Eurasian Journal of Educational Research 94 (2021) 147-168

,‘ Eurasian Journal of Educational Research @
www.ejer.com.tr EJER

Non-Routine Problem-Posing Skills of Prospective Mathematics Teachers”

Tugce KOZAKLI ULGER?! Yeliz YAZGAN?

ARTICLE INFO ABSTRACT
Article History: Purpose: Problem-posing, an important component
Received: 13 Oct. 2020 for developing mathematical thinking, is of great
Received in revised form: 21 Feb. 2021 interest in integrating into classroom practice. Pre-
Accepted: 23 Feb. 2021 service and in-service teachers are expected to carry

out high-quality problem-posing activities, and it is
thought that non-routine problem-posing may be a
good way to achieve this. In this context, this study
focuses on non-routine problem-posing and aims to
determine the characteristics of the problems that
prospective mathematics teachers have posed.
Research Methods: The study was carried out with
43 middle school prospective mathematics teachers
in an elective course on problem-solving and
problem-solving strategies. To analyse the data,
descriptive analysis was carried out on the problems
posed by prospective teachers. All problems were
analysed according to the five criteria; problem type,
contextuality, originality, complexity, and strategy.
Findings: It has been determined that almost all of the problems have a single answer, include
a context, have a low or medium level of complexity, and contain different problem-solving
strategies. Although prospective teachers were asked to pose their own problems, almost half
of them had posed similar, traditional problems. Implications for Research and Practice:
These results show that prospective teachers can pose non-routine problems. Although this
study provides some meaningful results, it is clear that it has limitations that require further
investigation.

DOI: 10.14689/ejer.2021.94.7

Keywords
Non-routine problems, problem-
posing, prospective teachers

© 2021 Ani Publishing Ltd. All rights reserved

* This study was partly presented at the 42nd Annual Meeting of the International Group for the Psychology
of Mathematics Education in Umea/Sweden, 3-8 July, 2018.

1 Corresponding Author, Bursa Uludag University, Faculty of Education, TURKEY, e-mail:
tkozakli@uludag.edu.tr, ORCID: 0000-0001-8413-8290

2 Bursa Uludag University, Faculty of Education, TURKEY, e-mail: yazgany@uludag.edu.tr, ORCID: 0000-
0002-8417-1100



Tugce KOZAKLI ULGER — Yeliz YAZGAN / Eurasian Journal of Educational Research 94 (2021) 148
147-168

Introduction

The role of problem-posing as an important component for learning and the
potential of integrating problem-posing into various levels of formal education are
recognised by an increasing number of researchers in the field of mathematics
education (Singer, Ellerton & Cai, 2013). In this context, it is an undisputed fact that
teachers have an important role in implementing problem-posing in the curriculum.
However, many teachers avoid problem-posing and base their teaching processes on
practising their routine exercises (Stickles, 2011). Moreover, it has been determined
that the problems posed by teachers are not cognitively or structurally complicated,
mostly similar to the problems in the textbook (Lavy & Shriki, 2007). Prospective
teachers especially have difficulties in posing problems because they are not familiar
with this skill neither as students nor as educators (Osana & Pelczer, 2015). For this
reason, it is thought that it may be a good way for teachers and prospective teachers
to pose non-routine problems to create qualified and quality problems. In this context,
this study about non-routine problem-posing aims at revealing the quality of the
problems posed by prospective teachers.

Problem-Posing

Freudenthal (1973), Polya (1945), and many researchers (e.g. English, 1997; Silver
& Cai, 2005) emphasise the importance of problem-posing activities as part of
mathematics education. Stoyanova (1998) defined problem-posing as the process in
which individuals create personal comments and explain certain situations and
structure them as mathematical problems. Providing students with the opportunity to
pose their own problems can broaden their perceptions of mathematics, enrich and
reinforce basic concepts (Brown & Walter, 1993, English, 1997), and improve
mathematical thinking and creativity (Leung & Silver, 1997; Silver, 1995; Toluk-Ucar,
2009). Problem-posing activities have positive effects on students' ability to solve or
analyse math problems and allow them to understand mathematical processes and
concepts (Christou, Mousoulides, Pittalis, Pinta-Pantazi, & Sriraman, 2005; English,
2003; Leung & Silver, 1997). Additionally, it is thought that problem-posing can help
lessen students' dependence on teachers and textbooks and give students a greater
sense of participation in the learning process (Lavy & Shriki, 2007).

Stoyanova (1998) also divided three categories of mathematical problem-posing
situations: (a) free, (b) semi-structured, and (c) structured problem-posing situations.
In free situations, which we also draw on in our study, individuals pose problems
without restrictions or limitations. In semi-structured situations, individuals are given
an open situation and are asked to complete it by applying knowledge, skills, and
relationships from their previous mathematical experiences (Van Harpen & Presmeg,
2013). Writing problems, similar to given problems or writing problems, are based on
specific pictures (images and figures can be examples of such situations). Structured
problem-posing situations refer to situations in which individuals generate problems
by reformulating already solved problems or through changing the conditions or
questions of given problems (Christou et al., 2005).
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In the literature, studies focus on problem-posing ranged from examining the
cognitive processes involved in problem-solving (e.g. Harel, Koichu & Manaster,
2006), examining the role of problem-posing in problem-solving (e.g. Armstrong,
2014), identifying the problem-posing strategies of teachers and students (e.g. Silver,
Mamona-Downs, Leung & Kenney, 1996), and designing pedagogical strategies that
improve problem-posing skills (e.g. Crespo & Sinclair, 2008) to determining the
contribution of problem-posing in developing students' mathematical knowledge and
conceptual understanding (e.g. Toluk-Ucar, 2009). The conclusions drawn from this
comprehensive literature can be summarised as follows: First, problem-posing
supports other mathematical goals such as improving self-confidence in mathematics,
deepening mathematical understanding, improving mathematical problem-solving
skills, and developing mathematical abilities (Leavy & Hourigan, 2019). Second,
despite all these advantages, both teachers and students cannot produce challenging
problems, and most of the problems they pose are ill-formulated or poorly expressed
(e.g. Silver et al., 1996). Third, the experimental studies conducted have shown that
subjecting students and teachers to systematic training on problem-posing can
increase their awareness of problems' consistency and significance (Singer et al., 2013).
Finally, although various studies analyse different aspects of problem-posing, there
are still some ambiguous points in the field, such as the advantages and disadvantages
of problem-posing approaches or techniques and the dynamics of a class culture that
includes problem-posing.

