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 This study examined the connections between procedural and conceptual 

knowledge of addition and subtraction of fractions with the problem-posing 

skills of prospective primary teachers. The applied method was a 

correlational study with structural equation modeling-partial least square 

(SEM-PLS) analysis. The sample in this research was 101 third-year 

students from a primary teacher education study program of a public 

university in Riau, Indonesia. The results showed that prospective primary 

teachers have high procedural knowledge and problem-posing skills on 

addition and subtraction. However, they have poor performance on problems 

related to conceptual knowledge of addition and subtraction of fractions. 

Then, the results also revealed a significant connection between procedural 

and conceptual knowledge with problem-posing skills on addition and 

subtraction of fractions of prospective primary teachers. Improving 

prospective primary teachers’ procedural and conceptual knowledge could 

raise their problem-posing skills on adding and subtracting fractions.  
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1. INTRODUCTION 

Procedural and conceptual knowledge is an essential knowledge that prospective primary teachers 

must possess, and it is an interconnected aspect of solving mathematical problems [1]. However, many 

studies have shown that prospective primary teachers have some challenges in understanding mathematical 

concepts, especially fractions [2]–[7]. For instance, Young and Zientek [8] discovered that some prospective 

teachers developed several error patterns that appear to evolve many error patterns from confused memories 

of standard procedures that they had learned in previous times. Sometimes, explaining how such a procedure 

works to solve fractions becomes challenging for some prospective and in-service teachers [3], [9].  

For more than 20 years, since Ma’s study [10] on prospective and in-service teachers' understanding 

of division of fractions, several studies have tried to reveal to what extent teachers' knowledge of fractions. 

One of among recent studies is using problem posing as an approach to investigate primary teachers’ 

knowledge of fractions [11]–[13]. Toluk-Uçar [12] found that problem-posing instructional learning could 

support prospective primary teachers’ knowledge of symbolic and algorithms of fractions. Meanwhile, 

according to Kar [14], problem-posing can be used as an alternative evaluation tool to determine conceptual 

understanding skills, misunderstandings, and errors in learning. Therefore, problem-posing has a vital role in 

learning mathematics. 

https://creativecommons.org/licenses/by-sa/4.0/
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Previous studies believe that prospective teachers should master problem-posing skills [11], [14]. 

However, based on the research conducted by Xie and Masingila [15], prospective teachers have difficulties 

in problem-posing and problem-solving involving fractions. Another statement from Leung and Carbone [16] 

that many prospective teachers show difficulty in interpreting each problem, including fractions as a natural 

grouping of objects that are counted and discrete. 

As prospective primary teachers, who have studied fraction operations when attending lectures in 

the beginning of their study program, upon completion of their education, they are indeed expected to be well 

prepared to teach these fractions to students later in primary school. One form of their readiness is their 

ability to ask questions about fraction operations or problem-posing because mathematics learning is closely 

related to problem-solving activities (contextual problems and abstract mathematical problems). Besides, 

prospective primary teachers need to have sufficient procedural and conceptual knowledge of fractions. 

However, there are still very limited studies that investigate the connection between teachers’ procedural and 

conceptual knowledge and their mathematical problem-posing skills of fractions. Some studies tend to focus 

only on conceptual and procedural knowledge of fractions [6], [17] or problem-posing [12] or solving [15] 

skills. Therefore, in the present study, we are interested in investigating the connection between prospective 

primary teachers’ procedural and conceptual knowledge and their mathematical problem-posing skills. This 

study focuses on the addition and subtraction of fractions because this topic is quite challenging for some 

students, especially in understanding conceptual aspects through diagram representation [18]. These issues 

led to an interest in seeing how the connection between procedural and conceptual knowledge of prospective 

primary school teachers about fractions against their problem-posing abilities related to addition and 

subtraction of fractions. 

