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Introduction

Studies related to problem posing research in mathematics education have been on the rise, in the
recent years. As a consequence, this topic was considered as an important area of exploration for researchers.
Problem posing, among the issues that educators have been studying, in the recent years, includes either
posing new problems in terms of a given situation or re-formulating the problem. Problem posing, which is
cognitively more difficult than solving problems, takes place in the field of teaching mathematics as a
recently discovered instrument for analyzing cognitive processes (Mestre, 2002).

Problem posing which provides analytical thinking (Akay & Boz, 2010). Students are faced with
complex situations in problem posing processes and they feel responsible themselves from these situations
(Giir & Korkmaz, 2003). It helps their individual learning (Isik, Kar, Yal¢in & Zehir, 2011). Besides, in
addition to improving their problem solving skills, it also improves their skills for recognizing key factors
given in a problem (Chang, Wu, Weng & Sung, 2012). The importance of problem posing was stated by Lavy
and Bershadsky (2002) as in the following; ‘problem posing is more important than problem solving which is a part
of mathematical or experimental skills. It is the sing of producing new questions, new probabilities, creative
imagination and the actual development in science’.

When the literature was analyzed, it was seen that there are various problem posing methods
(Grundmeier, 2003; Abu-Elwan, 2007). These methods are; i) free problem posing, ii) semi-structured problem
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posing, iii) structured problem posing (Stoyanova, 2003) and iv) What if ... What if not? (Abu-Elwan, 2007). In free
problem posing, students are presented with a situation or a subject from daily life. Students are expected to
pose problems by using them. In semi-structured problem posing, an open—-ended situation is given to students.
Students are asked to generate problems about this situation by using their own skills, knowledge and
mathematical experiences. In structured problem posing, the matter consists of posing a new problem by
changing the known information (Akay, 2006). The ‘What if? ... What if not?” method developed by Brown
and Walter (1993) takes place within the scope of structured problem posing (Brown & Walter, 1993).

In problem posing, it is also important to evaluate problems in addition to posing them in order to
achieve quality in education. The evaluation of posed problems can be made for two purposes. The first one
is to uncover whether or not the desired learning is acquired with problem posing activities and the second
one is to evaluate the quality of problems posed by students (Silver & Cai, 2005). At this point, the second
purpose was selected in this study with an aim to develop an evaluation instrument for assessing the
problems posed by students. In this sense, researchers stated that using rubrics for evaluation is more
reliable (Jonsson & Svingby, 2007; Silvestri & Oescher, 2006). The evaluations carried out without using a
rubric are inclined to be more subjective and are based on only one rater’s personal evaluation. For this
reason, teachers state the necessity of using rubrics instead of other evaluation methods (Spandel, 2006). In
this regard, using rubrics among alternative evaluation techniques is thought to be more convenient in
evaluating posed mathematical problems.

In this context rubrics (graded scoring keys, graded scoring instruction, performance evaluation scale)
are learning and scoring instruments which can be used before, during and after classes, which enable
teachers to set their objectives and purposes overtly (Goodrich-Andrade, 2000) and which show us the
criteria for evaluating the students’ performances and to which level students’ performances are
corresponding to (Kutlu, Dogan & Karakaya, 2009). They are the scoring keys which are developed by
teachers or those who are interested in evaluation for guiding students during their learning processes, for
helping them to understand how learning products will be analyzed and for supporting their learning
(Mertler, 2001; Moskal, 2000; Shepard, 2005; Truemper, 2004). They explain the performance levels and parts
of a specific task, product or activity (Hafner & Hafner, 2003) and they are generally used for having quality
evaluation (Popham, 2003). All the rubric types can be designed in the shape of a grid or a table as in this
study. In a table, the dimensions are given in a descending order and performance levels are listed from left
to right (Callison, 2000). In this sense, rubrics are providing criteria regarding students’ performances
according to various sufficiency levels and exhibit the quality of each criteria/dimension from good work to
poor overtly (Rincker, 2002).

The two types of rubrics are defined as holistic and analytical. According to Arter and McTighe (2000)
holistic rubrics instead of separating the product or process into parts by providing a single result for the
performance or the product and evaluating each skill focus separately on the whole of a process of product.
Holistic rubrics are used when learning products are to be evaluated as in total points (Karip, 2011) and they
provide feedback though limited to the students when necessary (Dornisch & Mc Loughlin, 2006; Mertler,
2001; Rincker, 2002; Truemper, 2004). Using a holistic rubric enables us to make quick evaluations.
Evaluating products quickly provides an advantage to holistic rubrics (Zimmaro, 2004). In analytical
rubrics, the product or performances are divided into important sections and each section is separately
evaluated. Thus, a separate score is obtained for each section (Arter & McTighe, 2000). The total score
belonging to analytical rubric is obtained by adding the scores collected from dimensions (Nitko, 2004). The
biggest advantage of using an analytical rubric is the fact that it increases the reliability in evaluations. Many
researches showed that using analytical rubrics provides a great concordance for the reliability between
raters (Al-Fallay, 2000; East & Young, 2007, Knoch, 2009; Nakamura, 2004). Besides, providing more
feedback to students and the increase in reliability between raters provide analytical rubrics more
advantages (Zimmaro, 2004).

When literature is analyzed, two different ways are followed in evaluating the problems created in
mathematics. While the students’ problem posing skills, concepts knowledge and sufficiency is evaluated in
the first one, the posed problems and problem posing processes are evaluated in the second (Silver & Cai,
2005). Albayrak, ipek and Isik (2006) developed a testing instrument in the studies they realized in this
subject which they called as ‘an instrument for testing problem posing skills’ and which was composed of 5
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questions aimed at determining the skills of prospective teachers regarding problem posing. The students
were asked to pose problems according to the problem situations stated in this testing instrument. The posed
problems were evaluated by considering the following criteria, i) writing nothing, ii) using all the given
materials, iii) adding new materials or iv) the operations of creating samples from the data.

Ergiin (2010) developed an evaluation tool which is called as ‘The Rubric for Evaluating Problem
Design’ and which can be used in evaluating physics problems that are created in his doctoral study. The
developed rubric is composed of six dimensions and the following criteria are considered in the evaluation
of the posed problems; i) whether or not the problem can be understood by others, ii) the concordance of the problem
with physics principles, iii) the structure of the problem, iv) the number of questions, v) the type of problem and vi) the
solvability of the problem.

