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Students have difficulties in solving problems of fractions in almost all levels, and in problem posing.
Problem posing skills influence the process of development of the behaviors observed at the level of
comprehension. That is why it is very crucial for teachers to develop activities for student to have
conceptual comprehension of fractions and operations involving fractions. The achievement of such
conceptual comprehension can be accelerated through the use of mathematical models. For this, the
aim of the study is to identify the errors in the problems posed by primary school teachers with respect
to subtractions with fractions, and the models they employ to solve these problems. The present study
employs both quantitative and qualitative methods together. This study was carried out with 31 primary
school teachers. The teachers involved in the study were selected through random sampling. The study
employs the "Problem Posing Test" comprising four items of subtractions with fractions. The test
drawn up with reference to the operation of subtraction with fractions includes one item for each:
subtracting a proper fraction from another proper fraction, and subtracting a mixed fraction from
another mixed fraction. First of all, the answers provided by the teachers were categorized as problem,
not-a-problem, or blank. Following such a classification is an analysis of the errors observed in the
responses provided in the problem category. At the end, the study reveals that the rate of correct
responses offered in the problem category falls as one progresses from item, one where both the
minuend and the subtrahend are proper fractions, towards item four where a mixed fraction is
subtracted from another mixed fraction. The fact that nine distinct types of errors were observed in the
study reveals that the teachers have significant shortcomings when posing problems regarding
subtraction with fractions.
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INTRODUCTION

The studies reviewing the qualifications of teachers are knowledge a teacher is expected to have involve
often constructions built on the grounds laid by Shulman references to basic concepts and principles regarding
(1987). Shulman (1987) noted that various types of field that field, the curriculum, and the relationships between
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these.

Furthermore, the teachers' behavior in the classroom
and their practices during the activities are also shaped
by their content knowledge (Ball and Bass, 2000). That is
why content knowledge plays a major role in shaping the
process of education in the classroom (Baki and Celik,
2005; Ball et al., 2001; Cakan, 2004; Dursun and Dede,
2004; Seferoglu, 2001). The knowledge to be provided
and the means to provide that knowledge is important, for
the effectiveness of the teacher is among the major
factors that affect learning (Romberg and Carpenter,
1986). Fractions, in turn, are among the topics deemed
necessary to teach and learn.

Fractions

It is important to realize the conceptual understanding of
fractions and operations for fractions, which present
numerous  problems during learning. Because
mathematically, rich fractions have an important place in
the learning of algebraic subjects, one of the areas of
advanced learning (Redmond, 2009; Smith, 2002).
However, fractions are one of the subjects that are
difficult to teach because they are cognitively complex
(Smith, 2002). The difficulties observed during the
learning of fractions have been covered by numerous
studies (Haser and Ubuz, 2002; Aksu, 1997; Basgln and
Ersoy, 2000; Ersoy and Ardahan, 2003; Hanson, 1995;
Wu, 1999). When looking at the literature reveals that
students have some difficulties with respect to solving
problems regarding fractions at almost all levels
(Kocaoglu and Yenilmez, 2010), and hence in problem
posing (Isik et al., 2011).

Problem posing

One of the main purpose of primary school mathematics
classes is to instill the skills of problem posing. Problem
posing can be used not only to determine the
mathematical knowledge and skill levels of the students,
pre-service teachers, or teachers (Isik and Kar, 2012a;
Kihg, 2013; McAllister and Beaver, 2012) but also
influence the problem solving skills.

Problem posing skills provide a distinct perspective
regarding the problem solving process, and therefore,
help with the comprehension of the relationships the
problem entails. That is why teachers and therefore pre-
service teachers would benefit from a high level of
problem posing skills in mathematics.

For instance, problems provided in text books may be
insufficient, incompatible with the current proficiency
levels of students, or unrelated with their interests or
needs. In such cases, the teacher may be required to
pose additional problems regarding the topic at hand, in
order to for the purpose of the course (Albayrak, 2000;
Korkmaz and Giir, 2006).

Furthermore, problem posing skills influence the
process of development of the behaviors observed at the
level of comprehension. That is why it is very crucial for
teachers to develop activities for student to have
conceptual understanding of fractions and operations
involving fractions (Isiksal, 2006; Mack, 1990; Mok et al.,
2008; Rule and Hallagan, 2006; Utley and Redmond,
2008). The achievement of such conceptual
understanding, in turn, can be accelerated through the
use of mathematical models.

Modeling

Mathematics exhibits an inherently more abstract
structure compared to other sciences. Direct presentation
is not deemed a suitable means to ensure that students
can imagine or visualize a mathematics concept (van de
Walle, 2004).

The leading factor posing a problem in terms of primary
school students' understanding of mathematics is the
insufficient level of abstract thinking abilities on their part.
Researchers consider materialization of the concepts
through generalization as one of the ways to overcome
this issue (Celik and Ciltag, 2015).

