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Abstract

The purpose of this research is to make a temperature measuring instrument for air temperature
and humidity on the device using the DHT11 sensor as a temperature and humidity sensor for
the object under study, the ATMega328P CH340G microcontroller as data processing and the
Bluetooth HC-05 module as an intermediary communication between the device and a
smartphone. , utilizing App Inventor technology as a means of information quickly and
accurately. The research method used in this study is the research and development method or
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substance can be divided into solids, liquids, and gases based
INTRODUCTION

Physics is a branch of science that studies matter and all

on the constituent particles. A substance can be measured and

studied without changing the composition or composition of

physical activities of that material. Besides that, physics iS s essence. Temperature is a physical quantity that expresses

also a natural science of matter and energy, such as heat, light
and sound, that deals with matter, energy and their
interactions. Meanwhile, according to [1] physics is the
knowledge that describes the collective efforts, findings,
insights and wisdom of humans.

Studying physics means understanding and knowing the
physics concepts and then applying them in everyday life.
Practicum is very closely related to learning physics. With
practicum, students understand more quickly. This is because
the concepts they learn are directly applied, and they are
directly involved in the training.

All objects in nature are composed of a substance or
matter. Living things are also composed of substances or

matter. Every sense is composed of millions of particles. A

the degree of heat of a substance as measured using a
thermometer. The unit of temperature commonly used is
degrees Celsius (°C) [2]. Temperature can also be interpreted
as a physical property of an object that describes the average
kinetic energy of the movement of molecules. The higher the
air temperature, the lower the air humidity. This is due to the
air's high temperature, and precipitation (condensation)
molecules will occur. Air humidity is the concentration of
water vapour in the air. This concentration figure can be
expressed in absolute, specific, or relative humidity.
Measurement can be interpreted as giving a number to a
certain attribute or characteristic possessed by a person, thing

or certain object according to clear and agreed rules or
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formulations. Measurement also compares a quantity
measured with a measuring instrument used as a unit. So far,
the temperature measuring instrument used is an alcohol or
The

thermometers used today for teaching temperature and heat

mercury  thermometer. alcohol and  mercury
have various weaknesses, including easily broken capillary
pipes. Mercury is toxic, making it dangerous for the safety of
students. Besides that, the disadvantage is especially in the
reading of the scale because it is still in manual form with
direct observation, so it is prone to random errors in the
measurement results.

Science and technology have progressed, and we live in a
technological era where all measuring instruments are
completely digital. One of them is the measurement carried
out by telemetry. Telemetry is the process of measuring the
parameters of an object (object, space, natural conditions)
whose measurement results are sent to another place by
sending data either by cable or wirelessly [3]. In practice, this
concept is applied in tool designs or projects that use sensors
and microcontrollers to translate analog input into software
systems to control the movement of electro-mechanical
devices such as lights, motors and so on [4]. Because of this,
researchers are trying to develop a practicum tool for
measuring air temperature and humidity based on a telemetry
microcontroller. The device is to be designed digitally and
can measure two different variables in one measurement
that

measurements during practicum can be done easily and

simultaneously  so temperature and  humidity
quickly because the observations were made telemetry to see
the measurement results.

The benefits of this research are to broaden researchers'
insights and make it easier to practice temperature
measurements, and the results obtained are more accurate.
Based on the background stated above, the problem
identified in this study is "How to develop a practicum tool
for measuring temperature and humidity based on a

microcontroller by telemetry?

METHOD
This research is known as Research and Development
(R&D). This research method is used to produce certain

products and tests the effectiveness of these products. The

research on developing a microcontroller-based temperature-
measuring practicum tool utilizing telemetry was adapted
from the steps of the development research model by Borg

and Gall [5]. The steps of the research model are as follows:

Research & -

; Develop Prelimina
information E:} Planning IZD mepof Productw
_— ) Main Product Preliminary Field

Main Field Testing [(J Revision (3 Testing
Operational Product IZ:) Operational Field E:} Final Product
Revision Testing Revision

Dissemination &
Implementation

P

Figure 1. Steps to use the Research and development method.

