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ABSTRACT

Reading literacy is the ability to understand, use, evaluate, reflect on, and engage with texts to
achieve one’s goals, develop one’s knowledge and potential, and participate in society. Reading
literacy significantly impacts a country's educational level, making it crucial to further
investigate this issue. Identifying factors that influence students' reading literacy, particularly in
Indonesia, is a key area of exploration. PISA survey data, conducted every three years, is relevant
for researching student proficiency. Each survey period focuses on one of three main topics:
science literacy, mathematics literacy, and reading literacy. The 2018 PISA survey data is
suitable for studying students’ reading literacy, as the main topic that year was reading literacy.
However, PISA survey data includes many strongly correlated independent variables, potentially
violating the multicollinearity assumption. This research aims to investigate Indonesian students'
reading literacy by employing the Smoothly Clipped Absolute Deviation (SCAD) penalty
approach to enhance model estimation and variable selection. The SCAD (Smoothly Clipped
Absolute Deviation) penalty function has proven effective in previous studies on PISA data. The
model using the SCAD penalty function yielded excellent results, indicated by an Adjusted R?
value of 0.967. Based on this model, three main factors influence students' reading literacy in
Indonesia: learning facilities, general knowledge, and students' self-confidence.
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1. INTRODUCTION

A fundamental aspect in the development of the education sector is the issue of students reading
proficiency. Students who have good reading skills are considered more likely to achieve better
academic performance [1], [2]. Moreover, good reading skills can also help to enhance soft skills such
as communication, presentation, leadership, and socialization abilities. Thereby making students more
confident [3]. The concept of literacy has evolved from a simple notion of reading and writing abilities
to the ability to apply various competencies and skills in life, which is crucial in keeping up with
technological and socio-cultural developments in the 21% century [4]. Therefore, the issue of reading
proficiency, commonly referred to as reading literacy, is a crucial point to be addressed.

One of the studies on reading literacy is the World's Most Literate Nations (WMLN) conducted by
Central Connecticut State University. This study ranks countries not based on the reading ability of their
population, but rather on their reading habits and supporting resources. The ranking is derived from five
research indicators, namely libraries, newspapers, educational system inputs, educational system
outputs, and the availability of computers [5].

The results of this reading literacy study showed that Indonesia's literacy level ranks second from the
bottom, or 60" out of a total of 61 countries, indicating that the literacy level in Indonesia is still
relatively low. This ranking, when detailed based on the five research indicators, can be seen in Table
1.

Table 1. Indonesia’s Reading Literacy Ranking Based on WMLN Indicators

Indicators Definition Rank
Libraries To measure the quantity and quality of public libraries 36
available to the community, including book collections, the
availability of libraries per capita, and the level of public
access to libraries

Newspapers To measure the circulation of print and digital newspapers per 55
capita, including the diversity of news media available and
accessed by the public.
Education System — To measure the input of the education system, such as the 54
Input enrollment rates in primary and secondary education, student-

teacher ratios, teacher qualifications, educational facilities,
and education funding
Education System — To measure the outcomes of the education system, such as 45
Output graduation rates, students' reading proficiency based on
international assessments (e.g., PISA), and achievement in
reading literacy.
Computers To measure the level of ownership and access to computers 60
and information technology infrastructure, both in schools
and households.
Final Rank It represents the overall literacy ranking based on a composite 60
of all the above indicators.
Source: https:/www.ccsu.edu/wmln/rank.html

The education system in a country is closely related to its reading literacy level, as evidenced by the
inclusion of two education-related indicators in this study. These indicators are also considered
important in the ranking process. One of the indicators is the output of the education system, measured
by the country's reading assessment scores on international assessments it has participated in, while the
other indicator reflects the input of the education system [5].

A country’s participation in such assessment program is also carried out as an effort to improve and
develop the education system [6]. Both assessments focus on looking at international trends in
comprehension in young students, TIMSS looks at trends in math science comprehension in fourth and
eighth graders, while PIRLS assesses international trends in reading comprehension in students in their
fourth year of primary school which is an important transition point in children’s development as readers

(71, [8].
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In a further effort to develop the education system, Indonesia also collaborates with the Organization
for Economic Co-operation and Development (OECD) on one of its assessments, the Programme for
International Student Assessment (PISA). PISA is organized every three years, with three research focus
topics, where the topics are core subjects in schools, namely reading, mathematics, and science, with
the research target being students aged 15 years [9].

