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study, errors in equations including algebraic fractional expressions 

were examined to determine where ninth-grade students in their 
comprehension of these expressions. The study employed a 

holistic multiple-case strategy, and the gathered data were 

evaluated using content analysis. The results indicate that students 
made the most mistakes with the definitions of quotient and 

fraction-whole. Certain sorts of errors in the job are applicable to 

all fraction interpretations, while others appear to be fraction-
specific. Depending on the type of fraction, the mistake 

circumstances varies. 
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Introduction 

Numbers and operations are an integral part of mathematics. However, 

mathematics is much more than that. To develop meaning about 
mathematical concepts understand, it is necessary to have the conceptual 
knowledge (Hiebert & Carpenter, 1992, Star, 2001).  

Many definitions of conceptual knowledge (Brownell, 1935; Byrnes & Wasik, 
2009; Garofalo & Lester, 1985; Greeno, 1978) have been made in the past. 

Crooks and Alibali (2014) based on an intensive literature review, existing 
definitions of conceptual knowledge are related knowledge (relationships 
within a domain; Hiebert & Lefevre, 1986), knowledge of general principles 
(general rules, facts, and definitions; De Jong & Ferguson-Hessler, 1996), 
knowledge of principles on which procedures are based (foundations of 

principles; Pardhan & Mohammad, 2005), category knowledge (categories 
that organize knowledge; Byrnes, 1992), domain structure knowledge 
(organization of mathematics; Robinson & Dube, 2009), and symbol 
knowledge (symbol meanings; Ploger & Hecht, 2009) divided into six 
categories.  

This study focused on students’ symbol knowledge in the context of equations 

containing algebraic fractional expressions. Alibali et al. (2014) stated that 
symbols in equations are important in conceptual understanding and that the 
formation of algebraic thinking depends on understanding symbols.  

Chae (2005) stated that symbolic representation could be transformed into 
verbal story representation, tabular representation, or graphic representation. 

Instead of giving symbols alone without any context, giving them concerning 
these references (e.g., diagram, table, verbal explanation) is important for 
learning equations in a meaningful way (Alibali et al., 2014; Kopparlaa et al., 
2019; Panasuk & Beyranevand, 2010). 

As these references are helpful in the interpretation of symbols, the operations 

in which symbols are used together are also important in terms of the 
meanings attributed to symbols.  Algebraic fractions are symbolic 
representations that can be formed differently ways, used in different 
operations, and therefore have different meanings. For example, x/y can 
represent the ratio of the numbers x and y, and can also be represented as x 
over y. The meanings ascribed to algebraic fractions can be affected by 

different representations and meanings of fractions. 

Fractions can be represented in four different ways: verbally, symbolically, as 
an object, and as a model (Birgin & Gurbuz, 2009). While verbal 
representation is the expression of fractions in spoken language (two out of 
seven, etc.), symbolic representation is the representation with numbers (like 

1/2) or symbols (like a/b). Object representations are representations made 
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using concrete objects. Model representations are conceptual systems 
developed to mathematically describe, explain, interpret, and represent a 
situation (Lesh & Doerr, 2003). Model representations used in fractions are 
length, area, and set. It is important to use different representations of 
mathematical concepts and to make transitions between these 

representations in terms of providing conceptual understanding (Bossé, Adu-
Gyamfi & Cheetham, 2011) 

Algebraic fractional equations are thought to have a more complex structure 
because both algebraic symbols and fractions have different representations. 
One of the things that complicate the fraction is the different meanings it has 
(quotient meaning, measure meaning, ratio meaning, operator meaning, 

part-whole meaning). The meaning of division comes from the logic of equal 
sharing (Empson, 1995). Measuring means identifying a length and then using 
that length to measure another object's length (Van De Walle, Karp and Bay-
Williams, 2012). Ratio means the ratio of two quantities to each other (Acar, 
2010). It is the case when the rational number in the operator sense is the main 

element of an operation. For example, if you are asked to find 1/3 of the 
flowers in a vase, the rational number 1/3 here acts as an operator. Ratio 
meaning involves comparing two quantities (Acar, 2010). In the sense of part-
whole, students break the given objects and learn to express the resulting 
parts as “fractions” according to the unit whole (Toluk, 2001).  