In this study, not all of the R&D steps were carried out,
only up to the limited test in step four, which was
accompanied by the limited test results. This is due to the
need for more time and expertise to carry out extensive
implementation trials up to the Final Product Dissemination
and Implementation steps. This first step includes need
analysis, literature study, and required standard reports. After
conducting a preliminary study, development can proceed to
the second step, planning research. Research planning
includes; 1) formulating research objectives; 2) estimating
funds, manpower and time; 3) formulating the qualifications
of researchers and forms of participation in research. This
step includes; a. Determining the product design to be
developed. At this stage, the researcher made a practicum
tool for measuring temperature and humidity using telemetry
on a microcontroller.

Designing the product to be made. The initial design of

the product is as follows:

INPUT PROCESS OuUTPUT
Ter;wgﬁsrgirure E:} Arduino ED Smartphone
Monitoring

Eluetooth

Modul

Figure 2. Product initial design
This research carried out many consultations with the
mechanics of the tools to be made; b. Determine research
facilities and infrastructure needed during the research and
development process; c. They determine the stages of

implementing the display test of practicum tools in the field;
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d. Determine the task description of the parties involved in
the research to make a practical device for measuring air
temperature and humidity based on a telemetry
microcontroller, and several steps are needed as follows;

Prepare the tools and materials used. The tools and
materials to be used in this study are: DHT sensors 11,
Arduino Uno, PCB board, and Smartphones. Make a simple
practical tool design. Validating the tool on the validator to
match the concept of temperature and humidity. One of the
requirements for the tool to be validated is the calibration of
the tool made. In this product, calibrate by clicking the "NOT
CONNECT" option on the cell phone screen in the
application. Conduct the Media Expert test, test the response
of the Physics laboratory assistant through a questionnaire.
Preliminary Field Test This step is a limited product trial. The
researcher introduces a practicum tool and then provides a
questionnaire about the feasibility of a practicum tool for
measuring temperature and humidity based on a telemetry
microcontroller. The respondent's questionnaire was used,
namely the physics laboratory assistant's response scale
questionnaire, which is then analysed by giving a score and
making conclusions based on the questionnaire results and
developing a practicum tool for measuring air temperature
and humidity based on a telemetry microcontroller.

The development model in this study uses a procedural
model, namely a descriptive model, showing the steps that
must be followed to produce a product in the form of a
practicum tool for measuring air temperature and humidity.
This study's practicum tool development model uses steps
adapted from Borg & Gall [5]. The research flow is designed
to provide an overview, as shown in the flowchart in Figure
3.

This research was carried out in the Physics education
laboratory of the Teacher Training and Education Faculty of
Tadulako University, State High School 2 Palu, State High
School 7 Palu and State High School 9 Palu. The subjects of
this study were the physics education laboratory assistants of
Teacher Training and Education Faculty of Tadulako
University and physics teachers. Data collection techniques
are ways of performing or capturing the results of the work

of the mind, which are operationalized to an empirically

realistic level to obtain reliable data. A good data collection

method is needed.

[ Developed product analysis ]

Develop initial product
Expert validation and
revision

Small-scale field trials
and product revisions

!

[ Product ]

Figure 3. Model for developing a practicum tool for measuring
air temperature and humidity based on a telemetry microcontroller

The data used are as follows: 1) Questionnaires are data
collection tools containing several questions or statements
that research subjects must answer. Questionnaires can reveal
many things so that a lot of data/information is obtained in a
short time. Based on their shape, questionnaires can be
opened and closed. In this study, a closed questionnaire was
used with a Likert scale type with a scale of 1 to 4. Very good
is worth 4, good is worth 3, poor is worth 2 and very poor is
worth 1. Closed questionnaires have answers that have been
provided and do not allow respondents to add other
information [6]. The questionnaire is a written question that
is used to obtain information from respondents about matters
relating to research activities. The indicators assessed in the
questionnaire are; The quality of practicum tools, there are
use of goods that are easily accessible, there is technical
assistance in practicum tools in terms of the suitability of the
device with the concept of physics; 2) Interviews are used as
a data collection technique when research is about things
from more in-depth respondents, and the number of
respondents is small or limited. This study used unstructured
interviews. Unstructured interviews are free interviews in
which the researcher does not use interview guidelines that
are arranged systematically and completely. This was done
because structured questions already existed in the

guestionnaire. The researcher only wanted to know things
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that could become critical and suggestions for the practicum
media being developed.

