useful for enhancing student performance in the
subject area of microprocessor and microcontroller
programming engineering.

5. Discussion

This research shows that the experimental class
that uses the IoT training kit microprocessor learning
media has advantages compared to the control class
that uses the common microcontroller training Kkit.
The average cognitive learning results of students in
the experimental class are greater than those in the
control class, which provides evidence of this. Even
though the instructional material studied is the same.
To attract students' interest in learning media the IoT
microprocessor training kit has adapted to the
development of 4.0 technology by the demands of
the latest technological developments and
implemented it with daily life problems in the
learning of microprocessor and microcontroller
programming techniques. The results of this research
are supported by the author [44] who stated that the
attractiveness of instructional resources like the
usage of the latest technology and a good appearance
can attract students to learn compared to simple
learning media. Supported research by [45] stated
that innovative and applicable learning media can
motivate students to understand better.
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The increase in student cognitive learning
outcomes for each lesson from IM 1 to IM5, for both
experimental and control classes is depicted in Figure
2. Furthermore, as can be observed in Figure 2,
students in the experimental class have better
learning outcomes and receive better scores than
those in the control class. Similar to this, the
experimental class's average value for the cognitive
learning outcomes of its students is higher than that
of the control class. The increase in the score of each
lesson can be caused by employing instructional
resources that can provide learning experiences. The
research [46] argued that media can function as
teaching tools, learning objects, and instructional
resources in a socially networked environment and
that employing media can help to enrich the learning
experience and promote emotional engagement.

Learning Results

100
90

8
I I 1
LM1 LM2 LM3 LM4

B |oT microcontroller training kit (experiment class)

o

LM5 Average

B Common microcontroller training kit (control class)

Figure 2. Comparison of student learning outcomes for
each instructional material

N-Gain in the experimental class showed good
results for using the loT microprocessor training kit
learning media. The N-Gain value is in the enough
effective category. The use of instructional media has
a significant effect on student learning outcomes
[47]. This is also supported by research [48] which
stated that the use of learning media has a positive
effect on student learning outcomes and contributes
effectively to the N-Gain.

6. Conclusion

According to the research results it can be
concluded that: 1) The normalized-gain value
obtained has a fairly large value in the effective
category for loT microcontroller training kit learning
media in learning microcontroller and
microprocessor programming techniques, 2) The
average cognitive learning outcomes of the
experimental class are higher than the control class
so that the IoT microcontroller training kit learning
media is better used for learning microcontroller and
microprocessor programming techniques.
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In vocational schools, this IoT microcontroller
training kit can assist students in becoming more
proficient in understanding microcontrollers. The
benefit of this research is that it explains that
updating the microcontroller and microprocessor
programming techniques training kit according to the
needs of current technological developments, such as
the use of IoT, can increase students' cognitive
learning outcomes. The limitation of this research is
that it only measures the cognitive domain; further
research is needed regarding student learning
outcomes related to the affective and psychomotor
domains.

Acknowledgments

The study was financed by DRTPM Kemdikbudristek-
Indonesia under contract number
B/51216/UN38.IIL1/LK.04.00/2023.  The authors are
grateful for the support.

References:

[1]. Mocrii, D., Chen, Y., & Musilek, P. (2018). IoT-
based smart homes: A review of system architecture,
software, communications, privacy and security.
Internet of Things, 81-98.
Doi: 10.1016/j.10t.2018.08.009.

[2]. Akkas, M. A., SOKULLU, R., & Ertiirk Cetin, H.
(2020a). Healthcare and patient monitoring using IoT.
Internet of Things, 11, 100173.

Doi: 10.1016/j.10t.2020.100173

[3]. Aly, M., Khomh, F., & Yacout, S. (2021). What Do
Practitioners Discuss about IoT and Industry 4.0
Related  Technologies?  Characterization  and
Identification of IoT and Industry 4.0 Categories in
Stack Overflow Discussions. Internet of Things, 14,
100364. Doi: 10.1016/.i0t.2021.100364

[4]. Ayaz, M., Ammad-Uddin, M., Sharif, Z., Mansour,
A., & Aggoune, E.-H. M. (2019). Internet-of-Things
(IoT)-Based Smart Agriculture: Toward Making the
Fields Talk. IEEE Access, 7, 129551-129583.

Doi: 10.1109/ACCESS.2019.2932609

[5]. Ortiz, G., Boubeta-Puig, J., Criado, J., Corral-Plaza,
D., Garcia-de-Prado, A., Medina-Bulo, 1., & Iribarne,
L. (2022). A microservice architecture for real-time
IoT data processing: A reusable Web of things
approach for smart ports. Computer Standards &
Interfaces, 81, 103604.