This research discusses the verbal representation of the symbolic 
representation of equations with algebraic fractions. In the problems posed by 
the students about the addition of fractions, there were seven categories  
expressing the second fraction over the remainder of the whole, not 
establishing the part-whole relationship, attributing a natural number meaning 
to the result of the operation, unit confusion, attributing the natural number 

meaning to the collected fraction numbers, not reflecting the operation to 
the root of the question, and failing to attribute meaning to the whole parts of 
integer fractions (Isik & Kar, 2012).  

Similar situations were encountered in studies conducted with pre-service 
teachers (Basturk, 2016; Akcay & Ardic, 2020). In addition, teachers have 

difficulty teaching fractions (An, Kulm & Wu, 2004; Izsak, 2008). The same is true 
for algebraic expressions. For example Isik and Kar (2012) examined the 
problems posed by pre-service teachers about equations with one and two 
unknowns of the first degree and they found that pre-service teachers made 
mistakes such as incorrectly translating mathematical notations, assigning 

unrealistic values to unknowns, and posing problems by changing the 
structures of equations.  

In this research, the verbal representation of the symbolic representation of 
equations with algebraic fractions is discussed. In order to determine the 
mistakes made in the conceptual knowledge dimension in equations with 



 

 

 

Journal of Qualitative Research in Education 

 
 135 

doctoral thesis of the responsible author, 
titled “Examination of the Development of 
Computational and Conceptual Knowledge 

algebraic fractions, problem posing skill, which is a dimension of problem 
solving skill, was examined. Because most of the time, the individual uses 
conceptual knowledge in this process (Roth, Jones & Idol, 1990).  

Problem posing was added to Polya's problem-solving methodology as the 
fifth step by Gonzales (1994). Problem posing is an important part of research 

and practice in school mathematics and is regarded as a critical intellectual 
activity in scientific research for a long time (Pirie, 2002; Cai, Hwang, Jiang & 
Silber, 2015). Silver (1994) defined problem posing as either the creation of 
new problems or questions or the reframing of a given problem to investigate 
a given situation.Problem posing supports students' conceptual understanding 
and helps teachers to see students' deficiencies in that concept (Ayllón, 2005).  

Some methods for problem posing include formulating a problem under some 
given conditions (a representation, a required context, a specific operation) 
(Christou, etc., 2005; Stoyanova, 1998). The semi-structured problem-posing 
situation was used in this study. In this context, the mistakes made by students 
while posing verbal problems related to daily life about equations with 

algebraic fractions were examined. 

In the literature, there are many studies on the fractions such as (Bunar, 2011; 
Kavuncu & Yenilmez, 2021), operations in fractions (Barlow & Cates, 2006; Isik & 
Kar, 2012; Koichu, Harel & Manaster, 2013; Aydogdu Iskenderoglu, 2018; 
Martinez & Blanco, 2021) and algebraic expressions (Stephens, 2003; Isik & Kar, 

2012; Alibali et al., 2014) to create a verbal problem and mistakes made in this 
process. Although there are very few studies on posing problems with 
equations with algebraic fractions (Tastepe & Yanik, 2021), there has been no 
study on the mistakes made in this process. In this direction, besides helping to 
eliminate the deficiencies in this context, it will also contribute to student 
education.  

To be successful in problem posing, students always ask themselves questions 
like "What… changed?”, “What if…?" and "What if ... not?" when they face a 
math problem, problem situation, or the answer to a problem (Ghasempour, 
Bakar & Jahanshahloo, 2013). They also resort to several strategies 
(Ghasempour, Bakar & Jahanshahloo, 2013) such as "What if" or "What if not" 

strategy (Brown & Walter, 2005), imitation strategy (Kojima, Miwa & Matsui, 
2009), effective questioning strategy (English, 1997). 

