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Abstract. Weaknesses on problem solving of Indonesian students as reported by recent
international surveys give rise to questions on how Indonesian teacher bring out idea of
problem solving in mathematics lesson. An explorative study was undertaken to investigate
how secondary teachers who teach mathematics at junior high school level understand and
show belief toward mathematical problem solving. Participants were teachers from Surabavya,
Sidoarjo, Gresik and Mojokerto. There were 45 state teachers and 25 private teachers. Data
was obtamed through questionnaires and written test. The results of this study pomt out that
actually the teachers understand problem solving as pedagogical knowledge well as indicated
by high score of observed teachers® responses showing understanding on problem solving as
mstruction as well as implementation of problem solving in teaching practice although they
less understand on problem solving content knowledge such as problem solving strategies and
meaning of problem itself Regarding teacher’s difficulties, teachers admitted to most
frequently failed m (1) determining a precise mathematical model or strategies when carrving
out problem solving steps which 1s supported by data of test result that revealed transformation
error as the most frequently observed errors in teachers” work and (2) choosing suitable real
situation when designing context-based problem solving task. Meanwhile, analysis of teacher’s
beliefs on problem solving shows that teachers tend to view both mathematics and how
students should learn mathematics as body static perspective, while they tend to believe to
apply idea of problem solving as dynamic approach when teaching mathematics.

Keywords: problem solving, beliefs in mathematics, teachers’ understanding.

1. Introduction

It has already been agreed that prtmm solving is an essential issue deeply discussed in mathematics
education in recent decades since its practical role to the individ d society. Problem-solving as
one of five standard competences in mathematics mentioned by National Council of Teachers of
Mathematies [1] not only develops individuals® conception about aspeets of mathmics, but also it
helps to adapt to various problems in many aspects of their lives. NCTM [1] also recommended that




problem solving be the focus of mathematics teaching because, they say. it encompasses skills and
functions which are an important part of evervday life.

This issue brings a variety of responds which regards to both story of success and difficulties in
applying it within practical mathematics teaching and learming m many countnies. It 1s generally
known that mathematics curriculum in some countries can be ascertained put problem solving as a
main component, such as in Singapore [2,3]. United States [2], England [2], Australia [2), Fimd [4].
and Indonesia [5]. The success story, for exailifsg, was reported by [6] which showed that problem-
solving, based on open tasks in specific topic is feasible and effective in the classroom. Students are
challenged and actively wmvolved in cogmtive and physical activities as well as i interesting
discoveries. In Finland, the country where often puts their students in top rank in international survey
like PISA [7]. problem solving has been a part of the Finnish curriculum for a couple of decades but
l it has not found its place in the classroom reality [9]. Singapore curriculum, on the other hand,
encourages teachers to reduce the content taught through direct teaching but instead engage students in
meaningful activities so that they use knowledge to solve problems and whilst solving problems
extend their knowledge through inquiry [3].

However, the 1ssue of mathematical problem solving i Indonesia, especially, has not yvielded a
satisfactory result although it has been becoming one of curriculum contents of school mathematics
since year 1968 [5]. shows that the students' ability to solve mathematical problems is still weak
as pointed out by the results of international studies on education, such as TIMSS and PISA. Result of
TIMSS 2011 [8] participated by secondary students grade 8 reported that Indonesia ranked 38" out of
42 countries with score 386 of center point of TIMSS of 500, while the latest PISA report in 2012,
participated by 15-year old secondary students, Indonesia was 1'cpuﬂ.cd@ct rank of 64 out of 65
countries. In the latter study. even almost all Indonesian students (98.5%) were only able to reach level
3 of 6 levels of the task examined [7.10]. Research on Indonesian students’ performances on problem
solving, particularly. also supported this issue. The study of Siswono, Abadi. and Rosyidi [11] to the
fifth grade students as many as 202 students from five elementary schools m Sidoarjo showed that
students” ability in solving problems (especially the open-ended problem) is still low as indicated by
the data that the students' ability to solve problems that show fluency is only 17.8%., novelty 5.0%, and
flexibility 5.4%. This result is also supported by studies of Kohar & Zulkardi [12] and Wijaya, van den
Heuvel-Panhuizen, Doorman, & Robitzsche [13] each of which qualitatively investigate the extend to
which secondary students perform thenr mathematical problem solving stages on context-based task
which point out that the student participants mostly failed in early stages of contextual problem
solving steps, namely devising strategies to transform contextual situation into precise mathematical
model.

This condition is supposed to be influenced by various factors such as students” background
regarding on mathematics performance, the available of learning resources, teacher beliefs, the ability
of teachers, facilities, learning process, as well as national educational policies. Teacher as crucial
factor in the development of students’ learning has role to build students™ understanding on applving
idea of mathematical problem solving in real life. Therefore, research on teacher’s @cs is important
to be carried out, for instance, on their understanding 1 problem solving, their content and
pedagogical knowledge and skills, and their beliefs. The challenge for mathematics teachers is to
foster mathematical learning, and the key media for pedagogical interaction between teacher and
students is the tasks in which the students engage. This is what Sullivan, et al [6] stated as the essence
of teaching problem solving.

