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Abstract

Indonesian students’ poor performance in the mathematics test of PISA 2015 prompted the decision by the
Ministry of Education of Indonesia to pay more attention to the integration of higher-order thinking (HOT) in
the curricula starting in 2018. This new regulation emphasizes the need to have a shared understanding of HOT
in mathematics on many levels, such as curriculum, pedagogy, and assessment, and among students, teachers
and policy makers. This study aims to examine HOT in Indonesian lower secondary mathematics classrooms by
assessing students’ ability to demonstrate HOT skills through an open-ended mathematics problem, and by
exploring teachers’ views of HOT skills through semi-structured interviews. It involved 372 ninth-grade students
and six mathematics teachers from six lower secondary schools in Jakarta and Palembang. The findings show
that most students could construct the mathematical model but experienced difficulty in transferring knowledge
into new contexts, in applying creative thinking, and with information literacy skills. Besides, some of the
teachers were familiar with the concept of HOT, but some viewed HOT as skills for talented students, or HOT
problems having a high level of difficulty and long storylines. The knowledge of existing teaching strategies,
familiarity with HOT problems, and colleague-support are needed to improve the development of HOT skills in
the mathematics classroom.
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Abstrak

Buruknya performa siswa Indonesia dalam tes matematika PISA 2015 mendorong Menteri Pendidikan dan
Kebudayaan Indonesia untuk memberi perhatian lebih atas integrasi keterampilan berpikir tingkat tinggi atau
higher-order thinking (HOT) ke dalam kurikulum sejak tahun 2018. Kebijakan baru ini menekankan pentingnya
pemahaman akan HOT dalam pelbagai aspek, seperti kurikulum, pedagogi, dan desain penilaian. Penelitian ini
bertujuan untuk mengevaluasi penerapan HOT dalam kelas matematika Sekolah Menengah Pertama dengan
menilai penguasaan keterampilan HOT siswa melalui masalah matematika terbuka dan dengan mengeksplorasi
pemahaman guru akan keterampilan HOT melalui wawancara semi-terstruktur. Partisipan terdiri atas 372 siswa
kelas sembilan dan enam guru matematika dari enam Sekolah Menengah Pertama di Jakarta dan Palembang.
Hasil penelitian menunjukkan bahwa sebagian besar siswa dapat membuat model matematika dari permasalahan
yang diberikan, namun mengalami kesulitan dalam mengembangkan model matematika tersebut sesuai dengan
konteks kehidupan sehari-hari. Siswa sulit untuk berpikir kreatif dalam menentukan faktor-faktor yang
berpengaruh terhadap model serta memiliki keterbatasan literasi informasi. Selain itu, beberapa guru memahami
konsep HOT, namun terdapat kepercayaan bahwa HOT diperuntukkan bagi siswa berbakat, dan bahwa soal HOT
memiliki tingkat kesulitan yang tinggi serta alur cerita yang panjang. Pengetahuan mengenai strategi pengajaran,
pengenalan akan soal HOT, dan dukungan kolega diperlukan untuk meningkatkan pengembangan keterampilan
HOT di kelas matematika.

Kata kunci: Keterampilan berpikir tingkat tinggi, Kurikulum, Pedagogi, Penilaian, Pemahaman guru,
Penguasaan siswa
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Mathematics reform movements in the 1980s and 1990s put forward a new standard in mathematics
education. The National Council of Teachers of Mathematics (1991), the Mathematical Association of

America (1991), and the National Research Council (2001) highlighted the importance of having deep
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and interconnected understandings of mathematical concepts, procedures, and principles instead of the
memorization of formulas and reproducing algorithms. Complete understanding of mathematics
requires not only knowledge of mathematical concepts, rules, and their structures, but also the ability
to engage in the process of mathematical thinking, which involves reasoning, solving open problems,
connecting mathematical ideas, making inferences from data, and communicating mathematics to
others (Kitcher, 1984; Lakatos, 1976; National Research Council, 2001; Schoenfeld, 1992). In recent
years, some progress has been made in terms of assessment systems in such a way, that they address
the complexity of mathematical thinking and problem-solving more thoroughly.

The Organization for Economic Co-operation and Development (OECD), for instance, designs a
mathematics literacy test — widely known as the PISA (Programme for International Student
Assessment) test — for 15-year-old learners (OECD, 2019b). Besides providing comparable data to
improve the participating countries’ educational policies and outcomes, the PISA test is intended to
describe learners’ capacities to reason mathematically and to use mathematical concepts, procedures,
facts, and tools to portray, explain and forecast phenomena (OECD, 2018). OECD also highlights the
importance for the learners to acquire information literacy skills (Wijaya, 2016). These skills are part
of higher-order thinking (HOT) skills, which in turn is used as part of educational reform to mark
cognitive activities that are beyond the stage of reproduction (Bloom, 1956). Memorization and recall
of information are classified as lower-order thinking, whereas analyzes, syntheses, and evaluation are
classified as higher-order thinking skills.