Between 2003 and 2018, Indonesia was able to add almost 1.8 million 15-year-old students to
secondary school education without compromising the quality of education provided. This allowed
Indonesia to increase its coverage of the 15-year-old population from 46% in 2003 to 85% in 2018, it
can be said that PISA 2018 data can be used to describe the reading literacy level of Indonesian students
[10],[11], [12].
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Figure 1. Line Graph of Indonesia’s Mean PISA Reading Literacy Score vs International
Average 2000 — 2018

The average reading literacy score throughout Indonesia’s participation in the PISA assessment, from
2000 to 2018, is shown in Figure 1 The scores tend to stagnate and experience a negative trend in the
last three rounds of PISA, and the scores are also always below the international average. Examining
the average reading literacy score in 2018 is interesting because there was a significant decrease of 26
points when compared to the score in 2015. This result placed Indonesia 72" out of a total of 79
participating countries in the last round of PISA [13].

The items in the questionnaire that relate to reading literacy are mentioned in the questionnaire
compendium, with further explanation discussed in the PISA 2018 questionnaire framework [9].
Identifying the factors that influence student performance on reading literacy is important because the
results from PISA 2018 suggest that more than ten million students represented by PISA were unable to
complete the most basic reading test [14].

A study investigated the factors that have a statistically significant effect on reading literacy scores
in PISA 2018 for students in Turkey, China, and Mexico. The results showed that ‘Economic, social,
and cultural index’, ‘Meta-cognition: assessing credibility’, and ‘Meta-cognition: summarizing’ were
the most influential factors on students’ reading performance in Turkey, China, and Mexico [15].
Several studies have focused on examining the main topic of PISA 2018, namely the issue of reading
literacy [16], [17], [18]. However, most of these studies discuss PISA with a qualitative approach, while
there are still relatively few studies that use a quantitative approach.

Quantitative research needs to be done to obtain useful information from the data to be studied [19].
The use of analytical methods also needs to be adjusted to the objectives of the research to be carried
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out to obtain appropriate results. In the case of this study, the objective is to find out about the factors
that have the most influence on reading literacy scores. This can be done with an analysis in the
quantitative approach, namely linear regression analysis.

Linear regression analysis is an analysis used to see the linear relationship between the independent
variable (X) and the dependent variable (Y). Since there are several variables that will be used as
independent variables, the analysis used is multiple linear analysis [20]. The independent variables are
questionnaire items given to students related to the reading framework, so they are likely to have strong
interrelationships among their variable groups. This causes the commonly used coefficient estimation,
namely the ordinary least square method (OLS) to produce a singular matrix (X Tx ) so OLS cannot be
applied [21]. An alternative solution is to use the penalized regression model with a penalty function to
select the independent variables while estimating the parameters of the regression model that has been
previously formed [22].

There are several penalty functions that are commonly used as variable selection methods in
penalized regression analysis, namely Ridge Regression, LASSO, SCAD, MCP, and Adaptive LASSO.
The suitability of a penalty function for describing PISA data has been explored in a study comparing
four penalty functions used in convex penalized likelihood: Ridge Regression, LASSO, MCP, and
SCAD, applied to 200 independent variables related to the 2015 PISA mathematics scores in Indonesia.
The results showed that the SCAD method produced the simplest and nearly unbiased model [23].

SCAD works by shrinking the parameter until its value approaches or even becomes zero, so that the
minimum variance estimation will be obtained [24]. It is very suitable to be applied to PISA data because
it has quite a lot of research variables. In addition, SCAD has an uncomplicated explanation and is quite
easy to use because it has the same local and global asymptotic properties [25].

SCAD has also been used in several studies, especially as a variable selection method. In one study,
SCAD was applied to select fixed-effect variables in the AFT (Accelerated Failure Time) model with
random-effect, the results obtained stated that SCAD identified important variables better than LASSO
[26]. Recent research combined SCAD with Lavenberg-Marquardt Artificial Neural Network (LM-
ANN) to select variables in the Quantitative Structure-Activity Relationship (QSAR) study. The results
state that SCAD is very efficient to be used as a variable selection method and the combination of the
two methods produces an accurate model [27]. SCAD was used as an approach to select variables in the
hypertension component data in 2009 survey results entitled “Survey on Living with Chronic Diseases
in Canada.” The results state that the sample-based SCAD estimator is consistent in the variable
selection process and parameter estimation [28].