The mathematics that students learn in lessons is influenced by the variety of
problems posed by the teachers (Stickles, 2011). Problem-posing is a critical aspect of
teachers' work, as they help students to be able to pose problems better (Cai, Hwang,
Jiang & Silber, 2015). For students to have the opportunity to learn to pose a problem,
first of all, teachers should have sufficient knowledge and skills about problem-posing
(Li, Song, Hwang & Cai, 2020). Considering all these, teachers play an important role
in implementing problem-posing in the curriculum (Crespo & Sinclair, 2008; Rizvi,
2004). Using problem-posing successfully in teaching requires teachers and
prospective teachers to gain knowledge and experience related to such activities
(Crespo & Sinclair, 2008; Isik, Kar, Yalcin & Zehir, 2011; Lavy & Shriki, 2007).
Developing problem-posing skills from producing routine problems to revealing more
complex maths problems encourages teachers and prospective teachers to think about
problem-posing (Milinkovié, 2015). Therefore, opportunities should be offered to
teachers and prospective teachers to pose their own problems (Koichu & Kontorovich,
2013; Leung & Silver, 1997). However, teachers rarely refer to problem-posing as they
find it difficult to apply to the teaching process and have little opportunity to pose
their own pre-service education problems (Crespo & Sinclair, 2008; Leung & Silver,
1997). Additionally, many studies have reported that students' and teachers' problems
are mostly cognitively simple (low level) and textbook-like (Crespo & Sinclair, 2008;
Lavy & Shriki, 2007). For this reason, this descriptive study focuses specifically on
posing "non-routine" problems.

Non-Routine Problem
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There are different classifications of mathematical problems in the literature, such
as routine/non-routine, word/real, well-defined /ill-defined, etc. The most common
of these classifications and this study's subject is the routine / non-routine problem
distinction. The distinction between these two types of problems can be explained by
the complexity of the reasoning and thinking level necessary for the problem's
solution. While routine problems can be solved using familiar methods, non-routine
problems do not have a predictable and repeated approach or path for their solution
(Woodward et al., 2012). The extensive literature on mathematical problem-solving
shows that non-routine problems are the most appropriate problem for improving
mathematical problem-solving and reasoning skills (e.g. Cai, 2003; London, 2007;
Polya, 1945).

Non-routine problem-solving strategies can be defined as basic procedures that
can help individuals solve such problems. In the literature, the most important and
prominent non-routine problem-solving strategies are: “act it out, look for a pattern, make
a systematic list, work backwards, guess and check, make a drawing or diagram, write an
equation or open sentence, simplify the problem, make a table, eliminate the possibilities, use
logical reasoning, matrix logic, and estimation” (Herr & Johnson, 2002; Leng, 2008;
Posamentier & Krulik, 2009). The most important reason for learning non-routine
problem-solving strategies is that they can help students solve unfamiliar problems
and broaden their perspectives (Tiong, Hedberg, & Lioe, 2005).

Most research on non-routine problem-solving aims to examine students' skills and
attitudes on this topic at that particular moment without any intervention (e.g., Elia,
Van den Heuvel-Panhuizen & Kolovou, 2009; Mabilangan, Limjap & Belecina, 2012).
Additionally, some studies examine the effects of an educational intervention on
students' non-routine problem-solving skills (e.g., Lee, Yeo & Hong, 2014). The results
of all these studies can be summarised under four headings: (i) many students think
that non-routine problems are more complex and challenging than routine problems,
(ii) students' abilities to solve non-routine problems are generally low, and low and
medium level students especially have difficulties in solving non-routine problems,
(iii) it is useful to provide students with a framework for implementing strategies, and
(iv) only a small fraction of the problems in textbooks are non-routine problems.

Related Literature

Studies on non-routine problem-posing are scarce in the literature. In one of these
studies, Kilic (2017) followed an approach to problem-posing based on problem-
solving strategies. In this context, prospective teachers are expected to create a
problem that can be solved by finding a pattern strategy. After analysing the data, it
was seen that 55% of the problems that emerged were in accordance with the desired
strategy. Unlu (2017) conducted another similar study in this category, aiming to
identify prospective mathematics teachers' knowledge of problem-solving strategies
through problem-posing. In this study, prospective teachers were asked to pose
problems that require the use of certain problem-solving strategies. The results
showed that the problems that emerged were mostly related to daily life, were suitable
for the strategy, and were solvable. Additionally, many prospective teachers stated
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that instead of acting creatively, they presented problems similar to those in textbooks.
Kool and Keijzer (2018) asked prospective teachers to design non-routine problems in
their case study. The findings revealed that interaction with peers, feedback from
experts, evaluating existing problems to find criteria, creating a repertoire, and a
cyclical design process are encouraging and supportive for the generation of non-
routine problems.

