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Abstract— The theory of information processing examines how individuals process information
in their minds, which is essential for students in solving problems, including PISA tasks. This
study explores students’ mathematical performance in solving PISA tasks through the lens of
information processing theory. A qualitative approach was employed, involving three research
subjects with varying levels of mathematical literacy: level 2 (low), level 3 (medium), and level 5
(high). Data were collected through task analysis and semi-structured interviews. The analysis
involved data reduction, presentation, and conclusion drawing. The study adopted the Atkinson-
Shiffrin information processing model, which comprises sensory register, working (short-term)
memory, and long-term memory. Cognitive processes analyzed included attention, perception,
rehearsal, retrieval, and coding. The findings revealed that cognitive processes occurred at all
students, but their effectiveness varied by task complexity. Level 2 students exhibited cognitive
processes primarily in problems characterized by the use of basic arithmetic calculations. The
cognitive difficulties encountered by these students occurred during the attention phase, where
they struggled to comprehend problems involving models, resulting in errors during the encoding
process. Level 3 students demonstrated cognitive processing in problems characterized by the use
of explicit models. Cognitive challenges included issues in the attention phase, as students had
difficulty understanding problems with complex characteristics, disruptions in the perception
phase, where they experienced cognitive lapses in concept application, and obstacles in the
encoding process. Level 5 students engaged in cognitive processing for problems of higher
complexity, but faced challenges with tasks requiring mathematical model development and
implicit concept integration. These findings indicate the necessity for collaborative learning in
classrooms to accommodate diverse cognitive abilities, bridging differences, fostering interaction,
and encouraging peer support, leading effectively foster and improve students' problem-solving
abilities.

Index Terms— Cognitive processes, mathematical performance, literacy skill level, PISA
questions, information processing theory.

I. INTRODUCTION

Mathematical literacy is considered an essential ability for persons in the 21st century. The Sustainable
Development Goals (SDGs) established by the United Nations endorse the objective of attaining well-being by
2030 [1]. Quality education constitutes a fundamental objective of sustainable development [2]. The United
Nations assesses excellent education using factors including the attainment of functional literacy and numeracy
[3]. The Programme for International Student Assessment (PISA) further underlines that mathematics literacy is
a crucial metric of a nation's educational achievement [4].

Mathematics education in Indonesia encounters numerous learning obstacles. Results from the PISA
assessments administered by the Organisation for Economic Co-operation and Development (OECD) from 2000
to 2022 indicate that Indonesian pupils regularly exhibit inadequate performance in mathematical literacy. In
2022, Indonesia achieved a score of 366, which is below the global average of 472 [4]. The PISA results show
the necessity of enhancing students' mathematics literacy, including the cognitive processes [4].

Problem-solving cognition provides an aspect of mathematical ability evaluated in PISA [4]. Thinking is the
cognitive process of leveraging the mind to create judgments informed by facts and experience [5].
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Investigations into human memory [6], [7], [8] assist researchers in comprehending the mechanisms of
information retention and loss. Students do not simply listen, write, or complete assignments during learning;
they engage in cognitive processes within the brain, rendering learning a mental activity [9]. The cognitive
process in mathematics education emphasizes discovering answers rather than only memorizing processes,
investigating patterns instead of solely recalling formulas, and developing hypotheses rather than simply doing
tasks [10].

The learning of mathematics has transitioned from an emphasis on theoretical understanding to a focus on
practical application. This transition is underpinned by the belief that students can proficiently acquire
mathematics by actively constructing their own mathematical comprehension. This comprehension necessitates
that students examine, represent, transform, solve, apply, prove, and communicate concepts proficiently [11].
The abilities to formulate, apply, and understand are fundamental components of mathematical literacy [12].
Mathematical literacy encompasses not only memorization but also the application of knowledge in practical
situations [13].

The correlation between cognitive processes and mathematical literacy can be observed through the information
processing conducted by students. Information processing theory is a cognitive learning framework that
elucidates the mechanisms of knowledge processing, storage, and retrieval inside the mind [14]. Information
processing theory analyzes the cognitive mechanisms individuals employ to interpret information within the
brain. The information processing theory has two main components, namely a component of information storage
and cognitive processes [14]. The components of information storage consist of: 1) sensory register, the initial
element of the memory system that acquires information from the senses; 2) short-term (working) memory
(STM), where a limited amount of information is processed and loaded for a few seconds; 3) long-term memory
(LTM), the memory component where information is preserved for prolonged durations [14], [15]. Slavin [14]
defines cognitive processes in information processing as follows: 1) attention, the concentrating of the active
mind on certain information by eliminating other information; 2) perception, interpreting the received
information; 3) rehearsal, mentally reiterating information to improve recall; 4) retrieval, accessing information
retained in long-term memory; 5) coding, archiving information obtained from long-term memory. This study
employs the Atkinson-Shiffrin information processing model [15]. Figure 1 illustrates this type of information
processing.

