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Abstract
Background: This study stems from the necessity to explore the proficiency in
Article Information algebraic change and relationship among sixth-semester pre-service mathematics
Submitted Nov 22, 2022 teachers, considering they have comprehensively encountered most mathematics

; content subjects.
ii\és&id'\lg\écg(l)éz%sz Aim: The primary aim is to delineate the ability of change and relationship in

algebraic material and identify common errors, thereby contributing insights to
enhance the overall quality of mathematics education.

Keywords Method: Employing a qualitative descriptive approach, this research involved

Change and relationship; eight students selected based on their responses to instrument questions. The

Algebra; instrument utilized high-level essay questions, validated with a PISA orientation

Pre-teachers of mathematics and developed in alignment with the assimilation of new knowledge specific to
local students. Data were analyzed descriptively using Miles and Huberman’s
model.

Result: Findings revealed that when confronted with PISA-level questions
equivalent to junior high school level, participants exhibited difficulties, making
errors in calculations, concepts, information accuracy, and in connecting or
converting the given information.

Conclusion: The study underscores the imperative for holistic guidance on high-
level questions like PISA for aspiring mathematics teachers, serving as a catalyst
for educational innovation, particularly in mathematics education.

INTRODUCTION

Grasping the ability of change and relationship within algebra is a fundamental cornerstone for
prospective mathematics teachers. Algebra, being a branch of mathematics, plays a pivotal role
in shaping conceptual understanding and problem-solving skills (Genareo et al., 2019;
Gravemeijer et al., 2016). Referring to the latest Program for International Student Assessment
(PISA) results, Indonesia’s ranking remains below the average of OECD countries in terms of
mathematical abilities (OECD, 2022). This indicates an urgent need to improve the quality of
math instruction in Indonesia, particularly in algebra, which is a key component of the PISA
assessment. Mastery of change and relationship in algebra is crucial in aiding the development
of effective curriculum and teaching methods (Rustika & Rohaeti, 2020; Séez-Benito & Arnal-
Bailera, 2022). Ability of change refers to an individual's capacity to recognize, analyze, and
respond to alterations or variations in a mathematical situation or pattern (Amus & Fritzlar,
2022; Subekti et al., 2022; Uzun & Ogretmen, 2021). A deep understanding of this concept
allows prospective teachers to design learning strategies that are more adaptive and responsive
to student needs. The skill to comprehend and explain the relationship between variables and
constants in an expression or equation is a core aspect of algebra (Ayala-Altamirano et al.,
2022; Kumru & Ozdemir, 2021). According to Kristidhika et al. (2020), mastering this concept
can help teachers in developing instructional materials that encourage conceptual understanding
and critical thinking skills in students. The ability to integrate an understanding of change and
relationship within algebra creates a holistic framework. Recent research by Kim & Bastani
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(2017) suggests that these skills are vital for facilitating problem-oriented math learning and
the development of logical thinking.

For aspiring math teachers, mastering the ability of change and relationship not only
prepares them to deliver subject matter but also helps in formulating innovative and effective
teaching strategies (Algani, 2019; Dong-Joong et al., 2019). Additionally, this skill supports the
development of student-centered curriculum and assessments. Although crucial, building a
strong understanding of the ability of change and relationship presents its own set of challenges.
However, with the right approach, prospective teachers can overcome these obstacles and seize
opportunities to enhance the quality of math education. Given the significance and existing
challenges, this research aims to delve deeper qualitatively into the ability of change and
relationship among aspiring math teachers. The findings from this study are expected to make
a meaningful contribution to the field of math education and the development of competent and
innovative future teachers.

Several qualitative studies in the field of Math Education, such as those conducted by
Alexander & Hermann (2016), Buscher (2020), Lipovec et al. (2015) and Planas (2019) have
provided valuable insights. However, there has been no research focusing specifically on the
ability of change and relationship in algebra and the identification of common mistakes that
often occur. Therefore, we intend to investigate these abilities more closely and identify
prevalent errors that are frequently encountered. The hope is that the results of this study can
offer fresh perspectives in efforts to improve the quality of math education.