Some countries seem to experience difficulties in preparing their students for the PISA test. For
instance, the average mathematics score of Indonesia was positioned at 64th out of 70 participating
countries in PISA 2015 (OECD, 2016). This lack of mathematical thinking skills prompted the decision
by the Ministry of Education (MOE) of Indonesia to pay more attention to the integration of HOT in
the curricula starting in 2018 (Ariyana, Pudjiastuti, Bestary, & Zamroni, 2018). The results of PISA
2018 show that only “around 1% of students in Indonesia can model complex situations
mathematically” (OECD, 2019a). For this they lack the skills to select, compare, and evaluate
appropriate problem-solving strategies. This recent finding forges the urgency in developing HOT skills
among Indonesian students. Although policymakers might be more interested in improving PISA
results, it must be noted that placing an emphasis on HOT in education will also improve content area
achievement and motivation (Brookhart, 2010), as well as encourage autonomy (Smith & Darvas,
2017). This new regulation emphasizes the need to have shared understanding of HOT in mathematics
on many levels, such as the curriculum, the pedagogy, and the assessment design.

Teachers’” familiarity with the concept of HOT, nevertheless, is lacking. Many Indonesian
teachers argue that there is a lack of information and support from the government to become familiar
with HOT (Aini, 2018; Hantoro, 2018; Ahmad et al., 2018; Suryadi, 2018). A small survey by Apino

and Retnawati (2017) found that only 20% of high school mathematics teachers in Indonesia applied
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teaching practice that aimed to develop HOT skills. A study by Retnawati et al. (2018), although the
scope of the study was on the terminology “HOTS” — and not on the definition of the skills, found that
mathematics teachers in Indonesia were still unfamiliar with the concept of HOT. Teachers’
understanding of the characteristics of HOT problems, nevertheless, was not identified in this study,
which is essential for teachers to be able to provide an appropriate assessment to develop students” HOT
skills.

Meanwhile, Hadi et al. (2018) observed students' difficulties in solving HOT problems and found
that one of the constraints the students encountered in solving mathematics is the difficulty in
developing a mathematical model. The instrument used in the study, however, was a set of close-ended
multiple-choice questions. As closed-ended questions only demand one correct answer, students tend
to memorize statements or formulas without deep comprehension of the concept and the course content
(Husain, Bais, Hussain, & Samad, 2012). The use of open-ended problems, conversely, helps to
encourage students’ creativity and allow various solutions or strategies (Wijaya, 2018).

Hence, before researching on how to improve understanding of HOT skills in mathematics among
both students and teachers, this study aims to examine higher-order thinking (HOT) in Indonesian lower
secondary mathematics classrooms by answering three research questions. The first research question
is to what extent are Indonesian lower secondary students able to demonstrate HOT skills in
mathematics based on their abilities to transfer knowledge into new contexts, apply creative and critical
thinking, and problem-solving? Furthermore, how does Indonesian lower secondary mathematics
teachers view HOT skills in terms of curriculum, pedagogy, and assessment? Lastly, what are the
challenges, needs, and existing supportive factors for Indonesian lower secondary mathematics teachers
to develop HOT skills in the mathematics classroom?

This study adopts the definition of HOT as the ability to transfer knowledge into new contexts,
apply critical and creative thinking, and problem-solving (Brookhart, 2010), which is in line with the one
in the guidebook published by the Indonesian Ministry of Education in 2018, namely Buku Pegangan
Pembelajaran Berorientasi pada Keterampilan Berpikir Tingkat Tinggi or Learning Handbook Oriented
to Higher Order Thinking Skills (Ariyana, Pudjiastuti, Bestary, & Zamroni, 2018). The key findings of
the study are aimed to help stakeholders (e.g., Ministry of Education, schools, and mathematics teachers)

in identifying challenges and finding solutions to develop students’ HOT skills in the future.

METHOD
Participants

The exploratory study involved 372 ninth-grade students and six mathematics teachers from six
lower secondary schools. Three schools are located in Jakarta, and the other three are located in
Palembang. Jakarta was chosen because of its variability in educational attainment among both students

and teachers. Palembang was selected to also include schools from another area in Indonesia and for
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reasons of convenience sampling. Utrecht University has a long-term collaboration with Sriwijaya
University (UNSRI) which is located in Palembang. UNSRI has a broad network consisting of lower
secondary schools in Palembang, which allows the involvement of secondary teachers. Furthermore,
Palembang has a much lower average mathematics score in the national examination which indicates
lower educational attainment compared to Jakarta (https://hasilun.puspendik.kemdikbud.go.id/). The
different characteristics might provide a broader view of the results. The ninth grade was chosen
because it is the last grade of junior high school when students take the national examination that
partially assesses HOT. Ninth grade is also the grade of PISA test’s participants, which makes the results

can also work as an evaluation of Indonesia’s low PISA results.

Instruments

To answer the first research question, this study used a mathematical assignment from the
International Centre for Science, Technology, Engineering, and Math Education (ICSE, 2018) with a
slight adjustment to suit the Indonesian context, which is summarized in Figure 1. The assignment was
an open-ended mathematical problem with real-life settings whose characteristics are similar to the
HOT features put forward by Resnick (1987) such as non-algorithmic, allow multiple solutions, involve
uncertainty, and encourage self-regulation of the thinking process. The use of open-ended problems
supports the development of creative and critical thinking which is core to HOT (Emilya et al., 2010).