In the studies of Ellerton (2013), and Leavy and Hourigan (2019), non-routine
problem-posing was included indirectly and ambiguously. The prospective teachers
in these studies posed non-routine problems similar to a particular problem or
appropriate for a particular context. However, in this study, participants were asked
to pose completely original non-routine problems, and these skills were examined in
detail.

Rationale and Questions of the Research

Problem-posing is an essential component of mathematics teaching, making it an
essential skill for prospective teachers and, most importantly, students. Numerous
studies on problem-posing confirm its importance. On the other hand, although the
need for routine problems in the curriculum is not denied, non-routine problems are
those that adequately address the mathematical knowledge, processes, creative
thinking, and communication skills that students need for the twenty-first century
(Bonotto & Dal Santo, 2015). However, the vast majority of studies on mathematical
problem-posing point to posing routine problems based on the three strategies (using
free, semi-structured, and structured situations) mentioned in the Problem-posing
section. At this point, it can be stated that the emphasis is especially on the use of semi-
structured situations. Therefore, the literature often focuses on students' generating a
problem based on a specific problem outside of context (e.g., posing a problem with
the answer 15). This approach does not consider the importance of context regarding
the quality of the problems posed (Crespo & Sinclair, 2008).

Much of the research evidence suggests that most of the problems posed by
teachers or prospective teachers focus on algorithmic process, rote, and procedural
understanding while neglecting mathematical reasoning and conceptual
understanding (e.g., Stein, Smith, Henningsen & Silver, 2000; Stevenson & Stigler,
1992). Simultaneously, as seen in related studies, there are very few studies directly
examining non-routine problem-posing. However, non-routine problem-posing is
well suited to the use of free situations and contexts. Therefore, it also contributes to
the development of creativity. When making changes in problem-posing, teachers
must have problem-posing skills, and this must begin in prospective teacher education
for this to happen (Abu-Elwan, 2007). This study investigates the characteristics of
non-routine problems that prospective middle school mathematics teachers pose for
the reasons given. In connection with this purpose, the study's research question is,
"What are the characteristics of non-routine problems that prospective teachers pose
in terms of problem type, contextuality, originality, complexity, and use of strategy?".
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Method
Research Design

This research is built on the principles of a descriptive case study. Yin (2003)
considered the descriptive case study as a description of a phenomenon (non-routine
problem-posing in this study) in a specific and limited context (the skill of a limited
number of prospective middle school mathematics teachers for this study) with an in-
depth perspective. Such research designs are often used to provide researchers with a
detailed description of the phenomenon under study. In this study, non-routine
problem-posing skills of prospective middle school mathematics teachers are the main
focus.

Research Procedure and Participants

This study was conducted in a semester of a “problem-solving strategies” elective
course in mathematics teaching at a state university in Bursa/Turkey. This course is
given in the third year of the 4-year teacher preparation program. A total of 43 students
participating in this course were naturally considered as a participant of the research.
The students in this group had not taken any other lessons on problem-solving before
and were introduced to non-routine problem-solving for the first time in this lesson.

This course's content, given by the second researcher, includes problem and
problem-solving, problem-solving stages, classification of problems, routine and non-
routine problem-solving. The course was held once a week for 14 weeks, for an average
of 2 hours. In the first week, the concepts of problem and problem-solving were
introduced to the participants, and in the second week, some problem classifications
(routine-non-routine, word-real, well-ill defined, etc.) were taught over sample
problems. In the third week, the educational importance and aims of problem-solving
were discussed. The problem-solving stages of Polya (1945) were discussed in the
fourth week. The main focus of the fifth, sixth, and seventh weeks were teaching
routine problem-solving. Later, this focus left its place to non-routine problem-solving
strategies, and in this context, making a systematic list and guess and check strategies
were discussed in the eighth week. In the ninth week, finding a pattern and drawing a
diagram strategy were examined. In the tenth week, the participants studied writing an
equation, estimation, simplifying the problem, and working backwards and elimination
strategies at the eleventh week. The twelfth week was devoted to making a table and
logical reasoning strategies. The thirteenth and fourteenth weeks were devoted directly
to non-routine problem-posing.

Each lesson usually started with a group activity in which participants explored
problem-solving concepts and principles or worked on a problem, resulting in a
review of the content's educational results. During the lesson, the researcher always
supported discussions during problem-solving and sharing the various strategies and
ways to reach solutions (Leavy & Houigan, 2019). While the participants were working
in groups, the researcher first supported group work one-on-one and then conducted
whole-class discussions. There was not a separate title for problem-posing in the
course. The main reason for this situation is not to hinder students' creative attempts
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while posing problems. However, the participants were implicitly busy with problem-
posing in two ways: (i) working on simpler versions of a problem to see a model or
generalisation that would solve the original problem, and (ii) seeing how the solution
might be affected by various changes in the problem by looking back (Kilpatrick, 1987).

Data Collection Tools

The data collected for this study consists of written studies of prospective teachers.
At the end of the term, all participants were asked to pose a non-routine problem and
submit the problems and their solutions to the researchers in writing. Considering the
difficulty of posing non-routine problems, only one problem was requested to be
posed. Participants were given a week of problem-posing as homework. They were
asked to construct problems that were as original as possible and target problem-
solving strategies. Since it is a free problem-posing situation, there is no limitation in
terms of a subject or level, etc., for the problems they would pose.

Data Analysis

The nature of non-routine problems posed by the participants was evaluated
through the problems they posed. For the analysis of the problems, problem-posing
frameworks in the literature were examined, and the criteria developed by Crespo
(2003) and Silver and Cai (2005) were adopted. All problems were analysed according
to the five criteria in Table 1 below; problem type, contextuality, originality,
complexity, and strategy use.

