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SUMMARY

Background: Reversibility is a key concept for the understanding and
development of mathematical thinking. There is an agreement regarding problem-
solving as a fundamental part of mathematical competence, and some authors regard
reversible thinking as a requirement for it. Objectives: We want to validate an
instrument that assesses the reversibility of thought when solving verbal arithmetic
problems (word problems) involving various operations, semantic-mathematical
structures and proximity of situational information. Design: A qualitative study was
carried out from the data obtained by experts, and a quantitative study was carried out
to determine the validity and reliability of the instrument. Setting and Participants:
318 students from different Spanish schools attending primary education (6 to 12 years)
participated. Data collection and analysis: Participants performed 180 mathematical
tasks distributed over three theoretical scales, two operations, and four semantic
configurations. Results: To determine the consistency of the data, a reliability analysis
was performed globally and on each of the scales, all values being greater than 0.90.
Exploratory factor analysis resulted in three factors that explained more than 70%. To
analyse the validity of the instrument, confirmatory factor analysis was performed, and
its indices showed an adjustment of the models. Conclusions: We consider that the
designed instrument is sufficiently robust to assess the reversibility of the basic addition
and subtraction operations and, in addition, to analyse the discrimination of word
problems according to the semantic-mathematical structure and their situational
context.

Keywords: Reversibility; Mathematical thinking; Factor analysis; Construct
validity; Primary education.

Corresponding author: Maria José Caceres. Email: majocac@usal.es

Acta Sci. (Canoas), 24(6), 370-401, Nov./Dec. 2022


http://www.periodicos.ulbra.br/index.php/acta/
https://doi.org/10.17648/acta.scientiae.7328
mailto:majocac@usal.es
http://www.periodicos.ulbra.br/index.php/acta/about/submissions#copyrightNotice
http://www.periodicos.ulbra.br/index.php/acta/
https://orcid.org/0000-0001-9118-2118
https://orcid.org/0000-0002-0311-5810
https://orcid.org/0000-0002-4943-4657

Validacion de una escala para evaluar la reversibilidad del pensamiento en
problemas aritmético-verbales

RESUMEN

Contexto: La reversibilidad es un concepto clave para la comprension y
desarrollo del pensamiento matematico. Existe acuerdo en que resolver problemas es
una parte fundamental de la competencia matematica, y algunos autores consideran el
pensamiento reversible como un requisito exigible para ello. Objetivos: Se quiere
validar un instrumento que valore la reversibilidad del pensamiento cuando se
resuelven problemas aritmético-verbales que involucran diversas operaciones,
estructuras semanticas y proximidad de la informacion situacional. Disefio: Se realizo
un estudio cualitativo a partir de los datos obtenidos por jueces expertos y un estudio
cuantitativo para determinar la validez y fiabilidad del instrumento. Contexto y
Participantes: Participaron 318 estudiantes de diferentes colegios espaiioles de toda la
etapa de Educacion Primaria (6 a 12 afios). Recoleccion y analisis de los datos: los
participantes realizaron 180 tareas matematicas distribuidas en tres escalas teoricas, dos
operaciones y cuatro configuraciones semanticas. Resultados: Para determinar la
consistencia de los datos se realizé un analisis de fiabilidad de forma global y en cada
una de las escalas, siendo todos los valores superiores a .90. Se realizd un Analisis
Factorial Exploratorio que dio como resultado tres factores y que explicaban mas del
70%. Para analizar la validez del instrumento, se realizd6 un Analisis Factorial
Confirmatorio cuyos indices mostraron un ajuste de los modelos. Conclusiones: Se
considera que el instrumento disefiado es suficientemente robusto para valorar la
reversibilidad de las operaciones basicas de adicion y sustraccion y, ademads, para
analizar la discriminacion de los problemas aritmético-verbales segiin la estructura
semantica y el contexto situacional de estos.

Palabras clave: reversibilidad; pensamiento matematico; analisis factorial;
validez de constructo; educacion primaria.