 

 

2. LITERATURE REVIEW 

Procedural knowledge involves understanding mathematical rules and routines [19]. Procedural 

knowledge can also explain how to do something [20] or knowledge about the steps that we should refer to in 

solving a problem and mention or justify a way to solve mathematical problems [21]. Another opinion says 

that procedural knowledge is knowledge of specific skills, algorithms, techniques, and methods in a subject 

or discipline [22]. From some of these expert opinions, we conclude that procedural knowledge is knowledge 

of the steps that solve a problem using specific skills, algorithms, techniques and methods in a subject or 

scientific discipline.  

Procedural knowledge on fractions often takes a form from a series of steps that are followed [23]. 

Procedural knowledge on adding and subtracting fractions can function as a method we apply to solve a 

mathematical task. The task is primarily given in a free contextual situation, such as to solve 2/5 - 1/6. The 

technique can solve it by changing both fractions into fractions with a common denominator and then adding 

the numerator to give the given answers. Many adults could understand this technique because they have 

already learnt this technique by memorizing.  

Conceptual knowledge involves understanding mathematical connections [19]. Conceptual 

knowledge can also be comprehensive knowledge of a basic concept [21] and a well-arranged particular 

subject, which relates to a more systematic way [23]. Conceptual knowledge links pieces of information that 

include facts, skills, concepts, and principles, resulting in which it can play a role as a network of knowledge 

that connects one another [23]. Thus, we conclude that conceptual knowledge is the knowledge possessed by 

a person regarding a significant subject related to the connection between information, skills, basic concepts, 

and principles, including categories, classifications, and the relationship between two or more categories. 

Concerning conceptual knowledge of fractions, Li [18] stated that fractions are often associated with 

diagrams. The pictorial representation provides a visual presentation and emphasizes certain aspects of the 

meaning represented by a fraction. Thus, this study indicates the conceptual knowledge of addition and 

subtraction of fractions, namely expressing the concept using a diagrammatic representation. Therefore, the 

task given to prospective elementary teachers is related to their understanding of which diagram 

representations could represent a type of fraction task, such as 5/6 - 3/4.  

Problem-posing is an activity of designing problems using various contexts and student abilities 

[24]. Problem posing is asking a problem or formulating a question about a given situation or task before, 

during, or after solving the problem [25], [26]. Problem posing is also known as asking questions and 

problem formulation based on a particular situation using several changes related to the conditions that have 

resolved to find alternative problem solutions [27]. Therefore, problem-posing is an effective mathematical 

activity to increase mathematical knowledge. 

There are three types of problem posing [16], [28]: free situations, semi-structured situations, and 

structured problem-posing situations. Problem-posing in a free situation serves to design or create a problem 

without having any restrictions and rules in creating questions. There are no standards that we should follow 
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in making the questions. Prospective teachers can make free questions such as making complex or 

straightforward questions or making questions that they like. For example, prospective teachers require to 

create a contextual problem about subtracting fractions. 

Problem posing in semi-structured situations is designing or making questions following the 

problem/situation given or making questions based on the description given. So that prospective teachers can 

make questions from open questions that involve mathematical investigative activities, make questions based 

on the pictures given, make questions based on the questions given, make questions in the same context as 

the questions given, or make questions related to certain theorems. For example, prospective teachers pose a 

problem 
1

2
+

1

4
 and then ask them to make a contextual problem based on that problem. 

Problem posing in structured situations is designing or making problems by changing or varying the 

conditions or questions of the questions given or formulating the problems. So prospective teachers make 

questions based on general questions by changing available data or information. For example, prospective 

teachers should create a variety of problems from the given problem in the task of semi-structured situations. 

 

 

3. RESEARCH METHOD 

In this study, a survey method was employed. This method collect data at a specific point in time in 

order to describe the existence of the current situation, or to identify standards that can be used to compare 

the existing conditions, or to establish a relationship that exists between a specific event [29]. Particularly, 

researchers used internet-based survey using Google Form and sent the invitation to the respondents through 

social media. The survey was informed to the respondents during a synchronize course conducting by the 

second author. We assure them that the information they provide in the survey will not impact their course 

grades, and that the information gathered will be used exclusively for research purposes.  

