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EXAMINATION OF MATHEMATICS TEACHER CANDIDATES’
STRATEGIES USED IN SOLVING NON-ROUTINE PROBLEMS
Melihan Unli

Abstract: The aim of the study was to examine mathematics teacher candidates’ strategies used in
solving non-routine problems. The research was carried out with 104 mathematics teacher
candidates studying at a state university during the first term of the 2014-2015 academic year in
Turkey. Data was collected through Problem Solving Test which was consisted of 10 non-routine
problems. Descriptive statistics were used to determine mathematics teacher candidates’ solutions
and strategies used in problem solving. Solutions of problems were rated and categorized. Firstly,
solutions were classified as correct or wrong. Secondly, correct and wrong solutions classified as
“solving by using true strategy” and “solving by using wrong strategy”. After that “solving using
true strategy” was categorized as “indicated strategy correctly” and “indicated strategy wrongly”.
The findings of this research revealed that some of mathematics teacher candidates have adequate
problem solving skills but some of teacher candidates did not solve problems correctly because
they used wrong strategy. In other words, mathematics teacher candidates have limited abilities at
the stage of “understanding of problem” and “planning”. It was a due of they could not understand
what the problem says and they could not choose an appropriate strategy for problem solving.
Some of teacher candidates used correct strategies in solving problems, even though they could not
reach the correct answer. It was an evidence that these teacher candidates have lack of knowledge
about “applying plan”. On the other hand, some of teacher candidates could solve problems
correctly but they could not indicate strategy correctly.
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1. Introduction

Problem solving is a learning approach that can be used to improve the quality of teaching and remove
many learning difficulties (Altun & Arslan, 2006). Therefore, many researchers focuse on problem
solving over the last decades. Problem can be defined as a question or a situation that creates
confusion and uncertainty in the individuals’ mind (Posamantier & Krulik, 1998; Sheffield &
Cruikshank, 2005). In other words, problem is a situation that has an unusual solution, few different
knowledge and skills are used together to solve it (Ministry of National Education [MoNE], 2006). For
the conceptual development of students, the type of problem is important (Ross & Kennedy, 1990).
Van De Walle, Karp and Williams (2012) stated that problems which are used in mathematics learning
should have certain characteristics. Accordingly, a problem must be compatible with students' prior
knowledge, compelling and interesting. Moreover, the interesting aspect of the problem should be also
based on the mathematics and the problem should be able to explain the correctness of the answers
and why it is correct. In National Council of Teachers of Mathematics (NCTM) Standards (2000), it is
stated that good problems are “arising from students’ environment”, “forcing the students to develop
their own strategies and practices™ and "preparing the environment for introducing new concepts to
students ". Problems are classified as routine and non-routine problems. While routine problems can
be solved easily by applying four operations and certain rules, non-routine problems require higher
level thinking (Arslan & Altun, 2007; Inoue, 2005) and improve students' tendency to examine events
and search for relationships, order or pattern (Altun, 2008). Since non-routine problems are non-
standard, involving unexpected and unfamiliar solutions, students are generally afraid of the idea of
solving non-routine problems (Apostol, 2017). On the other hand, Olkun, Sahin, Akkurt, Dikkartin
and Giilbage1 (2009) classified problems as standard verbal problems and non-standard verbal
problems. Standard verbal problems are problems that can be solved by applying one or more
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arithmetic operations, whereas nonstandard verbal problems require special considerations as well as
the application of arithmetic operations.

Problem solving is defined as the way to reach the solution in situations where solution is not known
(Polya, 1962). It is not used in low level learnings and situations where learners know what to do
(Schunk, 2009). Problem solving is a process and in this process, students should be presented with
environments where they are creative, use different strategies and create new problems rather than
learning and implementing the algorithm and rules (MoNE, 2006; Van De Walle, Karp & Williams,
2012). Furthermore, students need to develop strategies for problem solving in order to learn how to
solve problems (Baykul, 2009, MoNE, 2006). For that reasons, it is important for students to face non-
routine problem situations while developing their problem solving skills (Olkun et al., 2009). Because
students think flexible and practical when solving problems which they have not encountered before
(PISA, 2005). Therefore, starting with simple problems and then providing students an environment
where they can learn problem solving strategies with more difficult and complex problems will also
improve students' problem solving skills (Posamantier & Krulik, 1998).

In problem solving process, Polya (1990) focused on four problem solving steps: understanding the
problem, planning, applying the plan and evaluating the solution. Understanding the problem is the
first step of the problem-solving process. In this step, it is crucial to understand which information is
given, what is happening in the problem and what is required for solution. The second step is making a
plan. In this phase, a solution plan is made considering how to solve the problem, a strategy or
strategies for solution is selected. Problem solver should choose an appropriate strategy because using
appropriate problem solving strategy is important in terms of being successful in problem solving
(Ersoy & Giiner, 2014). Posamantier and Krulik (1998) classified problem solving strategies as
working backwards, finding a pattern, adopting a different point of view, solving a simpler analogous
problem, considering extreme cases, making a drawing (visual representation), intelligent guessing
and testing, accounting for all possibilities, organizing data and logical reasoning. If there is unique
endpoint and variety of paths to get the starting point by working back, working backwards strategy is
suitable for solution. Finding a pattern is a strategy that problem solver seeks a pattern and uses this
pattern to solve problem. In adopting a different point of view strategy, it is required to look at the
problem from different perspective. Solving a simpler analogous problem strategy is a strategy that
problem solver changes the given problem into one that may be easier to solve. Considering extreme
cases strategy is used solving problem such as where some variables are constant and others are
varying to extremes. In making a drawing strategy (visual representation), it is used diagrams or
drawings to see relationships between situations and problem solver can solve problems according to
these drawings. Intelligent guessing and testing is a strategy that problem solver guess the solution and
test to show it is correct or not. In organizing data strategy, given data from the problem situation is
reorganized in a way different from the way it was presented. Accounting for all possibilities is a
strategy that problem solver considers all options and chooses the most suitable one. In logical
reasoning strategy, logical reasoning is a thinking process. For an example, if you say A then it is
expected that the response will B. This strategy also helps to make proof (Posamantier & Krulik,
1998). The third step of problem solving process is applying the plan. In this stage, the prepared plan
is applied and solution is made by using the determined strategy. In the evaluation phase, the solution
is checked whether the answer is really correct or not (Polya, 1990). The lack of one of the problem-
solving steps will result solving the problem wrongly.

