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Abstract
Light pollution was a global environmental problem that disrupted ecosystems, particularly in

the field of astronomy. One of the main indicators of light pollution was the increased brightness
of the night sky. This phenomenon was highly relevant to physics education, particularly in
Earth and Space Physics courses. However, studies measuring problem-solving skills in the
context of real-world scientific phenomena, such as night sky brightness as an indicator of light
pollution, were still very limited. Therefore, this study aimed to test the feasibility of a problem-
solving skills assessment tool and obtain an overview of students' problem-solving skills in
solving problems related to light pollution issues, using night sky brightness as an indicator.
This study used a quantitative descriptive design and involved 75 physics education students.
The instrument consisted of one main question containing four stages of problem-solving skills.
Thus, there were four items analyzed using the Rasch Model. The analysis results showed that
the instrument met the assumption of unidimensionality with a very good category. Reliability,
reviewed from three aspects: person reliability, item reliability, and Cronbach's Alpha, was
categorized as weak, excellent, and sufficient, respectively. All items were deemed appropriate
(fit), with the difficulty level consisting of one easy item, two medium items, and one difficult
item. All items had excellent discriminatory power. The use of this instrument indicated that,
overall, students' problem-solving skills were excellent. This finding indicated that the
instrument was suitable for obtaining an overview of students' problem-solving skills. This
study implied that the developed instrument could be used in learning to provide an overview
of students’ problem-solving skills, particularly in the context of light pollution issues.
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INTRODUCTION

The night sky is a shared and universal heritage for all people. It is an essential part of the
environment, particularly in astronomy. Under natural conditions, a dark night sky allows
optimal observation of celestial objects without artificial light interference. Light pollution is
defined as altering natural light patterns in the night environment caused by introducing
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artificial light (Green et al., 2022; Hussein et al., 2021). Approximately 80% of the world's
population lives in \areas affected by light pollution (Karpinska & Kunz, 2022). It is estimated
that 23% of the world's land area is affected by light pollution, and the area illuminated by
artificial light increased by 2% annually between 2012 and 2016. (Boyes et al., 2021). In
addition, Hussein et al. (2021) also revealed that the use of artificial light is spreading by 6%
annually. According to Zheng et al. (2021), several developing countries show a much higher
growth rate in the intensity and area of artificial light at night, reaching 10% annually. This
increase has direct implications for the deterioration of the condition of the night sky in various
regions, one of which is through the phenomenon of light pollution. One of the primary and
most widespread forms of light pollution is skyglow. Skyglow is a phenomenon of light glow
in the night sky caused by artificial light from the Earth's surface, such as city lights, which is
scattered by molecules and aerosols in the atmosphere and then reflected to Earth (Rakhmadi
etal., 2023).

To determine the pollution level in an area, night sky brightness can be used as an indicator
(Asmoro et al., 2022). The higher the measured sky brightness value, the greater the level of
light pollution. This measurement can be carried out using a Sky Quality Meter (SQM)
instrument that provides magnitude per square arc second data, or satellite data such as the
Visible Infrared Imaging Radiometer Suite (VIRRS) that maps the intensity of artificial light
from the Earth's surface. Night sky brightness observations have been carried out in Indonesia
using VIRRS and SQM data at 7 LAPAN stations spread across Indonesia (Admiranto et al.,
2022). Garut obtained a value of 20.6 mag/arc sec ? and a Bortle Scale of 2, which means that
light pollution is very low, making it ideal for night sky observations. Next are Biak (20.0
mag/arc sec %), Sumedang (19.6 mag/arc sec %), and Agam (19.5 mag/arc sec », which are all
included in the Bortle Scale 5, indicating fairly dark sky conditions despite a little artificial light
interference. In addition, Pasuruan (18.0 mag/arc sec 2, including the Bortle Scale 6, indicates
the sky is starting to brighten due to human activity. The two locations with the highest levels
of light pollution are Pontianak (17.7 mag/arc sec » and Bandung (17.1 mag/arc sec 2, included
in the Bortle scale 8, indicating a very bright night sky. In these conditions, star visibility is
very low, disrupting astronomical observation activities due to the dominance of artificial light
spreading into the atmosphere (skyglow), and dark sky conditions are increasingly difficult to
find. Thus, this research focuses on the brightness of the night sky as an indicator of light
pollution to provide an overview of the condition of the night sky in a region and to form the
basis for efforts to address these challenges.