Based on the explanations discussed in the previous paragraphs, to see the factors that affect the
reading literacy scores of Indonesian students in PISA 2018 is to apply penalized regression with the
SCAD penalty function to the PISA 2018 survey data. Applying SCAD to PISA 2018 data will select
the independent variables and produce variables that significantly affect the reading literacy scores of
Indonesian students.

2. METHODS
Material and Data

The data used in this study is secondary data, namely PISA data in 2018 obtained through the PISA
database on the official website of the Organization for Economic Cooperation and Development
(OECD), available on the OECD website: https://www.oecd.org/pisa/data/2018database/. Questionnaire
data for students in Indonesia is used, which has a total of 2,759 observations with a total of 300 variables
used. The variables used in this study are only variables related to reading literacy scores.

This research focuses on reading literacy in PISA 2018, so the reading literacy score will be used as
the dependent variable (Y) and the independent variables (X) used are only variables in the
questionnaire related to the reading framework. A detailed explanation of the questionnaire filled out by
students participating in the PISA 2018 program is written in the PISA 2018 compendia.

Based on the PISA 2018 compendia, it is known that there are five sub-themes in the main
questionnaire given to students, namely EC (Educational Carrer), ICT (Information Communication
Technology), WB (Well-being), FL (Financial Literacy), and ST (Student). From these five sub-themes,
586 variables related to the reading framework were obtained and will be used as indicators that affect
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reading literacy scores. However, for Indonesian students, the EC, ICT, and WB sub-themes were not
applied to the national questionnaire. Only two sub-themes were applied to the main questionnaire for
Indonesian students, but the FL sub-theme was not related to the PISA reading framework. Therefore,
only variables within the ST sub-theme were used with a total of 300 independent variables.

Research Method

This research was conducted with the help of RStudio and Posit application with R version 4.3.2 to
conduct data analysis. The research procedure is represented in Figure 2.
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Figure 2. Flow Chart of Research Procedure

The data analysis procedure based on Figure 2 is as follows:

1. Data preparation, adjusting the variables used to only those related to the reading framework.

2. Importing data, the data that has been prepared is imported into R.

3. Exploring the data, using R to look at descriptive statistics of the variables related to the
demographics of the PISA 2018 data respondents and see their relationship with literacy scores
using frequency tables.

4. Create dummy variables for all categorical variables that have more than two categories, which
results in a total of 1076 independent variables.

5. Conducting multicollinearity test, using poly-correlation and polyserial correlation, to see the
correlation value between independent variables.

Drasgow [29] discusses polychoric and polyserial correlations, as follows:

s—1
Pps
Poe = Gy 2, ¥ =) m

1/2

with 7 is variance of D and ¢(7) = (2m) "/ 2exp(—1?/2) is normal distributed form.
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P(D = dilx) = b(z}) = &(z}),j = 1,8 )
where,
. T: — ,DZ T
T=gmn - 0= f_m¢(f) dt

6. Performing model specification, modeling is done using a linear regression model containing 300
independent variables, or after being converted into dummy variables, there are 1076 dummy
variables on reading literacy scores.

7. Selecting variables, the wvariable selection process is carried out simultaneously with the
determination of the optimum A. This process is based on the Smoothly Clipped Absolute Deviation
(SCAD) function as a variable selection method with the Coordinate Descent (CD) algorithm to
help the parameter estimation process and 10-fold cross-validation for the calculation of the
optimum lambda. In this process, j-iterations will be tried, where j is the number of A to be tried on
the model and in each iteration a different A value will be used.

8. Final model, the final model chosen is the model with the optimum A value. The optimum A value
is obtained based on the minimum CVE (Cross-Validation Error) value.

9. Model feasibility test, after obtaining the model at point (8), it is necessary to check the feasibility
of the model with a goodness-of-fit test, namely with Adjusted R* and RMSE.

10. Model interpretation, by interpreting the final model obtained, it can be seen which variables, or in
this case factors, have a significant effect on the dependent variable (Indonesian students' reading
literacy scores).

3. RESULTS

Descriptive Analysis

Before analyzing the reading literacy scores of Indonesian students (readscore), it is important to
note the characteristics of the PISA data, where the PISA data is the result of a questionnaire.
Questionnaire data is closely related to demographic aspects. Therefore, it is necessary to look more
deeply into the demographics of PISA 2018 respondents in Indonesia. Looking at the demographics of
PISA 2018 respondents in Indonesia based on several variables, such as: Gender, Grade, and Parents’
education.