A research instrument is a tool that can support several
data that are assumed to be used to answer questions and test
research hypotheses. The instrument used in this study was a
questionnaire given to media experts, material experts,
physics teachers, and lab assistants as the respondent. Data
obtained through research instruments during the trial were
analysed using descriptive analysis, describing the results of
the development of learning media products in simple
practicum devices. This analysis intends to describe the data
characteristics of each variable. This way is expected to make
it easier to understand the data for further processing. The
results of the data analysis are used as a basis for revising the
developed tool product. The steps for analysing the interview
data are as follows: Data reduction, data presentation, and
drawing conclusions/verification [7]. The type of qualitative
data is changed to quantitative with the provisions in Table 1
and Table 2.

Table 1. Product Assessment Likert Scale Category

Then processing, the average value of the quality
assessment aspects was obtained in qualitative form
according to the assessment category criteria with the
provisions in Table 3 and 4.

Table 3. Positive Statement Product Assessment Criteria

Interval Score Category
3,25 <x<4,00 Very Good
2,50 < x<3,25 Good
1,75 < X< 2,50 Poor
1,00 < X< 1,75 Very Poor

Table 4. Criteria for the basic physics practice response categories
for positive statements

Interval Score Category
3,25 < X 4,00 Strongly Agree
2,50 < X3,25 Agree

1,75 < 2,50 Disagree
1,00 < X 1,75 Strongly Disagree

Information Score

Very Good 4
Good 3
Poor 2

Very Poor 1

Table 2. Categories of Likert Scale Responses of Basic
Physics Practice

Information Score
Strongly Agree 4
Agree 3
Disagree 2
Strongly Disagree 1

The analysis technique used to analyse the validation data
is calculating the average value. The determination of the
intermediate value analysis technique is based on the opinion
of [8], which states that to determine the final score rating for
each research questionnaire item, the total value obtained is
divided by the number of respondents who answered the
assessment questionnaire. So, a formula is obtained to
calculate the average value in Equation 1.

XE M
Where X is the average value in each item question; Xx is
the total value of all assessments in each question item; n is

number of questions.

RESULT AND DISCUSSION

Result
A. Tool Quality Assessment By Experts

The results obtained were that for program design, the
average score was 3.33, which was in the very good category.
In the aspect of program quality, the average value obtained
is 4.00 and is in the very good category. In the aspect of tool
design, the average value obtained is 3.00 and is in a good
category. In the aspect of tool quality, the value obtained is
4.00 and gets a very good category.

Tool Quality AssessmentDiagram by Experts

N
Very Good
Very Good
Good
Very Good

Program
Design

Program
Quality

Aspect

Tool Design Tool Quality

Figure 4. Tool Quality Assessment Diagram by Experts

As for suggestions and criticisms from expert validators,
namely improving product quality, namely on the physical
part of the tool so that a place or cover is made so that it is
not easily damaged, the tool developed is very good.

The assessment results of the aspects in the laboratory
manual, namely, the average value obtained for presenting
the content, was 3.75 and received a very good category. The
average value obtained for the aspect of language is 4.00 and

is in the very good category.
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The evaluation aspect of the practicum tool laboratory
manual presented in the form of a diagram can be seen in

Figure 5.