To face the challenges of light pollution that reduces the natural darkness of the night sky,
21st-century education has an important role to equip the younger generation, especially
students, with the competencies needed to understand and analyze these problems, namely,
problem-solving skills. Problem-solving skills are a basic activity for humans because humans
will continue to face problems in everyday life, so they need the ability to solve them (Hadi &
Radiyatul, 2014). There are four stages in problem-solving: understanding the problem,
devising a plan, carrying out the plan, and looking back (Polya, 1973; Pradana, 2024).
Understanding the problem stage is the ability to explain the problem and identify the main
elements of the problem, such as what is being asked and the available data. The devising a
plan stage is the ability to design clear steps to solve the problem. The carrying out the plan
stage is the ability to implement the plan that has been prepared by checking each step. The last
d
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stage is looking back, which is the ability to re-check the results to ensure that the solution
found is correct.

Many studies have shown that problem-solving skills remain a challenge at various levels
of education, particularly for Physics Education students (Gok & Silay, 2008; Herayanti et al.,
2020; Mashami & Gunawan, 2018; Setyarsih et al., 2018). However, most previous research
places these skills within the context of common classical physics phenomena, such as
mechanics or thermodynamics. Studies that specifically measure these skills within the context
of real-world scientific phenomena, specifically astronomical issues, are still minimal.
However, light pollution, with night sky brightness as one indicator, is an astronomical
phenomenon that is both relevant and close to everyday life, and suitable for study in Earth and
Space Physics courses. By addressing this issue, this study seeks to examine problem-solving
skills in physics education by presenting an astronomical context and a global issue. More
specifically, this study aims to analyze a problem-solving skills test instrument related to night
sky brightness as an indicator of light pollution and describe the level of problem-solving skills
of physics education students based on the results of measurements with this instrument. The
test is administered after the lesson, so the results are expected to demonstrate students' skills
in applying the concepts they have learned. Theoretically, this research can enrich the
development of problem-solving skills test instruments based on real-world scientific contexts.
Practically, this research can provide an overview of students' problem-solving skills in
addressing environmental issues, particularly the issue of light pollution as an indicator of night
sky brightness.

METHOD

Research Design

This study employed a quantitative descriptive design, with data analysis encompassing
instrument quality testing and descriptive analysis of results. The aim of this study was to
analyze the quality of the problem-solving skills test instrument and to obtain an overview of
problem-solving skills. The analysis was conducted quantitatively based on the test results
given after the completion of the lesson on night sky brightness as an indicator of light pollution
in the Earth and Space Physics course.

Population and participants

The population in this study was 75 students studying Earth and Space Physics, a Physics
Education study program. The researcher used the entire population as research participants, so
the sampling technique used was total sampling. Participants were aged 17-20 years. Of the
participants, 54 were female and 21 were male. The study was conducted in the even semester
of the 2024/2025 academic year at a university in Bandung City. Bandung City is located in
West Java Province, Indonesia. On the map, Bandung City can be seen in Figure 1.
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Figure 1. Map of Bandung City (Source from Google Maps)

Research Instrument

This research instrument used a problem-solving skills test in the form of a description of Night
Sky Brightness as an Indicator of Light Pollution. The test was administered after students
attended the Earth and Space course. The problem-solving skills test consisted of one question
covering four problem-solving stages: understanding the problem, devising a plan, carrying out
the plan, and looking back. (Ilma et al., 2024; Polya, 1973) . Each problem-solving stage is
equipped with an assessment rubric with a scale of 0-3. The details of the questions from the
problem-solving skills test are shown in Table 1.

Table 1. Details of Problem-solving Skills Test Question Indicators

No. Problem-solving Skills Stage Question Indicator
a Understanding the problem: Explain issues related to night sky quality and
Describe the problem and identify the light pollution based on MPSAS graphs and
main elements of the problem, such as identify important elements of the graphs
what is being asked and the data presented.
available.
b Devising a plan: Designing graphic analysis steps and atmospheric
Design clear steps to resolve the problem conditions to determine night sky quality and light
pollution
c Carrying out the plan: Carry out graphic analysis according to plan,
Carry out plans based on the steps that determine MPSAS values, classify them with the
have been prepared Bortle Scale, and conclude the quality of the night
sky and the level of light pollution
d Looking back: Re-examining the analysis results regarding night

Double-check the results to ensure that sky quality and light pollution levels
the solution found is correct.