Doi: 10.1016/j.c51.2021.103604

[6]. Berssanette, J. H.,, & de Francisco, A. C. (2022).
Cognitive Load Theory in the Context of Teaching
and Learning Computer Programming: A Systematic
Literature Review. IEEE Transactions on Education,
65(3), 440—449. Doi: 10.1109/TE.2021.3127215

[7]. Parks, D. F. et al. (2022). IoT cloud laboratory:
Internet of Things architecture for cellular biology.
Internet of Things, 20, 100618.

Doi: 10.1016/j.10t.2022.100618.

TEM Journal —Volume 13 / Number 2 / 2024.



TEM Journal. Volume 13, Issue 2, pages 1157-1166, ISSN 2217-8309, DOI: 10.18421/TEM132-30, May 2024.

[8]. Chu, W. W. et al. (2023). The innovative use of
smartphone for sound STEM practical kit: a pilot
implementation for secondary classroom. Research in
Science & Technological Education, 41(3), 1008—
1030. Doi: 10.1080/02635143.2021.1978963

[9]. Collaguazo, A., Villavicencio, M., & Abran, A.
(2023). An activity-based approach for the early
identification and resolution of problems in the
development of IoT systems in academic projects.
Internet of Things, 24, 100929.

Doi: 10.1016/j.10t.2023.100929

[10]. Shi, W., Haga, A., & Okada, Y. (2021). Web-Based
3D and 360 VR Materials for IoT Security Education
and Test Supporting Learning Analytics. Internet of
Things, 15, 100424. Doi: 10.1016/j.10t.2021.100424

[11]. Alzahrani, A. (2023). Portable Prototype of
Hydrogen Fuel Cells for Educational Training.
Applied Sciences, 13(1), 608.

Doi: 10.3390/app13010608

[12]. Yuniarti, N., Luthfi Setiawan, A., & Hariyanto, D.
(2020). The Development and Comprehensive
Evaluation of Control System Training Kit as a
Modular-Based Learning Media. TEM Journal, 1234—
1242. Doi: 10.18421/TEM93-52

[13]. Thompson, K. L., Silver, C., Pivonka, E., Gutschall,
M., & McAnulty, L. (2015). Fruit- and Vegetable-
Focused Grocery Store Tour Training Kit to Promote
Peer-on-Peer Nutrition Education Utilizing Nutrition
and Dietetics Students. Journal of Nutrition
Education and Behavior, 47(5), 472-476.el.

Doi: 10.1016/j.jneb.2015.04.329

[14]. Ioannou, T., Bazigou, K., Katsigianni, A., Fotiadis,
M., Chroni, C., Manios, T., Daliakopoulos, I.,
Tsompanidis, C., Michalodimitraki, E., & Lasaridi, K.
(2022). The “A2UFood Training Kit”: Participatory
Workshops to Minimize Food Loss and Waste.
Sustainability, 14(4), 2446. Doi: 10.3390/su14042446

[15]. Downing, M. N., Schmuhl, K. K., Summers, K. E.,
Sandidge, B. R., Miracle, T. L., Pekny, C., & Kwiek,
N. C. (2023). Pilot Evaluation of Generation Rx
Ambassadors Virtual Training to Prepare Students for
Medication Safety Outreach. American Journal of
Pharmaceutical Education, 87(3), ajpe8945.

Doi: 10.5688/ajpe8945

[16]. Kumar, V. V., Carberry, D., Beenfeldt, C.,
Andersson, M. P., Mansouri, S. S., & Gallucci, F.
(2021). Virtual reality in chemical and biochemical
engineering education and training. Education for
Chemical Engineers, 36, 143—153.

Doi: 10.1016/j.ece.2021.05.002

[17]. Mikeld, S., & Vellonen, V. (2018). Designing for
appropriation: A DIY kit as an educator’s tool in
special education schools. International Journal of
Human-Computer Studies, 118, 14-23.

Doi: 10.1016/].ijhcs.2018.05.004

[18]. Wallace, M., & Poulopoulos, V. (2022). Pursuing
Social Justice in Educational Robotics. Education
Sciences, 12(8), 565. Doi: 10.3390/educscil2080565

[19]. Acikgiil, K. (2022). Mathematics teachers’ opinions
about a GeoGebra-supported learning kit for teaching
polygons. International Journal of Mathematical
Education in Science and Technology, 53(9), 2482—
2503. Doi: 10.1080/0020739X.2021.1895339

TEM Journal —Volume 13 / Number 2/ 2024.