Participants for this study consisted of student teachers from a primary education study program 

from a public university in Riau, Indonesia. These participants were third-year students and have already 

completed four compulsory mathematics and mathematics education courses. There were 113 student 

teachers, but only 101 student teachers participated in this study. Of these, 95% of participants were female, 

and the other 5% were male. 

The instrument of this study consisted of 18 problems on the adding and subtracting. Six problems 

aimed to measure prospective elementary teachers’ procedural knowledge. There were four routine problems 

without context involved two addition and two subtraction problems of fractions as shown in Figure 1. While 

the other two problems provided contextual situations, and the participants choose correct answers and their 

procedure. These procedural problems aimed to cover various types of problems found in elementary 

mathematics school textbooks.  

Six problems were measuring prospective elementary teachers’ conceptual knowledge of adding and 

subtracting fractions. These problems were adapted from Li [18]. Four problems in these types of tasks were 

presented in diagrams that represented two adding and subtracting fraction tasks. Figure 1 illustrates an 

example of the tasks. Meanwhile, the other two problems were asked to represent diagram representations to 

fraction addition and subtraction. 

The last six problems were intended to measure prospective primary teachers’ problem-posing 

skills. The problems were divided into three categories based on the problem-posing types: i) Two tasks of 

free situations; ii) Two tasks of semi-structured situations; and iii) Two tasks of structured problem-posing 

situations as shown in Figure 1. 

The 18 problems were scored using a three-level scoring system (0 to 2 points). Two points were 

awarded to correct answers and reasoning. One point was granted for a correct answer and minor mistake of 

reasoning or without reasoning. No points were weighed for incorrect answers and incorrect reasoning. Then, 

the average score serves to determine the level of prospective primary teachers’ procedural and conceptual 

knowledge and problem-posing skills. The criteria of prospective primary teachers’ procedural, conceptual, 

and problem-posing skills is presented in Table 1 [30]. 

The survey was assigned to the respondents on constant order: the procedural tasks, conceptual 

tasks, and problem-posing tasks. The problems in procedural and conceptual tasks were given randomly to 

avoid respondents' collaborative work. The provided allocated time to complete all tasks was 90 minutes.  
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Figure 1. Procedural, conceptual, and problem-posing tasks of adding and subtracting fractions 

 

 

Table 1. Criteria of prospective elementary teachers’ knowledge 
Criteria Interval 

Very high 1.50–2.00 
High 1.01–1.50 

Low 0.51–1.00 

Very low 0.00–0.50 

 

 

The data analysis utilized the structural equation modelling-partial least square (SEM-PLS) analysis 

through the SmartPLS software application version 3.2.9. The reason to use SEM-PLS analysis because it has 

many advantages: i) It can test the relationship of causality, validity, and reliability at the same time; ii) It can 

be used to see the direct and indirect effects between variables; iii) Tests several dependent variables at once 

with several independent variables; iv) It can measure how much the indicator variable affects the respective 

factor variables; and v) It can measure factor variables that cannot be measured directly through the indicator 

variable [31]. 

The SEM-PLS research procedure conducted in several stages: i) Identifying the variables in the 

form of tests; ii) Designing a structural model of the relationship (inner model) to define the relationship 

between latent variables; iii) Creating a measurement model (outer model) to define the relationship between 

latent variables and their indicators; iv) Constructing a path diagram based on the outer model and inner 

model; v) Estimating of evaluation parameters, namely conducting several tests on variables, including 

convergent validity to test the correlation between constructs and latent variables, discriminant validity to 

obtain the validity of latent variables, and composite reliability and Cronbach alpha to show the level of 

confidence of the measuring instruments used; vi) Test the hypothesis with the test statistic used is the t-test 

to determine whether or not there is a relationship between latent variables and their indicators; vii) Obtain 

analysis results [32]. 

