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Banyak orang menganggap statistik itu sangat sulit. Hal ini berdampak pada
siswa tidak hanya pada prestasi akademisnya tetapi juga pada pengaruh tidak
menyenangkan atau persepsi negatif. Penelitian ini bertujuan menghasilkan
penskalaan instrumen sikap terhadap tingkat statistika mahasiswa dengan
metode pair comparison dengan karakteristik yang valis dan reliabel. Penelitian
ini merupakan penelitian deskriptif kuantitatif dengan mengembangkan
instrumen penelitian dengan skala pair comparison. Subjek penelitian ini adalah
mahasiswa yang telah mendapatkan mata kuliah sejumlah 160 mahasiswa.

Instrumen ini terdiri dari 11 dimensi yang mengukur sikap mahasiswa terhadap
tingkat pemahaman statistika. Analisis menggunakan deskriptif kuantitatif. Hasil
penskalaan instrumen sikap mahasiswa terhadap tingkat pemahaman statistika
dengan metode pair comparison menunjukkan karakteristik setiap dimensi valid
dan nilai Cronbach dengan kriteria reliabilitas tinggi. Hasil penskalaan instrumen
sikap terhadap materi statistika dengan rata-rata urutan respon tertinggi adalah
pada modus pemahaman materi," dengan nilai 0.695. Nilai reliabilitas yang
tinggi ini dapat menyatakan rentang kemampuan yang lebih luas, artinya lebih
heterogen. Dengan penskalaan pair comparison method ini dapat menangkap
heterogenitas substansial dalam hirarki nilai pribadi seseorang dan lebih mudah
responden dalam menjawab karena membandingkan dua objek.
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ABSTRACT

Many people find statistics very difficult. This impacts students not only on their academic performance but also
on unpleasant influences or negative perceptions. This research aims to produce a scaling instrument for
attitudes toward student statistics levels using the pair comparison method with valid and reliable characteristics.
This research is a quantitative descriptive research by developing a research instrument with a pair comparison
scale. The subjects of this research were 160 students who had received courses. This instrument consists of 11
dimensions that measure students' attitudes toward their level of understanding of statistics. The analysis uses
quantitative description. The results of scaling the student attitude instrument towards the level of understanding
of statistics using the pair comparison method show that the characteristics of each dimension are valid and the
Cronbach value meets high-reliability criteria. The results of scaling the attitude instrument towards statistical
material with the highest average response order were in the material understanding mode," with a value of
0.695. This high-reliability value can indicate a wider range of abilities, meaning more heterogeneous. With this
pair comparison method scaling, it can capture substantial heterogeneity in a person's personal value hierarchy,
and it is easier for respondents to answer because they compare two objects.

1. INTRODUCTION

In higher education, almost all disciplines require students to take statistics courses or some
aspects of statistics. There have been several previous studies revealing factors that affect student
performance in statistics courses. attitude towards statistics as one of the keys (Abbiati et al., 2021; Akour,
2022; Crettaz von Roten & de Roten, 2023; Xu, C., & Schau, 2019). Colleges prepare students to be able to
interpret and critically evaluate data in statistical learning (Btischer, 2022; Crettaz von Roten & de Roten,
2023). This basic understanding of statistics is to prepare students for data literacy, or understanding
their own research and evaluating the research that has been done. Statistics have an important role in
learning, especially now that the new independent learning curriculum explains that learning is integrated
with research. Therefore, statistics are very important to learn, especially for students. Many consider
statistics to be very difficult; this has an impact on students not only on their academic performance but
also on their unpleasant influence or negative perception of the application of statistical thinking or the
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implications of statistics in everyday life (Akour, 2022; Sutter et al., 2022). Despite being a compulsory
course at the university, students consider it a burden, underestimate its usefulness, and face difficulties
when doing assignments, potentially leading to failure in learning statistics (Abbiati et al., 2021; Crettaz
von Roten & de Roten, 2023). Statistical reasoning is needed by students or the wider community to be
able to communicate with data appropriately and selectively because all policies are related to data talk,
variations, and opportunities in this modern era (Biischer, 2022; Moore, D. S., McCabe, G. P., & Craig,
1997). Statistics have an important role in learning, especially now that the new independent learning
curriculum explains that learning is integrated with research. Therefore, statistics are very important to
learn, especially for students. Many consider statistics to be very difficult; this has an impact on students
not only on their academic performance but also on their unpleasant influence or negative perception of
the application of statistical thinking or the implications of statistics in everyday life (Akour, 2022; Sutter
et al., 2022). Measurement of student attitudes towards statistics needs to be detected as a reference for
student responses to learning that is considered difficult.

