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The use of instructional media is something that can suppor teaching and learning process; therefore, a lecturer
must have the ability to create and develop leaming media. This study aims to improve student leaming outcomes
in building physics course by using simulation learning media and models to help students understand thermal
comfort material. Making modelling and simulation media is done using MATLAB software. The subjects of this
study were physics engineering students who took Building Physics course. At the beginning of the study, students
are given material and then in groups discuss thermal contents and then given a pretest test with an average score of
70.27, and for an average grade of 71.3 assignments. At the meeting next week, using the Student-Centered Learning
(SCL) method and using problem-based learning in groups, students take temperature measurements in several
rooms in the Building at the UNAS Physical Engineering Laboratory. The measurement results show that the room
does not have thermal requirements (PERGUB No. 38/2012), so students have the task of conducting experiments
using models that have been created by researchers to create learning media to improve comfort in using thermal
buildings. Simulation results carried out by students, thatis, can produce rooms with thermal conditions at 21-25°C
(PERGUB No. 38/2012). This simulation is also able to provide the score of building energy efficiency. After
students succeed in conducting the test, the assessment test or post-test is carried out with an average score obtained
80.55, and an average score of 80 assignments. The results of the pretest, assignment 1, assignment 2, and post-test
show an increase in students’ scores of 14.6% for the Test and Task Score of 12.20%. Based on the hypothesis test,
for both variables showed t-count < t-table and significance < 0.05. It shows there are significant differences in
student learning outcomes both test scores and assignment scores before and after using a simulated media. Thus,
the system and simulation model designed can be used as learning media that can improve student learning
outcomes.
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INTRODUCTION

So far, there are still many learning physics
using the lecture method (TCL), and some
lecturers still think about students having to learn
basic concepts using mathematical formulas.
Teacher-Centered  Learning  Methods  in
universities are no longer applicable. In De Jong et
al.'s (2013) research, the TCL method makes
students passive because learning only supports
the lecturer. Therefore, it is necessary to change
the paradigm about the learning process that must
involve students to improve understanding of the
concepts and material presented. Students
Centered Learning (SCL) methods can encourage
and motivate students to actively participate, have
critical power, can analyze, and can solve
problems (Prima et al., 2018). In the learning
process as lecturers, we can use several learning
methods to create a pleasant learning atmosphere.
Thus, we must master various techniques, models,
or learning technologies (Smetana & Bell, 2012).

Throughout technological development,
learning methods must change for student learning
but must improve the understanding of
knowledge. We can use digital technology to
convey theories and apply underlying physics to
students. Simulation is a program that can be
agreed upon or made up of things. In the world of
education, the 2011 Horizon Report (Johnson et
al.,, 2011) attracted researchers’ attention to
emerging. Accessible technologies facilitating
better learning where the real and digital world
lives with the help of real-time (Johnson et al.,
2011) (Bronack, 2011). In research conducted by
Ibafiez et al. (2016) proved that researchers in
education support learning with simulation
activities(Cheng & Tsai, 2013).

But on the other hand, there are several uses
of computer simulations in learning not effective in
improvfi@ the process and leaming outcomes
(Wang et al., 2015) (Al-Hmouz et al., 2012). In
Schneider et al.'s (2010) research, in the learning
process students are too absorbed in using
simulation media, so that much time is wasted in
the learning process, resulting in running out of
learning time and no time for discussion. So, in the
implementation of learning, students focus on
understanding the concept of the material, then as
lecturers, we must make them work and
understand every process or step in the simulation
(Aryuntini et al., 2018).

