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ARTICLE INFO ABSTRACT
Received: 27 Sep 2024 The level of arithmetic knowledge of a high school student was explored when solving additive word problems
Accepted: 12 Mar 2025 considering the semantic structure and syntactic component. The methodology was qualitative and developed in

four stages: the first is the selection of the participant, the second is the design of a questionnaire with twenty
additive problems, the third is the application of the semi-structured interview and questionnaire for the student
to solve, and the fourth is the analysis of the data to identify the arithmetic knowledge. The results show that the
student is at level 4 (directional relations level) solving comparison and equalization problems. However, he had
difficulty in one of the comparison problems (incorrect application of the operation), but successfully solved the
change, combination and equalization problems. It is concluded that the student can reinforce the comparison
structure to have arithmetic knowledge of level 4 in its entirety.
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INTRODUCTION

Problem-solving has been considered a fundamental pillar for the teaching and learning processes of mathematics; in fact, it
is a necessary means to develop mathematical knowledge (Baiduri et al., 2020; Bednorz & Kleine, 2023; Cai & Rott, 2024; Krawitz
et al., 2022; Ministerio de Educacién Nacional [MEN], 2006; Mukuka & Alex, 2024; National Council of Teachers of Mathematics
[NCTM], 2000; Prediger et al., 2025; Rodriguez-Nieto et al., 2023; Rodriguez-Nieto et al., 2024; Ufer et al., 2024; Verschaffel et al.,
2020). In particular, the Ministerio de Educacién Nacional [MEN] (2016) reveal that additive problem solving is proposed in various
curricular materials where some problems based on additive structures are presented with their respective resolution processes
as evidenced in the Basic Learning Rights (BLR).

It is worth mentioning that problem-solving opens doors to new opportunities and challenges. It not only enhances
mathematical understanding but also fosters critical thinking and adaptability, skills vital beyond academic settings. By engaging
with additive structures, students build a solid foundation for more complex concepts, promoting a deeper understanding of how
mathematical principles are interconnected and applied in real-world contexts (Siregar et al., 2020).

Additive Arithmetic Word Problems (additive AWP) are a type of mathematical problem that seeks to strengthen the ability to
solve arithmetic problems of everyday life, these additive word problems are emphasized in situations that the environment
presents to us that respond to basic operations (Livaque, 2017). Authors such as Livaque (2017), Nesher (1999), Puente (1993) and
Socas et al. (1997) among others, pointed out that the structure of additive AWP has a diversified classification of these problems:
change, combination, comparison and matching. Next, Nesher (1999), apart from specifying the classification of additive AWP,
presents some arithmetic recognition levels that allow us to identify the management of the structures, of which there are 4 levels:
level 1 (Counting), level 2 (change), level 3 (part-part-whole) and level 4 (directional relationships). When facing the problem, it is
necessary to study the procedure, the strategies and techniques that allowed the resolution of this in an adequate way. Pélya and
Zugazagoitia (1965) suggest that to solve a mathematical problem, the Pélya method should be used, which consists of 4 steps:
understanding the problem, conceiving a plan, executing the plan and retrospective vision.
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In literature, various investigations have been recognized focused on the resolution of additive problems of verbal statement.
Poggioli (2007) and Rodriguez-Nieto et al. (2019) reveal the widespread difficulties with the structures of the source’s comparison
and equalization, often due to supervision in several phases of resolution. Thus, as keywords, the order, phrases, sentences,
representations and place of the unknown. Giving way to the internal taxonomy within each type of structure and question, there
is the syntactic component. Livaque (2017), Pacheco (2019) and Rodriguez-Nieto et al. (2019) point out that implementing the
different additive AWP in the classroom contributes positively to the teaching-learning process. It is worth noting that Pacheco
(2019) in his research emphasizes that in strengthening the AWP it is necessary to make use of didactic strategies within it the
technological tools, these awaken interest and motivation for the subject.

According to Jiménez (2022), in his research he points out that implementing the FEMAT program, which consists of
approaches and execution of playful activities, allows improving the understanding and resolution of additive AWP. On the other
hand, authors such as Pérez (2021) and Pérez (2022) postulate in their research how necessary the context, purpose and reality
are when it comes to understanding and solving additive AWP, in other words, it would be to establish connections between
everyday life and arithmetic. Ayala-Altamirano et al. (2022) presented that verbal arithmetic problems allow the unlimited to
become a matter of thought for students. However, verbal additive problems not only give way to solving arithmetic problems,
but in tasks that require the translation of natural language into a symbolic one, in this case they managed to have an algebraic
character which allowed them to perform successfully.

Rojas and Sotelo (2022) in their research point out the errors that students make in activities that involve additive word
problems. These difficulties include: the correct interpretation of the statement of a problem and the lack of practice in translating
the verbal problem into arithmetic language. In addition, Gonzalez-Caribello et al. (2022) identified difficulties in solving additive
problems by second-grade high school students (Table 1).

Table 1. Difficulties encountered by students

Category Subcategory Difficulty What does it refer to?
Processes linked to  Understandingthe Lack of understanding of the Decodes without interpreting the overall meaning of the
the student problem statement statement statement.

Literal translation of the statement Translate the statement literally, following the order in which the
phrases contained in it are expressed and focus only on key
words and values to apply a procedure without fully analyzing
the information.

Heuristics Heuristics based on the demands  Students do not apply heuristics according to what the problem
of the problem demands (mental representation of the problem and
procedures).
Algorithmic procedures Incorrect application of an algorithm
Metacognitive Reasoning and argumentation Itis the lack of analysis, justification and argumentation that
process students carry out when solving the mathematical problems that
are proposed to them.
Solution to the Response consistent with the It occurs when students, apart from obtaining the result of a
problem statement procedure, do not answer the question posed in the proposed
problem.
Basic knowledge  Reading numbers It occurs when students do not read the numbers correctly,

which can lead in some cases to not understanding the
statement of the problem.

Processes linked to  Type of problem Problem structure Difficulty faced by students when the unknown is presented in
the mathematical different parts of the problem. That is, in some of the events or in
problem the whole problem.

Numeric range Numeric range Does not master the numerical range up to 999.

Contents/context  No associated difficulty was found

Rum and Juandi (2022) argue that students faced problems when calculating the arithmetic operation and interpreting the
problem statement, which led them to solve it without adequately understanding the question. For example, at level 4, they have
difficulties both in interpreting the problem and in performing the arithmetic calculations, creating mathematical models, and
communicating their explanations and arguments. This is because they tend to forget prior knowledge and are not clear on how
to apply the formula.