Grundmeier (2003) evaluated posed mathematical problems by using two different strategies in his
study. In the first strategy, it was asked to pose a problem after the problem had been reformulated. In the
evaluation, the relation between the original problem and the posed one was analyzed. In the second
strategy, new problems were asked to be posed by using given problem situations. In the evaluation of the
posed problems, the criteria determined as in the following was used; i) plausibility and persuasiveness, ii)
whether or not the problem involves the necessary information and iii) the number of operations required for the
solution of the problem.

In the study realized by Giilten, Ergin and Ergin (2007) problem posing skills were tested with an
examination consisting of five questions. In this examination, students were asked to pose problems about
given situations and to solve these posed problems. The evaluation was carried out by giving ‘one point’
when students could not pose any problems about the given situation, ‘two points” when they posed the
problem incorrectly about given situations and ‘three points” when they posed the problem correctly about
given situations.

Silver and Cai (1996) gave arithmetic problem situations by using stories to students and they were
asked from students to pose mathematical problems by using these situations stated in the story. In the
evaluation, the criteria specified as follows were considered; i) the solvability of the problem, ii) the language of
the problem, iii) mathematical complexity and iv) the relation between the posed problems. Silver and Cai (2005) used

in another study the following criteria to evaluate problems; “the quality of the problem”, “the originality of the
problem” and “the number of the posed problems”.

When we consider the studies that are formerly carried out, it can be seen that some specific criteria
were determined for the evaluation of the problems and the evaluation was realized according to these
criteria. It was determined that analytical evaluation was not used in the previous studies. Among domestic
studies, the in-depth evaluation of the posed problems with different dimensions was conducted only in the
study which realized by Ergiin (2010). At this point, this evaluation tool developed by Ergiin (2010) can be
used for evaluating problems posed by students who are studying at higher levels. At this point, the lack of
an evaluation tool that can be used to evaluate the students who are studying at lower levels has drawn
attention. In this sense, the decision was to focus on this gap in the related literature. Besides, according to
Tierney and Simon (2004) there are some problems regarding both in the validity and in the structural use of
the rubrics which can be accessed easily through internet. For this reason valid and reliable rubrics are
needed. Also it is necessary to focus on the sufficiency and quality of evaluation and reliability and validity
studies should be carried out sufficiently (Goodrich-Andrade, 2005). That is why reliability-validity is
mentioned as an important point in developing rubrics (Moskal & Leydens, 2000; Thaler, Kazemi &
Huscher, 2009).

In this sense, the presence of a gap was noted in the field at this point and the decision to focus on it
was taken. By moving from the idea to contribute to the field and literature with this study, the purpose here
is to develop a rubric that can be used for evaluating the problems posed by middle school students.

Method
Research Design

In this study, phenomenology design was used among qualitative research techniques in order to
determine the performance levels, evaluation criteria and dimensions of the developed rubric.
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Phenomenology focuses on the phenomenon that we are aware of but about which we do not have in-depth
and detailed understanding. The purpose of phenomenology is to search for the phenomenon that we
cannot fully understand but also which are not completely stranger to us (Yildirim & Simsek, 2008). At this
point, although we are aware of the fact that a rubric can be used as an evaluation tool, using a rubric for the
evaluation of the posed problems can be seen as a point that we have not completely understood yet. In this
sense, the phenomenon of evaluating the posed problems through rubrics became the model of the study.

Study Group

In order to determine the study group within the scope of this study, the opinions of the three
mathematics teachers of the school where the implementation is planned to be carried out were sought. As a
result of the interviews, the teachers stated that since the fifth grade students were still in the transition
phase from primary school to middle school they were not accustomed, as a consequence, to have a different
mathematics teacher other than their class teachers and pointed out that it would not be appropriate to carry
out such study at this level with fifth grade students. They also expressed that sixth grade students might
have difficulties in adapting themselves to study in cooperative learning environments and for this reason
they had fears that the study could last longer than expected. They said that eight grade students would be
reluctant to participate because of the examination that they would take at the end of the school year, for this
reason the study could be inefficient. Furthermore they also stated that in their opinion the parents of the
eight grade students would not be happy to carry out such a study with their children this year. As a result
of these interviews, it was concluded that it would be suitable to carry out this study with seventh grade
students. Considering that a rubric to be developed for the problems at the specified grade level can also be
used for the problems at the other grade levels, the researchers agreed that the study group can be composed
of seventh grade students.

The opinions of teachers were taken once more to determine which class would be selected among the
seventh grade classes in the school where the study was carried out. While one of the teachers stated that she
was new in school, she was still trying to know the students and if she had allowed such study in her class,
the students would face difficulties, another teacher stated that she did not want to carry out such a study in
her class without specifying any reason. As a consequence, the study was carried out in a public middle
school in Kocaeli in the 2012-2013 school year with 29 students from the 7t grade whose teachers did not see
any harm to carry out this study. 15 of these students are female and 14 of them are male students.

Data Collection Tools

The data collection tools are worksheets, discussions during lessons and literature about problem
posing and rubrics. The data were used in determining the dimensions of the rubric and the criteria for these
dimensions. Besides, the data were also used to carry out validity and reliability studies.

Data Analysis

The document analysis includes the analysis of written materials on the issue or issues which are aimed
to be searched. The researcher can obtain the data that s/he needs without making any interviews (Yildirim
& Simgek, 2008). In this sense, document analysis among qualitative research methods was used since the
worksheets obtained by students constituted the documents of the study. The document analysis was carried
out as in the following; 1) accessing the documents, 2) checking the originality, 3) understanding the documents, 4)
data analysis and 5) using the data (Forster, 1995, cited in Yildirim & Simsek, 2008). The documents should be
taken in written if possible from the proper and authorized source (Yildirim & Simsek, 2008).