In this context, models with some certain physical and
mental actions can be presented in order to construct
mathematical conceptualization among students. A
picture, drawing, symbol, or a concrete means entailing
the relationship conveyed by a mathematical concept
could be the model of that mathematical concept. Models
can be employed for three distinct purposes, namely
enabling students develop new concepts and
relationships in their minds, helping students establish
the relationships between concepts and symbols, and
assessing the level of comprehension in students' mind
(Olkun and Toluk Ucgar, 2012). There are a number of
models used for the teaching of fractions based on these
objectives.

Some studies reveal the importance of using fraction
models. The use of applicable and different models would
expand and deepen the understanding of fractions in the
minds of students as well as teachers. Three distinct
models are employed for the teaching of fractions:
region/area, length/measurement, and set (van de Walle,
2004). Region/area models help materialize the fraction
as a portion of the region, while length models allow the
comparison of lengths and measurements instead of
regions. The number line model, an example of length
models, presents the fraction as a real number.

In the set model, on the other hand, a portion of the
objects included in the set are represented with reference
to the fraction. In other words, a given set of objects
refers to the whole, and a sub-set of those objects
represents the fraction (Olkun and Toluk Ucgar, 2012; van
de Walle, 2004). For the teachers to be able to employ
suitable models in the process of teaching concepts,



they should be aware of such models.

Purpose of the study

In recent years, studies on the teaching of mathematics
tend to focus on the characteristics of knowledge the
teacher would need to have (Newton, 2008). Hill et al.
(2005) stated that the mathematical knowledge the
teachers need to have should enable them to provide
explanations to students, and to analyze their responses
in turn.

On the other hand, studies investigating the pedagogical
content knowledge of teachers and pre-service teachers
(Chick and Baker, 2005; Isik, 2011; Newton, 2008;
Ozmantar and Bingdélbali, 2009; Toluk Ugar, 2009; Ward
and Thomas; 2007) reveal that they experience
numerous problems in terms of identifying the errors of
students, explaining reasons, and planning teaching with
a view to eliminating errors.

Difficulties in learning fractions have been the subject
of many researches (Haser and Ubuz, 2002; Aksu, 1997,
Basglin and Ersoy, 2000; Ersoy and Ardahan, 2003;
Hanson, 1995; Wu, 1999); and it can be seen that at
almost all levels, the students have encountered some
difficulties in solving problems about fractions (Kocaoglu
and Yenilmez, 2010).

Soylu and Soylu (2005) note that students have major
learning difficulties regarding ordering, addition,
subtraction, multiplication and division with fractions.
Research shows that on the topic of difficulties not only
students but also teachers and pre-service teachers have
with the concept of fractions, and the operation of division
with fractions (Ball, 1990; Borko et al., 1992; Carraher,
1996; Isiksal, 2006; Ma, 1999; Mok et al., 2008; Post et
al,, 1991; Redmond, 2009; Sharp and Adams, 2002;
Tirosh, 2000; Toluk-Ugar, 2009; Yim, 2010; Zembat,
2007; Siap and Duru, 2004; Seyhan and Gur, 2004;
Soylu and Soylu, 2005).

While teachers trying to develop the conceptual
meaning of fractions by students, they also have
difficulties in making interpretation and making meaning
with division of fractions by themselves (Utley and
Redmond, 2008). That is why problem posing occupies a
central position in terms of associating fractions and
operations involving fractions, with real life cases (Abu-
Elwan, 2002).

The studies so far focus on multiplication and division
with fractions and the solution of verbal problems
requiring division with fractions (Isik et al., 2011; Isik and
Kar, 2012a); and often focus on pre-service teachers and
students. On the other hand, the studies performed on
problem posing show that the level of competence in
problem posing skills leaves much to be desired (Isik et
al., 2011; Isik and Kar, 2012b).

McAllister and Beaver (2012) have analyzed the errors
pre-service primary school teachers had with the
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problems they posed with respect to operations with
fractions. Isik and Kar (2012c) on the other hand,
analyzed the errors committed in the problems posed
with respect to additions with fractions, in a study
involving seventh year students in primary education. It is
evident that the limited number of studies carried out with
respect to problem posing involving addition and
subtraction with fractions were more often than not
executed with teachers, students, or pre-service
teachers, with particular reference to addition with
fractions (Kar and Isik, 2014).

Kar and Isik (2014) investigated the types of errors
seventh year secondary school students had in terms of
problem posing involving subtractions with fractions. Kar
and Isik (2015) shed some light also on secondary school
mathematics teachers' problem posing skills regarding
subtractions with fractions. On the other hand, no study
investigating the types of errors primary school teachers
had with subtractions with fractions was observed. Yet,
Primary Schools Mathematics Courses (1st, 2nd, 3rd,
and 4th years) Curriculum mentions the learning outcome
“Ability to solve problems requiring additions and
subtractions with fractions” (Ministry of Education (MEB),
2015). Taking into account the fact that Primary Schools
Mathematics Courses (1st, 2nd, 3rd, and 4th years)
Curriculum envisages a learning outcome regarding
problem solving with subtraction, it is clear that the
analysis of the problems posed by the teachers and the
identification of the models they employ with respect to
the solution of the problems would enable the
development of deep insights regarding potential
conceptual shortcomings of teachers.

