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Abstract — Numeracy is a form of Higher Order
Thinking Skills (HOTS) that is currently given much
attention in the world of education, especially
mathematics education. The ability of prospective
teachers in numeracy task design is important as a
professional skill. However, some studies show that
there are deviations in the perception of numeracy in
prospective teachers. This study aims to explore the
epistemological obstacles of numeracy task design
construction experienced by prospective teachers based
on their numeracy perception. This study used a
gualitative approach with an explorative method. The
subjects of this study were 6 prospective mathematics
teachers. The research instruments used include task
design forms, perception interview guidelines, and field
notes. Based on the results of the study, it is known that
prospective teachers with limited perception based on
the verbal meaning of numeracy tend to experience
obstacles in constraining the initial idea generation.
Meanwhile, prospective teachers with a broad
perception of numeracy meaning tend to experience
obstacles in deviating from their final verification of
mathematical content in numeracy tasks. By knowing
the obstacles of prospective teachers in the numeracy
task design, results of this study contribute to
mathematics teacher education development.
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1. Introduction

Higher Order Thinking Skills (HOTS) are
important skills that are considered in Indonesia’s
curriculum policies to be possessed by students.
HOTS can stimulate students to think deeply and
comprehensively, especially in solving problems [1].
Accustoming students to HOTS-based tasks will
develop students’ potential in learning [2]. HOTS is
the ability to connect, manipulate, and transform
knowledge in the process of solving new problems
that involve critical, logical, and creative thinking [3].
One of the Indonesian government’s efforts to
improve students’ HOTS is through national
numeracy  assessment known as  Minimum
Competency Assessment (MCA), which emphasizes
evaluation, analysis, and reasoning skills on numeracy
task [4].

Numeracy is one of the 21st century skills that is
currently given much attention in the world of
education, especially mathematics  education.
Indonesia restructured its curriculum to emphasize
numeracy as a core competency for students. This
emphasis was initially introduced during the
implementation of Curriculum 2013 and has been
further strengthened through the implementation of
the MCA under the Merdeka Curriculum, which was
introduced as a continuation of Curriculum 2013 [5],
[6], [7]. To foster students’ numeracy skills, tasks
have an important role in the numeracy learning
process [8]. Therefore, prospective teachers’
numeracy task design skills need to be considered to
improve the quality of numeracy teaching and
learning in the future [9].

Numeracy, in the school context, involves
students” knowledge from various disciplines both
mathematical and non-mathematical.
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In accordance with the definitions of several
experts, numeracy is interpreted as the ability to apply
mathematics to solve everyday life problems and
interpret existing quantitative information by paying
attention to non-mathematical elements [7], [10], [11],
[12]. The real problems referred in numeracy have
many ways of solving (or even no complete solution)
and are connected with various non-mathematical
factors. Therefore, to foster students’ numeracy
sensitivity, numeracy tasks should be designed based
on local conditions and environments, related to
students’ experiences, relevant and applicable to
everyday life [13], [14] as outlined in the 21st century
numeracy model.

The aspect of applying mathematical knowledge to
real problems in the 21st century numeracy model is
closely related to how prospective teachers perceive
the scope of numeracy. Numeracy is conceptualized
as the perception about the extent to which
mathematics is used in different contexts and is
directly related to the relevance of schoolwork [15].
Based on the results of the [16], it is known that
prospective mathematics teachers have different
perceptions about the meaning of numeracy. Some
prospective teachers perceive numeracy as counting
skills that are closely related to number material and
some perceive it as a broad application of
mathematical knowledge not only in number material.
Prospective teachers’ perceptions of numeracy can
influence the form of obstacles that arise in designing
numeracy tasks.

The prospective teachers’ perception on the
meaning of numeracy is a strong knowledge
embedded in the prospective teachers’ thinking as a
result of their learning during college. A research [17]
categorized these perceptions as barriers that arise
from prospective teachers’ initial education.
Prospective teachers already have a prior theoretical
background that could be a potential obstacle to new
knowledge. In the numeracy task design process,
prospective teachers need some content knowledge,
and one of them is mathematical content knowledge
about numeracy [18]. Mathematical content
knowledge in numeracy plays an important role in
every decision-making in the task design process [19],
[20].

Previous study on the prospective teacher’s task
design process has been conducted by [20] on the
teacher’s decision-making process of higher order
thinking task design. The results show how novice and
professional teachers make decisions at each step of
the task design but do not discuss what obstacles arise
that distinguish their decision making. A study on
prospective teachers’ obstacles has been conducted by
[21] in making lesson plans and showed that the
prospective teachers’ epistemological obstacles
occurred due to the lack of prospective teachers’
communication to professional teachers.
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However, the obstacles have not been studied from
the perspectives of the task design process and
prospective teachers’ perceptions. Based on [16], the
prospective teachers’ epistemological obstacles in the
numeracy task design process and found that
prospective teachers experienced obstacles due to
former education and verbal factors, but the obstacles
have not been categorized based on prospective
teachers’ numeracy perceptions. From several
previous studies, the obstacle aspects, numeracy
perceptions, and the task design process have not been
studied simultaneously. Therefore, this research
question is how the epistemological obstacles of
numeracy task design construction experienced by
prospective teachers based on their numeracy
perception.

2. Literature Review

In this section, two main issues that are the focus
of this study are explained. First, numeracy
perceptions from several literatures are described and
compared. The theory of perception is used as the
basis for reviewing the literature. Second,
epistemological obstacles theory is discussed from
several sources of reference. The epistemological
obstacles literature is focused on obstacles
experienced by teachers and prospective teachers.