In this study, firstly the worksheets were collected. Secondly, they were checked. They were the
original worksheets that were created by students. Thirdly, these worksheets were deeply understood by the
researchers. After that, these data were analyzed descriptively. The purpose of such analysis is to present the
data in an organized and interpreted way to readers (Yildirim & Simsek, 2008). In this study, the data were
descriptively analyzed and interpreted and in conclusion the rubric was developed. Besides, the data
collected from the discussions during the study were also evaluated descriptively. SPSS 15.0 software was
used in calculating the reliability coefficients of the rubric.

The Stages of Developing the Rubric

In this part, the findings and their interpretations which were obtained during the process steps that
were followed for the development of the rubric respectively. In order to be able to develop a rubric which is
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suitable to the purpose of the study, rubric development stages that were proposed by Goodrich-Andrade
(2000) were followed. These stages are as follows; i) the assigning problem posing tasks to students both in the
class and as their homework (the collection of students’ worksheets through problem posing studies), ii) during the
problem posing studies carried out in class, having discussion like brainstorming, iii) the analysis of the worksheets
(listing performance criteria and determining the performance levels), iv) determining the dimensions and evaluation
criteria of the rubric, v) creating and implementing the draft rubric and vi) doing reliability and validity studies
regarding the final version of the rubric. This process and the findings obtained were interpreted and then
presented below.

Data collection process (i and ii). In order to develop the rubric which will be used to evaluate the
problems posed by the students. There are 4 hours mathematics lessons per week in middle schools and
each lesson lasts 40 minutes. In this sense, the study was carried out within the scope of 25-hour
mathematics course. The activities carried out before implementation and during implementation are shown
in Table 1.

Table 1. The process of obtaining students” worksheets with problem posing activities

1. The determination of the mathematical subjects that will be used

Before 2. The preparation of cooperative learning based lesson plans for the specified subjects
Implementation 3. The analysis of the daily lesson plans and learning environment with the teacher of the selected
(Preparation) class

4. Making learning environment suitable to cooperative learning by considering the number of
students in the class

1. Informing students about the implementation in general (the information about classroom lay-
out and groups)
Implementation 5 Djyiding students into groups and classroom lay-out
3. Discussion and explanations about the group names and how the groups will study

4. Teaching classes

The mathematical subjects that will be taught were specified before the implementation. The specified
subjects are; “Algebraic Expressions”, “Equations”, “Circle and Closed Disc”, “Angle Measurements” and
“Ratio and Proportion”. After specifying the subjects, daily lesson plans which are based on cooperative
learning were prepared. Cooperative learning environments were preferred to increase the communication
between students and to ensure that more fruitful problems are conceived by creating an environment
which is based on competition. Whether or not the cooperative learning environment has any effect was not
explored during the study. It was decided to have five cooperative based learning groups since there were 29
students in the class. The groups were; Cahit Arf Group, Mr Salih Zeki Group, Hiiseyin Tevfik Pasha Group, Ali
Kuscu Group and Tosun Terzioglu Group. Later on students were distributed to the groups. After the groups
were formed, each group was asked to determine their leader, assistant leader, secretary, spokesman and
mailman. The tasks of the group members and how the study will continue were explained in detail to the
students.

In order to provide an insight to the reader, four hours of the teaching performed on the subject of
‘Algebraic Expressions” was presented as an example below. Similar methods were used in teaching the
other subjects within the scope of curriculum. While only a single problem task was covered during the
lessons, all three problem posing tasks were used in assignments. In this way, the worksheets that were used
in this study which lasted 6 weeks (25 hours). The data were obtained through studies that were carried out
as explained above.

At the first lesson, students were asked what they knew about the ‘algebraic expression” concept by the
researcher and whether or not they had previously come across this concept. It was perceived from students’
expression as ‘mathematics with letters instead of numbers’ that students partially knew the concept of algebraic
expression. After that, addition and subtraction in algebraic expressions were presented to the students
through question-answer method. First of all; term, concepts such as term, coefficient, common factor,
commutative property, associative property and neutral element etc. were given to students and previous
knowledge of the students regarding these concepts were examined. It was determined that they defined
term and coefficient expressions as ‘two mathematical expressions that are friends of each other’. Then, the
examples regarding the addition and subtraction in algebraic expressions were written on the blackboard
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and students were asked to solve these examples. Furthermore, the students were asked to suppose
themselves as teachers and to think how they could pose problems.

At the second lesson, a problem was written on the board by the researcher. It was ensured that all the
students solved this written problem. Later on, a student showed the solution at the board. After the student
had shown the solution, the groups were asked to think both on the problem and the solution. For this, 2-3
minutes of thinking time was given to groups. After that, each group’s spokesman stated their opinions on
both the problem and its solution. When the groups had expressed their opinions, the researcher made some
explanations about the problem and its solution. For example, they were told that it would be better to make
calculations instead saying we solve the problem with our eyes to be sure that the solution is correct. The
students were reminded that in posing problems, it was necessary to pay attention to use mathematical
terms, expressions and concepts.

Subsequently, students were asked whether they could pose a problem similar to that problem or not. It
was observed that students failed to understand what to do since it was the first time they were posing
problems. In this sense, the students were asked if a new problem could be obtained by changing the
numbers in the problem written on the board. It was seen by the expressions of the students that they could
easily pose problems in this way. Furthermore the students were asked whether or not new questions could
be added to the given problem. By the expressions of students it was determined that they could easily add
or extract some other expressions since the subject was algebraic expressions. Then, the students were given
4-5 minutes to pose their own problems. They were told that each student should also solve the problem that
s/he or posed. At the end of this time, each group was told to select the problem that they will send to the
other group and write it on a paper. All the posed problems were collected by the researcher (except the
ones that would be sent to the other groups). The groups were told to give the problem that they will send
the others. Later, groups started mailing their problems. After each group had got their mails, the problems
were solved as a group and students were made to think about the problem. After the solution, the
spokesmen of each group came respectively and shared their opinions about the solution. It was observed
that students were inclined to write the answer directly regarding the problem solutions and an effort was
made to overcome this situation during the study. Since all these activities were about students’ posing
problems according to the task of posing structured problems, effort was made to ensure that students also
posed problems according to the other tasks. When the grade levels of the students were considered, they
were requested to pose problems only according to a single problem posing strategy during the lessons.
However students were expected to pose problems that are suitable to each of the three strategies in their
assignments. In this regard, students were informed about what to do and the points to pay attention to in
those assignments were explained.