Building physics is a fffd subject that is
opened even semester in 2017 in the department of
physics engineering at the national university so
that the learning media and equipment facilities in
the laboratory are not yet complete if it will apply
experimental learning methods and
demonstrations (Cukurova et al, 2016) in the
laboratory not all content in Building Physics can
be practiced immediately remember the
limitations of the equipment in the laboratory and
time. Thus far, learning has been carried out using
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traditional methods or lectures. The results of
graduation in building physics in 2017 with an
average grade of 75.50 or B+. Therefore, we need
learning media that can help the material in the
physics building course (Jaakkola et al., 2011).
This research aims to improve student
learning outcomes in building physics course by
applying the student-centered learning method
with problem-based learning and to create learning
media that helps students understand the concepts
of Building Physics better (Luckin et al., 2015). To
reduce the problems that occur in Schneider et al.'s
(2010) research in the learning process with
simulation media, this research will use problem-
based learning methods to develop students’
conceptual understanding (Greiff et al.,, 2014)
(Cukurova et al, 2016). Although learning
activities take the form of Student-Centered
Learning, as lecturers, we must provide assistance
consisting of Plan to guide students through the
discovery of the process (Requena-Carrién et al.,
2010), monitor to help students achieve their
progress to support them, and build a process of
development to guide students to choose the most
relevant and productive tasks (Greiff et al., 2014).

Media design supports system modelling and
evaluation to optimize thermal compatibility using
MATLAB software. Modelling is done to create a
thermal system model by using a mixed system
with Performance Coefficient (COP) to make
energy efficient. This modelling can provide
information for students (Batlolonaetal., 2018) on
how a more optimal thermal system by using
energy more efficiently can save costs incurred in
the thermal comfort of buildings. So that it can be
used as a learning mediuffiifor Building Physics
Course and can improve students’ understanding
of the concept of cooling loads from buildings to
determine the most effective capacity of thermal
systems, Observe the effect of changes in outdoor
temperature and indoor temperatures, Analyze the
impacts of changing AC parameters on the air in
the room and analyze the performance of the AC
controller in keeping the temperature in the
comfort range. Thus, students can optimize the
thermal comfort of a building (Cukurova et al.,
2016).

Modelling and simulation of energy
consumption by the thermal system (Guillaud et
al., 2015) of a place of residence were studied using
MATLAB and Simulink for one year for each day,
to model the elements in the building and its
thermal system by using a second-order equation,
and giving twfl treatments to the simulation,
namely: first, energy consumption is evaluated
based on measurements of outdoor temperature
per hour on a selected day, @id second, energy
consumption is estimated based on average
outdoor temperature on the same day (Kassas,
2015). In this research, the thermal system will
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only allow for the energy of the cooling load
because the research location is located in a
tropical climate country (Indonesia) and does not
require a heating system.

The thermal system saving strategy in this
study will use a centralized cooling system. This
centralized cooling system will use the Air
Handling Unit (AHU) as a medium that circulates
cold airflow from the centralized system. The
operational strategy of this thermal system is
proven to save more on cooling costs compared to
conventional cooling systems in each room (Yang
et al., 2017). Research conducted b)ﬂudaiwi and
Abdou (2013) concluded that a significant
reduction in energy [nsumption at the mosque
could be obtained by maintaining thermal comfort
when the air-conditioning system is operated and
designed by insulation having a 23% reduction in
cooling energy consumption and atfffhe mosque
without insulation 36%. Wang et-al (2015)
conducted a study of thermal systems in
classrooms with an assessment of thermal comfort
in school buildings using Passive House standards.
The results obtained are that the building, as a
whole, can meet the Passive House standard that
is an energy performance index of less than 15
k'Wh/(m2day).

This research will use a centralized cooling
system with the Air Handling Unit (AHU) as a
medium that circulates cold airflow from a
centralized system. While the air-conditioning
operation time will be carried out continuously as
long as the building is actively operating and at
night (the building is not operating), the air-
conditioning system will be turned off, and cooling
will only take advantage of heat escaping through
the vents. It is expected that with this treatment, an
optimal thermal system model will be obtained.
From the thermal system model that will be
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research controller used is a conventional on-off
controller. This is done because this type of
controller is more comfortable to simulate so that
research can focus on optimizing thermal systems
based on previous references and predicting the
cost and energy consumption resulting from
cooling down buildings. On-off controller work
cycle graphs and outdoor and indoor temperature
graphs for each operating hour will be observed as
determining the correctness of the resulting model
(Dunn et al., 2011).