Long-term
memory

External stimulus Sensory register Initial processing Rehears_al Retrieval
and coding
Working or
Forgotten short-term
memory
Forgotten Repetition

Figure 1. Information Processing Model

Numerous research have associated information processing theory with mathematical proficiency. Investigations
on mathematical aptitude and information processing have primarily focused on the elementary school level
[16], [17], [18], [19], with comparatively less research at the junior high school level [20], [21]. A study by
Wang and Carr [22] examines the correlation between spatial aptitude and mathematical performance through
the lens of information processing theory. Further study investigated information processing theory in the
context of vector [23] and proportion learning [24]. Currently, few research investigates mathematical literacy in
addressing PISA tasks from the perspective of information processing.

The capacity for information processing is essential for pupils in addressing challenges, particularly PISA
inquiries. The mathematical literacy performance of students is evidenced by their capacity to solve PISA
problems. This study attempts to examine students' mathematical literacy performance in addressing PISA tasks
through the lens of information processing theory.

Il. METHODOLOGY

(a). Research Design

This study employs a qualitative method, adopting a case study design. A case study aims to create a
comprehensive description by thorough analysis of a particular situation [25]. This study examines students'
mathematical literacy proficiency in addressing PISA problems.
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(b). Research Subjects

The research covers 57 pupils in the ninth grade. The selection of ninth-grade pupils is predicated on criteria for
assessing mathematical literacy, notably focusing on individuals under the age of 15 [4]. The students were
categorized based on their mathematical proficiency, as determined by a summative assessment. Mathematical
proficiency was classified into three levels: low, medium, and high.

Data collected by administering PISA problems, encompassing mathematical literacy questions from level 1c to
level 6, to the intended research participants. The procedure of solving these PISA questions was directly
observed. The students were classified based on their ability in mathematical literacy. Individuals with
outstanding ability in each category of mathematical aptitude were chosen as possible subjects. The subsequent
decision was predicated on the students communication abilities and endorsements from their maths teachers.
Three students were selected as research subjects, reflecting mathematical literacy level 2, level 3, and level 5.
Subsequently, the participants were subjected to comprehensive interviews concerning their problem-solving
process in relation to the PISA questions. The research participants can be seen in Table 1.

Table 1. Research Subjects

Subject | Mathematics Ability Level | Mathematical Literacy Skill Level
MIR Low Level 2
ADE Medium Level 3
AMR High Level 5

(c). Research Instruments

This study used instruments that include PISA questions, ranging levels 1c to 6, to evaluate mathematical
literacy proficiency, and an interview guide. The PISA questions are utilized to assess mathematical literacy
while considering the cognitive processes that occur as students process information. The interview guide is
another tool employed to gather comprehensive insights into the reasoning behind the problem-solving
procedures undertaken. A description of the types of PISA questions is presented in Table 2.

Table 2. Types of PISA Questions

Level | Description

6 Solving abstract problems, deep understanding of mathematical concepts, and evaluating the
suitability of the solutions in relation to the initial situation.

5 Creating and using models in complex situations, applying challenging problem-solving strategies,
combining implicit mathematical knowledge, and relating solutions to real-world situations.

4 Using explicit models for complex concrete situations, employing computational thinking,
constructing and presenting arguments based on reasoning.

3 Designing strategies involving step-by-step decision-making, beginning to use computational
thinking skills, using multiple calculations and information from various sources.

2 Extracting relevant information from sources, designing simple strategies, applying basic
understanding, and making direct interpretations from results.

la Questions with readily available and clear information, using basic understanding, and performing
simple routine procedures as instructed.

1b Questions where required information is clearly presented, recognizing irrelevant information and
disregarding it.

1c Questions where all relevant information is clearly presented, using short and easy-to-understand
texts.

(d). Data Analysis

The data analysis process in this study involves data reduction, data presentation, and conclusion drawing [26].
Data reduction includes the processes of selecting, summarizing, explaining, and transforming the data collected
and recorded in written form, including transcripts and student solution documents. The collected data is
described in the form of explanations and accompanied by illustrations. Subsequently, conclusions are drawn
from the gathered data and verified against the formulated conclusions.

Information processing commences upon the entry of data through the senses. Information that lacks full
attention will be eliminated from memory, while information that is focused on is transferred to another
component, namely long-term memory. Information that is consistently processed will be stored in long-term
memory. Indicators of the thinking process are presented in Table 3.