A working sheet was provided to help students structuring their answers.

A typical situation at the checkouts at Indonesian supermarkets: You get 50-cents coin as change,
and it then fills up your wallet. The founders of the donation campaign “Germany rounds up” had a
brilliant idea: Customers can donate the amount of change they get from rounding it up by saying
‘round-up please’ at the checkout. If the campaign is applied in Indonesia where customers can
donate the amount of change they get from rounding it up to the nearest hundred, how much money
can be collected in an average supermarket in a day? First, think about how many customers shop
there each day and how many would decide to donate their rounded change? Ensure that your
arguments and calculations can be the basis of consideration whether this campaign should be
applied or not. You can use the Internet or other media to find information.

Figure 1. The overview of the ICSE task

To categorize students’ level of HOT skills, the rubric adapted from Exemplars (2014), WSU
(2001), AACU (2009), and Alfrey and Cooney (2009) was utilized (see Table 1). To answer the second
and third research questions, this study used data from semi-structured interviews with the teachers.
The interview questions reflect the research focus of the aspect of curriculum, pedagogy, and
assessment, as the essential factors in the development of HOT skills (Abdullah et al., 2017), and the
protocol is adjustable according to the perception of the interviewer about what is necessary and relevant
(Robson, 2002).
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Procedure and data collection

The three different schools from each city were selected based on stratified random sampling.
First, 1,055 schools in Jakarta and 199 schools in Palembang were classified into three categories
according to their average mathematics scores in the 2018 national examination, which are ‘High’
(average score > 70), ‘Medium’ (40 < average score < 70), and ‘Low’ (average score < 40). This is to
avoid convoluting the results because a recent study has found that academic achievement has a positive
correlation with the level of HOT skills (Tanujaya, Mumu, & Margono, 2017). By having such
categorization, the study was expected to cover all three different layers of HOT skills’ level among
teachers and students. Second, the five schools in each category were selected randomly by using
Microsoft Excel. The consideration of choosing five schools was made for a conservative purpose, with
the consideration that it was not easy to get fast responses and permission from schools to carry out the
study. Third, all thirty schools were contacted to see which schools responded positively. The target of
one school per category is achieved. Fourth, a schedule was arranged with the ninth-grade mathematics
teachers from each school and permission was asked to provide accessibility for the students to access
the internet when working on the ICSE task either from their phones or computers.

The ICSE task for the students took approximately 60 minutes in total, beginning with a short
introduction about the study. Students were then given 5 minutes to read the problem. After which, two
examples of price catalogs from two supermarkets were shown to help students visualize the problem.
They were allowed to ask questions, but only to check understanding. No further clues were given.
Students were also permitted to use their cell phones or laptops with continuous supervision to ensure
there was no misuse. In the end, they submitted both the ICSE task papers and the worksheets to prevent
the distribution of the materials to other classes.

The collected data in this research included the voice recordings of teachers’ semi-structured
interviews and the students’ worksheets of the ICSE task. The face-to-face interviews with teachers
took place at their schools. It started with a brief introduction to the study and continued with the

guestions, which took approximately 30 minutes for each and were tape-recorded with consent.

Data analysis

The units of analysis in this study are a group of ninth-grade students and a group of ninth-grade
mathematics teachers. To evaluate students’ ability to demonstrate HOT skills, the results of the ICSE
task were analysed by the researcher with a rubric that had been initially developed. The rubric values
students’ abilities to 1) explain the issues, 2) justify the reasoning, 3) evaluate evidence, 4) solve
problems, and 5) state reflective conclusion and evaluation, in which each category ranges from Level
1 to Level 4. A statistical representation of students’ level of HOT skills in mathematics was created
with respect to their score levels in each category. Since the students answered open-ended questions,

the categorization process was also done by a second coder. Interrater reliability was assessed by
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calculating the percentage of agreement. Lombard et al. (2010) believe that around 10% of the total data
should be adequate for the inter-rater test. We took 10% of the total students’ worksheets from each
school by numbering the worksheets and selecting them using Google Random Number Generator. The
interrater test led to an agreement of above 90% for all categories, which is considered an acceptable
inter-rater agreement (Stemler, 2004).

To investigate teachers’ views of HOT skills, the interviews were transcribed. Thematic analysis
was conducted using an inductive approach. The inductive approach assigned themes or categories. The
answers to the interview questions related to curriculum, pedagogy, and assessment were summarized
and classified into three to four subcategories by identifying and coding quotations that reflected
different views.

To understand teachers’ challenges, needs, and existing supportive factors in developing HOT
skills, the interviews were transcribed. Thematic analysis was conducted using a deductive approach,
which involved coding all transcriptions and assigning themes that were observed in previous research
(Alhassora, Abu, & Abdullah, 2017). All the excerpts mentioned in the result section were translated

into English.

RESULTS AND DISCUSSION
This section presents the results and analysis of students’ HOT assessment which consisted of
372 students’ worksheets, as well as the thematic analysis of one-on-one interviews with six selected

ninth-grade mathematics teachers from six secondary schools in Jakarta and Palembang.