METHOD

The method in the study of the use of
simulation-based learning media (Luckin et al.,
2015) is to collect information aboucum'culum,
analysis of students’ initial abilities, availability of
learning resources, analysis of learning tasks,
models and methods of learning, and analysis of
the use of learning media (Aryuntini et al., 2018) .
The subject of this research is Physics Engineering
Students, who are taking the Constitutional
Physics MK Building Odd School Year
2018/2019. Students get explanatory material
about thermal buildings from traditional lecturers
(TCL) with a duration of time (Ibafiez et al., 2016).
Students are assigned in group to search for
research journals related to thermal conditioning in
a building. This is to encourage students to look for
problems that exist in this study and how to solve
them. Furthermore, a pretest is held for the
students, carried out for 20 minutes, and 30
minutes for discussion together (Wang et al.,
2015). In the following week, students with the
same group team (Ahonen et al., 2018) as the
previous week were given the task to do thermal
and simulation modelling (Batlolona et al., 2018)
in the Engineering and Science Faculty Laboratory

formed will also be seen the optimal capacity of thffJ building located on Bambu Kuning street, Pasar

air conditioning system, which includes a
significant effect on optimizing the cooling energy
consumption of a building. Previous studies have
observed the impact of excess AC capacity on the
required energy consumption.

There are several types of controllers that
have been used in modelling thermal systems in
previous studies. As in the research conducted by
Ardabili et al. (2016), researchers conducted
modelling and evalufJon of thermal systems with
a simple equation of heat exchanger using a Fuzzy
controller and RBF network. B£&d on the results
obtained, the predictive control based on the RBF
method has a lower stress temperature than the
fuzzy system. Other studies conducted by Chen
and Treado (2014) used a PI controller to simulate
it. The Trial and error method has been
recommended as a PI controller tuning. For
energy consumption genfated based on
simulation results obtained when the reference
zone is not filled during the summer, the
temperature set point and the position of the
dampers reset and shut down the cooling system
and can save significant amounts of energy. In the

Minggu, South Jakarta.

In the learning process using simulation
media, students in groups measure several rooms
in the laboratory. Then students will find a
problem, namely the thermal conditions of the
room that have not been standardized. Sobased on
these problems, the lecturer will give an
assignment to students to find solutions (Cukurova
et al., 2016) or do optimization to get the term
comfort in the room (Vidergor, 2018). With the
guidance and direction of the lecturer, students use
simulations to perform thermal optimization.
During the process of using experimental media,
students and lecturers always go around to the
process so that learning goes well ((Requena-
Carrion et al., 2010) (Gibson et al., 2014). Finally,
students can do thermal optimization in the room
to fit the standard; at the end of the leaming
activity, there is reflection and discussion (Hegde
& Meera, 2012). The last student takes the post-test
for 20 minutes.

Modelling and simulation in this researcfl
will use MATLAB as its primary tool by using a
second-order model to model the elements in the
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building and its thermal system. To analyze the
results of modelling and simulation of energy
consumption by the thermal system of a residence
that is using MATLAB.

Simulink Block, which is a modelling of a
room conditioning system, will follow the
following conditions (Kassas, 2015):

Set point

"Set Point" is a representation as a block
of constants. This block shows the temperature
that must maintain the temperature in the room.
In the simulation, the temperature score will adjust
to the standard based on Governor Regulation No.
38/2012 that is the minimum room temperature of
25°C.

Thermostat

"Thermostat" is a subsystem consisting of
a relay block. The thermostat functions as a sensor
and controller located in the room. This block will
allow fluctuations of 2 °C above or below the
desired temperature.

