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Abstract. The study aims at examining middle school mathematics teachers’ conceptions of open-
ended questions. A questionnaire consisting of open-ended items was applied to 40 mathematics
teachers. The teachers were asked to define the open-ended question in general and the
mathematical open-ended question in particular and provide examples to exemplify their
definitions. This study employs phenomenographic design aiming at revealing middle school
mathematics teachers’ conceptions and experience regarding open-ended questions in an
exploratory manner. The findings show that the teachers explained the open-ended question
through its form (appearance), the number of outputs, the process/method required, and its
functionality. In addition, teachers defined the open-ended question mostly using non-
mathematical terms, and they had particular difficulties defining the mathematical open-ended
question. The teachers regarded questions with variable correct answers as open-ended, could not
give examples of open-ended questions with infinitely correct answers, and some deemed closed-
ended questions as open-ended. Although the participants were mathematics teachers, the
examples they presented for the open-ended question were mostly from outside the field of
mathematics. This study points out the fact that teachers need a guiding conceptualization of
open-ended questions.
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INTRODUCTION ~ There is extensive literature on the use of open-ended questions, problems, and
tasks for mathematics learning and teaching (Becker & Shimada, 1997; Nieminen et al., 2022;
Nohda, 2000; OECD, 2017; Pehkonen, 1997). Compared to closed-ended questions, it is frequently
stated that open-ended questions have the capacity to offer more ideas about the students’
understanding, thinking, and knowledge (Silver, 1992). For this reason, it is often recommended to
use open-ended questions as part of both teaching and assessment processes (Becker & Shimada,
1997: Nohda, 2000; OECD, 2017; Pehkonen, 1997). The emergence of the open approach (Nohda,
2000) or open-ended approach teaching methods (Becker & Shimada, 1997) can be considered

a result of the importance given to open-ended questions. The same is the case for international
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exams ones, such as PISA and TIMSS also include open-ended questions as a part of students’

assessment.

Examining open-ended questions in terms of student performances (Cai, 2000), the numbers of
their inclusion in textbooks (Bingolbali, 2020a; Zhu & Fan, 2006), their use in the context of
measurement-evaluation (MoNE, 2017; OECD, 2017), their contribution to the development of
higher-order thinking skills (Kwon et al., 2006), their use in professional development programs
(Zaslavsky, 1995) and their use as a teaching approach (Becker & Shimada, 1997; Nohda, 2000)
are some examples of the study foci on the open-ended questions in the related literature (for
details, see Bingdlbali & Bingdlbali, 2021). Although open-ended questions are examined in
different research areas and their benefits for learning and teaching are frequently emphasized,
the ways teachers conceptualize them are not sufficiently addressed in the related literature.
Hence, this study specifically aims to examine Turkish middle school mathematics teachers'
conceptions of open-ended questions and to determine how they conceptualize this question

type in relation to closed-ended questions.

THEORETICAL FRAMEWORK

In describing open-ended tasks, the terms open-ended question, open-ended problem, and
open-ended activity are used in the literature (Bingdlbali & Bingdlbali, 2021). While the similarities
and differences between the concepts of a question, problem, and task are often not clearly
expressed, placing the "open-ended” term before makes it more difficult to understand the
meanings attributed to these concepts. In this section, a brief review of the related studies will be
given to reveal both what the current state of definitions on open-ended questions is like and why

an operational conceptualization is needed for them.

The related literature displays that different definitions and conceptualizations have been made
for open-ended questions. According to Reitman (1966), in a problem consisting of 'the given, the
operations, and the outcome, if ‘the given’ and ‘the outcome’ are provided, the problem is well-
structured (closed-ended), but if at least one of them is not provided, this problem is not well-
structured (open-ended) (Leung, 1997). Silver (1995) defined questions that allow for distinguished
interpretations or different answers and questions that allow for a solution with different methods,
as open-ended questions. Silver (1995) also described the problems that have not yet been solved
in mathematics and the productive problems as open-ended. In addition, Aziza (2021) created a
synthesis from the definitions of different researchers and defined the open-ended question as "a
question that has more than one acceptable answer, can be solved through multiple solution
methods, and can be developed into new questions". Furthermore, Pehkonen (1997) defined the

open-ended problem as “investigations, problem posing, real-life situations, projects, problem
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fields (or problem sequences), problems without question, and problem variations ("what-if'-
method)”. His description suggests that he defines open-ended problems through problem

situations that require active participation from students.

