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Abstract

In this study, it was aimed to determine the geometry problem posing performance of eighth grade students in
different problem posing situations. For this purpose, the convergent parallel mixed model accepted as one of
the mixed method designs was preferred. The participants consisted of 151 eighth grade students from the same
school. The “Geometry Problem Posing Test” was used as a data collection tool which consists of a total of six
open-ended problems including free, semi-structured, and structured problem posing situations developed by the
researchers. An analytical rubric including seven criteria was used for the analysis of the student posed
problems. In the research, a significant difference was found among the problem posing situations. In order to
examine this difference in depth, the rubric criteria were analysed descriptively with a qualitative approach.
After the analysis, it was concluded that the success in structured problem posing situations was lower than the
success in other problem posing situations. Therefore, it can be said that the structured problem posing
situations can be more challenging for students in geometry problem posing.
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Introduction

Rich and useful discussions can take place when students interpret a problem in different ways since they can
find different answers. Therefore, not only solving a problem but also posing a problem, classifying the
problems and finding different ways to solve the problems are important activities (Walter, 1980). Olkun and
Toluk-Ugar (2014) stated that problem solving includes pre-stages such as noticing the problem, determining
the limits and characteristics of the problem, recognizing the problem, and posing the problem besides solving
the problems determined by others. In this context, it can be said that problem posing has importance in
mathematics teaching as well as problem solving.

Stoyanova (1997) defined problem posing as the process in which students form their personal interpretations
from concrete situations and formulate them as meaningfully structured mathematical problems based on their
mathematical experience. At the same time, problem posing is one of the high level active learning tasks that are
important for students’ development, and it is a term that suggests a link between higher order inquiry skills and
problem based learning (Nardone & Lee, 2011). In mathematics education, the problem posing approach is not
only seen as a means of understanding mathematical thinking of students but also as a tool for understanding
mathematics (Cai & Middleton, 2015). Kilpatrick (1987) mentioned that the experience of discovering and
creating one's own math problems should be a part of every student’s education because students take on a hew
and more active role in their learning when they are encouraged to pose their own problems (Brown & Walter,
2005).

Cai (2003) stated that problem posing is a key element of mathematical discovery and determined that problem
posing focuses on the study of examining students' thoughts from different perspectives. In this respect, Ticha

" This study is part of the master thesis entitled “An Investigation of Eighth Grade Students' Skills at Geometry
Problem Posing” by first author conducted in supervisor of second author. Also, this study was presented as an
oral presentation at the 111. INES International Education and Social Science Congress.

" Corresponding Author: Mehmet Ertiirk Gegici, erturkgecici@gmail.com



erturkgecici@gmail.com

2 Gegici & Aydin

and HoS8pesova (2009) stated that problem posing efforts contribute to a deeper understanding of mathematical
concepts. It is stated that problem posing in mathematics courses can be applied as a teaching strategy or as a
purpose of mathematics education (Kilpatrick, 1987). Kili¢ (2013) stated that problem posing activities as well
as problem solving activities should be included in courses. Similarly, Leung and Silver (1997) proposed to
make a wide range of problem posing activities in the classroom.

Suggesting the implementation of problem posing activities in classrooms can be based on the idea that there is
a strong relationship between problem solving and problem posing (Cai, 1998; Cai & Hwang, 2002; Silver &
Cai, 1996). Moreover, it is stated that problem posing can encourage students for creating original ideas (Brown
& Walter, 2005). Kar (2014) stated that problem posing is related to conceptual understanding, creativity,
problem solving and reasoning skills, and conducting courses with problem-posing activities will contribute to
the development of these skills.

Researches on problem posing have revealed that problem posing activities produce positive results in problem
solving skills of students (Cai, 1998; Cai & Hwang, 2002; Lavy & Bershadsky, 2003), problem posing skills
(English, 1997; Lavy & Bershadsky, 2003), mathematical thinking (Cai, 2003; Silver, 1997), and their tendency
towards mathematics (Dickerson, 1999; Kilpatrick, 1987; Silver & Cai, 1996; Turhan & Giiven, 2014). Apart
from these, Brown and Walter (2005) stated that the problem posing is a critical component in dealing with
math anxiety because it isless scary than responding to the problem.

It was stated that problem posing based education significantly improves students' problem solving skills (Abu-
Elwan, 2002; Cankoy & Darbaz, 2010; Cifarelli & Cai, 2006; Turhan & Giiven, 2014). It was determined that
there are positive differences in attitudes and behaviours of students towards mathematics (Turhan & Giiven,
2014). Furthermore, it is stated that problem posing activities support the development of advanced mental skills
of students such as analysis, synthesis, and inductive thinking (Cai, 2003; Silver, 1997) and increase motivation
(English, 1997). As can be seen, it can be said that the implementation of problem posing activities in the
classroom contributes to the cognitive and affective development of students.