According to research on additive problems, it is evident that students have difficulties in solving these problems because they
use operations incorrectly and do not understand the statements due to the semantic and syntactic variables they involve (Achim,
2024; Capone et al., 2021; Gabler & Ufer, 2024; Kullberg et al., 2024; Polotskaia & Savard, 2018; Riley & Greeno, 1988; Rodriguez-
Nieto, 2018; Rodriguez-Nieto et al., 2023; Wee & Yeo, 2024; Wolters, 1983; Xu et al., 2024). In addition, it is important to know what
level students reach and what mathematical processes they activate to achieve it, including cases of success and errors (Doz et
al., 2023; Rojas & Sotelo, 2022; Roos & Kempen, 2024; Ufer et al., 2024; Verschaffel et al., 2020; Wienecke et al., 2023). Therefore,
the purpose of this research is to explore the level of arithmetic knowledge of high school students when solving additive word
problems.

THEORETICAL FOUNDATION

In the mathematical contents of primary school level, it is very familiar to hear the word problem, “a mathematical problem is
defined as the statement that describes an unknown situation and of interest to the solver that contains quantitative relationships,
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which arises from the need to verbally express problem situations due to the impossibility of solving them without language”
(Ariza et al., 2016, p. 33). The structures (additive or multiplicative) of arithmetic problems contain numerical information and
written text, that is, they have verbal and numerical content in a narrative (Sabagh Sabbagh, 2008). The resolution of these must
be raised in different contexts, this allows the subject to expand their thinking, capacities and mathematical skills (Livaque, 2017).
They are classified as first, second- or third-degree arithmetic problems according to the number of operations necessary for their
resolution, as well as the nature of the data that appear in them (Echenique, 2006).

Additive Arithmetic Word Problems (Additive AWP)

Arithmetic problems show us the different situations in our environment in which phenomena that respond to the additive
field (addition and subtraction) or the multiplicative field are observed (Livaque, 2017; Riley & Greeno, 1988). Additive word
problems (AWP) are solved with an addition or a subtraction and are classified based on their semantic structure and syntactic
component (Rodriguez-Nieto et al., 2019; Vergnaud, 1991).

Classification of Additive AWP and Syntactic Component

The semantic structure refers to the meanings of the different ways of presenting a problem statement, relating its concepts
and sequences specific to arithmetic (Orrantia et al., 2005; Van Dijk & Kintsch, 1983). These occur in stages, which are: change (6
problems), combination (2 problems), comparison (6 problems) and equalization (6 problems) (Pacheco, 2019; Puente, 1993). The
syntactic component highlights the order, representations, characteristic expressions and length of the statement, location of the
unknown, presentation of information, context of the situation, whether it is a fictitious situation or not, among others (Drose et
al., 2021; Pacheco, 2019; Rodriguez-Nieto et al., 2019), as presented in Table 2, Table 3, Table 4 and Table 5.

Semantic structure of change

In the change structure, three different elements are distinguished: an initial quantity subjected to a transformation (change)
that modifies it to reach a final quantity. The effect of the change can be an increase or a decrease (Rodriguez-Nieto et al., 2019)
(see Table 2).

Table 2. Types of problems according to the semantic structure of change (Pacheco, 2019)

Subtypes Known data Unknown quantity Action

Change 1 Initial and change sets Final set Increase
Change 2 Initial and change sets Final set Decrease
Change 3 Initial and final set Change set Increase
Change 4 Initial and final set Change set Decrease
Change 5 Change and final sets Initial set Increase
Change 6 Change and final sets Initial set Decrease

Semantic structure of combination

The combination structure is the meeting (or combination) problems that describe a relationship between two sets that
respond to the part-part-whole scheme. The unknown of the problem may refer to the part or the whole, there are two subtypes
of this category, and it is important to consider the nature of the quantities or sets (Pacheco, 2019; Rodriguez-Nieto et al., 2019)
(see Table 3).

Table 3. Description of the combination structure (Pacheco, 2019)

Subtypes Known data Part (unknown quantity) Operation
Combination 1 Set of the two “parts” Set of the “whole” Addition
Combination 2 Set of a “part” and set of the “whole” Set of a “part” Subtraction

Semantic structure of comparison

In the comparison structure are the problems that present a static relationship between two quantities, called reference
quantities, comparison quantities and differences. The comparison relationship is given by words that are present in the problem
statement, such as, for example, more than and less than (Cafiadas & Castro, 2011; Orrantia et al., 2005) and six subtypes of this
structure are established (Pacheco, 2019) (see Table 4).

Table 4. Description of the comparison structure (Pacheco, 2019)

Subtypes Known data Unknown quantity Aumento/ disminucion
Comparison 1 Referent and compared sets Difference set Increase
Comparison 2 Referent and compared sets Difference set Decrease
Comparison 3 Sets of referent and difference Compared set Increase
Comparison 4 Sets of referent and difference Compared set Decrease
Comparison 5 Compared and difference sets Reference set Increase
Comparison 6 Compared and difference sets Reference set Decrease

Equalization semantic structure

This structure is characterized by limiting the unknown to the difference between a given quantity and a desired quantity. This
structure consists of three components: the equalization quantity, the compared, and the referent. Problems that present this
structure usually require a physical action for one quantity to be equal to another (Cafiadas & Castro, 2011). According to other
studies carried out by Echenique (2006) and Sanchez and Vicente (2015), equalization problems arose from an integration of
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change and comparison problems, where an action is performed when comparing two quantities and then one of them is adjusted
by an increase or decrease, and six subtypes of matching problems are established (Pacheco, 2019) (see Table 5). It is important
to note that shifting and equalization problems are considered dynamic, while combination and comparison problems are static
(Rodriguez-Nieto et al., 2019).

Table 5. Description of the equalization structure (Pacheco, 2019)

Subtypes Known data Unknown (equalization)
Equalization 1 Quantity to be equalized and referent Quantity to be added
Equalization 2 Quantity to be equalized and referent Quantity to be decreased
Equalization 3 Quantities of referent and equalization (adding) Quantity to equalize
Equalization 4 Quantities of referent and equalization (decreased) Quantity to equalize
Equalization 5 Quantity to be equalized and equalization (adding) Referent

Equalization 6 Quantity to be equalized and equalization (decreased) Referent

Representation of the Schemas for the Resolution of the AWP Additives

Rodriguez-Nieto et al. (2019) proposed diagrams that allow the representation and resolution of additive word problems. To
do this, they use squares, rectangles, lines, arrows, circles and colors (red (subtraction), blue (addition), green (produces or total))
that indicate where the operation and relationship of the quantities are in the problem presented (see Table 6).