Table 3. Indicators of the Thinking Process Based on Information Processing Theory

Thinking Process Description Indicator

Component

Attention Focusing on reading the question| Selecting relevant information in the question:
carefully and thoroughly regarding| e The student writes or states what is known
the information obtained. and what is being asked in the question.
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Thinking Process Description Indicator
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Perception The student's interpretation of the| Choosing a problem-solving strategy:
received information in the form of a| e The student writes or expresses a problem-
problem-solving plan. solving strategy using formulas.
Retrieval The process of recalling information| Recalling previous information:
from long-term memory (LTM) that| ¢ The student recalls formulas from concepts
is needed in short-term memory| previously learned.
(STM) to process information.
Rehearsal The process of repeating information| Repetition:
over time, leading to its retention in| ¢ The student repeats previously given
memory. information and re-applies concepts that were
previously used in STM.
Coding The process of storing new| Drawing conclusions:
information in long-term memory. | e The student explains each completed step and
summarizes the solution process.

I1l. RESULTS

Based on the students' problem-solving results, it was found that the students received information in the form
of PISA questions and processed that information. The data, including work results and interview responses,
were used to explore the students’ mathematical literacy performance in solving PISA questions. The analysis
revealed that the students' problem-solving abilities were classified into three different levels: literacy level 2,
level 3, and level 5.

(a). Description of Mathematical Literacy Performance of Level 2 Student

MIR begins the process of storing information after reading and reviewing the question within the sensory
register. During the attention process, MIR understands that the truck used for delivery measures 4 meters in
length, 2 meters in width, and 2 meters in height, while the medium-sized boxes have dimensions of 0.5 meters
in length, 0.5 meters in width, and 0.5 meters in height. The inquiry concerns the truck's capacity to
accommodate medium-sized cargo. MIR analyzes the problem-solving technique through a backward approach
in the perception process. MIR explains that result of multiplying the size of the box by a number obtained the
size of the truck. For example, the product of the box's length and a certain number is equivalent to the truck's
length. During the retrieval process, MIR extracts information from LTM to STM concerning numerical
operations, as evidenced by the identification of the multiplier for the box size that corresponds to the truck's
dimensions. However, MIR experiences forgotten loss, where in information previously retained in LTM
concerning the concept of the volume of three-dimensional shapes is lost. This arises from inadequate access to
obtain the notion when required. Despite the information remaining in memory, it is inaccessible due to
infrequent utilization. In contrast, the concept of numerical operations is effectively retained in LTM, enabling
effortless recall of that information. MIR illustrates the problem-solving processes in the coding process,
asserting that the formula for multiplying the box size by a factor produces the truck's dimensions. The quantity
of boxes is calculated by multiplying the figures obtained during the retrieval operation. MIR determines that
the outcome is 128 medium-sized boxes that can be accommodated in the truck. The mathematical literacy
performance of MIR is illustrated in Figure 2.

Given: Size of truck A
6. Diketahuvi= Length = 4 m, width =2 m, height =2 m
vkt truk(4) | Ukoran kotak (sedang) | Size of medium boxes Attention
Panjang= 4 m Panjang =0,5 M Length = 0,5 m, width =0,5m, height =0,5m
Lebar = 2Z M [Lébar =05 M Asked: How many medium boxes can truck A
Tingqi = 2 M +n3, -0.5m carry?
Ditanya = B«anu ketak Sedatl yg dapat dimva £ Hik A
awab = = .
Length of box x ... = Length of truck
« Panjang 4rok :
po " iy L’o"’s = S Width of box x ... = Width of truck —>
Ma‘ll‘a 3 Panjafing_kotak tale X ... = pa,yqn'g“"\ﬁ,k Height of box x ... = Height of truck
= 05x8=Um —
« Lehar fre=2m Length of truck = 4 m, Length of box =0.5 m
Lebar Wotak= 0.5m i 05x8=4m
| | Maka Lebar kotak X. Guk Width of truck = 2 m, Width of box = 0.5 m
M 2m 05x4=2m retrieval
* T ko= ZM Height of truck = 2 m, Height of box = 0.5 m
g kdtak =0.5 M S 05x4=2m ]
tingqi kotak X.oo = t‘“ﬂﬂ' trvk i
8T 'lo’sJLl"’ Thus, 128 boxes are needed to fill 4 rows in
-k "ﬂfL‘zf the truck, with each row containing 32 boxes.
| Jadi‘ ea Butuhy PBkeotake_unt Mengisi Y baris as¥ah The medium boxes that can fill truck A are Codina
_%M_M%l_lﬂt\!- _diisi 32 kotak . 128 boxes.
[otar g dapat " MENqQIST tcve 4 adatah [128] 4 wah

Figure 2. MIR’s mathematical literacy performance on level 2
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The process of mathematical literacy thinking by MIR in solving the level 2 PISA problem is supported by
interview data. The interview results with MIR are presented as follows:

Researcher : Do you understand the question in the problem you read?