It is seen that there has been an increase in the number of studies on problem posing when the studies are
examined in the literature in recent years. However, it is noticed in general that the conducted studies have
focused on the numbers and operations (Bonotto, 2013; Bunar, 2011; Cai, 1998; Stoyanova, 2005), fractions
(Atalay & Giiveli, 2017; Bunar, 2011; Kar & Isik, 2015; Toluk-Ugar, 2009; Turhan & Giiven, 2014), sets
(Bunar, 2011; Sengiil & Katranci, 2012), ratio-proportion (Bayazit & Kirnap-Donmez, 2017; Celik & Yetkin-
Ozdemir, 2011), probability (Silber & Cai, 2017; Yildiz & Baltaci, 2015), and algebraic expressions (Akkan,
Cakiroglu, & Giiven, 2009; Unlii & Aktas, 2017). In the literature, there is a limited number of studies in the
field of geometry learning (Abu-Elwan, 2011; Chua & Wong, 2012; Kanbur, 2017; Lavy & Shriki, 2010;
Singer, Voica, & Pelczer, 2017; Sengiil-Akdemir & Tiirniikli, 2017; Tiirniikld, Ergin, & Aydogdu, 2017). One
of the frequently encountered situations related to geometry problem posing in the literature is problem posing
in dynamic geometry environment. It has been seen that there are studies about this (Abu-Elwan, 2011,
Christou, Mousoulides, Pittalis, & Pitta-Pantazi, 2005; Fukuda & Kakihana, 2009; Kanbur, 2017; Lavy &
Shriki, 2010; Leikin, 2015), but there is a need for further studies related to problem posing without the
environment of dynamic geometry because there is a gap in this field in the literature. It is thought that this
study will contribute to the gap in the related field.

In the present study, a research was conducted towards the free, semi-structured, and structured problem posing
situations suggested by Stoyanova and Ellerton (1996). In the literature, there has been a limited number of
studies investigating different problem posing situations (Carkg¢i, 2016; Kilig, 2013; Kirnap-Donmez, 2014;
Ngah, Ismail, Tasir, & Said, 2016; Ozgen, Aydin, Gegici, & Bayram, 2017; Ozgen, Aydin, Gegici, & Bayram,
2019). Moreover, there has been no consensus on which problem posting situation is more challenging for
students (Kilig, 2013; Ngah et al., 2016; Ozgen et al., 2017). In the current study, it was aimed to determine the
geometry problem posing performance of eighth grade students in different problem posing situations.
Furthermore, the frequently mentioned statement “different problem posing situations” in the study describes
the classification posed by Stoyanova and Ellerton (1996).

Method

In this study, a mixed research approach that intertwined with quantitative and qualitative research approach
was adopted as the research method. Yildirim and Simsek (2016) stated that the data collected from different
methods confirmed each other and that the credibility of the results was strengthened as one of the important
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features of mixed research. In the research, as stated by Creswell (2014), convergent parallel mixed model was
preferred as one of the mixed method designs. In this design, qualitative and quantitative data are collected at
almost the same time period. However, the data are analysed separately, and the findings are compared with
each other. The quantitative data of the study consisted of the points obtained by the students in the problem
posing test. Qualitative data were obtained by in depth analysis according to some criteria. These criteria were
explained in detail in the data analysis.

Participants

The study was held at a state school located in the southeast region of Turkey. The study group consisted of 151
students studying in the eighth grade from the same school. A total of 151 students participating in the study
were selected with purposeful sampling method.

Data Collection Instrument

The "Geometry Problem Posing Test" was prepared for triangles and parity-similarity sub-learning areas. These
issues related to the geometry learning area of the eighth grade curriculum in Turkey were selected. In the eighth
grade, the total number of acquisitions in geometry and measurement learning area and the number of items in
the test are shown in Table 1.

Table 1. The total number of acquisitions in the geometry and measurement learning area in the eighth grade
and the number of items in the test.

Sub-Learning Areas Total Acquisitions Frequency of Number of Items in the
Number Acquisitions Test
Triangles 5 294 4
Parity-Similarity 2 11.8 2
Transformation Geometry 4 23.5 -
Geometric Objects 6 35.3 -
Total 17 100 6

Table 1 shows that in the eighth grade mathematics curriculum, there are acquisitions in four sub-learning areas
in geometry and measurement learning area. In this study, which aims to reveal the students' geometry problem
posing skills, it has been seen that asking problem posing situation about each learning area will reveal too
many problem posing situations. Therefore, all problem posing situations are constructed for triangles and
parity-similarity sub-learning areas. Another reason why the test is to measure triangles and parity-similarity
sub-learning areas is that the triangles sub-learning area occupies a large place in the eighth grade curriculum. In
addition, triangles are an important topic in geometry learning area (Turniikli et al., 2017). In the eighth grade
curriculum, it was found sufficient to 6 problem posing situations in order to measure 7 acquisitions in triangles
and parity-similarity sub-learning areas. There is no specific relationship between problem posing situations and
acquisitions, and is designed suitable to student levels.

The test consisting of six open-ended problem posing activities contains questions about Pythagorean relation
and parity-similarity concepts for free problem posing situations. For the semi-structured problem posing
situations, the problems involving the angle-edge relationship and the triangle inequality context were asked.
For the structured problem posing situations, there were problems including the basic similarity theorem and the
auxiliary elements of the triangle. Two academicians specialized in their field were consulted in order to ensure
the validity and reliability of the test. A pilot study was also conducted. Language, level, content, and scope of
the questions were provided in accordance with expert opinions and pilot study. The “inter-rater adjustment”
method was applied in order to ensure the reliability of the test.