Hence, this issue gives rise to the questions of how Indonesian teachers bring out idea of
problem solving in their understanding related to both content and pedagogical knowledge as well as
how they experience difficulties, and how are their beliefs on this issue. As an initial step to address
these questions, this present staims to investigate secondary teachers’ understanding and belief on
mathematical problem solving. Therefore, the following research questions were addressed:

1. How did secondary teachers understand mathematical problem solving regarding problem,
problem solving as instruction, problem solving steps, problem solving strategies, and




instructional practice of problem solving as well as level of their performance on problem
solving task?

2. What are secondary teachers’ difficulties which are regarded to understand mathematical
problem solving?

3. How are secondary teachers’ beliefs on mathematical problem solving?

2. Theoretical Background

2.1.  Teachers’ understanding on the nature of problem solving

Teaching problem solving needs some understandings which are related to some points of knowledge.
Chapman [14] mentioned three types of knowledge for teaching problem solving: problem solving
content knowledge, pedagogical problem solving knowledge, and affective factors and beliefs. (see
table 1). Structuring some knowledge within this table was then confirmed as follows. First, figuring
out what 1t means by problem. Chapman [14] argued that teachers should understand problems based
on their structure and purpose m order to make sense of how to guide students” solutions including
understanding on types of tasks, such as cognitively demanding tasks; multiple-solution tasks: tasks
with m.‘utia] to occasion/promote mathematical creativity in problem solving: demanding problems
that generally allowed for a variety of problem-solving strategies: rich mathematical tasks, and
particularly open-ended problems. Second, understanding problem solving in instruction which means
teachers are encouraged to foster their students in completing problem solving steps precisely.

Table 1. Knowledge needed i understanding problem solving

Type of Knowledge Description
knowledge
Problem Mathematical Understanding what is needed for successful mathematical problem
solving problem solving solving
content proficiency
knowledge Mathematical Understanding of the nature of meaningful problems, structure and
roblems purpose  of different types of problems, impact of problem

characteristics on learners

Mathematical g proficient in problem solving

problem solving Understanding of mathematical problem solving as a way of thinking;
problem solving models and the meaning and use of heuristics, how to
interpreting students’ unusual solutions; and implications of students'
different approach

Problem posing  Understanding of problem posing before, during and after problem

solving
Pedagogical  Students as Understanding what a student knows, can do, and 15 disposed to do
problem mathematical (e.g., students” difficulties with problem solving; characteristics of good
solving problem solvers  problem solvers; st s” problem solving thinking)
knowledge Instructional Understanding how an at it means to help students to become better

practices for problem solvers (e.g., instructional techniques for heuristics/strategies,
problem solving  metacognition, use of technology, and assessment of students’ problem
solving progress, when and how to intervene during students’ problem
solving ).
Affective factors and behefs Understanding :mtur@ud impact of productive and unproductive
affective factors and beliefs on learning and teaching problem solving
and teaching




Third. coming up with idea of instructional practices for problem solving, teachers need to consider a
series of activities which give students opportunity to solve problems which needs challenging
complex thinking and logical reasoni he activity depends on how the teacher's ability to prepare a
problem. Crespo & Sinelair [in 15] explained that teachers who are able to create questions in the
initial situation will be more successful learning rather than the teacher who asked the problems
Geantancously. Thus, teaching for problem solving, teachers should be proficient in as well as
understand the nature of it in order to teach it effectively. In general, this categorization appears to
give insight on emerging teachers’ conception of problem solving theoretically to teachers’ actual
teachmg practically.

In addition to the specific issue related to problem solving content knowledge, teachers should
also be proficient to deal with a variety of problem solving task, such as completing problem solving
steps as well as applying problem solving strategies on various types of mathematical task. Level of
understanding regarding this issue were discussed by some frameworks, such as Polya’s problem
solving step [16]. and some error analysis guidelines on performing mathematical tasks developed by,
for instance, Wijaya et al [17] who adapted from three main frameworks, namely Newman’s error
[18]. Blum and Less™ modelling stages [as cited in 19], and PISA’s mathematization stages [20], and
Kohar & Zulkardi [12] who adapted from Valley, Murray, & Brown [21] and PISA’s mathematical
literacy [22]. To figure out the possibility of those frameworks are applied to investigate level of
teachers’™ proficiency m solving a variety of problem solving task, the following table shows
characteristics of some of those.