Students’ ability to demonstrate HOT skills

The results of students’ HOT assessment are presented in Table 2. Overall, around half of the
students were able to achieve Level-3 in Problem-solving (43%) and Conclusion and evaluation (53%).
However, students most likely experienced difficulty in Reasoning and Evidence, with only 1% and 3%
in Level-3 respectively, and 0% in Level-4. More detailed findings in each category are as reported in
Table 2.

Table 2. Results of students' HOT assessment

Number of students

Category
No answer Level 1 Level 2 Level 3 Level 4
Explanation of issues 87 (23%) 87 (23%) 73 (20%) 101 (27%) 24 (6%)
Reasoning 20 (5%) 298 (80%) 52 (14%) 2 (1%) 0 (0%)
Evidence 20 (5%) 322 (87%) 19 (5%) 11 (3%) 0 (0%)
Problem-solving 20 (5%) 133 (36%) 58 (16%) 159 (43%) 2 (1%)
Conclusion and 17 (5%) 144 (39%) 11 (3%) 198 (53%) 2 (1%)

evaluation
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Explanation of issues

This category values students’ capability to identify and describe the main problem, to deliver all
relevant information for full understanding. It also connects to ‘comprehension’ of the task and includes
some elements of horizontal mathematization where students need to understand what the
‘mathematical’ question/task is (Anwar et al., 2012) and to use mathematical tools to organize and solve
problems situated in real-life situations (Van den Heuvel-Panhuizen & Drijvers, 2013). In the ICSE
task, the problem was presented in a written text, so it was necessary to decode the text information to
understand the mathematical issues in the problem situation (Sbaragli & Franchini, 2017). Students
were expected to point out the relevant or notable information to have a correct understanding of the
concept of ‘rounding-up to the nearest hundred,” and to formulate the mathematical question being
asked. The given information was not enough to start a calculation, so students needed to make
estimations before they could work out the solutions.

The results in Table 2 show that 23% of the students did not identify the issue despite being
instructed by the question. They jumped directly to a mathematical formula to get the answer to the
guestion about the total collected donation per day. The same number of students, 23%, were at Level-
1. These students tried to formulate issues, but misinterpreted the problems and/or were unable to
describe the situation correctly. For instance, one of the students specified the issue as “how to donate

at least 50 cents” instead of “finding out the average collected donation in a day” (see Figure 2).

Jelaskan kembali dengan bahasamu sendiri permasalahan dari soal yang diberikan dan bagaimana TranS|ate in Eng I ISh .

langkahmu untuk menjawabnya. . R
e The main problem is how we can

nuernEaloShanniyo adolod, fogaimoM coca Leito
%&AW 50 ucls, donate at least 50 cents.

Figure 2. An example of students' answers at Level-1 in Explanation of issues

This misunderstanding could lead to irrelevant answers such as “having a charity box.” The issue
to be considered critically was not reported. Furthermore, around 20% of the students were able to
highlight the concept of rounding up but leaving ambiguities. It was not clear whether the rounding was
done to the nearest hundred or nearest thousand. About 27% of the students managed to summarize the
main point of the passage correctly and applied the mathematical concept of ‘rounding up to the nearest
hundred.” The remaining 6% of the students successfully delivered all relevant information and

formulated the mathematical question.

Reasoning
The reasoning category evaluates students’ capability to build mathematical argumentations to
justify their claims. In the ICSE task, students are expected to be able to utilize proportional reasoning

— use ratios, proportions, rates, and percentages to explain, draw conclusions, or make decisions on the
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estimated number of customers who would donate. They were expected to provide “why and how” such
estimates were chosen. The mathematical argumentations should be clear, logical, and well explained.

The results in Table 2 show that 5% of the students left the sheet blank. Most of the students,
about 80%, stood at Level-1. These students did not make any proportional reasoning or other
calculations to estimate the number of customers who would make donations. There was also no
statement whether this was done because they assumed that all customers would not decline. The
number of people who donated, therefore, was always equal to the number of customers. About 14% of
the students did proportional reasoning by considering, for instance, that only 60% of customers would
be willing to donate. Only 1% of the students did proportional reasoning with several considerations
that were constructed with an adequate mathematical basis. For example, one of the students justified
the chosen estimate by considering several aspects such as 1) the finance of the customers (e.g., rich or
poor), 2) the willingness of the customers, 3) not all payments need a rounding, and 4) not everyone
had access to the supermarket (see Figure 3). One student considers the possibility of paying by credit

or debit card instead of cash. If customers pay by card, then the cashier will not ask for a rounding.

Triesnait Secara nind jawabanmu bersama dengan pertimb
asumsi/estimasi yang kamu buat ( kaian kol

ey ekt kit it sacp Translate in English:
100% (people) — 25%
(underprivileged) — 5% (do not
want to donate) — 20% (have
rounded total amount) = 50%. This
50% are those who donate 50
e N e s 06 cents. In Indonesia, there is 267
- S s et atoen in ange million people. 10% of the regions
B R k.- are villages with no supermarket
yatat - e 3 (remote areas) = 40% of 267
L S e million is 106.8 million x 50 cents
S = 5.34 billion. This is just an
assumption and every calculation
can change anytime.