Bingdlbali & Bingdlbali (2020) defined open-ended and closed-ended questions based on the
number of correct answers and the variability of these answers. Questions that have only one
answer (e.g., what is the smallest prime number?) or a certain number of correct answers (e.g.,
writing all pairs of positive integers that add up to 20) are considered closed-ended. Questions that
allow for finite variable correct answers (e.g., an example of an integer pair with a product of 50)
or an infinite number of correct answers (e.g., giving an example of a rectangle with a perimeter
of 20 cm) are described as open-ended. According to Bingdloali & Bingdlbali (2020), if different
solution methods are requested as output in a question, the question can be evaluated as closed

or open-ended as above based on the number of outputs.

Open-ended questions have been the foci of research studies from different perspectives. These

studies were classified under six themes by Bingdlbali & Bingdlbali (2021). These themes are;

a) Students' performance in open-ended questions and their views on these question types
(Bingdlbali & Bingdlbali, 2021; Cai, 1995; Clarke et al., 1992; Sullivan et al., 1998, 2000; Sullivan
& Clarke, 1992).

b) The use of open-ended questions as a teaching approach for teaching (Becker & Shimada,
1997; Lin et al., 2013; Nohda, 2000).

c) The frequencies and forms of open-ended questions in mathematics textbooks (Bingolbali,
2020b; Bingdlbali & Bingdlbali, 2020; Gracin, 2018; Han et al., 2011; Yang et al., 2017; Zhu &
Fan, 2006).

d) The relationship between open-ended questions and higher-order thinking skills (e.g.,
creativity, divergent-convergent thinking) (Bennevall, 2016; Bingdlbali & Bingdlbali, 2020; Klavir
& Hershkovitz, 2008; Kwon et al., 2006).

e) The use of open-ended questions in measurement and evaluation (incecam et al., 2018;
McMillan, 2017; MoNE, 2017; OECD, 2017; Silver, 1992).

f)  The use of open-ended questions for the professional development of teachers and teacher
candidates (Bragg & Nicol, 2008; Zaslavsky, 1995).

As they are directly related to the purpose of this study, it is necessary to focus on the themes of
measurement-evaluation and teacher-related studies. In terms of their use for measurement and
evaluation, open-ended questions are characterized by the terms “constructed response items”

and “extended response items” (Hogan & Murphy, 2007; incecam et al., 2018; McMillan, 2017). As
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they allow students to create their answers, open-ended questions are frequently associated with
written examinations among practitioners and are also closely associated with tasks such as essays
allowing students to make statements about the posed issues (McMillan, 2017). We have also
witnessed in some official documents that even if they have only one correct answer, short-answer
questions are considered open-ended questions as they require a written answer and do not have
selected responses (OSYM, 2017).

As far as the conceptions of teachers on open-ended questions are concerned, it appears that
the teachers themselves have not been the focus of much direct attention. In a study conducted
with teachers, Pehkonen (1999) found that about half of the teachers did not provide an
appropriate definition for an open-ended task and that only a quarter of the participants knew
what an open-ended task was. Even though direct studies on teachers’ conceptions of open-
ended tasks are rare, indirect studies on teachers’ ways of dealing with open-ended tasks are
more encountered. Indirect studies are mostly about whether teachers use open-ended questions
in classroom practices, how they do so, and their experiences of developing the questions for
measurement-evaluation purposes (Aziza, 2021; Becker & Shimada, 1997; incecam et al., 2018;
Kasar, 2013). In such a study, Kasar (2013) analyzed 67 lessons records of eight teachers (four
middle school mathematics and four classroom teachers) in terms of alternative solutions and the
types of questions they used. The findings revealed that 372 questions were addressed in the 67
lessons, and only six (1.6%) of them had multiple correct answers (open-ended), and 366 (98.4%)
had one correct answer (closed-ended). Lastly, incecam et al. (2018) examined the open-ended
item preparation competencies of middle school teachers, including mathematics teachers,

revealed that teachers had difficulties in preparing open-ended question items.

As aresult, when all these studies are considered all together, it is clear that there have been not
sufficient studies on how teachers, who have a key role in the execution of teaching and learning
activities, define and conceptualize open-ended questions. Based on this gap in the literature, this

study aims to find answers to the following research questions:

+  What are the conceptions of middle school mathematics teachers about open-ended
questions?
«  What kind of examples do middle school mathematics teachers provide for open-ended

questions?e
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METHOD

Design

This qualitative research (Merriam & Tisdell, 2016) was designed as a phenomenographic study
(Boulton-Lewis et al., 2001; Cekmez et al., 2012), which aimed at revealing middle school
mathematics teachers' conceptions of and experience regarding open-ended questions in an
exploratory manner. In this section, details about the participant group, the data collection tool,
data collection process, and data analysis method are presented in order to reveal how this

phenomenographic study was conducted.