The first criterion, which is expressed as the problem type, examined whether the
problem has an open-ended character, with a single answer or multiple answers.
Another dimension of the problem type is related to computational and multiple
methods. So, it was examined whether it was limited to only four operations. The
second criterion, contextuality, is defined as the real-life situation in which the subject
is dressed (Altun, 2017). Problems are considered in three categories as having a
contextually poor, medium, or high level. Third, the originality of the problem is
determined by looking at the source of the problem produced. By looking at how
different the problems were from known problems posed or previously solved by
other students, it was decided whether the generated problems would fall into self-
generated or similar problem categories. The fourth criterion is the complexity of the
problem. Problem complexity can be examined from various perspectives, including
mathematical relationships embedded in problems, problem difficulty, linguistic
complexity, and mathematical complexity (Silver & Cai, 2005). This study especially
focuses on linguistic-syntactic structures embedded in posed problems. The linguistic-
syntactic structure of mathematical problems focuses on the presence of assignment,
relational and conditional expressions (Mayer, Lewis & Hegarty, 1992). Among these
three criteria, there is an increase in difficulty from assignment to conditional.
Therefore, the presence of conditional or relational expressions are considered
indicators of problem complexity. Finally, in the fifth criterion, problem-solving
strategies that can be chosen to solve the posed problems are predicted. Accordingly,
it is classified as using single or multiple strategies.
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Table 1
Evaluation of Non-Routine Problems Posed
(Crespo, 2003) (Crespo, 2003) (Crespo, 2003) (Silver & Cai, 2005) —
Problem type Contextuality Originality Complexity Strategy Use
(Linguistic-syntzctic)
Single- Computati Poor Similar Questions Assignment Single
answer onal 1 11 21 1211 A bus compmy tmmspor: How many pens doss  Sirategy Use
? passangans batwamn citiss A and Awga hava?
Half of the mumber of P honq Be TE2 b company leaves
passemgsrs mats off af aach VD IEM_ ¢‘:1‘-1“- buses from both citiss svary half
stop from a bus with 64 I'FIL_f ? QUAHOL poefrom Tamto T pm. Sincs a
people.  Accordingly, at . bus comas back half an hour
what stop doos the last after amiving in the other city
passanger on the bus gst and it takas 1 hour batwamn both
off? citiez, how many diffarsant busas
doaz thiz buz compamy mm
betwesn two citiss during the
day?
Muliiple Muliiple Medium Self-generated Relational Multiple
answers methods How com we find the Solarpowsrad  lamps s How much mors is the  Strategy Use
rasult  of 623x328=7 amanged undar a skysorapsr & pumber of Awse’s pens
You work in a bakery and  Oparstion with a mgulsr intarvals. The lsmps 4hep Avlin's?
vou nead 31 kg of flour. <calculstor with & broksn  start to bum when shadow falls -
Pricas of flour packagad in - multiplication key? on them . Sinca it is Inown that
thres different packagas: the skysoraper bas o shadow at
eactly 12:00 and the sun ssts &t
I I I 12:00, which lamp will light the
46z Tk 10ke longast?
I fIL UT High Conditional
How many of which Murst want: to build a If Avlin buvs two mors
packass doyougsttomst  squam  pyramid-shapad pens, how manv pans
yournssds stthabestprice?  gpartment  with  cubs will she have in total?

shapad Lazos in hiz hand.
Omz adea of the base of
the pyramid  should
consizt of the ssma
nomber of Lagos as the
mmbar of flooes in the
apartment building, How
many flooes can he budld
the highsst spartment out
of 200 Lago ha has?

As an example, analysis, a problem that one of the prospective teachers posed is
given in Figure 1 above. In terms of the type of problem, it has a single answer and can
only be solved based on calculation. The problem, which did not contain a context for
life, was considered poor in contextuality. The posed problem was evaluated in the
similar questions category since it was quite similar to one of the problems discussed
in the course. The text of the problem has been created in accordance with certain
instructions, and therefore it is considered ‘conditional” in terms of complexity.
Limited to the reasoning strategy, this problem is in the single strategy use category.
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) Fyln ik ralam e J“l": dnqm /) UIJW rilic £) 148 > tweo numbers and their places are

. \ . v o correct

) 1254 & (oban e i bl ¢ M’:”"&"J""I de s (o d) 123 = 3 number and its place is correct

Figure 1. An Example of The Problems Posed by The Prospective Teachers

The first researcher evaluated all problems that were posed. Afterwards, the
second researcher made a second score on the problems posed by ten randomly
selected participants. Thus, it was determined that there were no inconsistencies
between the two researchers' scores and the evaluation was concluded to be reliable.

Results

The participants posed a total of 43 non-routine problems. In this section, the
analysis of these problems based on the five criteria is given. Analysis of the
established problems according to their type is given in Table 2 below.

Table 2
Analysis of Problems by Type

Problem type Single answer Multiple answers Total
Computational 9 - 9
Multiple methods 33 1 34
Total 42 1 43

Examining the problems posed in terms of their types was carried out as a single
answer-multiple answer and computational-multiple method. Only one question with
multiple answers was written by the prospective teachers, other than that, they
preferred to write closed-ended questions with a single answer. In terms of solution,
about 79% of the posed problems are designed to use multiple methods.

