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administered through the Quizizz platform and identified Differential
Item-Person Functioning (DIPF) using the Rasch model-assisted
Winstep software. This research design used Item Response Theory
(IRT). The study involved 34 high school students from Sidoarjo, East
Java, Indonesia. The instrument consisted of 15 multiple-choice
questions on basic physics measurements. The results showed that the
instrument had good construct validity, with a raw variance explained
by the measurement of 22.8%, indicating an effective measure to gauge
students' ability. Reliability analysis showed moderate consistency, with
a Cronbach Alpha of 70%, although person and item reliabilities were
weaker at 63% and 46%, respectively. DIF analysis showed no
significant gender bias. Future research should improve the instrument's
reliability and consider a broader range of external factors to understand
student performance comprehensively.
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INTRODUCTION

Assessment and measurement have always been something crucial to discuss. In physics
learning, accurate assessment is needed primarily to measure students' abilities and understanding related
to mastery of the material and concepts learned (Kauertz & Fischer, 2006; Mi et al., 2023; Pals et al.,
2023). In this case, the material tested is essential, namely physics measurement with the help of the
Quizizz platform. The rapid development of technology also affects the course of education, which often
integrates technology into learning. One of the technologies utilized in the assessment process is Quizizz.
According to Moreira and Freire (2024); Zainuddin et al. (2020), digital platforms like Quizizz provide
an interactive and efficient way to measure student knowledge. In this study, Quizizz was used to simplify
the process of completing questions and conducting evaluations, with results that could be automatically
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mapped immediately. Thus, Quizizz not only helped improve efficiency in the assessment process but
also provided a quicker overview of the results of the questions given. However, alongside these benefits,
new challenges arise regarding the accuracy and fairness of assessment, particularly in ensuring students'
honesty in answering questions. These challenges highlight the need for careful consideration and
continuous improvement when integrating new technologies like Quizizz into the assessment process.

Assessment and measurement must be distinct from every process, especially in learning.
According to Pellegrino (2014); Intasoi et al. (2020), the progress and process of teaching and learning
can be evaluated through assessment and measurement. Question instruments always follow the
assessment process in essays, multiple choice, multitier, and level of understanding. That way, the
instruments must be valid and reliable so as not to bias the question items and the person. The validity
and reliability of questions ensure that the feedback given to students is accurate and valid (Harlen, 2005;
Kinyua & Okunya, 2014). In addition, it also ensures that the assessment is conducted fairly for both
teachers and learners. That way, decision-making has a strong basis related to policies that will be carried
out in the future.

One aspect that often becomes a focus in the validity and reliability of the instrument is bias in
the items or persons being tested. Item bias can occur when questions or tests systematically favor or
disadvantage certain groups of learners, not based on differences in the abilities being measured but
because of other characteristics such as cultural background, language, gender, or other factors
(Willingham & Cole, 2013; Reynolds et al., 2021). In modern measurement, item-person bias can be
measured using the Rasch model with the Differential item functioning (DIF) view. According to
Goldhammer (2015), Differential Item-Person Functioning (DIPF) is an analytical method used to detect
the presence of bias in judgment. Using the Rasch model, DIPF can evaluate how each item in a test
functions differently for different groups of students based on specific characteristics (e.g, gender, cultural
backgroun, and demographic factor) (Khalid, 2023). This analysis is critical in using digital platforms
such as Quizizz, as it helps to ensure that the assessments made are free from bias and reflect the true
abilities of all students.

Previous research has conducted item validity and reliability (Song et al., 2023; Dianovinina et
al., 2024; Lechien et al., 2024; Razali et al., 2024), as well as bias detection (Lee & Geisinger, 2014; Lupi
et al., 2017; Biiyiikkidik, 2023). These studies have provided important insights into the validity,
reliability, and detection of bias in assessment instruments, particularly related to gender and domicile.
However, they have not fully explored the integrated relationship between validity, reliability, and item-
person bias within a single framework using the Rasch Model supported by Winstep software. This study
contributes by addressing this gap: not only does it evaluate the validity and reliability of physics exam
questions, but it also investigates DIF to detect potential gender-based bias. By using Winstep software
for Rasch analysis and administering questions through the Quizizz platform, this research offers a unique
perspective that connects psychometric rigor with the practical use of the Quizizz digital assessment tool.
That way, this study measures the validity and reliability of the tested question instruments and identifies
DIPF in physics questions with the help of the Quizizz platform. The questions that will be answered in
this study are as follows:

RQ1: What is the validity and reliability of questions on physics measurement material?