2.1. Perception of Numeracy

Perception is a cognitive understanding formed
from a series of processes used by prospective
teachers to recognize, organize, and understand the
sensations they receive from environmental stimuli
[22]. The prospective teachers’ perception is a
response or opinion owned by prospective teachers
which is the result of receiving stimulus and processed
based on their understanding [23]. Prospective
teachers construct perception from stimulus and use
sensory information as the basis of structure as well as
other sources of information to build numeracy
perception [24].

Since there are various perspectives adopted in
numeracy research, the numeracy concept used in this
study is in accordance with the 21st Century
Numeracy Model developed by [25]. This model was
chosen because it is consistent with widely accepted
definitions of numeracy and has been used to analyze
numeracy tasks in the classroom [26]. Based on the
21st century numeracy model, numeracy learning
requires:

1) Attention to the context of real-world problems;

2) Application of mathematical knowledge;

3) Use of representational, physical, and digital
tools;

4) Positive disposition to the use of mathematics;
and

5) Critical orientation to the use of mathematics
[25], [27].
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The 21st century numeracy model is a valid basis
to structure numeracy task design and implementation
in learning [12].

Differences in prospective teachers’ understanding
of the numeracy meaning lead to differences in
perceptions from one prospective teacher to another in
developing numeracy tasks for learning [23]. The
results of [28] study showed that most prospective
teachers perceived the importance of mathematics and
its application in everyday life in numeracy tasks.
Furthermore, some prospective teachers also thought
that numeracy involved knowledge outside the
mathematics domain. This indicates a broad
perception of numeracy among prospective teachers.
However, the results of [29] study showed that
teachers were still confused in understanding the
concept of numeracy and could not distinguish it from
other mathematical abilities such as mathematical
literacy. They still have difficulties in connecting
numeracy and mathematical problem solving. The
results of [16] study also stated that prospective
teachers still have difficulty in connecting the cross-
curriculum context of numeracy with mathematical
problems. They tend to focus more on the
mathematical knowledge to be taught rather than the
real context of the numeracy task. This indicates a
limited perception of numeracy in prospective
teachers. Therefore, in this study, the numeracy
perception of prospective teachers is categorized into
two forms, namely 1) Broad perception and 2) Limited
perception.

2.2. Task Design Construction Obstacles

Tasks are important tools that mediate
mathematics learning, thus paying attention to task
design is necessary to understand their role in learning
[30]. In the task design process, prospective teachers
need to pay attention to several important aspects that
will be considered in the task [31]. They can start this
process from considering student characteristics and
needs, or from what knowledge and competencies are
to be achieved [32]. Determining this, of course,
teacher candidates will experience a decision-making
process.

Decision-making is the activity of choosing a
preferred option among a set of alternatives through a
series of steps such as problem identification, setting
goals, making initial decisions, developing and
evaluating alternatives, and choosing one of the
alternatives, which is then implemented and followed
up [31]. The steps used by the prospective teachers to
design task are as follows: 1) Building ideas, 2)
Clarifying ideas, and 3) Assessing the suitability of
ideas as stages in making mathematical task design
decisions [20].
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Furthermore, based on the results of this study, it
shows that novice teachers still have shortcomings in
generating ideas, analyzing questions, and evaluating
problems due to their limited knowledge. The results
of [31] study also show that prospective teachers tend
to modify tasks from textbooks as materials in task
design and involve their previous learning
experiences. This shortcoming in prospective teachers
during the task design process can be detected as an
epistemological obstacle [16], [17].

Epistemological obstacles can be seen as
knowledge that is already relevant for one context but
is not appropriate when implemented for another [33].
This knowledge may hinder the formation of new
knowledge in the prospective teachers’ cognitive
system. Prerequisite knowledge, teaching methods,
and limited understanding can lead to epistemological
obstacles [34]. The forms of epistemological obstacles
that prospective teachers experience in task design can
be divided into wverbal expressions and prior
experiences [16], [17]. Verbal expression obstacles
can be divided into verbal input and verbal output,
while prior experiences obstacles can be divided into
former education and pre-preformed learning method.
In this study, the topic of HOTS-based tasks,
especially numeracy, was new to the prospective
teachers, so former education could be a potential
obstacle. Former education obstacles occur because
prior knowledge and skills from the prospective
teacher's teaching experience inhibit the new
pedagogical knowledge to be learned [16]. Therefore,
in this study, the researcher wants to examine
epistemological obstacles, especially the form of
former experience, at each stage of prospective
teachers' task design decision making.

3. Methods

This study adapts an interpretive paradigm
approach [35] that focuses on the individual meanings
and interpretations of prospective teachers about
numeracy. This study used a qualitative with an
explorative method [36], [37], [38].

3.1. Participants

This study aims to explore the attributes of
obstacles that arise at each step of the numeracy task
design process based on prospective teachers’
numeracy perceptions. The subjects of this study were
6 prospective mathematics teachers who had attended
courses on learning design and manipulative media.
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3.2. Data Collection Procedures

The research instruments used include task design
forms, interview guidelines, and field notes. The task
design form contains instructions for the subjects to
design numeracy tasks and their alternative answers.
The interview guidelines in this study were prepared
based on the obstacle indicators in each task design
step. The task design steps used in this study include
1) Generating ideas, 2) Clarifying ideas, and 3)
Assessing the suitability of ideas [20]. The obstacles
in this study are limited to the obstacles caused by the
former education factor [16] which is related to the
numeracy perception. Field notes were used in the
form of voice recordings, photographs, and memoing.