Participants

This study was carried out by involving 40 (26 female and 14 male) middle school mathematics
teachers from different provinces in Turkey. Participants were determined by the convenience
sampling method (Yildinm & Simsek, 2011). Thirty-two of the participants were working mathematics
teachers in state schools, and eight teachers were graduates waiting to be appointed. While 10%
(4) of the participants had professional experience over five years, 70% (28) have 0-5 years of

professional experience, and 20% (8) were graduates waiting to be appointed.

Data Collection Tool and Data Collection Process

This study is a part of the master's thesis research conducted by the second author. The items
presented in Table 1 were directed to the teachers in an open-ended questionnaire format. In
order to determine the teachers’ general understanding of the open-ended question, the firstitem
was posed, and the teachers were also asked to provide an example. In the second item, the
teachers’ conceptions of the mathematical open-ended question were intended to be revealed,
and they were asked to present an example again. To obtain more insights into the teachers'
understanding of the mathematical open-ended question, the last question was posed to see

whether they would present different examples when they thought about the issue again.

Tablel. Data Collection Tool Questions

Item No. Item

1 What do you think an open-ended question is? Explain by giving an example.
What do you think a mathematical open-ended question is¢ Explain by giving an
example.
Write down all possible examples of mathematical open-ended questions that

come to mind other than the ones above.

[144]



Erhan Bingolbadli & Hilmi Furkan Cevik, How Do Middle School Mathematics Teachers Conceptualize...

A pilot study was conducted with 10 teachers to see whether this questionnaire served its purpose.
It revealed that the questionnaire’s items served their purpose that the teachers found the items
understandable, and as a result, the main study was conducted with 40 middle school
mathematics teachers. The data collection process was carried out on the Zoom platform with 34
teachers due to the COVID-19 pandemic conditions. The questionnaire was administered to the
teachers one by one in the Zoom environment, and their responses were written on the shared
screen. During this process, the researcher only wrote down the given responses, and did not
interfere. The Zoom interviews lasted about 30 minutes. Data were obtained face-to-face with 6

of the teachers and again no direction or intervention was made to the participants.

Data Analysis

Data analysis was carried out in three stages. In the first stage, the responses of the teachers about
the definition of the open-ended question were simultaneously subjected to content analysis by
two researchers. As shown in Table 2, we constructed a data analysis framework for examining
how teachers defined open-ended questions by using their responses for the first two items of the
questionnaire. Examples from teachers’ responses for each code are given, and since the codes

are self-explanatory, their descriptions are not included.

For data analysis, firstly the codes were determined, then the common codes were brought
together to form four categories. Therefore, data analysis was carried out with an inductive and
exploratory approach (Azungah, 2018). Moreover, original categories and a novel data analysis
framework specific to this study were produced. In this framework, there are some indications
defining the open-ended question, such as if the appearance of the question was mentioned,
teachers’ responses were put under the 'form' category; if the result or output of the question was
mentioned, the responses were put under the 'outcome' category; if the process or solution
method of the question was mentioned, the responses were put under the 'process' category; and
lastly, if the functionality of the question was mentioned, the responses were put under the
‘functionality’ category. For cases where the question was left unanswered, the 'unanswered'
category and the answers that could not be included in the previous categories were put under

the 'others' category. In total, six main categories are constructed to analyze the related data.

Table 2. Data Analysis Framework for the Definition of Open-Ended Question

Category Code Example

Form Non-multiple-choice Teacher (T)15: Questions without choices.
questions
Classic questions Teacher (T)30: Classic questions.
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Outcome Questions allowing for a T28: These are questions that are left to the
different interpretation initiative of the student and given the right to
interpret.
Questions with multiple T21: Questions with more than one answer are
correct answers called open-ended.
Questions with uncertain T6: These are questions whose answers vary
answers according to the student, and the answers are
not ultimately certain.
Questions with unstructured T37: There are questions that are answered in a
answers few sentences or text.
Process Questions allowing for T2: Mathematical questions with different

different solution methods

solution methods are called open-ended.

Functionality

Questions providing details
about student thinking and

knowledge

T17: A method of asking questions providing in-
depth access to students’ conceptions about a

subject without limitations.

Questions requiring reasoning

T11: Types of questions requiring reasoning

Questions requiring higher-

order thinking skills

T10: It allows students to think high-levelly, such

as guessing and reasoning.

Questions requiring proof

T8: Requiring proof.

Unanswered

Others

T8: Unproven mathematics problem:s.