RQ2: What is the item, person, and gender bias of the physics measurement test?

This research design uses Item Response Theory (IRT). According to Van der Linden and
Hambleton (1997); Maldonado-Murciano et al. (2023), IRT is a theoretical and methodological
framework in psychometrics used to design, analyze, and interpret tests and questionnaires. IRT was
chosen because it can model the relationship between individuals’ latent abilities (traits) and their
responses to the items in a test. In addition, IRT makes it possible to understand the characteristics of
each item in the test as well as individual abilities in more detail. This is in line with Rasch analysis,
which can present the suitability of items with persons (e.g., Van Zile-Tamsen, 2017; Miiller, 2020; Nisa
et al., 2024). In addition, IRT has been effectively applied to analyze the quality of test items, providing
more in-depth information about the level of difficulty, discriminating power, and guessing opportunities
for each item (e.g., Quaigrain & Arhin, 2017; Ranyard et al., 2020). Through IRT, it is possible to evaluate
model fit and analyze DIF to ensure measurement fairness (Oliveri et al., 2016; Martinkova et al., 2017;
Bauer, 2023). The results of the analyses are then interpreted to identify items that need revision and
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ensure the validity and reliability of the instrument, with the ultimate goal of producing an accurate, valid,
and reliable test.

A total of 15 questions on physics measurement material were tested in the form of multiple
choice through the help of Quizizz. The questions tested are divided into several parts: an international
system of quantities, units, and measurement dimensions. This study involved 34 high school students
from Sidoarjo, East Java, Indonesia. A total of 15 questions were selected because they were considered
to represent the basic measurement topics contained in the learning outcomes. This number was deemed
sufficient to obtain a proportional picture of students' abilities without causing excessive cognitive load.
Before being administered to students, the questions underwent content validation by several experts in
the field of physics education to ensure the appropriateness of the material, clarity of language, and
relevance to learning outcomes. Students were given 45 minutes to work on the questions. Measurement
was selected as the instructional material because it is the first topic introduced to upper secondary
students at the introductory level and serves as a foundational concept that is continuously applied in
subsequent physics learning. One example of the question was used in this study is presented in Figure 1.

Quiz > Share A &
kUIS FISIKA OU|Z|zz
5 1st - 3rd grade + B Physics .
@ 62% accuracy > 1 play

o Nila Apriiyanti + AlEnhance & Worksheet @ Copyand Edit

p INSTRUCTOR-LED SESSION ° ASYNCHRONOUS LEARNING ) NO DEVICES NEEDED

Start a live quiz - Assign homework °® Paper mode
= 15 questions @ Show answers » Preview

1. Multiple Choice ®45seconds @ 5 points
Diantara kelompok besaran berikut, yang termasuk kelompok besaran pokok dalam system Internasional adalah ....

A. Suhu, volume, massa jenis dan kuat arus B. Kuat arus, panjang, waktu, dan massa jenis
C. Panjang, luas, waktu dan jumlah zat D. Kuat arus, intersitas cahaya, suhu, waktu

E. Intensitas cahaya, kecepatan, percepatan, waktu

Figure 3. Examples of questions in the study

The data that has been obtained is corrected with a Guttman scale: true is worth 1, and false is
worth 0. Then it is mapped in Microsoft Excel. The data used has been adjusted to the “formatted text”
format. Then, coding for male (L) and female (P) gender categories. Meanwhile, the question items were
coded (Q1-Q15). The validity and reliability of the instrument were also measured using the Rasch Model
with principal component analysis. After that, DIPF also used the help of Rasch analysis software
Winstep. The criteria for bias in items for DIPF can be known when the probability value of an item is
below 5% (e.g., Kohler et al., 2020; Fidhrmann et al., 2022). The criteria for validity, reliability, and
Cronbach alpha values are presented in Table 1, Table 2, and Table 3.