Laboratory Manual Assessment Diagram by Experts

Very Good
Very Good

Presenting the Content Language

Aspect

Figure 5. Laboratory Manual Assessment Diagram by Experts

Suggestions and criticisms from experts are adding
explanations of wusage procedures, using recognized
references, and adding tables for manual tools.
Tool revision

Based on the suggestions and criticisms from material
experts and media experts, a revision of the practicum tool
for measuring temperature and humidity based on a
microcontroller using telemetry was carried out. The
suggestions used as a reference for improvement are in the
laboratory manual, which is presented in more detail in the
use of tools so that they are easy to understand. The physical
appearance of the tool cannot be repaired because it uses a
sensor, so if a cover is made, it will affect when the sensor
detects/reads the temperature and humidity of the
surrounding air.
B. Product Trials
a. Tool quality assessment by a physics teacher

Tool quality assessment by a physics teacher at State
Senior High School 2 Palu with two teacher, State Senior
High School 7 Palu with two teacher, and State Senior High
School 9 Palu with two teacher.

Aspects of assessing the quality of practicum tools
presented in diagram form can be seen in Figure 6.

Tool Quality Assessment Diagram by Teacher
at State Senior High School 2 Palu

Physical
Appearance the
Practicum
Equipment

Suitability of theOperationaland  Quality and  Accuracy of the Program Quality
Practicum Performance  Effectiveness Tools
Equipmentwith the Practicum the Practicum
the Concept of Tools Tools

Physics
Y Aspect

mTeacher 1 Teacher2 DAverage

Figure 6. Tool Quality Assessment Diagram by Teacher at State
Senior High School 2 Palu

Aspects assessed by experts include aspects of the

physical appearance of practicum tools, aspects of
compatibility of practicum tools with physics concepts,
aspects of operation and performance of practicum tools,
aspects of quality and effectiveness of practicum tools,
aspects of tool accuracy, and aspects of program quality.

For the assessment average value by two teachers at State
Senior High School 2 Palu, the results of the assessment of
the physical appearance aspects of the practicum equipment
are in the very good category with an average value of 3.25,
the aspect of the suitability of the practicum equipment with
the concept of physics is in the very good category with an
average value of 3.25, the operational and performance
aspects of the practicum tools are very good with an average
value of 3.66, the quality and effectiveness aspects of the
practicum tools are very good with an average value of 4.00,
the accuracy of the tools is very good with an average score
of 3.75, the aspect of program quality is in a very good

category with an average score of 3.80.

Tool Quality Assessment Diagram by Teachers
at Senior High School 7 Palu

B
)
=
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2
)
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Figure 7. Tool Quality Assessment Diagram by Teachers at Senior
High School 7 Palu

For the assessment average value by two teachers at State
Senior High School 7 Palu, the results of the assessment of
the physical appearance aspects of the practicum equipment
are in very good category with an average value of 4.00, the
aspect of the suitability of the practicum equipment with the
concept of physics is in a very good category with an average
value of 4.00, the operational and performance aspects of the
practicum tools are very good with an average value of 4.00,
the quality and effectiveness aspects of the practicum tools
are very good with an average value of 3.50, the accuracy
aspects of the tools are very good with an average score of
4.75, the aspect of program quality is in a very good category

with an average score of 4.00.



Media Eksakta Vol.19 No.1: 28-37, May 2023 | 33
© Muhammad Zaky, et al

For the assessment average value by two teachers at State
Senior High School 9 Palu, the results of the assessment of
the physical appearance aspects of the practicum equipment
are in very good category with an average value of 3.50, the
aspect of the suitability of the practicum equipment with the
concept of physics is in a good category with an average
value of 3.00, aspects of the operation and performance of
practicum tools in the very good category with an average
value of 3.83, the quality and effectiveness aspects of the
practicum tools in the very good category with an average
value of 3.25, the accuracy aspects of the tools in the very
good category with an average score of 4.00, the aspect of
program quality is very good category with an average score
of 3.83.

Tool Quality Assessment Diagram by Teachers
at Senior High School 9 Palu

Score

- VeryGgod- -

1 . . ! .
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Practicum Performance
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Figure 8. Tool Quality Assessment Diagram by Teachers at Senior
High School 9 Palu

Suggestions from the assessment of the tool by the
physics teacher are that this tool can be developed so that it
can be used for IOS/PC and can not only measure air/room
temperature. It is necessary to add a comparison of the
explanations of the tools related to temperature. The use of
tools that are easy to understand clearly by users with
materials that are easy to obtain. The tool can be patented.
C. Assessment of the quality of laboratory manuals by
physics teachers

Assessment of the quality of the laboratory manual by a
physics teacher at State Senior High School 2 Palu with two
teacher, State Senior High School 7 Palu with two teacher,
and State Senior High School 9 Palu with two teacher.