At the third lesson, the lesson started with mailing the group problem among the problem posing tasks
assigned as homework to the other group with the mailman. After mailing the problems, the solutions were
realized and class discussions were made. After discussion, the subject of Multiplying Two Algebraic
Expression was explained to students. At this lesson the task of posing semi-structured problems was
emphasized. The expressions “garden, (5x-10) meters, (6x+25) meters, (2x+40) meters” were written on the
board by the researcher and the students were made to pose a problem and to solve it. After posing and
solving problems, groups mailed their problems. The same things that had been carried out in the previous
lesson were repeated. One of the problems that were posed by students at the lesson was given as an
example in figure 1.

1)"\\ 'hr:l 3""“ ;"‘h\ 0 -"9\'\.\ L.W bd“l’, 'HE/) U200 )\0(\,” [ ((.x 2 '_,) P-*.'.'\I < &t \'\ 15

Kenort 1se (6;(~10) ,.w*,r‘,l\(. l,\ \-\r::.c\ .,\'an & i bahgenia ala0ifil cehbice
\ara¥ 5.2 'y 7

rectangular shaped garden is (6x+25) meters. The short side is (5x-10)

xpress the area of the rectangular shaped garden algebraically.

Figure 1. An example from the task of posing semi-structured problems posed in the lesson

At the fourth lesson, the task of posing free problems was emphasized. Furthermore, the students were
observed to become more accustomed to the study; they became more aware of their tasks in the group and
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they created a competitive atmosphere with the other groups. At the end of the lesson the task of posing
problems was assigned as homework.

The analysis of the worksheets. The worksheets obtained through the tasks assigned during the
lessons and as homework were analyzed in detail by the researchers. At the end of this analysis, some
criteria were specified by the researchers. After reaching a consensus over criteria, the problems posed were
divided into three categories as; weak, average and good. The specified criteria and sample problems can be
seen in Table 2 below.

Table 2. The criteria for dividing the posed problems into categories and sample problems

Sample Problems

Catego Criteria . L
8ory (Sample Problems that Fit the Criteria)
o Lack of understandable problem text.
e Incomplete problem.
o Lack of question expression. ! - qu ¢ fat 1 b o
e Unclear expectations. Pnllﬂfﬂﬂ i A ey _'ﬂ'-"l'" % b KT LS
Weak e Lack of connection between the real life and the ones '.__'.II\. iy :I",':! 'Ir-',.lfx it I'r"HL ; I'.‘F » Hneneh :‘-Jr- |
given at the problem and in conclusion the problem is Vot i
too complicated. Fapollar L by 1 "'f! ar§Fr
* Being an exercise type problem which is very easy to Problem: Umut collected 750 bottle caps in a campaign of a
solve. store for collecting bottle caps. Ahmet collected Umut's
caps twice 35 many.
e Although the problem text is understandable, lack of 3 i J 1 g e
. . . Problem: | ; J kIR el e SR e Y B S bl
using necessary mathematical expressions (for example; Progih b K11 Wl Al W fhain g 01 4 3 Wedy .
including the expression such as “5 more than 3x”). " Wy
! g ) p ¢ ' ) Mok *'.'J#"ﬂ':*- Rl bl 120 .l‘l"’-f’rl i _
¢ Having ambiguous expressions in problem texts. . I 1ahal Cagul, OB gap bt I:.'J 11
¢ ?t 1s nqt pOSSIk.)le t‘f) solve the problem with the Problem: Ahmet has zot & books. The books of Mehmetis 5
information provided in the problem. maore than 3x of hiz books. The total number of Shmet and
e In problems which require figures, although the Mehmet are 23. How many books has Mehmet got?
problem text is clear and understandable, there is an
Average inconsistency between the figure and the text. _ R o
e Being an exercise type problem. Prablime: i, Gl ., Pt biud i A -
8 ypep tarn o Celem kdiuds vy, .'.".ni:. ¥ don # fogledi,
- f"'.l-"lwl FTTA il i ey S emi Ll i:.fl?-f-:': Eas du _'_._.:'_ bazul
Il 49
Problem:Yasemin has got 20 drawing papers. The drawing
papers of Enes is 7 more than 2x of the drawing papers. The
total number of their pencils is 41. How many drawing
papers has Enes got?
¢ Having a clear and understandable problem text. Frobbemn Tudcs miry ORI AT ':'“”',.""' G’ 1 € Jelas Tiny .
¢ Being suitable to mathematical principles. s S bafindon § fosladife TvJaenit 23 fot e’ eldwgeos
o Stating clearly what the problem is asking. A Gk bet wifest verdiecl
Good & Y P & ’

The problem is solvable.

The findings stated in Table 3 were obtained as a result of the detailed analysis of 507 problems

collected according to criteria stated in Table 2.

Table 3. The distribution of the problems according to categories

Problem Posing Tasks Weak Average Good Total
Free Problem Posing 51 35 62 148
Semi-structured Problem Posing 57 60 78 195
Structured Problem Posing 35 38 91 164
Total 143 133 231 507

When Table 3 is analyzed, it is seen that in total 507 problems were posed. As a result of this last

analysis, some weaknesses were detected.

The weaknesses of posed problems. First of all, it was determined that the texts of the problems were
not clearly and understandably expressed. It was seen that students could understand their own posed
problems but when these problems were read by others, the texts of the problems were not understood. For

example;
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Problem: The circumference of the rectangular table at home is 20 meters. The
length of the long sides of the table is 8, ¥ meters; the short sides are 5-2 meters
then the circumference 280 meters become. When the total length of the sides is 15

meters, what is the circumference?

Figure 2. The problem posing task of the SB coded student

In the problem stated in Figure 2, the text of the problem is highly complicated. As a consequence, what
the student wanted to ask is not clear. In the cases when the texts of the problems were partially
understandable, it was determined that the corrections were made when the problem was read by others.
However, it was also found that the texts of the problems were not clearly understood in these corrections.

