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Abstract 

Conceptual and procedural knowledge is fundamental for students to understand and solve fraction problems 
comprehensively. However, empirical studies indicate that elementary school students still do not have ade-
quate conceptual and procedural knowledge in solving fraction problems. This study aimed to analyze the 
forms of conceptual and procedural knowledge of elementary school students in solving fraction problems. 
This study used a qualitative method involving 86 participants from grades four to six in one of the public ele-
mentary schools in Sidoarjo. Seven subjects were selected to represent the forms based on each aspect of con-
ceptual and procedural knowledge of fractions. The data analysis used was descriptive analysis with data col-
lection methods using tests, interviews, and documentation. Empirical research showed that students can suc-
cessfully use conceptual and procedural knowledge of fractions in certain forms. There are three forms of con-
ceptual knowledge of fractions: comparing, applying, and visualizing fractions. Meanwhile, there are four forms 
of procedural knowledge of fractions: explaining procedures, converting fractions, adding or subtracting frac-
tions, and simplifying fractions. The results of this study have implications for educators or academics to em-
phasize learning by integrating forms of conceptual and procedural knowledge so that students avoid failure in 
solving fraction problems. 
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Abstrak 
Pengetahuan konseptual dan prosedural merupakan pengetahuan mendasar agar siswa dapat memahami dan 
memecahkan masalah pecahan secara komprehensif. Namun, berdasarkan studi empiris diindikasikan bahwa 
siswa sekolah dasar masih belum memiliki pengetahuan konseptual dan prosedural yang memadai dalam memec-
ahkan masalah pecahan. Tujuan penelitian ini untuk menganalisis bentuk-bentuk pengetahuan konseptual dan 
prosedural siswa sekolah dasar dalam memecahkan masalah pecahan. Penelitian ini menggunakan metode kuali-
tatif  dengan melibatkan 86 partisipan siswa kelas empat sampai enam di salah satu sekolah dasar negeri di Si-
doarjo. Tujuh subjek dipilih untuk mewakili bentuk-bentuk berdasarkan setiap aspek pengetahuan konseptual dan 
prosedural pecahan. Analisis data yang digunakan adalah analisis deskriptif dengan metode pengumpulan data 
menggunakan tes, wawancara dan dokumentasi. Hasil penelitian secara empiris menunjukkan siswa berhasil 
menggunakan pengetahuan konseptual dan prosedural pecahan dalam bentuk-bentuk tertentu. Terdapat tiga 
bentuk pengetahuan konseptual pecahan, yaitu: membandingkan pecahan, menerapkan pecahan, dan memvisu-
alisasikan pecahan. Sementara, terdapat empat bentuk pengetahuan prosedural pecahan, yaitu: menjelaskan 
prosedur, mengkonversi pecahan, menjumlahkan atau mengurangkan pecahan, dan menyederhanakan pecahan. 
Hasil penelitian ini berimplikasi bagi para pendidik atau akademisi untuk menekankan pembelajaran dengan 
mengintegrasikan bentuk-bentuk pengetahuan konseptual dan prosedural, agar siswa terhindar dari ketidakber-
hasilan dalam memecahkan masalah pecahan.  

 

INTRODUCTION  

Fractions is an important topic because it 
is a prerequisite for students' success in 
understanding further topics that are 
more complex (Dogan-Coskun, 2019; 
Flores et al., 2020; Karika & Csikos, 2022; 
Laidin & Tengah, 2021; Zhang et al., 
2020). Bennett et al. (2012) mentioned 
further topics based on fraction 
knowledge, including decimal numbers, 
rational and irrational numbers, and real 
numbers. However, students' under-
standing of fraction material is not always 
optimal. Students often have difficulty in 
distinguishing fractions from whole num-
bers, including students being unable to 
represent numerators and denominators 
as parts of a whole (Deringol, 2019; 
Dogan-Coskun, 2019; Durkin & Rittle-
Johnson, 2015; Simon et al., 2018). In this 
case, Lenz et al. (2020) indicated that stu-
dents who understand fractions if they 
have sufficient conceptual and procedural 
knowledge.  