Aspects assessed by experts physics teacher at State
Senior High School 2 Palu include the content presented and
the language used. Aspects of the manual assessment of
laboratory tools offered in the form of diagrams can be seen

in Figure 9.

Laboratory Manual Assessment Diagrams by Teachers
at Senior High School 2 Palu

Score

Presenting the Content Language

Aspect

m Teacher1 Teacher2 O Average

Figure 9. Laboratory Manual Assessment Diagrams by Teachers
at Senior High School 2 Palu

The aspects assessed from the practicum laboratory
manual include the content presented and the language. The
assessment results of the average aspect for the teachers at
Senior High School 2 Palu were that the content aspect was
raised in a very good category with an average score of 3.62,
and the language aspect was in a very good category with an
average score of 3.70.

Aspects assessed by experts physics teacher at State
Senior High School 7 Palu include the content presented and
the language used. Aspects of the manual assessment of
laboratory tools presented in diagram form can be seen in
Figure 10.

Laboratory Manual Assessment Diagrams by Teachers
at Senior High School 7 Palu

- .

-3 k-
BN -
o8 Q.

Presenting the Content Language

Aspect
Teacher 2 DlAverage

Figure 10. Laboratory Manual Assessment Diagrams by Teachers
at Senior High School 7 Palu

W Teacher 1

The aspects assessed from the practicum laboratory
manual include the content presented and the language. The
assessment results of the average aspect for the teachers at
Senior High School 7 Palu were that the content aspect was
raised in a very good category with an average score of 4.75,
and the language aspect was in a very good category with an
average score of 3.70.

Aspects assessed by experts physics teacher at State
Senior High School 9 Palu include the content presented and
the language used. The evaluation aspect of the practicum
tool laboratory manual presented in the form of a diagram

can be seen in Figure 11.
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The aspects assessed from the practicum laboratory
manual include the content presented and the language. The
assessment results of the average aspect for the teachers at
Senior High School 9 Palu were that the content aspect was
raised in a very good category with an average score of 3.62,
and the language aspect was in a very good category with an

average score of 3.30.

Laboratory Manual Assessment Diagrams by Teachers
at senior high school 9 Palu

Presenting the Content

Language

Aspect
B Teacherl MTeacher2 DOlAverage

Figure 11. Laboratory Manual Assessment Diagrams by Teachers
at Senior High School 9 Palu
D. Results of Responses to the Limited Test

Results of Responses to Practicum tools by Laboratory
Assistants.

The results of the responses to the criteria for practicum
tools by students consisted of five aspects, namely the
physical appearance of practicum tools, in terms of the
suitability of practicum tools with physics concepts, the
operation and performance of practicum tools, the quality,
and effectiveness of practicum tools and the output or results
of practicum tools.

Students who give assessments here are physics
laboratory assistants of the Teacher Training and Education
faculty, totaling six people. As for the assessment results, that
is, in the aspect of the physical appearance the practicum
equipment, the average value obtained was 3.08 and received
a good category. For parts of the suitability of the practicum
equipment with the concept of physics, the value obtained is
3.5 and gets a very good category.

Tool Quality Assessment Diagram by Students

A

Score
Very Good

A

Very Good
—

Very Good

Physical Suitability of ~ Operational ~ Quality and
Appearance  the Practicum and Effectiveness
the Practicum  Equipment  Performance the Practicum
Equipment with the  the Practicum Tools
Concept of Tools
Physics

Accuracy of
the Tools

Program
Quality

Aspect
Figure 12. Tool Quality Assessment Diagram by Students

In the aspect of operational and performance the
practicum tools, the value obtained is 3.83 and gets the very
good category. In the aspect of quality and effectiveness the
practicum tools, a score of 3.33 was obtained in the very good
category. In the aspect of accuracy of the tools, it gets a value
of 3.75 and is a very good category. In the aspect of program
quality, it gets a value of 3.75 and is a very good category.