£l

Relay1

®

Thermostat

o €D

Blower
switch

Figure 1. Block Modelling Results Controller
Sub-system

AC

"AC" is a subsystem that has a constant
airflow rate, "Mdot." This AC block will work
according to the command from the thermostat
block, which will give a signal to turn on or turn
off the AC. The on/off the cycle of the AC is to
determine the predicted cooling cost of the cooling
system on the model (Kassas, 2015).

The heat flowing from the air conditioner
to the building according to the following

equation

% = (Teooter = Troom) * Myoc * € (1)
With

dj’:': = cooling heat flow from the air conditioner
to the room

Based on equation (1) and the block
diagram in figure 1 it will form a Simulink block
as follows (Figure 2):
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Figure 2. AC Subsystem Block Modelling Results

Cooling costs

It is a Gainblock. This block integrates the
AC work cycle over time. It multiplies it with the
total electrical energy input from the cooling
system according to the brand and type of air
conditioner used and the score of the electricity
cost per kWh (Yang et al., 2017). The cost of the
thermal system is then plotted on "Cooling Costs."

~— ~

—_— — ~ —
C1) w Pcost = 1 )
AC work cycle Total electrical Cost (Rp)
anergy

Electricity costs
(KWH)

Figure 3. AC Subsystem Block Modelling Results

Buildings

"Building" is a sub-system that calculates
the temperature difference in a room. In Figure 4,
this sub-system takes into account the heat flow of
the AC and the cooling load by the environment
(Ardabili et al.,, 2016), based on the following
equation.

Qi0a _ Tout = Tyoom 2)
dt Req
dTr’DDm _ 1 . (% _ thuud _ deeup(e) (3]
dt My *c dt dt dt

air

Environmental Modelling

The environment as a cross-section of heat
with unlimited heat capacity, and the temperature
that affects it is Tout. See Figure 5 for Overall
Thermal System Modelling Results.

The object of the building is the National
University Physics Engineering Laboratory
located on Bambu Kuning street, Pasar Minggu,
South Jakarta. The building has a room
temperature ranging from 25-31°C using a
SANFIX TH-308A temperature sensor.
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Figure 4. Block Building Sub-system Modelling Results
Figure 4 this sub-system takes into Figure 5 is Environmental Modelling for

account the heat flow of the AC and the cooling Overall Thermal System Modelling Results. The
load by the environment (Ardabili et al., 2016), object of the building is the National University

based on the following equation (2) dan (3). Physics Engineering Laboratory.
Building Thermal Models
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Figure 5. Overall Thermal System Modelling Results
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Figure 6. Floor Plans Building 1 and 2 Floor

The room (see Figure 6.) marked ‘o’ is the modeled on the building block in the Simulink

room that will be air-conditioned, while the room model. Students take measurements

and

marked ‘x’ is a passive room that is not air- simulation steps as in the modelling conditioning

conditioned. The place marked ‘o’ will then be simulation thermal conditioning sub-chapter

calculated the total mass of air inside it and will be
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RESULTS AND
DISCUSSION

Modelling and Simulation Testing
The simulation results from modelling the

thermal system in buildings by running the model
on MATLAB Simulink produce the following

graphs.

lemperature
C
v

2 ! ] ] 10 12
Operating Time (Hours)

— Intemal Temperature — C¥lernal temperature

Figure 7. Comparison Between Room
Temperature and Environmental Temperature

Figure 7 shows that the thermal system
has succeeded in carrying out air conditioning
from indoor temperatures during the building's
operational time (08.00 - 20.00 WIB). The picture
shows that the temperature in the room is in the
range of 21-25°C. Another parameter that
indicates the model works well is that the
temperature in the room will go down in more
time when the temperature of the room is near the
top. The picture shows that the model works
according to these parameters. So, modelling in
research goes well and can be applied in other
buildings