Data Analysis Techniques
Instrument Quality

The data obtained from the problem-solving skills test instrument was then analyzed using the
Rasch Model. The Rasch Model analysis using WINSTEP software version 5.7.4.0 is reviewed
based on the results of item dimensionality, item fit, wright maps, item measure, reliability
based on Cronbach's alpha, item reliability, and person reliability values, as well as
discriminatory power.
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Construct validity in Rasch analysis is tested through dimensionality. Dimensionality
analysis uses Table 23 output, namely item dimensionality, which is then interpreted based on
Table 2 (Cahyani et al., 2024; Samsudin et al., 2021).

Table 2. Interpretation of Dimensionality

Indicator Index Value Interpretation
Raw variance explained by measures > 0,60% Very good
40% — 60% Good
20% — 40% Enough

Reliability in this study was coducted by analyzing item reliability, person reliability, and
Cronbach's Alpha. The results of the analysis were obtained from the output of Table 31:
Summary statistics, then interpreted based on Table 3 (Fadlan et al., 2024; Sumintono &

Widhiarso, 2014).
Table 3. Interpretation of Item Reliability
Indicator Index Value Interpretation
Item and Person Reliability > 0,94 Excellent
0,91 - 0,94 Very good
0,81-0,90 Good
0,67 — 0,80 Enough
< 0,67 Weak
Cronbach's Alpha > 0,8 Very good
0,7-10,8 Good
0,6 —0,7 Sufficient
0,5—-0,6 Bad
<0,5 Poor

In the Rasch model analysis, item fit refers to three criteria, namely MNSQ outfit, ZSTD
outfit, and Pt Measure Corr shown in Table 4 (Aprilia et al., 2020; Boone, 2016; Sumintono &
Widhiarso, 2015). If these three criteria are not met by an item, it can be ascertained that the
item does not meet the expectations of the Rasch Model and is considered inadequate, so it
needs to be improved or replaced (Aprilia et al., 2020; Darma & Sangka, 2025; Rizki et al.,
2025).

Table 4. Criteria for [tem Fit of Question ltems

Indicator Criteria
Outfit Mean Square (MNSQ) 0,5 < MNSQ < 1,5
Z-standard Outfit (ZSTD) —2,0<ZSTD < 2,0
Point-Measure Correlation (Pt. Mean Corr) 0,4 < Pt.Measure Corr < 0,85
The level of difficulty can be determined using the output menu Table 1: Variable (Wright)
maps (Purwana et al., 2020). The output analysis results, Table 13: Item measure, are then

interpreted by referring to Table 5 (Fadlan et al., 2024; Sumintono & Widhiarso, 2014).

Table 5. Criteria for the Level of Difficulty of Question Items

Criteria Interpretation
ME < —1SD Easy

—1SD < ME < +1SD Currently

ME > +1SD Difficult
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Discriminatory power is the ability of questions to differentiate students who are able to
answer or students who have a high level of ability with students who have low ability in
answering questions (Jumini et al., 2023) . The results of the output analysis Table 10: Item Fit
are then interpreted based on the results criteria table shown in Table 6 (Fadlan et al., 2024;
Sumintono & Widhiarso, 2014) .

Table 6. Criteria for Discriminatory Power of Question Items

Indicator Index Value Criteria

Pt. Measure Corr. ID = 0,40 Very good
0,40 <ID <£0,30 Good.
0,30 <ID <0,20 Not good
ID < 0,20 Bad

Student Problem-solving Skills

This study also used variable analysis (Wright maps) to assess students' problem-solving
abilities. This analysis resulted in a map showing the students' high and low abilities and the
difficulty levels of different items (Sumintono & Widhiarso, 2015). Furthermore, the data
obtained from the problem-solving skills test instrument was further analyzed by calculating
scores at each problem-solving stage. The goal was to obtain more specific and detailed student
achievement at each stage of the problem-solving process. The method for calculating the
percentage of scores obtained per problem-solving stage is as follows.

=3 %100%
X,

max

Furthermore, the percentage results obtained were interpreted by referring to Table 7
(Choeriyah et al., 2021).

Table 7. Interpretation of Problem-Solving Skills

Percentage (%) Qualification
80 <X <100 Very Good
65<X <799 Good
55<X <649 Enough
40<X <549 Not enough
RESULTS AND DISCUSSION
Results
Instrument Quality

The output contains the results of the dimensionality test of the problem-solving skills test
instrument. The dimensionality items in WINSTEP software version 5.7.4.0 are shown in
Figure 2.