METHODS

Design

Providing prospective teacher students with PISA-oriented questions focused on algebra topics
and then analyzing them can yield insights into literacy and numeracy skills (Khoirudin et al.,
2017; Nissa & Lestari, 2015). This research will scrutinize the answers given to essay questions
on the subject of change and relations. These questions, based on PISA-oriented algebra
material, will be adapted to fit the local customs and practices of the research area, incorporating
high-level thinking questions specifically tailored for aspiring teacher students (Kurniati et al.,
2016). The study is a qualitative descriptive research effort aimed at detailing the capabilities
of prospective math teacher students in tackling PISA-oriented questions on change and
relationship at levels 4, 5, and 6, customized to the circumstances of the research locale.

Participants

This research was conducted during the even semester of the 2022/2023 academic year,
spanning from September to December 2022. The study involved prospective mathematics
teacher students in their sixth semester at the Faculty of Teacher Training and Education (FKIP)
at Tanjungpura University. The participants were aged between 19 and 22 years and had
completed courses that equipped them with knowledge in mathematical problem-solving and
mathematical literacy. Additionally, the participants selected for the study were students
enrolled in a mathematics program that aligned with the topic of the algebra test. The
participants for this research were chosen based on the study's objectives to address specific
research questions, resulting in a purposive sampling approach. The sample consisted of 9
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students, categorically spanning those with complete, fairly complete, and incomplete mastery
at levels 4, 5, and 6 for PISA questions on the topic of change and relationship in algebra.

Instrument

The research instrument consisted of six questions, two each from PISA levels 4, 5, and 6,
focusing on the topics of change and relationship. These questions were validated by experts in
the field of mathematics education. The questions were crafted based on the attributes of PISA-
oriented algebra content at levels 4, 5, and 6. Each question featured different content and levels
of difficulty, tailored to reflect the local customs and practices of the research area.

Data collection and analysis

he question instrument utilized in this study was developed to be oriented towards local customs
and practices in the content areas of change and relationship, and it has been validated by expert
validators. The research instrument comprises six questions, two from each of PISA levels 4,
5, and 6, focusing on change and relationship topics. The student responses provide data that
describe answers, which will be analyzed in depth. The categorization of student work is based
on their answer procedures for each question, and it is divided into three categories: complete,
quite complete, and incomplete. The technique used for data collection is documentation via a
written test containing essay questions. Data analysis for this study will involve data reduction.

Table 1. Content Change and Relationship Indicators and HOTS Levels in PISA

Content PISA levels
Change and Relationships Level 4
Create, interpret, and translate between Work effectively with models in concrete but complex situations.
symbolic and graphic relationship They can select and integrate different representations and relate
representations them to real situations.
Mathematical content, functions and
algebra are central to describing, Level5
modeling and interpreting change Work with models for complex situations, knowing the constraints
phenomena. encountered and making guesses. They can select, compare and
Defining and interpreting changes, evaluate strategies to solve problems related to the model
perhaps related to changes in area, or
relationships between the lengths of Level 6
sides Carrying out conceptualization and generalization using information
Estimates the distance traveled in based on modeling and research in complex situations. Then you can
various amounts of time when traveling connect different sources of information flexibly and translate them.
at a given speed.

RESULTS AND DISCUSSION

Based on student responses to the essay questions focusing on the topic of change and
relationship in PISA-oriented algebra material, an analysis of the collected data revealed
insights into the students' problem-solving abilities. These abilities were then categorized into
high, medium, and low levels.