Table 2. Comparing frameworks on performance level in solving mathematical tasks

Polya’s Problem Solving Step Newnanis Aualysts [15] PISA’? Mathematical
[16] . Literacy [22]

Understanding the problem: Reading: recognize of words Formulate: recognise and
identify the unknown, data, and and svmbaols identify opportunities to use
condition related to the information Comprehension: understand the mathematics and  then
given in the pro meaning of a problem provide mathematical
Devising a plan: find the Transformation:  transform a structure to  a  problem
connection between data and the word  problem into an presented in some
unknown, consider auxiliary appropriate mathematical contextualised form

problem if an immediate problem

connection cannot be found. and
finally obtain a plan of the solution
Carrying out the plan Process skills: perform anp.r'oy.' apply mathematical
mathematical procedures concepts, facts, procedures,
and reasoning to solve
mathematically-formulated

problems to obtain

mathematical conclusions
Looking back: examine the solution Encoding: represent the Imterpret/evaluate:  reflect
obtained mathematical  solution into Bon mathematical
acceptable written form solutions, results, or

conclusions and  interpret
them in the context of real-
life problems.

In general, from table 2 we can notice that element of steps among those three frameworks
corresponds each other. Specifically, steps of understanding problem and devising strategies,
simultaneously, has likely similar idea with steps of reading, comprehension, and transformation in




Newman analysis, while this idea also appear on mathematical literacy, i.e. formulate, As early stages
in solving mathematical task, they end up with determining precise mathematical model or strategies
before performing further steps of solving problem. Likewise, each idea of carrying out step in Polya’s
process, process skill m Newman, and employ in PISA’s mathcnﬂioal Iiteracy deals with undertaking
mathematical procedure to find mathematical results., such as performing arithmetic computations,
solving equations, making logical deductions from mathematical assumptions, performing symbolic
manipulations, or extracting mathematical information from tables and graph. Furthermore, the last
step of Polya’s, ie. looking back, corresponds to final stage of Newman analysis, i.e. encoding and
PISA’s mathematical literacy, i.e. interpretation. The idea of this stage is interpreting the mathematical
result to the initial problem such as checking the reasonableness of the answer or considering other
strategies and solution of the problem. The difference, obviously, only appear on the type of the tasks
examined where PISA’s mathematical literacy specifies on contextual task [22], while Polya and
Newman respectively deals with general mathematical problem [16] and written mathematical task
[18]. Considerng these views, Newman’s error categories can be used to analyze teachers” level of
performance in solving context-based mathematical problem solving tasks.

The typical teaching of problem solving should also need to be considered as important parts of
understanding instructional practices for problem solving pedagogical knowledge. As examples,
tvpical learmning in Japan [23] consists of (1) discuss the previous lesson, (2) presents a problem, (3)
ask students work mdividually or m groups, (4) discussion of problem-solving method, and (5)
provides a summary and discussion of an important point. Shimizu [23] explains that underline and
summarizes the activities or "Matome" has the function (1) underlme and summanze the mam pomts,
(2) to encourage reflection of what we have done. (3) determine the context to recognize new concepts
or terms based on previous experience, and (4) make the connection (connection) between the new and
the previous topic. Similarly, teachers in Finland as reported by Koponen [24] m his stud v out
problem solving lesson by firsty introducing the problem, then working on the problem in pairs or in
small groups. mstructing the individual students on their solutions., and the final whole-classroom
discussion.

Based on the above discussion it is necessary to know actually how teachers understand the
nature of problem solving that includes problem itself, problem-solving, problem-solving strategies,
problem solving approach brought into classroom practical teaching, and posing problem solving task.
Besides, 1t 1s also necessary to look into teachers” performance in solving problem solving task.

2.2. Teachers’ beliefs on mathematical problem solving
4

Mathematical beliefs. as Raymond said. are regarded g “personal judgments about mathematics
formulated from experiences in mathematics™[25]. They play role as prerequisite development of
problem solving itself [26]. Regarding Blleir categorization related to other interrelated fields,
Weldeana & Abraham [27) summarized frameworks of teachers’ mathematical belief systems into
smaller subsystems, including beliefs about the following: (a) the nature of mathematics, (b) the actual
context ofaathf:matics teaching and learning, and (¢) the ideal context of mathematics teaching and
e.ming. These subsystems are wide-ranging, including, for examples, teachers’ wviews on
mathematical knowledge: the role of leamners and learning: the role of teachers and teaching: and
nature of mathematics acti\'itiehis categorization was also conceptualized by Ernest [28] who
described three views of nature of mathematics: the instrumentalist view, the platonist view, and the
problem solving view. The instrumenfile$t believes mathematics is useful and collects unrelated facts,
rules and skidThe platonist views mathematics as a consistent, connected and object tructure,
which means Sithematics is a unified body of knowledge that is discovered, not created. problem
solving view sees mathematics as a dynamically organized structure located in a social and cultural
context.

In attempt to simplify these views, Beswick [29] has tried to make connections among the
nature of mathematics, mathematics learning, and mathematics teaching as follows.