Table of STANDARDIZED RESIDUAL variance in Eigenvalue units = Person information units
Eigenvalue Observed Expected

v i & 3o Shsen sation - PI I v E MR T T ﬂ% ﬁIGJB.GX
Raw variance explained by measures - 141.8624  67.6% 62.4%
aw variance explained b on: =

/79,9845 38.17 35.2%

¥ - 61.8778 29.5% 27.2%

Raw unexplained variance (total) = 68.0000 32.4% 100.0%X 37.6%
uUnexploed variance in 1st contrast = 29.1989 13.9% 42.9%
unexplned variance in 2nd contrast = 23.e046 11.0X 33.8%
unexplned variance in 3rd contrast = 15.7966 7.5% 23.2%
Unexplned variance in 4th contrast = .02 L% .o%

Figure 2. Validity of the Problem-solving Skills Test
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Figure 2 shows the results of the item dimensionality test based on the raw variance
explained by measures criteria. The results show that the raw variance explained by the
measures of the problem-solving skills test with four items is 67.6%.

Figure 3 shows the results of the reliability test of the problem-solving skills test instrument
obtained from the output Summary statistics on WINSTEP software version 5.7.4.0.

SUMMARY OF 75 MEASURED (EXTREME AND NON-EXTREME) Person

| TOTAL MODEL INFIT OUTFIT |
| SCORE COUNT MEASURE S.E. MNSQ ZSTD MNSQ  ZSTD |
[ === [
| MEAN 9.8 a.0 7.30 2.99 |
| SseEm V2 .0 .49 .42 |
| p.sD 1.3 .0 4.18 3.57 |
| s.sp 1.3 .0 4.20 3.60 |
| max. 12.0 4.0 12.53  11.60 |
| MIN. 5.0 4.0 10.64 1.43 |

___________________________________________________ |
| REAL RMSE  4.72 TRUE SD .00 SEPARATION .00 | Person RELIABILITY .ee||
|MODEL RMSE  4.66 TRUE SD .00 SEPARATION .00 | Person RELIABILITY .eel|
| S.E. OF Person MEAN = .49 |

CRONBACH ALPHA ( 20) Person RAW SCORE "TEST™ RELIABILITY = .65 |SEM = .77

S TANDARDIZED{(50- ITEM) RELIABILIT 30

SUMMARY OF 4 MEASURED (NON-EXTREME) Item

| TOTAL MODEL INFIT OUTFIT |

| SCORE COUNT MEASURE S.E. MNSQ ZSTD MNSQ  ZSTD |
e e e e e |
| MEAN 183.3 75.@ .00 .39 .91 -.62 1.84 .19 |
| sem 9.6 -0 1.23 .02 .18 .97 1.28 .86

| P.sD 16.6 e 2.13 .04 .31 1.69 2.21 1.49 |
| s.sp 19.2 2] 2.46 .04 .35 1.95 2.56 1.72 |
| max. 204.0 75.0 2.82 .44 1.38 1.84 5.66 2.57 |
| MIN. 162.0 75.0 -2.66 .35 .57 -2.56 .35 -1.55 |
P e e e e e I
| REAL RMSE .41 TRUE SD 2.09 SEPARATION 5.13 Item| RELIABILITY .96 |
[MODEL RMSE .39 TRUE SD  2.10 SEPARATION 5.39 Item| RELIABILITY .97

| S.E. OF Item MEAN = 1.23

Figure 3. Reliability of the Problem-solving Skills Test

Figure 3 shows the reliability results of the problem-solving skills test instrument reviewed
based on person reliability, Cronbach's Alpha value, and item reliability. Person reliability
obtained a value of 0.00, which is categorized as weak. Cronbach's Alpha value of 0.65 is
categorized as low, and item reliability showed very high values, namely 0.96 and 0.97, which
are categorized as excellent.

The output contains the results of the item fit test for the problem-solving skills test. The
item fit order in WINSTEP software version 5.7.4.0 is shown in Figure 4.

Item STATISTICS: MISFIT ORDER

|ENTRY  TOTAL JIQTAL JMLE  MODEL|  INFIT OUTFIT |JPTMEASUH-AL|EXACT MATCH| |
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTDJCORR. §XP.| OBS% EXP%| Item

L e P s B | A o He-cio ST oo o o |
| 1 204 75 -2.69 .40|1.38 1.85|6.64 2.66JA .63 |.75| 86.8 86.6| a |
| 4 162 75 2.98 .47| .99 .es| .58 .e2f8 .57 |.57| 91.2 91.1| d |
| 2 194 75  -1.35 .35| .72 -1.7e| .85 -.11fp .77 |.72| 91.2 83.4| b |
| 3 174 75 1.07 36| .50 -2.93| .31 -1.83fa .71 65| 95.6 85.6| |
P e s iy N . RESTAS o TnEs ommo |
| MEAN 183.5 75.0 .00 .40| .9 -.68|1.94 .18| | 91.2 86.7]| |
| P.sD 16.5 .0 2.18 .e5| .33 1.81]2.37 1.68| I 3.2 2.8] |

Figure 4. Item Fit of Problem-solving Skills Test

Referring to Figure 4, a summary of the results of the item fit test of the problem-solving
skills test is shown in Table 8.