According to the researches, many students tended to apply the essential procedures to given numbers
and find solution instead of cognitive activities such as judging the solution process, analyzing the
problem, evaluating the results (Arslan & Altun, 2007). Aksoy, Bayazit and Kirnap-Dénmez (2015)
also stated that majority of the teacher candidates tended to use rules and procedures in a
straightforward way and lacked the ability to use appropriate strategies that could scaffold their
realistic considerations. Yeo (2009) examined secondary 2 (13-14 years old) students' difficulties in
solving non-routine problems. According to the results, the difficulties experienced by students were
lack of comprehension of the problem posed, lack of strategy knowledge, inability to translate the
problem into mathematical form, and inability to use the correct mathematics. Ulu (2011) also stated
that during the solving non-routine problems, primary school students made mistakes about reading
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and comprehension (49.26%), strategy-based errors (8.08%), (from strategy selection and execution of
strategy) and operation errors (2.62%).

The increasing of emphasis on problem solving in mathematics education has necessitated the
researches on problem solving processes (Gur & Hangil, 2015). Many researches focused on problem
solving (Aksoy, Bayazit & Kirnap-Dénmez, 2015; Che, Wiegert, & Threlkeld, 2012; Ceker & Ev-
Gimen, 2017; Celebioglu & Yazgan, 2009; Elia, Heuvel-Panhuizen & Kolovou, 2009; Gokkurt-
Ozdemir, Erdem, Ornek & Soylu, 2018; Gokkurt-Ozdemir, Kocak & Soylu, 2018; Giir & Hangiil,
2015; Olkun et al., 2009; Tirker-Biber, Aylar, Sonay-Ay & Akkus-ispir, 2017; Verschaffel, De Corte
& Lasure, 1994; Yazgan & Bintas, 2005). Researches on problem solving strategies investigated the
strategies generally used by teachers, teacher candidates and students in problem solving process.
Yazgan and Bintas (2005) found that fourth and fifth grade students mostly use intelligent guessing
and testing strategies; least finding pattern, working backwards and making drawings. However, Altun
and Arslan (2006) indicated that 7" and 8" grade students were most successful in using systematic
listing, making drawings, and working backwards strategies. When the literature is examined, there
were limited researches which directly questioned to examine strategies used by mathematics teacher
candidates in solving non-routine problems. Because teachers can only be trained as good problem
solvers by learning problem solving strategies and how to use them (Posamantier & Krulik, 1998). In
addition, teacher candidates' knowledge about problem solving and problem solving strategies will be
efficient while teaching these topics effectively to their students. Although problem solving and
problem solving strategies are concepts that students have encountered at many fields and class levels,
the importance of these issues and the difficulties that students have experienced in the problem
solving process, make it necessary to conduct research on this subject. On the other hand, developing
problem-solving activities and teaching strategies to their students are up to teachers who have
knowledge and experience in this area. Therefore, it is important that teacher candidates should be
equipped to perform problem solving activities for their students. In this context, it is thought that
examining the problem-solving processes of the mathematics teacher candidates who will be
responsible for teaching this topic to the students in the future, is important for mathematics education.
This research will also determine whether mathematics teacher candidates were aware of the strategies
they used in problem solving or not. For this purpose, the aim of the study was to examine
mathematics teacher candidates’ strategies used in solving non-routine problems.

2. Method

2.1. Research model

Descriptive survey method was used in this research. In survey methods, information is collected from
a group of people to describe some aspects or characteristics (such as abilities, opinions, attitudes,
beliefs, and/or knowledge) of the population (Frankel & Wallen, 2005). Since the aim was to examine
mathematics teacher candidates’ strategies in solving non-routine problems, survey method was
chosen.

2.2. Participants

The research was carried out with 104 mathematics teacher candidates studying at a state university
during the first term of the 2014-2015 academic year in Turkey. 28 teacher candidates were in their
second, 37 were in their third and 39 were in their fourth grade. There were 82 female and 22 male
students enrolled the study. Purposeful sampling method was used to select participants. Teacher
candidates had enrolled Mathematics Teaching | method course in third year and some had enrolled
elective Problem Solving Strategy course in their second year. Within the scope of Mathematics
Teaching | and Problem Solving Strategy; problem, problem solving, Polya’s problem solving stages,
routine and non-routine problems, problem solving strategies and their applications were covered.
Teacher candidates were gathered essential information about problem solving strategies.
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2.3. Data Collection Tools

Data were collected through Problem Solving Test which was consisted of 10 open ended non-routine
problems. Problems were adopted to Turkish from “Problem solving strategies for efficient and
elegant solutions” book (Posamantier & Krulik, 1998). Each problem is associated with a different
strategy. First problem is about working backwards strategy, second is about finding a pattern strategy,
third is about adopting a different point of view strategy, fourth is about solving a simpler analogous
problem strategy, fifth is about considering extreme cases strategy, sixth is about making a drawing
(visual representation) strategy, seventh is about intelligent guessing and testing strategy, eighth is
about accounting for all possibilities strategy, ninth is about organizing data strategy and tenth is about
logical reasoning strategy. In Problem Solving Test, mathematics teacher candidates were asked to
solve problems using appropriate problem solving strategies and to indicate the strategies that they
used in problem solving process.