Table 3. Connections among belief about mathematics, mathematics teaching, and mathematics

leaming
Beliefs about the nature of Beliefs about mathematics Beliefs about mathematics
mathematics teaching learning 21
Instrumentalist Content focussed wi an Skill mastery, passive reception of
emphasis on performance knowledge
Platonist Content focussed with an  Active construction of understanding
emphasis on understanding
Problem solving Learner focussed Autonomous  exploration of own

interests

47

The Eﬂlicﬂship between teachers’ beliefs about mathematics @l its teaching and learning
practice, has been in\'csliﬁ] in many studies. Ernest [in 30] claimed that a teacher’s personal view
of mathematics underpins beli 1 the teaching and learning of mathematics. In line with this claim,
Schoenfeld [30] stated that the teacher’s sense of the mathematical enterprise determines the nature of
the classroom environment that the teacher creates. Thus, beliefs mfluence teaching and learning
practice. Other study, Ruthven’s [31] study, for instance. argued that teachers need to broaden their
perspective about ability and quality in mathematical learning which 1s probably more cm changed
by changing practical teaching in classroom first, as the teachers’ understanding of mathematics
teaching and learning. Thus, teaching and learning practice influence teacher’s belief.

Studies on how deep mathematics teacher develop behiefs on mathematics and 1ts practice in
teaching and leaming were then investigated by some researchers. A study of Zhang and Sze [32]
comparing preservice teachers’ belief on mathematics in China and Thailand, for mstance, revealed
that generally teachers participating in this study believe that mathematics is about thinking, logic, and
usefulness, rather than a subject of calculableness and preciseness. Regarding their belief on
mathematics teaching and learning, the results showed that Chinese preservie cher’s behefs are
more like constructivist. Beswik [33] in his study on two mathematics teacher’s view on the nature of
mathematics and mathematics as school suact regarding on the three wviews: platonist,
instrumentalist, and problem solving, suggested that more attention needs to be paid to the beliefs
about the nature of mathematics that the teachers have constructed as a result of the cumulative
experience of learning mathematics. Thus, we get nsight on how important these views offer
opportunities for teachers to rethink their own beliefs and get to know more about teaching practices.

These beliefs. as Schoenfeld [30] argued, give impact on students” belief in learning
malluslaics which then obviously influence their mathematics performances. The cause, for instance,
is that teachers rely on established oefs to choose pedagogical content and curriculum guidelines
[e.g. 34]. If teachers tend to believe mathematics as a set of tools that contain facts, mles, and skills,
the lesson will likely to b centered on teachers instead of students [35]. Furthermore, The
mmportance of students 'and teachers' beliefs about the role of problem solving in mathematics is a
prerequisite development of problem solving itself [37]. Romberg in [36] shows the relationship of
elements in the teaching of mathematics as follows.

Mathematical
Content
Planning Teaching at Students
. Classroom »  Performance
Teachers
Belief

Figure 1. Relationship among elements of teaching mathematics




This view illustrates the importance of types of teacher beliefs which are needed to be investigated as
attempt to improve teachers” proficiency dealing with problem solving.

3. Methods

This is a descriptive explorative research which aims to explore teachers' understanding on
mathematical problem solving and their belief.

3.1. Participants

Participants are secondary teachers who has mimimum a bachelor degree, have taught more than 5
years, from four cities: S@nya, Sidoarjo, Gresik, and Mojokerto. There were 25 private teachers and
45 state mvolved in this study.

3.2. Data collection

Data were collected from questionnaire and problem solving task. The questionnaire consists of 21
questions. Each item provided 4 to 17 selection options. Teacher can choose more than one option. To
explore the understanding of teachers to problem solving. there are 15 items provided which are
categorized mto 7 groups: problem, open ended problem, problem solving as mstruction, problem
solving steps, problem solving strategies, and instructional practice of problem solving, and designing
problem solving task. Other three items are categorized to identify the difficultics of teachers in
problem solving while the other three items are categorized to explore teacher beliefs. Meanwhile, the
problem solving tasks were designed to explore teachers’ understanding regarding contextual tasks
which do not likely need any higher prerequisite formal mathematical knowledge. See the tasks at
appendix. The following is the description on the tasks’ demands.

Table 4. Description of problem solving tasks

No Unit Description Source
1 Futsal score Interpret information about a score achieved by a futsal Modified version
team in a tournament which i1s implicitly stated from the from Kohar and
information given in a table Zulkarch [12]
2 World online Formulate a mathematical model to determine a perfect time  Developed by
mathematics to held an online mathematics contest participated by  authors
contest students from different countries in different continents

The difference between those two task, particularly, appears on the most dominant stages which are
likely more needed to be performed when solving the task. Here, task 1 needs more performance on
final stage of problem solving, i.e. interpreting mathematical result to initial problem, while task 2, in
opposite, demands more likely performance on early stages, ie. from understanding the task to
devising strategies or mathematical model of the task.