Problem posing has been an important part of research and practice in 
school mathematics and is regarded as a critical intellectual activity in 
scientific research for a long time (Cai, Hwang, Jiang & Silber, 2015). This study 

aimed to determine the mistakes made by 9th-grade students while posing 
problems regarding equations with algebraic fractions. 

Methodology 
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A holistic multiple-case design was used to determine the mistakes made by 
9th-grade students while posing problems regarding equations with algebraic 
fractions. In this design, there is more than one situation; each situation is 
examined in a holistic way and compared with each other (Yin, 2018). In this 
research both in the context of different meanings of the fraction (Part 

meaning, processor meaning, part-whole meaning, ratio meaning, 
measurement meaning) and in the context of equations involving different 
algebraic fractions (numerator algebraic denominator numeric (NaDn), 
numerator numeric denominator algebraic (NnDa) and algebraic numerator 
and denominator (NaDa)) were discussed. Each case was studied and 
compared in terms of strategies used in problem posing. 

Participants 

First of all, to identify low and medium level participants in writing problems to 
equations containing algebraic expressions, pre-assessment with 6 open-
ended questions was implemented to 240 ninth grade students studying in a 
small city in the northern region of Turkey. First, participants who could write at 
least 4 problems correctly or incorrectly in the problem-posing test were 
determined and the criterion sampling method was used. Then the 

convenience sampling was used and four voluntary ninth grade students with 
three low scoresith three low scores (writing one problem) and one medium 
score (writing two) were selected from this test. Table 1 shows the types of 
equations (numerator algebraic denominator numeric (NaDn), numerator 
numeric, denominator algebraic (NnDa), numerator and denominator 

algebraic (NaDa)) in the pre-test and the true-false or incompleteness of the 
problems written by the students and their frequencies. 

Table 1. 

Information on completing the problem-posing task of the participants 

Kind of Algebraic 

expression 

Question number Participant 1 

(P1) 

Participant 2 

(P2) 

Participant 3 

(P3) 

Participant 4 

(P4) 

NaDn 
 

3 question 1True 
1Missing 
1False 

 

2True 
- 
1False 

2True 
- 
1False 

1True 
- 
1False 

NnDa 2 question 
 

- 
- 
- 

- 
 
 
 
 

- 
- 
2False 

- 
1Missing 
1False 

NaDa 1 question - 
- 

- 

- 
- 

- 
 

- 
1Missing 

- 

- 
- 

- 

Score level  Low Medium Low  Medium 
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Table 1 shows that the rate of completing the problem test of the participants 

varied between 16% and 33%. The rate of completed problem posing for the 
NaDn 66%, NnDa 0%, NaDa 0%. Within this information, the study group made 
a normal diversity selection. 

Data Collection Tools 

A problem posing test consisting of 29 questions has the equation different 
algebraic fractions (13 questions numerator algebraic numeric, 8 questions 

numerator numeric numeric numeric numeric and 8 questions numerator and 
numerator algebraic). The problem-posing test was applied in 3 different 
sessions at one-week intervals, depending on the fraction type. Students were 
asked to pose verbal problems related to daily life following the data in the 
algebraic fractional expression given.  

In this study, a think-aloud protocol and a semi-structured interview form 
consisting of eight main questions and various side questions developed by 
the researchers were used. The think-aloud protocol is when individuals 
perform a task and verbally express everything that crosses their minds during 
task performance (Jääskeläinen, 2010). 

Data Analysis 

The obtained data were analyzed using by content analysis method. 

“Content analysis is a method for analysing the content of a variety of data, 
such as visual and verbal data. It enables the reduction of phenomena or 
events into defined categories to better analyse and interpret them” 
(Harwood & Garry, 2003, pp. 479).  