Table 8. Summary of Problem-solving Skills Test Fit Items

Question MNSQ ZSTD Pt. Measur Corr Information
Items
a 6.04 2.66 0.63 In accordance
b 0.85 -0.11 0.77 In accordance
c 0.31 -1.83 0.71 In accordance
d 0.58 0.02 0.57 In accordance
d https://proceedings.fisikaupi.id/index.php/ipc This is an open access article under the CC=BY @ @ ©
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Table 8 shows the results of the item fit test based on three criteria in the Rasch model,
namely outfit MNSQ, outfit ZSTD, and Pt. Item a has an MNSQ value of 6.04 and a ZSTD of
2.66, which are outside the criteria, but still has a Pt. Measure Corr value of 0.63, which means
it meets the criteria and is still considered appropriate. Item ¢ has an MNSQ value of 0.31,
which is outside the criteria, while the ZSTD and Pt. Measure Corr values meet the criteria.
Items b and d meet all three criteria with MNSQ values in the range of 0.5-1.5, ZSTD between
-2 to +2, and Pt. Measure Corr between 0.4-0.85.

The results of the difficulty level test are obtained from the output variable (Wright) maps
in WINSTEP software version 5.7.4.0. The output results are shown in Figures 5 and 6.

{EASURE
<more>|crare>

P 03 05 02 20 23 25 28 39 40 55 €0 64 &5 €8 70 72

02 14 15 24 30 33 37 44 45 42 5) 54 56 57 58 59 62 66 71 73

Figure 5. Wright Maps Problem-solving Skills Test

Figure 5 shows the left side of the figure depicting the participants' abilities, while the right
side depicts the distribution of logit values for the item difficulty level. The higher the logit
value, the more difficult the item is, while the lower the logit value, the easier the item is. The
problem-solving skills test shows that the items have varying levels of difficulty, with logit
values ranging from 0 to 12. Items with high logit values are located at the top of the map,
indicating difficult items, while items with low logit values are located at the bottom of the map
and are easy. Items a and b are around -1 logit, indicating that they are both low-difficulty (easy)

d
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items. Items ¢ and d are around +1 to +2 logit, indicating that they are relatively difficult
compared to the other items.
The results of the difficulty level test are also obtained from the output—item measure and

on WINSTEP software version 5.7.4.0. The output results can be seen in Figure 6.
Item STATISTICS: MEASURE ORDER

|ENTRY  TOTAL JQIAL JMLE |MODEL| INFIT | OUTFIT |PTMEASUR-AL|EXACT MATCH| |
|NUMBER SCORE COUNT |MEASURE |S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| Item |
[ ----------------------------------- Frm e ———— Frmm e ———— Fr e ———— Fr e ————— Fomm————
| 4 162 75 2.98 47| .99 .ee6| .58 02| .57 57| 91.2 91.1| d |
| 3 174 75 1.07 36| .50 -2.93| .31 -1.83| .71 65| 95.6 85.6| ¢ |
| 2 194 75 | -1.35 35| .72 -1.70| .85 -.11| .77 72| 91.2 83.4| b |
| 1 204 75 | -2.69 40|1.38 1.85|6.84 2.66| .63 75| 86.8 86.6| a |
-------------------------- B e e e e |
| MEAN 183.5 75.0 .00 .48| .9e -.68|1.94 .18| | 91.2 86.7]| |
| P.SD 16.5 .0 .e5| .33 1.81[2.37 1.6e| | 3.1 2.8| |

Figure 6. Problem-solving Skills Test Measure Items

Referring to Figure 6, a summary of the test results of the problem-solving skills test items
is shown in Table 9.

Table 9. Summary of Problem-solving Skills Test Measure Items

Question Items Logit value Interpretation
a ME < (—2,18) Easy

b 2,18 > ME > (—2,18) Currently

c 2,18 = ME = (—2,18) Currently

d ME > 2,18 Difficult

Table 9 shows the results obtained from the analysis of the questions' difficulty level,
indicating variations in the level of difficulty of each item. Item a is in the easy category with a
value of -2.69 < 2.18 logit. Items b and c are in the medium category (between -2.18 to 1.28)
with values of -1.35 and 1.07 logit. Item d is in the difficult category because the value is 2.98
< 2.18 logit.