Measurement of student attitudes towards statistics already exists, namely the survey of attitudes
towards statistics instrument (SATS-36) (Schau, 2003), where this instrument has six factors, namely
effect, cognitive, value, difficulty, effort, and interest. This instrument has been widely used because it has
proven its validity and reliability. The SATS-36 instrument has high internal consistency of each subscale
with Confirmatory Factor Analysis (CFA) analysis (Ayebo et al,, 2019; Nolan, M. M., Beran, T., & Hecker,
2012), while the use of SATS-36 in the Estonian context with CFA analysis does not support the six-factor
model but with EFA supports a four-factor scale structure, where the three factors of affective, cognitive
competence, and difficulty are combined into one (Hommik, C., & Luik, 2017). Research stated that the six
factors in the survey of attitudes toward statistics (SATS-36) instrument have a good model fit, Cronbach's
alpha, and reliability estimates showing good values (Shahirah & Moi, 2019; Xu, C., & Schau, 2019).
Another study on student attitudes towards statistics in sports study programs is based on a gender
perspective that investigates attitudes towards statistics courses, which shows that men have more
positive attitudes towards statistics than women and have higher confidence (Crettaz von Roten & de
Roten, 2023; Robert F. DeVellis, 2019). Measurement of non-cognitive attitudes is very important and
should be researched in an effort to determine the attitude or response of students to learning. In various
previous research studies, the disclosure of statistical attitudes was done using the Likert scale and rating
scale. It is also different in this study, which describes students' attitudes towards statistics by disclosing
their understanding of the material that has been studied. This non-cognitive attitude needs to be studied
to find out the positive and negative responses of students.

Measurement of non-cognitive aspects by giving scores or numbers to the attributes to be
measured (Setiawati et al,, 2013). Non-cognitive psychological attributes are also known as personality
and affective attributes. Attitude measurement is very important to find out the factors that contribute to
learned abilities (Jones et al,, 2022). The characteristics of psychological scales are stimulus responses,
where the measured attributes reveal behavioral indicators (Saifuddin Azwar, 2020), These measurement
instruments must fulfill quality criteria as well as disclose individual judgments (Jones et al., 2022). There
are several levels of measurement, namely ordinal, ratio, interval, and nominal scales (Lord, F.M. & Novick,
1974; Setiawati et al.,, 2013). The quality of the instrument is evidenced in measuring certain factors by
knowing its validity and reliability. Validity and reliability are proven to be good if, by increasing the
sample size, further statistical measurements, different scale designs, etc., the validity and reliability of the
instrument are proven to be good (Gradvohl et al., 2023). Therefore, the scaling process in developing an
instrument greatly affects the characteristics of the items. Many studies use instruments with rating scales
and Likert scales. There are still very limited research instruments using the thrustone scale.

