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ABSTRACT

An important aspect of the education system is measuring student achievement and ability, which provides
educators with critical insights into the extent to which students have mastered and comprehension of course
learning objectives. Despite the various statistical assessments that have been introduced aimed at
measuring the learning objectives of statistics, significant challenges and obstacles persist. This study aims
to determine the factors that constitute the statistical perceived ability of the self-developed questionnaire
using exploratory factor analysis (EFA). The respondents of this study were 280 undergraduate students via
convenience sampling and snowball sampling methods. The results of the EFA showed there are three
underlying factor components of statistical perceived ability namely Statistical Literacy, Statistical
Reasoning, and Statistical Thinking. These three components explained 73.3% of the total variance with the
overall reliability of the instrument is 0.921. Apart from contributing further insight to the current literature
on student assessment regarding statistical ability, the results also provide a reliable source of information to
researchers for future research on statistical assessment practice skills in Higher Education Institutions
(HEIs) that will make a meaningful contribution to statistics education.

Keywords: Assessment, Statistics Learning Goals, Scoring, Statistical Literacy, Statistical Reasoning

INTRODUCTION

The measurement of statistical perceived ability plays an important role in the context of education and
professional environments in today’s data-driven world. This statistical ability includes a variety of skills,
including interpreting data, understanding descriptive and inferential statistics, and the application of
statistical reasoning to real-world problems [1]. The evaluation of this statistical ability is particularly
important because it could motivate them to acknowledge statistics in their daily lives, enhance their
statistical knowledge, and comprehend statistical ideas. Furthermore, learning statistics will help students
develop their critical thinking skills and indirectly help the students in their decision-making through their
daily lives.

Many students encounter challenges in mastering this statistical ability. Research from a previous study
stated that students concentrated too much on learning the computational part and memorizing the formula
[2]. In addition, a study by [3] found that nearly 80% of students often experience anxiety related to
statistics, which can cause delays in registering for statistics courses. Based on the aforementioned issues, it
is clear that the statistical perceived difficulties not only led to a fear of learning statistical subjects but also
resulted from their incapacity to comprehend statistical language, which led to feelings of inadequacy and
showed up as physiological symptoms. Researchers and educators have been working nonstop to figure out
the best way to implement innovative pedagogies and digital technologies in the classroom to remove the
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difficulty and fear surrounding statistics [4]. Therefore, a key issue here is how to effectively evaluate this
statistical perceived ability so that the students understand and perform well in statistics courses.

One of the ways to accurately measure this ability and assessment is to use statistical techniques such as
exploratory factor analysis (EFA). EFA helps in revealing the underlying structure of items designed to
measure statistical ability, helping in identifying student strengths and weaknesses and tailoring educational
interventions accordingly [5]. This method allows for a deeper understanding of the relationship between
measures of ability, impact, and performance in statistics. A study conducted by [6] has shown that
statistical thinking skills are influenced by factors such as content, pedagogy, technology, and assessment.
Furthermore, the development of reliable assessment tools is essential to assessing students’ statistical
abilities. The main goal of this study is to identify and verify the factors that constitute the statistical ability
of the self-developed questionnaire by using EFA.

METHODOLOGY

Participants

In this study, a cross-sectional survey design was implemented, starting from March 1st to April 30th, 2024.
This study involved 280 undergraduate students who had completed the Elementary Statistics course. The
study’s sample size was determined according to the guidelines set forth by [7], who advocate a preferred
observation-to-variable ratio of 5:1 for exploratory factor analysis. In this study, 14 items (questions)
necessitate a minimum of 70 respondents. Thus, the participation of 280 students in this study exceeded the
required sample size. Questionnaires were distributed to all students through WhatsApp, utilizing
convenience and snowball sampling techniques.

Measures

A self-administered structured questionnaire, consisting of 14 items, was constructed to evaluate
undergraduate students’ perceived ability in statistics. The instruments were assessed using a 5-point scale
ranging from “l — strongly disagree” to “5 — strongly agree”. The description of the item in the survey is
displayed in Table 1.