For example;

BIEBIOm: 5 Musrmur o7 seatbe Betherelmel . - v o0 " Problem: 5 aquariums are swapped in 25 hours. How many hours
b shvitan beg  Sestte Nolrar, Bk A% Yeassl Goes it take for the same 12 aquariums to swap this aquarium?
HaTe C -
Degeusu i} ] .
THE CORRECT ONE

pped in 8 hours. How many hours does it take

s

S sbueruormue § seate d
+ecai !'-MJJ-‘\L'WJQMU koq ﬁ:nlh::':fl +£i;m'?-jn- C‘Ldﬂfwh 12

5 Aquariums are swa
for the same 10 aquariums to swap this aquarium?

Figure 3. The problem posing task of the GH coded student

The GH coded student in figure 3 found the problem posed by his/her friend as erroneous. Besides,
s/he tried to correct the erroneous problem but s/he also was not able to write the problem text clearly and
explicitly. Furthermore, the texts of the problems were observed to be too long since detailed explanations
were used in these texts and this length made the problems difficult to understand. For instance;

Cerendn .,\0:_"_‘_» \‘:\o 1"{_:5': 3 \l'll‘.{;ﬂf‘:.‘ X h‘lr: < u‘ - u'r v :: _"h " Ceren collects pencils and buys some pencils every day. Gokan
::?g:{ "t;: ‘:‘,",,:.'): ﬂL_-I _-,_‘_.n: ‘_, % Seutsning St e L <kaTHE helps Ceren to collect pencils. He presents her 4 less pencil than
k&l;m "neaTue edTyger Gaban _51 r_-“'f*' e Ty triple of her total pencils. Since Gokan bought 5 pencils as a present,

- . Care P \eole e et wr o how many pencils are there in Ceren’ s collection?

Lican  cralde e Ao

Figure 4. The problem posing task of NY coded student
In figure 4, there are some expressions which detailed the problem such as Ceren collects pencils and
Gokhan helps her. It is appeared that such details make it difficult for the student to solve the problem.

Another weakness is the fact that although the problem can be solved by using the numerical data provided
in the problem, these data are not suitable with the everyday life. For example;

o ok w1000 thee

- L} 9 - . 1 . e e R .
G et - kmt v _w 2 el vardir Jasen e Problem: Umut has got 1000 houses. As he loves his Yasemin teacher,
ey Sl 1sin 200 ' ; . R : . B e 1
vere, Ve son eolomk ool tane eulel Youetn [ he gave 300 of them to Yasemin teacher. And finally, he sold half of his
y . Sulerinlin I ~ N - . e - R .
g et Eal e co :'umL,J:\:- Hamsiida gy . Uiy, Nouses. How many houses left for Umut? Please find.

Figure 5. The problem posing task of the UK coded student

As it can be seen in figure 5, the numbers provided in the above problem are not suitable to everyday
life. Another weakness that attracts attention is to use emotional expressions (such as love, like, want to hang
around) in the problems in addition to mathematical expressions. For example;

Vam ) 3 o7 . ; ; s41 h ol ;
ML ene Cac B Ao g MF AP Bami) <o e o Kamil and Ceren are in love with each other. Kamil

Helrge ely )
Yag, o “:'H"' Gme deain, bilinigorm Kaems s wanted to buy a gift to Ceren but he does not know her
& s T -

C e o

" 25 inin 2Eabin, . 2 Cozlas,g,.. 288 The age of Kamil is 2 more than the twice of the
{ 4 o= i . S :
N Oe3rng pe D Ceren's age. Please find how old is Ceren.

Figure 6. The problem posing task of the BK coded student
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As it can be seen in figure 5 and figure 6, it was determined that students used expressions such as to
love or to be in love with. Using such expressions is certainly not erroneous mathematically. But, it was
noticed that problems including such expressions distracted the students’ attention and there were
discussions between students during class debates. In this sense, the problems including such expressions
were accepted as emotional rather than scientific.

Another weakness is the fact that some students used mathematical expressions incorrectly while
posing problems. For example, it appeared that problems such as “The circumference of a rectangular is 310 and
if the sides of this rectangular is proportional with the numbers of 3 and 4, then what is the long side of this
rectangular?” were posed. In this sample problem, it was found that the student was not paying attention at
all to length expressions (for instance; ‘writing only 310 instead of 310 m?). Another point is that students
found it sufficient to put a question mark to the point where the answer was required on the figure without
using problem text while posing problems requiring the use of figures. Additionally, in problems involving
figures, any correlation was not established between the figure and the text of the problem. Besides,
inconsistencies were detected between the given figure and the figure asked in the text of the problem. For
instance;

Figure 7. The problem posing task of the SO code ctudent

As it can be seen in the problem stated in figure 7, a figure was drawn by the student but it was not
clear which of the surfaces of the figure were referred to in the text of the problem. Although it can be
deduced that the purpose is to ask what the area remaining between two inter-wined rectangles is, it is not
clearly stated in the text of the problem. Besides, it was observed that as a result of the students’ confusion in
calculating the area of the some of the mathematical figures, they posed erroneous problems. For instance;

ame—

Sk

Figure 8. The problem posing task of the MSK coded student

Yo d0kh ekl et (3,(-5')4,... What will be the area of the
beyu i8e (8x+2)c upper surface of a circular
OSan Aalce seklidely bir
masenA  ust woa LAlA

table if the width of the

—AIg)—

Ao~ Yo glineire Lere adjeining figure is (3x-5)cm
olurd and the length is (8x+2)cm?

In the problem given in figure 8, the student drew a circular table and asked to calculate the area of this
surface. However, it is seen that s/he did not notice the fact that it is not possible to get the desired result
with the data s/he provided in the figure. Besides, it appeared that with expressions such as ‘length and
width’ the student lacked the knowledge to calculate the area of a circle and had misconceptions.

In addition to such noted weaknesses, some problems were found to be too simple and in the form of
an exercise. When the age and grade levels of the students were considered, it was seen that they paid much
attention to numerical data given in problems. It clearly appeared that they preferred numbers that could be
divided without remainder while making divisions and urged to do so their friends who did not prefer such
numbers. It was found that some students were not able to solve their own problems and noted as ‘I guess it
is incorrect, I could not solve it’. Furthermore, multiple choice answers were added to some problems.