A.Question number 1

The section that follows showcases student solutions that fall into the high category, featuring
complete and correct answers. The PISA content featured in question 1 involves mathematical
concepts, functions, and core algebraic principles in describing, modeling, and interpreting
phenomena of change. It also emphasizes effective work with models in concrete yet complex
situations. Students at this level are capable of selecting and integrating different
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representations and linking them to real-world situations (content 2, level 4). As per the
indicator, students are able to correctly relate the scenarios involving three different bead
bracelet arrangements using the concept of Simultaneous Linear Equations (SPLTV).

Gelmg A - Qa¢sy pyz slomm [4HE tiyeldatoonn
B gy by pozsYlumm UL LY YL B9 M
i
Y = wmh
gumlshian tetany g den b gelang Cx Ju b 32: lbomm
Yuesyryps loomm

20t Y421 = Gumn g = bomm

&
ety ebes (vamn x4
Buty+3e)4r= Ttk
Guprige)piamn=22"1
Gursz) = bo mm

Picture 1. high-level student completion of question no 1

Based on the analysis of high-level student Al's solutions to the questions with the above-
mentioned content, it is evident that student Al is highly proficient in problem-solving. Their
answers predominantly employ Simultaneous Linear Equations (SPLTV) to determine the
value of each variable. In addition to this, student Al skillfully manipulated the models and
linked the three different bracelet arrangement scenarios, which served as the focal points for
questions about change and relationship. Skills in modeling, elimination, and substitution are
evident in Figure 1. The precision in their calculations is also noteworthy, as can be observed
from their procedural work.
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Picture 2. Intermediate level student completion of question no 1

Based on the analysis of medium-level student A2's solutions to questions with the above
content, it's clear that student A2 is adept at problem-solving. They successfully connect the
three real-world scenarios related to bracelet arrangement, which are central to questions on
change and relationship. However, there is an error in their execution. Specifically, the mistake
occurs in the step where they substitute the value of 'y' into the second equation during the
process of solving the Simultaneous Linear Equations (SPLTV). This calculation error triggers
a chain reaction, causing subsequent calculations to also be incorrect. Despite this, upon
reviewing their thought process and subsequent steps, it appears that student A2 generally has
a correct understanding and displays skills in the relevant areas.
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Picture 3. low-level student completion of question no 1

Based on the analysis of low-level student A3's solutions to the questions with the above-
mentioned content, it is evident that student A3 struggles with problem-solving. They have not
been able to successfully connect the various bracelet arrangements that are central to the
questions about change and relationship. Student A3's work shows signs of confusion; they
generate a fair amount of mathematical modeling but struggle to link these models effectively.
As a result, they are unable to fully and correctly solve the problem at hand.

B.Question Number 2

The section that follows highlights student solutions that are both complete and correct, falling
into the high category. The PISA content in question 2 focuses on estimating the distance
traveled over varying time periods at a given speed. This involves effective work with models
in concrete yet intricate situations. Students in this category can adeptly select and integrate
different representations, linking them to real-world scenarios (content 2, level 4). In this
particular case, students successfully connect the scenario of bus rental costs to distances
traveled, using the concept of Simultaneous Linear Equations (SPL) accurately.
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Picture 4. high-level student completion of question no 2

Based on the analysis of high-level student B1l's solutions to the questions with the
specified content, it's clear that student B1 is adept at problem-solving. They effectively link
three real-world scenarios related to choosing a cost-effective bus service for the same distance
traveled. Student B1 demonstrates skill in understanding the problem through the lens of
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comparison. Moreover, the calculations executed in the procedural steps are quite accurate,
aligning closely with the correct answers. Student B1 presents their solutions in a tabular
format, indicating a strong ability to effectively use different forms of representation.
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Picture 5. completion of mid-level students question no 2

Based on the analysis of medium-level student B2's solutions for the questions with the
specified content, it's evident that their final answer is correct. However, some calculation errors
were made along the way. Specifically, in determining the cost for bus 2, the student incorrectly
calculated the additional price per kilometer. It should have been Rp. 23,333, but the student
wrote down the price for a 0.5-kilometer distance as 11.67. Although the final conclusion—that
bus B is more expensive than bus C—was accurate, the intermediate calculation was incorrect.
A similar mistake occurred in the calculations for bus C. The additional price per kilometer
should have been Rp. 13,333, but the student wrote down 2.67, which appears to be the price
for 2 liters, and didn't specify it in rupiah. Both of these errors seem to originate from difficulties
with equivalent comparisons involving decimal numbers. Despite these errors, the overall

conceptual understanding appears clear, except for some inconsistencies in the use of symbols
and mistakes in comparative calculations.