Analysis of Data

Problems posed by students were scored with the rubric developed by Ozgen et al. (2017). There are seven
criteria in the rubric. The criteria scored according to 4 levels (see Appendix-1). The rubric also covers many
criteria from the literature. For example;

» Mathematical expression (Gonzales, 1994; Stoyanova, 2005),
> Grammar and expression (Arikan & Unal, 2013; Cankoy & Ozder, 2017; Gonzales, 1994),
» Suitability to acquisitions (Gonzales, 1994; Sengiil-Akdemir & Tiirniikli, 2017),
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Quality and quantity (Chang, Wu, Weng, & Sung, 2012; English, 1998; Kaba & Sengiil, 2016;
Kilig, 2013; Silver & Cai, 2005),

Solvability (Cankoy & Ozder, 2017; Celik & Yetkin-Ozdemir, 2011; Silver & Cai, 1996),
Originality (Chang et al., 2012; Gonzales, 1994; Silver & Cai, 2005),

Solving the problem posed by the student (English, 1998; Sengiil-Akdemir & Tiirniiklii, 2017).

VVYVY V

The answers of the students were scored independently by two people, one was a mathematics teacher and the
other one was the researcher of this study. Then the reliability percentage was calculated according to the
formula “[(Agreement)/(Agreement)+(Disagreement)]x100” suggested by Miles and Huberman (1994).
According to this formula, inter-rater compliance was found to be 78%. The proximity of the compliance
percentage indicated that performed scoring was consistent. A common decision was reached by discussing
when there was an inconsistent score. In this way, the inconsistency was eliminated in the scoring.

The obtained data were analysed descriptively in order to determine the geometry problem posing skills of
students. The findings are presented in the frequency and percentage tables. The problems posed by the students
were graded according to seven criteria and the levels were presented descriptively that emerged according to
each criterion. Moreover, in order to support statistical data and to increase the internal validity of the research,
direct quotations were made from the students' answers. Each quote was coded as “S- (Student ID) - (Code of
problem posing situation)” in order to indicate which activity belonged to which student and which problem
posing situation. “1” was used for free problem posing activities, “2” for semi-structured problem posing
activities, and “3” for structured problem posing activities. For example, code S146-3 referred to the quotation
from the responses to the structured problem posing activity of the student number 146. The normality of the
quantitative data was checked by Kolmogorov-Smirnov test. For normal distribution, coefficients of kurtosis-
skewness, Histogram and Q-Q plots were checked and it was seen that the data showed a normal distribution.
Therefore, a single-factor ANOVA test was used for the related samples in order to determine whether the
students’ skills showed a significant difference in different problem posing situations.

Results and Discussion

The descriptive statistics information of the student scores obtained from the Geometry Problem Posing Test is
presented in Table 2.

Table 2. Student scores in terms of problem posing situations

Problem Posing Situation n Min. Max. X SS
Free 151 .00 41.0 21.79 11.78
Semi-structured 151 .00 41.0 19.06 13.57
Structured 151 .00 39.0 16.18 12.26
Total 151 7.00 120.0 57.03 27.75

According to the obtained data in problem posing test, the arithmetical average of the points of the students who
participated in the research was calculated as 57.03. A student's total score from the Geometry Problem Posing
Test was at least 7.00 and at most 120.0. It was seen that some of the students received “0” point because of
incorrect answers to the questions in the geometry problem posing test or the posed problems which did not
meet the requirements in the criteria. When each problem posing situation was considered one by one, it was
seen that the arithmetic average of the scores obtained from free problem posing activities was more than the
semi-structured problem posing and structured problem posing activities.

In order to test whether students' skills in different problem posing situations showed a significant difference, a
single-factor ANOV A test was used for the related samples. Analysis results are given in Table 3.

Table 3. Single-factor ANOVA results for related samples of students' scores in geometry problem posing test

Source of Variance Sum of Square Sd Mean of F p Meaningful
Square Difference

Interpersonal 38508.94 150 256.72

Measurement 2381.67 2 1190.83 11.008 .000* 1-3,2-3

Error 32452.32 300 108.17

Total 73342.93 457

1-Free problem posing, 2-Semi-structured problem posing, 3-Structured problem posing
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A statistically significant difference was found between students' scores in free, semi-structured, and structured
problem posing activities [F(2,300)=11.008, p<.05]. The mean score (¥=16.18) in structured problem posing
activities was lower than the mean score (X=21.79) in free problem posing activities and the average score
(¥=19.06) in the semi-structured problem posing activities. There were no statistically significant differences
between the other problem posing situations. According to this finding, it can be said that the points obtained
from free problem posing situations and semi-structured problem posing situations were almost similar, but the
obtained points differed in structured problem posing situations.

In order to find an answer to the other sub-problem of the study, the obtained data were separately analysed in
terms of seven criteria of rubric. The frequency and percentages of the students' skills in geometry problem
posing in terms of criteria are shown in Table 4.