Similar data were brought together within the framework of certain concepts 

(meanings of fractions, types of fractions used) and themes (mistakes made) 
and organized in a way that the reader can understand. 

Validity and Reliability of the Study and Ethics 

Triangulation, researcher’s position, maximum variation, adequate 
engagement in data collection, rich and thick descriptions and audit trail, 
which are strategies for promoting validity and reliability (Merriam & Tisdell, 
2016) were used in this study. The triangulation was employed by using 

multiple data collection tools semi-structured interviews, observations, 
problem posing papers and think-aloud protocol to verify findings. 

The maximum variation strategy was used in sample selection. In this study 
participants consisted of 4 ninth-grade students. They had a different problem-
posing levels and the rate of completing the problem test of them varied. One 
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of the researchers spent two hours with each participant while interviewing 
them their levels for adequate engagement in the data collection strategy. 

Regarding ethics, first of all, the necessary permissions were obtained from 
student, parent and teacher of the student. Also, volunteer students were in 
the study, the participants' identity information was kept confidential, and 

codes were given from P1 to P4. Necessary permissions were obtained from 
the Directorate of National Education to conduct the research. The students 
participating in the research were informed about the research process and 
participant rights, and written permission was obtained from the students, 
teachers and parents of the students. The interviews were held in public 
places such as libraries and cafes. Interview records and data were not 

shared with anyone other than the researchers (Yildirim & Simsek, 2013). 

Results 

In this study, the participants were asked to write problems for different 
algebraic fractional equations. In Table 2, It is seen that the participants tried 
to write verbal problems for the given equations (146 problems for 29 
equations), but they wrote incorrect problems (f=37). The frequencies and 
percentages of the errors made in this process are given in Table 2 in the 

fraction type category.  

Table 2. 

Errors Made by Fraction Types 

Meaning of 
Fraction 

Fraction Type   

 NaDn NnDa NaDa Total 

 f %  %  % f % 

Number of 
questions 
asked 

13 44,82 8 27,58 8 27,58 29 100 

Number of 
problems 
posted 

 
66 

 
45,20 

 
37 

 
25,34 

 
43 

 
29,45 

 
146 

 
100 

Correct 43 65,15 28 75,67 34 79,06 105 71,91 

Missing 2 3,03 1 2,70 2 4,65 5 3,42 
Incorrect 21 31,81 8 21,62 7 16,27 36 24,65 
Empty 0  1  1  2  
Type of 
error made 1 Dnfe**** 

14 CE 
2 NQ 
4 MV* 

4,76 
66,66 
9,52 

19,04 

1 Dnfe 
3 CE** 

3 Cnd*** 
1 

AMC***** 

12,50 
37,50 
37,50 
12,50 

1 Dnfe 
5 CE 
1 MV 

14,28 
71,42 
14,28 

3 Dnfe 
22 CE 

2 NQ****** 
5 MV 
3 Cnd 
1 AMC 

8,33 
61,11 
5,55 
13,88 
8,33 
2,77 

MV*: Meaning of the variable, CE**: Changing the equation, Cnd***: Confusing the numerator and denominator, 
Dnfe****: Don't act like a non-fractional equation, AMC*****: Adding mathematical content, NQ******: No question 
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According to Table 2, the participants could write 146-word problems into the 

29 equation containing algebraic fractional expressions. Although most of the 
written word problems are correct, some problems incorrect and incomplete 
problems. In the problems written, it was seen that the most common mistakes 
were "changing the equation (CE)", while the other mistakes were much less 

than each other. According to the equations containing different algebraic 
fractional expression types, the most common mistake was "changing the 
equation (CE)". The error of “confusing the numerator and denominator (Cnd)” 
in equations containing algebraic fractional expressions in the numerator 
numerical denominator algebraic (NnDa) was the other most common error. 
The least common error was adding mathematical content (AMC). Other 

common errors are the meaning of the variable (MV), don't act like a non-
fractional equation (Dnfe) and no question (NQ). Table 3 shows the errors 
made according to the meanings and types of fractions. 