MIR . Yes, | do.

Researcher : Based on the question, what do you understand?

MIR : The dimensions of truck A are given: length = 4 meters, width = 2 meters, height = 2 meters. The
medium-sized box dimensions are: length = 0.5 meters, width = 0.5 meters, height = 0.5 meters.

Researcher : What is the question asking about?

MIR : The number of medium-sized boxes that can fit in truck A.

Researcher : What is your plan for solving this problem?

MIR . I will calculate the number of boxes in arrangement. The length of the box multiplied by a certain
number equals the length of the truck’s floor. The width of the box multiplied by a certain number
equals the width of the truck’s floor. The height of the box multiplied by a certain number equals
the height of the truck.

Researcher : What is the next step you take after that?

MIR . | calculate the number of boxes in the truck. There are 32 boxes in one layer, and the height of the
truck can fit 4 boxes. The total number of boxes that can fill the truck is 128.

Researcher : What conclusion did you draw from the steps you took to reach the result?

MIR : The number of medium-sized boxes that can fill truck A is 128 boxes.

MIR successfully resolved the level 2 challenge, which entails basic arithmetic calculations. However, MIR
encountered challenges in addressing a level 3 literacy issue. MIR was incapable of resolving the issue that
necessitated the application of explicit models. The cognitive process of MIR is illustrated in Figure 3.

§ Dketahv, =
Jarak ratal dar; matahari dim av =

Merkorig = 039 (Jupi ber 2 3 L?(y Given: Average distance from the sun in au.
Venus = 0.72 Saturhos =95 Mercury = 0.39, Venus = 0.72, Earth = 1.00,
Bomi = .00 Watws = 19.70 Mars = 1.52, Jupiter = 5.20, Saturn = 9.58,
mars = 1 52 Neptnys =3D.05 1 Uranus = 19.20, Neptune = 30.05

I. QU krat = t km 1 au is approximately 15 million km

Asked: Determine the average distance of

Ditanya = ’ﬁnka“" afak latgX 3 net =
9 S ‘fa three planets.

.:"," 438 au ‘,_' S dblgy, ¢
,ﬁJ—,r___ 7
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3 (Uranus)
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"Makaz © ~3.58= 9.62 s ‘(qum' ) 9.58 — 5.20 = 4.38 au (correct)
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Figure 3. MIR’s mathematical literacy performance on level 3

The thinking process of MIR in solving the level 3 problem is supported by the following interview:

Researcher : Based on the question, what do you understand?

MIR : The average distance of planets from the Sun is in AU. 1 AU is approximately equal to 15 million
kilometers.

Researcher : What is the question asking?

MIR . Determine the average distance of three planets.

Researcher : What is your plan for solving this problem?

MIR . First, 1 will identify planets 1 and 2, which are 4.38 AU apart. Then, | will find the distance
between planet 2 and planet 3, which is 9.62 AU.

Researcher : How did you determine planets 1, 2, and 3?

MIR . | just chose planet 1 (Saturn), planet 2 (Jupiter), and planet 3 (Uranus).

Researcher : Why did you choose these three planets?

MIR . The distance between Saturn and Jupiter is 9.58 AU minus 5.20 AU, which equals 4.38 AU, so it
fits. Then, the distance between Jupiter and Uranus is 19.20 AU minus 9.58 AU, which equals
9.62 AU, so it fits.

Researcher : Based on the results you have obtained, what conclusion did you draw?

MIR . The order of the three planets is Saturn, Jupiter, and Uranus.

Researcher : Is it acceptable to swap the planets?

MIR : No, it is not.
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The data from the level 3 challenge was acquired by MIR and recorded in the sensory register. During the
attention process, MIR retrieved familiar information, including the average distance of planets from the Sun in
astronomical units (AU) and the conversion of 1 AU to 15 million kilometres. MIR reaffirmed the inquiry
concerning the distance among the three planets. In the perception process, MIR interpreted the problem-solving
strategy by identifying the planets that corresponded to the specified distances. MIR established the sequence of
the planets as Saturn (planet 1), Jupiter (planet 2), and Uranus (planet 3). During the retrieval process, MIR
transferred information about the notion of subtraction from LTM to STM. The subtraction operation of 9.58
minus 5.20 resulted in 4.38, which matched the distance between planets 1 and 2. MIR employed the same
procedure to verify the distance between planets 2 and 3, calculating 19.20 minus 9.58, which equated to 9.62,
consistent with the distance between the two planets. The coding procedure, MIR highlighted the actions
undertaken, indicating that the planets were initially arranged and subsequently verified in accordance with the
model. MIR determined that the sequence of the planets from left to right was Saturn, Jupiter, and Uranus.
However, an error occurred in the conclusion of the answer. This error resulted from MIR's incomplete
comprehension of the query, leading to an erroneous solution. MIR concentrated on the distances between the
planets that aligned with the problem but failed to accurately account for the correct sequence of the planets.
MIR experienced a challenge during the attention phase due to difficulty in comprehending the situation, which
involved using of an explicit model, resulting in an error during the coding process.