[20]. Karademir Coskun, T. (2022). The effectiveness of
robot training in special education: a robot training
model proposal for special education. Inferactive
Learning Environments, 30(6), 1092—1116.

Doi: 10.1080/10494820.2019.1710542

[21]. Fathurrohman, M., Nindiasari, H., Anriani, N., &
Pamungkas, A. S. (2021). Empowering mathematics
teachers’ ICT readiness with android applications for
Bring Your Own Devices (BYOD) practice in
education. Cogent Education, 8(1).

Doi: 10.1080/2331186X.2021.2002131

[22]. Norris, D. (2015). The Internet of things : do-it-
yourself at home projects for Arduino, Raspberry Pi,
and Beaglebone Black. Mc Graw Hill

[23]. Barrett, S. F. (2021). Arduino III: Internet of Things.
Springer Nature.

Doi: 10.2200/S01077ED1V03Y202102DCS060

[24]. Keshta, 1. (2022). Al-driven IoT for smart health
care: Security and privacy issues. Informatics in
Medicine Unlocked, 30, 100903.

Doi: 10.1016/j.imu.2022.100903

[25]. Pantelic, J., Son, Y. J., Staven, B., & Liu, Q. (2023).
Cooking emission control with IoT sensors and
connected air quality interventions for smart and
healthy homes: Evaluation of effectiveness and
energy consumption. Energy and Buildings, 286,
112932. Doi: 10.1016/j.enbuild.2023.112932

[26]. Kulurkar, P., Dixit, C. kumar, Bharathi, V. C.,
Monikavishnuvarthini, A., Dhakne, A., & Preethi, P.
(2023). Al based elderly fall prediction system using
wearable sensors: A smart home-care technology with
10T. Measurement: Sensors, 25, 100614.

Doi: 10.1016/j.measen.2022.100614

[27]. Tbrahim, A. S., Youssef, K. Y., Eldeeb, A. H.,,
Abouelatta, M., & Kamel, H. (2022). Adaptive
aggregation based IoT traffic patterns for optimizing
smart city network performance. Alexandria
Engineering Journal, 61(12), 9553-9568.

Doi: 10.1016/j.a¢j.2022.03.037

[28]. Khan, B., S, K., Agarwal, S., M, P., Thupakula, B.,
& Raja Ambethkar, M. (2022). Assessment on
economic power management for smart city through
IoT sensor model. Measurement: Sensors, 24,
100515. Doi: 10.1016/j.measen.2022.100515

[29]. Chaurasia, N., & Kumar, P. (2023). A
comprehensive study on issues and challenges related
to privacy and security in loT. E-Prime - Advances in
Electrical Engineering, Electronics and Energy, 4,
100158. Doi: 10.1016/j.prime.2023.100158

[30]. Yaacoub, J.-P. A., Noura, H. N., Salman, O., &
Chehab, A. (2023). Ethical hacking for IoT: Security
issues, challenges, solutions and recommendations.
Internet of Things and Cyber-Physical Systems, 3,
280-308. Doi: 10.1016/j.iotcps.2023.04.002

[31]. Vlaardingerbroek, B., Taylor, N., Bale, C.,, &
Kennedy, J. (2017). Linking the experiential, affective
and cognitive domains in biology education: a case
study — microscopy. Journal of Biological Education,
51(2), 144-150.

Doi: 10.1080/00219266.2016.1177574

[32]. Sharunova, A., Butt, M., & Qureshi, A. J. (2018).
Transdisciplinary Design Education for Engineering
Undergraduates: Mapping of Bloom’s Taxonomy
Cognitive Domain Across Design Stages. Procedia
CIRP, 70,313-318.

Doi: 10.1016/j.procir.2018.02.042

1165



TEM Journal. Volume 13, Issue 2, pages 1157-1166, ISSN 2217-8309, DOI: 10.18421/TEM132-30, May 2024.

[33]. Birlik, S. (2015). Taxonomy of the Cognitive
Domain: An Example of Architectural Education
Program. Procedia - Social and Behavioral Sciences,
174,3272-3277. Doi: 10.1016/].sbspro.2015.01.993

[34]. Atkinson, S. P. (2013). Taxonomy Circles:
Visualizing the possibilities of intended learning
outcomes. BPP University.