 

Table 3. 

Errors Made According to the Meanings of Fractions and Their Types 

Meaning of 
Fraction 

Fraction Type   

 NaDn NnDa NaDa Total 

 f %  %  % f % 

Quotient 

meaning 
47 71,21 13 35,13 7 15,90 67  

Correct 
 

29 61,70 11 84,61 6 85,71 46 68,65 

Missing 
 

1 2,12 1 7,69 1 14,28 3 4,47 

Incorrect 
 

17 36,17 1 7,69 0 0 18 26,86 

Type of error 
made 

1 Dnfe 
12 CE 
1 NQ 
3 MV 

 1 Cnd  -  

1 Dnfe 
12 CE 
1 NQ 
3 MV 
1 Cnd 

5,55 
66,66 
5,55 

16,66 
5,55 

Measurement 

meaning 
8 12,12 9 27,02 14 31,81 32  

Correct 6 75 7 77,77 7 50 20 62,50 
Missing 0 0 0 0 1 7,14 1 3,12 

Incorrect 2 25 2 22,22 6 42,85 10 31,25 

Type of error 
made 1 MV 

1 CE 
 

1 CE 
1 AMC 

 
5 CE 
1 MV 

 
2 MV 
7 CE 

1 AMC 

20 
70 
10 

Ratio 

meaning 
2 3,03 13 35,13 19 43,18 34  

Correct 1 50 8 61,53 18 94,73 27 79,41 
Missing 1 50 0 0 0 0 1 2,94 

Incorrect 0 0 5 38,46 1 5,55 6 17,64 
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Type of error 
made 0 0 

1 Dnfe 
2 CE 

2 Cnd 
100 1 Dnfe 100 

2 Dnfe 
2 CE 

2 Cnd 

33,33 
33,33 
33,33 

Operator 
meaning 

7 10,60 0 0 0 0 7  

Correct 5 71,42 0 0 0 0 5 71,42 
Missing 0 0 0 0 0 0 0 0 

Incorrect 2 28,57 0 0 0 0 2 28,57 

Type of error 
made 

1 CE 
1 NQ 

100 0 0 0 0 
1 CE 
1 NQ 

50 
50 

Part-whole 

meaning 
2 3,03 2 5,40 3 6,81   

Correct 2 100 2 100 3 100 7 100 
Missing 0 0 0 0 0 0 0 0 

Incorrect 0 0 0 0 0 0 0 0 

Type of error 
made 

0 0 0 0 0 0 0 0 

MV*: Meaning of the variable, CE**: Changing the equation, Cnd***: Confusing the numerator and denominator, 
Dnfe****: Don't act like a non-fractional equation, AMC*****: Adding mathematical content, NQ******: No question 

According to Table 3, it was determined that the students made the most 

mistakes in the sense of quotient meaning, and they did not make any 
mistakes in the sense of part and whole of the fraction. For this research, the 

mistakes made by the participants while posing problems with equations with 
algebraic fractions were examined within the framework of their 
understanding of fractions (Quotient meaning, measurement meaning, ratio 
meaning, operator meaning, part-whole meaning). 

Quotient Meaning  

According to the data obtained, the most errors (50%) were made in 
fractional quotient. There are five different types of errors regarding this 

meaning of fraction. It has been seen that the equations with the most errors 
are those containing algebraic fractional expressions whose numerator is 
algebraic and whose denominator is numeric. The fraction type that has the 
most problems with the quotient of the fraction has been algebraic fractional 
expressions whose numerator is algebraic denominator is number. There are 

five different types of errors regarding this meaning of fraction. The most 
common error in the problems written about the quotient of this fraction type 
was changing the equation (CE). This type of error is one of the most common 
errors in other fractions' meanings. In Figure 1, there are examples of errors 
made in this sense of the fraction. 