Table 1. Interpretation of instrument validity
Interpretation Raw variance explained by measures

Fulfilled >20%
In accordance >40%
Special >60%

Table 2. Interpretation of person and item reliability (see. Sumintono & Widhiarso, 2014)
Value Range Interpretation
value > 0.95 Excellent
0.91 <value £0.95 Very Good
0.81 <value <091 Good
0.68 <value<0.81 Moderate
value < 0.68 Weak
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Table 3. Interpretation of Cronbach's Alpha values (see. Sumintono & Widhiarso, 2014)
Cronbach Alpha Range () Interpretation

a>0.38 Very Good
0.7<a<0.8 Good
0.6 <0<0.7 Moderate
0.5<a<0.6 Bad

RESULTS AND DISCUSSION

Validity of questions on physics measurement material

The validity of the tested question instrument is analyzed using the Rasch Model with Winstep
software. The output table used to determine the validity of the item-person instrument is dimensionality.
According to Clark and Watson (2019), the instrument's unidimensionality is a parameter that can be used
to measure the construction of the question instrument related to measuring what should be measured.
The results of unidimensionality are presented in Figure 2.

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

Total raw variance in observations = 44.0238 100.0% 100.0%
Raw variance explained by measures = 10.0238 23.3%
Raw variance explained by persons = 7.5080 17.1% 17.5%

Raw Variance explained by items = 2.5158 5.7% 5.9%

34.0000 77.2% 100.0% 76.7%
.5332 12.6% 16.3%
.1282 11.6% 15.1%
.0516 9.2% 11.9%
.0388  9.2% 11.9%
L4574 7.9% 10.2%

Raw unexplained variance (total)
Unexplned variance in 1st contrast
Unexplned variance in 2nd contrast
Unexplned variance in 3rd contrast
Unexplned variance in 4th contrast
Unexplned variance in 5th contrast

I
w A b uvw

I

Figure 2. Instrument validity

Figure 2 summarises the results of the Rasch analysis, which focuses explicitly on the
standardized residual variance in eigenvalue units, which is crucial for assessing the dimensionality of
the measurement instrument. The total raw variance in the observations is 44.0238 (100%), which serves
as the baseline. The raw variance explained by the measurement is 10.0238, representing 22.8% of the
total variance, slightly less than the expected 23.3%. This indicates that most of the variance is due to the
primary constructs measured, indicating a good model fit. The raw variance explained by the person was
7.5080, accounting for 17.1%, close to the expected 17.5%, highlighting the differences in individual
ability levels. The raw variance explained by items was 2.5158 (5.7%), also close to the expected 5.9%,
indicating that items make a relatively small but meaningful contribution to the variance.

The total raw unexplained variance was 34.0000 (77.2%), which is typical as it includes all the
residual variance not explained by the main dimensions. The unexplained variance in the first contrast
was 5.5332 (12.6%), smaller than the expected 16.3%, indicating the presence of potential secondary
dimensions, although not very strong. The second contrast showed an eigenvalue of 5.1282 (11.6%),
again less than the expected 15.1%, indicating a weaker secondary dimension. The third contrast has an
eigenvalue of 4.0516 (9.2%), slightly below the 11.9% expectation, and the fourth contrast is similar to
an eigenvalue of 4.0388 (9.2%). The fifth contrast shows the weakest potential of the secondary
dimension with an eigenvalue of 3.4574 (7.9%), less than the expected 10.2%.

In conclusion, the primary dimension explains most of the variance (22.8%), close to the expected
23.3%, indicating a good model fit and unidimensionality. The presence of contrasts indicates the
presence of potential secondary dimensions, but they are generally weaker than expected, indicating that
they do not strongly influence the primary dimension. Based on Figure 2, the raw variance value explained
by the measurement data is 22.8%. This means that the instrument used to test students' abilities in physics
measurement material is in the fulfilled category (>20%).