In the second stage, the examples from the teachers were analyzed. The aim here was fo

determine whether the questions presented by the teachers for the open-ended question were

really open-ended. For this aim, the analysis framework presented in Table 3 was taken from the

relevant literature, as it was appropriate for the analysis of the collected data (Bingdlbali &

Bingdlbali, 2020). The data analysis was carried out with a deductive approach (Azungah, 2018)

using a ready-made analysis framework. This framework consists of two main categories: closed-

ended and open-ended questions. The framework that we used for the data analysis includes a

total of four categories, together with the category of ‘unanswered’ and ‘others’. In this

framework, questions with a single correct answer and definite correct answers are considered

closed-ended, and questions with variable correct answers and infinitely correct answers are

considered open-ended.
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Table 3. Data Analysis Framework for Analyzing Teacher-Presented Examples

Category Codes Explanation Example
Questions  with Questions have only one 129:1/6+1/3=¢ Find it.
Closed-ended one correct correct answer.
questions answer

Questions with  Questions have more than one  T7: What are the integer
definite correct correct answer, but the divisors of 602 Write them

answers number of answers is fixed. all down.

Questions with  Questions have more than one  T19:  Write down 5

variable answer, but may vary and homophones.
Open-ended correct answers  differ from each other as the
questions correct answer(s) will be

chosen from a set of answers.

Questions  with Questions have an infinite T22: Write down a
infinitely correct number of correct answers. problem and solve it.
answers

Unanswered -

Others T1: How reliable do you

think the climate is¢

The analysis made in the third stage was related to the example field to which the examples
presented by the teachers belonged. The aim here was to determine whether the examples that
the teachers presented were mathematical or not. As a result of the content analysis, 5 different
categories were determined for the fields fo which the examples belonged: (i) mathematical, (ii)
mathematics education, (iij philosophy of mathematics, (iv) non-mathematical, and (v)
unanswered. The analysis framework that emerged based on this classification is presented in

Table 4. The data were analyzed with an inductive approach (Azungah, 2018) for this part as well.

Table 4. Data Analysis Framework for Example Fields of Teachers’ Examples

Category Examples
Mathematical 137: Give three examples of perfect square numbers less than
100.
Mathematics education 18: What are the most important factors affecting

mathematics education?

Philosophy of mathematics T28: Is mathematics a discovery or an invention?2

[147]



Mimbar Sekolah Dasar, Volume 9 Number 1 April 2022

Non-mathematical T2: What is the impact of COVID-19 on the economy?

Unanswered

The data analysis process was carried out, including the construction of data analysis frameworks.
This process made it possible to go through the data repeatedly and improve the analysis
frameworks. After the analysis frameworks were constructed, the data were analyzed using these
frameworks by the second researcher. The answers presented by each teacher were associated
with the codes and labeled. Subsequently, both researchers analyzed all the data together.
Therefore, a joint effort was made for the compatibility of all data with codes and categories. In
addition, a common decision was reached on the classification of the data. Then, frequency

tables were created for all data, and these findings were supported by qualitative quotations.

Precautions needed were taken to ensure the quality of the study (Shipman, 2014) both during the
development of the data collection tool and during the data analysis process. For the validity of
the data and the conclusions o be drawn from them, expert opinion was taken during the
development of the data collection tool, and a pilot study was conducted. In order to strengthen
the validity of the results obtained from the study, the quantitative data were supplemented with
rich teacher citations. Data analysis was carried out by two different researchers at different times
contfinuously, and this process contributed to both the reliability of the data analysis and the
validity of the results of the study. In the data collection process, factors, such as being available
and being motivated to participate in the study, were also taken intfo account in order to enable
teachers to participate effectively, and in this way, sensitivity was shown for both collecting data

securely and obtaining valid results.

RESULTS

Results section consists of three parts. In the first part, the findings about the teachers' conceptions
of the open-ended question are presented. In the second part, the findings coming from the
analysis of the teachers’ personal examples of open-ended questions are provided, and in the last

part, the findings related to the example field to which the examples belong are presented.

What Kind of Definitions Did the Teachers Provide for Open-Ended Questions?

The findings for the first two items of the questionnaire (the ones about the definition of open-
ended questions) will be presented in this section. Prior to presenting the findings, it will be helpful
for the reader to provide explanatory information presented in Table 5. The numbers given in the
lines, such as 'form total' and 'outcome total' in the table, are the number of elements of the
combination set of the codes under the categories. For example, four teachers referred to ‘non-

multiple-choice questions, seven teachers referred to ‘classic questions’ while defining the open-
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ended questions, and some of these teachers were the same, eight different teachers in total were
found to refer to the form. In the table, ‘n’ refers to the number of participants while ‘r’ refers to

the number of distinguished responses that all participants provide.