No studies investigating primary school teachers' —
direct practitioners— problem posing skills regarding
subtraction with fractions, and problem solving methods
by modeling such problems, were observed. The present
study, in turn, is crucial with a view to understanding the
errors in the problems posed by the teachers, and the
models they employ, with the overall objective of
identifying any shortcomings on this topic. Such an
endeavor would not only shed light on the efforts to
eliminate any shortcomings in this context, but also
contribute to teacher training. In this vein, the objective of
the present study is to identify the errors in the problems
posed by primary school teachers with respect to
subtractions with fractions, and the models they employ
to solve these problems.

METHODOLOGY

The present study employs quantitative and qualitative methods in
conjunction. In this context, the errors primary school teachers had
in terms of the problems they posed with respect to subtractions
with fractions were identified through qualitative analyses of the
responses provided to four open-ended items. The distribution of
error categories and models with respect to each of the four items
in the Problem Posing Test, in turn, was investigated through a
quantitative analysis.
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Table 1. Subtraction related items of the problem posing test, and their characteristics.

Iltems Characteristics

g— % =? Subtraction of a proper fraction from another

1 % - §:’? Subtraction of a proper fraction from a mixed fraction, to produce a proper fraction
2-— 527 Subtraction of a proper fraction from a mixed fraction, to produce a mixed fraction
3 % -1 EZ? Subtraction of a mixed fraction from another

Sample

This study was carried out in spring 2015 to 2016, with 31 (18
female, 13 male) primary school teachers assigned to a number of
schools in 3 district centers of Trabzon. The teachers involved in
the study were selected through random sampling. The study was
conducted with volunteers from selected teachers with random
sampling. Each teacher who voluntarily agreed to take part in the
study was assigned a code in the range T1 ... T31, with T standing
for teacher. One of the teachers had an experience of 1-5 years; 10
had 6-10 years; 9 had 11-15; 6 had 16-20; 2 had 21-25; 1 had 26-
30; and 2 had more than 30 years of experience in service.

Primary schools mathematics courses (1st, 2nd, 3rd, and 4th years)
curriculum was updated in 2015, and started to be applied in
schools since 2016 to 2017 education year. The teachers in the
study group perform the teaching of operations with fractions and
fractions in line with the achievements in the 4th grade "performs
additions and subtractions with fractions of matching denominators"
and "solves problems requiring addition and subtraction with
fractions" under the "operations with fractions" category of the
curriculum (MEB, 2015).

Data collection tools and the collection of data

The study employs the "problem posing test" comprising four items
regarding subtractions with fractions, as the data collecting tool.
The “problem posing test” is offered to each pre-service teacher in
written form. There is a total of 4 operations that require only
subtraction operation with fraction to be performed in the problem
posing test.

The test drawn up with reference to the operation of subtraction
with fractions includes one item for each: subtracting a proper
fraction from another proper fraction, and subtracting a mixed
fraction from another mixed fraction, as was the case with the study
by Kar and Isik (2014). These are coupled with two more items
regarding the subtraction of a proper fraction from a mixed fraction.
One of these latter two items produces a proper fraction while the
other produces a mixed one (Table 1).

In contrast to the study by Kar and Isik (2014), however, the
operations included in the "Problem Posing Test" entail fractions
with matching denominator, for primary school curriculum includes
operations with fractions with matching denominator.

A number of researchers employed similar questions when
investigating operations with fractions (McAllister and Beaver, 2012;
Toluk-Ucar, 2009). Firstly, the test prepared by the researcher was
examined by an expert in doctoral dissertation in elementary
mathematics education. After the necessary changes were made,
the pilot study was applied to the three primary school teachers
who were not involved in the actual study. As a result of the pilot
study, the items in the test were given the final shape in line with

the opinions of the primary school teachers.

The test prepared in the process of collecting the data was given
in written form to the teachers. At the beginning of the test, there
are questions to determine the gender of teachers and to determine
how many years they were working as a teacher. Then, the
operations of fractions are numbered and each of them are written
as one item. Appropriate gaps were left under each item in the test
for teachers to work. After test being distributed to the teachers, it is
required to write a verbal problem statement in the solution to the
given process, which is related only to the daily life situations that
can be used for that process. The respondents were told that they
were required to pose appropriate problems suitable for the primary
school students’ level, and were recommended to leave the
question unanswered, if they felt unable to pose a proper problem.

Then, they are asked to solve each problem by modeling the
problems they had pose for each of these items. No time limitations
have been made to the teachers in this whole process. Teachers
were warned not to use any device such as calculator, computer, or
phone in this process because there is only one operation in each
guestion. Also, it is stated that the teachers do not influence each
other when responding to the test and that each teacher should do
it herself/himself.

Data analysis

First of all, the answers provided by the teachers were categorized
as problem, not-a-problem, or blank. Such a categorization was
employed in previous research as well (Isik and Kar, 2012b; Kar
and Isik, 2014; Leung, 2013; Silver and Cai, 2005).