The data collection process in this study was
carried out by stages 1) Providing numeracy
knowledge to subjects through material sheets, 2) A
break time for 1 week for subjects to search task
design ideas and validate knowledge that forms their
perceptions, 3) Task design process conducted
simultaneously in class, 4) Interviews.

3.3. Data Analysis

Data analysis in this study adapts the constant
comparison method including comparing incidents
that apply to each category, combining categories and
their properties, establishing theory, and writing
theory [39]. The subjects’ numeracy perceptions were
analyzed and grouped based on the broadness of the
perceived meaning. Since the concept of numeracy is
relatively new and has diverse interpretations of its
meaning, ranging from the acquisition of basic
mathematical skills to a richer conception that
identifies critical problem-solving in real-world
situations as knowledge essential for informed
participation in personal, work, and community life
[40], the numeracy perceptions of prospective
teachers can be viewed in terms of the mathematical
broadness of meaning therein. In this study,
perceptions of numeracy are categorized into two
forms, namely limited and broad perceptions. Limited
perception refers to views of numeracy that emphasize
basic counting and numerical calculation. In contrast,
broad perception conceptualizes numeracy as the
ability to apply a range of mathematical skills,
including reasoning and problem-solving, to identify
and solve real-world problems.

In each group, an obstacle analysis was conducted
to find the constant attributes that appeared at each
step of the task design. The attributes that emerged
were compared between groups to determine the
differences between the two perception groups.

The validity of the findings in this study is carried
out by triangulation and member checking [41].
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The triangulation employed includes 1) Source
triangulation, 2) Technique triangulation, and 3)
Theory triangulation. Source triangulation is done by
comparing the results of task design and numeracy
perception obstacles from subjects who are in the
same perception group. Technical triangulation is
done by comparing the suitability of data from three
data collection techniques, namely numeracy task
design forms, interviews, and field notes. Meanwhile,
theoretical triangulation is carried out through
checking the suitability of the analysis results with
existing theories. Member checking in this study is
carried out by asking the subjects to check the
completeness and appropriateness of the researcher's
interpretation of the numeracy task design and their
interviews.

4. Results

Based on the results of data analysis from 6
subjects, the numeracy perception data in Table 1 is
obtained as follows.

Table 1. Subject’s numeracy perception

Subject’s Numeracy Perception Perception
Initial Group

SH Numeracy is related to math Broad
and everyday life. perception

AZ Numeracy Relates to Limited
numbers  with number  perception
recognition

NA Numeracy relates to the Broad
ability to analyze information  perception
that can be displayed in
various forms, both graphs
and charts.

AF Numeracy is a learning that Limited
relates numbers to everyday perception
life.

HE | think numeracy is about real Broad
context. So, students can perception
imagine in real life the
problems we give. So,
numeracy is based on things
that are around students so
that they immediately know
what it means through the
images that are around them.

VE Numeracy is related to Limited
numbers. perception

Based on Table 1, 3 subjects were identified in the
broad perception group and 3 subjects in the limited
perception group. A more complete description of the
obstacles to the numeracy task design process of each
group will be represented by 1 subject from each
group. Here is a description of the obstacles to the
numeracy task design process that occur based on the
subject’s perception.
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4.1. Broad Perception

Based on the analysis of the broad perception
group in Table 1, it is known that the subject’s
perception of numeracy can be seen from the use of
everyday life keywords. Two subjects used the
keyword “mathematics” as the content of numeracy
material. In other words, the subjects have the
perception that all mathematics content can be used in
numeracy. The other two subjects did not explicitly
mention mathematics keywords, but were more
inclined to content related to the analysis of
guantitative information as the content of numeracy.
Subjects in the broad perception group had an
unrestricted scope of mathematical content in
designing numeracy tasks. The analysis of the
numeracy task design process obstacles by the broad
perception subjects is represented by NA. The
numeracy task design of NA can be seen in Figure 1.
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Figure 1. Numeracy task design by NA
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Translation of Figure 1:

ﬁﬁationery store owner wants to buy \
stationery for stock in the upcoming month.

The sales of the stationery for the month of
August are estimated to be the same as those
in July. The stationery store owner recorded
the stock and the items sold in the form of a
bar chart.

(Bar Chart)
Pink = Stock
Green = Sold

Calculating profit and loss is part of
business activities. To earn a profit, you
must maximize sales margins.

In determining profit or loss, you can use a
calculator and bar charts.

Below is a method that can be used:
(Image of a calculator and a bar chart)
Calculator Bar Chart

Determine the profit in the sales for the
{onths of July and August.

/

As described in Table 1, NA’s numeracy
perception relates numeracy to quantitative data
analysis using tools such as charts and graphs. NA’s
numeracy perception is clearly illustrated in her
numeracy task design in Figure 1. NA’s numeracy
task uses graphs that do not contain values or
information that can be analyzed by students. Based
on the results of the idea generation interview, NA
stated that “I got the idea of a task about business

. activities using the context of my mother’s wholesale

store. At first, I thought of making a problem about the
remaining savings in the store and processed data and
graphs, but I couldn’t continue. Then | thought of a
question about the type of cigarettes that sold the
most. But just from looking at the diagram, | could
already see which cigarettes were selling the most. So,
I changed it to a question about the profit of selling
cigarettes.”
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After the generation of the second idea about
cigarette sales, NA verified the idea of selling the most
cigarettes involving numeracy perception in the
aspects of data analysis and the use of graphs. NA
assessed that the cigarette sales idea was too simple
and did not provide enough opportunities for students
to think critically. Therefore, NA improved the task
idea about cigarette sales by changing the direction of
the question to calculate the profit/loss of cigarette
sales. NA was fluent in idea generation and
verification because her perception of numeracy in
mathematics content was not limited to the application
of counting skills.