; untulc Jarale 152 Lo
Biayg nya adalz L
L Juta 4 42 x 16 ribu SBGL-000 +Pp2-ie T

Bus 4 apabily
maka

‘ = gp2s92.000

Bus g apabila uncule Jarsly 152 km

Mzl ‘Jlag?mg—z; adzlal,

/,731,1}—4 + Al'?'ng_”@! - EPi.lz‘q‘aoo-r- pymunuvv

Bulal:m/qi'ﬂ = RpElaeios

Busc apabila yngyy Jarall 152 lem

ke braganya  zdatal

29ubn + 52X 1Y riby = Pp1 028. 000 + RpZ VOV
64/[’04"4{2\,)2 = @;'bqs.m

maka pdhlah bk kacwma  palieg mub O

Picture 6. Completion of low-level students problem number 2
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Based on the analysis of the solutions provided by low-level student B3, it's evident that
they show some level of skill in solving the problem by connecting real-world scenarios about
choosing an economically viable bus for the same distance. However, several calculation errors
were made, affecting the accuracy of the answers. Specifically, for bus A, the student made an
error in multiplying the additional distance by the additional cost per kilometer. For buses B
and C, the student used approximations for the additional cost per kilometer, and these
approximations were substantially rounded. For example, the actual additional cost per
kilometer for bus B should be Rp. 23,333, but the student rounded it to 24,000, which can have
a significant impact on the overall calculation.

Similarly, for bus C, the student made two types of errors: first, rounding the additional
cost per kilometer too aggressively, and second, making a multiplication error similar to the
one made for bus A. These errors indicate that while the student has a basic grasp of the
problem’s real-world context and the necessity to make comparisons between different options,
they struggle with the mathematical rigor needed to accurately solve the problem. This
highlights areas where further instruction and practice may be beneficial.

C.Question Number 3

The text provided outlines exemplary student responses in the high-performing category.
Specifically, the third question in the PISA exam deals with calculating distances over varying
time intervals at specific speeds, understanding complex scenarios through models, recognizing
limitations, and formulating educated guesses. Students excel at this by choosing, assessing,
and applying problem-solving strategies related to these models. In addition, students
effectively link the three seafood package scenarios by accurately applying the SPLTV
(Simultaneous Linear Equations in Two Variables) concept to the given statements.

D Tk e aran s s N

Blet g 2x y oy r3t> FOF

t Lo - Bpo® ‘
BURES (Wek mihghe DREE et o B

i
=
‘;ﬂ
¢ QUmina® Cdow B 820 "0 —

3x+29 + 3T >80 3;(&1'5:521;:: 8e

= - HRY

2x 1t =}0- 980 /—ﬁ//
2X+ay i 2O B 57t =W

\\0 - 0D
* =

o Gt Uy nilalx = 110-00D b UER = 2050
o persamacn ‘,.,u,,& n.
axr4r 2t = 61\S ‘0%

2, (POY +4 ¥ g
2 (oD + 20;»;5:? - _e1s.000
33060 4 205 ) o™

. Mota, Bubtituskon 2 = @ 00
™ Pmnmﬂo"‘ Yt Tz 2us -
y+ 8oST0 = 205 -6%°

yw = 125.02
ataan 3x ¥ 4 = 410600 © feryataon A4 + 32 = 440.050
@ Parnds i
UGy + 125D = 456 aQias-om) + 38060 = 4gp a0
Vol pengptaan Aates ﬂ‘/f‘j Hako s partietean A ot BENY