Figure 1. 

Verbal Problem Example for Confusing the Numerator and Denominator 
(Cnd) Error 
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R: Yes. Now, 18, what did we say?  
“I said the number of bookshelves of, Ali. x 
is the initial number of books. In x+4, I 
provided it by saying that he bought four 
more books afterward. I specified three as 
the number of books in each library.” 

R: OK. Well, according to our problem, why 
is 18 in the numerator, and why is x+4 in the 
denominator? “For sharing the books in the 
library…” 

P4, Confusing the numerator and denominator 

(Cnd) 

P4, Confusing the numerator and 

denominator (Cnd), Conversation with 
P4 and researcher 

In equations that have algebraic fractional expressions with the numeric 

numerator and algebraic denominator, 1 confusing the numerator and 
denominator (Cnd) error has been made regarding only the quotient 
meaning of the fraction. This error is a type of error that is only seen in this 
fraction type. 

 

Measurement Meaning 

According to the data obtained, one of the other meanings in which the 

fraction's most mistakes (27,77%) were made was the measurement meaning. 
There are 3 different types of errors regarding this meaning of fraction. Most 
mistakes were made in equations with algebraic fractions whose both 
numerator and denominator are algebraic. The most problems (43,75%) 
about the meaning of fraction measurement were written in equations with 

algebraic fractions containing this fraction type.  

The most common mistake regarding the meaning of fraction measurement 
was changing the equation (CE), similar to the fraction meaning of quotient. 
The meaning of the variable (MV) was another error type that emerged only 
in terms of fraction measurement meaning. In Figure 2 and Figure 3, there are 
examples of errors made in this sense of the fraction. 

Figure 2. 

Examples of Word Problems That are Wrong 
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For instance, P3 was written as the number of items rather than the amount of 

money in the share component, and we attempted to discover the number 

of items by dividing by the amount of money. He could not modify the 
variable's assigned value. However, because he attempted to determine how 
many pencils he bought by dividing the amount of money by the number of 
pencils, he employed the meaning of the word "fraction" in his problem. 

Figure 3. 

Example of wrong word problems 

 

 

 

 

 

 

 

Adding mathematical content 

(AMC) has been determined as an error type that occurs only in the sense of 
measuring the fraction. P2; In her problem, she divided the field by the 
amount of work of the workers and tried to express that the field was plowed 

in 2 weeks and thought to use the meaning of fraction measurement. 
However, she added a different mathematical content by using the 
expression for a few days. 

Ratio Meaning  

The meaning of ratio has become one of the other meanings of the fraction 
with an error (16,66%). There are 3 different types of errors regarding this 
meaning of fraction. The largest number of problems (55,88%)  about this 

meaning of fraction are equations with algebraic fractions whose both 
numerator and denominator are algebraic. On the other hand, the most 
errors (83,33%) were seen in problems written to equations with algebraic 
fractions whose numerator is number and denominator is algebraic.  

 
 

 

 
 

P3, Meaning of the variable (MV) 
 

 
P2, Adding mathematical content (AMC) 
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There are three different types of errors regarding this meaning of fraction. 
Especially Don't act like a non-fractional equation (Dnfe) has become an error 
type that occurs in the sense of fraction ratio and division. In Figure 4 and 
Figure 5, there are examples of errors made in this sense of the fraction. 

Figure 4. 

Examples of Word Problems That are Wrong 

 

 

 

 

 

 

 

P3 used the ratio meaning of the 

fraction in his problem, but could not emphasize the fraction. The problem he 
wrote satisfies the algebraic expression "x+4 = 5x". 

Figure 5. 

Examples of word problems that are wrong 

 

The changing the equation (CE) error has also been one of the errors in the 

meaning of the ratio. In his problem, P4 expressed the time by proportioning 

the distance and speed to each other and used the ratio meaning of the 
fraction. However, in the problem posed by P4, he first changed the equation 
by expressing two as in the denominator of the fraction and 3x on the 
opposite side of the equation. On the other hand, he had confusion in the 
numerator and denominator by mixing the units of speed, distance, and time, 
and made the mistake of Confusing the numerator and denominator (Cnd). 