The Thurstone scale is synonymous with involving experts or judgment to rate statement items
and asking to put the favorability of the statement on a psychological number that can predict the
outcome being measured (Guffey et al, 2007; Halik et al, 2022) and also assess not for approval
(Syaifuddin Azwar, 2012). This shows the advantages of using the thrustone scale, namely that the
involvement of panelists avoids subjectivity, authenticity, bias, and accuracy (Saifuddin Azwar, 2020). In
addition, the thrustone scale has the advantage of discouraging social desirability (dishonest responses)
and falsifying self-characterization (McDonald, 2013). The Thrustone scale also provides space for
respondents to provide opinions about the statement items. There are three types of thrustone scaling
techniques: 1) the pair comparison method; 2) the equal-appearing interval method; and 3) the excessive
interval method (Bahar et al., 2021). Scaling in Thurstone to estimate preferences among objects based on
the observed frequency of their pairwise comparisons (Lipovetsky, 2007). In planning the preparation of
the instrument as a step to anticipate items that fall, consider the number of items. Thrustone scaling is
done with the principle of converting the raw scores obtained from z scores that use a normal
distribution. Therefore, the distance between scores is used with the same unit so that interval data can be
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obtained. Thrustone scaling is widely used in the development of social science instruments, especially
psychology, one of which measures student attitudes towards statistics. The pair comparison method is
one of the thrustone-type scaling methods with a simple comparison and multi-attribute ranking process
by comparing two of the object choices. (Pritikin, 2020; Ullah et al., 2020). The pair comparison method is
suitable for measuring the abilities of heterogeneous individuals (lijima et al., 2020), favorable due to the
simplicity of the choice-of-object construct and incorporating comparative judgments (Kula Kartal &
Giilleroglu, 2015; Yurtcu & Dogan, 2015). The statistical ability of students in this study is heterogeneous;
therefore, the hypothesis of measuring student attitudes towards understanding statistical solutions is
appropriate if measured in response with the Pair comparison method.

Several previous studies have developed research with the Thrustone scale to measure police
career success in Canada (Guffey et al.,, 2007), another with (Pratama, 2020) also developed the thrustone
scale with the equal-appearing interval method to measure the attitude of religious moderation. Other
research also developed a thrust-scale instrument on teachers' ability to utilize information technology
(Arfandi et al,, 2020). The results of the study show that the thrustone scale can be applied to various
constructs or topics of discussion in compiling instruments. Therefore, in this study, attitudes were
measured using a thrustone scale with the pair comparison method.

From the reality of previous research, measuring attitudes needs to be developed because, as an
expression of individual judgment, the instruments used also need to have good quality and appropriate
scales to avoid subjectivity and authenticity bias. Measuring statistical attitudes needs an appropriate
scale to determine student responses and understanding of statistical material. In this study, measuring
attitudes is more about how students understand the stages of descriptive statistical analysis. The ability
of students in statistical literacy is quite high, but they are still poor at visualizing data (Jatisunda et al.,
2020; Setiawan & Sukoco, 2021). Students find it difficult when reporting descriptive analysis data or with
data interpretation due to a lack of prior knowledge of statistics (Maryati, 2017). This research aims to
produce a scaling instrument for attitudes toward student statistics levels using the pair comparison
method with valid and reliable characteristics.

2. METHODS

This research is quantitative descriptive research with a research design that is: 1) instrument
development; 2) Scaling process on trial data; 3) analysis of psychometric characteristics. This research
design begins with developing an instrument for student understanding attitudes towards statistical
material to determine validity and reliability properly. The scaling process uses the pair comparison
method scale, the scale for multi-attribute ranking process, and the multilevel order technique (Ullah et
al., 2020). This method of pairwise comparison may be easier for participants to respond to (Pritikin,
2020). For example, comparing chocolate pudding with different flavors Each question involves two
competing recipes (two objects) (Ullah et al,, 2020). The subjects of this study were students who had
received statistics courses at the Islamic University of Nahdlatul Ulama Jepara, totaling 160 students.
These students are subjects who have received descriptive statistics courses, namely semester 4 of the
Elementary School Teacher Education and Islamic Religious Education study programs.

Tabel Grafik Mean Median Modus Quartile Decile Percentile Range Varians Stdev

Tabel
Grafik
Mean
Median
Modus
Quartile
Decile
Percentile ...
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Stdev

Figure 1. Respons Pattern of a Statistical Attitude Instrument with a Pair Comparison Method