Table 3

Analysis of Problems by Contextuality and Originality

: riginality Similar Self-generated Total
Contextuality Questions

Poor 5 1 6
Medium 11 9 20
High 3 14 17

Total 19 24 43
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Analysis of the posed non-routine problems regarding their contextuality and
originality is given in Table 3 above. In terms of contextuality, only six problems were
determined as poor. Besides, it was observed that prospective teachers generally tend
to pose contextual problems. When the preferred contexts are examined, it is
determined that similar contexts are used, which are generally found in textbooks (for
example, sharing materials or products such as walnuts or pencils within a group).
Figure 2 below gives an example of a problem at a high contextual level.
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‘-\r\};j\an‘\ do bie su ognodnn z)m\.«\mw&(. gerinmekle olon loir tnoniter LerdenkelesT 4
: \ il astcineces i
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| Ooir o ., /
. , £ 1 LAl
3Gsanen Cerdentae Wi Sdinde O Jone dosrw \-Jv;\ Aacapine Kulak. misesrs dur Lerlenkde Jilden

teon Vol \ereati Tain \aadisinin

j*“""»nf\r*:uv AU KTCO eder ue ©xe ,\,‘N¢< <& \\«( 3 \erm e 33\\“
<

Yan lasnjah.' =

¢ Yone Yumwta vide um ou\cl T4\ Lol eder ama Bie selecde en J/Uv‘a Jo00 d\ A )
dJ Jdd o Nﬁ,lc Aershwer 7
~ Ser, Bu se\Nhe \,( Yaswna Sovacunda berleriele ve Wi\ Maex roeoxvodue .

inde Jerlantele & dénmel e .,,,,\

balas # Jgu’ dondag

A monitor lizard wandering near 3 water souree in Thailand finds 4000 crocedile eggs. Thinking about how
to take these eggs to his friends 1000 km away, the lizard overhears that an elephant will head in that
direction. The lizrd asks the elephant to carry the eggs and tells him that he will 2at one egg every | km the
=l=phant walks to ease ifs burden. The elephiant accepts but says "I can carry a maximum of 1000 zggs ata
time." How many eggs will the lizard and elephant deliver to other monitors as a result of such transport?
(When the lﬂpl:wnt refurns for the eggs, the lizard refumns too.)

Figure 2. The Problem Classified as High in Contextuality

In evaluating the problems in terms of originality, a classification was made
between self-generated and similar questions. Approximately 44% of the established
problems are similar to problems in textbooks and posed by taking advantage of the
problems encountered in the teaching processes. Most of the questions similar in
nature were medium in respect of context (58%). In the examinations made, it was
determined that structurally similar problems were created in three different ways:

- Transforming a routine problem into a non-routine one

- Using a non-routine problem with partial changes (such as changing
numbers)

- Putting a context-free non-routine problem into context
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An example of the problems posed related to the third of the methods mentioned
above are given in Figure 3 below. Here, the classic problem, the "handshake problem",
has been revised in context.

7 ! [ITI b g & 3 marris = ie
1) 1 ol FV‘H b bR e «J\j\‘['/f-‘{('“"‘lﬂ :;‘IHP“W. i %F‘ ‘J"MG&M ljozethm'. _E\.irc?ﬁl ;ha]f:s I::Hdas \\ﬂ*};‘la
Al ik il fopelagigel & ariomda bjm(w!. (oet .){ bl || g people after the Movie Theater and
) ‘ ! " . v | Lp(" af leavez. The rest of them also shake
by ol 05“‘jw [af L',x- foko|healare ik J)“’llflf‘y\ S\J'[‘\' or B hands. The following features are known

e boarl R IAL a1 af for these handshalkes.

i bl wh efije e e TR e e - Nobody shakes hands with feir own
- Al g by a;f"/l’ Yalenlarin +'*“ A J“Wﬂfl b by i di ,(twad.f wife.

) aned MLt Gl ga K1Y balans - Except for M. Al the number of
g gt ey & HJ« --"V.NQSFNH\f? A remining . difforens o
each other.
Accordingly, how many people did M.
Ali's wife shale hands with?

Figure 3. Contextualised Handshaking Problem

Approximately half of the problems (56%) posed are problems created by
prospective teachers themselves. It was noted that the expression of the problem in the
questions they produced was a bit troublesome; there were incomprehensibilities and
some expressions that affect the understanding of the sentence. It was determined that
the problems they posed were created at medium and high levels (96%) concerning
context.

Table 4

Analysis of Problems by Complexity

Originality Similar Self-Generated Total
Linguistic-syntactic Questions
Assignment 7 11 18
Relational 12 7 19
Conditional - 6 6
Total 19 24 43

Analyses of the posed non-routine problems in terms of their complexity are given
in Table 4 above.

Evaluation of the complexities of the problem has been handled in terms of
linguistic-syntactic, and classifications have been made as assignment, relational, and
conditional. It was determined that the least of the posed problems were conditional
problems (14%), and all of these problems consisted of self-generated problems. It was
observed respectively that mostly assignment (46%), relational (29%), and conditional
(25%) types of problems were posed in self-generated problems. All of the posed
problems used similar questions as those at the assignment and relational level.
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Figure 4. An Example of The Type of Assignment in Terms of Complexity (above)
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Figure 5. An Example of The Relational Type in Terms of Complexity (above)
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Hilal has four friends on hiz birthday. Hilal made
some explanations about her birthday: T will
determine the slices of cake I will give everyone in
proportion to your age and sort them according to
your age. Then I will divide them into two groups
and give soft drinks in addition fo one of my
favorites from each group. Finally, we will blow
out the candles on the cake together with the tallest
of my two friends.” After all these events, the
following conversations took place among Hilal's
four friends:

Merve: 1 ate the smallest slice.

Kevser: [ wish my older sister Busra could drink
zoft drinkes.

Furkan: 1 am the tallest and Merve iz the
unluckisst one.