This approach aimed to discern answers which cannot be
associated with daily life, or which do not contain a question
phrase. The not-a-problem category contains the responses where
only a description was provided in one or more sentences, which do
not contain a question form, and which cannot be associated with
elements of daily life. The discussion based on the examples of
responses provided for the not-a-problem category is presented in
the findings section. Also, those who found a solution were
described as "problem".

The ones that the teacher has typed as a problem are re-
analyzed. This was done in order to determine the errors that
teachers made in the problems they had established. Thus, the
analysis of the errors in the answers in the problem category was
made and classified. The classification of the primary school
students' errors in posing problems with subtraction with fractions
was based on 12 types of errors.

Kar and Isik (2014) identified the problems in seventh year
primary school students posed with reference to subtractions with
fractions. Kar and Isik (2014) identified the following types of errors:
expressing the subtrahend fraction over the remainder of whole
(Error 1(E1)), not being able to establish part-whole relationship



Table 2. Problem states.
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Problem No problem Blank Total
Items N Percentage N Percentage N Percentage N
Item 1 30 96.7 1 3.3 - - 31
Item 2 28 90.3 2 6.4 1 3.3 31
Item 3 28 90.3 1 3.3 2 6.4 31
Item 4 25 80.8 3 9.6 3 9.6 31
Total 111 89.6 7 5.6 6 4.8 124

(E2), attributing natural number meaning to the result of the
operation (E3), confusion about units (E4), attributing natural
number meaning to the fractions (E5), failure in expressing the
operation in the question root (E6), not being able to express whole
parts of mixed fractions (E7), representing the mixed fraction as
numerator and denominator (E8), attributing a value to the whole
(E9), expressing the subtrahend fraction as a certain amount of
minuend fraction (E10), logical error (E11), and expressing the
fractions over the different wholes (E12). The statements regarding
such error types are presented in the findings section.

The problems posed by the primary school teachers were
analyzed using the qualitative descriptive analysis method, with
reference to the problem types categories identified by Kar and Isik
(2014). Each problem sentence posed by primary school teachers
was read and reviewed carefully, and a classification was sought by
coding the sentences.

Coding of data was carried out by an expert in doctoral
dissertation of elementary mathematics education and the
researcher. The doctoral student was trained by the researcher. To
examine the inter-rater reliability, the researcher coded all primary
school teachers’ responses and then an expert in doctoral
dissertation of elementary mathematics education independently
coded them. The rate of agreement on the coding of the responses
was 92%. Then, by comparing the analyses, the same error
categories were taken directly and a common decision was reached
by discussing different ones. As a result, the category of each
problem has been determined. These categories are included in the
findings section. In the problems teachers set up, more than one
type of error can be found at the same time. The distributions of
error categories for each of the four items in the problem building
test were formed by quantitative analyzes.

In this process, the percentage and frequency tables were
formed taking into account the number of faults in each problem
setting item. As a result of the analysis, the determined categories
are detailed in the findings together with the frequency and
percentage table. Thereafter, the analyses by the author and the
researcher were compared. The responses on which the
disagreement occurred were reread, and an agreement was
reached. As a result, the category of each problem has been
determined. These categories are included in the findings section.
The problems posed by the teachers can present more than one
error type simultaneously. The distribution of error categories with
respect to each of the four items in the Problem Posing Test, in
turn, was developed through quantitative analyses.

In this process, the number of errors regarding each problem
posing item was used in developing the percentage and frequency
tables. As a result of the analysis, the determined categories are
detailed in the findings together with the frequency and percentage
table.

The models used in fraction teaching are considered in the
process of determining the models that teachers use to solve the
problems they have posed. For this reason, the models teachers
employ when solving problems they posed are categorized as

region/area, length, set, concrete model, or blank. The region/area
models were further classified using the sub-categories of square,
rectangle, circle, and triangle. The models used by the teachers
were analyzed by two distinct researchers, followed by a
comparison of their assessments. The ones where they concurred
were included directly, whereas further reconciliation was sought for
the ones that differed. In conclusion, percentile and frequency
tables were drawn up, taking into account the numbers of models
used to solve each problem.

RESULTS

The answers primary school teachers enrolled in the
study provided with respect to four basic operations
entailing subtraction with fractions were categorized as
problem, not-a-problem, or blank. The findings regarding
the categorization are provided in Table 2.

Table 2 reveals that 111 (89.6%) of all 124 responses
provided by primary school teachers were problems,
while 7 (5.6%) were not, and 6 (4.8%) were blanks.
Furthermore, in the problem category, the largest group
of responses entailed the first item, where a proper
fraction was subtracted from another proper fraction,
whereas the smallest group of responses entailed the
fourth item, where a mixed fraction was subtracted from
another mixed fraction, to produce yet another mixed
fraction. Against this background, one can argue that the
teachers' level of success in providing responses in the
problem category decreases as they proceed from the
first item to the fourth one.