Table 5 shows that when teachers defined the open-ended question commonly, they gave 65 (=r)
definitions in total, and 51 (=r) when asked to define mathematically. The findings show that 20%
of the teachers made definitions for the open-ended question based on the 'form' of the question
while giving a general definition. For a mathematical definition, 22.5% of the teacher referred to
the ‘form’ of the question. Teachers described the open-ended question as ‘the one with no
choice and/or classical question’ within the scope of the ‘form’ category. One teacher defined
the open-ended question as "questions without choices" (T15), while another one expressed it as
"classical questions” (T30). Some teachers hence utilized the appearance of the question to decide
whether a question is open-ended. Some teachers also associated the open-ended question with

the classical one and placed it at the opposite pole of '‘yes-no’ or ‘multiple-choice’ questions.

The findings also show that some teachers defined open-ended questions based on the number
of answers they had or the form of answers. Table 5 shows that when asked to describe the open-
ended question in a general way, the proportion of tfeachers who referred to the ‘outcome’ was
82.5% (33). Under the ‘outcome’ category, for a general definition, teachers made definitions by
referring to these four codes: 'questions allowing for different interpretations' (32.5%), 'questions with
multiple correct answers (25%), 'questions with uncertain answers' (22.5%) and 'questions with
unstructured answers ' (25%). For example, one teacher defined an open-ended question as
"questions that are open to interpretation, the answer of which can vary from person to person”
(T22). Another teacher's conception of the open-ended question was as follows: "questions that

do not have a single answer are called (open-ended questions)" (T12).

The responses presented for the mathematical definition of the open-ended question also showed
similarities in Table 5. However, while the number of different teachers whose responses were
considered within the scope of at least one code under the ‘outcome’ category was 33 for the
general definition, this number was 23 for the mathematical definition. Under the ‘outcome’
category, in terms of distribution to the codes, the definitions made by the teachers for the
mathematical open-ended question were as follows: 'allowing for different interpretations' (20%),
‘questions with multiple correct answers (12.5%), 'questions with uncertain answers' (7.5%) and
'‘questions with unstructured answers' (22.5%). In this connection, for example, two teachers
defined the open-ended question as follows: "it is the type of question that measures mathematics
knowledge according to different interpretations” (T1), and "questions with more than one

mathematical answer are called open-ended" (T7).
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Table 5. Teachers' Definitions for Open-Ended Questions

General Mathematical
Category Code Frequency Frequency
(n=40/r=65) (n=40/r=51)

Form Non-multiple-choice questions 4(10%) 5(12.5%)

Classic questions 7(17.5 %) 5(12.5%)
Form total 8 (20%) 9 (22.5%)
Outcome Questions allowing for different interpretation 13 (32.5%)  8(20%)

Questions with multiple correct answers 10 (25%) 5(12.5%)

Questions with uncertain answers 9 (22.5%) 3(7.5%)

Questions with unstructured answers 10(%25) 9(22.5%)
Outcome totall 33 (82.5%) 23 (57.5%)
Process Questions allowing for different solution 4 (10%) 7(17.5%)

methods
Process total 4 (10%) 7(17.5%)
Functionality Questions providing details about student 7(17.5 %) -

thinking and knowledge

Questions requiring reasoning 1 (2.5%) -

Questions requiring higher-order thinking skills - 9(22.5%)

Questions requiring proof - 2(5%)
Functionality 8 (20%) 11 (27.5%)
total
Unanswered - 3(7.5%)
Others - 1(2.5%)

Table 5 also reveals that some teachers defined open-ended questions through the process, that

is, the solution ways or methods. It shows that 10% of the teachers who defined the open-ended

question commonly and 17.5 % of those who defined it mathematically stated that the questions

with multiple solution methods were open-ended. On the other hand, some teachers defined the

open-ended question over its functionality. Furthermore, Table 5 displays that 20% of the teachers

who defined the open-ended question in general terms and 27.5% of those who defined it

mathematically referred to the functionality of the open-ended question to define it. The responses
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of some teachers (17.5%) who defined the open-ended questions in general terms were
considered under the code of '‘questions providing details about student thinking and knowledge'.
These teachers referred to the functionality of the open-ended question rather than its definition.
Furthermore, one participant expressed the open-ended question as one “requiring reasoning”
(T11). When defining it mathematically, some teachers defined open-ended questions as
‘questions requiring high-level thinking skills’ (22.5%) and ‘questions requiring proof’ (5%). One
teacher explained the open-ended question as "it is the type of question that develops high-level
thinking skills” (T10), and hence defined it through its function. Further, the findings also show that
when the definition of an open-ended question was asked in general terms, all teachers answered

the question, but when asked in mathematical terms, 3 teachers left the question unanswered

What Kind of Examples Did the Teachers Provide for the Open-Ended Questions?