The features of the problems stated under ‘good’ category. In problems grouped under the category
“Good” the texts of the problems were found to be stated clearly and understandably, the problems
involving a figure were compatible with the given figure, the given numerical data were suitable to
everyday life and the problems were solvable. For instance;
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Figure 9. The problem posing task of the EK coded student

As it can be seen in Figure 9, the text of the posed problem is clear and explicit. Besides, the numbers
and expressions given in the problem were also suitable to everyday life.

The findings obtained as a result of class discussions. After problem posing tasks, discussions in the
form of brainstorming were carried out with students. In these discussions, the students were asked to
evaluate the problems posed by their peers and their opinions were taken regarding the mistakes during
problem posing and things to do for posing better problems. Based on these evaluations, an effort was made
to determine the points to be used in a problem which can be considered as ‘good’. In this process, the
researcher tried to increase the awareness of students about problem posing and to keep the competitive
environment at a reliable level in discussions by taking the guidance role. The opinions that came out of the
class discussions carried out in the form of brainstorming were set out as follows;

1. The numerical data should be carefully considered while posing problems. Large numbers should not be
preferred and they should be related with everyday life,

The given number should be fully divisible,

It is necessary to write problems more clearly,

Complicated problems which are difficult to understand should not be posed,

The one who posed the problem should also solve it. Unsolvable problems should not be asked,

The posed problems should not be so easy,

In some problems, the choices provided for the answers should be carefully considered,

The results obtained with the solution of the problems should be consistent with the real life situations,
The solvability of the problem should be tested during problem posing process. For this reason, the one
who posed the problem should also solve the problem and

10.1t is necessary to have a sound knowledge regarding the mathematical concepts about the given subject

O PN oG W

in order to be able to pose the problem.

In accordance with the findings obtained and the findings resulting from class discussions, the features
of good and weak problems were determined (Is the posed problem in the form of an exercise?, Is the
problem sentence understandable? Is the problem suitable to mathematical principles? etc.). Under the light
of these determined features, it was concluded that problem posing activities involved multiple dimensions
and for this reason the decision to develop an analytical rubric was taken.

The determination of the evaluation criteria and the dimensions of the rubric. Decision was taken to
develop an analytical rubric in the light of the findings obtained through class discussions and worksheets.
The features of the good problems (for example; using mathematical expressions properly, the solvability of
the problems) were taken as a basis in determining the dimensions of the rubric. It was decided that the
rubric should include six dimensions by considering the posed problems and grade levels of the students.
After deciding on the dimensions of the rubric, evaluation criteria/performance criteria were determined.
Later on, the scoring of this prepared rubric was made. Thus, the dimensions and evaluation criteria of the
draft rubric took their final form. The rubric was finalized by considering the opinions of the grammarian.
This draft rubric was used by the researchers in the evaluation of the students” problems.

The implementation of draft evaluation rubric. The draft rubric composed of six dimensions was
developed as a result of the findings obtained through class discussions and worksheets. This draft rubric
was used in evaluating the students” problems. As a result of these evaluations it was determined that some
dimensions and criteria of the rubric were not functioning and did not have any discriminative feature in the
evaluation of the performance. The findings obtained as a result of implementing the draft rubric are stated
below.
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The dimensions which were used in the draft version but were not used in the final rubric. It was seen
as result of the implementation that two dimensions which were used in draft version of the rubric did not
have any function. These dimensions are; The Degree of the Problem and The Originality of the Problem. “The
Degree of the Problem” dimension is as in the following.

The Degree of the Problem (What is the level of difficulty of the problem?)
1: It is an exercise type problem which can be solved very easily.

2: It is an exercise type problem which can be solved easily.

3: It is a normal problem which can be solved easily.

4: It is a normal problem which is difficult to solve.

The purpose of this dimension was to determine difficulty levels of the problems posed by students.
But, in the implementation process of the draft rubric, it was observed that students who solved the
problems did not have any difficulties as students posed problems which could be solved in maximum 2 or
3 steps. In this sense, since it was determined that this dimension which was used in the draft rubric did not
have any discriminative feature in the evaluation of performance, it was determined that this dimension
shall not be used in the final version of the rubric. “The Originality of the Problem” dimension is as in the
following.

The Originality of the Problem (Is this an original problem?)
1: It is not an original problem.

2: It is partially an original problem.

3: It is an original problem.

The purpose of this dimension was to determine the originality of the posed problems. When students
were asked to pose original problems in problem posing process, it was observed that they posed problems
which did not have any connection with the real life. For this reason, since it was determined that this
dimension used in the draft rubric did not have any discriminative feature in the evaluation of performance,
it was determined that this dimension shall not be used in the final version of the rubric.

The dimensions which were used in the draft version and were edited in the final version of the rubric.
“Type/Structure of the Problem” dimension was edited after implementation and in accordance with the
opinions of an expert. This dimension was used in the draft rubric as in the following.

The Type/Structure of the Problem (What is the type/structure of the posed problem?)
1: It is in simple exercise form.

2: It is an exercise.

3: It is a normal problem.

4: It is a non-routine problem.

It was seen while implementing the draft rubric that the posed problems were in the form of an exercise
or normal/verbal problem. In this sense, ‘the Type / Structure of the Problem’ dimension were take the
following below in the final version of the rubric including the dimension which was used in the draft
version but was not used in the final version of the rubric for determining the difficulties of the problems.

The Type/Structure of the Problem (What is the type/structure of the posed problem?)
1: It is in simple exercise form.

2: It is an exercise.

3: It is a simple normal/verbal problem.

4: It is a normal/verbal problem.

The other edited dimension is the dimension of “The Solvability of the Problem”. This dimension was
stated in the draft rubric as in the following.

The Solvability of the Problem (Is there a solution for the posed problem?)

0: The data and information provided in the problem is not sufficient for any solution.
1: The problem is too complicated to be solved.

2: The problem has a solution but the data is mistaken.

3: The problem has a solution but some data is missing.
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4: The problem has a solution since all the data and information of the problem is complete and proper.

As a result of the implementation of the draft rubric, it was seen that the cases of erroneous and missing
data in the posed problems were overlapping. For this reason, it was decided that it was not necessary to
evaluate these two criteria separately. In this case, this dimension was stated in the final version of the rubric
as in the following.