Table 4. Geometry problem posing performances of students in terms of criteria

— N o < =
1 () (6] (6] +—
f % f % f % f % f %

Using the Free 77 255 75 248 91 301 59 196 302 100
Language of Semi-Structured 127 421 22 7.3 58 19.2 95 314 302 100
Larduage O' - structured 131 434 59 195 67 222 45 149 302 100
Total 33 37 156 17.2 216 238 199 22 906 100
Free 103 341 67 222 47 156 85 281 302 100
Grammarand  gomi_stryctured 128 424 59 1906 30 99 85 281 302 100
gl’jﬁgisﬁi'to“ Structured 148 491 44 145 47 156 63 20.8 302 100
y Total 379 418 170 188 124 137 233 257 906 100
Free 81 268 54 179 5 17 162 536 302 100
Suitabilityto  Semi-Structured 130 43 15 5 3 1 154 51 302 100
Acquisitions  Structured 134 444 37 123 11 36 120 397 302 100
Total 345 381 106 117 19 21 436 481 906 100
. Free 84 278 12 4 40 132 166 55 302 100
Quality a”‘]f Semi-Structured 130 431 6 2 10 33 156 516 302 100
ggg‘“ty 0 Structured 139 46 9 3 32 106 122 404 302 100
Total 353 39 27 3 8 9 444 49 906 100
Free 81 268 44 146 11 36 166 55 302 100
Solvability Semi-Structured 131 433 15 5 2 07 154 51 302 100
Structured 134 443 35 116 5 17 128 424 302 100
Total 346 382 94 104 18 2 448 494 906 100
Free 1190 394 117 387 41 136 25 83 302 100
Originality Semi-Structured 142 471 104 344 43 142 13 43 302 100
Structured 164 543 92 305 34 113 12 39 302 100
Total 425 469 313 345 118 131 50 55 906 100
Solving the Free 133 441 18 59 6 2 145 48 302 100
Problem Posed Semi-Structured 160 53 21 7 4 1.3 117 387 302 100
by the Student  Structured 186 616 19 63 6 2 91 301 302 100
Total 479 528 58 64 16 1.8 353 39 906 100

It is seen that almost 54% of the students who posed problems are at Level 1 and Level 2 according to the skill
of using the mathematical language. Using the language of mathematics has great importance when expressing
relationships in shapes presented in geometry problems. It is seen that half of the students who posed problems
have failed in terms of this criterion. The most problematic problem posing situation is structured problem
posing in students' use of mathematical language. It is seen that half of the answers given by students in free and
semi-structured problem posing situations are in the Levels 3 and 4. This shows that the participants were more
successful in terms of “using the language of mathematics” criterion in free and semi-structured problem posing
activities compared to structured problem posing situations.
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What is the result of “X"+y”” according to this? Accordingly, what is the result of DAC?

Figure 1. S82-1 coded activity Figure 2. S93-3 coded activity

The free problem posing activity posed by the S82 coded student related to parity and similarity issue is shown
in Figure 1. Here, the student has drawn two triangles based on the idea of drawing identical triangles to each
other. However, the corner pointing the triangles has not been named. It has not been pointed out that the
concurrence of the triangle or which sides are identical, and the lengths are not indicated in any unit. Therefore,
it was scored as Level 2 according to the criterion of “using mathematical language” since there is lack of the
mathematical concepts that should be mentioned in this problem.

The structured problem posing activity of the S93 coded student related to the auxiliary elements of the triangle
is presented in Figure 2. The mathematical concepts were correctly stated on the figure in the student posed
problem, and corner points of the triangle was indicated as well as describing the triangle as isosceles and
stating [AD] as the median. However, it was seen that the student did not explain them as a text. Therefore, the
posed problem was found to be incomplete in terms of “using mathematical language” criterion and it was
considered as Level 3.

The criterion of grammar and the suitability of an expression is related to being appropriate with the rules of
the language, not including incoherency or spelling mistakes. Approximately 42% of the students who posed
problems are at Level 1 according to this criterion. This finding shows that almost half of the posed problems
were scored as “0” according to this criterion. 25.7% of the posed problems were able to get a full score
according to this criterion. It is seen that the students showed similar performances in different problems. In the
structured problem posing situations, the percentage of responses in Level 1 (49%) is higher than the other
problem posing situations. Here, it can be interpreted that students had more difficulty in the structured
problem posing situations.
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Figure 3. S16-2 coded activity Figure 4. S73-3 coded activity
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The problem in the semi-structured problem posing activity posed by S16 coded student is presented in Figure
3. It is not understood what the student wants to state by writing “the relationship between C and A” in the
posed problem. What was meant here should be expressed more clearly in terms of both mathematical and
language skills. Therefore, it is thought that there is an incoherency in this problem. Thus, the student posed
problem was deemed to evaluate as Level 2 in terms of “grammar and expression suitability”.

The structured problem posing activity posed by the S73 coded student about parity and similarity issue is
shown in Figure 4. Instead of posing a similar problem to the fiction in the given problem, the student posed a
problem with a different fiction. In the student posed problem, it was stated that there were similar triangles and
the one length of a side was asked by giving some side lengths of the triangles. However, when the problem was
expressed, it was stated as “place indicated by x”. Instead, it was thought that a more understandable expression
should be used. For this reason, the student posed problem was evaluated as Level 3 in terms of “level of
knowledge of the grammar and expression” criterion.