Busra: Kevser ate mors cake than Furkan™

Figure 6. An Example of The Conditional Type in Terms of Complexity (above)

Examples of the complexity dimension of the prospective teachers' problems are
given in Figures 4, 5, and 6 above. The problems given in the figures are respectively
classified as assignment, relational, and conditional types.
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Table 5

Preferred Strategies Based on Single Strategy Use
Single Strategy Use

Strategy names

Making a systematic list

Guess and check

Drawing a diagram

Finding correlation

Reasoning

Writing equations and equations
Working backwards

_ N W WO g ulls

N
1S

Total

The prospective teachers, who planned using strategies to form solutions to the
problems they posed, made their own solutions and expressed the appropriate
strategy or strategies to be used. The types of strategies preferred by 24 prospective
teachers using a single strategy are given in Table 5 above. Making a systematic list,
quess and check, and drawing a diagram have been the most preferred strategies. In
contrast, the least used strategy is working backwards. Whereas making a table and

simplifying the problem strategies are not at all included.
Table 6

Preferred Strategies by The Use of Multiple Strategies
Multiple Strategy Use

Strategy names

Drawing a diagram and finding a pattern
Making a systematic list and reasoning
Making a systematic list, guess and check, and reasoning
Making a systematic list and guess and check
Making a systematic list and finding a pattern
Finding a pattern and writing equations
Finding a pattern and making a table

Finding a pattern and estimation

Writing equations and reasoning

Writing equations and drawing a diagram
Guess and check and reasoning

Guess and check and making a table
Drawing a diagram and reasoning

T O T N Y

Total

Juny
N

The strategies preferred by prospective teachers who posed problems requiring
multiple strategies in solution are given in Table 6 above. 17 of the prospective teachers
posed problems requiring the use of multiple problem-solving strategies. Finding a
pattern, reasoning, and making a systematic list have especially been the most preferred
strategies in this process. It was determined that the strategies of working backwards
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and simplifying the problem are, again, not preferred in problems that require multiple
strategies.

Considering the use of strategy in terms of originality, 61% of the self-generated
problems require a single strategy use, and 39% require multiple strategies. The
problems created by using similar questions include 56% using a single strategy and
44% using multiple strategies. Two prospective teachers did not specify any strategies
as problem solutions and made a solution based on basic operations.

Discussion, Conclusion and Recommendations

This study aimed to determine the characteristics of non-routine problems that
prospective mathematics teachers pose. What was expected of prospective teachers
was to pose a non-routine problem. These problems were examined through the five
characteristics determined within the study's scope, which are problem type,
contextuality, originality, complexity, and use of strategy.

Most of the problems posed regarding the type of problem, which is the first criterion,
can be solved with multiple methods. However, it was determined that only one multi-
answer open-ended problem was posed. In the literature, when asked to establish a
problem for the first time, it is more likely that participants present single-answer
problems classified as word problems (Lowrie, 2002).

The problems posed are generally at medium and high levels in terms of
contextuality (second criterion). It has been observed that prospective teachers tend to
present the problem in a context. It is also seen that important mathematical problems
are related to real-life (Isik & Kar, 2012), and contextuality is a way to do this. While
Crespo and Sinclair (2008) emphasised that the importance of context in problem-
posing was neglected, the opposite conclusion was reached in this study, although it
was not specifically requested. Additionally, Kilic (2015) and Unlu (2017) revealed that
pre-service teachers could pose contextual problems by taking their real-life situations
into account.

Regarding the originality of the problem, prospective teachers were asked to pose
non-routine problems that were self-generated. However, about half of them created
the same or similar to existing problems. In other words, consistent with the result
found by Bonotto (2013), in his study, it was observed that prospective teachers tend
to create similar problems. Similarly, in various studies, it was stated that many
prospective teachers, rather than being creative, posed problems similar to the
problems they saw in textbooks and lessons (Crespo & Sinclair, 2008; Stickles 2006;
Unlu, 2017). This was an expected situation, given that the participants did not have
much experience with non-routine problems before. According to Leavy and
Hourigan (2019), reshaping a given problem instead of writing a completely new non-
routine problem may be the first step towards posing such problems. Some of the
participants were able to write original problems regarding this criterion. This result
shows that prospective teachers can cope with the situation of creating their own non-
routine problems.
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Another criterion for the classification of problems is the complexity dimension.
When considering the increase in complexity from assignment to conditional
expression, it was determined that the least number of conditional problems were
established as they consisted of self-generated problems. That is, similar problems
remained at low and medium level in terms of complexity. Students do not always try
to reveal difficult problems but tend to be satisfied with simple complexity levels
(Chen, van Dooren & Verschaffel, 2015). Therefore, a warning, instruction, or more
attractive scoring systems can be presented to prospective teachers to help them create
complex problems in future studies.

The fifth criterion is related to the use of strategy. The prospective teachers were able
to understand the logic of the strategies and posed problems following those
strategies. This result coincides with the results found by Kilic (2017) and Unlu (2017).
Some strategies (such as finding a pattern) were found to be more preferred for
problem-posing. Unlu (2017) put forward a similar result and found that prospective
teachers were more successful in posing problems following the finding a pattern
strategy. Additionally, participants set up one or fewer problems with relatively
difficult and unfamiliar strategies such as working backwards and simplifying the problem.
For future studies, it may be suggested to keep prospective teachers away from
spending more time on non-routine problems and get them to complete problem-
posing exercises for each strategy.

The prospective teachers themselves determined the use of strategies, and they
solved the problems they established and stated which strategy or strategies could be
used. The researchers, on the other hand, only made grouping over these strategy
names. There are cases where some strategies are not expressed, although the
participants used them. This was especially the case for the reasoning strategy;
although the solution included using this strategy, it was determined that they did not
notice it or neglected it.