More specifically, conceptual know-
ledge of fractions is used to form a basic 
conceptual understanding of the meaning 
of fractions, how fractions are repre-
sented, and how fractions are used in 
mathematical situations (Braithwaite & 
Sprague, 2021; Canobi, 2009; Maulina et 

al., 2020). Meanwhile, procedural know-
ledge is used to operate and apply these 
concepts to fractions, which includes skills 
in calculating and manipulating fractions 
according to the correct rules and steps 
(Baroody et al., 2007; Braithwaite & 
Sprague, 2021; Star & Stylianides, 2013). 

Experts state that adequate concep-
tual and procedural knowledge is most 
needed for elementary school students 
(Abbas et al., 2022; Nahdi & Jatisunda, 
2020; Wiest & Amankonah, 2021). In this 
case, for elementary school students, con-
ceptual and procedural knowledge about 
fractions is needed to help determine 
strategies, provide logical answers, and 
detect errors in solving problems 
(Braithwaite & Sprague, 2021; Manandhar 
et al., 2022; Rittle-Johnson, 2017; Saban 
et al., 2021). Furthermore, according to 
Abbas et al. (2022), elementary school 
students need adequate conceptual and 
procedural knowledge to solve complex 
fraction problems. Therefore, conceptual 
and procedural knowledge becomes the 
foundation of elementary school stu-
dents' mathematical competence which 
has an impact on the success of subse-
quent mathematics learning achieve-
ments (Nahdi & Jatisunda, 2020; Rittle-
Johnson et al., 2015). 
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Specifically, conceptual and proce-
dural knowledge about fractions is 
needed for elementary school students to 
solve basic fraction problems successfully. 
Suppose students are given a problem 
adapted from Pirie & Kieren (1989): 
"Prove and give the steps to show which 
of the larger pieces of cake that person A 
and B share with each person.  If person A 
shares 1 cake with 3 people, while person 
B shares 3 cakes with 7 people". In this 
problem, students must intuitively use 
procedural knowledge and conceptual 
knowledge by drawing fractions of 1 from 
3 and 3 from 7. 

Based on preliminary studies at 
Pucang Sidoarjo State Elementary School 
(SDN) in September 2023, some prelimi-
nary findings were obtained namely, 
some students: (1) did not fully visually 
represent part of a whole simple fraction; 
(2) were accustomed to representing frac-
tions on a number line, rather than a pic-
ture or visually; (3) only focused on proce-
dural counting; (4) could not explain the 
meaning of fractions using their own lan-
guage; (5) could not explain the relation-
ship between mixed fractions to ordinary 
fractions, or vice versa. In this case, ex-
perts mention the difficulties experienced 
by students in understanding and solving 
fraction problems because students lack 
adequate conceptual and procedural 
knowledge of fractions (Braithwaite & 
Sprague, 2021; Hussein, 2022; Morano & 
Riccomini, 2020; Simon, 2019).   

Meanwhile, previous studies have 
not specifically discussed the forms of 
conceptual and procedural knowledge of 
elementary school students in solving 
fraction problems. Lenz et al. (2020) ex-
amined conceptual and procedural 
knowledge fractions, but not qualitatively 
or with elementary school students. Laily 
et al. (2020) examine conceptual and pro-
cedural knowledge profiles in fractions-
related geometry problems. Phuong 

(2020) examines students' conceptual and 
procedural knowledge in solving math 
problems in general. Manandhar et al. 
(2022) examined conceptual and proce-
dural knowledge of algebra. Idrus et al. 
(2022) examine elementary school stu-
dents' conceptual knowledge of area 
measurement. Tesfaye et al. (2020) exam-
ined the conceptual and procedural 
knowledge of number pattern concepts.  