Reliability of questions on physics measurement material
Through Rasch analysis with summary statistic output, the reliability of items and persons and
interactions between persons can be explored. The overall output is presented in Figure 3.
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(a) SUMMARY OF 34 MEASURED Person (b) SUMMARY OF 15 MEASURED Item

| TOTAL MODEL INFIT OUTFIT | TOTAL MODEL INFIT OQUTFIT |
| SCORE COUNT MEASURE -E. MNSQ  ZSTD MNSQ  zSTD | SCORE COUNT MEASURE S.E. MNSQ  ZSTD  MNSQ  ZSTD |
----------------------------------------------------------------------------- [ oo
| MEAN 10.1 15.0 94 68 1.00 .17 .95 12 | MEAN 23.0 34.0 00 .42 1.00 .06 .95 o5 |
| SEm .S .0 21 03 02 11 .04 12 | SEM .9 .0 16 .01 05 .27 .09 27 |
| P.SD 3.0 .0 1.18 18 13 .65 222 70 | P.SD 3.4 .0 60 .04 17  1.02 .33 99 |
| s.sb 3.0 .0 1.20 .18 .13 .66 .23 .71 | S.sb 3.5 .0 62 .04 18 1.6 .38 1.03 |
| max. 14.0 15.0 2.78 1.05 1.37 2.45 1.48 2.57 | MAX. 29.0 3a.0 1.26 .54 1.34 2.12 1.72 1.97 |
| MIN 1.0 15.0 -2.79 .54 .79 -1.27 .49 -1.22 | MIN 15.0 34.0 1.21 .39 77 -1.57 .56 -1.32 |
---------------------------------------------------- [ == |
| REAL RMSE .72 TRUE SD .94 SEPARATION 1.31 IPerson RELIABILITY .63 || REAL RMSE .44 TRUE SD .41 SEPARATION .93 Item RELIABILITY .46 |
|MODEL RMSE .70 TRUE SD .95 SEPARATION 1.36 Person A |MODEL RMSE .43 TRUE SD .42 SEPARATION .99 Item RELIABILITY .50 |
| S.E. OF Person MEAN = .21 | S.E. OF Item MEAN = .16 |

Person RAW SCORE-TO-MEASURE CORRELATION S8
CRONBACH ALPHA (KR-20) Person RAW SCORE |"TEST" RELIABILITY = .70 |SEM = 1.65

Figure 3. Instrument reliability

The provided Figure summarizes the Rasch analysis results for 34 measured persons and 15
measured items, offering insights into the reliability and fit of the measurement model. For the person
measurement, the descriptive statistics reveal a mean total score of 10.1 with a standard error of the mean
(SEM) of 0.5, and a standard deviation (SD) of 3.3, indicating a reasonable variation in person ability.
The mean measure is 0.94, suggesting participants scored higher than the average item difficulty, with a
spread (SD) of 0.94. Fit statistics, including infit and outfit mean squares (MNSQ), hover around 1.0,
indicating an acceptable fit, though the slightly higher outfit MNSQ hints at some unexpected responses.

The reliability and separation indices show a true person reliability of 0.63, indicating moderate
consistency in the ability measures of people who fall into the weak category (<67%) and separation of
1.31, indicating that the sample can be divided into approximately 1.3 different ability levels. The
reliability of the person model was slightly higher at 0.65. The overall reliability was moderate, reflected
by the correlation of raw scores to measures of 0.90 and cronbach alpha (KR-20) of 0.70. Descriptive
statistics showed a mean total score of 23.0 for the item measures, with an SEM of 0.9 and an SD of 3.4,
indicating variability in item difficulty. A mean measure of 0.00 is typical, as item measures are usually
standardized around zero, with an SD of 0.41. The fit statistics indicated a good fit, with MNSQ infit and
outfit values close to 1.0. However, the lower item reliability of 0.46 < 0.67 indicates a less consistent
measure of item difficulty.

Item, person, and gender bias from the physics measurement test results

The presented person item bias refers to gender, male (L) and female (P). It is said to experience
item bias against gender when the probability value is less than 0.05 or 5%. The gender DIF results are
presented in Figure 4.