Based on the interview results at the assessing idea
stage, NA explained in detail the purpose and solving
process of her numeracy task design. NA stated that
“In the task, | provide a bar chart of cigarettes sold in
July [...] then students are asked to calculate the sales
profit in the last 2 months (July and August).

Al
|Powoe | Jusl [eaii | pesedion| wejuel | sisa
@ 7000 [asco0 | 40 | 60 |20

LA |2%.000 [ps.oc0 | 400 80 |30

In the task, students can use a table for the selling
and buying prices. Then to answer the question,
students calculate the total purchase and sale price of
cigarettes in July. Then in August, | did not purchase
the remaining cigarettes that were in stock as in July.
| placed an order for cigarettes that were less than
July’s sales so that the stock would match. Then |
calculate the profit”. In accordance with NA’s
numeracy perception, graphs and tables were used as
tools to assess the suitability of task ideas. However,
the “data analysis” aspect mentioned in NA’s
numeracy perception did not play a role in the
assessing ideas stage. This can be seen in NA’s task
design in Figure 1, which does not display quantitative
data about cigarette supplies, prices and sales in July.
However, in the alternative solution to NA’s
numeracy task design in Figure 2, these data appear at
the beginning of the solution.
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Figure 2. NA’s numeracy task design solution alternative
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Translation of Figure 2:

ﬁTranslaﬁon of Image 1 (Purchases ah
Sales in July)

July

Selling Purchase
Price Price

GB 27,000 25,000
LA 27,000 25,000
Surya 30,000 27,000
234 21,850 20,000
Trubus 86,500 65,000
Cost Price in July

Brand

Total = 76,500,000
& Selling Price in July

Total = 47,798,000

August and Total Profit)

same as in July
Cost Price in August

Total = 16,450,000

Total = 47,790,000
[l Total Recap
93,450,000

95,956,000

Stock Sold Remaini

400
400
480
600
300

& Selling Price in August
e (GB: 180 x 27,000 = 4,860,000
e LA:80x 27,000 =2,160,000
e Surya: 650 x 30,000 = 14,500,000
e 234:360 x 21,850 = 8,303,000
e Trubus: 150 x 86,500 = 12,975,000

Profit/Loss = Revenue — Cost =
95,956,000— 93,450,000= 2,146,000

180
80
650
380
150

e GB: 25,000 x 400 = 10,000,000

e LA: 25,000 x 400 = 10,000,000

e Surya: 27,500 x 800 = 22,000,000
e 234:20,000 x 600 = 12,000,000

e  Trubus: 85,000 x 300 = 25,500,000

e (GB: 27,000 x 180 = 4,860,000

e LA: 27,000 x 80 = 2,160,000

e Surya: 30,000 x 650 = 19,500,000
e 234:21,850 x 380 = 8,303,000

e Trubus: 86,500 x 150 = 12,975,000

[5] Translation of Image 2 (Estimation for

Assumption — Sales in August are the

Surya: 500 x 27,500 = 13,750,000

e GB:-

o LA:-

[ ]

e 234:160 x 20,000 = 3,200,000
e Trubus: -

Total Cost = 76,500,000 + 16,950,000=

Total Revenue = 47,796,000 + 47,748,000 =

220
320
150
220
150

Total Profit from July and August = Rp
{,146,000 /

1652

In other words, NA experienced obstacles in the
mathematical representation of the information in the
numeracy task design because she did not involve the
broad range of numeracy mathematical content in her
perception.

4.2. Limited Perception

Based on the analysis of the limited perception
group subjects in Table 1, it is known that the subjects’
numeracy perception focuses on numbers and their
operations. Only one subject in the limited perception
group involved aspects of daily life in their numeracy
perception. While the other 3 subjects did not mention
real aspects in their perception. The subjects of the
limited perception group limit their numeracy content
to material about numbers. The analysis of numeracy
task design process obstacles by limited perception
subjects is represented by AZ. AZ’s numeracy task
design can be seen in Figure 3.

Yada h r'\m}ﬂmr coba kadian bantu tbu unhuk belanja Sayur.
ke @ %qu(‘ (oba kalan bondm%tan hO\FG_)a gagur

,% darl[}e&agqng A ggn PEd""BQ“Q lo.mngq : %

- ot ordd X Jlta | b talmn QOann U‘Qn%
% gqum\ah Rp. 19 000 Pl Jems sagur aga Saja yang
dages Yalan beli dan bondingean horga ayur anrara
pedagang ¢atu dengan pedagang lowningg

Figure 3. Numeracy task design by AZ

Translation of Figure 3:

/ On a holiday, try to help your mom gh

shopping for vegetables at the market. Try
to compare the prices of vegetables from
one vendor to another.