Table 1. The description of items

Code [Description of item

S1 | tend to make small errors in statistics calculations.

S2 I can understand equations or formulas related to statistics.

S3 I can handle statistical software to carry out statistical analysis.

S4 I can explain results from statistical software output without any problem.

S5 I can understand many statistical concepts very well.

S6 | can generate statistical output from statistical software.

S7 I don’t have any problem understanding the language or terminology used in statistics.

| can select the correct formula (e.g., mean grouped and ungrouped data formula) to solve any

S8 statistical problem.

S9 | can explain the symbol used in statistics (note: symbol like N, n).

S10 | can evaluate the result of a solved problem statistically.

s11 | can int_erpre? the value of statistical findings (like mean, mode, and median) obtained from the
calculation without any problem.
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s12 | can read the results output (such as skewness etc.) from the statistical software such as Excel,
SPSS, etc.
S13 I can choose the correct statistical methods/procedures.
S14 | can understand any statistical information published online.
Analysis

The SPSS version 24 was used to analyse the data using exploratory factor analysis (EFA) as convergent
validity and Cronbach alpha as internal consistency reliability. The EFA procedure used the Principal
Component Analysis (PCA) extraction method with Varimax rotation to determine the construct validity of
the instrument. The preliminary step in data analysis is to determine whether the data were suitable for
factor analysis, thus the need to measure sampling adequacy with satisfy the following conditions: i) Kaiser-
Meyer Olkin (KMO) test’s score > 0.6, ii) Bartlett’s test of sphericity, significant value: P < 0.05, and
Cronbach alpha of 14 items ? 0.6.

In the next step, PCA was used to decide on the number of factors by satisfying the following conditions: i)
the total variance plot with criteria of eigenvalues greater than 1.0, ii) a scree plot and a cumulative
percentage of variance above 60% was used [8]. In this step, factor loadings of each item were examined.
According to [6], the retention criteria were indicated by an item of factor loading ? 0.5. In other words, an
item was loaded into the same factor if the factor loading ? 0.5. Otherwise, drop the item for further
analysis. This procedure was important in determining which items belong to which factor and was used as
a tool for item reduction to a smaller set of underlying factors or components. Finally, Cronbach’s alpha
coefficient was used to calculate the internal consistency or reliability of a set of items in each factor
obtained. The acceptable cut-off value for the internal consistency reliability based on Cronbach’s alpha
coefficient was ? 0.60. The criteria for the interpretation of Cronbach’s alpha coefficient for reliability are
that any value above 0.8 is a good reliability, between 0.6 and 0.8 is an acceptable reliability, and a
Cronbach’s alpha coefficient value below 0.6 is an unacceptable reliability [6].

RESULT

Sample Adequacy and Data Suitability for Factor Analysis

The initial analysis focuses on the suitability of data for factor analysis. The results in Table 2 indicate that
Bartlett’s test of sphericity is significant, with a p-value of <0.05. The KMO sampling adequacy measure
was 0.848, which exceeded the recommended threshold value of above 0.6 indicating adequate correlations
among the items.

Table 2. KMO, Barlett’s test, and Cronbach’s alpha

No of item|KMO|Bartlett’s Test of Sphericity|Cronbach’s alpha
14 0.848 (0.001 0.921

Besides that, the result of Cronbach’s alpha for the 14 items used in this study is 0.921, which is closer to 1
and exceeds the minimum recommended threshold value. Therefore, the data is suitable for this analysis.