Person DIF plot (DIF=$S3W1)

Item

& & e @ & S & & & d& e & @ & 0\," DIF class/group specification is: DIF=$33W1
02 | Person SUMMARY DIF BETWEEN-CLASS/GROUP Item |
| CLASSES ~ CHI-SQUARED D.F.| PROB. | UNWTD MNSQ  ZSTD Number Name |
0,15 e S e R |
| 2 0000 1/1.0000 .0000  .0000 101 |
01 | 2 2945 1) .5873 .3082 -.22 2 Q2 |
| 2 1717 1 .6786 L1791 -.45 3 Q3 |
00 g | 2 0950 1) .7579 .0993 -.67 4 Q4 |
| 2 1.1587 1) .2817 1.2470 .63 5 Qs |
g ——p | 2 1.6004 1) .2058 1.7617 .91 6 Q6 |
-ABBE-09 | 2 1.9406 1 .1636 2.1480  1.09 7 Q7 |
H | 2 .8135 1 .9074 .0140  -1.14 8 Q8 |
0,05 | 2 6129 1| .4337 .6484 .19 9 Q9 |
’ | 2 0819 1) .7748 .0849 -.72 10 Q18 |
| 2 0236 1) .8779 0247  -1.03 11 Q11 |
01 174 | 2 1.9514 1| .1624 2.1542 1.09 12 Q12 |
| 2 8819 1) .7748 .0849 -.72 13 Q13 |
0,15 | 2 3078 1) .5790 .3230 -.19 14 Q14 |
| 2 2.4126 1| .12e4 2.7778 1.33 15 Q15 |

Figure 4. DIPF on Gender

Figure 4 presents summarising the DIF analysis. Variations between the lines indicate the item
difficulty for the male and female genders, with notable differences indicating potential DIF, where
certain items may be more challenging for one group compared to another. Figure 4 (right side) provide
detailed statistical measures for each item, including summary DIF, chi-square values, unweighted mean
squares (UNWTD MNSQ), and standardized residuals (ZSTD). Based on the probability values
presented, it states that there is no item bias towards gender. This refers to the probability of each item
not being below 0.05 or 5%. The combination of DIF plots (left side) and statistical (right side) highlighted
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items with significant DIF, both visually and statistically, indicating that these items may require review
or adjustment to ensure fairness for further review.

Differential Item-Person Functioning (DIPF) is essential to understand and explore in identifying
item-person bias, especially against gender. However, the identification process must undoubtedly be
structured in line with the validity and reliability of the instrument that has been made. Instrument validity
usually only relies on content validity through expert validators. It is essential to do content and construct
validity based on the results of responses from limited trials before being carried out on a larger scale.
According to MacKenzie et al. (2011), content and construct validity are essential to ensuring the quality
of research instruments, but they have different purposes and are not interchangeable. Content validity
evaluates how well a test or instrument covers all relevant aspects of the construct it is intended to
measure, whereas construct validity measures how well a test measures the concept or construct it is
designed to measure (Cook & Beckman, 2006; Cheung et al., 2023).

Construct validity is more important in certain situations, such as when researching intangible or
abstract concepts that cannot be measured directly (Molloy et al., 2011; Mian et al., 2020). Construct
validity is essential to ensure the test accurately measures the intended concept (Clark & Watson, 2019;
Owan et al., 2023). Conversely, content validity is more relevant when the construct is more tangible and
can be measured directly, such as in tests on products. This study focuses on construct validity, which
measures students' abilities and knowledge related to physics measurement materials such as international
units, area measurement, volume, and dimensions. With the help of Rasch analysis, content and construct
validity can be determined so that the validity results are powerful (Boone et al., 2013; Amiruddin et al.,
2023). The results of construct validity with what is done refer to unidimensionality, which gets a raw
variance measured value of 22.8% in the fulfilled category. According to Yildiz and Kara (2017), the
unidimensionality of the instrument can be a parameter used to assess whether the instrument effectively
measures the construct that should be measured.