Before presenting the findings, it will be helpful for the reader to provide explanatory information
about Table 6 as it contains the findings. The values given in the 'total' rows correspond to the
number of different teachers whose answers were placed under the relevant category. In the
table, ‘n’ represents the number of participants and ‘e’ represents the number of examples
presented by teachers. It should be noted that since some teachers' answers include examples of
both open-ended and closed-ended questions, the total percentages in the table exceed 100%.

The numbers in the ‘total’ lines refer to the numbers of different teachers for the related category.

Table 6 shows that 22.5% of the examples presented by the teachers who defined the open-ended
question in general terms were closed-ended, 67.5% were open-ended, and 2.5% were in the other
category. 15% (6) of the teachers did not provide an example. Therefore, 32.5% of the teachers
did not give an example of open-ended questions. Some teachers presented closed-ended
questions with one correct answer (12.5%) and certain correct answers (12.5%) as examples for
open-ended questions. For example, a teacher gave an example of a closed-ended question
with a certain answer, such as “What are the integer divisors of 602 Write them all down” (T7), as
an example for the open-ended question. Another teacher provided the example of "1/6+1/3=2¢

Find it out” (T29), which has one correct answer as an example for the open-ended question.

The findings show that 67.5% of the examples given by the teachers who presented the open-
ended question example correctly had variable correct answers. For example, a teacher stated
that “What | am answering right now is 'What do you think is an open-ended question? Explain by
giving an example is an open-ended question” (T38). Another teacher presented an example as
"Write five homophones" (T19). There was no teacher who presented an example of open-ended

questions with infinite correct answers.
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Table 6. Analysis of Examples Presented By Teachers for Open-Ended Questions

General Mathematical Other
mathematical
Category Codes (n=40/ e=38) (n=40/e=35) (n=40/e=34)
Questions with one 5(12.5%) 17 (42.5%) 17 (42.5%)
Closed-ended correct answer
questions Questions with 5 (12.5%) 4 (10%) 3(7.5%)
definite correct
answers
Total 9 (22.5%) 17 (42.5%) 11 (27.5%)
Questions with 27 (67.5%) 12 (30%) 9 (22.5%)

variable  correct
Open-ended  answers
questions Questions with 0 (0%) 1(2.5%) 0 (0%)

infinitely  correct

answers

Totall 27 (67.5%) 13 (32.5%) 7 (17.5%)
Unanswered 6 (15%) 10(25%) 21 (52.5%)
Others 1 (2.5%) 1 (2.5%) 5 (12.5%)

The analysis of the examples presented for the first item (one for mathematical open-ended
questions) showed that 42.5% of the teachers presented closed-ended questions as open-ended
questions. For example, the example of “How many fimes 2 is half of 442" (T1) with one correct
answer and the example of “What are the divisors of the number 602 Write all of them" (T7) with
certain correct answers were given by the teachers considering that they were open-ended
questions. Table 6 also shows that the rate of teachers who gave mathematically correct open-
ended questions decreased to 32.5% and 25% of the teachers left the item unanswered. An open-
ended question with infinitely correct answers was given by only one teacher: "Write down a
problem and solve it" (T22). Table 6 also shows that 30% of the teachers gave the example of open-
ended questions with variable correct answers. For example, a teacher presented an example
with a variable answer as "Give three examples of perfect square numbers less than 100" (T37).
Regarding the open-ended question, another teacher replied, "We cannot think of an example
because we did not ask it" (T2). Similarly, another teacher stated that “| cannot think of it. You know
what the subject is, but it's hard to come up with an idea when you are asked to give one. | am

currently experiencing this situation” (T137).
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Table 6 also presents the example analyses for the third item of the questionnaire. The responses
given to this item also revealed a similar pattern, and 52.5% of the teachers could not provide a
new example. The absence of new examples for this item indicates that teachers' understandings
of the open-ended question example were largely limited to the examples they provided for
mathematical examples. Table 6 shows that more responses were categorized under the ‘others’

category for this item, and the example of "It looks like it will be very hot today" (T13) was such one.

In some cases, both closed and open-ended questions were encountered in the answers given
by the same teacher. Forinstance, one teacher (19) provided these two examples for open-ended
questions: (i) "Ali was 8 years old when his brother was born. What is the age difference between
the two brothers after 10 yearse” and (ii) "Write 7 prime numbers less than 100 and greater than
40". While the first one is closed-ended as it has one correct answer, the second one is open-
ended. Another teacher (T13) also provided contradictory examples such as "Draw a rectangle
whose area is 24 unit squares' and "Questions about operation priority: 16-4:1+5x3=¢". These
responses show the lack of understanding of the teachers regarding open-ended questions at the
conceptual level. In addition to this, the teacher (T13) made a statement such as this as well: “I|

really think | have misconceptions about open-ended questions”.