Table 2. Student Demographics of 2018 PISA Respondents in Indonesia

Grade
Gender Age ~7th g gt Lo 1o 120 Students
Girl 15.848 2 33 464 1001 51 3 1554
Boy 15.847 5 38 418 699 33 12 1205

Based on Table 2, PISA 2018 respondents in Indonesia were dominated by female students at 56%
and 44% for male students. PISA 2018 respondents in Indonesia had an average age of 15.848, which
is in line with global PISA rules that targeted respondents to be 15-year-old students [9].

Students aged 15 years in Indonesia are in various grades, ranging from junior high school grade 7
to senior high school grade 12. However, 61.617% of PISA respondents were grade 10 students. Grade
10 students in Indonesia, if they follow the standards for international education programs issued by
UNESCO, called ISCED (International Standard Classification of Education), are at ISCED level 3 [30].

PISA respondents in Indonesia are at ISCED level 3 or high school level and ISCED 2 or junior high
school level. The division of ISCED levels for PISA respondents is shown in Table 3.
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Table 3. ISCED Level of Students PISA 2018 Respondents

ISCED Level Number of Students Percentage Mean Readscore
3 (high school) 1799 65% 445.538
2 (junior school) 960 35% 401.888

Meanwhile, one of the demographics that needs to be discussed is parental education. On average,
the highest education attained by parents in Indonesia is ISCED level 4 or equivalent to a bachelor’s
degree. In addition, we can also roughly see that the effect of parental education has an influence on
readscore in PISA 2018 [31], [32].

After discussing a little about the readscore compared to the PISA respondents’ parents’ education,
we will discuss more about the readscore. Readscore data is continuous data that has a normal

distribution, which can be seen in the histogram.
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Figure 3. Histogram of PISA 2018 Readscore of Students in Indonesia

Based on the histogram in Figure 3, the PISA readscore data has a normal distribution, because it
has a curve shape that tends to be symmetrical and resembles a bell. This indicates that the mean, median,
and mode values are in the same interval. The interval is readscore 400 — 450 is the interval with the
peak density, which is 0.004.

Before modeling the PISA data, it is necessary to check the independence assumption. This is done
to ensure that there are no variables that have a perfect correlation, so that the resulting model will not
be biased. Checking the independence assumption is done with poly-correlation to see the correlation
between two categorical variables and polyserial correlation to see the correlation between categorical
variables and continuous variables using equations (1) and (2). So that it can be seen whether there is an
association or relationship between the independent variables used. A summary of the test results is

shown in Table 4.

Table 4. Correlation between Independent Variables (X)

X;j  Correlation Value X;;  Correlation Value
X292,3 -0.920 X4139 -0.875
X293,3 -0.952 X4239 -0.886
X297,3 -0.824 X4.174.0 0.959

Xoa 0.886 X42,40 0.912

Xo4 0.876 X42.41 0.904
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X;;  Correlation Value X;j  Correlation Value
X2935 -0.924 X4442 0.800
X297, -0.877 X44.43 0.927
X292,6 -0.854 X249,248 0.901
X296,6 -0.823 X263,262 0.813
X204,8 -0.932 Xo65,264 0.904
X295,8 -0.959 X266,264 0.912
X296, -0.817 Xo66,265 0.909
X2978 -0.848 Xag6.285 0.872
X294,9 -0.980 X287.285 0.847
X295,10 -0.955 X287.286 0.856
X297,10 -0.961 ng()rzgg 0.977
X294,11 -0.822 X291,289 0.977
X296,11 -0.825 X296,292 0.884
X29,16 -0.854 X297 292 0.857
X3736 0.877 X206.203 0.860
X38,36 0.813 X297 203 0.885
X38,37 0.907 X206 294 0.905
X289.38 0.955 X297 294 0.891
X390,38 0.989 X306,205 0.886
X40,39 -0.878 X297 205 0.908

133

The results shown in Table 4 are only variables that have a correlation value above 0.8 which
indicates that there is a strong relationship between the independent variables [33]. When there is a
strong relationship between independent variables, the assumption of independence cannot be fulfilled.
Continuing the analysis with ordinary linear regression is not possible because it will produce a less
accurate prediction model [34].

The process of selecting SCAD penalty variables to see which independent variables affect the
readscore (Y) by overcoming the assumption of mutual independence. In this process, parameter
estimation is performed simultaneously with the determination of the optimum lambda. The calculation
is done using the CD (Coordinate Descent) algorithm method by trying different A (lambda) values in
each iteration.