The results of the discriminatory power test of the problem-solving skills test obtained from
the output. The item fit order in WINSTEP software version 5.7.4.0 is shown in Figure 7.

Item STATISTICS: MISFIT ORDER

|ENTRY TOTAL JQTAL JMLE MODEL| INFIT | OUTFIT |PTMEASUH-AL|EXACT MATCH| |
|NUMBER SCORE COUNT MEASURE S.E. |[MNSQ ZSTD|MNSQ ZSTD| XP.| OBS% EXP%| Item |
| ------------------------------------ L e SEEEEEEE Ehid e e e
| 1 204 75 -2.69 .40]1.38 1.85|6.04 2.66 .75| 86.8 86.6| a |
| 4 162 75 2.98 .47| .99 .es| .58 .e2 .57] 91.2 91.1| d |
| 2 194 75 -1.35 .35] .72 -1.7e| .85 -.11 .72] 91.2 83.4] b |
| 3 174 75 1.07 36| .50 -2.93| .31 -1.83 .65| 95.6 85.6] c |
R e e $eccccccccchosnenaad--- Fommmmmmman #o-m—-- |
| MEAN 183.5 75.@ .00 .4e| .9 -.68|1.94 .18| | 91.2 86.7]| |
| P.SD 16.5 .0 2.18 .e5| .33 1.81]2.37 1.60| | 3.1 2.8] |

Figure 7. Discriminating Power of Problem-solving Skills Test

Referring to Figure 7, a summary of the results of the discriminatory power of the problem-
solving skills test is shown in Table 10.
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Table 10. Summary of the Discriminating Power of the Problem-Solving Skills Test

Question Items Value of Pt. Measur Corr Interpretation

a 0.63 Very good
b 0.77 Very good
c 0.71 Very good
d 0.57 Very good

Table 10 shows that all the items tested have very good discriminating power because all
the Pt. Measur Corr values are at the value = 0,40.

Problem-solving Skills

Students' skills in answering questions are known using the output menu Table 1: Variable
(Wright) maps, namely a menu that also displays the difficulty level of questions analyzed with
Rasch, which is shown in Figure 5. Furthermore, the results of the recapitulation of problem-
solving skills for each indicator are shown in Figure 8.

100 91 86

S 80 76 72
go 60
£ a0
o
2 20

0

Understanding the Devising a plan Carrying out the plan Looking back
problem

Figure 8. Student Problem-solving Skills

The results of a study of 75 Physics Education Study Program students showed that
problem-solving skills in the context of night sky brightness as an indicator of light pollution.
Understanding the problem, students obtained a percentage of 91% with a very good category,
while at the devising a plan stage, they obtained 86% with a very good category. Meanwhile,
at the carrying out the plan stage, the percentage obtained was 76% with a good category, and
at the looking back, it was 72% with a good category. Overall, the average problem-solving
skill obtained 81% in a very good category.

Discussion
Instrument Quality

Data processing was carried out using WINSTEP software version 5.7.4.0. The quality of the
instrument was reviewed from the results of dimensionality (item dimensionality), reliability
(person reliability, item reliability, and Cronbach's Alpha), the level of suitability of the items
(item fit), the level of difficulty of the items reviewed from Wright maps and item measures,
and the discriminating power.

The results of the dimensionality test as a construct validity test showed that the raw
variance explained by the measure's value for the problem-solving skills test instrument with
four questions was 67.6%. Referring to the requirements proposed by Cahyani et al. (2024) and
Samsudin et al. (2021), which stipulate that the minimum raw variance explained by the
measure's value is 20%, the problem-solving skills test instrument is declared to meet the
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unidimensionality assumption with a very good category. This aligns with the findings of
Cahyani et al. (2024), who obtained a score of 66.8% in the very good category, namely, truly
measuring the construct. The high value of the raw variance explained by measures obtained
indicates that the questions have a high suitability with the construct that is the focus of
measurement, in this study, problem-solving skills. With the fulfillment of unidimensionality,
the interpretation of test results can accurately represent the level of problem-solving skills of
participants.