Prospective teachers rarely experienced even routine problem-posing during their
school years, let alone non-routine problems. Moreover, they had a teaching process
that was limited to solving routine problems. Therefore, it has been observed that
finding and formulating original non-routine problems is a challenging experience for
them (Kool & Keijzer, 2018). Based on the results of this study, it is thought that
prospective teachers have the potential to pose non-routine problems. However, it is
predicted that this potential can be developed by spending more time on such
problems in mathematics teachers' education so that prospective teachers can become
better at posing non-routine problems in the future.

Although providing some meaningful results, it is clear that this study has
limitations that warrant further investigations. For example, this study was based on
the written documents of the participants. Therefore, it is not understood which ways
or strategies the participants followed in problem-posing. Thus, data triangulation
with other sources such as observations, interviews, and field notes will aid a deeper
analysis in this context. Another limitation of this study is that the sample is limited to
prospective middle school mathematics teachers. For this reason, repeating this study
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with prospective teachers attending a different program or with students from
different grade levels will allow researchers to define the characteristics of non-routine
problems and the strategies used in problem-posing. Finally, in this study, the
participants did not have the opportunity to apply the problems they posed to their
relevant class level. A more comprehensive future study involving observing the
participants while implementing their problems can be of great importance to ensure
the quality of the posed problems and the quality of the criteria used to evaluate them.
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Matematik Ogretmen Adaylarinin Rutin Olmayan Problem Kurma
Becerileri

Atf:

Kozakli Ulger, T., & Yazgan, Y. (2021). Non-routine problem posing skills of
prospective mathematics teachers. Eurasian Journal of Educational Research,
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Ozet

Problem Durumu: Problem kurma, matematik 6gretiminin vazgecilmez bir bilesenidir,
bu da onu 6gretmen adaylar1 ve en 6nemlisi 6grenciler igin zorunlu bir yetenek haline
getirir. Ote yandan, miifredatta rutin sorunlara duyulan gereksinim reddedilmese de
rutin olmayan problemler, 6grencilerimizin yirmi birinci ytizyil igin ihtiya¢ duydugu
matematiksel bilgi, stirecler, temsili akicilik ve iletisim becerilerini yeterince ele alan
problemlerdir. Bununla birlikte, matematiksel problem kurma {izerine yapilan
calismalarin biiyiik ¢ogunlugu, rutin problemleri iiretmeye isaret etmektedir.
Arastirma kanitlarinin ¢ogu, 6gretmenler/6gretmen adaylar tarafindan kurulan
sorularin ve problemlerin cogunun matematiksel muhakeme ve kavramsal anlayistan
ziyade ezber ve prosediirel anlayisa odaklandigimi gostermektedir. Ayni zamanda
ilgili arastirmalarda goruldiigi tizere, rutin olmayan problem kurmay: dogrudan
inceleyen calismalar ¢ok az sayidadir.

Arastirmanmin Amaci: Bu ¢alisma ortaokul matematik 6gretmen adaylarinin kurduklari
rutin olmayan problemlerin 6zelliklerini arastirmayi amaglamaktadir. Bu amacla
baglantili olarak caligmanin aragtirma sorusu “Ogretmen adaylarinin kurduklari rutin
olmayan problemlerin tiir, baglamsallik, orijinallik, karmasiklik ve strateji kullanimi
bakimindan karakteristikleri nelerdir?” olarak belirlenmistir.

Yéntem: Bu arastirma betimleyici durum ¢alismasi prensipleri tizerine insa edilmistir.
Calisma, problem ¢tzme ile ilgili bir secmeli derste 43 ortaokul matematik 6gretmen
adayi ile ytrttilmistiir. Bu dersin igerigi, problem ve problem ¢6zme, problem ¢ézme
asamalari, problemlerin smiflandirilmasi, rutin ve rutin olmayan problem ¢dzme
konularini icermektedir. Ders 14 hafta boyunca haftada bir kez ortalama 2 saat siireyle
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gerceklestirilmistir. Bu calisma igin toplanan veriler 6gretmen adaylarmnin yazili
calismalarindan olusmaktadir. Donem sonunda tiim katilimcilardan rutin olmayan bir
problem kurmalar: ve problemleri ¢oziimleri ile birlikte arastirmacilara yazili olarak
teslim etmeleri istenmistir. Kurulan tiim problemler bes kritere gére analiz edilmistir:
tiir, baglamsallastirma, orijinallik, karmagsiklik ve strateji kullanima.

Bulgular: Katilimcilar tarafindan toplamda 43 rutin olmayan problem kurulmustur.
Tiirti bakimindan kurulan problemlerin incelenmesi tek cevapli-cok cevapli ve hesaba
dayali-coklu yontem olmak {izere yapilmistir. Ogretmen adaylari tarafindan birden
fazla cevabi olan sadece bir soru yazilmis, bunun disinda tek cevabi olan kapalt uclu
sorular yazmayi tercih etmislerdir.

Baglamsallik agisindan zayif olan sadece 6 problem belirlenmisken, &gretmen
adaylarmin genellikle baglamsal problem kurma egiliminde olduklar1 gortilmiistiir.
Tercih edilen baglamlar ise genellikle ders kitaplarinda yer alan benzer baglamlardir.

Problemlerin orijinalligi agisindan degerlendirilmesinde kendi {iretimi ve benzer
sorular olmak tizere smiflama yapilmistir. Kurulan problemlerin yaklasik %44’t ders
kitaplarinda yer alan ve 6gretim siireclerinde karsilasilan problemlerden yararlanarak
kurulan benzer problemlerdir. Benzer yapida olan sorularin ¢ogu, baglamsal agidan
orta seviyede kalmistir. Kurulan problemlerin yaklasik yariya yakini ise 6gretmen
adaylarinin kendi {tirettikleri problemlerdir. Kendi tirettikleri sorularda problemin
ifade edilisinin biraz sikintili oldugu, anlatim bozuklar: ve ctimlenin anlasilmasina etki
eden birtakim ifadeler oldugu dikkat ¢cekmistir. Baglamsal agidan ise kendi tirettikleri
problemlerin orta ve ytiksek seviyede (%96) olusturuldugu belirlenmistir.