Validagdo de uma escala para avaliar a reversibilidade do pensamento em
problemas aritmético-verbais

RESUMO

Contexto: A reversibilidade é um conceito chave para a compreensio e
desenvolvimento do pensamento matematico. Ha consenso de que a resolucdo de
problemas ¢ parte fundamental da competéncia matematica e alguns autores
consideram o pensamento reversivel como um dos seus requisitos. Objetivos:
Pretende-se validar um instrumento que avalie a reversibilidade do pensamento na
resolucdo de problemas aritmético-verbais envolvendo diversas operagdes, estruturas
semanticas e proximidade de informagdes situacionais. Desenho: Foi realizado um

estudo qualitativo com base nos dados obtidos por especialistas e um estudo
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quantitativo para determinar a validade e confiabilidade do instrumento. Ambiente e
participantes: participaram 318 alunos de diferentes escolas espanholas do Ensino
Fundamental (6 a 12 anos). Coleta e analise de dados: os participantes realizaram 180
tarefas matematicas distribuidas em trés escalas teodricas, duas operagdes e quatro
configuracdes semanticas. Resultados: Para determinar a consisténcia dos dados, foi
realizada uma analise de confiabilidade globalmente e em cada uma das escalas, sendo
todos os valores superiores a 0,90. Foi realizada uma Analise Fatorial Exploratoria,
resultando em trés fatores que explicaram mais de 70%. Para analisar a validade do
instrumento, foi realizada uma Analise Fatorial Confirmatoria, cujos indices mostraram
um ajuste dos modelos. Conclusdes: Considera-se que o instrumento projetado é
suficientemente robusto para avaliar a reversibilidade das operagdes basicas de adigdo
e subtragdo e, ainda, para analisar a discriminacdo de problemas aritmético-verbais de
acordo com sua estrutura semantica-matematica ¢ contexto situacional.
Palavras-chave: reversibilidade; pensamento matematico; resolugdo de

problemas; analise fatorial; validade do constructo; educagdo primaria.

INTRODUCTION

Reversibility is a mental process that consists of constructing a two-
way correlation between an initial condition and a result, and between the result
and the initial condition. This concept is a key aspect in the development of
mathematical competence. Some authors consider reversible thinking the
primary requirement for solving mathematical problems; however, reversibility
is often a problem for students (Fitmawati et al., 2019).

Research on mathematical problem solving has been constant for
several decades. Authors such as Kilpatrick (1978) or Kulm (1979) studied
dependent and independent variables that should be considered in teaching and
learning problem solving. They classified the independent variables into
subject variables, which describe or measure qualities specific to those who are
solving the problem, task variables, which refer to the characteristics of the
problems, and situational variables, which specify the peculiarities of the
physical, psychological or social environment in which the resolution of the
problem occurs. In turn, the task variables can be classified into: structural
variables, related to the mathematical structure of the problem; formatting
variables, linked to the syntactic structure of the statement; and contextual
variables, referring to the situational information offered, its semantic-
mathematical structure and the knowledge of the semantic field (Puig &
Cerdan, 1988).

One of the most used types of problems in the teaching of mathematics
is the word problem (WP) understood as the “verbal description of problematic
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situations from which one or more questions arise whose answer can be
obtained by applying mathematical operations to the numerical data present in
the statement” (Verschaffel et al., 2014, p. 641). In this work, we want to
validate an instrument that evaluates the reversibility of thought according to
the resolution operation, the semantic-mathematical structure of the WP and the
proximity of the situational information for the person who solves it. The
reasons that lead to the validation of this instrument are the importance of
knowledge about the development of the reversibility of thought and the
influence that the word-problem task variables may have in said development.

The study of the reversibility of thought begins with Piaget’s study of
children’s cognitive development, which establishes four stages: sensorimotor,
preoperational, concrete operational, and formal operational stage. He places
the concrete operational stage between the ages of 7 and 11 and suggests that
children begin logical operational thinking during this period. At this stage, the
principles of conservation and reversibility are developed. From the age of 8,
they begin to solve complex problems (Babakr et al., 2019). Piaget (1970)
defined mathematical objects as products of coordinated mental actions. In
particular, logical-mathematical actions (operations) are characterised by their
modularity and reversibility. Modularity enhances mathematical reasoning with
the possibility of combining chains of mental actions, for example, students
familiar with operations can combine results obtained in one operation with
others to obtain new results. Related to these actions, the reversibility of
thought was initially broadly defined by Piaget as the structural understanding
of operations that allows reversible actions (Norton & Boyce, 2015).

One of the simplest forms of reversibility of thought is to understand
how subtraction relates inversely to addition. In fact, researchers in
mathematics education have studied reversibility as a critical aspect of students’
mathematical reasoning development (Greer, 2011; Hackenberg & Lee, 2015;
Simon et al., 2016). By reversing mental actions, such as those involving
addition and subtraction operations, students can check the outcome. However,
the reversibility of thought can be studied both in the mathematical structures
of additive operations and in the WPs that use such mathematical structures.
Mathematical skills related to success in problem solving are reversibility and
flexibility. Reversibility can be explained based on the mathematical structure,
such as the approach, process, and outcome of the operations involved
(Rohimah & Prabawanto, 2019).