© femprmon 2+ 23 = 436000
M'ﬂ,,m) 42 (§0-600) = 380 -0
Ma ku uataen datas SALAH
oy —

Picture 7 high level student completion number 3

Based on the displayed performance of C1 high-level students, they exhibit proficiency in
problem-solving tasks that align with the course material. These students adeptly analyze
multiple pieces of information presented in different formats. Specifically, C1 students
demonstrate a strong capability to employ the SPLTV (Simultaneous Linear Equations in Two
Variables) concept in accurately assessing the given statements. This is evident from their skill
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in correlating information regarding seafood pricing and package options, as well as their
precision in calculations, ensuring that all steps and answers are correct.
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Picture 8 completion of mid-level students question number 3

Based on the observed performance of intermediate level C2 students, they appear to struggle
with tasks that require focused attention on relevant details. Specifically, instead of using
SPLTV (Simultaneous Linear Equations in Two Variables) for calculations and evaluating the
presented statements, these students prematurely rely on the standard prices listed, neglecting
the key information about package pricing. This oversight suggests a lack of attentiveness to
the tabular data related to seafood package prices, leading to errors in their responses. However,
it's worth noting that their procedural steps were executed systematically and their calculations
were mathematically sound; the issue lay primarily in their incorrect focus on nominal prices
rather than package costs.
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Picture 9. completion of low level student number 3

Based on the performance displayed by C3 low-level students, their problem-solving attempts
are notably incorrect. This is evident from the absence of a structured problem-solving
procedure; instead, these students hastily confirm each statement using incorrect nominal
prices. A likely contributing factor to these errors is a deficiency in literacy skills, particularly
in understanding problem statements and mathematical representations. This suggests that the
students' inadequate responses may stem from a fundamental misunderstanding of the questions
and the mathematical concepts involved.

D.Question Number 4

The provided text highlights high-quality student responses, focusing on specific areas outlined
in the PISA framework. In question 3, students concentrate on calculating the distance covered
over different time periods when given a set speed. They also deal with modeling complex
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situations, identifying the limitations, and formulating educated guesses. Furthermore, they can
choose, assess, and employ various strategies to tackle problems related to these models. This
aligns with Content 2 at Level 5 of the PISA scale. In practical applications, students
successfully link scenarios involving three seafood packages by making accurate assumptions
based on the statements provided, using the concept of SPLTV effectively.
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Picture 10. high-level student completion of problem number 4

The image indicates that D1-level students have excelled in solving the problems,
especially given that question 4 builds on the previous, question 3. Since they've already
answered question 3 correctly, the assessment for question 4 can proceed without delay. Among
the four statements given, the D1 students responded accurately. They provided
counterexamples to disprove incorrect statements and furnished proofs to validate the correct
ones.
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Picture 11. Completion of intermediate level students question number 4

Based on the visual evidence, D1-level students at the intermediate stage correctly
concluded the questions but lacked detailed explanations. They did not provide
counterexamples to challenge incorrect statements nor did they clearly show the calculation
proofs for the correct answers. Additionally, the SPLTV mixed-method calculation, which
should have been the solution approach for the preceding question, was not presented. This
further supports the hypothesis stated in the answer description for question 3 for C2
intermediate-level students: it suggests that they weren't thorough in gathering and processing
all the relevant information for the problem at hand.
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Picture 12. low-level student completion of problem number 4

Based on the visual data for D1 students at a low skill level, the only discernible work
involves listing known information and identifying the questions asked. Given that question 4
Is a continuation of question 3 and covers the same subject matter, it's understandable that these
students would struggle with the problem. This suggests that the D1 students at this level have
difficulty comprehending the information and representations in both questions 3 and 4, leading
to their suboptimal performance.