Table 6. Recommended structures for the resolution of AWP additives
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Levels of Arithmetic Knowledge

Nesher (1999) establishes 4 levels of arithmetic knowledge in solving additive AWP, these are:
1) level 1 (counting),

2) (

3) level 3 (part-part-whole) and
4) (

level 2 (change),

level 4 (directional relationships), see Table 7.
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Table 7. Levels of arithmetic knowledge in solving additive AWPs

Level Name Empirical knowledge Structure activated

1 Counting Refers to sets of adding and removing. Understanding of put, give and take C1,C2,CB1
which denote change in location or possession.

2 Change Ability to link events by cause and effect. It refers to the amount of change. C3,C4

3 Part-Part-Whole  Areversible scheme is available and can be used to find the unknown partina CB2, C5, C6, CP1, CP2, CP3, CP4
sequence of events.

4 Directional Reversibility of non-symmetrical relationships. Ability to handle directional CP5, CP6, EQ1, EQ2, EQ3, EQ4, EQ5,

relationships descriptions (more/less) and quantify a relationship (relative comparison). EQ6
Pélya’s Method

In the development of mathematical skills, strategies are needed that allow the resolution of what it covers; the P6lya method
is a main strategy for solving additive AWPs. Boscan and Klever (2012) point out that the application of the Pélya method (Pdlya,
& Zugazagoitia, 1965) to solve a problem considers four phases:

1) Understanding the problem: What is the unknown? What are the data and the conditions?

2) Conceiving a plan: Do you know a problem related to this one? Do you know any theorem that could be useful? Could you
state the problem in another way? Have you used all the data?

3) Execution of the plan: Check each of the steps, can you see that the step is correct?
4) Retrospective vision: Verify the result.

The above questions allow you to identify whether the problem is being solved appropriately and if a difficulty arises, it gives
you the possibility to go back and find the phase where you obtained an error that prevents you from getting on the right path
(Table 8).

Table 8. Levels of arithmetic knowledge in solving additive AWPs

Phase What should | do? Questions that may arise during this phase
1) Understanding Read the problem and try to understand it. What is the unknown? What are they asking me? What are the data?
the problem What are the conditions or restrictions that a problem has? Sufficient
condition to determine the unknown? Semantics and syntax.
2) Conceiving a The student or teacher uses their knowledge, Have you encountered a similar problem?
plan imagination and creativity to develop a strategy that Have you seen the same problem posed?
will allow them to find the operations necessary to Do you know any math problems related to this one?
solve the problem appropriately. Can you state the problem in another way?

Can you express it in your own words?
3) Execution of The subject must implement the strategies he chose At this stage, questions or doubts do not usually arise while the
the plan to solve the problem; this must be decided. If he does process is being carried out.
not achieve success, he must set it aside and form
another one and then take it up again.
4) Looking back It allows the students to review their work and make Is the answer correct?

or Retrospective  sure they have not made any mistakes. Does the answer satisfy the question in the problem?
analysis Can you see how to extend your solution to a general case?
METHODOLOGY

The methodology of this research was qualitative descriptive case study (Creswell, 2014), carried out in four stages: in the first,
the participants were selected, in the second, a questionnaire on additive AWP was designed, in the third stage, the questionnaire
and a semi-structured interview were applied to the participant and, finally, in the fourth stage, the data were analyzed. Creswell
(2014) mentions that a qualitative approach is based on the behavior of the subjects who are part of the problem under study,
which allows them to interpret and characterize the reality that expresses the problem or phenomenon to be treated.

Participant and Context

One eighth-grade high school student, male and fourteen years old, from a public institution in the municipality of Repeldn,
Atlantico, Colombia, participated in this research. He is in the process of adapting to in-person classes because for the last two
years he has been working virtually due to the pandemic generated by Covid-19, a disease caused by the SARS-CoV-2 virus. This
was one of the main motivations for selecting this student because when asking him some questions about this type of additive
problems (and their structures), he said that they could be substantially useful for the topics of equations and they encourage
early algebra, finding the unknown quantity, etc.

Data Collection

The techniques and instruments that were considered for this research were a semi-structured interview together with a
questionnaire composed of twenty additive problems guided by the theoretical foundations referring to the semantic structures
and syntactic components. These qualitative data collection techniques are very specific actions, especially in the collection of
information or evidence, however, these are the essential instruments in this research. Below is the questionnaire with the additive
problems of verbal statements that, from the literature, are shown to be the most difficult to solve, but that contribute to the
development of the mathematical problem-solving competence (Rodriguez-Nieto et al., 2019) (see Table 9).
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Table 9. Questionnaire with additive AWPs

Change problems Combination problems Comparison problems Equalization problems
(C1). Paula has 7 mangoes that she (CB1). Lilianahas 5 greenand 4  (CP1). Danna has 11 candies and (EQ1). Carlos earns 9 dollars he will
found on the tree in her house, and red tokens, how many tokens Alfonso has 5. How many more have as many as Daniela. How

they gave her 3. How many mangoes does she have in total? candies does Danna have than many dollars does Carlos have?

does Paula have now? Alfonso?

(C2). Paula has 8 fairy tale books and  (CB2). Liliana has 20 tokens, (CP2). Carlos has 4 lollipops and  (EQ2). Carlos has 10 grapes, if Ana

lost 4, how many books did Paula some are blue, and others are Maria has 9. How many fewer eats 6 grapes she will have as many

have left? red, if 6 are blue, how many are  lollipops does Carlos have than  as Pedro, how many grapes does
red? Maria? Ana have?

(C3). Pedro has 5 ping-pong balls; his (CP3). Carlos has 9 cookies; Maria (EQ3). Pepe has 10 dollars and

cousin gives him some balls. Now he has 6 more than Carlos. How needs to earn 6 more to have as

has 9 ping-pong balls, how many balls many cookies does Maria have?  many as Daniela. How many dollars

did his cousin give him? does Daniela have?

(C4). Pedro has 9 ping-pong balls, (CP4). Tatiana has 6 hens on her  (EQ4). Francisca has 15 liters of

after losing some of his balls he had 5 farm and Antonio has 4 fewer milk, and if she uses 8 liters she will

left, how many balls did Pedro lose? hens than Tatiana. How many have as many as Ana. How many

hens does Antonio have in total? liters of milk does Ana have?

(C5). Juliana had some stickers to fill (CP5). Sheila has 7 red apples,2  (EQ5). Daniela has 20 dollars and if

her princess booklet, and she was more apples than Jose. How she spends 9 dollars she will have

given 4 stickers. If she now has 9, how many apples does Jose have? as many as her cousin Carlos. How

many stickers does Juliana have at many dollars does Carlos have?

the beginning?

(C6). Maria has some pencils and loses (CP6). Jose has 9 apples, 3 apples (EQ6). A hand fan costs $15, if it

7,if she now has 3 pencils, how many less than Sheila. How many were priced at $119 more, it would

pencils does she have at the apples does Sheila have? cost the same as an electric fan.

beginning? What is the price of the electric fan?