The Solvability of the Problem (Is there a solution for the posed problem?)

0: The data and information provided in the problem is not sufficient for any solution.

1: The problem is too complicated to be solved although the data is sufficient.

2: The problem has a solution but the data is mistaken and missing.

3: The problem has a solution since all the data and information of the problem is complete and proper.

This draft rubric was also implemented by a different expert. In accordance with the findings, the
things that should be done in the draft rubric, omitting dysfunctional or editing dimensions and criteria
were all discussed. The rubric was also edited in accordance with the opinions of a grammarian. For
example; the sentence ‘the text of the problem not clear and understandable” was changed with ‘the text of
the problem is not clear and understandable’. Similarly, the other criteria were also edited.

Besides, in order to use the rubric more efficiently, the shape of the rubric was also discussed and
edited and rubric was put in a different shape from the one used in the draft. The field experts’ opinions
were taken again for all editions and changes made in rubric. The final version of the rubric was given in
Appendix 1. The rubric was used once again after it had taken its final shape.

The reliability and validity studies of the final version of the rubric. The validity of the rubrics depends
on the objectives of the assessment. First of all, the teacher needs to express clearly that what performance
s/he is expecting from the students at which level. There are three types of evidences which prove the
validity of the evaluation tool. These are; content validity, construct validity and criterion validity (Moskal &
Leydens, 2000). There are some questions that are needed to be answered in order to control the validity of a
rubric.

The following questions should be answered for content validity; Do the evaluation criteria define any
irrelevant content?, Do the evaluation criteria define all the dimensions of the designed content?, Are there
any undefined content domain in the activity/assignment which will be evaluated by using rubric?, for
construct validity; Whether all the important areas of the designed structure which is evaluated with scoring
criteria are available or not?, Are there any evaluation criteria which is not related with the structure? and for
criterion validity; How is scoring criteria reflecting the elements of the related performance or the future
success?, What are the important elements of the related performance or the future which is evaluated by
using a rubric? How is scoring criteria assessing the important elements of the related performance or the
future? and Are there any areas of the related performance or the future which is not reflected in the scoring
criteria? (Tuncel, 2011).

In this study, the rubric will be used solely with the purpose to evaluate the posed problems and it does
not have any irrelevant content. It was ensured that evaluation criteria defined all the aspects of the
designed content. Similarly, it was tried not to leave any part of the task or performance that will be
evaluated out of evaluation with the help of the editions done in the draft rubric. For the evaluation of the
problems, an attempt was made to ensure for the rubric to cover all the major surfaces of the performance by
forming it with four sub-dimensions. The answer the second question about the construct validity was
sought without using the irrelevant evaluation criteria of the draft version in the final version of the rubric.
The questions on the criterion validity were tried to be answered by including sub-dimensions both in the
draft and final version of the rubric, specifying the evaluation criteria of these sub-dimensions between 0
and 4 points and determining the coefficients for the evaluation criteria of each sub-dimensions. In a study
carried out by Jonsson and Svingby (2007) 75 rubric development studies were reviewed. The validity
studies were analyzed in only 25 of these studies. In this review, it was observed that only one type of
validity had been examined regarding the validity of the rubrics. It appeared that providing more than one
signified validity types had been considered in only a few studies. In this sense, the validity studies were
accepted as sufficient since the aim was to provide three different types of validity.
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The reliability in rubrics means having the same evaluation score after the multiple evaluations of the
performance. Two different reliabilities are accepted as important for the evaluation of the performances.
They are; intra-rater reliability and inter-rater reliability (Moskal, 2000).

It is the consistency between the scores obtained through the evaluation of the same performance by
the same raters in different time intervals (Moskal & Leydens, 2000). In most of the studies, Cronbach Alfa
value is calculated for intra-rater reliability (Jonsson & Svingby, 2007) and the value which is equal to or
above 0,70 is accepted as sufficient (Brown, Glasswell & Harland, 2004). When an evaluation is carried out
by using a rubric, it is stated that the calculated intra-rater reliability is higher than inter-rater reliability
(Jonsson & Svingby, 2007). It is the correlation between the scores obtained through the evaluation of the
same performance task by two different raters (Hafner & Hafner, 2003; Newell, Dahm & Newell, 2002).
There are three general categories in inter-rater reliability. These categories are; consensus estimates,
consistency estimates and measurement estimates (Stemler, 2004).

In consensus estimates, independent raters should reach a consensus about how they will use rubrics in
evaluating students’ performances. Consensus estimates are helpful with likert type rubrics in the reliability
of the evaluations (Stemler, 2004). It is stated that consensus estimates are the most suitable models for
calculating inter-rater reliability (Oakleaf, 2009). There are three different methods for calculating consensus
estimates. The first and the most popular of them is the percentage agreement between the raters. In this
method, percentage agreement is calculated by dividing the same scores given for the same performances
into the total number of performances (Stemler, 2004). For example; suppose that 50 students” performances
were evaluated by two different raters. Let’s accept that these two different raters gave the same score to the
40 performance task out of 50. According to this, the percentage agreement is calculated as 40/50=0,80. The
second method for calculating consensus estimates is Kendall's coefficient of concordance. Kendall’s
coefficient of concordance is used for calculating the agreement between multiple raters and ve it is suitable
for the ordered responses which are coded with (SAS, 2006). The third method for calculating the consensus
estimates is Kappa statistics. Kappa statistics shows whether the agreement between raters is better than the
estimated chance or not (Stemler, 2004). Landis and Koch (1977) stated the limits of acceptance for the Kappa
value in Table 4.

Table 4. The acceptance values for 1«

K Strength of Agreement
<0,00 Poor

0,00 -0,20 Slight

0,21 - 0,40 Fair

0,41 -0,60 Moderate

0,61 -0,80 Substantial

0,81 -1,00 Almost Perfect

It appears that there are three methods for calculating consistency estimates. These methods are; Pearson
correlation coefficient, Spearman correlation coefficient and Cronbach Alfa value. In consistency estimates, it
is accepted as sufficient when the calculated value is equal to or above 0,70 (Brown, Glasswell & Harland,
2004; Stemler, 2004). It is seen that generalized theory and Many-facet Rasch model is used for calculating
the reliability of the assessment. It is expressed that the consistency value is accepted when it is equal to or
above 0,80 (Brown & others, 2004; Marzano, 2002).