If your mom gives you Rp 15,000,
choose any type of vegetables you can buy
and compare the prices between different

Q&getable sellers. /

Based on the results of the idea generation
interview, AZ stated that “I thought of a comparison
idea for my task. | wanted to compare my monthly
shopping. However, when | was shopping, my regular
greengrocer was closed. So, | had to go to another
greengrocer. And | compared the price of vegetables
in my regular shop and other traders with a difference
of one thousand or two thousand. Even then, it’s not
up to 5 thousand. At least five hundred. Then | thought
of making a numeracy task about comparing
vegetable prices that is closer to my daily life™.
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AZ is generating numeracy task ideas from real
daily experiences and connecting them with the
mathematical content of numbers.

In the clarifying ideas interview, AZ stated that
“My idea about price comparison is very compatible
with numeracy because it is closely related to daily
life”. AZ clarify her idea by using the context
knowledge of the real problem in the numeracy task.
However, this did not appear when AZ described her
perception of numeracy in Table 1. AZ did not show
any obstacles other than the limitation of the
mathematical content of numbers at the clarifying
ideas stage. In fact, AZ showed other knowledge that
complemented her numeracy perception in the
numeracy task design process.
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Based on further interview results, AZ synthesized
the daily life aspects of the material given at the
beginning of this study. However, AZ did not mention
it explicitly in her numeracy perception.

In the assessing ideas stage interview, AZ stated
that “this task is suitable for numeracy because there
is comparison content, and the context is comparing
prices between traders”. AZ used the same numeracy
content knowledge in the process of assessing ideas.
AZ added context knowledge which was also used at
the clarifying idea stage. So, the obstacles experienced
by AZ at the stage of assessing ideas are the same as
the obstacles in the previous stages. This is confirmed
from AZ's alternative solution in Figure 4.
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Figure 4. AZ’s Numeracy task design solution alternative
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Translation of Figure 4:

ﬁnslation of Image 1 \
dB

1654

* Observation of Vegetable Vendors A an
= Vegetable Price List — Vendor A
Kale (1 bunch) = Rp 2,000
Spinach (1 bunch) = Rp 2,000
Mustard greens (1 bunch) = Rp 1,500
Corn per cob = Rp 2,500
Tomato per piece = Rp 500
Red chili (100 grams) = Rp 3,000
Curly chili per piece = Rp 400
Bean sprouts (200 grams) = Rp 2,000
Long beans per bunch = Rp 1,500
Eggplant per piece = Rp 1,500

“ Vegetable Price List — Vendor B

Kale (1 bunch) = Rp 1,500

Spinach (1 bunch) = Rp 1,000
White cabbage per piece = Rp 3,500
Mustard greens (1 bunch) = Rp 2,000
Tomato (5) = Rp 2,000

Bitter melon per piece = Rp 5,000
Broccoli = Rp 10,000

Cauliflower = Rp 8,500

Singkong leaves = Rp 2,000

Red Chili = Rp 3,000

Curly chili =Rp 2,500

Cauliflower = Rp 1,500

Corn per cob = Rp 3,000

? Task:

If each student is given Rp 15,000,

compare the vegetable prices from Vendor A and
Vendor B to find the cheaper option.

Translation of Image 2

Comparison of Prices between Vendor A
and Vendor B

Vendor A Price Vendor B Price
Rp Kale (1 Rp
Kale (1 bunch) 5440 bunch) 1,500
Spinach (1 Rp Spinach (1 Rp
bunch) 2,000 bunch) 1,000
Rp Mustard Rp
Mustard greens | 560 oreens 2.000
Rp Rp
Comn 2,500 ©om 3,000
Tomato (1 Rp
piece) Rp 500 Tomato (5) 2.000
Bean sprouts Rp - Rp
(200g) 2,000 RedChili 3,000
Long beans (1 Rp . Rp
beh) 1,500 Curlychili 57500
Red chili Rp
(100g) 3,000

# Conclusion:
It can be concluded that:

. The prices of kale and spinach at
Vendor A are cheaper than at Vendor
B.

. Meanwhile, the price of mustard
greens at Vendor A is Rp 500 more
expensive than at Vendor B, and so is
the price of corn (same at both vendors).

Therefore, it can be concluded that the vegetable

prices at Vendor A are slightly cheaper overall
than those at Vendor B.

In Figure 4, AZ only uses number content
knowledge in her answer alternatives. This is in
accordance with AZ’s initial idea which is in
accordance with her numerical perception.

5. Discussion

In this section, prospective teachers’ obstacles are
discussed at each stage of task design decision-
making. Prospective teachers’ obstacles at each stage
of task design are reviewed based on their perception
categories, namely broad perception and limited
perception.

5.1. Idea Generation

When doing idea generation, broad perception
group prospective teachers did not limit the
mathematical content they would use. In NA’s case,
ideas were built from the context of real problems
beforehand and continued with verification of ideas on
the suitability of mathematical content. However,
when NA assessed the initial idea of store savings,
there was an obstacle due to NA’s lack of knowledge
and experience in using mathematical content in task
design. In the task design process, prospective
teachers must analyze the mathematics and analyze
the mathematics pedagogically [42]. NA experienced
obstacles when analyzing how mathematical skills in
numeracy are addressed in the savings context.
Meaningful learning must be created in lectures so that
prospective teachers do not easily forget certain
concepts [43] or experience epistemological obstacles
due to lack of knowledge [16]. NA conducted the next
idea generation by continuing to use the business
context of the store.