As for suggestions and criticisms from laboratory
assistants, namely improving product quality, namely in the
physical appearance of the tool so that a place is made to
protect the components from external interference so that the
tool is not easily damaged and looks more attractive.
Laboratory Manual Response Results By Laboratory
Assistants

The results of the responses to the laboratory manual for
measuring temperature and humidity based on a telemetry
microcontroller consist of two aspects: the content presented
and the language.

Laboratory assistant response results regarding the
laboratory manual, namely, for the content aspect presented,
the average value obtained was 3.62 and received a very good
category. For the language aspect, the score obtained is 3.66,
and is in the very good category.

Aspects of the manual assessment of laboratory tools

presented in diagram form can be seen in Figure 13.

The Laboratory Manual Assessment Diagram by Students

Score

Very Good
Very Good

Presenting the Content

Language

Aspect
Figure 13. The Laboratory Manual Assessment Diagram by
Students

Laboratory Test Results for Practicum tools

Table 6. laboratory test results

1. Using a telemetry-based microcontroller-based air
temperature and humidity meter

e  Temperature/air temperature

Measured Temperature Conversion
© K E R
Dry 31° 304° 87.8° 24,8°
temperature
et 32° 305,15° 89,6° 25 6°
temperature
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e  Humidity
Place Temperature (°C)  Humidity Average (%)
Dry temperature 31° 81%
Wet temperature 32° 78%

2. Using manual/standard tools

e  Temperature

Temperature Conversion
Measured °C) K F R

bry 31° 304° 87,8° 24,8°
temperature

Wet 32° 305,15° 89,6° 25,6°
temperature

¢ Humidity
Place Temperature (°C) Humidity Average
(%)

Dry temperature 31° 81 %
Wet temperature 32° 78 %

Based on the results of laboratory tests for air
temperature, the results obtained are very close to the
literature. For air humidity, the values obtained are not far
from the literature, so the tool made is feasible to use.

The results of the practicum tool development research
are described based on the steps for developing a research
model, which includes the stages of Preliminary Studies,
Planning Research, data collection, product design, tool
validation, tool revision, product trials, and the results of
responses in limited trials.

Discussion

This research aims to develop digital tools for measuring
air temperature and humidity, which can be monitored
remotely (telemetry). The hope of researchers with the
development of this tool is that it can help speed up the
practicum process and master the concept of temperature and
humidity [9]. With this tool, it is hoped that it can also
become a reference to make something more technological,
such as knowing programming languages and
microcontroller systems [10] [11] [12] and [13].

The initial stage of developing this tool is making the
product's initial design. Next, research the components that
will be used to function as expected. The practicum tools are
arranged according to the initial procedure when the details

have been examined starting with designing the mechanical

parts of the tool so that all sensors function correctly, such as
how the PCB board shape will be used so that the circuit
layout schematic works appropriately and how the sensor
layout and other components work properly. This is done
because the mechanical form of the tool to be significantly
made influences the accuracy of the measuring instrument. If
the mechanics have been made, the next step is to arrange the
electronics; this stage also needs to be considered carefully
so that the circuit layout schematic and the DHT11 sensor as
a temperature and humidity meter can function correctly.
How is the connection of the sensor with the HC-05
Bluetooth module and with the microcontroller used
(arduino). After the practicum tools have been well
structured, the next stage is programming. The programming
language used here is the programming language for the
Arduino application. Arduino is not just a development tool,
but a combination of hardware, programming language and
Integrated Development Environment (IDE) [14]. After
doing the programming, the next step is to make an
application to display temperature and humidity results on
the cellphone screen. This application uses an inventor web
app connected to a stable internet network. After the tool has
been made, it is included in the quality assessment of the tool
and laboratory manual, where this assessment uses a
questionnaire that has been modified.