The WPs are classified according to their mathematical structure in
WPs of additive or multiplicative structure. Specifically, additive-structure
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WPs are resolved through the formulation and resolution of an addition or
subtraction operation. In simple additive problems, depending on the syntactic
structure used in their drafting, we can find six open sentences for addition and
another six for subtraction, depending on where the unknown term is located
(Table 1).

Table 1

Types and configurations of open addition and subtraction sentences (Castro
et al., 1995)

Configurations For addition For subtraction
Direct a+b=7 a-b=7?
a+?=c a-?=c
Semidirect 1 c=a+7? c=a-?
?+b=c ?-b=c
Semidirect 2 c=?+b ?=a-b
Indirect ?=atb c=?2-b

Spanish textbooks abound with additive-structure WPs. These
problems can be considered authentic discursive entities (Orrantia et al., 2005),
which has allowed in-depth studies of their semantic-mathematical structures.
Many authors have been interested in this aspect, and different classification
schemes have been established (Carpenter & Moser, 1982; Riley & Greeno,
1988; Vergnaud, 1982). One-step WPs are those expressed by simple semantic-
mathematical structures and solved with a single arithmetic operation. They
describe situations that may refer to the increase or decrease of an amount
(Change), the combination of two amounts (Combination) or the comparison
of two amounts (Comparison). The Combination and Comparison problems
describe static situations, while the Change problems represent actions in
dynamic situations. Matching problems combine Change and Comparison
characteristics and are less common. Other WPs use compound semantic-
mathematical structures, which are combinations of simple structures with a
certain number of stages set to reach their solution (Rodriguez et al., 2019).

One-step WPs involve three datasets, one of which is unknown. For
Comparison problems, they are indicated as reference, difference, and
comparison sets (Stern, 1993). Their equivalents in dynamic situations are the
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beginning, the change, and the results (Gabler & Ufer, 2021). Depending on the
unknown set, the problem responds to different mathematical structures that do
not depend on the semantic-mathematical structure of the problem. That is,
different forms of problem writing can determine the same mathematical
structure. Table 2 shows examples of problems with different semantic-

mathematical structure that give rise to the same mathematical structure “4 + 3
=7,

Table 2

Problems with different semantic-mathematical structures and the same
mathematical structure

Semantic-
mathematical Problem
structure
Santiago has 4 silkworms and Ana gives him
Change another 3. How many worms does Santiago have
now?
Combination Santiago has 4 silkworms and Ana has 3. How
many worms do they have between them?
. Santiago has 4 silkworms and Ana has 3. How
Comparison

many worms does Ana have?

Santiago has 4 silkworms. If he had 3 more
Equalising worms, he’d have as many as Ana. How many
worms does Ana have?

Concerning the semantic-mathematical structure of a one-step WP,
Fuson et al. (1988) distinguished between additive and subtractive wording. So,
some variations in the wording of a problem can also connect with the
reversibility of thought by leading to the same additive or subtractive
mathematical structure. Linguistically, relationships in Comparison problems
can be expressed by relational terms such as “more” or “larger” (additive
wording), or “less” or “smaller” (subtractive wording). For example, “Ana has
3 more silkworms than Santiago” can also be expressed in subtractive words:
“Santiago has 3 silkworms less than Ana.” Similarly, dynamic word problems
can be expressed with action verbs that refer to adding (additive wording, e.g.,
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get’, ‘buy’) or removing an amount (subtractive wording, e.g., ‘give away’,
‘sell”).

The resolution of one-step WPs consists of relating two known
amounts by an arithmetic operation to obtain an unknown amount. According
to Verschaffel et al. (2000), this can be done genuinely or superficially. A
genuine resolution requires understanding both the proposed situation and the
semantic-mathematical structure. Instead, the superficial form consists of an
ordered translation of the statement into mathematical language regardless of
situational information. Only problems that address situational contexts that
require a low level of understanding can be solved superficially (Vicente et al.,
2018, 2020). The proximity (proximity or remoteness) of situational
information to the daily reality of those who try to solve the problem influences
the level of abstraction required and, therefore, its understanding (Conejo &
Ortega, 2013, Vicente & Manchado, 2017).