Nearly half of the posed problems by the students (48.1%) were evaluated as Level 4 in terms of the suitability
of the problems to the acquisitions. It is understood that the student problems are partially enough in terms of
“suitability to acquisitions” criteria. 11.7% of the problems evaluated at the Level 2 were not able to be
evaluated as Level 4 due to being convenient with the acquisitions but they were considered as deficient
expression or data in the problems. The problems at the Level 3 were posed as expected but they were related to
another acquisition. When the data obtained from different problem posing situations are examined, it is
determined that most of the posed problems in structured problem posing situations are not suitable for
acquisitions. In the free problem posing situations, 60% of the posed problems were in Levels 3 and 4. Here, it
can be said that students are more successful in free problem posing situations than other problem posing
situations.
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Small parts will be cut from the given polygons and | If the triangle is an isosceles triangle and the IABI = 3
if these pieces are similar, what is the area of the | cm, what is y?
hatched area?

Figure 5. S134-1 coded activity Figure 6. S34-3 coded activity

The free problem posing activity of the S134 coded student about parity and similarity in triangles is presented
in Figure 5. It was seen that the student misunderstood and posed a problem with the area of the rectangle while
suppose to pose a problem about congruent and similar triangles in the answer. Although the posed problem was
a correct geometry problem, the response of the student was considered as Level 3 since it was related to
another acquisition according to the “suitability to acquisitions” criterion.

The structured problem posing activity posed by the S34 coded student about the auxiliary elements of the
triangle is shown in Figure 6. Here, the student has drawn an isosceles triangle and has posed a problem aiming
to find the other side with the help of a height lowered from the peak through giving one of the isosceles. All the
data in the posed problems were given on the figure thought to be solved with the help of these data. Moreover,
giving the peak angle as 90° indicates that the triangle was a triangular triangle. It was considered as an
appropriate problem for the eighth grade acquisitions and is considered as Level 4.

It is seen that approximately half of the posed problems (49%) are at the Level 4 according to the data quantity
and quality criteria. Considering the problems of the students at other Levels, it is understood that most of the
students were not able to respond to the activities or there was lack of data in their posed problems. It is
understood that the answers evaluated at Level 1 in free problem posing situations are less (27.8%) than the
other problem posing situations. It is seen that the given answers to structured problem posing activities are at
the 4th Level and those who get full score (40.4%) from the evaluation are less than other problem posing
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situations. It is seen that students achieve better results in terms of free and semi-structured problem posing
situations in terms of “quality and quantity of data” criterion and they have more difficulty in structured
problem posing situations.
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Since this triangle is a scalene triangle, how many
different wooden bars can come to this?

Accordingly, what is the sum of the values that IBCI
can take?

Figure 7. S23-2 coded activity Figure 8. S87-2 coded activity

The response of the S23 coded student to the semi-structured problem posing activity related to triangle
inequality is presented in Figure 7. The student who posed problems by the given information stated that the
triangle to be posed would be a scalene triangle. In this way, the data was diversified in the posed problem. As
the data in the posed problem were enough and appropriate, this problem was scored at Level 4 according
to“quality and quantity of data” criterion.

The semi-structured problem posing activity of the S87 coded student on the subject of angle-side relationship
in the triangles is shown in Figure 8. In addition to the given information here, the student added a side length
and asked for the values that the other side could take. Then, the problem was solved through thinking [BC] will
be the longest side. The posed problem was found to be appropriate according to“quality and quantity of data”
criterion. Therefore, the student posed problem was seen at Level 4.

Approximately 40% of the posed problems were evaluated as Level 1 according to the solubility criterion. It can
be understood that 40% of the student posed problems are the problems that are not possible to be solved. The
problems considered as Level 2 (10%) cannot be solved because the data are not enough or appropriate or there
is a lack of expression. 2% of the posed problems cannot be solved due to the incoherency or spelling mistakes.
It is seen that almost half (49.4%) of the student posed problems are solvable problems. It is seen that the best
results in terms of solvability of the problem are obtained in free problem posing situations and worst results are
obtained in structured problem posing situations.
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In the figure, the appearance of Mert's shadow on the
wall and the distance from the light source, and the
length of Mert's shadow are given, how many meters
is Mert's distance from his shadow?

The diameter of a light-held ball is 30 cm. As the
shadow of the ball is on the wall, let's find the length
of the shadow if between the light and the ball is 3 cm
and the distance between the ball and the shadow is 2
cm.

Figure 9. S139-3 coded activity

Figure 10. S7-3 coded activity
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The problem posed by the S139 coded student is shown in Figure 9. The text in the student posed problem about
basic similarity theorem is presented in a comprehensible way. Although the data appeared to be appropriate,
the light from the light source was going to create a larger shadow than the person in behind. It was thought that
the student who did not consider this did not create a real life related problem. Processing only by numbers did
not mean that there was a solvable problem. From this point of view, the student posed problem was evaluated
as Level 2 in terms of “solvability” criterion.

The structured problem posing activity posed by the S7 coded student about parity and similarity issue is shown
in Figure 10. The student posed a problem like the problem given here, the created problem questions the same
relationship by replacing the person in the given problem and replacing it with another object. This posed
problem was clearly stated and seen as a solvable problem. Therefore, the student posed problem was evaluated
as Level 4 in terms of “solvability” criterion.