(.lj_‘f:!(.ijd. Time ( E.!..'..:J.
Figure 8. Accumulated Cooling Costs
The prediction of air conditioning costs in

Figure 9 is Rp.665.947,00. This is the
accumulation of one day's working air
I U\"

il

Opcratmg Time (Hours)

1E+08
8 E+07 I

& 6E+07 l J| u

= 4EH07

2E+07

0.E+00 |

0

HIH

AC capn:it}'

Figure 9. Building Cooling System Capacity
Graph
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The cooling capacity of the AC in Figure
9 is the optimum AC capacity that conducts air
conditioning in the range of 21-25 degrees Celsius.
This score has an error derived from assumptions
when building the thermal system model. Based on
the peak score of the graph in Figure 4.6, the
cooling capacity to optimize building comfort is8 x
107J / hor22.22 kW.

5.E+07
4.E+07
5 3.E+07

= 2 BT

Cooling Load

LE+O7
0.E+00
0 5 10

Operating Time (Hours )

Figure 10. Graph of Cooling Loads Over Time

Figures 10 and 11 have a relationship
between one another. From the two figures, it
appears that when the cooling load approaches the
peak temperature, the air conditioning thermal
system will work longer. This also shows that the
thermal system produced is functioning correctly

Operating Time (Hours)

Figure 11. AC Work Cycle During
Operating Time

The object of the building that has been
simulated is the National University Physical
Engineering Laboratory, obtaining a cooling
capacity score to optimize the comfort of the
building, which is 8 x 107 J/h or 22.22 kW. While
the cooling system already available in the
building, according to table 4.7 is worth 12.54 kW,
so it requires an additional cooling system of 9.68
kW. If the extra capacity of the cooling system will
use the same branded air conditioner, then two
pieces of DAIKIN-R35HEV1 air conditioner and
1 DAIKIN-R25HEV1 air conditioner are needed
so that the indoor temperature is by the standards
set by the Provincial Government of DKI Jakarta.

Based on the electrical energy input scores
and the non-subsidized per-kWh electricity cost,
and assuming the AC is running continuously
because the indoor temperature does not reach the
set point score. The cooling costs of the building
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can be determined before optimizing comfort
building, namely:
Cost = ((1,09 % 2) + (0,69 » 2)) » 12 » 1467,28

= Rp62.682,00

This score is not much different from the
prediction of the air conditioning costs obtained
based on the simulation seen in Figure 9, which is
around IDR 66.5947,00. The difference in daily
electricity costs is known to require an additional
fee of IDR 3.265.00, or every month an additional
charge of IDR 97.950.00 is needed. Another
consideration that is taken into account in
optimizing the comfort of buildings in the National
University Physical Engineering Laboratory is the
cost of purchasing additional air conditioners, in
this case, in the form of 2 other DAIKIN-
R35HEV1 air conditioners and 1 DAIKIN-
R25HE air conditioner.

The results of the study indicate that the
simulation can be used for learning media. Thus,
the simulation will be tested on physics
engineering students who take building physics
course.

Simulation Learning Application

After the models and simulations of
instructional media are designed and can be
E@propriately used, the next step is a simulation
application to support the learning process of
students in the Building Physics course.

The assessment is carried out on test scores
and assignment scores (Gibson et al., 2014). Test
scores are done twice, namely pre-test, for learning
outcomes before using simulation media, and post-
test: for learmning outcomes after using simulation
media (Ibafiez et al., 2016) (Vidergor, 2018). The
assignment score is also carried out twice, namely,
task 1: assignments given before students learn to
use simulation media, and Task 2 is an assignment
(Worsley & Blikstein, 2014). After students learn
using simulation media (Figure. 11) affd) Figure 12
is the result of the assessment in the pre-test and
post-test. Pre-test, the average student pre-test
score was 70.27, and the post-test score was 80.55.