SEM-PLS analysis evaluates the measurement model (outer model) and evaluates the structural 

model (inner model). Furthermore, analysis tests are carried out, namely: i) Evaluation of the outer model 

consisting of: convergent validity with a loading factor value>0.6, discriminant validity with the loading 

value of the intended construct must be greater than the loading value of other constructs, composite 

reliability>0.7, average variance extracted (AVE)>0.5; ii) Evaluation of the inner model consists of: r-square 

(R^2) to measure the influence of variables and hypothesis testing with a p-value<0.05 and a t-statistic 

value>t-table value [33]. 
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4. RESULTS 

4.1.  Prospective teachers’ procedural knowledge of fractions 

Prospective primary teachers’ procedural knowledge of adding and subtracting fractions was 

measured using six problems. The results of prospective primary teachers’ procedural knowledge are 

presented in Table 2. The table shows the procedural variables for fractions' addition and subtraction 

operations in the high criteria with a value of 1.46 (scale 2). Three items achieve very high criteria, and 

prospective elementary teachers have better procedural knowledge of subtracting fractions than adding 

fractions, while the meagre value is on the task of adding fraction with unlike denominator on a story 

problem of 1.28. 

 

 

Table 2. Procedural knowledge of addition and subtraction fractions 
Code Item Mean Criteria  

X1.1 Adding fractions with like denominators 1.53 Very high 
X1.2 Adding fractions with unlike denominators 1.48 High 

X1.3 Subtracting fractions with like denominators 1.52 Very high 

X1.4 Subtracting fractions with unlike denominators 1.37 High 
X1.5 Adding fractions with unlike denominators on a story problem 1.28 High 

X1.6 Subtracting fractions with unlike denominators on a story problem 1.53 Very high 

 

 

4.2.  Prospective teachers’ conceptual knowledge of fractions 

Prospective elementary teachers' conceptual knowledge of adding and subtracting fractions was 

measured using six problems. The results of prospective elementary teachers' conceptual knowledge are 

shown in Table 3. The table presents the conceptual variables of addition and subtraction of fractions 

insufficient criteria with a value of 0.51 (scale 2). The test with the highest value is on the question with 

presenting adding fractions with unlike denominators using diagram representations of 0.94, while the 

meagre value is on the question of adding fractions with like denominators of 0.04. 

 

 

Table 3. Conceptual knowledge on addition and subtraction fraction 
Code Item Mean Criteria 

X2.1 Adding fractions with like denominators 0.04 Very low  
X2.2 Adding fractions with unlike denominators 0.45 Very low 

X2.3 Subtracting fractions with like denominators 0.13 Very low 

X2.4 Subtracting fractions with unlike denominators 0.68 Low  
X2.5 Presenting adding fractions with unlike denominators using diagram representations  0.94 Low 

X2.6 Presenting adding fractions with unlike denominators using diagram representations 0.85 Low 

 

 

4.3.  Prospective teachers’ problem-posing skills 

Prospective elementary teachers' problem-posing skills on adding and subtracting fractions were 

measured using six problems. The results of prospective elementary teachers' problem-posing skills are 

presented in Table 4. The table shows the variable problem posing ability in high criteria with a value of 

1.22. The test with the highest value is on the question with the structured problem-posing situation on 

subtraction fraction of 1.55, while the meagre value is on the question with semi-structured situation addition 

fraction of 0.99. 