The obtained data indicate that only 5.5% of the posed problems are original problems. When the obtained
percentages from Level 1 and 2 considered, it is understood that approximately 35% of the posed problems are
away from the originality. In other words, it shows that the posed problems are the problems that often
encountered in the textbooks or evaluated in the type of exercise. Although there are no significant differences
in terms of originality criterion among the different problem posing situations, it is seen that students have more
difficulty in structured problem posing activities as in other criterions.
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isagor bagwtisiny iceren bir problem kurunuz ve ciziiniiz. | etk buhnan Oner b Tane dahe Tahee
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How many meters are the body diagonal of the cube | If you want to create a triangle from the bars (one of
given? them is randomly broken), what is the length of the
3rd edge at most?
Figure 11. S145-1 coded activity Figure 12. S47-2 coded activity

The free problem posing activity posed by the S145 coded participant about the Pythagorean relation is
presented in Figure 11. The student posed problem was expressed in clear way and it was seen that the problem
is solvable. While posing the problem, the student, who also stated the solution of the posed problem, relating
the problem in geometric objects which is another learning field were indicated the originality of the problem.
This answer of the student was evaluated as Level 4.

The semi-structured problem posing activity posed by the S47 coded student about triangle inequality is
presented in Figure 12. It is seen that the student guided the problem with a different perspective without
changing the given information when posing the problem. When the long bar was broken to create the third side
of the triangle, the problem is not an ordinary question, although there is no other option for the third side
length. For this reason, the student posed problem was considered as partially original and it was scored as
Level 3.

52.8% of the posed problems indicates that the students left the solution empty or made it completely wrong.
39% of the posed problems were solved by the student in a full correct manner. 48% of free problem posing
situations, 38.7% of semi-structured problem posing situations, and 30.1% of structured problem posing
situations are fully achieved in terms of different problem posing situations. Here, it can be said that students are
more successful in solving the problems posed in free problem posing situations than other problem posing
situations. The lowest success in solving the posed problems was provided in structured problem posing
situations.
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Onur wants to add a lath to the 3 and 7 cm laths in | Mehmet goes from home to school first, and then from
his hand and make a triangle. Accordingly, how |school to library. The distance between Mehmet’s
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distance between Mehmet’s school and library is 12
km (east), then what is the distance between Mehmet’s
house and the library?

Figure 13. S143-2 coded activity Figure 14. S36-1 coded activity

The semi-structured problem posing activity of the 0143 coded student about the triangle inequality is shown in
Figure 13. Here, the student has posed a solvable problem, but leaves the solution blank. For this reason, the
student posed problem was evaluated as Level 2 in terms of being solved by the student.

The free problem posing activity of the S36 coded student about the Pythagorean relation is shown in Figure 14.
The student expressed the posed problem through a clear language and posed a problem that meets the criteria
that should be in a problem. Complete operation was performed in the solution of the posed problem. Therefore,
the solution of the student posed problem was graded as Level 4.

Conclusion

In this study, the performance of geometry problem posing of eighth grade students was investigated in different
problem posing situations. Research findings showed that the products of students’ problem posing activities
were generally at the Level 1 or 2 according to the evaluation criteria. Similarly, it has been seen that there are
many studies concluding that secondary school students' achievements in problem posing activities are not at the
desired level (Gokkurt, Ornek, Hayat, & Soylu, 2015; Kar, 2014; Ozdis¢i & Kaba, 2018; Ozgen et al., 2017). In
the literature, there are also studies concluding that students are successful in problem posing activities (Cai,
2003; Lin & Leng, 2008; Sengiil-Akdemir & Tiirniiklii, 2017).

Gokkurt et al. (2015) stated that problem posing skills of eighth grade students were not at the desired level. In
addition to this, it was stated that most of the students exactly copied the problem by changing the numerical
values in the given problem or posed illogical problems that did not have a solution. In a study by Carke1
(2016), it was stated that the students of fourth grade had difficulty in posing problems in different situations.
Kar (2014) pointed out that the success of secondary school students was low in posing valid problems for
collection with fractions and that the factors causing such deficiencies should be determined in order to
eliminate such deficiencies in students. The similarity between the results of many studies in the literature and
this study is that the student achievement is not at the desired level and this emerges as a subject that is needed
to be considered. On this issue, Gokkurt et al. (2015) suggested to make problem posing activities to improve
student problem posing skills and to give feedback to the students about the mistakes they made in the problem
posing process. Moreover, in order to reach the desired level of problem posing skills of the students, first,
problem solving should be endeared to the students. As a final step in problem solving, problem posing skills
will be contributed by administering problem posing activities.

When the problem posing situations were examined on their own, it was observed that the average of the scores
reached in free problem formation activities was more than the average in other problem posing activities. When
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the problem-posing situations were examined statistically, a statistically significant difference was found
between the points of geometry problem posing in students' different problem posing situations. A significant
difference was detected between structured problem posing situation and other problem posing situations. It can
be said that students have more difficulty in structured problem posing activities while posing geometry
problems. When the literature is examined, it is observed that there are studies supporting this result (Carkgt,
2016; Kanbur, 2017; Kilig, 2013) or there are also other views (Bayazit & Kirnap-Dénmez, 2017; Ngah et al.,
2016; Ozgen et al., 2017). Data collection tools and study subject or sample can be effective in the formation of
these differences. Kanbur (2017) and Kilig (2013), who worked with primary school students and teacher
candidates, found concordant results with this study. However, Ozgen et al. (2017) found no significant
difference between the problem posing situations. In another study, Ngah et al. (2016) stated that secondary
school students experienced more difficulties in posing free problems.