The reliability results of the problem-solving skills test instrument were reviewed based on
person reliability, item reliability, and Cronbach's Alpha value. Person reliability obtained a
value of 0.00 in the weak category, item reliability was 0.96 in the excellent category, and a
Cronbach's Alpha value of 0.65 in the sufficient category. This aligns with the research of
Samsudin et al. (2021), who obtained the results of person reliability obtained a value of 0.58
in the weak category, item reliability, 0.89 in the good category, and Cronbach's Alpha, 0.60 in
the sufficient category. In their research, Samsudin et al. (2021) stated that the instrument they
developed was reliable. Then, in line with the research of Purwana et al. (2020) who analyzed
three items in their instrument, obtained the results of person reliability 0.28 in the weak
category, item reliability 0.00 in the weak category, and a Cronbach's Alpha value of 0.58 in
the poor category indicating a lack of interaction between the person and the item as a whole.
This condition may be influenced by the relatively small number of questions and participants.
The greater the number of questions and participants, the higher the reliability, reaching the
very good category. In this study, due to the large number of participants (75), the low personal
reliability was due to the limited number of questions. The problem-solving skills test
instrument was deemed reliable when referring to the same decision-making criteria as in
Samsudin et al.'s (2021) study.

The item fit test results are based on three criteria in the Rasch model: outfit MNSQ, outfit
ZSTD, and Pt. Item a has an MNSQ value of 6.04 and a ZSTD of 2.66, which are outside the
criteria, but still has a Pt. Measure Corr value of 0.63, which means it meets the criteria and is
still declared appropriate. Item ¢ has an MNSQ value of 0.31, outside the criteria, while the
ZSTD and Pt. Measure Corr values meet the criteria. Items b and d meet all three criteria with
MNSQ values of 0.5 to 1.5, ZSTD between -2 to +2, and Pt. Measure Corr between 0.4-0.85.
These conditions indicate that the item can detect extreme deviant responses, can distinguish
between high and low participant abilities, and there is no need for any items to be repaired or
replaced. In line with the research of Aqida et al. (2023), all items in the instrument they
developed are suitable for the Rasch model. This is proven by all fit criteria, including MNSQ
outfit value of 0.5 to 1.5, ZSTD outfit value of -2 to +2, and positive Pt. Measure the Corr value,
and declare it to meet the item fit criteria. Thus, all items of the problem-solving skills test
instrument are by the expectations of the Rasch model.

The results of the analysis of the level of difficulty through the item measure show that
item A is in the easy category with a value of -2.69 <2.18 logit. Items b and ¢ are in the medium
category (between -2.18 to 1.28) with values of -1.35 and 1.07 logit. Item d is in the difficult
category because the value is 2.98 < 2.18 logit. Therefore, the problem-solving skills test
instrument consists of one easy item, two medium items, and one difficult item. This shows that
the level of difficulty of the questions shows variations in the level of difficulty in each item.
According to Jumini et al. (2023), a good question is a question that is not too difficult or too
d
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easy. In line with the research of Lumbanraja & Daulay (2018) in developing their test
instrument, the distribution of easy questions was 20%, medium questions 60%, and difficult
questions 20%. This condition shows that medium questions dominate, and easy and difficult
questions are relatively fewer. Thus, all the questions on the problem-solving skills test
instrument place most of the questions in the medium category as part of the difficulty level
balance.

The results of the discriminatory power test showed that all the items tested had very good
discriminatory power because all the Pt. Measur Corr values were at the value > 0,40. This
condition indicates that the questions were able to differentiate participants who were able to
answer the questions or participants who had a high level of ability from participants who had
low ability to answer the questions (Jumini et al., 2023), in line with Elfina's (2023) research,
which conducted a discriminatory power analysis with Pt. Measur Corr results between 0.4 and
0.85, indicating good and acceptable discriminatory power. The same thing with Sulsilah et al.
(2023), showing that all the instrument items had Pt. Measur Corr values in the range of 0.4 to
0.85 and met the Rasch model fit criteria.

Problem-Solving Skills

Participants' problem-solving skills were identified using Table 1: Variable (Wright) maps
output menu, displaying the participants' abilities analyzed using Rasch. The output results can
be seen in Figure 5. The Person-Map (Wright Map) confirms the instrument’s ability to
differentiate respondents’ competency levels (Thresia et al., 2025). The results indicate that
most participants were around 17 to 11 logits, exceeding most item difficulty levels. This
position is well above the difficulty level of most items, indicating that students have good
abilities in solving the problem-solving skills tested. Furthermore, in the study, a small number
of participants were at a moderate to low ability level (0 logit and below), but their number was
relatively small. This group was at the same level or below some items, indicating they may
have difficulty with certain items, especially those in the moderate to high difficulty category.
This information is important to illustrate that although most participants mastered problem-
solving skills, some individuals still needed further attention or reinforcement of the material.
The instrument contained questions with varying levels of difficulty (easy, medium, and
difficult). However, the homogeneity of participants' abilities weakened the differences in
answers between individuals, resulting in a weak person reliability value. This was because the
instrument was administered after the learning process was completed, so most participants had
mastered the material on night sky brightness as an indicator of light pollution. Thus, the results
showed that most participants were above the majority of items, indicating good mastery of
problem-solving skills. This condition is in line with research by Sari & Muhtadi (2025), which
showed that participants' skills were better than the level of difficulty of the questions
developed.