3.3. Data analysis

Deseriptive analysis on investigating teachers’ understanding and belief was carried out by using score
given on each group of questions. Each option on a question has score either 1 (not understanding), 2
(partial understanding), or 3(full understanding). As an example. we give one question including its
options and its score as follows.

An open-ended mathematics task 1s the task which. ..

. contains open sentences (score 1)
produces a variety of strategies to find out the solutions (score 3)
gives an open opportunity to persons who want to solve (score 1)

. contans higher level of difficulty so that needs higher mathematical skill as well (score 2}
has more than one solutions (score 3)
has opportunity to be developed mto other type of tasks by changing information or
requirements from the solved task (score 2)

nEOQW R




The score varies to show level of understanding from 1.00 (do not understand), to 3.00 (fully
understand), while the other scores varies to show level of beliefs on mathematical problem solving
from 1.00 (platonist view/as tool) to 3.00 (problem solving view). The score is given to each
participant on each question based on the following formula.

obtained total score

Score (8) =

number of chosen options

In detail, we have developed a guideline to categorize these levels as shown by the following table.

Table 5. Scoring category level of teachers’ understanding and beliefs

Score (5) Level of understanding on Level of beliefs toward mathematical
mathematical problem solving problem solving
1.00< 8 < 1.67 not understand (NLT) as tool/instrumentalist view
1.67= 5= 233 partially understand (PLU) as body static/platonist view
233< 85 =167 fully understand (FU) as dynamic/problem solving view

Regarding teachers’ performance on problem solving task, we used framework on investigating
imdividual’s performance based on stages of mathematical modelling adapted from Wijava [13]. and
Kohar [12] since the task is in the category of context-based problem solving task. This is shown as
follows.

Table 6. Level of teachers’ performance on problem solving task

Type of responses Sub-type Codes Explanation
Comprehension error Misunderstanding the -1 Teacher incorrectly interpreted what they were
nstruction asked to do.
C-2 Teacher was unable to differentiate between

relevant and irrelevant information (e.g. using all
information provided in a task, neglecting

Error mn selectin ; : :
& relevant information, or addmg other unrelated

information information not given in the task ) or was unable
to gather required information which was not
provided in the task,
Transformation/ T-1 Teacher tended to use directly a mathematical
devising sirategies Procedural tendency procedure (such as formula, algorithm) without
error analyzing whether or not it was needed

T-2 Teacher's answer only referred to the
context/real world situation without taking the
perspective of the mathematics

Taking too much
account of the context

Wrong mathematical T-3 Teacher used mathematical procedure/concepts
operation/concept which are not relevant to the tasks
Mathematical Algebraic error P-1 Error in solving algebraic expression or function.
ELOCeISINg Error Arithmetical error P-2 Error in calculation.
P-3 Teacher could not convert between units ('c.g.

Measurement error ;
from hour to minute)

T e R P-4 Teacher _used a correct formula or procedure, but
she/he did not finish it. ti
Interpretation error I Teacher was unable to correctly interpret and
validate the mathematical solution in terms of
the real world problem. This error was reflected
by an impossible or not realistic answer.
Full understanding F-1 Teacher performed complete and correct steps of
Arithmetical approach solving the task by applying arithmetical
approach dominantly (eg. applving standard




Type of responses Sub-type Codes Explanation
arithmetics  operation such  as  adding,
subtracting, multiplying, or dividing number) to
gel solution

F-2 Teacher performed complete and correct steps of
solving the task by applving algebraic approach
dominantly (eg. building algebraic equation,
manipulating algebraic form) to get solution

Unknown U Type of response could not be coded since its

limited information from teacher's work

Algebraic approach

4. Results
4.1 Teachers’ understanding on problem solving
4,11 Teachers' understanding in gquestionnaire results

There were seven categories of questions which were tested to measure teachers’s understanding on
problem solving. Each category could contain more than one questions. For mstance. category of
problem solving strategies contained two questions, while category of experience in designing
problem solving tasks contained three questions. Table 7 shows teachers’ average score on the
questionnaire.

Table 7. Teachers’ understanding on mathematical problem solving

Category of teachers’ understanding on i Intarprotation
problem solving Private State Taotal

Meaning of problem 2.17 246 236 FU
Open-ended problem 2.65 280 2.75 FU
Problem solving as instruction 2.84 296 291 FU
Problem solving steps 2.41 2.50 247 FU
Problem solving strategies 1.89 1.80 1.83 PU
Implementation of steps and strategies of 243 245 244 FU
problem solving in teaching

Experience in designing problem solving task 2.66 2.63 2.64 FU

Table 7 shows that the lowest score of understanding problem solving appears on category problem
solving strategy (1.83) which means teachers did not really.understand toward this group of questions.
In giving response on questions related to problem solving strategy, data show that most teachers
chose wrong options related to type of problem solving strategy should be applied on a given
information on the question. Moreover, teacher did not really show good understanding on the
meaning of problem as indicated by its score, 1.¢., 2.36, which could be interpreted as low score of full
understanding based on scoring category on table 5. However, higher score appears on category
problem solving as instruction (2.91) and designing problem solving task (2.64), both m\'hich are
related to practical knowledge of problem solving. It shows even though teachers are aware of the
importance of problem solving as the focus of learning but there are still weaknesses in selecting a
task question as a problem and solution strategies. Thus, regarding Chapman’s category of knowledge
needed to understand problem solving, we then could note that the teachers had relatively better
understanding on pedagogical problem solving knowledge rather than problem solving content

knowledge.