This instrument development research is to measure the level of understanding or ease with
which student complete descriptive statistical analysis calculations. This instrument consists of 11
dimensions that measure student attitudes towards the level of understanding of statistics by comparing
pairs. The question in this instrument is, "From descriptive statistical material, which do you think you
understand more or is easier to solve?" This instrument is designed to identify attitudes toward
understanding statistical material that has been learned. Each item has two options; choose one response
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that matches the level of understanding or ease of learning of each subject. The 11 dimensions were
paired into 55 questions. The pattern of subject selection in filling out the questionnaire showed in Figure
1. The data analysis used in this study used descriptive statistical analysis with Excel and instrument
quality analysis with Jamovi software. Analysis of the characteristics of the instrument, calculating
reliability with Cronbach alpha with an acceptable reliability estimate standard with a value of 0.80-0.90
(Crocker, L., & Algina, 2008), while SEM uses the equation oE =0x V1 - Pxx (Retnawati, 2016). The higher
the reliability, the smaller the measurement error. In addition, descriptive analysis to determine the group
of materials that are considered easy to understand by students in statistical learning.

3. RESULT AND DISCUSSION

Results

Measurement in the realm of statistical attitudes has been done using the survey of attitudes
toward statistics (SATS-36), but this study is different in measuring statistical attitudes, namely by
student responses assessing their own understanding of statistical material. The items of this instrument
were developed using the Thrustone type, which refers to the pair comparison method. Each item is
paired with another item, and one of the appropriate items is selected. In this study, one item in one
dimension was paired with another item in another dimension. This instrument has 11 dimensions;
therefore, there are 55 paired items. Data analysis for the pair comparison scaling method was conducted
using Microsoft Excel and Jamovi. The stages of analysis in pair comparison scaling are as follows: 1) make
a frequency matrix of the subject's choice of each stimulus; 2) sort the stimulus from the smallest to the
largest; 3) convert the frequency value into a proportion value (p) = f/ N; 4) convert the price of p into a z
score, which is the average deviation from the normal distribution; 5) calculate the average z score; 6)
order the stimulus from the lowest to the highest. The questionnaire on students' attitudes towards the
level of understanding of statistics was distributed in G-Form; the questionnaire was filled in by students
who had received statistics courses, especially descriptive statistics. The following data analysis results
are the original data that have been converted from frequency values to proportions. In addition, the data
was converted into a z score (mean deviation or normal distribution). From the results of the instrument
validity analysis showing the correlation matrix between dimensions, namely a p value < .001, each
dimension is declared valid. Table 1 shows that the highest correlation value is between the "quartile-
variance" dimension, which is 0.983, while the lowest correlation value is between the "Percentile-modus"
dimension, with a value of 0.787. The correlation of the quartile-variance dimension is high because there
is a relationship between the quartile and variance completion stages. In the development of this
instrument, it shows the results of a high reliability analysis with a reliability value of> 0.6, namely 0.987.
The calculation of the reliability value between dimensions also shows a very high value. The following
are the results of the Cronbach's a analysis in each dimension: The reliability value based on internal
consistency is related to the standard deviation of the variance of the measurement results. The variance
of the measurement score greatly affects the size of the instrument reliability value (Mardapi, 2008).
Formula SEM or ce = ot \/1- pxx’ can predict the magnitude of reliability if it is assumed that the SEM and
the variance of the two groups are equal. Reliability for Each Dimension showed in Table 1.

Table 1. Reliability for Each Dimension

Data Asli Data Transformasi z
Cronbach SEM Cronbach SEM
Tabel 0.986 0.049 0.971 0.196
Grafik 0.986 0.053 0.971 0.226
Mean 0.986 0.038 0.973 0.148
Median 0.986 0.049 0.972 0.191
Modus 0.987 0.034 0.976 0.120
Quartile 0.986 0.059 0.971 0.253
Decile 0.985 0.043 0.977 0.248
Percentile 0.986 0.037 0.977 0.233
Range 0.985 0.039 0.970 0.199
Varians 0.985 0.039 0.971 0.218
Stdev 0.986 0.030 0.972 0.189

Table 1 shows that the Cronbach's « reliability value for data that has been transformed into z
scores has decreased from the original data. For the measurement of SEM, or standard error of
measurement, there is an increase from the original data to the data that has been transformed into z
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scores for all dimensions that measure statistical attitudes. The results of the data from the ordinal level to
the interval do not increase the reliability value but increase the SEM value in each dimension. The next
data analysis is a descriptive statistical analysis of each dimension to explain the results of pairwise
scaling on the instrument of understanding attitudes towards statistical material presented in the mean,
standard deviation, median, minimum, and maximum values. With the results of these descriptive
statistics, it can be categorized by the attitude of students toward choosing paired dimensions that are
easier to learn statistics. The results of descriptive data analysis for the pair comparison method
instrument. showed in Table 2.