After obtaining a general overview of the participants' problem-solving skills through the
Wright Map, the next step was identifying which indicators had been mastered well and which
still needed strengthening. Understanding the problem stage, participants obtained a percentage
of 91% with a very good category, while at the devising a plan stage, they obtained 86% with
a very good category. Meanwhile, at the carrying out the plan stage, the percentage obtained
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was 76% with a good category, and at the carrying out the plan and looking back, it was 72%
with a good category.

The understanding of the problem stage obtained the highest percentage. At this stage, most
participants could present the problem clearly and mention all important elements such as
known and asked data. That is driven by group learning activities that require students to
understand the problem deeply, such as determining the direction and purpose of the problem
presented, identifying important data through data collection related to the night sky's
brightness, and defining or formulating the problem specifically. In line with Unaenah et al.
(2023), learning with group activities can improve students' ability to identify important
elements and formulate problems well, thereby increasing the percentage of problem
understanding.

The next highest percentage was obtained at the devising a plan stage, in this stage, most
students could design steps for solving and link them to known data. That is because students
are trained to identify and develop various alternatives to address previously encountered
problems in their learning. Therefore, this stage continues the previous stage, from
understanding the problem to planning a solution strategy. Because some students understood
the problem very well in the previous stage, this stage does not appear to be difficult for them.
According to Uluginar (2023), when students understand a problem, they can generate
hypotheses about possible solutions.

The carrying out of the plan and looking backstage was the indicator with the lowest
percentage compared to the other stages. This means students' difficulties at this stage were
higher than at other stages. In learning, carrying out the plan is related to selecting the best idea
from various alternatives generated to be processed into a concrete solution to light pollution,
including systematic steps in implementing the chosen solution. Viewed from the aspect of
working on the problem, at the carrying out the plan stage, most participants were able to solve
the problem according to the plan, determine the MPSAS value, and classify it using the Bortle
Scale. However, they did not thoroughly analyze the results. In line with Arsyabinta et al.
(2023), students' difficulties at the stage of carrying out the plan were caused by a mismatch
between the plan and the problem-solving, an unsystematic explanation of the work method,
and incomplete writing of the solution steps. According to Mahisna et al. (2022), difficulties in
carrying out the plan can be caused by a lack of conceptual understanding and anxiety that
hinder the work process.

Furthermore, in the looking-back stage, participants could obtain analytical results related
to the quality of the night sky and the level of light pollution. However, they could not fully
articulate the reasons supporting the conclusions drawn because the analysis in the previous
stage was limited. In the learning process, this stage is related to assessing the supporting or
inhibiting factors of the chosen solution, or, in other words, related to reflection and verification
of the solution. Because students experienced difficulties in carrying out the plan, this impacted
the next activity, namely, looking back, which was also suboptimal. According to Enlisia et al.
(2020), difficulties occurred because students did not know how to look back correctly and
were reluctant to double-check. In accordance with research by Sari & Muhtadi (2025), it was
revealed that the looking-back stage was the stage with the highest difficulty or errors, and
looking back had the lowest level of mastery or application. Nevertheless, overall, the average
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problem-solving skills obtained were 81%, categorized as very good. This indicates that most
participants could complete each problem-solving stage very well.

CONCLUSION

The analysis results show that the instrument meets the unidimensionality assumption with a
very good category. Reliability, reviewed from three aspects: person reliability, item reliability,
and Cronbach's Alpha, is in the weak, excellent, and sufficient categories, respectively. All
items are declared appropriate (fit), with the difficulty level consisting of one easy item, two
medium items, and one difficult item. All items have a discriminatory power in a very good
category. The use of this instrument, overall, shows that students' problem-solving skills are in
a very good category. This finding indicates that the instrument is suitable for use to obtain an
overview of students' problem-solving skills. Educators can use this instrument to obtain an
overview of problem-solving skills and identify students' weaknesses at certain stages in the
problem-solving process, enabling educators to design more appropriate learning strategies.
This study has a limited number of items, so future research is recommended to increase the
number of items to improve person reliability and Cronbach's Alpha value, thereby supporting
the overall quality of the instrument.
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