Figure 3. An example of students' answers at Level-3 in Reasoning

Evidence

The evidence category measures students’ capability to critically examine information or data
that they found and questions its accuracy, relevance, and completeness. Because students were given
opportunities to search for information on the Internet or other resources, they were expected to be able
to assess whether the data source was valid or not, to distinguish between fact and opinion and not
simply trust information based on ‘appeal to authority’ (because a prominent figure said so, then it’s
true) or ‘social acceptability” (because everyone believes it, then it’s true). Overgeneralizing is also one

of the common errors that make generalization of the whole group from one or very few examples
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(Brookhart, 2010). In the ICSE task, the evidence refers to the data that supports the claim about the
number of customers who came to the supermarket each day.

The results in Table 2 show that 5% of the students left the sheet blank. In line with Reasoning,
the highest weight in Evidence stood at Level 1. About 87% of the students made direct claims that
were simply based on their opinions. For example, they assumed that ‘there are 100 customers who
come to a supermarket in a day’ without any proof or argumentation. Around 5% of the students at
Level-2 mentioned that they found the information from a study or a website. The credibility of such
information could not be assessed because the information was incomplete. It was unclear whether the
data was a fact or an opinion. The remaining 3% based their claims on data taken from a valid source
with proper citation; or examined the accuracy of their claims. For instance, one of the students
explicitly wrote a remark on the accuracy of the estimation (see Figure 4). However, none of the students
was able to perform elaborate examination of the evidence and question its accuracy, relevance, and

completeness.

Translate in English:

Scde wewd ™ My answer is not accurate because
’y\whbc‘r\ &op .
st demi 9 St abwrat ¥erera  dele henaililx’ (D) don’t have an accurate source,
bl i T by bedige but I only estimate with the data

that is obviously less than the
actual data. So, if my estimation
has already had a high number, it

nempsth Matkam  gn e s RIntu e b«hh’,y&
dort 4e olase g aSli. Tol'i LA Sihmax(
fuslen ARG tuslenh  dlepar

Sq @i QOGS “ oA is certain that an accurate estimate
Acptiten,  bos eifmess Yakurat pafudt  would have a high number too. So,
“hoka 4o HHENI jugh . Teolh pOMEnS automatically, the campaign would

Rampehag (ny Mt Momgaan lebih epeeny be more effective if it is actually
Gt henar-koner artumpkin ¢ [~eloresta . implemented in Indonesia.

Figure 4. An example of students' answers at Level-3 in Evidence

Problem-solving

The problem-solving category assesses students’ abilities to construct a mathematical model that
describes the essence of the elements and relations involved in a particular situation that is of interest.
They had to choose a correct and efficient strategy based on the given mathematical situation. In the
ICSE task, students were expected to formulate a mathematical model to find the total amount of
collected donation in a day.

The results in Table 2 shows that 5% of the students left the sheet blank. About 36% of the
students at Level-1 either stated the answer without any calculations, focused on the social aspects
instead of answering mathematically, or made an irrelevant model. For example, one of the students

assumed the amount of donation as 1% of people’s daily salaries (see Figure 5). This did not match with
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the given situation to calculate average donation in a supermarket based on the rounding concept.
Moreover, some students calculated the total income received by the supermarket instead of the total
donation. They multiplied the number of customers by the total payment made. Around 16% of the
students were able to choose a correct strategy but calculate incorrectly and/or understood the rounding-
up concept partially. Some of them did the round-up to the nearest thousand instead of the nearest
hundred. Nearly half of the students, 43%, were able to build a correct mathematical model and
performed the right calculation, but only 1% came up with an efficient strategy to find the estimated
amount of donation in a day. These 1 % students searched for information on donation programs that
had already been run by a supermarket brand, examined its total collected donation, and calculated the
mean to get the amount of donation per day. This was not a strategy being suggested by the questions
in the task.

G

cummee  Rygomaore  grall  WTe

AVAL OV o
& satan W 0.

Strcee YBYR - YBAG perna

Frleeiia seeitroor

Laxn—vaka e TAC R L orng

2 Jurm petlautoon

el gans  biva  Aldvnadiean Cseptumn oond  up)

Translate in English:

The average number of customers in
Hypermart WTC Mall in a day is 170 people.
The average spending of a Jakarta resident is
about 2 million per month. The total (money)
that can be donated (before rounding up) is

approximately:
if in a month (they receive) 2 million, 1 day is

LR e St et

Sehutax 7 yurm, | Won e 0 %o | bo( BV

WE h ge g AOSUGIEAN  WrR-kim about 60,000 IDR. The amount that can be
()] R

\he grran— g perar donated approximately 1% per day - 600

cents.

per month: 18,000 IDR

per year: 216,000 IDR

per day: 600 IDR x 170 people = 102,000 IDR

prbiion - 1850
peveahua - #p- 26 . gL

Pernan wh(D X 11D OVang- - %162 o0

Figure 5. An example of students’ answers at Level-1 in Problem-solving

Conclusion and evaluation

The conclusion and evaluation category evaluates students’ capability to critically discuss the
conclusion and implications and consequences of the solving in a context, as well as to provide
reflections of the assertions. In the ICSE task, students were expected to state the conclusion based on
the evidence or the presented calculation and to consider the implications and consequences of the
conclusion in a context.