On the other hand, it is worth mentioning that during the videotaped interview the student spoke little in relation to the
resolution of the additive problems, but afterwards he was asked some questions, and he answered as presented in the following
excerpt from the transcript. Researcher-interviewer (I) and the student (S).

| : How did you feel during the activity?

S : Well, I felt good doing the activity.

| : How did you solve the exercises?

S : I solved them considering the information that was provided to me.
| : Were some exercises difficult for you?

S : Yes, because in some of them you had to find an unknown number.
| : What were your expectations about the exercises?

S : Well, I thought they were a little more difficult and with more difficulties.
I : How did you feel while doing these exercises?

S : Well, I felt good remembering how to add and subtract.

| : How do you expect the activity to be, correct or incorrect?

S : Well,  am sure that | can do it correctly because | solved them considering my experience and | also corrected them.

After explaining sections Participant and context and Data collection, it is important to mention that in qualitative research,
choosing the participants first and then designing the instruments could generate biases and little novelty in the entire
methodological process and the results. However, in this research, the participant was selected first because there is a current
problem where it is evident that primary and secondary school students and some teachers have difficulties in solving additive
word problems, and particularly the student-participant had some difficulties in solving these problems.

Later, delving deeper into the literature, it was recognized that additive problems are difficult due to their semantic and
syntactic complexity and students do not pay attention to this, but rather have a mechanized and direct procedure with formulas
(Rodriguez-Nieto et al., 2023). In addition, teachers do not emphasize these variables in the classroom, which does not help to
mitigate the difficulties. Based on the above, the questionnaire in Table 9 was designed, built and validated with contextualized
problems based on these requirements from the literature and the selected student.

Furthermore, the questionnaire is not biased in terms of the number of problems or preferences of the situational context but
is an instrument in accordance with the validated and current literature that has all the problems according to the semantic
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structures and syntactic component (Achim, 2024; Rojas & Sotelo, 2022). In fact, with this type of proposed problems, the student
can find significant guarantees to solve problems on equations, identify the unknown place, enhance the operations of addition
and subtraction in actions of increase and decrease.

Data Analysis

To analyse the data, Pdlya’s method was used to describe the problem-solving phases by the student. In addition, units and
categories of analysis were established in accordance with the theoretical foundation referring to semantic structures and
syntactic components (see Figure 1).

They help

. . o solve Categories of ]
Units of analysis .‘ problems analysis R
0. B
! /‘( Syntactic component y\ "“i U
_( Semantic structures | \

( Change 1. Increase with unknown in the final quantity (C1)

Change 2. Decrease with unknown in the final quantity (C2)

4 Equalization 1. Increase with unknown in the equalization (EQ1) N
qulaljzatmn 2. Decrease with unknown in the equalization (EQ2)
ion 3. Increase with unknown in the compared (EQ3)
Equalization 4. Decrease with unknown in the compared (EQ4)
Equahzatmn 5. Increase with the unknown in the referent (EQ3)
\_ Equalization 6. Decrease with unknown in the referent (EQ6) J

Change 3. Increase with unknown 1n the quantity of change (C3) ¥
Change 4. Decrease with unknown in the quantity of change (C4) Levels of
Change 5. Increase with unknown in the initial quantity (C5) arithmetic
‘Change 6. Decrease with unknown in the initial quantity (C6) J kn. owledge
Combination 1. Unknown in the whole (CB1) 1
k Combination 2. Unknown in one of the parts that make up the whole (CB2) N1: Counts
4 Comparison 1. Increase with unknown in the difference (CP1) N\ N2: Change
Comparison 2. Decrease with unknown in the difference (CP2) . -W rh
Comparison 3. Increase with unknown in the compared (CP3) N3: Part ) ole
Comparison 4. Decrease with unknown in the compared (CP4) N4: Directional
Comparison 5. Increase with unknown in the reference (CP5) relations]:l.ips
_ Comparison 6. Decrease with unknown 1n the reference (CP6) )

Figure 1. Units and categories of analysis (Rodriguez-Nieto et al., 2019)

The results are then presented according to the operability of the theoretical foundation and the functionality of the units and
category of analysis to activate the levels of arithmetic knowledge.

FINDINGS

The results of this research show the levels of arithmetic knowledge achieved by an eighth-grade high school student when
solving additive word problems. It is worth noting that the student went through the problem-solving phases proposed by Pdlya
and Zugazagoitia (1965) (Figure 2): in the first phase, the student read and understood each of the problems and extracted the
data. In the second phase, he created a plan by choosing an operation that showed the relationship between the data. In the third
phase, he executed the plan, performing the operation and interpreting the result. Finally, he reviewed the problems to see if he
had done it well or badly (retrospective look).

Figure 2. Student solving the problems (Source: Authors’ own elaboration)
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Arithmetic Knowledge Levels: Level 1 (Counting)

This section shows the problems of change 1 and 2 and combination 1 solved by the student, which has allowed him to be
placed in a level 1 of counting. Likewise, a scheme is proposed that dynamizes the mathematical operation performed and, in
turn, is an optimal representation that allows the organization of the data underlying the problem (Table 10).

Table 10. Activation of level 1 of arithmetic knowledge (Counting)

Problems/structure Operation Schema
Cl - +
?

10

C2
2

4

CB1
4
T 9
5 ?

Figure 3 shows how the student solves change problems through addition and numerical representations.

Figure 3. Evidence of problem solving for change (Source: Authors’ own elaboration)

It is worth noting that the student had no problems understanding the problems with the change structure, therefore, the
participant solved and passed the problems that were part of this level 1.

Level 2 of Arithmetic Knowledge (Change)

The problems belonging to level 2 of arithmetic knowledge are observed. This level has the problem situations of change 3
and 4 solved by the student, which allows him to place himself and stay at this level referring to the identification of modifications,
changes as a dynamic vision of the operation and the quantities. In this same way, a scheme of the operation’s functioning is
proposed and, therefore, an optimal representation that allows the organization of the underlying data of the problem (see Table
11).
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Table 11. Activation of level 2 of arithmetic knowledge (Change)

Problema/structure Resolution Schema

C3 The participant solved this exercise in several steps

Step 1
Step 2
Step 3

lu

Schema of step 1

1,2,3,4

a=a—

3, l 6,789 !
Schema of step 2

<

1||

Schema of step 3

Cc4

[ [

According to the analysis, the participant applied the property of
additive inverses showing it as follows:

9-7=5 —
Applying the property
9-?+7-5=?+5-5

Thus obtaining:

9-5=4

[ [

Continuing with the resolution of the problems, the student used a horizontal representation of the operations, since it seems
that while he was reading the statements he was immediately extracting the data in an efficient and fast manner, as well as the
identification of the corresponding operation in such a way that he was representing what he was doing (Figure 4).