(b). Description of Mathematical Literacy Performance of Level 3 Student

In the sensory register, ADE observed and processed the material alongside the question from the level 3
literacy problems. Throughout the attention process, ADE comprehended the provided information, which
encompassed the planets' distances from the Sun in astronomical units (AU), the conversion of AU to million
kilometres, and the model illustrating the distances among three planets. ADE identified the inquiry as
requesting the sequence of the three planets. During the perception process, ADE delineated the approach for
establishing the sequence of the three planets by directly selecting those that closely correspond to the distances
depicted in the model. ADE interpreted the planetary arrangement from left to right as Jupiter, Saturn, and
Uranus. During the retrieval process, ADE extracted information from LTM to STM by calculating the distances
between the planets using subtraction. ADE calculated the distance between Jupiter and Saturn, subtracting the
distance of Saturn from Jupiter, resulting in 4.38 AU, which was correct. ADE subsequently estimated the
distance differential between Uranus and Saturn, obtaining 9.62 AU, which was also correct. The coding
procedure, ADE catalogued the planetary sequence by initially selecting the planets and subsequently validating
the distance for each one. ADE determined that the accurate sequence of the planets, according to the model,
was Jupiter, Saturn, and Uranus. The cognitive process of ADE in addressing the level 3 challenge is depicted in

Figure 4. )
Planet 1 <> Planet 2 <-> Planet 3 K

i 4.38au 9.62 au '—>

] ‘;])lljgr!nteetr planet > Saturn planet > Uranus

: 5.20 € 9.58 €->19.20
s Ploner Jugser 2> Qe Sacueaus = Planay  uranus 1 438 9.62 ——|  Retrieval
+ §.20 fomer 5 58 T) (9.20

428

& ok0q  vemuagankon  otoumsdel soma odelah Thus, the possible sequence of planets that
S % ; ator .\“\?r don ucoaur i . 1 corresponds to the model is Jupiter, Saturn,
Panee_qugiter, 59 iz and Uranus.

Figure 4. ADE’s mathematical literacy performance on level 3

The cognitive process of ADE is demonstrated in the following interview results:
Researcher : Based on the question, what is it related to?

ADE : The order of three planets.
Researcher : What do you understand from the question?
ADE : The distance of the planets from the Sun in AU. One AU is approximately 150 million kilometres.

The planet model shows the average distance between the three planets.
Researcher : What is the question asking?

ADE . Determine the three planets in the correct order.
Researcher : What is your plan for solving this problem?
ADE . First, 1 will find the planets with a distance difference of 4.38 AU, which are Jupiter and Saturn.

Subtracting the distance of Saturn from Jupiter gives 4.38 AU. Then, | will find the planets with a
distance difference of 9.62 AU, which are Saturn and Uranus.
Researcher : Based on the steps you took to reach the result, what conclusion did you draw?

ADE . Therefore, the order of the planets according to the model is Jupiter, Saturn, and Uranus.

Researcher : Is it acceptable to swap the planets? Explain your reasoning.

ADE : No, because the distance difference between the two planets would be inconsistent with the
problem.
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However, ADE encountered challenges in solving the level 5 literacy problem. The cognitive process employed
by ADE to address the level 5 problem is illustrated in Figure 5.

Wok natle> 3lem 2\ =€ yom J B Elevation distance = 9 km

.)J‘Q:h waik > glw - = o 1 Speed=1,5km/jam
V-ua{)d"ﬁw =\'s l‘M/J"\"‘f g . 0 . . . .

ST TR Lo —
oraka waltu 4ocan — G e (3 lepfjow -

<9 M Ascent time = 9 km/3 km = 6 hours

ot wakku  nade do = PE— Descent time = 2 x 1,5 km/h = 3 hours
e i il 2 wmd, 6 Jom 2° Thus, descent time = 9 km/3 km/h = 3 hours

73 )wm ] Total ascent and descent time PRetrieval
N - - 20.00 —33‘"\" ) = 6 hours + 3 hours = 9 hours etrieva
. e =20.00 - 09.00