Operator Meaning  

The meaning of operator has become one of the other meanings of the 
fraction with an error (5,55%). This meaning is only used in equations 

 

P3, Don't act like a non-fractional 

equation 

 

P4, Changing the equation (CE) and Confusing  
the numerator and denominator (Cnd) 
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containing algebraic fractional expressions with algebraic numerators and 
numeric denominators. There are two different types of errors regarding this 
meaning of fraction. The Changing the equation (CE) and The no question 
(NQ) errors occurred in the sense of the operator of the fraction.  Figure 6 
shows examples of errors made in this sense of the fraction. 

Figure 6. 

Example of a Word Problem with a No Question (NQ) Error 

 
P4, No question (NQ) 

 

In the problem he wrote, P4 stated that the tree grew by 1/3 of its height and 

used the operator meaning of fraction.  However, he also wrote the answer to 
the question. Therefore, it is considered that there is no question about the 

problem. 

Part-whole Meaning 

No errors were encountered in the verbal problems about the part-whole 
meaning of fractions. 

 

Conclusion and Discussion  

In this study, four main results were reached. The first is that the students make 
mistakes while posing problems to equations containing algebraic fractional 
expressions. Oksuz (2004) stated that the transition from fractions to algebraic 
fractions is a complex process and many misconceptions and 

misunderstandings make this transition difficult (Oksuz, 2004). 

The second result of the research is that the students made the most mistakes 
in quotient meaning. No study has been found in the literature regarding this 
result. On the other hand, there are any mistakes in the fraction part-whole. 
The main reason for this may be related to the fact that students have more 

knowledge of the part-whole meaning of fractions. Because according to 
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Perera and Valdemorós (2007) and Dogan-Coskun (2019) students construct 
the other four meanings of fractions with the help of the part-whole meaning. 
The part-whole meaning of fraction is mostly emphasized in curricula and 
textbooks (Eroglu, Camci & Tanisli, 2019). In addition, Kieren (1993) and Lamon 
(2021) stated that the meaning of fraction, which the teachers in schools most 

emphasize, is the part-whole meaning. 

The third result of the research is that some errors made in problem posing 
may occur in every sense of the fraction, while some may appear specific to 
the meaning of the fraction. While it was thought that the errors of changing 
the notation, not having a question in the word problem, using incomplete 
data, adding mathematical content, were not related to the meaning of the 

fraction, mixing the fractional variable with the non-fractional variable, 
confusion in the meaning of the variable, confusing the numerator and 
denominator, and unable to associate it with daily life were found to be 
related to the meaning of the fraction. In addition, the errors made differ 
according to the meaning of the fraction. For example, while the mixture of 

numerator and denominator is related to the basic unit of measurement in 
word problems involving the meaning of fraction measurement, in verbal ratio 
problems, the ratio of units to each other is in question. For this reason, the 
errors made in the problems written according to the different meanings of 
the fraction also differ. No study has been found in the literature regarding this 

result. 

The fourth result is that there are differences in the error cases depending on 
the type of fraction. For example, Adding mathematical content (AMC) error 
has only been encountered in equations that contain fractional expressions 
whose numerator is numeric and whose denominator is algebraic. No study 
has been found in the literature regarding this result. In future studies, teaching 

practices can be designed to eliminate these errors and the effectiveness of 
the applied teaching can be examined. 

This study has been restricted to addition and subtraction in fractional 
algebraic formulas. Different forms of equations or other procedures in 
algebraic fractional expressions can be researched in future research. The 

grade level researched may also differ in this situation. The study's use of a 
holistic case study is another shortcoming. In future study, designs such as 
experimental design and action research may be utilized. 
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