Thus, to obtain solutions so stu-
dents can successfully use conceptual and 
procedural knowledge in solving fraction 
problems, it is necessary to conduct re-
search to deeply analyze the forms of con-
ceptual and procedural knowledge ele-
mentary school students use in solving 
fraction problems. Hurrell (2021) revealed 
that research on conceptual and proce-
dural knowledge analysis provides signifi-
cant material to improve student learning 
performance and the quality of teacher 
teaching. Therefore, the results of this 
study are expected to contribute 
knowledge to recognize the forms of suc-
cess of elementary school students so 
that students avoid unsuccessful use of 
conceptual and procedural knowledge 
fractions during learning. Hence, teach-
ers, practitioners, and researchers can 
evaluate and provide more appropriate 
learning treatments to use conceptual 
and procedural knowledge on the topic of 
fractions or other topics in general more 
comprehensively.  

 
METHOD 

The method used in this research is quali-
tative with a case study approach. Quali-
tative research is a research procedure 
that uses descriptive data in the form of 
written or spoken words obtained from 
sources, while the case study approach is 
a process of collecting data and infor-
mation in depth (Creswell, 2012). In this 
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case, a case study is used to deeply ana-
lyze the phenomenon of conceptual and 
procedural knowledge of elementary 
school students in solving fraction prob-
lems.  

This research was conducted at SDN 
Pucang Sidoarjo. There were 86 partici-
pants, consisting of 26 fourth graders, 30 
fifth graders, and 30 sixth graders. Deter-
mining the subject uses purposive meth-
ods based on consideration and focuses 
on particular characteristics relevant to 
the research (Creswell, 2012). In this case, 
purposive determination of subjects was 
carried out by taking one student who 
successfully used conceptual and proce-
dural knowledge fractions. One student 
was taken to represent each form of con-
ceptual and procedural knowledge of frac-
tions, including 3 aspects of conceptual 
knowledge, namely: C1 (fraction compar-
ison), C2 (fraction application), C3 (frac-
tion visualization), and procedural 
knowledge, namely: P1 (procedure ver-
balization), P2 (fraction conversion), P3 
(fraction addition or subtraction), P4 
(fraction simplification). Furthermore, the 
researcher coded the subject's initials, re-
sulting in S1 (subject 1)-S7 (subject 7). 

This research instrument consists of 
conceptual and procedural fraction 
knowledge tests and interviews. The test 
aims to obtain written data for construct-
ing and justifying students' conceptual 

and procedural knowledge in solving frac-
tion problems. The instrument was devel-
oped based on conceptual and procedural 
knowledge indicators from Lenz et al. 
(2020). The instrument developed has 7 
problems, including 1 problem represent-
ing aspects C1-C3 and P1-P4, as shown in 
Table 1. The conceptual and procedural 
knowledge test instruments are pre-
sented in Table 2. Meanwhile, the inter-
view contains a series of oral questions re-
garding the conceptual and procedural 
knowledge possessed by subjects, which 
aims to deepen the results of the test in-
struments that have been carried out.  

The research stages were carried out 
through several steps: reviewing the liter-
ature, developing and validating research 
instruments, giving tests to all students, 
conducting interviews on selected sub-
jects, triangulating data, and analyzing 
data. The overall stages of the research are 
presented in Figure 1.  

The credibility of this research data 
uses triangulation, a method used to ver-
ify data from various sources using various 
methods at different times (Creswell, 
2012). The type of triangulation used is a 
technique triangulation. In this case, re-
searchers analyzed or extracted data ob-
tained during observations of test com-
pletion, test results, and interview high-
lights based on C1-C3 and P1-P4. 

 
 

Table 1. Fraction Conceptual and Procedural Knowledge Indicators 

Knowledge Aspects Knowledge Indicators Code 

Concept (C) 
 
 

Fraction comparison Verbalizing fraction concept C1 
Fraction application Applying the concept of fractions on a number line C2 
Fraction visualization Visualizing fractions in the form of pictures or graphs C3 

Procedure (P) Verbalization of proce-
dures 

Verbalize procedures in solving fraction problems. P1 

Fraction conversion Converting fractions from one form to another P2 

Fraction addition or sub-
traction 

Performing addition or subtraction of fractions P3 

Fraction simplification Expanding and simplifying fractions P4 

(Lenz et al., 2020) 
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Table 2. Research Instruments 

Num-
ber 

Indicator 
Codes 

Problems 

1 C1 The sum of 
1

2
 + 

1

4
 is greater than 

1

2
 + 

1

2
. This is because 4 in the first addition is greater 

than 2 in the second addition. Explain why this is not correct. 