Seven (5.6%) responses provided by the teachers were
categorized in the not-a-problem category. For instance,
the response provided by T30 for item 1 reads “Ali spent

a part of g of his cash. The amount he spent is equal to g

of his cash." In his response, the teacher attempted to
express the fractions verbally, but failed to reflect the
subtraction operation in the question form. The response
provided by T3 for item 4, on the other hand, reads ‘I
paint 1% of the fraction 3% to blue. Please depict the not-
blue section using a model employing operations." Again,
the response provided by the teacher coded T3 does not
contain a question form. For item 3, T3 again responded
with the phrase "What is g less than fraction 2% ?", asking

the calculation of an operation's result, rather than
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Table 3. Classification of the problems posed by the teachers, with reference to the types of errors.

Item 1 Item 2 Item 3 Item 4
Errors 5 2 1 2 4 7 1 2 Total

G~ 8 1373 2579 Gz~ 19

% N % N % N % N %

E1 1 23 - - - - - - 1 0.4
E2 - - 8 15.7 10 17.2 9 18.4 27 13.4
E3 1 23 - - 1 17 1 2 3 15
E4 - - - - - - - - - -
ES5 - - - - - - - - - -
E6 18 41.9 18 35.3 17 29.4 14 28.7 67 33.4
E7 - - - - - - - - - -
E8 - - - - 7 12.1 3 6.1 10 5
E9 5 11.6 4 7.8 4 6.8 3 6.1 16 8
E10 17 39.6 21 41.2 18 31.1 16 32.7 72 35.9
E11 1 23 - - 1 17 1 2 3 15
E12 - - - - - - 2 4 2 0.9
Total 43 100 51 100 58 100 49 100 201 100

formulating a problem that can be associated with daily
life.

89.6% of the responses provided by the teachers can
be categorized as problems; however these problems
have also their share of certain types of errors. The
findings regarding the distribution of such error categories
are provided in Table 3.

A glance at Table 3 reveals that the teachers
committed the largest number of errors when responding
to item 3 where a mixed fraction was produced when a
proper fraction was subtracted from a mixed one (58),
followed by item 2 where a proper fraction was produced
when a proper fraction was subtracted from a mixed one
(51). These are followed by item 4 entailing the
subtraction of a mixed fraction from another mixed
fraction (49 errors), and item 1 entailing the subtraction of
a proper fraction from another (43 errors). The most
frequent error committed by the teachers was E10
(35.9%). It is followed by E6 (33.4%), E2 (13.4%), E9
(8%), and E8 (5%). E1, E3, E11 and E12, on the other
hand, were committed very rarely. Furthermore, the
teachers who took part in the study did not commit E4,
E5, and E7 at all.

ltem 1

A total of 43 errors were observed in 30 responses
considered problems pertaining to the operation 2—2:?

entailing the subtraction of a proper fraction from another
one. The average number of errors committed per
problem is 1.4. Among all errors, the most common ones

were E6, E10, and E9, while E1, E3, and E11 were
rarest. E2, E4, E5, E7, E8 and E12, on the other hand,
were not observed at all. Among these, E7 and E8 were
not observed in this item as they characteristically pertain
to mixed fractions.

For item 1, T4 posed the problem "Ayse keeps g of her

2 .
allowance unspent. She saves 3 of the unspent amount in

her piggy bank. How much money Ayse has left out of
her unused allowance?" The problem posed by the
teacher is marred by a failure in expressing the operation
in the question root (E6). The problem asks for the

. 2 5 . .y .
calculation of 3 of p thus, requires multiplication.

Therefore, the subtraction was not reflected on the
guestion root in the problem posed. Moreover, the
fraction produced in the problem thus posed is
expressing the subtrahend fraction as a certain amount of
minuend fraction, hence contains a E10 type error as
well.

One of the errors committed in item 1 is E9. T31 posed

the problem "Ayse ate g of 40 walnuts. Hasan ate g of 40

walnuts. What is the difference between the amount of
walnuts they have consumed?" Even though the teachers
were asked to pose a problem which can be solved with
the operation specified, some attributed a value to the
whole and considered the fractions involved in the
operation, certain amount of that whole.

Among the teachers who took part in the study, only
T14 committed the error E1 when posing a problem. That

" . 5 . .
problem reads "An automobile covered 3 of a distance in

the morning. In the afternoon, it covered g ofthe remaining



remaining distance. What is the difference between the
distances the automobile covered in the morning and in
the afternoon?" In that problem, the teacher assigned the

term road covered in the morning to g while noting thatg

of the remainder was covered in the afternoon. In the
problem, the teacher presented the fraction with
reference to the remaining amount of distance rather than
the initial distance involved.