Figure 4. Written evidence of problem with C3 structure (Source: Authors’ own elaboration)

In summary, it can be confirmed that the student achieves or controls level 2 of arithmetic knowledge, without having
problems with the exercises included in it.

Level 3 of Arithmetic Knowledge (Part-Whole)

For the activation of level 3 of arithmetic knowledge, the student solved problems of type CB2, C5, C6, CP1, CP2, CP3 and CP4
in a consistent manner, making modifications and comparisons that allowed him to operate with addition and subtraction. In this
context, diagrams for the representation of the data of the problems as well as the difference are also shown in Table 12.
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Table 12. Activation of level 3 of arithmetic knowledge (Part-Whole)

Problem/structure Resolution

CB2

20

C5 In this problem the participant used the property of additive inverses and
posed the operation as follows:

He is a student who used the property and obtained the following: +4-4=9-4
Then get the result:

Now, just replace the 5 in the operation posed at the beginning.

C6 In this problem, the participant used the property of additive inverses
again.
First, he sets out the structure of the problem presented.

Applying the property of additive inverses, the following is stated:

ST+7=3+7

: “Here | used the inverses, because that property helps me find the results
in a practical way”

So, it ends up like this:

(%]

Then the result (10) replaces it in the first operation posed.

10

CP1

-J

CcP2

=J

CP3

CP4

J
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Continuing with the completion of the questionnaire, it was observed here that the students had difficulties in understanding
the structures underlying the additive problems, however, the participant gradually adapted to these, being able to solve all the
problems (see Figure 5).
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Figure 5. Evidence of problem solving that triggers level 3 (Source: Authors’ own elaboration)

The student, although it took a little longer than expected, managed to correctly complete the problems that cover this level
of arithmetic knowledge.

Level 4 Arithmetic Knowledge (Directional Relationships)

For the activation of this level, the student solved the problems with semantic structures and syntactic components: CP5, CP6,
EQ1, EQ22, EQ3, EQ4, EQ5, EQ6 consistently and with the help of inverse relations, which allows him to operate with addition and
subtraction as inverse operations and bidirectional relations (Table 13).

Table 13. Level 4 arithmetic knowledge (Directional Relationships)

Problem/structure Resolution Schema
CP5

CP6

EQL

EQ2

EQ3

EQ4




12/16 Rodriguez-Nieto et al. / International Electronic Journal of Mathematics Education, 20(3), em0831

Table 13 (Continued). Level 4 arithmetic knowledge (Directional Relationships)

Problem/structure Resolution Schema
EQ5
20 ?
EQ6
5+ 19=134 =

Finally, having finished with the problems posed, the student took a little more time to solve the problems corresponding to
this level. However, he was unable to correctly answer problem 13, corresponding to structure CP5 (Table 13), referring to: Sheila
has 7 apples, 2 more apples than Jose. How many apples does José have? where the error consisted in the representation of the
operation, the participant first formulated the operation 7+2=9, but in the answer, he wrote “José has a total of 5 apples”. The final
answer is correct, but it does not match the operation performed, although the correct operation would be 7-2=50r5+2=7,
giving the answer corresponding to the problem (Figure 6).

Figure 6. Evidence of the problem being solved inconsistently (Source: Authors’ own elaboration)

After finishing solving the problems, the data obtained was analyzed, distinguishing each of the problems in Table 14 by their
respective level of arithmetic knowledge.

Table 14. Analysis of the proposed additive AWPs

Problems/structure Correct (v) [Incorrect (X) Level of arithmetic knowledge

P (C1) 4 Fulfills level 1 conditions
P (C2) 4 Fulfills level 1 conditions
P (C3) 4 Fulfills level 2 conditions
P (C4) 4 Fulfills level 2 conditions
P (C5) 4 Fulfills level 3 conditions
P (C6) 4 Fulfills level 3 conditions
P (CB1) v Fulfills level 1 conditions
P (CB2) 4 Fulfills level 3 conditions
P (CP1) v Fulfills level 3 conditions
P (CP2) v Fulfills level 3 conditions
P (CP3) v Fulfills level 3 conditions
P (CP4) v Fulfills level 3 conditions
P (CP5) X Does not fulfill the level 3 conditions because it did not adequately resolve the problem.
P (CP6) v Fulfills level 4 conditions
P (EQ1) v Fulfills level 4 conditions
P (EQ2) v Fulfills level 4 conditions
P (EQ3) v Fulfills level 4 conditions
P (EQ4) v Fulfills level 4 conditions
P (EQ5) v Fulfills level 4 conditions
P (EQ6) v Fulfills level 4 conditions

Reviewing the problems, as shown in Table 14, an inconsistency was found in the resolution of problem 13 (CP5) that had the
statement (Sheila has 7 apples, 2 more apples than José. How many apples does José have?) which the failure consisted of the
representation of the operation, the participant first formulated the operation 7 + 2 =9, but in the answer, he placed “José has a
total of 5 apples”. The final answer is correct, but it does not agree with the operation performed, although the correct operation
would be 7-2 =5 giving the corresponding answer to the problem.

Unlike previous research, in this study the student only had difficulties solving a problem due to an experienced inconsistency.
For example, this inconsistency is like the translation type errors reported by Rojas and Sotelo (2022) because he made an
incorrect translation of data into an arithmetic language which caused him to solve the problem incorrectly. Furthermore, this
inconsistency is associated with the causes of the students’ difficulties as reported by Gonzalez-Caribello et al. (2022) emphasizing
the lack of understanding of the statement.
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In summary, it could be said that the participants in the activity managed to correctly solve 19 of 20 problems posed correctly;
according to the results obtained, the student is at level 4 (directional relations). The strategies used by the participant were
modelling and numerical sequence. The modelling strategy consists of using objects (chips, sticks, marbles, etc.) or fingers to
model the action, that is, to represent the elements of the sets and to carry out the actions described in the problem with them.

Impact of This Research on Other Academic Environments

Good morning, | am Author X and | am part of the arithmetic didactics course. This project is the result of it, which is titled
solving additive problems by an eighth-grade student. Our purpose is to carry out a task of 20 additive AWPs, in which the question
is asked of a student, who correctly solves 19 of 20 problems using concepts and strategies that allowed him to solve these
exercises. It was evident that additive AWPs provide teaching-learning from another perspective and in a didactic way (Figure 7).

Figure 7. Evidence of the participation of researchers in an educational fair (Source: Authors’ own elaboration)

DISCUSSION AND CONCLUSION

This article explored the levels of arithmetic knowledge achieved by a high school student when solving additive word
problems, which is essential for their training in problem solving using basic operations and contributes to algebraic thinking in
the topics of linear equations. These results also demonstrate that the student can solve comparison and matching problems,
which is difficult as reported by some researchers (Gonzalez-Caribello et al., 2022; Orrantia et al., 2005; Rodriguez-Nieto et al.,
2019; Rojas & Sotelo, 2022).