 

 

Table 4. Problem posing abilities 
Code Item Mean Criteria 

Y1 Semi-structured situation addition fraction 0.99 Low 
Y2 Structured problem-posing situation addition fraction 1.03 High 

Y3 Semi-structured situation subtraction fraction 1.45 High 

Y4 Structured problem-posing situation subtraction fraction 1.55 Very high 
Y5 Free-situation addition fraction 1.22 High 

Y6 Free-situation subtraction fraction 1.07 High 
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4.4.  Outer model evaluation 

4.4.1. Convergent validity 

The results of loading factors are procedural knowledge, conceptual knowledge, and problem-

posing abilities. Of the 18 items, 15 had a value greater than 0.6 and 3 items had a value 0.6. So, that these 

three items (X1.1, X2.1 and X2.4) are eliminated. The re-estimation results can be seen in Figure 2. The 

figure shows the results of re-estimating the loading factor of the item values generated by the construct of 

procedural knowledge, conceptual knowledge, and problem-posing abilities that have met the standard value 

of convergent validity because all the factors are more than 0.6 Thus, it can be concluded that all constructs 

are valid. 

 

 

 
 

Figure 2. Outer loading test re-estimation results 

 

 

4.4.2. Discriminant validity 

The discriminant validity of the data on the cross-loading factor test is presented in Table 5. The 

results show that the cross-loading value for each construct has a more excellent loading value than the 

loading value for other constructs so that the manifest variables in this study correctly explain the latent 

variables and prove that all items are valid. 

 

 

Table 5. Cross loading result 
 X1 X2 Y 

X1.2 0.860 0.158 0.244 

X1.3 0.646 0.201 0.249 

X1.4 0.767 0.109 0.145 

X1.5 0.853 0.219 0.352 
X1.6 0.770 0.204 0.164 

X2.2 0.075 0.732 0.241 

X2.3 0.146 0.660 0.230 
X2.5 0.251 0.742 0.192 

X2.6 0.268 0.692 0.112 

Y1 0.187 0.202 0.690 
Y2 0.231 0.228 0.700 

Y3 0.326 0.249 0.777 

Y4 0.199 0.207 0.760 
Y5 0.148 0.154 0.661 

Y6 0.248 0.202 0.722 

 

 

4.4.3. Composite reliability 

Table 6 describes the composite reliability of the data. The results show that all variable values in 

reliability testing using Cronbach's alpha having a value>0.6, and the composite reliability being processed 

has a value>0.8. Validity testing using AVE>0.5. Therefore, it can be concluded that the tested variables are 

valid and reliable, so that structural model testing can be done.  
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Table 6. Composite reliability result 
Variable Cronbach's alpha Composite reliability Average variance extracted (AVE) 

Procedural knowledge (X1) 0.844 0.887 0.613 
Conceptual knowledge (X2) 0.683 0.800 0.500 

Problem posing (Y) 0.815 0.865 0.518 

 

 

4.5.  Inner model evaluation 

4.5.1. R-square 

Table 7 presents the result of the R-Squares. The R-Squares value is 0.154. This value shows that 

the variables of procedural and conceptual knowledge of addition and subtraction of fractions affect the 

variable of problem-posing ability by 15.4%, and the rest is influenced by other variables outside the 

variables in this study. 

 

 

Table 7. R-Square test result 
Item R-Square R-Square adjusted 

Y 0.154 0.137 

 

 

4.5.2. Hypothesis test 

Table 8 explains the determination of whether the hypothesis is accepted or rejected, namely: The 

procedural knowledge construct of addition and subtraction operations has a t-statistic value of 3.025>1.96 

and a p-value of 0.000<0.05. Therefore, the first hypothesis proves a relationship between the procedural 

knowledge of the operation of addition and subtraction of fractions with the problem-posing ability of 

prospective elementary school teachers. The conceptual knowledge construct of fractions addition and 

subtraction has a t-statistic value of 2.909>1.96 and a p-value of 0.000<0.05. Therefore, the second 

hypothesis proves a connection between the conceptual knowledge of addition and subtraction of fractions 

with the problem-posing ability of prospective elementary school teachers.  