4.1.2 Teachers’ understanding in performing problem solving task

In total. we had 140 possible responses (number of tasks done by all teachers in total) which included
35 correct responses (23%), 80 mcomrect responses (57.15%), 1.e.. no credit or partial credit, and 25
missing responses (17.85%). Each incorrect response had an opportunity to be coded by more than one
sub-type code since its different errors found from this response. For instance, a response could be
coded as mathematical processmg error subtype algebraic emor (P-1) and mterpretation
simultaneously (I). Thus, the total number of responses was no longer 140 items, instead we found
176 coded responses. Then, the percentage of each category of responses is given as follows,

Table 8. Frequency of teachers™ performance on problem solving task

Type of Total
P Sub-type Codes Taskl Task2 N % per %
responses
type

Comprehension  Misunderstanding the  C-1 o 9 15 8.52% 37 21.02%
error mnstruction

Error in selecting Cc-2 11 11 22 12.50%

information
Transformation/  Procedural tendency T-1 7 4 11 6.25% 41 23.30%
devising Taking too much T-2 1 227%
strategies error account of the

context

Wrong mathematical ~ T-3 9 17 26 1477%

operation/concept
Mathematical Algebraic error P-1 1 1 2 1.14% 8 4.55%
Processing error b metical error P-2 0 3 3 1.70%

Measurement error P-3 1 0 1 0.57%

Unfinished answer P-4 1 1 2 1. 14%
Interpretation I 18 12 30 17.05% 30 17.05%
error
Full Arithmetical F-1 22 10 32 18.18% 35 19.89%
understanding approach

Algebraic approach F-2 3 0 3 1.70%
Unknown u 11 14 25 14.20% 25 14.20%

Table 8 shows that transformation/devising strategies error constitute to the most frequently
found from teachers” work (23.30%), while mathematical process emor, conversely, become the least
frequently observed (4.55%). Morover, they also performed comprehension error highly, i.e., 21.03%,.
This point out that teachers found some difficulties in early stages of problem solving steps.

As examples on how teachers perform those errors, the following figures show comprehension

error and transformation-interpretation error, respectively on task 1.

Figure 1. Examples of errors on task 1
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On comprehension error, teacher at figure la was unable to distinguish between relevant and
irrelevant information given from the table. He only considered information in coloum won, lost, and
drawn without giving more attention to the coloum goals for and goals against to convey a calculation.
Thus, we coded it as C-2. Meanwhile, transformation error was performed by teacher at figure 1b who
tended to use directly a mathematical procedure. ie. addition and subtraction without analyzing
whether or not it was needed and did not provide precise mathematical argumentation supporting the
procedure he used Consequently, he got the score in negative number, which is not possible to happen
in real world setting. Thus, we also coded it as I error.

Regarding transformation error and comprehension error on task 2, we give these following
examples.
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a. T-3 Translation:

let x is time for Greenwich, then allowed time for other cities to
hold the competition 15 given as follows.

Jakarta: 12 £x+7 <23—5<x<16

Sydney:12 <x+11 £23—]1 <x <12

Ankara:12 <x+14 €23 -2<x <9

Since the duration of competition 1s 1 hour, then range of time
that can be used 1s from 5 to § a.m (Greenwich time)

b. P-1

Figure 2. Examples of errors on task 2

Figure 2a was coded as transformation error because the teacher provided wrong mathematical model
to find the best time chosen for holding the competition. She seemed trying to find LCM of the
differences of hours from the three cities which is not suitable to find the solution. Hence, this error
was coded as T-3. Meanwhile, figure 2b actually shows a unique strategy. ie. using algebraic
approach, which was not found from other teachers” work. However, the teacher did not perform
carefully in selecting information related to model of inequality for Ankara time, ie. writing
12=x+14=23, instead of 12=x+2<23. Thus, we coded it as P-1 since it contains algebraic emor of
finding solution of inequality.