= \loo =11.00
S S SN

Figure 5. ADE’s mathematical literacy performance on level 5

The cognitive process of ADE in addressing the level 5 challenge is supported by the following interview

findings:
Researcher : Based on the question, what information is provided in the problem?
ADE . The distance to climb the mountain is 9 km, the average speed is 1.5 km/h, and the descent speed

is twice as fast as the ascent speed.
Researcher : What is the question asking?
ADE : What is the latest time Toshi can start climbing so that he can return by 8:00 PM?
Researcher : What is your plan for solving this problem?
ADE . 1 will determine the ascent time, descent time, and total time for both ascent and descent.
Researcher : How did you determine the ascent and descent times?
ADE . The descent time is 9 km divided by 3 km/h, which equals 6 hours. The ascent time is 2 times 1.5
km/h, which equals 3 hours, so the descent time is 9 km divided by 3 km/h, which equals 3 hours.
Researcher : Further, what formula did you use to calculate the ascent time?

ADE : 1 don’t know, | forgot the formula.
Researcher : There are two calculations for the descent time. Why are there two different calculations?
ADE : The problem states that the descent speed is twice as fast as the ascent, so | calculated it as 2 times

1.5 km/h, which equals 3 hours. Then | calculated the descent time as 9 km divided by 3 km/h,
which equals 3 hours.
Researcher : Based on the results you obtained, what conclusion did you draw?

ADE . I concluded that the climb should start at 11:00 AM.
Researcher : Are you confident that your answer is correct?
ADE : I 'am not sure, no.

During the attention process, ADE perceived the elevation distance as 9 km and the ascending velocity as 1.5
km/h. Nevertheless, ADE did not entirely comprehend the material in the inquiry, as not all relevant information
were provided. The perception process, ADE revealed the strategy of problem-solving by determining the ascent
time, descent time, and overall time for climbing. ADE experienced confusion in the perception process, which
was marked by a disruption in thinking; the problem should have been solved using the concept of speed, yet
ADE resorted to a numerical operation that occurred to them. This indicates that ADE has forgotten lost the
concept of speed. The retrieval process, ADE obtained information and calculated the ascent time as 6 hours,
although the calculation was erroneous. The identical error occurred in calculating the descent duration, as ADE
employed two different calculations. During the coding process, ADE failed to exhibit the retention of new
information in LTM. ADE documented the end result as 11:00 AM but conveyed ambiguity on the answer,
indicating a deficiency in comprehension of the problem. ADE encountered challenges in the attention process
due to the complexity of the situation, resulting in a disturbance in cognitive processing during perception in the
form of forgotten lost on the concept of speed. Furthermore, the problem-solving approach lacked a coding
procedure.

(c). Description of Mathematical Literacy Performance of Level 5 Student

Information processing commences at the sensory register, where AMR observes and interprets the presented
question. In the attention process, AMR comprehends the issue, which encompasses a climbing distance of 18
km, an average ascent velocity of 1.5 km/h, and an average descent velocity of 3 km/h. AMR presents the
inquiry on the latest time Toshi may begin climbing to ensure a return by 8:00 PM. In the perception process,
AMR formulates a strategy for solving the problem based on the speed formula. The ascension duration is
determined by dividing the climbing distance by the ascent speed. During the retrieval process, AMR extracts
information from LTM to STM, utilizing the speed formula and numerical computations. The ascension
duration is determined by dividing the elevation distance of 9 km by the ascending velocity of 1.5 km/h,
yielding a total of 6 hours. AMR employs the identical methodology to compute the descent duration, resulting
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in 3 hours. AMR calculates the overall climbing duration by summing the ascent and descending times: 6 hours
plus 3 hours, resulting in 9 hours. AMR calculates the commencement time for the ascent by deducting 9 hours
from 8:00 PM, yielding 11:00 AM. During the coding process, AMR successively records the procedures for
ascertaining the ascent's commencement time and finalizes the problem-solving procedure. The cognitive
process employed by AMR to address the level 5 challenge is illustrated in Figure 6.
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Figure 6. AMR’s mathematical literacy performance on level 5

The cognitive process of AMR in addressing the level 5 issue can be discerned from the subsequent interview

findings:

Researcher : Based on the question, what do you understand?

AMR . The climbing distance of 9 km multiplied by 2 equals 18 km. The average ascent speed is 1.5
km/h. The average descent speed is twice the ascent speed, which is 3 km/h.

Researcher : What is the question asking?