The results in Table 2 show that about 5% of the students left the sheet empty. About 39% of the
students did not state any conclusion or attempted to draw conclusions but illogical or inconsistent with
the evidence being presented. For instance, one student argued that the price should not be rounded up
because it could disadvantage the supermarket (see Figure 6). The campaign costs did not come from
the supermarket so the argument was not logical. Around 3% students provided a conclusion with minor

inconsistencies. These refer to conclusions that were in line with the calculation results, but they made
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the performed calculation meaningless. For example, these students concluded that the donation
campaign should be implemented because “people have to share” or “people have to do good,” so the
conclusions were not associated with the mathematical calculation. More than half of the students, 53%,
reached level-3 by clearly stating the conclusions that are connected with the calculation presented.
About 1% provided reflective thought by considering the implications and consequences of the
conclusion they made. One student suggested creating a system in the computer to prevent corruption

because there was a possibility that the money would be taken by the cashier or the officer.

Translate in English:
My argument, it should not be rounded if

'Mﬁ\’m@ So‘{o Ho, ffl‘m“‘m\ia Rk vsth  dbolkon kol

S5, kapepg 1N 4o Visa (V‘»ef\ji\f(m Superurket Ysb. Moy,
Biso vnlok mendopmsikan oy lan. kon & Tndiesia, ado
Vemama arqa $9 4750, ety Sehatusn sugmmrkel \s)
Yidak menjvalkan l\m’}am 4§, enjeclnya Jen/»n» horga
\Nrar'() T0 Wy febih n‘el\{\f‘j i

there is a change because it can also
disadvantage the supermarket. Or, (it) can
be used for donation. In Indonesia, there
are (things with) price 1,750 IDR. Ideally,
the supermarket should not sell things with

bf“ﬁ(nj\- lkj S 5050 x (ending) price 750. It is better to sell it
Tapt - bellry- with (ending) price 700. For example:

— Nosy Lo 50.300 v/

) Rice 1 kg = 50,750 %
Ry -0, by didorasiken Ay h;r?o\

Rice 1 kg = 50,700 v
But, if there is a thing with price 50,750
IDR, just donate the change (better).

Topi - Kalow ade ‘hﬂﬂy

Figure 6. An example of students’ answers at Level-1 in Conclusion and evaluation

The results of students” HOT assessment indicate that one of the major problems is in the transfer of
knowledge. This is indicated by a high percentage of students (>80%) being in Level-1 Reasoning. Students
with the ability to transfer their knowledge would be able to use contextualized reasoning to solve various
problems in outside of school settings, such as the supermarket (Barrouillet & Gauffroy, 2013). Almost all
students assumed all customers would be willing to donate, all customers would have the unrounded price
to pay, and all customers would pay by cash. There was no justification found for the assumptions made,
although justification is a key aspect of adaptive reasoning (Kilpatrick et al., 2001).

The other major problem lies in critical thinking, which also relates to information literacy skills.
This is indicated by the high number of students falling under Level-1 Evidence. Students tended to use
information without examining its quality; without distinguishing between fact and opinion and its
relevance to the problem in the context. This finding is also aligned with Wijaya (2016) who found that
Indonesian students did not possess three characteristics of information literacy; i.e., recognizing
information needs, locating and evaluating the quality of information, and making effective and ethical
use of information. The lack of information literacy skills might be because of less engagement with
technology, but Gibson (2012) argued that “exposure to technology does not automatically equate to

proficiency in technology.” Students might also find it challenging to locate information to meet their
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needs, come up with an effective word search, infer useful links within search results, and scan for
relevant information within websites (Leu et al., 2011).

These findings, nevertheless, are slightly different from Hadi et al. (2018), who found that crucial
difficulties experienced by the students in solving HOT test problems were process skills and
transformation errors. Process skills errors are marked by students’ errors in math calculation, whereas
transformation errors are those when developing a mathematical model. In this case, only 16% showed
process skills errors and nearly 60% of the students were able to transform the problem into a correct
mathematical model. However, some of the models were not perfectly constructed due to the lack of
transfer knowledge skills and critical thinking skills. Several aspects or variables were not considered

in constructing the mathematical model.

Teachers’ views of HOT skills in terms of curriculum, pedagogy, and assessment

Curriculum
The interview questions related to the curriculum were divided into two categories, which

explored the “concept of HOT skills” and the “purpose of developing HOT skills.” The results showed
that the teachers’ answers with respect to the concept of HOT skills could be categorized into HOT
skills as: a) critical and creative thinking skills; b) flexible problem-solving skills; and c) skills of
talented or higher-ability students. Meanwhile, the teachers developed HOT skills with the purpose of:
a) selecting students based on their mathematical abilities; b) preparing students to tackle HOT
problems in the national examination; and c) preparing students for society. The illustrative quotations

of each subcategory can be seen in Table 3.

Table 3. Teachers’ views of HOT skills in terms of curriculum

Category  Subcategory Sample quotations Interviewee

Concept of A) Critical “Students with HOT will be able to think critically, Teacher 3

HOT skills and creative  creatively, be able to analyze, compare, create, not Teacher 2
thinking just to memorize.” Teacher 6
skills

B) Flexible  “One's ability to solve mathematical problems witha  Teacher 5
problem- variety of strategies and methods; methods that are Teacher 6

solving skills  not rigid or conventional.”