Karmasiklik acisindan problemlerin degerlendirilmesi dilsel-s6z dizimsel acidan ele
alinmis ve belirleme, iliskisel ve kosulsal olarak siniflandirma yapilmistir. Kurulan
problemler icerisinde en az kosulsal problemin oldugu, bu problemlerin tamaminin
ise kendi tiretimi olan problemlerden olustugu belirlenmistir. Kendi {iretimi
problemlerde sirasiyla en fazla belirleme (%46), iliskisel (%29) ve kosulsal (%25)
tirtinde problemler kuruldugu gortilmiistiir. Benzer sorulardan yararlanarak kurulan
problemlerin tamamu ise belirleme ve iliskisel diizeyindedir.

Kurduklar1 problemlerin ¢oziimleri bakimindan strateji kullanimimi planlayan
ogretmen adaylari, kendi ¢oztimlerini yapmus ve uygun strateji veya stratejileri ifade
etmislerdir. Tek strateji kullanan 24 6gretmen aday1 6zellikle sistematik liste yapma,
tahmin ve kontrol ve diyagram cizme stratejilerini tercih etmislerdir. En az kullanilan
strateji geriye dogru calisma olurken, tablo yapma ve benzer basit problemlerin
¢dziimiinden yararlanma stratejilerine hig yer verilmemistir. Ogretmen adaylarmin
17’si ise aym anda birden fazla problem ¢dzme stratejisi kullamimini gerektiren
problemler kurmuslardir. Ozellikle bagint1 bulma, muhakeme etme ve sistematik liste
yapma stratejileri bu siirecte en fazla tercih edilen stratejiler olmustur. Birden fazla
stratejinin birlikte kullanimini gerektiren problemlerde de geriye dogru calisma ve
benzer basit problemlerin ¢oziimiinden yararlanma stratejilerinin yine tercih
edilmeyen stratejiler oldugu belirlenmistir.
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Sonug ve Oneriler: 1k 6zellik olan problemin tiirii ile ilgili olarak kurulan problemlerin
biiytik bir kismi ¢coklu yontem ile ¢oziilebilecek tiirdendir. Ancak ¢ok cevapl yani agik
uclu sadece 1 problem kurulmus oldugu tespit edilmistir. Literattirde de ilk kez bir
problem kurulmas: istendiginde katilimcilarin kelime problemleri olarak
smiflandirilabilecek  tek cevapli problemler ortaya koymalart daha olast
gortilmektedir. Tkinci ozellik olan baglamsallik agisndan katilimcilarin, literatiirden
farkli olarak c¢ogunlukla problemi bir baglam iginde vermeyi tercih ettikleri
goriilmistiir. Problemin orijinalligi ile ilgili 6gretmen adaylarimin bilindik problemler
olusturma egiliminde olduklar1 goriilmiistiir. Katilimeilarin daha 6nce rutin olmayan
problemlerle ilgili ¢ok fazla deneyimleri olmadigi goz ontine alindiginda bu,
beklenilen bir durumdur. Bu kriter ile ilgili olarak orijinal problemler yazan diger bir
kisim katilimar igin kendi rutin olmayan problemlerini olusturma durumu ile basa
cikabildikleri belirlenmistir. Karmasiklik boyutunda belirlemeden kosulsal ifadeye
dogru karmasikligin arttigr dikkate alindiginda sayica en az kosulsal problemin
kuruldugu tespit edilmistir. Ogrenciler her zaman zor problemler ortaya gikarmaya
calismamakta, daha karmasiklik agisindan basit diizey olanlarla tatmin olma egilimi
gostermektedirler. Son olarak strateji kullanimi 6gretmen adaylarinin kendileri
tarafindan belirlenmis olup, kurduklar: problemlerin ¢tziimlerini yapip hangi strateji
veya stratejilerin kullanilabilecegini belirtmislerdir. Arastirmacilar ise yazilan bu
strateji isimleri tizerinden sadece gruplandirma yapmustir. Bu noktada bazi
stratejilerin katilimcilar tarafindan kullanmasma ragmen ifade edilmedigi durumlar
da mevcuttur.

Bu sonuglar, 6gretmen adaylarinin rutin olmayan problem tiretme potansiyeline sahip
olduklarimi gostermektedir. Bu calisma bazi anlamli sonuglar vermesine ragmen, daha
ileri incelemeleri gerektiren smmirlamalara sahip oldugu agiktir. Ornegin; bu caligma
katiimcilarin yazili doktimanlarina dayandirilmistir. Bundan dolayr katilimcilarin
problem kurmada hangi yollar1 ya da stratejileri izledikleri anlasilamamaktadir. Bu
nedenle, gozlemler, roportajlar, saha notlar1 gibi diger kaynaklarla veri tiggenlemesi,
bu baglamda daha derin bir analize yardimci olacaktir. Bu ¢alismanin bir diger
smirlilig ise 6rneklemin ortaokul matematik 6gretmen adaylari ile sinirli olmasidir;
bu nedenle, bu ¢alismay: farkli bir programa devam eden aday 6gretmenlerle veya
farkli simif seviyelerinden 6grencilerle tekrarlamak, arastirmacilarin kurulan rutin
olmayan problemlerin niteliklerini tamimlamalarma ve hatta problem kurmada
izlenen stratejilerin belirlenmesine imkan taniyacaktir.

Anahtar Sézciikler: Ogretmen adaylari, problem kurma, rutin olmayan problemler.
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