AMR : What is the latest time Toshi can start climbing in order to return by 8:00 PM?
Researcher : What is your plan for solving this problem?
AMR . I will calculate the ascent and descent times using the formula distance divided by speed to find

the ascent time. | will calculate the descent time in the same way, dividing the distance by the
descent speed.
Researcher : What is the next step you take after that?
AMR . 1 will calculate the total climbing time by adding the ascent and descent times. After obtaining the
climbing time, I will calculate the start time by subtracting the total climbing time from 8:00 PM.
Researcher : Based on the results you have obtained, what conclusion did you draw?
AMR : Therefore, Toshi can start climbing at 11:00 AM to return by 8:00 PM.
AMR's memory effectively stores the knowledge required to process the information. AMR accurately
implements concepts and calculations. This is due to AMR's capacity to retrieve the necessary concepts for
problem-solving, which are effectively maintained in LTM, resulting in a precise answer. AMR exhibits
cognitive processes when addressing a challenge with increased complexity.
AMR faced challenges in addressing level 6 literacy issues. During the attention process, AMR identified the
problem'’s inquiry regarding the year when DVD sales first declined below 1 million units, with the information
indicating that DVD sales totaled 254 million units. During the perception process, AMR analyzed the problem-
solving method by employing the equation d = 254 — 22n provided in the problem. During the retrieval
process, AMR shifted information from LTM to STM utilizing the established equation. AMR recorded d =
254 (2008) and inferred that in the 22nd year following 2008, DVD sales will total —1 million. This result was
obtained by substituting the value of n into the equation. During the coding procedure, AMR highlighted the
processes undertaken, namely employing the equation and directly replacing the number n = 22. AMR
determined that DVD sales initially fell below 1 million in 2030. However, an error transpired in reaching the
conclusion. This error occurred because to AMR's difficulties in comprehending the problem’s input, resulting in
an erroneous solution and inaccurate application of the given equation model. AMR encountered difficulties in
attention, retrieval, and coding processes, particularly in comprehending the problem's attributes, which entailed
the formulation of a mathematical model. The cognitive process employed by AMR in addressing the level 6
challenge is illustrate in Figure 7.
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Figure 7. AMR’s mathematical literacy performance on level 6

The cognitive process of AMR in addressing the level 6 challenge is supported by the following interview
findings:
Researcher : Based on the question, what do you understand?

AMR . The total number of DVDs sold is 254 million, and the equation of the line is d = 254 — 22n

Researcher : What is being asked in the problem?

AMR . In which year did DVD sales first fall below 1 million?

Researcher : What is your plan to solve this problem?

AMR . I will use the equation of the line, d = 254 — 22n.

Researcher : Then, what is the next step you take?

AMR . 1 chose n = 22, and the result is that DVD sales would be negative 1 million. 2008 plus 22 equals
2030.

Researcher : Based on the results obtained, what conclusion can you draw?

AMR . Therefore, DVD sales first dropped below 1 million in 2030.

The analysis indicates that AMR had challenges in the attention process, particularly in comprehending the
problem's attributes related to the formulation of a mathematical model and the incorporation of implicitly
conveyed mathematical notions. Moreover, AMR encountered obstacles throughout the retrieval process,
resulting in complications in the coding process when addressing the issue.

IV. DISCUSSION

The analysis of problem-solving in students with a mathematical literacy level 2 begins with the presentation of
a PISA question. MIR, reads the information and stores it in the sensory register. Slavin [14] asserts that the
sensory register operates to acquire information from the senses and retain it for a very brief period. The
information ultimately moves into the attention process. Attention involves selecting relevant and irrelevant
information for further processing [27]. In the level 2 question, MIR understands the established data concerning
the dimensions of the truck utilized for transportation and the measurements of the medium-sized box. MIR
determines that the question refers to the number of medium-sized boxes that can be accommaodated in the truck.
MIR outlines the problem-solving method employed in the perception process. The implementation of
techniques is essential in mathematical problem-solving [28]. MIR employs a backward-working strategy,
wherein the multiplication of the box size by a specific factor determines the truck's dimensions. Turkmen Dural
& Dede [28] indicate that backward-working tactics are among the least frequently employed. During the
retrieval process, information is extracted from LTM and STM [27]. During the retrieval process, MIR
experiences forgotten loss with the concept of rectangular prism volume. Forgotten lost implies a failure of
memory resulting from associative disruption and the absence of retrieval cues related to the target memory
[29]. MIR employs multiplication ideas that are effectively retained in LTM, facilitating successful retrieval of
this information. MIR demonstrates each stage in the coding process and concludes the solution. MIR displays
cognitive thinking in addressing the PISA problem through basic arithmetic calculations.

MIR faced challenges while addressing the level 3 mathematics literacy problem. The research reveals that,
during the coding process, MIR derived a conclusion from the outlined stages [27]. The conclusion regarding
the planetary order Saturn, Jupiter, and Uranus was erroneous, despite the employed approach being accurate.
This error resulted from MIR's misinterpretation of the inquiry, leading to complications in the attention process.
MIR concentrated on the selection of planets but did not accurately arrange them. The cognitive difficulty in
addressing the level 3 literacy issue arose during the attention phase, where comprehension of the problem was
hindered, which required an explicit model. This problem resulted in errors during the coding process.