Firstly, 10 problems were translated into Turkish by the researcher and three field experts. Then test
was applied to the 10 teacher candidates to check problems whether they were understandable or not.
After the necessary arrangements from the feedbacks, the Problem Solving Test was finalized.

2.4. Data collection and analysis

Problem Solving Test was applied to teacher candidates. In the Problem Solving Test, it was required
to solve the given problems by using appropriate strategies and to indicate the strategies that they used
for their solutions. There were not any time constraints during the test and necessary precautions were
taken to ensure that participants were not affected by each other.

Descriptive statistics were used to determine mathematics teacher candidates’ solutions and strategies
which used in problem solving process. Solutions of problems were analyzed by two researchers
independently from each other. Then ratings were compared. When there was discrepancy between
classification, researchers discussed and reached to a consensus. Firstly, solutions were classified
correct, wrong or blank.

If teacher candidates understood the problem correctly, planned the solution, chose correct strategy
and solved problem correctly by using correct strategy, the solution was evaluated in the “correct
solution” category. Then, correct solutions were classified as “solving by using correct strategy” and
“solving by using wrong strategy”. Afterwards, correct solutions were classified as “indicated strategy
correctly” and “indicated strategy wrongly” according to whether or not the teacher candidates
correctly state which strategies they used in problem solving. For example, solution for first problem:
“Ali loses in round 3 and gives Esen and Huriye as much money as they each have. At the end of the
game Esen has 24 TL and Huriye has 24 TL. This means before round 3 Esen and Huriye has 12 TL,
and Ali has 48 TL. Huriye lost in the second round. This means before round 2 Huriye has 42 TL (She
gave 6TL to Esen and 24 TL to Ali). In round 1 Esen lost so she gave 21 TL to Huriye and 12 TL to
Ali. From that Huriye has 21 TL, Esen has 39 TL and Ali has /2 TL at first.” In this solution, teacher
candidate solved problem by using working backwards strategy. She reached the correct answer and
indicated that “we can solve the problem with working backwards strategy” S0 it was classified as
“correct solution-using correct strategy-indicated strategy correctly”. In another solution “At the end of
game Esen, Huriye and Ali has 24 TL; in round 2 Esen has 12 TL, Huriye has 12 TL and Ali has 48
TL; in round 1 Esen has 6 TL, Huriye has 42 TL and Ali has 24 TL. At first Huriye has 21 TL, Esen
has 39 TL and Ali has 12 TL. ” In this solution, teacher candidate used working backwards strategy but
he did not aware of strategy which he used. He indicated that “I used considering extreme cases
strategy” so it was classified as “correct solution-using correct strategy-indicated strategy wrongly”. If
teacher candidates understood the problem correctly, planned the solution, chose correct strategy and
solved problem correctly by using correct strategy but he/she did not indicate problem solving strategy
what she/he used, the solution was evaluated in the “correct solution-using correct strategy- not
indicated strategy” category.

If teacher candidates chose correct strategy but solved problem wrongly, the solution was evaluated in
the “wrong solution” category. Then, the wrong solutions were classified as “solving by using correct
strategy” and “solving by using wrong strategy”. For example, solution of first problem: “We can use
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working backwards strategy. Ali loses in round 3 and gives Esen and Huriye as much money as they
each have. At the end of the game Esen has 24 TL and Huriye has 24 TL. This means before round 3
Ali has 48 TL, Esen and Huriye has 12 TL. Before Huriye gave money to Esen and Ali, Esen has 6 TL,
Ali has 24 TL and Huriye has 42 TL. If we continue like that, Huriye has 21 TL, Esen has 75 TL and
Ali has 48 TL at first.” In this solution, teacher candidate solved problem by using working backwards
strategy but she did not reach the correct answer so it was classified as “wrong solution-using correct
strategy”. If teacher candidates chose wrong strategy and did not solve problem correctly it was
classified as “wrong solution-using wrong strategy”

In order to verify the reliability of the Problem Solving Test, teacher candidates’ problem solving
sheets were analyzed separately by a second encoder (an academic member from the educational field
of mathematics). The accordance between the researcher and the second encoder was calculated at .92,
by using the Consensus/(Consensus + Dissensus) X 100 formula offered by Miles and Huberman
(1994). As a result of the analysis, categories were converted into frequency and percentage tables.

3. Findings

Teacher candidates’ solutions were classified as correct solution, wrong solution or blank. In the next
phase, solutions were categorized whether they used correct strategy or not. After that “solving by
using correct strategy” were categorized “indicated strategy correctly” and “indicated strategy
wrongly”. Afterwards wrong solutions were categorized based on whether they were indicated
strategy correct or wrong. Frequencies (f) and percent (%) of solutions were given in Table 1.