Previous studies establish that the complexity of the problems depends
as much on the mathematical structure that must be faced as on the proximity
of the situational information. For example, Castro et al. (1995) state that
mathematical sentences of direct configuration are those that present the least
difficulty. Moreover, subtraction sentences usually generate more difficulties
than addition sentences, where “? - b = ¢” is significantly more difficult than
the other five. However, there are no differences between the difficulty of
semidirect sentences “a+ ? =¢", "? + b =c¢" and “a - ? = ¢". In general, the
sentences with the operation on the right side of the equal sign are significantly
more difficult than the others. Works such as those of Daroczy et al. (2015) or
Stern (1993) show that the WPs with an unknown reference/start set
(corresponding to indirect mathematical structures) are more difficult than
those with an unknown comparison/result set (corresponding to indirect
mathematical structures). On the other hand, Conejo and Ortega (2013) state
that the situational information and vocabulary used in their presentation also
determine the complexity in the resolution, so that the problems that involve
concepts that are distant because they have an unusual use imply greater
difficulty than those that use close concepts and concepts known for their
habitual use.

Recent research questions various aspects of Piaget’s theory (1970). It
shows evidence that children at the concrete operational stage cannot
understand the relationship between things that do not exist in the physical
world, such as the relationship between numbers; that not all children reach the
stage of formal operations or perceive the influence of social contexts on
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cognitive development (Babakr et al., 2019). The validation of this instrument
aims to advance the understanding of the development of reversibility in
children 6 to 12 years old.

METHODOLOGY
Population and sample

The population of this work are students of public, private, and
concerted primary education schools in Spain. A sample of 318 pupils® (150
men and 168 women) from two autonomous communities (Castilla y Leon and
Extremadura), ranging in age from 5 to 12 years, covering the entire stage of
primary education (1* to 6™ grades of elementary school), was obtained by the
availability of educational establishments. All subjects participating in the tests
know and practice solving the addition and subtraction algorithms.

Regarding the size of the sample, on the one hand, classic
recommendations consider that a sample of between 200 and 300 subjects is
sufficient; on the other hand, current recommendations suggest that the size of
the sample interacts with other factors such as the commonalities of the items,
considering a sample of between 200 and 250 as sufficient (Beavers et al., 2013;
Fernando & Anguiano-Carrasco, 2010). Therefore, this sample was considered
convenient and sufficient to validate with this sample.

Instrument

The instrument consists of 180 mathematical tasks (Annex 1), grouped
into three theoretical scales based on the aspects that can influence the
complexity of a verbal arithmetic problem (Adénis, 2006):

e A first scale consisting of 60 mathematical addition and subtraction
operations with small numbers, which respond to the various
mathematical structures and are called Structures (ST). Depending

1The students were informed of their participation in the research and gave their
acceptance implicitly, by filling in the questionnaire, safeguarding their identity. The
authors assume all responsibility and release Acta Scientiae from any action that may
arise, including full assistance and possible compensation for any damage that results
for any of the participants in the research, in accordance with Resolution 510, of April
7, 2016, of the National Health Council of Brazil.

Acta Sci. (Canoas), 24(6), 370-401, Nov./Dec. 2022 377



on the place of the unknown term in the open statement, these
mathematical structures were presented in four modalities,
according to the configurations explained above: Direct (D),
Semidirect 1 (S1), Semidirect 2 (S2) and Indirect (I).

The other two scales are formed by problems in which the
proximity of the situational information changes, one with 60
problems where the situational information uses concepts that are
considered close to the child because they are frequently used,
called Near Problems (NP) and, the other, 60 problems where
concepts are presented that are supposed to be distant from the
child because they are of occasional use, called Distant Problems
(DP). The tasks proposed in these scales are related to those
proposed in the ST scale, both in the configurations (D, S1, S2, and
1) as seen in Table 3 and with the order of appearance in relation to
the configuration of the corresponding mathematical structure
(Table 4).

Table 3
Examples of tasks in the various questionnaires according to their
configuration
Structures Near Problems Distant Problems
Configurations Questionna  Questionnaires Questionnaires
ires (ST) (NP) (DP)
Santiago has 4 Santiago has 4
silkworms, and breams, and Ana
. Ana has 3. How has 3. How many
+3=
Direct (D) 43 |:| many worms do breams do they

Semidirect 1
(S1)

378

4+ =7

they have between
them?