The Result of the Student score

100
50
w 60
12 3 4 5 6 7 8 9 16 17 18

10 11 12 13 14 15

SCON

STUDENTS
 Assignme

n1 mAssignment 2

Figure 12. The result of the student’s score
(Assignment)
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This shows an increase in cognitive learning
outcomes in physics engineering students after
using learning media in building physics course.
Rure is the result of the assessment in task 1
(before using learning media) and Task 2 (after
using learning media). The mean score for
assignment 1 was 71.3 and assignment 2 was 80

The results of the students'
scores

HPre Test MPost Test

80

& 60

20
1 2 3 4 5 6

T B 9 10 11 12 13 14 15 16 17 18

STUDENT

Figure 13. The result of the student's score
(Test)

Based on student scores obtained at the
pretest, assignment 1, assignment 2, and post-test
showed that there was an increase of 14.6% for the
Student Examination Score, while for the
assignment score, there was an increase of 12.20%.
in detail shown in figure 14.

Comparison of student learning outcomes

76
74
12
&8
66
B4
Assigrerent Test
e 73

m Befo

u Before

uARer

mAfter 80 BOSS

Figure 14. Improved student learning outcomes

11

gsed on the results of the research showed an
increase in the percentage of student test results by
14.6% proving that simulation-based learning
media can help improve student learning
(Batlolona et al., 2018) (Prima et al., 2018).
Meanwhile, the percentage increase in the score of
student assignments by 14.6% shows they are more
productive in carrying out their jobs (Al-Hmouz et
al.,, 2012). By applying studeffERentered learning
methods and using problem-based learning and
always providing support to students in the form
of; stimulate students to find their problems and
solutions so that this activity makes students focus
on the learning process. Thus the challenges faced
in the study of Schneider et al. (2010) can be
overcome correctly.
To find out whether there are differences in
student learning outcomes before and after using
simulation-based learning media, it requires a
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paired sample T-test (Scheffel et al., 2015). The
results are as follows.
Table 1. T-test results for the pre-test and post-test
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related to learning
simulation media.

building physics by using

Paired Samples Test

Paired Differences

Sig. (2-tailed)

95% Confidence laterval of
the Difference

Std. Std. Error

Mean Deviation Mean

Lower

Upper t daf

Pair1 Pretest - Posttest  -10.00000 8.18176 192846

-14.06869

-5.90130 -5.185 17 000

Based on Table 1 -t count < - t table (-5.18
< -2.11) and significance <0.05 (0.000 < 0.05), it
can be concluded that there are differences in
student test scores between before and after using
simulation as a learning medium in the subject
building physics. While for the test results on the
assign@iht scores before and after using learning-
media are shown in Table 2

Table 2. T-test results for the Assignment 1 and 2

Paired Samples Test

Paired Differences

95% Confidence Interval of

5td. Std. Error

Mean Deviation Mean

Lower

the Difference

sig. (2

Upper t df tailed)

Pair1 Assignment] - -8.61111 6.31654 1.48882

Assignment]

-11.75225

-5.46997  5.784 17 000

Based on table 2, t-count < t-table (-5.78
<-2.11) and significance < 0.05 (0.000 <0.05), it
can be concluded that there are differences in the
score of student assignments one between before
and job 2 after using simulation as a learning
media in the eyes college of building physics
(Worsley & Blikstein, 2014).

gONCLUSION

Based on the results of the discussion, it
can be concluded that there is an increase in
student learning outcomes in building physics
course by using thermal comfort modelling and
simulations of buildings. Hypothesis test results on
both variables also showed t-count < t-table and
significance < 0.05. This means that there are
significant differences between pretest and posttest
through the application of learning by simulation
and using the SCL problem-based learning
method (Luckin et al., 2015). Thus, this can be
recommended to improve student leaming
outcomes on test scores and assignment scores.
Further research is expected to look at other
aspects such as students’ conceptual changes
(mental models), creativity and critical thinking
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