Table 1. Examining teacher candidates’ problem solving process

Correct Solution Wrong Solution Blank
Using by | Using by
Prob Using by Correct Strategy Correct | Incorrect
lem Strategy | Strategy
num Problem strategy Indicated | Indicated Not
ber Strategy Strategy | Indicated
Correctly | Wrongly | Strategy
f % | f % f % | f % | f % |f | %
1. Working 34327 |5 |48 | - |- |16|154 |41 [394 |8 |77
Backwards
2. Finding Pattern 57 1549 |1 1 4 138 |19 |183 |12 | 115 |11 | 105
Adopting a
3. Different Pointof | 37 | 35.6 |5 4.8 2 |19 |2 19 |36 | 346 |22 | 21.2
View
a, | SolvingaSimpler | ,g |50 |3 o9 a4 [a23|1 |1 |16 |154 |11 | 105
Analogous Problem
5, Considering | g5\ g17 |5 |48 |- |- |8 |77 |4 |8 |2 |19
Extreme Cases
6. Making a Drawing | 67 | 64.4 | 18 | 17.3 - - 6 58 |8 7.7 5 4.8
7. | Intelligent Guessing | gq | g56 |5 |48 |- |- |3 |29 |5 |48 |2 |19
and Testing
g | Accounting for All } yp ) yo3 14 |38 |- |- |1 |1 |45|433 |10 |96
Possibilities
9. Organizing Data 52 | 50 1 1 - |- 19 | 183 | 17 | 16.3 | 15 | 144
10. Logical Reasoning | 4 | 3.8 - - 1 |1 1 1 85 (817 | 13 | 125

According to the Table 1, teacher candidates were most successful in intelligent guessing and testing,
considering extreme cases and making drawing strategy; whereas they were the less successful in
logical reasoning strategy. They were also succesfull in solving a simpler analogous problem, finding
a pattern, organizing data, accounting for all possibilities, adopting a different point of view and
working backwards strategy respectively.
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3.1. Results about Working Backwards Strategy

First problem is “Esen, Huriye and Ali play a certain game. The player who loses each round must
give each of the other players as much money as the player has at that time. In round 1, Esen loses
and gives Huriye and Ali as much money as that each have. In round 2 Huriye loses and gives Esen
and Ali as much money as they each then have. Ali loses in round 3 and gives Esen and Huriye as
much money as they each have. They decide to quite at this point and discover that they each have 24
TL. How much money did they each start with?” (Working Backwards). This problem is about
working backwards strategy. Also, this problem can be solved with solving equation, but this strategy
makes the solution long, difficult and complex. According to the Table 1, 37.5% of the teacher
candidates solved the problem correctly. 32.7% of them indicated strategy correctly, 4.8% were
wrongly. 54.8% of teacher candidates solved problem wrongly. 15.4% did not find the correct answer
while using correct strategy. It was an evidence that these teacher candidates have lack of knowledge
about “applying plan”. 39.4% of them did not reach the correct answer since they used the wrong
strategy and 7.7% did not make any solution to the problem. Teacher candidates generally used the
strategy of working backwards and solving equation in problem solving. Examples of solutions were
given below:
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Figure 1. Working backwards (Correct solution-Correct strategy- Indicated strategy correctly)

According to the teacher candidates’ solution in Figure 1, she used working backwards strategy and
found the correct answer. Her solution is: “We can solve this problem with working backwards
strategy. Ali loses in round 3 and gives Esen and Huriye as much money as they each have. At the end
of the game Esen has 24 TL and Huriye has 24 TL. This means before round 3 Esen and Huriye has 12
TL, and Ali has 48 TL. Huriye lost in the second round. This means before round 2 Huriye has 42 TL
(She gave 6TL to Esen and 24 TL to Ali). In round 1 Esen lost so she gave 21 TL to Huriye and 12 TL
to Ali. From that Huriye has 21 TL, Esen has 39 TL and Ali has 12 TL at first.” It was a due that she
could understand what the problem is and chose an appropriate strategy for problem solving. She also
applied plan and reached the correct answer. She was aware of the strategy what she used. Other
teacher candidate tried to solve problem but he could not reach the correct answer. Because he could
not choose an appropriate strategy so problem solving process did not finalize successfully. Example
of choosing wrong strategy and finding wrong answer was given in Figure 2:
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Figure 2. Working backwards (Wrong solution- Wrong strategy)
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Teacher candidates did not work back so it was difficult and complex to solve problems and he did not
find the correct solution. In other words, mathematics teacher candidates have limited abilities about
“planning”. It was a due of they could not choose an appropriate strategy for solving problem.

3.2. Results about Finding Pattern Strategy

Second problem is “The first 6 terms in a sequence are shown in Figure. If the sequence continues in
this manner, how many squares will there be in the 10 ™ term and how many of these squares will be

shaded?”
= = ;
.
E | ] B = |
Em = o

It is related to the Finding Pattern Strategy. According to the Table 1, while 59.7% of the teacher
candidates solved the problem correctly. 54.9% of them indicated strategy correctly, 1% were
wrongly, 3.8% of them did not indicated any strategy. Another finding is that 29.8% of teacher
candidates solved the problem wrongly. 18.3% of them did not find the correct answer despite using
correct strategy. It was an evidence that, these teacher candidates have lack of knowledge about
“applying plan”. 11.5% of them did not reach the correct answer because they used the wrong strategy
and 10.5% did not make any solution to the problem. One of the teacher candidates reached the
correct answer by applying correct strategy. She found pattern about the shaded squares. She applied
finding pattern strategy. Example about correct strategy and correct solution category was given in
Figure 3:
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Figure 3. Finding pattern (Correct solution-Correct strategy- Indicated strategy correctly)