2 C2 Describe the correct location to put the part that reflects the sum 1 + 
1

4
 on the num-

ber line beside  
 
 

3 C3 Draw the sum of 
2

8
 + 

4

8
 from the figures below! 

 
 
 
 

4 P1 Write the addition steps of fractions with different denominators! 
5 P2 Change the fraction 3 

1

4
 into fraction addition form! 

6 P3 Sum the following fractions 
1

2
 + 

3

5
 ! 

7 P4 14

5
 + 

12

5
 has a simple form of addition of fractions 2 

4

5
 + 2 

2

5
 which is a mixed fraction. 

Find another form of 
14

5
 + 

12

5
 by completing the blanks in the following fractions 1 

….

….
 

+ 1 
….

….
 

The data analysis techniques in-
clude data reduction, data presentation, 
and conclusion drawing. At the data re-
duction stage, researchers focused on raw 
written data and interview quotes to 
match the conceptual and procedural 
knowledge indicators, namely C1-C3 and 
P1-P4. At the data presentation stage, the 

researcher presents a visualization of the 
snippets of the written test results and the 
corresponding interview excerpts. At the 
conclusion drawing stage, the researcher 
extracts the similarity of conceptual and 
procedural knowledge obtained during 
observation, test results, and interview re-
sults based on C1-C3 and P1-P4. 

 
Figure  1. Research Stages 
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RESULTS AND DISCUSSION  

Results 

Referring to the conceptual and proce-
dural knowledge indicators from Lenz et 
al. (2020), the data grouping is presented 
in Figure 2. 

 
Figure 2. Data Grouping 

 

Based on the data in Figure 2, there 
are differences in the level of achievement 
in each aspect of the problem. A brief 
overview of students' success in solving 
conceptual and procedural fraction prob-
lems is presented in Table 3. 

 
Table 3. Recapitulation of Students' Conceptual 

and Procedural Knowledge 

Knowledge As-
pects 

n % Sub-
ject 

C1 35 40, 69% S1 
C2 15 17, 44 % S2 
C3 61 70, 93 % S3 
P1 36 41, 86 % S4 
P2 24 27, 90 % S5 
P3 43 50% S6 
P4 35 40, 69% S7 

Description : 
n = Number of students who an-

swered correctly  
S1-S7 = Research subjects  

 

 
Table 3 shows students' success in 

solving conceptual (C1-C3) and procedural 
(P1-P4) fraction problems. There were 35 

students in C1, 15 students in C2, 61 stu-
dents in C3, 36 students in P1, 24 students 
in P2, 43 students in P3, and 35 students in 
P4 who answered correctly. Only 1 student 
obtained the highest conceptual and pro-
cedural level for each form of knowledge. 
In this case, S1-S3 represents the success 
of conceptual knowledge forms C1-C3. 
Meanwhile, S4-S7 each represents the 
success of procedural knowledge forms 
P1-P4. 

Conceptual Knowledge of C1 

Figure 3 shows the results of student work 
coded with S1. 

 

 

Figure 3. S1's Answer on C1 

A total of 35 (40.69%) students answered 
correctly, as S1 in Figure 3. S1 can be said 
to have conceptual knowledge because it 
fulfills the indicators on C1. S1 successfully 
compared the fraction 1

4
 with 1

2
. S1 stated 

the concept of fractions correctly, namely, 
the larger the denominator of the fraction, 
the smaller the fraction value. S1 com-
pares numerical values of fractions.  

Researcher : Are you sure 
1

2
 is bigger than 

1

4
? 