C) Skills “50:50 in determining whether HOT is a skill that Teacher 1
associated could be developed only by gifted students. Teacher 2
with talented  Sometimes, (HOT) does not give opportunities for Teacher 4
or higher- students with lower abilities. | hope that HOT can be

ability developed by all students, but it is easier to be

students
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Category  Subcategory Sample quotations Interviewee

developed by students who have higher abilities than
others.”

Purpose of  A) Selecting  “Assessing HOT skills is important to sort out which ~ Teacher 2

developing students students have higher-order and which students have

HOT skills lower-order.”
B) Preparing “Yes (it is important), so that if there are HOT Teacher 1
for the problems in the national examination, students would
national be able to solve them. By giving a HOT problem like

examination  what had just been done, students will know what
HOT problem looks like.”

C) Preparing  “There are definitely benefits. Mathematics is the Teacher 3
for society mother of all sciences. It is a thinking tool instead of Teacher 4
a discipline. So, if the level of thinking has reached Teacher 5
the HOT level, it will really help her/him tackling Teacher 6

other subjects or problems that require analytical

skills and problem-solving strategies.”

The results indicate that there was a belief that HOT skills in mathematics can only be developed by
talented students or students with higher mathematical abilities. The teachers believed that the cognitive
demands of HOT tasks were beyond the capabilities of low-achieving students. This belief cast doubt among
teachers that low-achieving students would be able to develop HOT skills. As a result, the low-achieving
students may experience lower-order instructional emphasis because teachers see these students as ‘stuck’
at an early phase of the learning process (Raudenbush, Rowan, & Cheong, 1993).

While the previous study concluded that teachers in Indonesia were already aware of the importance
of HOT skills (Retnawati et al., 2018), the results demonstrated that there were teachers who developed HOT
skills in the classroom to distinguish between students with higher-order thinking and students with lower-
order and to simply train students so that they pass the national examination. According to Kirkpatrick and
Zang (2011), exam-oriented education can restrain a student’s imagination, creativity, and sense of self,

which are vital qualities for a child’s ultimate success at school and society.

Pedagogy
The interview questions related to the pedagogy focus on exploring teachers’ knowledge of the
“teaching strategies to develop HOT skills.” The answers could be grouped into three subcategories,

namely: a) teachers who consider student-centered pedagogy (e.g., discussion group, problem-based
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learning, and hands-on learning); b) context-based learning; and c) the appropriateness or suitability of

the learning environment. The illustrative quotations of each subcategory can be seen in Table 4.

Table 4. Teachers’ views of HOT skills in terms of pedagogy

Category Subcategory Sample quotations Interviewee
Teaching A) Student- “Discussions and Q&A help students develop Teacher 1
strategiesto  centred HOT. One way to develop it is by giving stimulus ~ Teacher 6
develop pedagogy such as: “Why is it like this?”” Teacher 4
HOT skills
B) Context- “PMRI (Indonesian Realistic Mathematics Teacher 5
based learning  Education) is a good approach.”
C) Suitable “Firstly, consider the learning environment. We Teacher 2
learning cannot teach HOT material in the afternoon Teacher 3

environment session. Secondly, utilize smart students. We
brief them so they can teach their peers.
However, it usually is a waste of time if the
number of smart students in the classroom is

small.”

Assessment

The interview questions related to the assessment evaluates teachers’ perception of the
“characteristics of a HOT problem” and “how they evaluate ICSE task as a HOT problem.” The answers
could be placed into four subcategories, which are teachers who recognize or identify HOT problems
as: a) contextual problems; b) difficult problems; ¢) problems that requires multiple steps; and d)
problems that are long, unfamiliar, and have pictures in it. The illustrative quotations of each

subcategory can be seen in Table 5.

Table 5. Teachers’ views of HOT skills in terms of assessment

Category Subcategory Quotations Interviewee

Characteristics A) Contextual ~ “HOT problem must be contextual. If the problem  Teacher 1
of aHOT is contextual, then the problem solving will be Teacher 5
problem more logical or more reasonable, because Teacher 6
mathematics is a subject that is related to rational
matters.”
B) Difficult “HOT problem is identical with a very difficult Teacher 1
problem. From the term itself, it stands for

‘higher-order thinking.””
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Category Subcategory Quotations Interviewee

C) Require “HOT problem does not have to be context-based. Teacher 2

multiple steps  For example, direct problem (not in the formofa  Teacher 3
storyline) with a higher level, not level 1 but level  Teacher 4
3, for instance. Level 3 means that the problem

cannot be solved by one step only.”

D) Long, “(to identify the HOT problem in the national Teacher 3
unfamiliar, examination), the HOT problem is usually long,

include has never been given before, and has pictures in

pictures it.”