According to the solution as seen in Figure 3, she stated that she used finding pattern strategy in
problem solving. “In first patterns there is 1 shaded square, second 3, third 7, fourth 11 and fifth
17,.... Each pattern increases by 2, 4, 4, 6, 6, 8, 8, 10 respectively. According to this pattern there will
be 59 shaded squares.” According to the result, she chose correct strategy and found the correct
solution. Another teacher candidate used finding pattern strategy but she did not reach the correct
answer. Example of correct strategy and wrong solution category was given in Figure 4:
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Figure 4. Finding pattern (Wrong solution-Correct strategy)
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She stated that she used finding pattern strategy in her problem solving. “Each pattern increases by 2,
4, 4, 6, 6, 8, 8, 10, 10, 12, 12 respectively. In sixth step, there are 31 shaded, in seventh step 39,
..... According to this pattern there will be 71 shaded squares in tenth step.” In this solution teacher
candidates chose correct strategy (finding pattern strategy) but she made a mistake during the applying
plan. She found the pattern correctly. If she was more careful when counting shaded squares, she
could get the correct result.

3.3. Results about Adopting a Different Point of View Strategy

Third problem is “4 box contains four slips of paper. On each slip is written one of the four digits 3, 5,
7 and 9. The slips are drawn from the box one at a time. As they are drawn, they are placed from left
to right to form a four-digit number. What is the probability that the number formed is a prime
number?” This problem is related to adopting a different point of view strategy. According to the
Table 1, 42.3% of the teacher candidates solved the problem correctly. 35.6% of them indicated
strategy correctly, 4.8% of them indicated wrongly; 1.9% did not indicate any strategy. 36.5% of
teacher candidates solved the problem wrongly. 1.9% did not find the correct answer despite using the
correct strategy. It was an evidence that these teacher candidates have lack of knowledge about
“applying plan”. 34.6% of them did not reach the correct answer because they used the wrong strategy
and 21.2% did not make any solution to the problem.

It is a best and simple way to solve this problem is using adopting a different point of view strategy.
One of the teacher candidates’ solution which was classified as “Correct Solution-Correct Strategy-
Indicated Strategy Correctly” was given in Figure 5:

LT 15 -
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Figure 5. Adopting a different point of view (Correct solution-Correct strategy- Indicated strategy correctly)

As seen in Figure 5, in this problem it is required to look at the problem from different perspective. He
stated that “The sum of the numbers is 24. Since the sum of these numbers is 3 or multiple of 3. The
probability of being prime number is zero. | used adopting a different point of view strategy.”. It was
solved by adopting a different point of view strategy. It was a due that he could understand what the
problem was and chose an appropriate strategy for solving problem. She also applied plan and reached
the correct answer. She was aware of strategy what she used.

This problem also solved by forming four digit numbers. One of the teacher candidate tried to find
correct solution by this strategy. Another solution which was classified as wrong solution was given in
Figure 6:
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Figure 6. Adopting a different point of view (Wrong solution-Wrong strategy)

According to the teacher candidates’ solution, he stated that he used intelligent guessing strategy, he
formed four digit numbers but he did not aware of the sum of numbers were multiples of three. He did
not find the correct answer so it was classified as wrong solution and wrong strategy.
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3.4. Results about Solving a Simpler Analogous Problem Strategy

Fourth problem is “Given the four numbers 7.895, 13.127, 51.873 and 7.356. What percent of their
sum is their average?” (Solving a Simpler Analogous Problem). Problem is about solving a simpler
analogous problem strategy. According to the Table 1, 73.1% of the teacher candidates solved the
problem correctly. 27.9% of them indicated strategy correctly, 2.9% of them indicated strategy
wrongly and 42.3% did not indicate any strategy. 16.4% of teacher candidates solved the problem
wrongly. 1% did not find the correct answer while using the correct strategy. It was an evidence that
these teacher candidates have lack of knowledge about “applying plan”. 15.4% of them did not reach
the correct answer because they used the wrong strategy and 10.5% did not make any solution to the
problem.

Also this problem can be solved by finding the sum of numbers and average of numbers. But changing
the given problem into one that may be easier to solve is best way to find correct answer. Teacher
candidates thought simply and found the correct solution by using correct strategy. One of the teacher
candidates’ solution about “Correct Solution-Correct Strategy-Indicated Strategy Correctly” category was
given in Figure 7:
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Figure 7. Solving a simpler analogous problem (Correct solution-Correct strategy- Not indicated strategy)

According to the Figure 7, she stated that “Instead of adding numbers one by one and calculating the
average, we think that, what an average is. Add the given numbers and divide count of numbers. (For
example, numbers are 1, 2, 3; their average is 6/3=2). The sum of the given numbers is X; their
average is X/4 so 25 % percent of their sum, is their average.” It was a due that she could understand
what the problem was and chose an appropriate strategy for solving problem. She also applied plan
and reached the correct answer. She was aware of the strategy what she used.