One of the important things in the SCAD penalty is the optimum value of A or in this case referred
to as the tuning parameter of the model. Obtaining the optimum value uses the cross-validation method,
in this case 10-fold cross-validation is used.

root mean square error
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Figure 4. Cross-validated Error Curve for Lambda Value
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Based on Figure 4, the determination of the optimum lambda is calculated using an iteration process
and is carried out in stages. The optimum lambda value is obtained when it reaches the minimum RMSE
value. In this case, the optimum lambda value or tuning parameter A obtained is 10.147. The model
formed when the lambda value is the best model based on cross-validation error. The SCAD equation
with the lambda (4) obtained and the natural parameter (a) value that has been given of 3.7 can be
written as in the equation below.

( 10.147 | B;] ;0 < |B;| < 10.147

(3.7)(10.147) |8;] — 0.5 (|8 + (10.147)?)
PSCAP(p,) = 4 G7—1 ;10.147 < |B;] < (3.7)(10.147)

10.147%2(3.7%> + 1)
2(3.7-1)

;|8i] > (3.7)(10.147)

Parameter Estimation Results

After determining the optimum lambda value for the model based on the minimum CVE results, we
can see the parameter estimation results in the SCAD equation above for the model with the optimum
lambda value. The results obtained are that there are 27 dummy variables that have a coefficient value
of # 0 or can be said to have an influence on the readscore. The 27 dummy variables are derived from
22 original variables. The description of the 22 variables that significantly affect the model will be
explained further.

trace of coefficients

40

20

-20

-40
|

10 15 20 25

lambda
Figure 5. Trace of coefficient plot with SCAD penalty function

The parameter estimation process is depicted in the form of a plot in Figure 5. Each color line
represents a change in the coefficient value of the variables that affect the model. The change in the
coefficient value is based on the different lambda values that are tried to be applied to the model. There
are only two variables that have significantly different coefficient values, when compared to the
coefficient values of other variables, or can be said to be outliers.

However, overall, all coefficient values show a regular pattern, tend to converge, and do not fluctuate.
Especially when the lambda value is in the range of 10, marked with a dotted line, which means there is
a plateau where the coefficient remains relatively stable. Therefore, it can be said that the performance
of the model, given the SCAD penalty function, is able to carry out an effective optimization process.

Based on the parameter estimation results, the final model for student readscore in Indonesia is
written in the equation below as follows.
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Y = 440.226 — 6.366 Xp51 — 45.929 X591 + 4.034 Xp9, — 4.151 Xsg1 + 1464 X4 5
—3.958 Xo6 5 — 0.366 X043 + 4.953 X107.5 — 0.838 X566 — 9.491 X306
—0.249 X;355 — 2.132 X133, + 3.664 X136, + 2.963 X135, + 6.161 X534
+0.039 X;551 + 7.662 X155, — 1.418 X146 4 — 3.697 X171 — 13.315 X161 4
— 9.478 X191 5 — 0.685 X965 + 4.505 X434 + 8.348 Xp65 1 — 3,201 Xp3 5
—3.530 Xpg0,1 + 3.705 Xpgp 4 + €

Goodness-of-fit Test

After the final model is obtained, it is necessary to test the goodness-of-fit of the model to ascertain
whether the resulting model is the best model. In this study, because there is only one model produced,
the normality assumption and homogeneity assumption will be checked first before conducting a
goodness-of-fit test by looking at the RMSE and Adjusted R? values.

RMSE and R?

The resulting model has met the assumptions of normality and homogeneity, then to test the model
is appropriate or not is done by looking at the RMSE and R? values for the linear model that has been
given the SCAD penalty function displayed in Table 5.

Table 5. Goodness-of-Fit Test Result
Criteria Linear Model-SCAD

R? 0.974
Adjusted R? 0.967
RMSE 61.888

The final model has an R? value of 0.974. This indicates that the model formed can explain 97.388%
of the readscore, and the remaining 2.612% is explained by variables outside the model. This is in line
with the Adjusted R? value of 0.967, which indicates that the resulting model is very good.

4. DISCUSSIONS

There are 27 dummy variables that have an influence on student readscore in Indonesia. When these
variables are returned to their original constituent variables, there are 22 variables that have an influence
on the readscore. The following will describe the variables that have a significant effect on student
reading literacy scores in Indonesia, starting with variables that have a large influence, both positive and
negative.