Based on the advice from the peers lecturer during the
tool trial consultation, it is to pay more attention to the
physical part of the tool so that it is not easily damaged due
to unintentional external disturbances and to pay attention to
the calibration of the tool using other comparison tools so that
measurement results or errors can be known. From the results
of experiments and calibration with manual/standard tools
that are often used, values are obtained using a telemetry-
based microcontroller temperature and humidity measuring
device for a dry temperature of 31°C with 81% humidity
value for a wet temperature of 32°C with humidity 78%. At
the same time, using a manual/standard tool for a dry
temperature of 31°C with a humidity of 39% value for a wet
temperature of 32°C with a humidity of 42%. From the
results obtained, it can be seen that the measurement using a
microcontroller-based measuring instrument for temperature
follows the manual tool for

and  humidity
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temperature/temperature. However, for the air humidity
measuring instrument, the value is still different because the
measurement using this manual measuring tool produces an
unstable value. So, measurements using a microcontroller-
based temperature and humidity meter are more accurate and
precise. This research is relevant to that conducted by [15].
It's just that in his research, observations or readings of the
values are still displayed on the LCD screen. Whereas in the
tools that the researcher has made observations or reading the
values can be done by telemetry (remote) where the value
display can be seen on the cellphone screen. After making
repairs to the following tool, make a laboratory manual for
the developed tool. The next stage is expert validation. The
expert in this study was a Physics lecturer at the Teacher
Training and Education Faculty of Tadulako University.

Assessment by experts is an assessment instrument to
obtain feedback. What is assessed by the experts is the
feasibility of practicum tools and the feasibility of laboratory
manuals. The input given by media experts to improve
product quality is on the physical part of the tool so that it is
not easily damaged. Material expert input for the feasibility
of the laboratory manual, namely adding an explanation of
the procedure for using the tool, a recognized reference, and
a table for the manual tool. The responses from material
experts were used as a reference in product improvement, in
this case, by conducting an initial revision of the laboratory
manual. The physical appearance of the research tool has yet
to improve because it uses a sensor, so if a cover is made, it
will affect when the sensor detects/reads the temperature and
humidity of the surrounding air. From the results of expert
validation, an assessment of the tool is feasible to be tested
in the field with revisions.

After being declared feasible by media and material
experts and having made revisions, at this stage, it is included
in the assessment, then proceed with a limited test. This
limited test was carried out on a small scale with six physics
laboratory assistants of the Teacher Training and Education
Faculty of Tadulako University, 2 physics teachers from
senior high school 2 Palu, 2 physics teachers from senior high
school 7 Palu and 2 physics teachers from senior high school
9 Palu.

Based on the results of the questionnaire assessment, for
positive statements, the average laboratory assistant strongly
agreed, and for negative statements, the laboratory assistant
didn't agree. From the results obtained, the effectiveness of a
telemetry-based microcontroller-based air temperature and
humidity meter provides convenience in carrying out
practicum activities and is more interesting. While the
efficiency of using this tool is the time needed is faster when
compared to manual tools.

The advantage of this tool is that it is digital-based, and
readings of measurement results can be monitored remotely
(telemetry). Has an electronic circuit and microcontroller and
streamlines time during practicum. This tool has limitations,
namely on the physical appearance of the tool, which is easily
exposed to unintentional interference from the outside.

The final product

The final product of the practicum tool for measuring air
temperature and humidity based on a microcontroller by
telemetry after expert assessment physics teacher and several
physics education students of the Teacher Training and

Education Faculty can be seen in Figure 14.

1.Arduino

L &su'uvnm‘u

> 4. Connect USB
” 5. Connect power supply

6.Breadboard <

Figure 14. Final Product

CONLUSION

Based on the research and data analysis results, it can be
concluded that: A practicum tool for measuring temperature
and humidity based on a telemetry microcontroller has been
made. Based on the assessment results from experts, physics
teachers, and 6 Physics laboratory assistants at Teacher
Training and Education of Tadulako University, the
laboratory tools and manuals met the criteria very well,

although there were still some weaknesses.
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