The results show that half of the teachers identified HOT problems as contextual problems, but
there were also other views of it. One of the teachers believed that HOT problems were identical with
difficult problems. According to Sydoruk (2018), “Difficulty refers mainly to the amount of effort,
cognitive or physical, that a student needs to exert to complete a task but does not account for the ways
that a student must think about the task or problem in order to solve it.” The level of difficulty, therefore,
is adjustable based on students’ learning style, pre-knowledge, and personal comfort level with the
problem (Bieri & Blacker, 1956). There was also a view that the existence of ‘long passage’ and ‘picture’
are indicators of a HOT problem. This belief was used to distinguish between HOT and LOT problems in
the national examinations. This also reflects one of the listed misconceptions by Nugroho (2018) that a

phenomenon, a case, or an event that reflects HOT problem should be presented in a long storyline.

Teachers’ challenges, needs, and existing supportive factors in developing HOT skills
In the interview, there were teachers who felt that they had never applied HOT, occasionally

applied HOT, and always applied HOT. To understand the factors that affect how HOT is implemented,
this study classifies these teachers’ challenges, needs, and the existing supportive factors based on their

frequency in addressing HOT skills (see Table 6).

Table 6. Teachers’ challenges, needs, and existing supportive factors in developing HOT skills

Frequency of Existin
HqOT us):a Challenges Needs supportive fgctors
Never ¢ Need to focus on e Guidebook and

passing the national support from the
exam government to

e Classroom diversity understand HOT

o Lack of knowledge of e Equality
the HOT problem between private
characteristics schools and

public schools
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Frequency of Challenges Needs EX|_st|ng
HOT use supportive factors
in receiving
information
e Teacher training
with practical
activities
Occasionally e Lack of mathematical e Guidebook ¢ Knowledge of Indonesian
literacy and reading o Colleague- Realistic Mathematics
skills among students support Education (PMRI)
e Lack of motivation e Long-term e Familiarization of PISA
among students teacher training test
e Time-consuming
(complex preparation
and implementation)
e To0 many
administrative
requirements and
competency demands
in the curriculum
e Need to focus on
passing the national
exam
Always o Classroom diversity e Teacher training e Colleague-support

o Lack of motivation
among students

The results suggest that the knowledge of existing teaching strategies to develop HOT, HOT
sample problems, and colleague-support influence the development of HOT skills in the classroom.
Teacher training should be available for all teachers, both in public and private schools, without any
prioritization. Wolgast and Fischer (2017), moreover, stated that teaching profession may induce stress
due to the time constraints, heavy workload, and extra-curricular obligations. They believed that
colleague-support served as a resource for teachers and that it had a positive effect on their performance.

Furthermore, the administrative duties in the national curriculum tend to hinder the development
of HOT skills. Teachers had limited time to learn about HOT skills as a ‘new material’ due to the heavy
workloads. Werang (2018) argued that the amount of teachers’ workload has a significant positive
correlation to their burn out, which could bring a negative impact on students’ academic performance
(Gwambombo, 2013).

CONCLUSIONS
This study aimed to examine HOT in Indonesian lower secondary mathematics classrooms by

exploring teachers’ views and assessing students’ ability to demonstrate HOT skills in mathematics.
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The findings show that most of the students could construct a mathematical model but experiencing
difficulty in applying knowledge into new contexts and in applying creative thinking. The other major
problem lies in critical thinking, which is indicated by the lack of information literacy skills.

In terms of curriculum, some of the teachers were familiar with the concept of HOT skills, but
there were views that teaching HOT skills was suitable only for talented or students with higher
intelligence. There was also a practice of exam-oriented education which can discourage students’
creativity. In terms of pedagogy, half of the teachers were able to mention appropriate teaching
strategies to develop HOT, but some of the answers were normative. Inconsistency was also found in
the teachers’ responses when explaining the strategy. In terms of assessment, half of the teachers
identified HOT problems as contextual problems. Some teachers associated HOT problems with
difficulty and with a long story-line.

This study, furthermore, found that the factors that influence the development of HOT skills are
the knowledge of existing teaching strategies to develop HOT, the familiarity with HOT problems, and
colleague-support. Besides that, the amounts of administrative duties in the national curriculum may
also hinder the development of HOT skills. These findings raise several implications. We need a more
detailed outline of levels of higher order thinking in mathematics that is consistent and supported with
resources and assessment methods. Teachers need support in terms of teacher training and guidebooks
and this should be equally distributed to both public and private schools to ensure a common view of
HOT skills, its learning strategy, and characteristics of the assessment. Finally, schools can support
colleagues to work together in (inter)disciplinary teams on the conceptualization and implementation
of HOT in their teaching practices.

The findings of our study, nonetheless, should be taken with precaution because there are some
limitations that need to be taken into account. Even though we ensured the diversity of schools in our
sample, the generalizability of the study is limited due to the small sample size compared to the number
of lower secondary students and teachers in Indonesia. The use of the ICSE task did not allow us to
evaluate the full richness of all HOT dimensions, and teacher reports’ provide a limited view on real
classroom practice. The benchmark for comparison is also limited due to the limited prior research in
Indonesian contexts.

Developing higher order thinking skills in mathematics is important in our current quickly
changing and technological society. Policy makers are aware of this importance. This study shows that
still some steps are needed for a sustainable implementation of higher order thinking in lower secondary

mathematics classrooms.
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