It is important to highlight that the student in this research had difficulties solving a problem with a semantic structure of
comparison 5 since the chosen operation does not match the appropriate operation and does not relate the data consistently.
This type of error from the perspective of Rojas and Sotelo (2022) is an incorrect translation of data into an arithmetic language
and an incorrect application of addition that coincides with the typology of errors suggested by Gonzélez-Caribello et al. (2022).
Given this situation, we propose that we continue to promote this type of mathematical problem with students of different school
levels, encourage their use with in-service teachers, and use the diagrams to represent and organize the problem data.

Furthermore, these errors are not only made by the student who participated in this research, but in Achim (2024) it was
identified that children with language development disorder (LD) have difficulties solving verbal and word addition problems
because they focus only on the use of algorithms and manipulative material, and classifies it as a task that depends on language
and requires children to understand the text and identify the semantic relationships between the quantities of the problem to
solve them successfully. Therefore, this type of research that addresses mathematics at early ages can still be extended, which
undoubtedly projects towards other school stages.

It should be noted that, unlike the results of this research, there are other works such as that of Roth et al. (2025) who state
that, in the framework of solving additive word problems, it is still not clear whether number processing occurs after text
processing or whether both occur simultaneously, which marks a new way of addressing these problems because it is always
common to read and understand and then use the numbers and symbols.

One of the limitations of this research is the sample selected, but other works can be carried out with complete courses with
more students and even videotaping the teacher in the teaching and learning process of additive problems. Another limitation is
the lack of generalization of the results obtained because it was only done with a single student, so it would be interesting to
consider a larger population that presents the problems in problem solving and apply statistical methods for the analysis of
performance, connections, argumentation, critical reading, errors, among others.
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Finally, for future research we recommend posing single-stage and multi-stage problems where several semantic structures
are considered and connected in problem solving. In addition, it would be interesting for students to solve challenging problems
that involve different types of additive problems (verbal, numerical, graphical, pictorial) and that are related to each other and
that favor mathematical understanding.

Author contributions: CAR-N: conceptualization, data curation, writing - original draft; JDC-J & ALS-R: writing - review & editing, formal
analysis; BMC-R & JDB-V: literature review, resources; SS & ACI: methodology, investigation, supervision, writing - review & editing. All
authors have agreed with the results and conclusions.

Acknowledgements: The authors would like to thank the participants in this research.

Funding: This study is part of the projects: Teaching project coded by DOC.100-11-001-18 (Universidad de la Costa) & Grant PID2021-
127104NB-100 funded by MICIU/AEI/10.13039/501100011033 and by “ERDF A way of making Europe”.

Ethical statement: The authors stated that both the participants and the educational institution were informed that this article has
educational objectives that are not rooted in economic or political processes, and they voluntarily agreed to participate. The authors further
stated that they are privileged to have the institution's willingness to conduct research projects and professional internships for pre-service
mathematics teachers, where the fundamental role of research, data collection, and analysis is emphasized.

Declaration of interest: No conflict of interest is declared by the authors.

Data sharing statement: Data supporting the findings and conclusions are available upon request from the corresponding author.

REFERENCES

Achim, E. (2024). Additive word-problem solving in children with language difficulties: A descriptive analysis of strategies and errors.
[Master’s thesis, Concordia University]. Concordia.

Ariza, K., Garcia, E., & Rivero, C. (2016). Reflexiones sobre el concepto de problema matematico [Reflections on the concept of a
mathematical problem]. Revista Bases de la Ciencia, 1(1), 25-34. https://doi.org/10.3390/math10132229

Ayala-Altamirano, C., Pinto, E., Molina, M., & Cafiadas, M. C. (2022). Interacting with indeterminate quantities through arithmetic
word problems: Tasks to promote algebraic thinking at elementary school. Mathematics, 10(13), 1-18.
https://doi.org/10.3390/math10132229

Baiduri, Putri, O., & Alfani, I. (2020). Mathematical connection process of students with high mathematics ability in solving PISA
problems. European Journal of Educational Research, 9(4), 1527-1537. https://doi.org/10.12973/eu-jer.9.4.1527

Bednorz, D., & Kleine, M. (2023). Unsupervised machine learning to classify language dimensions to constitute the linguistic
complexity of mathematical word problems. International Electronic Journal of Mathematics Education, 18(1), 1-16.
https://doi.org/10.29333/iejme/12588

Boscan, M., & Klever, K. (2012). Metodologia basada en el método heuristico de Pélya para el aprendizaje de la resolucién de
problemas matematicos [Methodology based on Pdlya’s heuristic method for learning mathematical problem solving].
Escenarios, 10(2), 7-19. https://doi.org/10.15665/esc.v10i2.214

Cai, J., & Rott, B. (2024). On understanding mathematical problem-posing processes. ZDM-Mathematics Education, 56(1), 61-71.
https://doi.org/10.1007/s11858-023-01536-w

Cafiadas, M. C., & Castro, E. (2011). Aritmética de los nimeros naturales. Estructura aditiva [Arithmetic of natural numbers. Additive
structure]. In I. Segovia Alex, & L. Rico Romero (Eds.), Matemdticas para maestros en Educacién Primaria (pp. 75-98). Pirdmide.

Capone, R, Filiberti, F., & Lemmo, A. (2021). Analyzing difficulties in arithmetic word problem solving: An epistemological case
study in primary school. Education Sciences, 11(10), Article 596. https://doi.org/10.3390/educsci11100596

Creswell, J. W. (2014). Qualitative, quantitative and mixed methods approaches. Sage Publications.

Doz, E., Cuder, A., Pellizzoni, S., Carretti, B., & Passolunghi, M. C. (2023). Arithmetic word problem-solving and math anxiety: The
role of perceived difficulty and gender. Journal of Cognition and Development, 24(4), 598-616.
https://doi.org/10.1080/15248372.2023.2186692

Drose, J., Prediger, S., Neugebauer, P., Delucchi Danhier, R., & Mertins, B. (2021). Investigating students’ processes of noticing and
interpreting syntactic language features in word problem solving through eye-tracking. International Electronic Journal of
Mathematics Education, 16(1), 1-17. https://doi.org/10.29333/iejme/9674

Echenique, I. (2006). Matemdticas resolucion de problemas [Mathematics problem solving]. Fondo de publicaciones del gobierno
de Navarra.