Item 2

A total of 51 errors were observed in the 28 answers
provided in the problem category with reference to the

operation 1%— § =? entailing a proper fraction produced

by subtracting a proper fraction from a mixed fraction.
The average number of errors committed per problem is
1.8. Among all errors, the most common ones were E10,
E6, and E2. Error types E1, E3, E4, E5, E7, E8, E11, and
E12, on the other hand, were not observed at all in this
item. The rarest type of error observed with this problem
posing item, on the other hand, is E9. The problem posed
by T22 for item 2 entailed an error in E10 category. The

problem formulated by the teacher reads "Nur ate 2 of a

1% pizza. What is the proportion of the remaining pizza?",

where the teacher expressed the subtrahend fraction as
a certain amount of minuend fraction, rather than of the
whole. This constitutes a E10 error on part of the teacher.
This also posed an obstacle in terms of expressing the
operation in the problem root, hence led to an H6 error as
well.

Another type of error committed with the problems
posed with reference to item 2 was E2 where a failure to
establish the link between the part-whole exists. The
problem posed by teacher T12 also exhibits E2 error. The

problem reads g out of 1% of a plot is left to fallow. What

is the size of the cultivated section?" E2 error refers to
problems which were posed in ignorance of the fact that
the fractions involved in the operation or the fraction
produced as a result of the operation was larger than the
whole. In this problem, even though we have only a

single plot, the question refers to a 1§ portion.

Furthermore, E10 error is also present as the fraction
produced in this problem is expressed a certain amount
of minuend fraction, not to mention E6 due to the failure
to express the operation in the problem root.

Item 3

A total of 58 errors were observed in 28 responses

considered problems pertaining to the operation 2%— % =

? entailing the subtraction of a proper fraction from a
mixed fraction, to produce another mixed fraction. The
average number of errors committed per problem is 2.07.
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Among all errors, the most common ones were E10, E6,
E2, E8, and E9, while E3 and E11 were rarest. Error
types E1, E4, E5, E7, and E12, on the other hand, were
not observed at all.

One of the errors committed under this item is E2. For
instance, the problem posed by teacher T21 reads "How

much of the melon would remain after eating % of the

4 . . " .
melon 2; of which had remained?" entails such a error. In

this problem, the melon stipulated by the teacher is larger
than a whole.

When posing a problem with respect to item 3, T16
committed the error E8. The problem posed by the
teacher reads "Assuming that we have painted 2 walls of

equal size at the school, and 2 of a wall which is equal to

its g what portion of the walls would remain without
paint?" The result of the operation to solve the problem is
12. However, the problem form tried to present the mixed

fraction with the phrase "what portion of the walls would
remain without paint". The phrase "what portion" would
be acceptable in case of proper fractions, but not so with
mixed ones, taking into consideration its reference to the
relationship between the whole and its parts. That is why
it is a E8 error to refer to the mixed fraction produced
through the operation, using the phrase "what portion".

Item 4

A total of 49 errors were observed in the 25 answers
provided in the problem category with reference to the

operation 3%— 1% =? entailing a mixed fraction produced

by subtracting a mixed fraction from a mixed fraction. The
average number of errors committed per problem is 1.9.
Among all errors, the most common ones were E10, E6,
and E2. Error types E1, E4, E5, and E7, on the other
hand, were not observed at all with this item. The rarest
types of error observed with this problem posing item, on
the other hand, are E3, E11, and E12.

Another error committed with item 4, entailing the
subtraction of a mixed fraction from another mixed
fraction is E3, which refers to attributing natural number
meaning to the result of the operation. T19's problem with

a E3 error was posed as "A student who read 3% of her

books prepared summaries of 1% of the books she read.
How many books remain without a summary?" Even
though the result of the operation was a mixed fraction,
T19 formulated the question as if the result would be a
natural number.

T7, on the other hand, committed E11 error with a
logical error when posing a problem for the operation

provided. The problem posed by T7 reads "l drank 1ZL

out of 3%L milk. How much water do | have left?" The
problem mentions milk in the part presenting the data,
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Table 4. Models employed by teachers for each item.

Area model .
Items - . Number Line Blank Total
Square Rectangle Circle Triangel Concrete model
Item 1 2 23 5 - - - 1 31
Item 2 4 16 6 1 1 1 2 31
Item 3 5 22 1 - 1 1 1 31
Item 4 6 13 10 - 1 1 31
Total 17 74 22 1 3 5 124
and refers to water when asking the question. Therefore, DISCUSSION

the data presented and the result asked are not
compatible.
The problem posed by T23 for item 4 entails a E12

error. The problem posed by the teacher reads "Ahmet
used 3% plates for the roof of his home, while Mehmet

used 1% . What is the amount of plates Ahmet used in

excess of the amount used by Mehmet?" This error type
refers to the problems where the fractions involved in
subtraction were represented over unequal wholes. The
problem posed by T23, in this context, mentions the roofs
of different houses.

The teachers were asked to employ models for solving
the problems they posed. Table 4 presents the models
the teachers employed for each item. The teachers have
resorted to modeling for each item, even though they did
not pose a problem. Table 4 presents the models
employed by the teachers for the items provided.
Teachers left 5 out of a total of 124 items blank, without
employing any models at all.

Furthermore, in 116 cases, the teachers employed the
area model. When employing the area model, the
teachers used a number of distinct geometric shapes and
images of concrete models. In this process, 17 items
were posed with squares, 74 with rectangles, 22 with
circles, and 1 with triangles. Two items, in turn saw the
use of concrete models.