E.Question Number S

The text describes high-quality student responses that align with the PISA framework.
Specifically, question 3 delves into understanding and interpreting changes, which may be
related to alterations in area or the relationships between the lengths of sides. Students are able
to conceptualize and generalize information, applying modeling and analysis to complex
situations. They are also skilled at synthesizing information from a variety of flexible sources.
This falls under Content 3 and Level 6 on the PISA scale. When presented with real-world
problems involving the surface and circumference of a cake, the students successfully apply the
principles of area and circumference to transform flat shapes while maintaining the same
perimeter.

5) Dkt we Ungaran, fiameter “ 3 epn @
C %k s AXA&A‘\—- fapat  filrkale \was  far pecseg panjang Bergan luas
Matiwall Tapdyban peredoan Luas Waping ~ating ¥
’JMV H
Y - %uc
""‘% < 3??4‘:

= Y4 % 3ewma= 122 cua,

iL" ¢ X %,{
24w ¥ 3rum = 1OPQ o
#» bp-g =L 2
23mox 2w 7 V0BT M
*lpzpxd 5
230 em 7 o = o8O
6§ N
¥ L‘” R L = \3 U
- B am Xoaam > ORI oM W wbn X o
Berasarmn L persed @3arg qarg AT, guakin pajang San lebar Fom
wya berjarmk maba wvya semabin kecil. 4o, \nas waksiwal = bhwm
arg  Blawbil  adalal-  panyang 3 pap _\o : NS TRy a
Y% g panyang  34om Ban bar 23 oam. dergay Lo oo S Uit G
as | .080 cud- A, Qﬂ\xaanrv\\.iao%é@— afora i
oty adelah .30 o 1 logpew

Picture 13. Completion of high-level students problem number 5

The visual evidence concerning the high-level E1 students indicates a coherent thought
process leading to correct answers. The E1 students' approach starts with calculating the
circumference of the circle. They then proceed to list all possible circumferences for a flat
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rectangular shape in order to compute the maximum area. While they compare sizes of various
rectangles, they initially do not find the rectangle with the maximum area. Once they identify
this rectangle, they go on to calculate the area of the circle. To address the question about the
difference in areas between the two shapes, they conduct a comparative analysis of both areas.
This performance suggests that E1 students are highly proficient in interpreting changes,
possibly related to shifts in area or the relationships between side lengths.
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Picture 14. completion of mid-level students question number 5

The visual representation for intermediate-level E2 students indicates a mostly logical
thought process, leading to answers that are nearly accurate. However, a lapse in attention
regarding the specified flat shape, which should be a rectangle, leads to an incorrect
determination of the maximum area, which they mistakenly identify as a square. While E2's
work procedure appears systematic and generally correct, this oversight in recognizing the
intended shape causes subsequent errors, affecting the final answer.
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Picture 15 low-level student completion of problem number 5

Based on the visual evidence for the low-level E3 students, there's a mostly logical
thought process that leads to nearly accurate answers. Similar to E2 students, E3 students also
make an error, but their mistake lies in the concept of circumference. This can be observed in
the students' visual representation, where they incorrectly equate the complete circumference
of a circle with the sum of just one side's width and one side's length. Such misunderstandings
in the concept of circumference are the main source of error for E3 students. However, when
looking at their overall procedural approach, a logical flow of thinking is evident, despite the
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conceptual mistake midway through their work. Additionally, they do not address the difference
in the areas of the two shapes as posed in the problem.