Gabler, L., & Ufer, S. (2024). Training flexibility in dealing with additive situations. Learning and Instruction, 92, Article 101902.
https://doi.org/10.1016/j.learninstruc.2024.101902

Gonzalez-Caribello, N., Rodriguez, J., & Camacho, A. (2022). Dificultades en la resolucion de problemas matematicos aditivos
simples en estudiantes de segundo grado [Difficulties in solving simple additive mathematical problems in second-grade
students]. Géndola, Ensefianza y Aprendizaje de las Ciencias, 17(2), 246-267. https://doi.org/10.14483/23464712.16876

Jiménez, M. (2022). Programa “FEMAT” para la resolucion de problemas PAEV en estudiantes del 5° grado de primaria de la IE
1154-Cercado de Lima-2021 [FEMAT Program for Solving PAEV Problems in 5th Grade Primary Students of IE 1154-Cercado de
Lima-2021].


https://doi.org/10.3390/math10132229
https://doi.org/10.3390/math10132229
https://doi.org/10.12973/eu-jer.9.4.1527
https://doi.org/10.29333/iejme/12588
https://doi.org/10.15665/esc.v10i2.214
https://doi.org/10.1007/s11858-023-01536-w
https://doi.org/10.3390/educsci11100596
https://doi.org/10.1080/15248372.2023.2186692
https://doi.org/10.29333/iejme/9674
https://doi.org/10.1016/j.learninstruc.2024.101902
https://doi.org/10.14483/23464712.16876

Rodriguez-Nieto et al. / International Electronic Journal of Mathematics Education, 20(3), em0831 15/16

Krawitz, J., Chang, Y. P., Yang, K. L., & Schukajlow, S. (2022). The role of reading comprehension in mathematical modelling:
Improving the construction of a real-world model and interest in Germany and Taiwan. Educational Studies in Mathematics,
109, 337-359. https://doi.org/10.1007/s10649-021-10058-9

Kullberg, A., Bjorklund, C., Runesson Kempe, U., Brkovic, I., Nord, M., & Maunula, T. (2024). Improvements in learning addition and
subtraction when wusing a structural approach in first grade. Educational Studies in Mathematics, 1-19.
https://doi.org/10.1007/s10649-024-10339-z

Livaque, P. (2017). Programa de estrategias didacticas para la solucion de PAEV en estudiantes de segundo grado de la IE N° 18041
Jalca, 2016 [Program of didactic strategies for the solution of PAEV in second grade students of I.E. N° 18041 Jalca, 2016].
Universidad Cesar Vallejo.

Meneses, M., & Pefialoza, D. (2019). Método de Pdlya como estrategia pedagdgica para fortalecer la competencia en la resolucion
de problemas matematicos con operaciones basicas [Pdlya’s method as a pedagogical strategy to strengthen competence in
solving mathematical problems with basic operations]. Zona Préxima, 31, 7-25.

Ministerio de Educacion Nacional [MEN]. (2006). Estdndares bdsicos de competencias [Basic competency standards]. Ministerio de
Educacién Nacional.

Ministerio de Educacion Nacional [MEN]. (2016). Derechos bdsicos de aprendizaje [Basic learning rights]. Ministerio de Educacion
Nacional.

Mukuka, A., & Alex, J. K. (2024). Student teachers’ knowledge of school-level geometry: Implications for teaching and learning.
European Journal of Educational Research, 13(3), 1375-1389. https://doi.org/10.12973/eu-jer.13.3.1375

National Council of Teachers of Mathematics [NCTM]. (2000). Principles and standards for school mathematics. Reston: National
Council of Teachers of Mathematics.

Nesher, P. (1999). El papel de los esquemas en la resolucion de problemas de enunciado verbal [The role of schemes in solving
word problems]. SUMA, 31, 19-26.

Orrantia, J., Gonzalez, L., & Vicente, S. (2005). Un analisis de los problemas aritméticos en los libros de texto en educacién primaria
[An analysis of arithmetic problems in primary education textbooks]. Infancia y aprendizaje, 28(4), 429-451.
https://doi.org/10.1174/021037005774518929

Pacheco, H. (2019). Resolucion de problemas aritméticos con enunciado verbal (PAEV) mediante el uso de Mangus Classroom en
estudiantes de bdsica primaria de Barranquilla [Arithmetic word problem solving (PAEV) using mangus classroom in primary
school students in Barranquilla]. Universidad de la Costa.

Pérez, K. (2021). El contexto en la comprension de problemas aritméticos verbales [The context in the understanding of arithmetic
word problems]. Universidad y Ciencia, 10(2), 97-106. https://revistas.unica.cu/index.php/uciencia/article/view/1770

Pérez, K. (2022). Una tipologia de clases para la comprensidén de problemas aritméticos verbales en la Educacién Primaria [A
typology of classes for the understanding of arithmetic word problems in primary education]. Revista cientifico-educacional de
la provincia Granma, 18(2), 394-409.

Polotskaia, E., & Savard, A. (2018). Using the relational paradigm: Effects on pupils’ reasoning in solving additive word problems.
Research in Mathematics Education, 20(1), 70-90. https://doi.org/10.1080/14794802.2018.1442740

Pélya, G., & Zugazagoitia, J. (1965). Cémo plantear y resolver problemas [How to formulate and solve problems]. Trillas.

Prediger, S., Kuhl, J., Schulze, S., Wittich, C., Pulz, I., Ademmer, C., & Biischer, C. (2025). How to enable teachers to enhance all
students’ understanding of percentages? A quasi-experimental field trial. International Electronic Journal of Mathematics
Education, 20(2), Article em0816. https://doi.org/10.29333/iejme/15899

Puente, A. (1993). Modelos mentales y habilidades en la solucién de problemas aritméticos verbales [Mental models and skills in
solving arithmetic word problems]. Revista de Psicologia Aplicada, 46(2), 149-160.

Riley, M. S., & Greeno, J. G. (1988). Developmental analysis of understanding language about quantities and of solving problems.
Cognition and Instruction, 5,49-101. https://doi.org/10.1207/s1532690xci0501_2

Rodriguez-Nieto, C. (2018). Caracterizacion de problemas aditivos de enunciado verbal en libros de texto del segundo periodo de
educacién bdsica en México [Characterization of additive word problems in textbooks from the second period of basic
education in Mexico]. [Master's thesis, Universidad Autdnoma de Guerrero]. https://doi.org/10.24844/EM3102.04

Rodriguez-Nieto, C. A., Cabrales-Gonzalez, H. A., Arenas-Pefialoza, J., Schnorr, C. E., & Font, V. (2024). Onto-semiotic analysis of
Colombian engineering students’ mathematical connections to problems-solving on vectors: A contribution to the natural and
exact sciences. Eurasia  Journal of Mathematics, Science and Technology Education, 20(5), 1-24.
https://doi.org/10.29333/ejmste/14450