Among the two, one employed the area model with a
torus, and the other with a bottle drawing. Just 3 items
saw the use of number lines, whereas none of the
teachers who took part in the study employed the set
model to represent the fractions.

Figure 1 below presents the area models provided by
teachers for items 1, 2, and 4. Teachers T1 and T26
employed geometric shapes in the area model, whereas
T9 opted with the use of a concrete model. T1 used a
rectangle, T29 a circle, and T9 a torus.

Figure 2 depicts the number line model T12 used for
item 3. The teacher first presented the subtracted fraction
by converting it to an improper fraction over number line,
followed by the conversion of the subtracted fraction to
an improper fraction. Then, the teacher referred to the
difference between the two.

Posing a problem is one of the alternative assessment
tools used to identify conceptual understanding skills,
misconceptions or errors (Ticha and Hospesova, 2009).
The primary school teachers who took part in the study
were presented with four operations entailing subtraction
with fractions. The teachers were then asked to pose
verbal problems regarding these operations, and to solve
the problem thus posed, through modeling. The
responses provided by the majority of the teachers
involved in the study, with respect to the operations
provided, meet the criteria for problems.

The study reveals that the rate of correct responses
offered in the problem category falls as one progresses
from item one where both the minuend and the
subtrahend are proper fractions, towards item four where
a mixed fraction is subtracted from another mixed
fraction; a result confirming the findings of Kar and Isik
(2014). One of the reasons for this may be the difficulties
teachers have with mixed fractions.

In this context, one could argue that the increase in the
number of mixed fractions involved in the operation
regarding which a problem is to be posed have a
negative impact on the teachers' ability to pose correct
problems (Kar and Isik, 2014). Even though most of the
given answers have problem property, the verbal
problems posed by the teachers entail certain errors.

Kar and Isik (2014) identified 12 types of errors seventh
year secondary school students had in terms of problem
posing involving subtractions with fractions. However, the
present study observed just 9 of these. The types of
errors identified in the present study are E1, E2, E3, E6,
E8, E9, E10, E11 and E12. On the other hand, in contrast
to what Kar and Isik (2014) found, the present study did
not come across error types E4, E5, and E7. Error types
El, E4, E10, E11, and E12 observed in this study are
comparable to what Kar and Isik (2015) found with
secondary school mathematics teachers, while error
types ES8, E9, E10, E11, and E12 are similar to the types
of errors McAllister and Beaver (2012) observed in the
problems pre-service primary school teachers posed with
respect to the subtraction operations.

The fact that nine distinct types of errors were observed
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a) Taecher T1’s modeling for item 1

b) Teacher T26’s modeling for item 4

c) Teacher T9’s modeling for item 2

Figure 1. Area models employed by the teachers.

Figure 2. T12's modeling for item 3.

in the study reveals that the teachers have significant
shortcomings when posing problems regarding
subtraction with fractions. Kar and Isik (2015) through an
analysis of the types of errors and the statements
provided, noted three issues in the heart of the errors.
These issues are

1. Difficulties in terms of language
2. Difficulties in terms of conceptualization, and
3. Difficulties caused by the teachers' habits regarding

the teaching process (Kar and Isik, 2015).

These issues may lie at the core of the errors committed
by the primary school teachers involved in the present
study. The failure to grasp the relationship between the
part and the whole, the inability to use relevant units with
the fractions, and the statement of fractions with
reference to different wholes are but a few of the errors
which may be caused by the conceptual difficulties
teachers have with the concept of fractions. Such errors
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observed at the conceptual level regarding the operations
with fractions have roots extending back to the fractions
concept (Charalambous et al., 2010).

The conceptual shortcomings observed in teaching of
subtraction with fractions can have negative connotations
regarding the education processes themselves as well.
For content, knowledge is one of the most significant
determinants of teaching of mathematics (Ball et al.,
2008; Ball et al., 2001).

One of the important reasons for the errors in the
problems that teachers posed in this research might be
the difficulties in the linguistic dimension. Because, in the
study conducted by Kar and Isik (2015), the teachers
stated that they had difficulties in expressing their
thoughts while posing problems during the focus group
interviews. On the other hand, expressing the resulting
fraction with reference to the remainder of the whole, or
as a certain portion of the minuend, the failure to reflect
the subtraction to the question root, assignment of a
value to the whole, logical fallacies, and the use of "what
portion” phrase with reference to mixed fractions may
have something to do with the difficulties experienced at
a conceptual level, as well as deficiencies in verbal
language skills (Kar and Isik, 2014).

Besides, it is seen that the difficulties experienced in
the linguistic dimension are more frequent in the items in
which at least one of the mixed fractions is minuend or
subtrahend. Another important reason for the errors in
the posed problems is the routines of the teachers in the
teaching process. Teachers, although they all know that
wholes have to be equal but they do not give expressions
about this situation in their problems. Problems that
teachers pose such as providing opportunities for
students to learn can also lead to misconceptions (Isik
and Kar, 2012b; Kar and Isik, 2015).