S1 : Sure. 
Researcher : Isn't 4 bigger than 2? 
S1 : But, 

1

4
 does 4 while dividing 1 

1

2
 is 1 

divided by 2. More people get 
1

2
 

cake than 
1

4
 cake. 

Based on the interview results, S1 
understands that fractions are a single 
number, not as two separate integers. This 
reflects a strong understanding that frac-
tions are a way of describing a part of a 
whole. S1 has shown a good understand-
ing of this concept and can apply it well in 
mathematical problem-solving. 
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Conceptual Knowledge of C2 

Figure 4 shows the results of student work 
coded with S2. 

 

 

 

 

Figure 4. S2's Answer on C2 

A total of 15 (17.44%) students answered 
correctly as S2 in Figure 4. However, only 
S2 answered using a simple chart. S2 
showed conceptual solid knowledge of 
fractions as evidenced by successfully 
placing the fraction 1 + 1

4
. In this case, S2 

has a high level of conceptual knowledge 
because he can apply the concept of frac-
tions to the number line. 

 
Researcher : Are you sure the fraction 

1

4
  is 

there? 
S2 : Yes, sure. 
Researcher : Try to explain why it is located 

there. 
S2 : I see that after 0, it is  

1

4
, after that 

is an empty area, then 
3

4
 and 1. I 

know that the empty area is  
2

4
. So 

after 1, come back 1 
1

4
 then 1 

1

2
, 1 

3

4
 

and 2. 
Researcher : I see. 

Based on the interview results, S2 
works on problem C2 with the help of 
whole numbers 0 and 1. S2 examined the 
whole number part to evaluate the frac-
tion comparison on the number line. In ad-
dition, S2 can connect the idea of frac-
tions with equal parts of the whole. S2 can 

identify that fraction 
2

4
 has the same value 

as a fraction 
1

2
. Although the number line 

task on fractions is difficult, it can effec-
tively understand fractions because it 

matches the desired mental representa-
tion and utilizes pre-existing spatial-nu-
merical knowledge. 

 
Conceptual Knowledge of C3 

Figure 5 shows the results of student work 
coded with S3. 

Figure 5. S3's Answer on C3 

A total of 61 (70.93%) students answered 
correctly as S3 in Figure 5. However, some 
students were unable to answer the C3 
questions correctly. S3 succeeded in visu-
alizing the addition of fractions  2

8
 + 

4

8
.  

 
Researcher : Why is the shading like that? 

S3 : Yes, because  
2

8
 + 

4

8
 equals  

6

8
, so the 

shading is 6 parts out of 8. 

Researcher : If there is no + sign. How do you 
do it? 

S3 : Yes, draw  
2

8
  and  

4

8
. 

Researcher : Is the drawing the same as  
2

8
 + 

4

8
? 

S3 : Same. 
Researcher : Are you sure? 

S3 : Sure. 

Based on the interview results, In 
working on problem C3, S3 focuses on the 
addition problem so that S3 operates first 
before visualizing the fraction. Even so, S3 
understood the concept in question C3. S3 
did not feel confused if asked to visualize 
directly the fractions of 2

8
 and 4

8
 on the pie 

chart. Correct conceptual knowledge 
helps S3 visualize fractions and relate 
them to whole numbers. As S3 said in the 
interview that 6

8
 or 6 of 8 parts. This indi-

cates good conceptual knowledge. S3 un-
derstands that a fraction represents a part 
of a number. 
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Procedural Knowledge of P1 

Figure 6 shows the results of student work 
coded with S4. 

Figure 6. S4's Answer on P1 

A total of 36 (41.86%) students answered 
correctly, such as S4 in Figure 6. However, 
only S4 answered with an example of frac-
tion addition 1

2
 + 

1

4
. S4 used the factoriza-

tion method to get the same denomina-
tor, which is the numeral 8. 

 
Researcher : Where did you get the denominator 

8 from? 

S4 : By factor trees 2 and 4. 