In addition, more than validity is required if it is complemented by instrument reliability. In
determining reliability, many ways can be used, namely by test-retest (Polit, 2014), parallels method
(Madansky, 1965; Chen et al., 2022), split half method (Chakrabartty, 2013; Pronk et al., 2022) and Rasch
analysis (Van Zile-Tamsen, 2017; Cordier et al., 2018). This study uses Rasch analysis as a way to
determine reliability because it is able to measure item, person, and item-person. Based on the
measurement results, person reliability obtained a value of 63% and item reliability of 46% in the weak
category. As for the results of inter-item-person measurements obtained through the Cronbach alpha (KR-
20) value of 70% in the sufficient category. Referring to this category states that the consistency of student
answers to items is weak. The sufficient category needs to be improved so that the quality of validity and
reliability is able to measure what should be measured, and the consistency is at least in the excellent
category (Kimberlin & Winterstein, 2008; Bouwer et al., 2023). Rasch analysis can identify items against
gender.

Through Rasch analysis, we be able to identify the item on gender. Based on the results of the
person DIF plot (DIF = $S3W1), which is the code for male (L) and female (P) gender. The results
presented in Figure 4 state that the abilities of men and women differ, but further analysis states that there
is no probability value below 5%. This means there is no item bias against both female and male gender.
According to Saxena et al. (2001); Lohr (2002), DIF, which refers to gender is crucial to be researched to
improve the quality of test instruments and ensure that the results obtained genuinely reflect the abilities
or characteristics to be measured so that the test results are fair and equal. Further, DIF analysis also be
able to look at the domicile of students (Kusuma et al., 2022; Saputro, 2022). However, in the study, the
students came from the same area and domicile and were of the same ethnicity.

Although content and construct validity have been evaluated and shown promising results, and
there is no item bias against gender-based on DIF analysis, other aspects are also essential, namely
learning environment factors and socioeconomic influences on student performance (Rabgay, 2015;
Akukwe & Schroeders, 2016; Rodriguez-Hernandez et al., 2020). In the measurement context, it is
essential to realize that external factors such as teaching quality, access to learning resources, and family
support also be able to affect test results. This has been proven by various studies showing that student
performance is not only determined by cognitive abilities alone, but also by the learning environment and
socio-economic conditions surrounding them (Malik, 2018; Munir et al., 2023).Therefore, even if the
instrument has undergone a rigorous validation process and has sufficient reliability, the results should
be analyzed by considering the broader context. This will provide a more comprehensive picture of
student performance and ensure that the instrument truly reflects the ability it seeks to measure fairly and
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accurately. Thus, education policymakers be able to make more informed decisions in designing and
implementing effective learning programs. In addition, the findings of this study highlight the potential
of integrating digital platforms such as Quizizz into assessment reform in physics education. Other
educators and institutions may benefit from these results by adopting similar tools to enhance formative
and summative evaluations, while also remaining aware of the challenges related to validity, reliability,
and bias. Furthermore, the insights gained be able to inform the development of other digital assessment
models beyond Quizizz, contributing to the broader effort of modernizing assessment practices in line
with 21st-century learning needs.

CONCLUSION

This research shows that the physics measurement instrument tested through the Quizizz platform
has good construct validity, with a raw variance explained by measures value of 22.8%, indicating that
this instrument effectively measures student ability and understanding. Although the item and person
reliabilities were weak, with person reliability of 63% and item reliability of 46%, the Cronbach alpha
value of 70% showed sufficient consistency in this learning context. DIF analysis indicated no significant
item bias toward gender, so the questions were fair for both male and female students. This study
emphasizes the importance of construct and content validity, as well as instrument reliability, because
accurate and fair results are essential for effective learning evaluation. Furthermore, the study
recommends improving the instrument by piloting on a more extensive and diverse sample and
considering external factors such as the learning environment and socio-economic influences to get a
more comprehensive picture of student performance. In addition, adopting analytical approaches such as
IRT in the future research could strengthen the evaluation of item quality and enhance the precision of
measurement. Then, to relying on Rasch validity, further research is recommended to conduct construct
validity testing using other statistical techniques. Thus, digital platforms Quizizz not only measure
students' knowledge effectively but also provide timely feedback, support fair assessment practices, and
contribute to the development of innovative physics learning processes. Ultimately, this study highlights
the potential of integrating gamified digital assessment tools to improve both the quality and equity of
educational evaluation.
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