F.Question Number 6

The text provided showcases student answers that fall under the high-quality category, covering
topics from the PISA framework. Specifically, question 3 focuses on key mathematical
concepts such as functions and algebra, which are applied to understand, model, and interpret
changes in various scenarios. The students are able to conceptually generalize and analyze
information for complex situations. Additionally, they are adept at linking information from
diverse and adaptable sources. In terms of skill level, this corresponds to Content 2, Level 6.
The students successfully demonstrate the ability to apply social arithmetic in algebraic terms
to make sense of real-world issues like reducing electricity costs.
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Picture 16 Completion of all students who answered question number 6

Based on the observations above, students at both the high and medium levels produced
answers that were strong from logical, conceptual, and procedural standpoints. In contrast, low-
level students did not provide any answers, which could be attributed to either insufficient time
for processing or difficulty in tackling the questions. The most plausible explanation leans
towards time constraints, as evidenced by the absence of partially completed answers for
question number 6; responses were either correct or completely missing. For those who
answered correctly, they exhibited an ability to interpret contextual phenomena and flexibly
integrate various sources of information. This suggests that they possess the necessary skills to
address complex, real-world problems effectively.

However, it's crucial to note that despite these encouraging results, not all aspiring math
teachers answered correctly or were classified as high-level performers. This finding aligns
with the research by Sumardi & Herawanto (2021), which indicates a generally low capability
among students to solve PISA-oriented questions. Therefore, the data underscores the need for
targeted educational interventions to elevate the skill sets of prospective math teachers,
particularly in areas that PISA questions aim to assess. This is vital for ensuring that future
educators are well-equipped to foster a higher level of mathematical understanding among their
students.
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Implications

This research identified three distinct skill levels among prospective teacher students when
tackling PISA-oriented questions. According to the study by Syawahid (2023), high-ability
students excel at modeling and interpreting phenomena based on specific changes. These
students are adept at connecting models and effectively working with concrete yet complex
situations. They are skilled at selecting and integrating different representations, relating them
to real-world contexts. Although some inaccuracies in calculations were noted, these were
considered minor and did not detract from their overall high performance.

In contrast, students with medium abilities generally possess a good understanding of the
concepts involved but are prone to calculation errors that can adversely affect their overall
work. Despite having correct conclusions, a closer look at their problem-solving procedures
reveals conceptual errors, specifically in the comparative methods used in algebraic
calculations. This suggests that medium-ability students struggle with effectiveness in relatively
intricate situations. Such inaccuracies can lead to misunderstandings, even if their
conceptualization and generalization are logically sound (Aini, 2014; Farida et al., 2021). Low-
ability students demonstrated difficulty in establishing relationships between situations and
displayed limited skills in model construction. Their attempts to use approximation in
contextual situations were largely unsuccessful, often leading to pervasive calculation errors.
Overall, this study underscores the need for a targeted educational approach to enhance the
competencies of future teachers, particularly in the nuanced areas of problem-solving,
modeling, and conceptual understanding, to better prepare them for the global educational
stage.

Limitations and Suggestions

This study focuses specifically on the content related to change and relationships within the
PISA framework. Researchers suggest conducting analogous analyses for different subject
matter also covered in PISA. Beyond that, the primary goal is to assess the proficiencies of
future teacher candidates in literacy, numeracy, and PISA-oriented Higher-Order Thinking
Skills (HOTS). If the results are found to be below the desired standards, corrective actions
should be taken to ensure that the skill levels of prospective educators in Indonesia are
competitive on a global scale. This is crucial, as these future math teachers will be responsible
for shaping and implementing educational practices in schools, setting the stage for the next
generation of learners.

CONCLUSIONS

Based on the analysis of student responses across different levels in the context of PISA-
oriented questions focused on change and relationships in a localized setting, it's clear that
students continue to face challenges despite the questions being designed for middle school
level (SMP/MTS/equivalent). The difficulties encountered by students fall into various
categories, such as calculation errors, conceptual misunderstandings, inaccuracies in processing
information, and a lack of skill in linking or transforming the given data. Given these
observations, one way to drive educational innovation, particularly in the field of mathematics,
is to offer comprehensive training on tackling high-level questions like those found in PISA to
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aspiring math teachers. This holistic approach aims to improve teaching methods and learning
experiences, thereby enhancing overall educational quality.
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