One of the teacher candidate used correct strategy but she made a mistake. There were four different
numbers. She should have divided the sum of numbers by four instead of three. Another solution of
problem was given in Figure 8:

- Aoplan 3 e+ fooloyse
\ 2 ) s .?/333/
] 3 ¥"'\/\-/ a f/
e “Aoplemny :
OrAolana :

Figure 8. Solving a simpler analogous problem (Wrong solution-Correct strategy)

As seen in Figure 8, he used solving a simpler analogous problem strategy but he could not find the
correct solution. According to the solution he found the sum of three numbers. After that he divided
the sum by three to find mean. “The sum of number a+b+c. The mean of these numbers (a+b+c)/3.”
That is 33.3%”

3.5. Results about Considering Extreme Cases Strategy

Fifth problem is “Ayse’s mathematics teacher has given the class five tests this semester, each scored
from 0 to 100 inclusive. Ayse had an average of 90 for five tests. What was the lowest possible score
Ayse could have earned on any one test?” (Considering Extreme Cases). According to the Table 1,
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86.5% of the teacher candidates solved the problem correctly. 81.7% of them indicated strategy
correctly, 4.8% of them indicated strategy wrongly. In addition, 11.5% of teacher candidates solved
the problem wrongly. 7.7% of them did not find the correct answer while using the correct strategy. It
was an evidence that teacher candidates have lack of knowledge about “applying plan”. 3.8% of them
did not reach the correct answer because they used the wrong strategy and 1.9% did not make any
solution to the problem. One of the teacher candidate solution was given in Figure 9:
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Figure 9. Considering extreme cases (Correct solution-Correct strategy-Indicated strategy wrongly)

This problem is related to considering extreme cases strategy. According to the solution in Figure 9 :
“In order to have a minimum score from a test, the score from other four tests must be the maximum.
Four test must be 100 so the sum of four test 400, so mininmum score is 50.” He found the correct
answer by using considering extreme cases strategy strategy so it was classified as correct solution,
correct strategy. He also indicated that “I solved by using working backwards strategy” SO he
indicated strategy wrongly. Another solution which was classified as “Wrong Solution-Wrong Strategy”
was given in Figure 10:
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Figure 10. Considering extreme cases (Wrong solution-Wrong strategy)

As seen in Figure 10, solution of problem is: “Ayse had an average of 90 for five tests so the sum of
her tests were 450. She gets 90 of them all. To find the least, 89x5=445 and 450-445=5". This
solution is wrong because he used wrong strategy.

3.6. Results about Making Drawing Strategy

Sixth problem is “Hasan and Ahmet are both part-time workers in the local pizza shop. The shop is
open seven days a week. Hasan works one day and then has two days off before he works again.
Ahmet works one day and then has three days off before he works again. Hasan and Ahmet both
worked on Tuesday, March Ist. On which other days in March do Hasan and Ahmet work together?”
(Making Drawing). According to the Table 1, while 81.7% of the teacher candidates solved the
problem correctly. 64.4% of them indicated strategy correctly, 17.3% were wrongly. 13.5% of teacher
candidates solved the problem wrongly. 5.8% did not find the correct answer while using the correct
strategy. 7.7% of them did not reach the correct answer because they used the wrong strategy and
4.8% did not make any solution to the problem. One of the correct solution was given in Figure 11:
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Figure 11. Making drawing (Correct solution-Correct strategy- Indicated strategy correctly)

As seen in Figure 11, he made a time table for solution and he stated that he used making drawing
(table) strategy and found Hasan and Ahmet work together on 13 and 25 March. He also indicated that
he used “Making Drawings Strategy” so it was classified as “Correct Solution-Correct Strategy- Indicated
Strategy Correctly”. Another solution which was classified as “Wrong Solution-Correct Strategy” was
given in Figure 12:
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Figure 12. Making drawing (Wrong solution-Correct strategy)

According to the Figure 12, she did not find correct answer because she did not understand the
problem. She solved problem as “Hasan works one day and then has three days off before he works
again and Ahmet works one day and then has four days off before he works again. According to this
Hasan works on 1, 4, 7, 10, 13, 16, 19, 22, 25, 28 March and Ahmet works on 1, 5, 9, 14, 19, 24, 29
March. She found that they work together on 19 March.”

3.7. Results about Intelligent Guessing and Testing Strategy

Seventh problem is “Emine and Emel make bracelets from beads and sell them at local crafts shown.
Yesterday they sold some of the bracelets for 1 TL each and half as many for 1.50 TL each. Altogether
they took in 87.50 TL. How many of each type did they sell?” (Intelligent Guessing and Testing).
According to the Table 1, while 90.4% of the teacher candidates solved the problem correctly. 85.6%
of them indicated strategy correctly, 4.8% of them indicated strategy wrongly. 7.7% of teacher
candidates solved the problem wrongly. 2.9% did not find the correct answer while using the correct
strategy. It was an evidence that these teacher candidates have lack of knowledge about “applying
plan”. 4.8% of them did not reach the correct answer because they used the wrong strategy and 1.9%
did not make any solution to the problem. One of the solution was given in Figure 13:
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Figure 13. Intelligent guessing and testing (Correct solution-Correct strategy- Indicated strategy correctly)
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As seen in Figure 13, she found the correct answer by using intelligent guessing and testing strategy.
She guessed the solution and test to show it is correct or not. She indicated that “T used intelligent
guessing and testing strategy” so it was classified as “Correct Solution-Correct Strategy- Indicated
Strategy Correctly.” Another teacher candidate used the same strategy but he did not find correct
answer. Solution of the problem which was classified as “Wrong Solution-Correct Strategy” was given
in Figure 14:
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Figure 14. Intelligent guessing and testing (Wrong solution-Correct strategy)

According to the solution that was given in Figure 14, he indicated that he used intelligent guessing
and testing. Despite using the correct strategy, he could not reach the correct result. Because he made a
mistake on addition of numbers in applying plan stage.