Which Fields Did the Open-Ended Questions Presented by the Teachers Belong to?

The examples given by the participants were analyzed concerning the five categories presented
in Table 7 to determine the fields to which they belonged. The findings are presented based on
the number of participants (teachers) and the number of examples (answers). For instance, while
12.5% of the teachers gave mathematical examples (line-1), these examples were 13% of the
presented examples (line-1). Table 7 shows that 65% of the teachers gave non-mathematical
examples, while only 12.5% (5 teachers) provided mathematical examples when an example was
requested along with the first item. For example, one teacher presented a non-mathematical
example, such as “What is the impact of COVID-19 on the economy?2” (T2). Some of the teachers'
answers were from the field of mathematics education, such as "What are the most important
factors affecting mathematics education?” (T8), and from the field of Philosophy of Mathematics,
such as "lIs mathematics a discovery or an invention" (T28). The findings also showed that six

teachers did not provide any examples.

Table 7. The Fields of the Examples Presented By the Teachers for the Open-Ended Question

General Mathemadtical Other Mathematical
Category Teacher Response Teacher Response Teacher Response
(n=40) (e=38) (n=40) (e=35) (n=40) (e=34)
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Mathematical 5 (12.5%) 5(13%) 26 (65%) 31(88.5%) 18 (45%) 31 (91%)
Mathematics 2 (5%) 2 (5%) 1(2.5%) 1 (3%) -

education

Philosophy of 1 (2.5%) 1 (3%) 3(7.5%) 3(8.5%) - -
mathematics

Non- 26 (65%) 30 (79%) - - 3 (7.5%) 3 (9%)
mathematical

Unanswered 6 (15%) 10 (25%) 21 (52.5%)

When directly asked for a mathematical example, this time most of the teachers (65%) provided
mathematical ones. However, in this case, the number of teachers who could not provide any
examples increased (25%). When other mathematical examples were requested from the
teachers, the rate of unanswered increased to 52.5%. All these findings show that teachers have

difficulties in presenting mathematical examples for open-ended questions.

DISCUSSION

The findings show that teachers conceptualize open-ended questions differently, even some have
profound misconceptions about open-ended questions. The teachers mostly defined open-ended
questions in general and mathematically through their 'outcome'. Some other teachers defined
the open-ended question in terms of 'form' and interpreted the open-ended question as a 'non-
multiple-choice' and/or 'classical' one. Instead of defining the open-ended question directly, the
teachers explained what it was not. While defining the open-ended question, some teachers took
the process as a basis in which they described the questions that can be solved through different
solutions as open-ended questions. Functionality was another category that we used to describe
how the teacher defined the open-ended question, and this category came to the foreground
for the mathematical one. Open-ended questions were defined, for instance, as 'questions
requiring high-level thinking skills' and the 'question requiring proof', and hence the functionality of

the questions were brought up the forward rather than its definition.

It appears that the teachers' conceptions of the open-ended question overlapped in some
dimensions with the expert definitions given in the literature. For example, open-ended questions
are considered ones that allow different interpretations, answers, or outputs (Aziza, 2021; Silver,
1995). Determining whether the question was open-ended through its output was the most
frequently applied criterion by the participants of this study. In this connection, 'allowing different
interpretations', 'having multiple correct answers', 'uncertain answers', and 'unstructured answers '

were the codes containing the teachers' answers. However, as can be seen in the findings section,
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the definitions made were not based on the number of answers, as Bingdlbali & Bingdlbali (2020)

stated. The teachers’ definitions were quite inclusive and general.

Open-ended questions are associated with the terms “constructed response” and “extended
response” in the field of measurement-evaluation (Hogan & Murphy, 2007; incecam et al., 2018;
McMillan, 2017). Here again, the main emphasis is on the output. The teachers also emphasized
this aspect of open-ended questions by making definitions that could be included in the scope of
'structuring the response’. They conceptualized the open-ended question as one with ‘no multiple-
choice’ and ‘classical’, and hence made a definition based on the form of the question as well.
The lack of ‘'multiple-choices’ offers students the opportunity to construct their answers, and hence

the teachers defined the open-ended question through this term.