Table 2. Description of instrument data using pair comparison

Original Data Data after z transformation

Aspect Mean Stdev Med Min Max Mean  Stdev Med Min Max
Tabel 0.604 0.161 0689 0324 0779 0209 0651 0.536 -0966 0.904
Grafik 0.521 0.177 0531 0255 0.752 0.182 0.748 0.236 -0929 1.167
Mean 0.658 0.125 0.607 0489 0.848 0.239 0492 0.000 -0.528 1.014
Median 0.635 0.165 0.669 0324 0827 0212 0634 0314 -1,055 0.943
Modus 0.695 0.111  0.703  0.500 0.862 0.252 0399 0.230 -0.595 0.908
Quartile 0.417 0.192 0421 0.193 0.710 0.149 0.84 0.000 -0.789 1.495
Decile 0.317 0.143 0317 0.131 0524 0155 0.824 0.000 -0.887 1.595
Percentile 0.313 0.124 0.289 0.179 0500 0.174 0.774 0.000 -0.630 1.499
Range 0.493 0.129 0.500 0.289 0.689 0206 0.662 0.073 -0.801 1.227
Varians 0414 0.130  0.427 0.255 0.621 0.19 0.723  0.138 -0.644 1.430
Stdev 0.407 0.100 0379 0.283 0.559 0.214  0.627 0.02 -0.517  1.276

Table 2. shows the mean, standard deviation, median, minimum and maximum results. The
dimension for the subject matter "mode" gets the highest average value of 0.695 and the lowest order is
the dimension that discusses "percentile” which is 0.313. This shows that the student's response in
answering the instrument states that the material that is most easily understood is the "mode" material
and the material that has not been understood is "percentile". The results of the original data analysis
were transformed into z scores, the simplest approach to determine whether a person's score is in the
output range with a z score (Kornak et al.,, 2019). Changes in data trends after being transformed into z
scores can be seen in the mean and standard deviation values increasing for each dimension, but the
median value decreases when the data is transformed into z scores. Students find it easier to work on the
stages when completing mode data analysis because the stages in solving mode are very simple, both for
solving single and group data. Students complete mode calculations more easily because the stages are
very simple compared to working on data presentation, either tables or graphs (Masfingatin & Suprapto,
2020; Mulya, N., Nurlaelah, E., & Prabawanto, 2018). Descriptive statistics have been studied since
elementary, middle, and high school; even at the undergraduate level, students are used to calculating
descriptive statistics (Setiawan & Sukoco, 2021). The comparison of several dimensions that measure the
statistical attitude of students using bloxpots The results show that students prefer the subject matter of
the mode because the maximum value exceeds 800k but is not far from the subject matter mean," which is
also close to 800k. It can also be seen that the average value from Table 1 shows that each dimension of
the subject matter of the mode and median is almost the same, namely 0.695 and 0.658. The lowest
dimension that students consider less understanding than others is the dimension on the subject matter of
"percentile," with a value close to 600k or 0.313. Compared to the dimension of the subject matter of the
mode, which is easier to step than the percentile, this finding makes it clear that the statistical formula to
solve the subject matter of "mode" is easier than "percentile".