Researcher : After that, how can it be 
6

8
? 

S4 : After the denominator is equal, di-
vide the unequal denominator, then 
multiply the numerator. 

S4 : How's that? 
Researcher  : 8 is divided by 2 and then multiplied 

by 1 to make 
4

8
. 8 is divided by 4 and 

then multiplied by 1 to get 
2

8
. So  

4

8
 + 

2

8
 equals 

6

8
. 

 

Based on the interview results, S4 
explained how to add fractions with dif-
ferent denominators, and both denomi-
nators must be equalized first by using 
factorization. S4 explained the steps in 
detail, including dividing unequal denom-
inators, using numerators to sum, and us-
ing factor trees to illustrate the process. 
S4 showed strong knowledge of fraction 
addition operations and identification of 
common denominators. This indicates 
that S4 has good knowledge of mathe-
matical concepts, especially on fraction 
material. 

Procedural Knowledge of P2 

Figure 7 shows the results of student work 
coded with S5. 

Figure 7. S5's Answer on P2 

A total of 24 (27.90%) students answered 
correctly, like S5 in Figure 7. Problem P2 is 
converting fractions into addition forms. 
Many students answered by finding the 
fraction that produces 3 1

4
. S5 knows that 

the fraction 3 
1

4
 consists of 3 as a whole 

number and 
1

4
 as a fraction. This 

knowledge helps S5 in solving problem 
P2. 

 
Researcher : Why is the sum 

3

1
 + 

1

4
? 

S5 : Since it's 3, I changed it to 
3

1
 to 

make it a fraction. 
Researcher : Do you think 3 is the same as 

3

1
? 

S5 : Yes, 3 divided by 1 is 3. 
Researcher : Then why should it be changed to 

3

1
? 

S5 : So that, they can be summed.   

Based on the interview results, S5 
understands how to add whole numbers 
with fractions. It is necessary to convert 
whole numbers into fractions. In this case, 
S5 converted the whole number 3 into a 
fraction 3

1
. S5 also showed strong 

knowledge of the concept of fractions, S5 
stated that 3 equals 3

1
 because "3 divided by 

1 is 3". This indicates that S5 has strong 
conceptual and procedural knowledge in 
solving fraction problems. 

Procedural Knowledge of P3 

Figure 8 shows the results of student work 
coded with S6. 
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Figure 8. S6's Answer on P3 

A total of 43 (50%) students answered cor-
rectly, like S6 in Figure 8. S6 solved prob-
lem P3 according to the correct proce-
dure. Problem P3 is closely tied to prob-
lem P1. In this case, students who cannot 
verbalize the procedure for adding frac-
tions with different denominators in P1 
certainly cannot answer problem P3.  

 
Researcher : Where did you get the number 10? 
S6 : From that, use the downline, which 

is the name I forgot. 
Researcher : Tree factor? 
S6 : That's right! 
Researcher : Why use a factor tree? 
S6 : Looking for a common denomina-

tor, after that, calculate. 
Researcher  : I see. 

 

Based on the interview results, S6 
solved problem P3 by equalizing the de-
nominator before operating the addition 
of fractions. S6 used the factor tree to find 
the common denominator before operat-
ing it. S6 identified the number 10 as the 
result of finding the least common multi-
ple (LCM) of the two denominators of the 
fraction. This indicates that S6 has the 
correct procedural knowledge on how to 
solve fraction addition problems with dif-
ferent denominators. S6 also showed 
good knowledge of the least common 
multiple (LCM) concept and how it is used 
to equalize denominators. 

 
Procedural Knowledge of P4 

Figure 9 shows the results of student work 
coded with S7. 

Figure 9. S7's Answer on P4 

A total of 35 (40.69%) students answered 
correctly, like S7 in Figure 9. In solving P4 
problems, students must understand the 
procedure for converting mixed fractions 

to simple fractions, e.g., 1 
9

5
 into 

14

5
. 

 
Researcher : Why can you answer 1 

9

5
 and 1 

7

5
?  