The relevant literature shows that questions that allow different solution methods are also described
as open-ended questions (Aziza, 2021; Silver, 1995). However, Bingdloali & Bingdlbali (2020) stated
that if different solution methods are requested as output in a question, then the problem can be
evaluated as closed or open-ended based on the number of outputs. Therefore, whether the
problem is open-ended or not is related to whether a different solution method is directly
requested, rather than the possibility of different solution methods. The findings showed that the
participants of this study regarded the 'questions that allow for different solution methods’, which
we considered within the scope of the process category, as open-ended. Teachers brought
different solution methods to the agenda, especially in defining the mathematical open-ended

problem.

In defining open-ended questions, teachers also referred to the functionality of the question. The
teachers defined the questions that "provide details about student thinking and knowledge" and
"require high-level thinking skills" as open-ended ones. Functionality is essentially about the function
of the question, not the definition. The teachers did not provide a definition here but attempted
to make sense of the open-ended question through its function. Functionality is a category that
does not coincide with the experts' definitions presented in the relevant literature, which means
that some teachers understand the open-ended question that is far from the experts’

understanding of the open-ended question.

Pehkonen (1997, p. 8) defined the open-ended problem in terms of problem situations (e.g.,
investigations, problem posing) requiring active participation from the students. It appears that
Pehkonen (1997) made a definition for the open-ended problem based on the types (features) of
tasks that require the use of high-level thinking skills, rather than the responses to the problem or

the process it requires. Some teachers also referred to form for the open-ended question, but
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instead of emphasizing what Pehkonen mentioned, they stated that the question is not multiple-
choice or that the question is classic. There was only one teacher (T22) gave an example of a
problem-posing question ("write down a problem and solve it") with infinitely correct answers. On
the other hand, the tasks that Pehkonen presented for the open-ended problem require the use
of higher-order thinking skills. In other words, they are related to the teacher's responses falling
under the functionality category in this study. For the mathematical open-ended question, the
teachers defined open-ended question as one "requiring high-level thinking skills", but they did not

specifically name the tasks that Pehkonen explicitly stated.

Reitman (1966) divided a problem into three parts (the given, operation, and outcome) and stated
that when at least one of these is not given, then the problem is open-ended. This definition of
Reitman is frequently used for problem-solving, especially by practitioners. In this study, the
teachers did not define open-ended questions specifically through Reitman's terms and did not

provide examples compatible with this definition.

While the definitions made by the teachers overlap with the ones presented in the literature, one
may wonder if the examples they presented are actually open-ended. The findings show that only
67.5% of the examples given for the general open-ended questions were open-ended, and 32.5%
of the examples were not open-ended. None of the presented open-ended questions had
infinitive correct answers. When a mathematical example was requested, 42.5% of the teachers
provided closed-ended questions as open-ended questions. The rate of teachers who gave the
correct example of open-ended questions was only 32.5%. It is noteworthy that the rate of those

who left the question ‘unanswered’ is high when a mathematical example is requested.

Although the teachers define an open-ended question, the examples of open-ended questions
actually show that they have significant difficulties with what an open-ended question is. Examples
are known for their confributions to the understanding and interpretation of definitions in
mathematics learning-teaching (Watson & Mason, 2002). Examples are also considered to provide
insight info the student's understanding and mathematical knowledge (Liz et al., 2006). In this study,
the requested examples provided insights intfo the teachers' understanding of (difficulties with) the
open-ended question. The main finding was that most teachers had difficulty giving examples of
mathematical open-ended questions. This finding is in parallel with Pehkonen (1999), which found
that about half of the participating teachers did not provide an appropriate definition for an open-

ended task and that only a quarter of the participants knew what an open-ended task was.

As far as example fields to which the examples belong are concerned, it is interesting that

mathematics teachers mostly think of non-mathematical examples. They were able to give
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mathematical examples only when the mathematical ones were directly requested. However,
when a mathematical example was directly requested, mathematics teachers had more
difficulties giving one. It appears that mathematics tfeachers' images of open-ended examples

(Tall & Vinner, 1981) mostly belong to non-mathematical fields.

CONCLUSION

This study shows that mathematics teachers define open-ended questions in terms of
outcome/result, process, form, and functionality. It is observed that teachers have difficulties
explaining open-ended questions, especially in mathematical terms. In addition, the examples
presented as open-ended reveal that some teachers regard closed-ended questions as open-
ended questions and conceptualize the open-ended questions incorrectly. These findings show
that teachers lack a conceptual perspective, which can help them make sense of open-ended
questions and distinguish them from closed-ended ones. At this point, the analytical frameworks
used in this study can provide teachers with a conceptual perspective on open-ended questions
and also can help them develop open-ended questions. Considering that the use of open-ended
questions is constantly on the agenda for mathematics learning and teaching, more conceptual
studies are required not only to enrich teachers' understanding of the open-ended questions but

also to sharpen their open-ended question judgments.
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