Therefore, such deficiencies in teachers can be seen
as an important reason for the misconceptions of
students at the conceptual level. For example, if the
teachers do not emphasize enough that all of wholes
have to be equal, that may cause the students to do
operations on fractional numbers which contain non-
equal wholes (Kar and Isik, 2015).

The most common types of error observed with the
problems posed by the primary school teachers who took
part in the study are expressing the subtrahend fraction
as a certain amount of minuend fraction (E10), failure in
expressing the operation in the question root (E6), and
not being able to establish part-whole relationship (E2), in
the respective order.

These results are parallel to the study of Kar and Isik
(2014). But Kar and Isik (2015) study with secondary
school mathematics teachers, in contrast, express the
fractions over the different wholes (E12), logical error
(E11), and unit confusion (E7) as the most common
errors. Among these, only H10 is specific to subtractions
with fractions. Existing studies (lsik and Kar, 2012c;
McAllister and Beaver, 2012) suggest that unit confusion,

attributing natural number meaning to the result of the
operation, not being able to establish part-whole
relationship and failure in expressing the operation in the
question root as highlighted by the present study, are
more common in the problems posed with reference to
fraction operations, compared to others. This is perhaps
due to the teachers having more difficulty in these error
types, and the roots of such errors lying in the
shortcomings regarding the concept of fractions. The
most common error the teachers committed with respect
to E6, in turn, was to pose the problems as
representations of a*b, rather than a-b. In this error type,
the teachers considered the subtrahend of the fraction as
a certain part of the minuend of the fraction, rather than
that of the whole.

The average number of errors the problems provided
by primary school teachers in response to each item of
the problem posing test entails is greater than one. It is
clear that the teachers have significant difficulties in
terms of their problem posing skills. This finding is in
parallel to those of Kar and Isik (2014). Taking into
account the average number of errors regarding each
problem posing item, the lowest average number of
errors (1.4) was observed with item one, where both the
minuend and the subtrahend were proper fractions.

On the other hand, the average number of errors rises
to 2.07 with item three, where, particularly the result of
subtracting a proper fraction from a mixed fraction was to
be another mixed fraction. In other words, on average,
each problem posed contains more than two errors. This
may be due to the teachers' less than stellar abilities
regarding posing problems related with daily life, with
reference to subtraction with fractions.

Herman et al. (2004) stated that elementary school
students can explain the addition operation with fraction
process with symbolic representations, while a few can
create descriptions or stories about the process of
addition operation with fractions. The results of this study
also show that the students have a lower chance of
posing problems related to daily life situations for
subtraction operation with fractions.

The teachers have resorted to modeling for each item.
Teachers left only a few items blank, without employing
any models at all. Furthermore, the majority of the
teachers employed the area model, and while doing so,
made use of the images of various geometric shapes and
concrete models. The most widely used geometric
shapes were squares, rectangles, and circles. Tabak et
al. (2010) found that 4 and 5th year primary school
students had substantial success in using the area model
for expressing fractions. They concluded, with reference
to the students' ability to interpret fractions using various
geometric shapes (squares, rectangles, triangles,
parallelograms, circles, and right trapeziums under the
area model, that they had been highly successful with
circles, rectangles, circles, and parallelograms (Tabak et
al., 2010).



The primary school teachers employed the number line
only with a few items; the set model, on the other hand,
was not used at all. The teachers' preference for the area
model may stem primarily from the fact that they would
be dealing with years 1 to 4. For the students in such
years are yet capable almost only of concrete thought;
the use of the area model may be an easier route for the
teachers to explain. The lack of use of the set concept, in
turn, may be explained by the lack of reference to that
topic at the primary school level. On the other hand, the
teachers may be simply experiencing difficulties with the
use of number lines and set models. Tabak et al. (2010)
found in this context, that the students had only minor
success with the number line model.

CONCLUSION AND RECOMMENDATIONS

The present study was based on four items developed
with reference to subtraction with fractions. The fractions
used in these items were chosen to common
denominators, as the study group was primary school
teachers. As a means to build on this study, similar
ventures can be tried on operations involving fractions
with different denominators, as well as on different
operations involving fractions. The study was carried out
with 31 teachers employed at three schools. In this
context, similar studies can be executed with ever larger
samples. This would help improve the generalization
ability of the results, through nothing but access to wider
audiences.

The present study gathered data through the problem
posing test developed for the study. Future studies may
employ interviews as well, with a view to obtaining in-
depth insights into the errors committed by the teachers.
Moreover, the types of errors identified in the present
study suggest roles played by difficulties experienced on
the language front, problems regarding conceptualization,
and issues with the teachers' habits regarding the
teaching process. The interviews may help identify the
causes of the types of errors committed by the teachers,
and eliminate them through workshops and in-service
trainings etc. Moreover, it is interesting that the teachers
who took part in the study mostly made use of the area
model. The interviews may try and investigate why the
area model had been thus dominant.
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