Teachers® complete performance in solving the tasks is also interested to be discussed. Here, we
found two approaches. i.e. arithmetical and algebraic approach. Here are examples of these approaches
from task 1.
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b. F-2

Figure 3. Examples of teachers’ complete performance on the tasks

Jawab: sainab: B [ duwate | e oy ‘|
TN gy by PO (B a 4
e e R~y Prad ekl & e | froadiy 3
FLkyh gt v L Ll L 2 | Wamsg e Whgatar R gpasal; ] w1 J Fpal.
B i Prmgiqen 1= | =
o ol o4k - £ axtel """—"H'L - - \::'— ;\-:c.
Ludys FE @ Adcdr L a 42 4§ [ £ b e
CAprmnt ' & g2« § % hrd - 3 4 ! il TR 5| \,(.-b-m-huq
) o+ b = 1 - bcFob .ani | i 1 “"""“"
gl ity B e | ,-':'-ﬁ. T Foarari ) o bad, § (i)
a+dr d Awd-a ,ar)d Ny
&= fea e d=3=F A .J_‘_”“_ g (sern) |
Bt btory o 4. =¥ a1} ity S
< (-a) +(3i=g A _ — S : |
C= A -9 S it lﬁ—u..'_‘ ey
= ia w9 Yhor MR DR ws fefraptr t B e fhepn (6) TS T
e Flak,  Uhart mamTH V3 RegAlels e
PR adebed, oy .oy | Fande, Fojomab (1) |
= :
Translation: Translation:
Let score of Mentari vs SurvaFC =a: a Analysis
Mentari vs Rajawali =b : ¢ Mentarivs  Mentarivs  Rajawah
Surya FC vs Rajawali=d - ¢ Surya Rajawali vs Surya
Then possibility 11 6:1 4.7
possibility 2:2 5:1 4:6
{algebraic operation same with shown figure) possibility 33 4:2 3:5
So, Mentari vs Rajawaliis 4 : 2 5 P

Figure 3a shows that teacher used symbols representing number of goals successfully shot to
another team, then carrymg out a well-operated algebraic form by seeing about information of goals
for and goals against from the table in task 1 to find out each of goals produced by each of teams.

Interestingly, the teacher started to symbolize score of Mentan vs Surya by a :

a, which means he

know that number of goals produced between Mentari and Surya i1s same based on information of
number of drawn match given in the table. Similarly, teacher at figure 3b also applied this information
to find cach of score between two teams of each match, but he applied arithmetical approach by listing
some possibilities of score and then carrying out simple operation (addition) of number to find out the

score of Mentari vs Surya FC.

4.2

Teachers’ difficulties which regarvd to understand problem solving

We categorized teachers” difficulties into three type of questions, i.e. problem solving steps, designing
problem solving task., and causes of difficulties in designing problem solving task. Table 7 show

teachers’ responses on this issue.

Table 9. Frequency of teachers’ difficulties on problem solving

The number of teacher choosing Total Percentage
Questions Options the.opton
Private %a State %o
read the task -+ 16.00% 7 15.56% 11 15.71%
Most difficult understand problem 6 24.00% 18 40.00% 24 34.29%
steps of determine precise 15 60.00% 20 44 44% 35 50.00%

problem solving  1,athematical model and

strategies
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employ mathematical 2 8.00% 2 4.44% 4 5.71%
procedures and facts
interpret result to look back to 4 16.00% 11 24 44% 15 21.43%
initial problem
determune real world context 21 84.00% 29 64.44% 30 71.43%
on mathematics topic
make correct written sentence 5 20.00% 7 15.56% 12 17.14%
design task with more than 2 8.00% 2 4.449% 4 5.71%
Dhfficulties in one solution
designing
problem sol‘ring dcsign task with more than 5 20.00% B 17.78% 13 18.57%
task one alternative strategies
design task with more than 3 12.00% 9 20.00% 12 17.14%
one alternative solution and
strategles
design simple task but 16 64.00% 23 51.11% 39 55.71%
challenging
not frequently solve higher 9 36.00% 10 22.22% 19 27.14%
order thinking-based tasks
never learn how to design 10 40.00% 12 26.67% 22 31.43%
problem solving task
frequently make set of 6 24.00% 6 13.33% 12 17.14%
evaluation only testing on
calculation and procedure
Causes of not frequently read references 10 40.00% 18  4000% 28 40.00%
di ﬂ‘_'m-l_' lies in about problem solving task
designing g i use mathematical 5 2000% 10 2222% 15 21.43%
problem solving d ;
sk task provided in text book
too focus on guwding students 10 40.00% 17 37.78% 27 38.57%
in solving task using one step
solution
difficulties regarding a variety 2 §.00% 2 4.44% 4 5.71%

of students' ability in
classrrom

From the table, regarding steps of problem solving, teachers especially find difficulties mostly in step
of determining strategies/mathematical model (50.00%), followed by understanding
problem/comprehension (34.29%), and looking back at initial problem (21.43%). The difficulty in
designing a problem-solving task, especially are determining the context of real problems of
mathematical topics (71.43%) and designing simple task but challenging (55.71%). The top four of
cause of these difficulties are almost evenly not frequently read references about problem solving task
(40.00%), too focus on guiding students in solving task using one step solution (38.57%), never learn
how to design problem solving task (31.43%), and not frequently solve higher order thinking-based
tasks (27.14%).