In order to examine the reasons of the result of a significant difference among the problem posing situations, the
criteria included in the scoring key were examined separately. The aim was to reveal the students' skills through
handling the posed geometry problems in terms of seven criteria of the rubric and to determine in which
problem posing situation the students had more difficulty. Almost half of the student posed problems were
found to be at levels 1 and 2 in the criterion of using the mathematical language. It is stated by various
researchers that mathematical language plays an important role in the process of learning and teaching geometry
(Cansiz-Aktas & Aktas, 2012; Sarama & Clements, 2009). It can be said that using the language of mathematics
has a great importance while expressing the relations with the shapes presented in geometry problems. In using
the mathematical language, the least achieved problem posing situation is the semi-structured problem posing
activities. It was found that more than half of the students' answers in free and semi-structured problem posing
situations were at Levels 3 and 4.

The criterion of “grammar and expression suitability” is related to the fact that the wanted to be expressed need
to be in accordance with the language rules and not be made incoherency or spelling mistakes. Almost 42% of
the student posed problems were at Level 1 according to this criterion. Similar results were observed in the
literature (Arikan & Unal, 2013; Yildiz & Ozdemir, 2015). According to this criterion, it was seen that the
students performed similar performances in different problem posing situations. However, in structured problem
posing situations, the percentage of responses at Level 1 was higher than other problem posing situations.

It is concluded that the student posed problems were at the intermediate level according to the suitability with
acquisitions criteria. This result is in parallel with the results of the study conducted by Sengiil-Akdemir and
Tirniikli (2017). Sengiil-Akdemir and Tiirniiklii (2017) determined that 54.5% of the student posed problems
were curriculum dependent problems. In the current study, it was determined that most of the student posed
problems in structured problem posing situations were not suitable for the acquisitions. In free problem posing
situations, it was found that most of the posed problems were found to be suitable for acquisitions. In terms of
suitability for acquisitions, it can be said that students are more successful in free problem posing situations than
other problem posing situations. The reason for this difference was thought to be derived from the allowance of
activities given in free problem posing situations to pose too many different problems related to the subject.

When the posed problems were examined in terms of “quality and quantity of data”, it was seen that almost half
of them were at Level 4. When the problems at other levels considered, it was understood that most of the
students could not respond to the activities or they had a lack of data in posed problems. When the student posed
problems examined in terms of the quality and quantity of data, it was concluded that they had better results in
free and semi-structured problem posing situations and they had more difficulties in structured problem posing
situations. Tiirniiklii et al. (2017) found that the percentage of the posed problems decreased as the mathematical
quality increased, and students had difficulty in writing high quality mathematical problems. Gokkurt et al.
(2015) stated that eighth grade students wrote problems using the given problems only by changing the
numerical value or posed illogical and unsolvable problems. Similarly, Ozdis¢i and Kaba (2018) found that
secondary school students were inadequate in problem posing. They also emphasized that this was due to the
inadequate use of problem solving stages.

It was concluded that almost half of the student posed problems were solvable problems. The solvability of the
posed problem and the control of whether including logical errors are the most important factors that should be
taken into consideration in the process of problem formation (Kirnap-Dénmez, 2014). According to different
problem posing situations, in terms of solvability of the problem, it was seen that the best results were found in
free problem posing situations while the worst results were obtained in structured problem posing situations. In
the study analysing the middle school students posed problems, Silver and Cai (1996) determined that the large
number of the students posed solvable problems and some of the posed complex problems. Yuan and Sriraman
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(2011) emphasized that content knowledge of the students had a great impact on their problem posing success.
In this study, it was considered that some of the students' missing information about the content of the subject
was a big obstacle in the formation of solvable problems.

Another result of this study was that the very small number of the posed problems was original. It was
determined that the student posed problems were the problems frequently encountered in the textbooks or
evaluated in the type of exercises. Although there were no significant differences in terms of originality criterion
among different problem posing situations, it was observed that students had more difficulty in structured
problem posing activities as in other criteria. Restriction effect of the structured problem posing situations was
the reason of this situation. Bayazit and Kirnap-Donmez (2017) stated that the problems posed by the
mathematics teacher candidates were the problems far from originality and creativity. As it is seen, both student
and teacher candidate posed problems are generally composed of problems in a routine manner. In order to
develop this skill of the students, it can be said that the activities that will stimulate the cognitive skills of the
students should be applied in the courses. Ozgen et al. (2019) mentioned that in order to solve this problem,
students should face interesting or daily life problems.

In this study, the students left the solution blank or solved them in a completely wrong way in large number of
problems posed by them. Only 39% of the posed problems were correctly solved by the students. It was
observed that the students who were able pose problems had difficulties in solving posed problems. When it was
examined according to different problem posing situations, it was concluded that the students were more
successful in solving the problems they posed in free problem situations and they were less successful in
structured problem posing situations. It is thought that facing many problems posed by students in their daily
life make contributions such as “recognizing and determining the problem”. However, it can be interpreted that
problem solving skills are still not developed. In the literature about this situation, it is stated that problem based
mathematics teaching can be applied in order to increase the problem solving performance of students
(Dickerson, 1999; Turhan & Giiven, 2014).