In this study, for the reliability of the rubric, 100 problems were selected proportionally among 507
posed problems which had been previously classified by students as weak-average-good. These selected
problems were evaluated by two different raters and by the same raters every other three week. For the
consistency of the obtained scores, consensus estimates, Kappa values, Pearson correlation coefficients,
Spearman correlation coefficients and Cronbach alpha values were calculated. The consistency coefficients of
the “Rubric for Evaluating Problem Posing (REPP)” were given in Table 5.

When Table 5 is analyzed; all consistency coefficients of the rubric are accepted as sufficient.
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Table 5. Consistency coefficients of the REPP

Consistency coefficients Different Raters Same Raters
Consensus estimates ,720 ,830
Kappa value (i) ,700 ,817
Pearson correlation coefficient ,873 ,921
Spearman correlation coefficient ,865 ,912
Cronbach alpha ,932 ,959

Discussion, Conclusions and Suggestions

A rubric which has four dimensions was developed in order to be able to evaluate the problems posed
by students. While designing the draft rubric, the number of criteria used in each dimension was not fixed so
as to have a purposeful assessment and 3 or 5 evaluation criteria was specified for each dimension. In the
final version of the rubric, there were four criteria regarding each dimension. The first of these dimensions is
"The Text of the Problem (Language and Expression). This dimension was used in the rubric in order to test
whether or not the text of the posed problems were expressed clearly and understandably. The second
dimension is “The Compatibility of the Problem with the Mathematical Principles”. This dimension was used in
the rubric in order to test students’ ability to use and express mathematical concepts. The third dimension is
“The Typel/Structure of the Problem’. This dimension was used in the rubric in order to determine both the
types and difficulty levels of the posed problems. The last and the fourth dimension is “Solvability of the
Problem”. This dimension was used in the rubric to determine whether or not the problem has a solution and
the concordance between the asked and given at the problem.

In the reliability studies of the developed rubric, both inter-rater and intra-rater reliability scores were
calculated (Moskal, 2000). The intra-rated consensus percentage was calculated as ,830; Kappa value as ,817;
Pearson correlation coefficient as ,921; Spearman correlation coefficient as ,912 and Cronbach Alpha value as,
959. In the studies, Cronbach Alpha Value is calculated for intra-rater reliability (Jonsson & Svingby, 2007)
and it is accepted as sufficient when this value is or over 0,70 (Brown, Glasswell & Harland, 2004). For this
study, the intra-rater Cronbach Alpha values was calculated as ,959. In this sense, it was concluded that the
intra-rater reliability coefficient of this developed rubric was valid.

In this study, for the rubric the consensus percentage was calculated as ,720; Kappa value as ,700;
Pearson correlation coefficient as ,873; Spearman correlation coefficient as ,865 and Cronbach Alpha value as,
932. In Ergiin’s (2010) study, 90 problems posed by students were evaluated by two different raters and
intra-raters in between twenty days and Pearson correlation coefficient which shows the consistency was
calculated. While inter-rater Pearson correlation coefficient was calculated as r=0,86 the intra-rater Pearson
correlation coefficient was calculated as r=0,92. The results of this study also show parallelism with the
studies of Ergiin. In this sense, the rubric was found to be reliable since the calculated value is and over the
value of 0,70. In conclusion, according to the results of the analyses carried out, it can be said that the
developed rubric is a valid and reliable scale. Although it was determined that the rubric is valid and
reliable, it is necessary not to miss the fact that the reliability and validity studies were carried out on the
same problems. In this sense, it is thought and suggested that it is necessary to repeat the validity and
reliability studies by using the developed rubric for evaluating different problems. The researchers and
teachers who will be using the rubric should not ignore this point and it is advised to repeat validity and
reliability studies before using it in their studies. Besides, there will be studies as the continuation of this
study about the specified point by the researchers.

It is thought that this rubric developed with the purpose of evaluating problems posed by middle
school students in their lessons can also be used for evaluating problems posed by elementary school
students. Besides, it can be said that this rubric can also be used for evaluating problems posed within the
scope of middle school science lessons. At this point, using this rubric for evaluating problems at the levels
and lessons stated above can be investigated. Additionally, it is thought that re-developing this rubric will be
useful for evaluating problems that will be posed at high school and university levels by considering the
students’ grade levels and level of problems posed by them and by editing or adding new dimensions to the
developed rubric.
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Appendix 1: Rubric for evaluating problem posing (REPP)
Problem Olusturmayt Degerlendirme Rubrigi (PODER)

Ogrencinin Adi-Soyadi: Problem No: Katsay1 Puan
1 2 3 4
1 Problem metni, agik Problem metni, kismen Problem metni, Problem metni, agik,
. ve anlagilr degildir. anlagilirdar. anlagihir fakat istenen net ve anlagilirdar. -
Problem Metni belli degildir 7
- O O O O
0 1 2 3
I Problem, matematik Problem, matematik Problem, matematik Problem, matematik
Problemin ilkelerine uygun ilkelerine kismen ilkelerine uygun fakat ilkelerine ve gergek
Matematik degildir. uygundur (vanls kavram | gercek hayata uygun hayata uygundur. 8
ilkeleriyle kullanms gibi). degildir.
e O O O O
1 2 3 4
o Basit alistima Alsstima tiinindedir. Basit nommal/sozel Nommnal/Sézel problem
Problemin tiriindedir. problem tiiriindedir. tiirindedir. 6
Tiirii/Yapisi O O
0 1 2 3
Problemdeki veriler Problemde verilenler Problem ¢éziilebilir Problemdeki venler ve
v ve bilgiler, problemin | yeterli olmasma ragmen fakat veriler bilgiler tam ve uygun
Problemin ¢Oziimi igin yeterli ¢ok kammagik hatalidur/eksiktir. oldugundan problem 8
Coziilebilirligi degildir. oldugundan ¢éziilemez. O ¢oziilebilirdir.
N i ~ 2 2 Toplam
NOT: I ve IV numaral boyutlardan sifir alan problemler degeriendirmeye alimmayacaktir. Puan
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