At the idea generation stage, the limited perception
group connected the numeracy task to their everyday
experiences related to the mathematical content of
number. In case of AZ, her initial idea about vegetable
sellers could be developed to the use of algebra to find
the most optimal price for vegetables to be purchased.
However, she experienced obstacles because she had
the perception that numeracy was only related to
numbers. Based on the results of study’s [16],
prospective teachers’ knowledge of numeracy is still
limited because they have just learned it either through
the internet or interpret it verbally. Although at the
beginning of this study all subjects had been given
knowledge about numeracy, the numeracy
perceptions of prospective teachers had been rooted
and became strong knowledge that was difficult to
change. In other words, prospective teachers
experience epistemological obstacles due to imperfect
former education factors [17]. Strongly embedded
knowledge can become an obstacle when new
knowledge enters.
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5.2. Clarifying ldeas

Prospective teachers with broad perception were
able to involve numeracy knowledge beyond
mathematical content when performing the idea
clarification stage. In NA’s case, the task idea was
clarified by involving aspects of data analysis, critical
thinking, and the use of graphs as an important part of
the numeracy task. Broad perception prospective
teachers did not experience obstacles at the stage of
generating and clarifying ideas because they were
flexible in changing ideas. The flexibility of the broad
perception group prospective teachers in changing
ideas is a form of dynamic creative process where
individuals can return and move quickly from one
stage to another, and at other times rely on their
critical thinking [44]. In the creative process,
extensive numeracy knowledge is required and
increasing such knowledge will increase the level of
creativity in designing numeracy tasks [45].

Limited perception prospective teachers clarified
ideas by connecting the task to the number aspect and
the real problem context. Prospective teachers did not
describe the real problem context aspect at the
beginning of their perception, but automatically used
this knowledge when clarifying ideas. The obstacle for
narrow perception prospective teachers at the
clarifying ideas stage appears only in the limitation of
mathematical content, in this case number content,
which has been carried over from the idea generation
stage. Based on the results of [46]’s research,
prospective teachers who do not have the expertise to
consider the relationship between problem context
and mathematical content in the numeracy task design
can make it difficult to provide students with the
learning experiences needed to adapt the knowledge
they learn in school to the outside world.

5.3. Assessing The Suitability of Ideas

Broad perception prospective teachers experience
obstacles in using their broad knowledge of numeracy.
In NA’s case, there was missing data between the task
and the answer key, but she did not realize this when
assessing the suitability of the task idea and its
implementation. the knowledge of the “data analysis
aspect” mentioned by NA as part of the numeracy task
did not appear at this stage. broad perception
prospective teachers experienced obstacles in
assessing the suitability of ideas because they were not
yet able to systematically use all aspects of their
perception.

TEM Journal —Volume 15 / Number 2 / 2026.

Prospective  teachers need  mathematical
knowledge, context knowledge, non-mathematical
subject knowledge and activity design knowledge to
design numeracy tasks [18], [46].

Prospective teachers with broad perceptions were
unable to perform the assessing ideas stage smoothly
due to a knowledge deficit on how to assess the
suitability of ideas with their initial perceptions and
caused obstacles at the assessing ideas stage.

Limited-perception prospective teachers
consistently used “aspects of number and its
operations” as a reference for the suitability of tasks
with numeracy aspects. Prospective teachers used the
same knowledge as the initial perception in generating
ideas, clarifying and assessing the suitability of ideas
with implementation. Assesing the suitability of ideas
carried out by prospective teachers can be in the form
of providing reasons and expressing the assumptions
of the ideas given [19]. In the case of AZ, the limited
perception of numeracy hindered the generation of
initial ideas because it limited the choice of
mathematical content and this obstacle was carried
over to the final stage of task design.

6. Conclusion

The prospective teachers’ numeracy perception
can be divided into two groups, namely 1) Broad
perception group and 2) Limited perception group.
The obstacles experienced by the prospective teachers
in the broad perception group occurred at the stage of
assessing ideas. Prospective teachers have not been
able to assess the suitability of ideas smoothly. This is
due to the deficit of mathematical content knowledge
that is used when assessing the suitability between the
content in the initial idea and the implementation
results in alternative solutions. The obstacles
experienced by prospective teachers in the limited
perception group occurred due to the limitation of
numeracy content in the number material. Obstacles
occurred from the generating stage of the initial idea
to assessing the idea due to the limitation of numeracy
content in numbers. This study has limitations on the
relationship between perceptions and prospective
teachers’ knowledge. Therefore, further research is
recommended to link perceptions with indicators of
prospective teachers’ knowledge in the task design
process.

Acknowledgements

The authors gratefully acknowledge Universitas Negeri
Malang for funding this research with Contract Number:
24.2.79/UN32.14.1/LT/2025 and thanks also to the subject
and all parties involved in this research.

1655



TEM Journal. Volume 15, Issue 2, pages 1646-1657, ISSN 2217-8309, DOI: 10.18421/TEM152-58, May 2026.

References:

[1]. Suwarno, S., et al. (2022). The decision making
strategy of prospective mathematics teachers in
improving LOTS to be HOTS problem. International
Journal of Nonlinear Analysis and Applications, 13(1),
1613-1627. Doi: 10.22075/ijnaa.2022.5776

[2]. Nugraheni, N., & Sukestiyarno, Y. L. (2022). Student's
Learning Independence Profiles in Solving HOTS
Questions Related to Numeracy. Journal of Higher
Education Theory & Practice, 22(15).