As a result of the present research, it has been concluded that the success in structured problem posing situations
is lower than the success in other problem posing situations. Therefore, it can be said that the structured problem
posing situations are more challenging for students in posing geometry problems. The restriction of students'
creativity skills in structured problem posing situations is thought to be the reason of this result. Kanbur (2017)
stated that mathematical logic, data quality, instructions in posed problems, data quantity, and solvability criteria
developed through the free problem posing situation from the structured problem posing situations in geometry
problems posed by the pre-service teachers in dynamic environment. Kili¢ (2013), in the study conducted with
teacher candidates, found that teacher candidates experienced difficulties most in the structured problem posing
situations and least in free problem posing situations and stated that this could be caused by the structure of
problem posing situations. Considering the results of other studies (Ngah et al., 2016; Ozgen et al., 2017), there
may be many reasons why the results of the present study are compatible or different with other studies in the
literature. In particular, the human factor can be shown as well as time and subject difference, different class
level or different data collection tools. Because, even if the students are at the same class level, their
performance on any subject may change over time and from region to region. Considering that different
researchers can use different measurement tools, it can be considered as a normal situation that the results of
research differ on similar subjects.

Recommendations
Based on the results of the research, the following recommendations are made:

» It has been seen that the student posed geometry problems are generally used in short sentences or
only question marks are used in terms of mathematical language. So, teachers are suggested to
express a problem in mathematics lessons clearly and pay attention to the use of symbols. For this
purpose, teachers should provide opportunities to support students to use mathematical language.

» Experimental studies can be carried out to examine students’ difficulties in the process of geometry
problem posing. In this way, students' geometry problem posing skills and detailed information can
be obtained about the difficulties encountered in the process of geometry problem posing.
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» It has been noteworthy that students do not pose any original problems. In order to develop this
skill, students should be introduced to problem posing activities from an early age. They can gain
creativity when mental skills are mobilized.

» It is seen that students have difficulty in solving the geometry problems students have posed by
themselves. In order to overcome this problem, problem solving and problem posing can be handled
together. Similar problems to solved problems can be posed or solutions can be made for the posed
problems.

» In this study, the problems that the eighth grade students posed for the triangles and the parity-
similarity sub-learning area were examined. Problem solving skills of secondary school students
about other sub-learning areas of geometry can be investigated.

» In other studies where there are different problem posing situations, students’ opinions can be
consulted.

» In this study, the classification stated by Stoyanova and Ellerton (1996) has been used and there are
different problem posing strategies presented by other researchers in the literature. Secondary
school students' skills to pose geometry problems can be examined in terms of other strategies.
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Appendix-1. Rubric towards Evaluation of Problem Posing Skills

0 Point

1 Point

2 Points

3 Points

Ability to use mathematical
language (symbol, notation,
and so on) correctly

Null

There is an error in the
use of the mathematical
language (or concepts).

The mathematical
language is/ (or
concepts are) used
correctly but
incompletely.

The mathematical
language is/ (or concepts
are) used precisely and
correctly.

Compliance of the text of
the question with grammar
rules, whether it contains
an incoherency or spelling
mistake

Empty, no text, or
incoherency or
misspelling.

There is no mistake in
writing, but there is
incoherency.

There is no
incoherency, but the
writing is wrong.

There are no
incoherency and spelling
mistakes.

The suitability of
instructions used while
referring to the operations
to be done in problem or
stating the problem to the
acquisitions

Empty or unclear how
the problem will be
solved.

The operation to be
done for the solution of
the problem is suitable
for the acquisitions but
it is incomplete/wrong.

The operation to be
done for the solution
of the problem is not
suitable for the
acquisitions but it is
complete/error free.

The operation to be done
for the solution of the
problem is suitable for
the acquisitions and it is
complete/error free.

In order for the problemto  Empty, cannot be There are both invalid The data is The data are adequate
be solved, the amount of understood because it and missing data or too incompatible or and appropriate.

data and expressions is not clear how to much data-expression. there is

contained in the problem, solve it, or there is no missing/more data-

the logical/operational data available because expression.

suitability, and the there is no shape-text

significance of the result transfer.

Accessibility of the Empty or not be Cannot be solved Although the data Solvable.

problem to the desired
result (Solvability)

solved because data in
the figure cannot be
mathematically
expressed in text form

because it is not
appropriate or sufficient
data, or lack of
expression

are appropriate and
sufficient, they
cannot be solved
because of writing
errors and
incoherency.

The scenario of the
problem text, the
originality in terms of the
operation steps in order to
reach a solution

Empty or cannot be
detected

The problem is pretty
ordinary (Type of
always been to).

The problem is
partly original (so
unique that it can be
distinguished from
the
ordinary/classical
question type).

The problem is largely
original (a type of
guestion whose
originality is kept on the
front line when it is
produced, but not in
textbooks or other
sources).

Case of solving student
posed problem

Empty

Could not apply the
givens and desired to
the solution

The problem is

understood correctly
and solved but there
is an operation error.

The problem solved
correctly.