S7 : 2 
4

5
 + 2 

2

5
 is another form of  

14 

5
 and 

12

5
. 

Researcher : Then? 

S7 : The question is already filled with 
1 and 1. so the denominator is 
filled with 5, and the numerator is 
9 and 7. 

Researcher : Where do 9 and 7 come from? 

S7 : That's 5 times 1 equals 5, so to 
make it 14 means less than 9. 

Researcher : Which 7? 
S7 : That's the same way. 

 

Based on the interview results, S7 
understands how to convert mixed frac-
tions into regular ones. S7 realized that 1 9

5
 

is another form of 14 

5
 and 1 7

5
 is another 

form of 12

5
. This shows that S7 understands 

the basic concept of managing mixed 
fractions. S7 described the conversion 
process well. S7 multiplied the whole 
number found in the mixed fraction (1 and 
1) by the denominator, then subtracted 
the result from the original numerator. S7 
described the conversion process well. S7 
multiplied the whole number found in the 
mixed fraction (1 and 1) by the denomina-
tor, then subtracted the result from the 
original numerator. S7 demonstrated a 
strong understanding of converting mixed 
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fractions to ordinary fractions and the 
ability to answer question P4 correctly by 
understanding the mathematical con-
cepts involved. S7's ability to expand and 
simplify fractions with conversion proce-
dures reflects a good understanding of 
mixed fractions and fraction operations. 

 
Discussion 

The research findings empirically produce 
three forms of conceptual knowledge and 
four forms of procedural knowledge by el-
ementary school students in solving frac-
tion problems to measure conceptual and 
procedural knowledge of fractions com-
prehensively. The forms of conceptual 
knowledge include comparing fractions, 
applying fractions, and visualizing frac-
tions. Meanwhile, forms of procedural 
knowledge include explaining procedures, 
converting fractions, adding or subtract-
ing fractions, and simplifying fractions. 
This finding is similar to that of Lenz et al. 
(2020), who stated that at least seven as-
pects of conceptual and procedural 
knowledge contribute to solving fraction 
problems. Meanwhile, Nahdi & Jatisunda 
(2020) formulated five forms to measure 
conceptual and procedural knowledge of 
fractions, including the definition of frac-
tions, comparison of fractions, concepts 
of addition, subtraction, and multiplica-
tion with fractions, representation, and 
rules of operation. 

Another finding in this study is that 
the forms of conceptual and procedural 
knowledge contribute to each other and 
are holistically related to be used to solve 
fractional problems. This is different from 
the findings of Lenz et al. (2020) in that as-
pects of conceptual and procedural 
knowledge of fractions were found sepa-
rately as success factors in solving fraction 
problems. Al-Mutawah et al. (2019) sup-
port this researcher's findings, stating 
that conceptual and procedural know-

ledge positively correlates with mathe-
matical problem-solving. Nahdi & Jatisun-
da (2020) also said that students with con-
ceptual and procedural knowledge to-
gether (holistic) can develop good 
knowledge in mathematics. Therefore, 
forms of conceptual and procedural 
knowledge play an important role in stu-
dents' ability to solve fractional problems. 
In this case, students with thorough con-
ceptual and procedural knowledge of frac-
tions tend to successfully solve problems 
flexibly and comprehensively.  

Regarding how fractional forms of 
conceptual knowledge can be successful? 
The success of comparing fractions is de-
termined by the knowledge of the basic 
concept of fractions, namely understand-
ing that fractions are a single number, not 
two separate whole numbers. Braithwaite 
& Sprague (2021) explain that if students 
view fractions as non-unitary numbers, 
then this reflects a strong conceptual 
foundation. Meanwhile, the knowledge of 
the fraction equivalence concept deter-
mines the success of applying observed 
fractions based on number line represen-
tation. In detail, Hoon et al. (2021) re-
vealed that success in applying fractions 
on a number line is determined by (1) find-
ing intervals in fractions on a number line, 
(2) applying the concepts of decimals and 
exchange with fractions, (3) comparing 
the equivalence values of fractions. The 
last form of conceptual knowledge of frac-
tions is visualizing fractions. Visualizing 
fractions shows students' basic fraction 
knowledge regarding part to whole. 
Bennett et al. (2012) explained that the 
concept of part to whole must be visual-
ized by elementary school students to re-
flect intuitive understanding. 