3.8. Results about Accounting for All Possibilities Strategy

Eight problem is “Ahmet invited 17 friends to a dinner party at her house last Friday evening. He
gave each guest a card with a number form 2 through 18, reserving number 1 for himself. When he
had everyone paired off at the dinner table, he noticed that the sum of each couple’s numbers was a
perfect square. What number did Ahmet’s partner have?” (Accounting for All Possibilities).
According to the Table 1, while 46.1% of the teacher candidates solved the problem correctly. 42.3%
of them indicated strategy correctly, 3.8% were wrongly. 44.3% of teacher candidates solved the
problem wrongly. 1% did not find the correct answer while using the correct strategy. 43.3% of them
did not reach the correct answer because they used the wrong strategy and 9.6% did not make any
solution to the problem. One of the solution which was classified as “Correct Solution-Correct
Strategy-Indicated Strategy Correctly” was given in Figure 15:
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Figure 15. Accounting for all possibilities (Correct solution-Correct strategy- Indicated strategy correctly)

According to the solution that was given in Figure 15, teacher candidate found the correct answer by
using intelligent guessing and testing strategy. “First couple 2 and 14. 2+14=16, second couple
10+6=16,... Ahmet’s partner is number 15.” She found the pair of numbers that the sum of them
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were perfect square. Another solution which was teacher candidate tried to find correct answer was
given in Figure 16:
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Figure 16. Accounting for all possibilities (Wrong solution-Wrong strategy)

According to the Figure 16, it was seen that teacher candidate used correct strategy but he did not find
correct answer. He also tried to find the pair of numbers that the sum of them were perfect square but
he did not. “The sum of numbers except 18 is 9 and 25 so Ahmet’s partner is 18.”

3.9. Results about Organizing Data Strategy
Ninth problem is “Find the sum of the terms in the series

20?2 — 192 + 182 — 17% + 162 — 152 + -+ 42 — 32 + 22 _ 12.” (Organizing Data). According to the
Table 1, while 51% of the teacher candidates solved the problem correctly. 50% of them indicated
strategy correctly, 1% were wrongly. 34.6% of teacher candidates solved the problem wrongly. 18.3%
did not find the correct answer while using the correct strategy. It was an evidence that these teacher
candidates have lack of knowledge about “applying plan”. 16.3% of them did not reach the correct
answer because they used the wrong strategy and 14.4% did not make any solution to the problem.
One of the teacher candidate solution was given in Figure 17:
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Figure 17. Organizing data (Correct solution- Correct strategy- Indicated strategy correctly)

When the teacher candidates’ solution was examined, it was seen that teacher candidate found a
parttern and solved problem correctly by using finding pattern strategy. Another solution which was
classified as “Wrong Solution- Correct Strategy” was given below:
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Figure 18. Organizing data (Wrong solution- Correct strategy)
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As seen in Figure 18, teacher candidate tried to find correct answer by organizing data. He used
correct strategy but he did not find correct answer. Because he made a mistake during the applying
plan.

3.10. Results about Logical Reasoning Strategy

Tenth problem is “Hidayet is driving to the local shopping mall, a distance of 2 miles. He drives the
first mile at exactly 30 mph then realizes that he will be late for his appointment and decides to drive
faster. At what speed must he drive the second mile to average 60 mph for the 2 miles?”. According to
the Table 1, while 4.8% of the teacher candidates solved the problem correctly. 3.8% of them
indicated strategy correctly and 1% did not indicate any strategy. 82.7% of teacher candidates solved
the problem wrongly. 1% did not find the correct answer while using the correct strategy. It was an
evidence that these teacher candidates have lack of knowledge about “applying plan”. 81.7% of them
did not reach the correct answer because they used the wrong strategy and 12.5% did not make any
solution to the problem. One of the teacher candidate solution was given in Figure 19:

= ———————
l S0 bk / 15 3 2o o wm 14 s0at
4 l(rm / 2 di D7 o 2 d«

Eg:r bunu do 2 r»:non-hk e 68 2 mek isteselk o2Em colc  bastiic
4. 3.0 ¥ Aso-" e Ok ‘ 5 ;*O(Ma olmasc -'c,,vnr hiz2vnrt @t‘ 1k ovr oo

e | ' ! Sloyo -’ic..,a-};l sel acidao

s Lgé#gl_ﬁn‘- olktarirdde o0 cak O t:yo o

bokws;ﬂk) 2le nn b"‘u 6O icm ortalama thiz2la a:dgn arac, Je‘e:@- hijalu
Qo . <o

2 de  aler Bize vertilea sowvda araq  Akmoy 30 km h-cxlda a\dj‘ .

: tiSememetFedis;
Sen  20m. 2dc.dir goa fa"“’""'zy“ B ﬂ »

Figure 19. Logical reasoning (Correct solution-Correct strategy-Not indicated strategy)

According to the Figure 19, teacher candidate solved as “If we solve this question with a
straightforward logic, we can say that the speed should be 90 km so that (1.30 + 90.1) / 2 = 60 is the
average. However, from a mathematical point of view, the 2 km road, the vehicle with an average
speed of 60 km / h, takes 2 minutes to get there. In our question, it takes 2 minutes to get 1 km at 30
km/h. He can not make it to his appointment.” Another solution was given in Figure 20:
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Figure 20. Logical reasoning (Wrong solution-Wrong strategy)

As seen in Figure 20, he used solving equation and tried to find solution using avarege speed of the car
but he did not find correct answer. Because in this problem it is needed to think logically. For that
reasons problem solution was classified as “Wrong Solution-Wrong Strategy”. Another solution which
was classified as “Wrong Solution-Correct Strategy” was given in Figure 21.
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Figure 21. Logical Reasoning (Wrong Solution-Correct Strategy)

According to the solution in Figure 21, teacher candidate used logical reasoning strategy however he
did not find correct answer. “(x+30)/2=60, x+30=120, x=90 km/h. He tried to use correct strategy but
he looks problem with straightforward logic so it was classified as “Wrong Solution-Correct Strategy”.