 

 

Table 8. T-Statistic result 

Item 
Original 

sample (O) 

Sample 

mean (M) 

Standard deviation 

(STDEV) 

T statistics 

(|O/STDEV|) 
P values 

X1 -> Y 0.269 0.308 0.089 3.025 0.000 

X2 -> Y 0.229 0.250 0.079 2.909 0.000 

 

 

5. DISCUSSION 

This study indicated that the prospective primary teachers' have high procedural knowledge but not 

conceptual knowledge of addition and subtraction of fractions. They could use algorithms to solve procedural 

tasks such as adding two fractions, but they have many difficulties explaining diagram representations. They 

tend to unaware of a typical size of diagram representation when adding and subtracting two fractions. 

Austin, Carbone, and Webb [34] confirm these similar findings in which some prospective elementary 

teachers were not aware that for units to be comparable. This is in line with the research of Toluk-Uçar [12], 

which states that prospective teachers are good at performing procedures, but most have difficulty producing 

conceptually correct views of the fraction statements given. This research has in common that prospective 

teachers have a better mastery of procedural knowledge than conceptual knowledge. 

In relation to procedural and conceptual knowledge of prospective elementary teachers, this study 

revealed that prospective primary teachers have more challenging on adding fractions than those for 

subtracting fractions. The results of this study contradict many previous research findings which show that 

both students and teachers have better procedural and conceptual knowledge in addition rather than 

subtraction of fractions [17], [18], [35]. Therefore, this findings reflect some factors that could affect this 

differences such as what Siegler and Lortie-Forgues [5] describe some culturally contingent sources of 

difficulty to understand rational numbers for students and teachers. One of our conjectures for Indonesian 

prospective elementary teachers’ better performances on subtracting of fractions is the result of subtracting of 

two proper fractions always giving a fraction less than one. When comparing to adding two fractions, it could 

give the result of an improper fraction, and some prospective elementary teachers may have challenges to 

represent this fraction such as using a diagram representation. 

The results indicate that prospective elementary teachers have high problem-posing skills on adding 

and subtracting fractions concerning problem posing. Prospective elementary teachers could provide good 
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problems on addition and subtraction of fractions. However, posing problems on the addition of fractions was 

more challenging than those on subtracting fractions. This finding is in contrast to some previous studies that 

have found that prospective elementary teachers performed better on addition than the subtraction of 

fractions [17], [35].  

The research test results prove a relationship between procedural and conceptual knowledge of the 

addition and subtraction of fractions with the problem-posing skills of prospective primary teachers. 

Prospective primary teachers' procedural and conceptual knowledge of addition and subtraction of fractions 

affect problem-posing skills by 15.4%. This finding is in line with previous study by Toluk-Uçar [12], which 

states that problem-posing is related to procedural and conceptual knowledge of prospective teacher 

fractions. This research has in common, namely that procedural and conceptual knowledge with problem-

posing has a relationship between one another. 

 

 

6. CONCLUSION 

This study has revealed that procedural and conceptual knowledge is an essential aspect for 

prospective elementary teachers. It has a relationship with prospective elementary teachers' problem-posing 

skills. Their problem-posing skills will also increase by supporting prospective elementary teachers' 

procedural and conceptual knowledge. However, this study indicated that prospective elementary teachers 

struggle to solve problems related to their conceptual knowledge. So, researchers advise prospective 

elementary teachers to improve their conceptual knowledge of addition and subtraction of fractions to 

support pupils' understanding of this subject better. Further studies to examine the connection between 

procedural and conceptual knowledge with problem-posing skills in multiplication and division of fractions 

are highly recommended. This domain is more challenging for many students and teachers. 

Concerning the research method chosen in this study, SEM-PLS provides the direct effects between 

procedural and conceptual knowledge and problem-posing skills on the addition and subtraction of fractions 

of prospective primary teachers. It also could measure how much the procedural and conceptual knowledge 

affects prospective primary teachers’ problem-posing skills on the addition and subtraction of fractions. 

Compared to other methods, such as ordinary least squares (OLQ) regression, SEM-PLS does not need an 

assumption that the data is normally distributed, and there is no multicollinearity problem between 

exogenous variables. In addition, SEM-PLS can be used on data with a small sample size. 
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