Discussion

This study analyzes a survey of student attitudes towards the level of understanding of descriptive
statistics. This non-cognitive attitude is very important to examine because attitude determines the
atmosphere of learning (Cahyawati et al, 2020). The results showed that the characteristics of the
instrument using the pair comparison method showed that each dimension was valid with a p value <
.001, and the reliability value of the 11 dimensions in pairs had a high reliability value with a reliability
value > 0.6, namely 0.985-0.987. The size of the variance greatly affects the size of the reliability value and
SEM (Bahar et al,, 2021; Setiawati et al., 2013). With this pairwise comparison method, it shows high
quality because students are easier to answer. This is similar to research shows that the paired
comparison method can capture heterogeneity compared to the rating scale, which may be affected by
response style bias (Ilijima et al,, 2020). High reliability results indicate a wider range of abilities, meaning
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more heterogeneity (Ebel, R. L. & Frisbie, 1986), Conditions of heterogeneity lead to an overestimation of
instrument reliability (Syaifuddin Azwar, 2012). A person's personal values have a hierarchical structure
that is organized according to the level of importance. One value may be more important to one person
than another, but it may be less important to another person. This pair comparison can capture the
substantial heterogeneity in a person's personal value hierarchy (lijima et al, 2020). The measuring
process is an expression on an object that has a "yes" or "no" feature with a number symbol. This
expression is very helpful in increasing the sensitivity to object measurement (Yurtcu & Dogan, 2015).
This numerical expression is used to evaluate whether different responses in the same category form the
same feature or not. The pair comparison method is a scaling process used for multi-attribute ranking,
with a very simple way of comparing other objects to evaluate which object is better between two choices
(Pritikin, 2020; Ullah et al., 2020).

Many studies have revealed attitudes using the Survey of Attitudes Towards Statistics (SATS-36).
On a rating scale, there are six factors: effect, cognitive, value, difficulty, effort, and interest (Abbiati et al.,
2021; Akour, 2022; Birbal et al.,, 2018; Crettaz von Roten & de Roten, 2023). This attitude refers to
different interrelated dispositions that favor a response or not and is related to statistical learning. In
contrast to these studies, this study measures the same attitude but on the response of students' ability to
statistical learning, which is compared between statistical sub-materials using the pair comparison
method attitude scale instrument. The response shows that students' understanding of the material that
has been learned is in the material mode," with the highest average value of 0.695. This material is indeed
very easy to learn because the steps in the formula are easily understood by students. It is not just
interpreting data in the form of graphs and tables but know the mean and standard deviation of the data
so as to analyze and interpret it appropriately (Emilia & Amir, 2022; Lukman et al.,, 2022; Masjudin et al,,
2020). This is also made clear in the research stated that the initial level students in the classification of
answers to the task of students calculating descriptive statistics other than the mean and median can
answer correctly (Setiawan & Sukoco, 2021). Attitude towards understanding statistical material as a
determinant for measuring student learning success (Kurniawan et al,, 2019; Liaghatdar et al., 2011).
Students can get satisfactory results. This attitude survey is very supportive of research that includes a
person's emotions or feelings. A person's responses in psychology can affect human thinking and behavior
(Musfira, 2022; Pudaruth et al.,, 2018). There are several cases of research where students in statistical
analysis of data are always wrong in their analysis; they are still confused with the data obtained in
accordance with the analysis carried out (Nurlita, 2018). The results of this study reveal that knowledge
ability needs to be expressed through a survey of comparative responses to the level of ease of statistical
data analysis from statistical materials taught by lecturers. Therefore, the results of scaling attitudes with
the Pair comparison method in this study are very suitable for measuring comparisons in detecting the
ability to complete the stages of heterogeneous statistical formulas.

4. CONCLUSION

The results of scaling the attitude instrument towards the statistical level of students with the
pair comparison method show the characteristics of each dimension are valid and the reliability value of
the 11 dimensions in pairs has a high reliability. The Cronbach's « reliability value for data that has been
transformed into a z score has decreased from the original data. For the measurement of SEM, or standard
error of measurement, there is an increase from the original data to the data that has been transformed
into z scores for all dimensions that measure statistical attitudes. The results of scaling the instrument of
attitude towards statistical material with the highest average response order are on the understanding of
the material mode. This material is indeed very easy to learn because the steps in the formula are easy for
students to understand. This high reliability value can state a wider range of abilities, meaning that it is
more heterogeneous. The pair comparison method in this study can capture substantial heterogeneity in a
person's personal value hierarchy, considering the ability of students to understand statistics is very
diverse.
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