4. Results and Discussion

The aim of the study was to examine mathematics teacher candidates’ strategies used in solving non-
routine problems. In this context, it has been determined the teacher candidates’ strategies used in
solving non-routine problems and whether they are aware of the strategies they use in solving the
given problems or not. According to the findings, the problem solving performances of the teacher
candidates are not at high level. Gilirbuiz and Giider (2016) also argued that teachers are proficient in
solving problems but are incompetent in employing different strategies. The more pedagogical
knowledge the teacher has on problem solving, the more effective teaching he/she has done in the
classroom (Trker-Biber, Aylar, Sonay-Ay & Akkus-Ispir, 2017). For this reason, teacher candidates
should be encounter environments where they use different strategies and can create new problems
(MoNE, 2013; Van De Walle, Karp & Williams, 2012).

According to the findings teacher candidates were most successful in intelligent guessing and testing,
considering extreme cases and making drawing strategy. This is the reason why the teacher candidates
used these strategies succesfully that they have been used that strategies since primary school. Larkin
and Simon (1987) stated that diagrams can group all information that is used together, thus it avoids
searching for a large amount of elements necessary for problem solving deduction. They were
succesfull in solving a simpler analogous problem, finding a pattern, organizing data, accounting for
all possibilities, adopting a different point of view and working backwards strategy respectively. The
strategies that students and teacher candidates use and succeed in problem solving differ in researches.
Gokkurt-Ozdemir, Kogak and Soylu (2018) found that preservice middle school mathematics teachers
usually used trial and error (intelligent guessing and testing) strategy. Altun and Arslan (2006)
revealed that 7th and 8th grade students were most successful in using systematic listing, making
drawing, and working backwards strategies. Celebioglu, Yazgan and Ezentas (2010) indicated that the
strategy used most successfully by the first graders is look for a pattern. Yazgan and Bintas (2005)
found that fourth and fifth grade students mostly use intelligent guessing and testing strategies; least
finding pattern, working backwards and making drawing. Arslan and Yazgan (2015) stated that,
students were comfortable in using “look for a pattern” and “make a drawing” strategies and the most
unfavorable strategy for them was “simplify the problem”. Additionally, there were enterprises to use
“write an equation” strategy. On the other hand, Yazgan (2015) investigated the role of each strategy
in explaining sixth graders’ (12-13 years old students’) non-routine problem solving success.
According to the findings, even though almost all strategies had statistically significant roles, look for
a pattern and make a drawing strategies were conspicuous to explain non-routine problem solving
performance. From this findings, it can be argued that students and teacher candidates were successfull
in different problem solving strategies.

The problem which teacher candidates were least successful is about the logical reasoning strategy.
This problem requires higher level thinking. Unlike other problems, this problem has no answer that
can be expressed by numbers. Teacher candidates try to find a number. This situation can be explained
by the tendency of teacher candidates to find a more numerical solution in mathematics lessons (Kilig,
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2011). Many students tended to apply the necessary procedures to the given numbers and find solution
instead of cognitive activities such as judging the solution process, analyzing the problem, evaluating
the results (Arslan & Altun, 2007).

The result of this study indicated that some of mathematics teacher candidates had adequate problem
solving skills. They found correct answer by using correct strategies. During this period, they used
Polya’s problem solving steps. They understood the problem, made a plan, applied plan and checked
the answer whether it was correct or not. Some of teacher candidates could not solve problems
correctly because they used the wrong strategy. In other words, mathematics teacher candidates had
limited abilities at the stage of “understanding of a problem” and “planning”. In some situations,
teacher candidates often tried to solve the problem by solving equations rather than using appropriate
strategies and that makes the process difficult and complicated. It was a due of they could not
understand what the problem says and they could not choose an appropriate strategy for problem
solving. Using appropriate problem solving strategy is important in terms of being successful in
problem solving (Ersoy & Guner, 2014). Yew and Zamri (2016) also stated that pre- service teachers
who were unable to solve the problem correctly seemed to use limited and incorrect mathematical
terminology, lack understanding of the problem, were unable to make representations of the word
problems, lack some basic knowledge. Furthermore, Abdullah, Rahman and Hamzah (2017) indicated
that students have lack of planning, implementation, and revision skills during the problem solving.

Some of teacher candidates could not reach the correct answer, even though they used correct
strategies in solving problems. It was an evidence that teacher candidates have lack of knowledge
about “applying plan”. This situation is the result of teacher candidates behave carelessly while
performing the plan and making operations. On the other hand, some of teacher candidates could solve
problems correctly but they could not indicate strategy correctly. It can be said that some of the
mathematics teacher candidates were not aware of the strategies they used in problem solving. Ceker
and Ev-Cimen (2017) also indicated that teachers often use problem solving strategies in their lessons
in an unplanned way, but most teachers do not have the theoretical background of the strategies.

From the results of the study, teacher educators should teach problem solving strategies effectively in
their method course. Teacher candidates should be encounter different types of non-routine problems
in their teacher education programme. Teacher educators should also consider new approaches such as
problem posing for learning problem-solving strategies in their method course (Kilig, 2017). Problem
solving process of teacher candidates should be researched by longitidual studies.
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