Rodriguez-Nieto, C. A., Garcia-Gonzalez, M. S., Navarro-Sandoval, C., & Castro-Inostroza, A. (2023). Creacidn de problemas aditivos
de enunciado verbal por profesores de Educacién primaria en México [Creation of additive word problems by primary
education teachers in Mexico]. Encuentros, 21(01), 40-59. https://doi.org/10.15665/encuen.v21i01-Enero-junio.2668

Rodriguez-Nieto, C., Navarro, C., Castro, A., & Garcia, M. (2019). Estructuras semanticas de problemas aditivos de enunciado verbal
en libros de texto mexicanos [Semantic structures of additive word problems in Mexican textbooks]. Educacion matemdtica,
31(2), 75-104. https://doi.org/10.24844/EM3102.04


https://doi.org/10.1007/s10649-021-10058-9
https://doi.org/10.1007/s10649-024-10339-z
https://doi.org/10.12973/eu-jer.13.3.1375
https://doi.org/10.1174/021037005774518929
https://revistas.unica.cu/index.php/uciencia/article/view/1770
https://doi.org/10.1080/14794802.2018.1442740
https://doi.org/10.29333/iejme/15899
https://doi.org/10.1207/s1532690xci0501_2
https://doi.org/10.24844/EM3102.04
https://doi.org/10.29333/ejmste/14450
https://doi.org/10.15665/encuen.v21i01-Enero-junio.2668
https://doi.org/10.24844/EM3102.04

16/16 Rodriguez-Nieto et al. / International Electronic Journal of Mathematics Education, 20(3), em0831

Rojas, J. A., & Sotelo, K. J. (2022). ; Qué errores cometen estudiantes de educacién primaria en la resolucion de problemas aditivos
de enunciado verbal? [What errors do primary education students make in solving additive word problems?]. Revista Torreén
Universitario, 11(30), 51-59. https://doi.org/10.5377/rtu.v11i30.13393

Roos, A. K., & Kempen, L. (2024). Solving algebraic equations by using the bar model: Theoretical and empirical considerations.
Eurasia  Journal ~ of  Mathematics,  Science  and  Technology = Education,  20(9), Article  em2505.
https://doi.org/10.29333/ejmste/15147

Roth, L., Nuerk, H. C., Cramer, F., & Daroczy, G. (2025). Can’t help processing numbers with text: Eye-tracking evidence for
simultaneous instead of sequential processing of text and numbers in arithmetic word problems. Psychological Research,
89(1), Article 50. https://doi.org/10.1007/s00426-024-02069-x

Rum, A. M., & Juandi, D. (2022). Students’ difficulties in solving mathematical literacy problem level 3, level 4 and level 5. In A. Ben
Attou, M. L. Ciddi, & M. Unal (Eds.), Proceedings of ICSES 2022- International Conference on Studies in Education and Social
Sciences (pp.123-135). Antalya, Tirkiye. ISTES Organization.

Sabagh Sabbagh, S. (2008). Solucién de problemas aritméticos redactados y control inhibitorio cognitivo [Solution of arithmetic
word problems and cognitive inhibitory control]. Universitas Psychologica, 7(1), 217-229.

Sanchez, M. R., & Vicente, S. (2015). Modelos y procesos de resolucidon de problemas aritméticos verbales propuestos por los libros
de texto de matematicas espafioles [Models and processes for solving verbal arithmetic problems proposed by Spanish
mathematics textbooks]. Cultura y Educacion, 27(4), 695-725. https://doi.org/10.1080/11356405.2015.1089389

Siregar, N. C., Rosli, R., Maat, S. M., Alias, A., Toran, H., Mottan, K., & Nor, S. M. (2020). The impact of mathematics instructional
strategy towards students with autism: A systematic literature review. European Journal of Educational Research, 9(2), 729-
741. https://doi.org/10.12973/eu-jer.9.2.729

Socas, M., Hernandez, J., & Noda, A. (1997). Clasificacion de PAEV aditivos de una etapa con cantidades discretas relativas
[Classification of PAEV additives in a one-step process with relative discrete quantities]. In S. Modesto, & R. Luis (Eds.), Primer
simposio de la sociedad espafiola de investigacion en educacién matemadtica (pp. 46-62). Zamora: Universidad de Granada.

Ufer, S., Kaiser, A., Niklas, F., & Gabler, L. (2024). | have three more than you, you have three less than me? Levels of flexibility in
dealing with additive situations. Frontiers in Education, 9, 1-17. https://doi.org/10.3389/feduc.2024.1340322

Van Dijk, T., & Kintsch, W. (1983). Strategies of discourse comprehension. Academic Press.

Vergnaud, G. (1991). El nifio, las matemadticas y la realidad: problemas de la ensefianza de las matemdticas en la escuela primaria
[The child, mathematics and reality: problems of teaching mathematics in primary school]. Ciudad de México. México. Trillas,
editorial.

Verschaffel, L., Schukajlow, S., Star, J., & Van Dooren, W. (2020). Word problems in mathematics education: A survey. ZDM, 52, 1-
16. https://doi.org/10.1007/s11858-020-01130-4

Wee, T. M., & Yeo, K. K. J. (2024). An analysis of semantic structures of addition and subtraction word problems used in primary
two mathematics textbooks. Contemporary Mathematics and Science Education, 5(2), Article ep24011.
https://doi.org/10.30935/conmaths/14690

Wienecke, L. -M., Leiss, D., & Ehmke, T. (2023). Taking notes as a strategy for solving reality-based tasks in mathematics.
International Electronic Journal of Mathematics Education, 18(3), 1-19. https://doi.org/10.29333/iejme/13312

Wolters, M. D. (1983). The part-whole schema and arithmetical problems. Educational Studies in Mathematics, 14(2), 127-138.
https://doi.org/10.1007/BF00303682

Xu, C., Burr, S. D. L., Li, H., Liu, C., & Si, J. (2024). From whole numbers to fractions to word problems: Hierarchical relations in
mathematics knowledge for chinese grade 6 students. Journal of Experimental Child Psychology, 242, Article 105884.
https://doi.org/10.1016/j.jecp.2024.105884


https://doi.org/10.5377/rtu.v11i30.13393
https://doi.org/10.29333/ejmste/15147
https://doi.org/10.1007/s00426-024-02069-x
https://doi.org/10.1080/11356405.2015.1089389
https://doi.org/10.12973/eu-jer.9.2.729
https://doi.org/10.3389/feduc.2024.1340322
https://doi.org/10.1007/s11858-020-01130-4
https://doi.org/10.30935/conmaths/14690
https://doi.org/10.29333/iejme/13312
https://doi.org/10.1007/BF00303682
https://doi.org/10.1016/j.jecp.2024.105884