In addressing the level 3 literacy issue, ADE comprehended the question and preserved it in the sensory register.
The attention process, ADE determined the distances of the planets from the Sun, the conversion of 1 AU to
million kilometers and the planetary model, alongside the inquiry regarding the sequence of the three planets.
During the perception process, ADE constructed a mechanism for determining the accurate sequence of the
planets. ADE assessed the distances between planets 1 and 2, and planets 2 and 3, utilizing the principle of
subtraction during the retrieval process. During the coding procedure, ADE recorded the data for identifying the
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planets by initially selecting them and subsequently verifying the distances for each. ADE determined that the
planetary sequence according to the model was Jupiter, Saturn, and Uranus. Cognitive processes were evident in
ADE's solution to a problem involving the use of an explicit model.

ADE found difficulties in addressing the level 5 literacy issue. The level 5 PISA problem posed a more complex
challenge. During the attention process, ADE comprehended the 9 km distance to ascent and the elevation rate
of 1.5 km/h, but other details were not entirely comprehended. In the perception process, ADE articulated a
problem-solving strategy but became confused, experiencing a disruption in thinking. The cognitive disruption
arose because the issue, which ought to have been resolved through the principle of speed, was instead tackled
with an idea that emerged spontaneously. ADE's misunderstanding of the appropriate concept and the forgotten
lost of the speed concept considerably impeded problem-solving. Cheng [30] asserts that forgetting or
inadequate retention of learnt material can hinder pupils' problem-solving capabilities. During the retrieval
process, ADE obtained information and concluded that the ascension necessitated 6 hours. However, the
calculations were erroneous. The identical error transpired in the computation of descent time, as ADE
employed two distinct methodologies for the calculation. Nur et al. [24] argue that errors in students' work arise
from structural similarities between two problems. Lu et al. [29] state that memory storage disruptions exist
when tasks have characteristics within the same domain. During the coding process, ADE failed to exhibit the
retention of new information in LTM. The conclusive outcome, 11:00 AM, was achieved. However, ADE
expressed uncertainty on the answer due to inadequate comprehension of the problem. ADE encountered
cognitive difficulties in attention, perception, and coding processing. During the attention step, ADE discovered
problems comprehending the more complicated topic, in the perception process, cognitive disruption in the form
of forgotten lost on the concept of speed. During the coding process, there was an absence of new knowledge
retention in LTM and no resolution was attained from the problem-solving process.

The level 5 PISA problem-solving process started with AMR interpreting and comprehending the question
while keeping it in the sensory register. The sensory register is essential, as attention to information is necessary
for retention [14]. During the attention process, AMR recognized the data concerning the climbing distance, the
average ascent and descent speeds, the inquiry regarding the latest time to commence ascending to ensure a
return by 8:00 PM. In the perception process, AMR created a way to resolve the issue utilizing the speed
formula to calculate the climbing duration. During the retrieval process, AMR obtained information regarding
the speed formula and numerical operation. Ultimately, throughout the coding process, AMR documented the
information regarding the sequential method for establishing the initial time and finalized the resolution. AMR’s
memory effectively stored the knowledge needed for processing the information. This achievement resulted
from AMR's capacity to recall the required concepts, which were effectively retained in LTM, leading to the
accurate solution. Cognitive processes were seen in AMR's management of a more intricate problem.
Concurrently, AMR had challenges in addressing PISA level 6 problems related to attention, retrieval, and
coding processes, specifically in comprehending problems that require the development of mathematical
models.

V. CONCLUSION

The data analysis indicates that students' cognitive processes in solving PISA issues vary according to their
levels of mathematical literacy. Cognitive processes manifest in all pupils, although exhibit unique traits based
on the problem's complexity. Level 2 students demonstrate cognitive processes in problem-solving that involve
basic arithmetic calculations. The cognitive issues faced by these pupils show throughout the attention phase,
where obstacles in comprehending problems that require model utilization result in errors in the coding process.
Level 3 students demonstrated cognitive processes in addressing challenges that necessitate the application of
explicit models. The cognitive challenges include difficulties in the attention process, where students struggle to
understand more complex problems, disruptions in the perception process due to forgotten lost when applying
concepts, and challenges in the coding process. Level 5 students express cognitive processes in addressing
situations of increased complexity. Students encounter difficulties in formulating mathematical models and
integrating implicit mathematical principles. Students deal with cognitive process restrictions related to attention
in issue comprehension, information retrieval, and coding.

The results of this study have implications for classroom instructional methods. Teachers can create activities
that support students with varying cognitive abilities through collaborative learning. Collaborative learning may
address these disparities by fostering engagement and assistance among students.
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