On the other hand, how can frac-
tional forms of procedural knowledge be 
successful? In explaining procedures, stu-
dents illustrate the procedures that occur, 
for example, using a chart. According to 
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Gembong (2020), students use sketches to 
connect the steps of solving fraction prob-
lems. In the aspect of converting fractions, 
students convert mixed fractions to frac-
tion addition or decimal fractions. Accord-
ing to Amir et al. (2021), students have a 
relational understanding of the relation-
ship of fraction forms to the operations 
that connect them. In the form of adding 
or subtracting fractions, students equalize 
the denominator by finding the smallest 
common multiple and then operate the 
numerator. Gembong (2020) explains that 
the first step as a procedure usually taken 
by students to make it easier to operate 
addition or subtraction of fractions is to 
equalize the denominator by finding the 
common multiples. Hwang et al. (2019) 
called this way of equating denominators 
a decomposition strategy. The last form of 
procedural knowledge is simplifying frac-
tions. In this case, students simplify mixed 
fractions to other simpler mixed fractions. 
Amir & Wardana (2018)  stated that stu-
dents who successfully convert mixed frac-
tions to other simpler mixed fractions are 
because students can think openly and 
flexibly. 

The successful formation of concep-
tual and procedural knowledge of frac-
tions can also be further elaborated based 
on the APOS mental structure theory: ac-
tion, process, object, and schema. Arnon 
et al. (2014) explain that in action, a per-
son gives a reaction to external stimuli. In 
the process, one can repeat and reflect on 
the entire mental sequence that has been 
done. In object, one realizes that the ac-
tions performed are part of the transfor-
mation of knowledge. A schema forms a 
person's knowledge into a coherent 
framework for use in other situations. In 
other words, when elementary school stu-
dents are first confronted with fraction 
problems, they take action by linking their 
conceptual and procedural knowledge 

about fractions and then looking for a so-
lution strategy. Students try to apply the 
steps of the solution strategy by using 
procedural knowledge. In this case, if the 
problem requires conceptual understand-
ing (for example, visualizing fractions), 
students use conceptual knowledge. Stu-
dents who successfully solve different 
fraction problems show that they have 
flexible conceptual and procedural 
knowledge. Students will comprehen-
sively own this conceptual and procedural 
knowledge if they can use their 
knowledge on other fraction problems 
that are more varied.  

 
Implication of Research 

The results of this study have important 
implications in the context of mathemat-
ics learning, especially in understanding 
and overcoming fractions. Educators or 
academics must emphasize learning by 
integrating forms of conceptual and pro-
cedural knowledge so students are ex-
pected to avoid unsuccessful problem-
solving fractions.  
 
Limitation 

This study analyzes the forms of concep-
tual and procedural knowledge of frac-
tions in only a few elementary school stu-
dents at different levels. Thus, the forms 
of conceptual and procedural knowledge 
of fractions that have been found need to 
be further justified by involving other re-
search sites or more external participants 
to form a theory of forms of conceptual 
and procedural knowledge in solving frac-
tion problems that are grounded in the-
ory.  
 
CONCLUSION  

Elementary school students have seven 
forms of conceptual and procedural 
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knowledge in solving fractions: compar-
ing fractions, applying fractions, visualiz-
ing fractions, explaining procedures, con-
verting fractions, adding or subtracting 
fractions, and simplifying fractions. This 
result emphasizes the importance of ho-
listic integration between conceptual and 
procedural knowledge as a crucial factor 
in solving fraction problems successfully. 
Overall, the holistic integration of concep-
tual and procedural knowledge is an es-
sential key to the success of elementary 
school students or students in general 
when it comes to solving fractions. 
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