[35]. Anderson, L. W., & Krathwohl, D. R. (2001a). 4
taxonomy for learning, teaching, and assessing: A
revision of Bloom’s taxonomy of educational
objectives: complete edition. Addison Wesley
Longman, Inc.

[36]. Anderson, L. W., & Krathwohl, D. R. , et al (Eds.).
(2001). A Taxonomy for Learning, Teaching, and
Assessing: A Revision of Bloom’s Taxonomy of
Educational Objectives. Pearson Education Group.

[37]. Nikolic, S., Suesse, T. F., Grundy, S., Haque, R,
Lyden, S., Hassan, G. M., Daniel, S., Belkina, M., &
Lal, S. (2023). Laboratory learning objectives:
ranking objectives across the cognitive, psychomotor
and affective domains within engineering. European
Journal of Engineering Education, 1-20.

Doi: 10.1080/03043797.2023.2248042

[38]. Kleineidam, L., Stark, M., Riedel-Heller, S. G.,
Pabst, A., Schmiedek, F., Streit, F., Rietschel, M.,
Klinger-Konig, J., Grabe, H. J., Erhardt, A., Gelbrich,
G., Schmidt, B., Berger, K., & Wagner, M. (2022).
The assessment of cognitive function in the German
National Cohort (NAKO) — Associations of
demographics and psychiatric symptoms with
cognitive test performance. The World Journal of
Biological Psychiatry, 24, 1-15.

Doi: 10.1080/15622975.2021.2011408

[39]. Ang, L. C., Yap, P., Tay, S. Y., Koay, W. 1, & Liew,
T. M. (2023). Examining the Validity and Utility of
Montreal Cognitive Assessment Domain Scores for
Early Neurocognitive Disorders. Journal of the
American Medical Directors Association, 24(3), 314-
320.e2. Doi: 10.1016/j.jamda.2022.12.028

[40]. Kawade, Y., Uchida, Y., Sugiura, S., Suzuki, H.,
Shimono, M., Ito, E., Yoshihara, A., Kondo, I.,
Sakurai, T., Saji, N., Nakashima, T., Shimizu, E.,
Fujimoto, Y., & Ueda, H. (2023). Relationship
between cognitive domains and hearing ability in
memory clinic patients: How did the relationship
change after 6 months of introducing a hearing aid?
Auris Nasus Larynx, 50(3), 343-350.

Doi: 10.1016/j.an1.2022.09.005

1166

[41]. Yllana-Prieto, F., Gonzalez-Gémez, D., & Jeong, J.
S. (2023). Influence of two educational Escape
Room— Breakout tools in PSTs’ affective and
cognitive domain in STEM (science and mathematics)
courses. Heliyon, 9(1), e12795.

Doi: 10.1016/j.heliyon.2023.e12795

[42]. Ryan, T. (2013). Sample Size Determination and
Power. John Wiley and Sons

[43]. Hake, R. R. (1998). Interactive-engagement versus
traditional methods: A six-thousand-student survey of
mechanics test data for introductory physics courses.
American Journal of Physics, 66(1), 64—74.

Doi: 10.1119/1.18809

[44]. Ge, Z.-G. (2021). Does mismatch between learning
media preference and received learning media bring a
negative impact on Academic performance? An
experiment with e-learners. Interactive Learning
Environments, 29(5), 790-806.

Doi: 10.1080/10494820.2019.1612449

[45]. Puspitarini, Y. D., & Hanif, M. (2019). Using
Learning Media to Increase Learning Motivation in
Elementary School. Anatolian Journal of Education,
4(2), 53-60. Doi: 10.29333/aje.2019.426a

[46]. Knaus, T. (2023). Emotions in Media Education:
How media based emotions enrich classroom teaching
and learning. Social Sciences & Humanities Open,
8(1), 100504. Doi: 10.1016/j.ssah0.2023.100504

[47]. Sesmiyanti, S., Antika, R., & Suharni, S. (2019). N-
Gain Algorithm for Analysis of Basic Reading.
Proceedings of the Proceedings of the 2nd
International Conference on Language, Literature
and Education, ICLLE 2019, 22-23 August, Padang,
West Sumatra, Indonesia.

Doi: 10.4108/eai.19-7-2019.2289527

[48]. Risniawati, M., Serevina, V., & Delina, M. (2020).
The development of E-learning media to improve
students’ science literacy skill in Senior High School.
Journal of Physics: Conference Series, 1481, 012075.
Doi: 10.1088/1742-6596/1481/1/012075

TEM Journal —Volume 13 / Number 2 / 2024.