[3]. Saraswati, N., Inderawati, R., & Vianty, M. (2023).
Applying higher order thinking skills (HOTYS)
pedagogy: a case study of an efl core teacher. English
Review: Journal of English Education, 11(3), 767-776.
Doi: 10.25134/erjee.v11i3.7818

[4]. Suryanti, R., Fadlil, M., Jahidin, J., & Utami, S. (2023).
Analysis of students’ numeration literacy levels in
solving HOTS questions based on ethnomathematics.
International Education Trend Issues, 1(2), 58—-65.
Doi: 10.56442/ieti.v1i3.286

[5]. Asrijanty. (2020). Asesmen Kompetensi Minimum
(AKM) dan implikasinya pada pembelajaran. Pusat
Asesmen dan Pembelajaran, Badan Penelitian dan
Pengembangan  dan  Perbukuan,  Kementerian
Pendidikan dan Kebudayaan Republik Indonesia.

[6]. Hidayat, M. T., et al. (2025). Evolution of The
Education Curriculum in Indonesia. Journal of
Innovation in Educational and Cultural Research, 6(2),
381-395. Doi: 10.46843/jiecr.v6i2.1312

[7]. Kemendikbud. (2017). Materi pendukung literasi
numerasi. Direktorat Jenderal Pendidikan Dasar dan
Menengah, Kementerian Pendidikan dan Kebudayaan
Republik Indonesia.

[8]. Lee, K. H., Lee, E. J., & Park, M. S. (2016). Task
Modification and Knowledge Utilization by Korean
Prospective ~ Mathematics ~ Teachers. Pedagogical
Research, 1(2), 54. Doi: 10.20897/lectit0.201654

[9]. Geiger, V., et al. (2014). Devising principles of design
for numeracy tasks. Proceedings of the 37th Annual
Conference of the Mathematics Education Research
Group of Australasia (MERGA), 239-246.

[10]. Hall, J., & Zmood, S. (2019). Australia's literacy and
numeracy test for initial teacher education students:
Trends in numeracy for low-and high-achieving
students. Australian Journal of Teacher Education,
44(10), 1-17. Doi: 10.14221/ajte.2019v44n10.1.

[11]. Forgasz, H. J., & Hall, J. (2019). Learning about
numeracy: The impact of a compulsory unit on pre-
service teachers' understandings and beliefs. Australian
Journal of Teacher Education, 44(2), 15-33.

Doi: 10.14221/ajte.2018v44n2.2

[12]. Geiger, V. (2018). Generating ideas for numeracy
tasks across the curriculum. Making Waves, Opening
Spaces - Proceedings of the 41st Annual Conference of
the Mathematics Education Research Group of
Australasia, 314-321.

[13]. Fisher, M. H., et al. (2018). Noticing numeracy now!
Examining changes in preservice teachers’ noticing,
knowledge, and attitudes. Mathematics Education
Research Journal, 30(2), 209-232.

Doi: 10.1007/s13394-017-0228-0

1656

[14]. Turineck, L. P., & Cavalcante, A. (2021). Using tasks
to elicit mathematics teachers’ thinking in financial
numeracy. Financial Numeracy in Mathematics
Education: Research and Practice, 47-53. Springer
International Publishing.

[15]. Federici, R. A., Caspersen, J., & Wendelborg, C.
(2016). Students' Perceptions of Teacher Support,
Numeracy, and Assessment for Learning: Relations
with  Motivational  Responses and  Mastery
Experiences. International Education Studies, 9(10), 1-
15. Doi: 10.5539/ies.v9n10pl

[16]. Suwanti, V., Sa'dijah, C., & Muksar, M. (2024).
Prospective  Indonesian  Secondary = Mathematics
Teachers' Epistemological Obstacles in Designing
Project-Based Numeracy  Tasks: A Case
Study. Mathematics  Teacher Education and
Development, 26(2), 2.

[17]. Minaidi, A., & Hlapanis, G. H. (2005). Pedagogical
obstacles in teacher training in information and
communication technology. Technology, Pedagogy and
Education, 14(2), 241-254.

Doi: 10.1080/14759390500200204

[18]. Sa'dijah, C., et al. (2023). Exploring the content
knowledge of prospective mathematics teacher students
in designing HOTS questions. AIP  Conference
Proceedings, 2569(1), 040017. Doi: 10.1063/5.0113669

[19]. Murtafiah, W., Lukitasari, M., & Lestari, N. D. S.
(2021). Exploring the decision-making process of pre-
service teachers in solving mathematics literacy
problems. Jurnal Pendidikan Matematika, 15(2), 145-
160. Doi: 10.22342/jpm.15.2.13908.145-160

[20]. Murtafiah, W., et al. (2020). Novice and experienced
mathematics teachers’ decision making process in
designing math problem. Journal of Physics:
Conference Series, 1464(1), 012030.

Doi: 10.1088/1742-6596/1464/1/012030

[21]. Prabowo, A., et al. (2022). Learning obstacles in the
making of lesson plans by prospective mathematics
teacher students. Education Research
International, 2022(1), 2896860.

Doi: 10.1155/2022/2896860

[22]. Sternberg, R.J., & Sternberg, K. (2011). Cognitive
psychology (6th ed.). Wadsworth/Cengage Learning.

[23]. Maba, W. (2017). Teacher's Perception on the
Implementation of the Assessment Process in 2013
Curriculum. International Journal of Social Sciences
and Humanities (1JSSH), 1(2), 1-9.