4.3 Teachers’ beliefs on mathematical problem solving
Belief in mathematics can be classified into three parts, namely mathematics as a tool, mathematics as

body statifcflld dvnamic mathematics as human creations. Table 7 shows teachers’ average score of
beliefs on mathematics, teaching mathematies, and learning mathematics.

13




Table 10. Score of teachers® beliefs on mathematical problem solving

Type of beliefs Private State Total Interpretation
mathematics 2.35 2.02 2.14 body static/platonist
teaching mathematics 2.29 241 2.36 problem solving
learning mathematics 1.93 1.89 1.90 body static/platonist

In general, the table above shows that teachers still tend to view mathematics, teaching mathematics,
and learning mathematics as body static to problem solving which agrees to platomst-problem solving
view as indicated score range varying from 1.90 - 2.36. However, belief in learning mathematics has
the lowest score compared to the other two beliefs. Moreover, its score, i.e. 1.90, is rather closer to
scoring range for tool view. Hence, teachers’ belief on learning mathématics is rather instrumentalist.
Supporting this data, by calculating percentage of frequency of teacher choosing ‘instrumentalist’
option, for instance, we noted that most teacher (38 out of 70 agree that students should learn
mathematics by starting to work on simple questions to harder questions. On the other hand, in
viewing mathematics, for mstance, 38 out of 70 view mathematics as only tool to learn and develop
other disciplines, while in viewing teaching mathematics, we noted that there were many teachers (22
out of 70 teachers) still believe that teaching mathematics should explain topic systematically followed
by giving some examples and asking students to work on some questions. However, i viewing
teaching mathematics, teachers relatively agree to apply problem solving/dynamic approach. as
indicated by the highest score among three types of beliefs shown in table 7, i.e. 2.36. As an example,
we noted that most teacher (47 out of 70) agree that teaching mathematics should start from posing
contextual mathematics problem.

5. Discussion and Conclusion

Results of studying teachers™ understanding show that most teachers were likely found difficulties on
problem solving content knowledge, especially in knowing problem solving strategy. Analysis of their
performance in solving problem solving task also reveal that errors mostly happened when they start
to devise strategies or precise mathematical model. These findings were then supported by their
opinion that the most difficult steps of carrying out problem solving step is devising strategies.
Moreover, understanding this knowledge needs likely more attention to deeply comprehend
interrelated content knowledge regarding certain topic. For instance, when investigating prospective
elementary teachers’ common thinking about open-ended, Chapman [35] found that they actually
know that open ended problem meant more than one answer but they were doubt about what this
meant mathematically such as inability to provide example of other answers on a given open-ended
task.

Regarding teachers”™ belief. the fact that teachers tend to view both mathematics and how
students should learn mathematics as body static perspective, while they tend to believe to apply idea
of problem solving as dynamic approach when teaching mathematics shows that belief in mathematics
is not the only factor affecting the practice of teaching and the views of the students who are learning.
Raymond [in 4] describes other factors besides belief in mathematics as teacher education programs,
teaching social norms, teachers” life outside the classroom, characteristics of teacher's personality, the
situation in the classroom, student life outside the classroom.

To sum up, we argue that: (1) Teachers” understanding on problem solving content knowledge
was less than those on pedagogical content knowledge (2) Teachers more believed on mathematics
and mathematics learning as body static, while in practice. they tend believe to the views that they
should teach mathematics as a dynamic/problem solving activity.
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Appendix

Task 1

Futsal Tournament

In the end of this year, a subdistrict government held a futsal tournament involving some futsal teams from
schools within the subdistrict. To prepare the tournaments, three futsal teams from Eksakta school held a futsal
training in their schoolyard once a week. Each of them face each other in a match exactly once. The following
table presents the result of the tramning this week.

Team Won Lost Drawn Goals
Goals For Goals Againts
Mentari 1 0 1 7 5
Surya FC 1 0 1 8 5]
Rajawali 0 2 0 5 9
Note:
Won The number of matches won this week

3 The number of matches lost this week
m» n  The number of matches drawn this week
Goals for: The number of goals scored this week
Goals against: The number of goals conceded this week
What 1s the score of the match Mentari vs Rajawali? Explain vour reason,

Task 2

World Online Math Literacy Contest

An online Maths Literacy Competiion was attended by participants from several cities, namely, Jakarta
{Indonesia), Sydney (Australia) and Ankara (Turkey). The competition lasts for 1 hour at the same time on each
of the local time. Here 1s the time difference in each country

Greenwich (midnight)  Ankara (early morning) Jakarta (morning) Sydney (noon)

Since all participants are students, so they can not follow the contest at 07:00 am. to 12:00 a.m on each logal
time for having school and at 11 pm. to 6:00 am. for bedtime Find the appropriate range of time that the
committee should select for the contest. Explain your strategy.
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