Grouping the variables for the effectiveness of interpreting the model, the 22 variables that have an
influence on the readscore are grouped into eight group aspects, as follows.

Learning Facilities at Home

In this case, the learning facilities aspect includes the number of computers (desktop, laptop, or
notebook) at home (X,4) and the number of cellphones with internet access at home (X,g). The aspect
of learning facilities at home can influence students’ reading literacy scores in Indonesia, in line with
the findings in [35].

Teacher’s Teaching Strategy

This aspect of the teacher’s teaching strategy refers to the way the teacher teaches in class, especially
during Indonesian language lessons. The variable that relates to this is “At the beginning of the lesson,
the teacher gives a brief summary of the previous learning during Indonesian lessons” (Xs5¢). The
delivery of the previous learning summary can affect students’ reading ability [36].

Reading Habits

The statement that reading books is a waste of time has a negative connotation. Students who agree
with this can be interpreted as that these students are not fond of reading or do not have a high interest
in reading. This is in line with the results obtained in this study, students who have the opinion that
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reading books is a waste of time are considered to have a lower readscore or reading ability of 3.958
units when compared to students who disagrees [37].

Student Learning Strategies

Students who understand and remember reading by reading it aloud to others are considered to have
a lower readscore or reading ability of 0.838 units when compared to students who do not do that.
Reading aloud techniques are indeed one of the methods that are often applied to help students improve
their reading skills [38], [39].

Student Awareness

The next attitude or response is about checking the official website of the cellular phone operator
that made the invitation before replying to the email, or what can be called a background check. Students
who feel it is important to do a background check are considered to have a higher readscore of 2.963
units when compared to students who do not do this. Background check is strongly related to the habit
of reading carefully, which can improve reading ability [40].

Student Self-Confidence

The aspect of student self-confidence, related to the nature of students who are happy if they feel an
increase in ability when completing assignments (X;53). Students who strongly agree with the opinion
that the pleasure they get from doing an assignment is when their ability increases compared to before
are considered to have a higher reading ability or readscore of 6.161 units when compared to disagree
with this opinion. This argument indicates that students like to do assignments and reflect students’
disciplinary attitude, where it can improve students’ reading ability [41], [42].

General Knowledge

Students who had only heard of the topic and could not explain the causes of poverty were assessed
to have a lower readscore of 0.685 when compared to students who could explain the outline of the
topic. This is in line with research which states that students' understanding of a particular topic is based
on their reading ability [43].

Social Empathy

Students who agreed that immigrant children should have the same opportunities for education as
other children in the country were rated as having a higher readscore of 4.505 compared to students
who disagreed with the statement. The statement leads to the empathetic nature of students, so it can be
said that students who have high empathy values are also considered to have higher reading skills [44].

5. CONCLUSION

Estimating parameters with the SCAD penalty function, resulting in 22 variables that significantly
affect students’ reading literacy in Indonesia. These variables are grouped into eight groups of variables,
namely: Home learning facilities, Teacher teaching strategies, Reading habits, Student learning
strategies, Student awareness, Student confidence, Student general knowledge, and Student social
empathy. The aspect of learning facilities at home is the most influential aspect on students’ reading
literacy in Indonesia. This is followed by students’ general knowledge on topics such as: climate change;
global warming; immigrants; and causes of poverty, which are considered to have positive

The use of SCAD penalty function is also considered very good in modeling PISA data, especially
on PISA 2018 data. This is in line with the result of Adjusted R? obtained 0.967 for the model formed,
these results indicate that the model formed is very good. Therefore, it can be said that the SCAD penalty
function is suitable for modelling PISA data.

PISA survey data will also remain interesting data to be studied in every period, because each period
has a topic with a different research focal point. For example, in 2015 the focus was on math literacy,
while in 2018 it shifted to reading literacy. The latest PISA 2022 is also very interesting to study because
it discusses the effect of the pandemic on changes in student learning performance. In addition, it is quite
interesting to look more deeply at PISA data, especially financial literacy which is also studied in 15-
year-old students and aspects of global competencies which in each period examine various things or
topics about students’ cognitive abilities.
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The use of different analysis methods can also be tried to be applied to PISA data. Using analytical
methods that can overcome multicollinearity problems, such as applying other penalty function groups
like LASSO, adaptive LASSO, and Minimax Concave Penalty (MCP).
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