Doi: 10.21744/ijssh.v1i2.26

[24]. Tout, D., et al. (2020). PIAAC Numeracy Task
Complexity Schema: Factors that impact on item
difficulty. Australian Council for Educational Research

(ACER).

[25]. Goos, M., Geiger, V., & Dole, S. (2014).
Transforming professional practice in numeracy
teaching. Transforming mathematics instruction:

Multiple approaches and practices, 81-102. Springer
International Publishing.
Doi: 10.1007/978-3-319-04993-9_6

[26]. Bennison, A. (2022). Developing pre-service
teachers’ understanding of numeracy (ERIC No.
ED623754). Mathematics Education Research Group of
Australasia.

TEM Journal — Volume 15 / Number 2 / 2026.



TEM Journal. Volume 15, Issue 2, pages 1646-1657, ISSN 2217-8309, DOI: 10.18421/TEM152-58, May 2026.

[27]. Gorman, V., et al. (2023). Challenges to numeracy
across the curriculum: Reflections from a case study.
Weaving mathematics education research from all
perspectives:  Proceedings of the 45th annual
conference of the Mathematics Education Research
Group of Australasia, 227-234.

[28]. Marhami, M., Lukman, I. R., & Muliani, M. (2022).
Scientific literacy and numeracy: How is it perception’s
pre-service science and mathematics teachers?. AIP
Conference Proceedings, 2468(1), 060028.

Doi: 10.1063/5.0102484

[29]. Sayekti, ., & Sukestiyarno, Y. L. (2021). Perception
and understanding of Madrasah Tsanawiyah teachers on
numerical literacy in mathematics learning. Journal of
Physics: Conference Series, 1918(4), 042029.

Doi: 10.1088/1742-6596/1918/4/042029

[30]. Daher, W., Baya’a, N., & Jaber, O. (2022).
Understanding prospective teachers’ task design
considerations through the lens of the theory of
didactical situations. Mathematics, 10(3), 417.

Doi: 10.3390/math10030417

[31]. Taufiq, T., et al. (2023). Profile of Teacher Decision-
Making in Designing Mathematical Tasks Based on
Teaching Experience. International Journal of Current
Educational Research, 2(2), 80-91.

Doi: 10.53621/ijocer.v2i2.221

[32]. Kieran, C., Doorman, M., & Ohtani, M. (2015).
Frameworks and principles for task design. Task design
in mathematics education: An ICMI study 22, 19-81.
Doi: 10.1007/978-3-319-09629-2_2

[33]. Maknun, C. L., Rosjanuardi, R., & Jupri, A. (2022).
Epistemological obstacle in learning trigonometry.
Mathematics Teaching Research Journal, 14(2), 5-25.

[34]. Puspita, E., Suryadi, D., & Rosjanuardi, R. (2022).
Learning obstacles of prospective mathematics teacher
students on the concept of chain rules and alternative
didactic designs. Journal of Engineering Science and
Technology, 17, 9-16.

[35]. Mercader, C., & Gairin, J. (2020). University teachers'
perception of barriers to the use of digital technologies:
the importance of the academic discipline. International
Journal of Educational Technology in Higher
Education, 17(1), 4. Doi: 10.1186/s41239-020-0182-x

TEM Journal —Volume 15 / Number 2 / 2026.

[36]. Cohen, L., Manion, L., & Morrison, K. (2018).
Research methods in education (8th ed.). Routledge.
[37]. Stebbins, C. R. A. (2001). Exploratory research in the
social sciences: What is exploration?. Exploratory
Research in the Social Sciences, 2-17. Sage

Publications. Doi: 10.4135/9781412984249

[38]. Singh, A. (2021). An introduction to experimental and
exploratory research. Social Science Research
Network.Doi: 10.2139/ssrn.3789360

[39]. Fram, S. M. (2013). The constant comparative
analysis method outside of grounded theory. Qualitative
Report, 18(1), 1-25.

Doi: 10.46743/2160-3715/2013.1569

[40]. Geiger, V., Goos, M., & Forgasz, H. (2015). A rich
interpretation of numeracy for the 21st century: A
survey of the state of the field. ZDM, 47(4), 531-548.
Doi: 10.1007/s11858-015-0708-1

[41]. Leung, L. (2015). Validity, reliability, and
generalizability in qualitative research. Journal of
family medicine and primary care, 4(3), 324-327.

Doi: 10.4103/2249-4863.161306

[42]. Hart, E. W. (2014). Pedagogical content analysis of
mathematics as a framework for task design. Task
design in mathematics education: Proceedings of ICMI
Study 22, 337-345. Oxford, UK: ICMI / Springer.

[43]. Kostiainen, E., et al. (2018). Meaningful learning in
teacher education. Teaching and Teacher education, 71,
66-77. Doi: 10.1016/j.tate.2017.12.009

[44]. Botella, M., & Lubart, T. (2019). From dynamic
processes to a dynamic creative process. Dynamic
perspectives on creativity: New directions for theory,
research, and practice in education, 261-278.

Doi: 10.1007/978-3-319-99163-4_15

[45]. Lambert, P. A. (2020). The order-chaos dynamic of
creativity. Creativity Research Journal, 32(4), 431-446.
Doi: 10.1080/10400419.2020.1821562

[46]. Getenet, S. T. (2022). Teachers' Knowledge
Framework for Designing Numeracy Rich Tasks across
Non-Mathematics  Curriculum  Areas. International
Journal of Education in Mathematics, Science and
Technology, 10(3), 663-680. Doi: 10.46328/ijemst.2137

1657