Number of Factors Affecting Statistical Perceived Ability

The PCA for the statistical perceived ability extracted three components with eigenvalues greater than 1.0.
The total variance explained by these generated factors is shown in Table 3.
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Table 3. The cumulative percentage of variance

Initial Eigenvalues Rotation Sums of Squared Loadings
Total |% of Var|Cum % |Total % of Var |Cum %
1 (7.565 [54.034 |54.034 |7.318 52.269 52.269
2 [1.600(11.430 [65.464 |1.640 11.714 63.983
3 [1.115(7.967 ([73.431 [1.323 9.447 73.431
4 10.71215.086  [78.517
510.586 |4.182  [82.699
6 10.505 (3.604 86.303
7 10.450(3.213  [89.516
8 10.389|2.779  [92.295
9 10.31212.228 [94.523
10[0.236 (1.684  |96.207
11{0.203 |1.447  |97.654
12(0.121 (0.864  |98.518
13(0.118 (0.845  |99.363
14{0.089 (0.637  |100.000

The results show that the three factors extracted from the loading value can explain 73.431% of the
construct. The scree plot shows three possible factors that can explain 73.431% of the variance, which is
above the acceptable threshold of 60% (see Fig. 1).

Serws Pl
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Fig. 1: Scree plot of Component Extraction

The scree plot confirms that the first three factors for the construct account for most of the data’s total
variability, with the remaining factors accounting for the remaining small proportion of the variability, and
is therefore, less important. For this construct, the solution is the choice of three factors.

Rotated Factor Loading for Statistical Perceived Ability

Table 4 presents the factor loadings for 14 items distributed across three constructs: statistical literacy,
reasoning, and thinking. The first factor, identified as statistical literacy, exhibited strong loadings on seven
items (S1, S2, S3, S5, S7, S9, and S12). The indicators for statistical literacy include statistical
terms/terminology, symbols, formulas/equations, error-free calculations, proficiency with statistical
software, statistical concepts, and the ability to read statistical outputs. This finding aligns with [9], who
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defined statistical literacy as the ‘ability to understand and use the basic language and tools of statistics’.

Six items (S4, S6, S8, S11, S13, and S14) loaded highly on Factor 2, designated as statistical reasoning. The
indicators for statistical reasoning encompass the interpretation of values from statistical findings,
explanation of results from statistical software output, selection of appropriate formulas and statistical
methods/procedures, generation of statistical output from software, and interpretation of statistical
information published online. This finding is consistent with [9], who defined statistical reasoning as ‘the
ability to choose, generate, and properly interpret appropriate descriptive and inferential methods, make
inferences, and justify conclusions’.

Table 4. Matrix of rotated factor loadings

Item|Factor 1|Factor 2|Factor 3
S1 |0.796

S2 10.887

S3 10.819

S4 0.837

S5 10.625

S6 0.852

S7 10.897

S8 0.724

S9 10.858

S10 0.868
S11 0.781

S12 (0.873

S13 0.857

S14 0.829

The third factor, termed statistical thinking, showed high loadings on only one item (S10). The indicators
for statistical thinking include the ability to critically evaluate the results of solved problems. This aligns
with [9], who defined statistical thinking as ‘understanding why and how statistical investigations are
conducted and knowing when and how to apply statistical knowledge and procedures’.

Reliability Analysis for the Scale of Statistical Perceived Ability

Cronbach’s Alpha was used to evaluate the reliability of a set of items in each factor obtained and the result
is shown in Table 5.

Table 5. Cronbach’s Alpha

Component Cronbach’s Alpha
Statistical Literacy |0.949
Statistical Reasoning|0.868
Statistical Thinking [0.829
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The Cronbach’s alpha values are 0.949, 0.868, and 0.829 for Statistical Literacy, Statistical Reasoning, and
Statistical Thinking constructs respectively. This implies that the items in each factor obtained measured the
same construct consistently with high reliability.

CONCLUSION

This paper aimed to empirically validate the reliability of an instrument designed to assess factors
influencing statistical perceived ability among undergraduate students. Factor analysis revealed three
significant constructs underlying statistical perceived ability, namely Statistical Literacy, Statistical
Reasoning, and Statistical Thinking. The reliability analysis indicated that each of the items in each
construct significantly contributed to the overall reliability of the instrument. Consequently, the findings
explicitly demonstrate that the items proposed in this instrument are relevant in this research setting.
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