Santiago has 4
silkworms. How
many does Ana
have, if, between
the two of them,
they have 7?

have between
them?

Santiago has 4

breams. How
many does Ana
have, if, between
the two of them,
they have 7?
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Semidirect 2
(52)

Indirect

)

[[]+3=7

[[]=4+3

How many
silkworms does
Santiago have, if
Ana has 3 and,
between the two,
they have 7
worms?

How many
silkworms do they
have between
Santiago and Ana,
if Santiago has 4
and Ana has 3?

How many breams
does Santiago
have, if Ana has 3
and, between the
two, they have 7
breams?

How many breams
do they have
between Santiago
and Ana, if
Santiago has 4 and
Ana has 3?

Table 4 shows how ST, NP and DP were related, configurations D, S/,
S2, and 7 and the type of operation (addition or subtraction) in the three scales
used (expand on the information in Appendix 1).

Table 4

Scheme of tasks of the three scales of the instrument

. . Scales
Operation  Configurations ST, NP, DP Item Number
Direct 7, 8,11, 13, 25,37, 51, 52
Semidirect 1 38, 39, 42, 45, 47, 50, 54, 55
Addition  gepjdirect 2 6,9, 23, 28, 30, 35, 40, 41
Indirect 3,15,17,19, 21, 24, 31, 32
Direct 1,2,5,22, 36,49, 57
. Semidirect 1 44, 46, 48, 53, 56, 58, 59
Subtraction

Semidirect 2
Indirect

4,12, 18, 20, 33, 34, 43
10, 14, 16, 26, 27, 29, 60

Five experts in mathematical education performed an analysis of the
items of each of the scales; for each of them, four characteristics were
considered: clarity, appropriateness, relevance and sufficiency (Escobar-Pérez
& Cuervo-Martinez, 2008, cited in Marban & Fernandez-Gago, 2021) and they
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were given a rating of 1 (does not meet the criterion) to 4 (high level of
compliance). Initially, there were eight items in each mathematical structure (D,
S1, 2, and I) of each of the scales (S7, NP and DP) for each operation (addition
and subtraction). After that, experts agreed to eliminate one item from each
structure and each scale in the subtraction operation due to duplication of
information so that the final instrument was composed of the items listed in
Table 4.

Data collection and analysis procedure

All the students who participated in the study performed the tasks
proposed in the three theoretical scales. Since the number of tasks was high, we
decided to carry out the resolution on three different days, one for each scale,
so that the fatigue factor did not distort the results.

The tasks were scored based on the presence or absence of error so that
they were assigned number 1 if the answer was correct and number 0 if
incorrect. For the totals of the configurations studied (D, S1, S2, and /), all the
scores of each were added up on each of the scales. Total Direct Structures
(TSTD), Total Semidirect Structures 1 (TSTSI), Total Semidirect Structures 2
(TSTS2), Total Indirect Structures (TSTI), Total Direct Near Problems (TNPD),
Total Semidirect Near Problems 1 (TNPS1), Total Semidirect Near Problems 2
(TNPS2), Total Indirect Near Problems (TNPI), Total Direct Distant Problems
(TDPD), Total Semidirect Distant Problems 1 (TDPSI), Total Semidirect
Distant Problems 2 (TDPS?2) and Total Indirect Distant Problems (TDPI) were
considered.

The IBM SPSS version 26 program was used to analyse the internal
consistency of the instrument. Both the reliability of the data and the validation
of the construct were studied. To study the reliability of the data, Cronbach’s
alpha coefficient was calculated for each scale (S7, NP, and DP) with all its
items. For construct validation, we calculated the totals of each of the scales in
each of the configurations (7STD, TSTS1, TSTS2, TSTI, TNPD, TNPS1, TNPS2,
TNPI, TDPD, TDPS1, TDPS2, and TDPI):

e A principal component analysis (PCA) to reduce data and an
exploratory factor analysis (EFA) were performed with the IBM
SPSS version 26 program. For its application and interpretation,
we considered the value of the Kaiser-Meyer-Olkin measure of
sampling adequacy (KMO) greater than .70, indicating an adequate
interrelation between items and the Barlett’s sphericity test, whose
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significance indicates that the variables can be compared to each
other (Pérez & Medrano, 2010).

e A Confirmatory Factor Analysis (CFA) was performed with the
IBM SPSS Amos version 26 program. The maximum likelihood
adjustment procedure was used, and the CMIN/DF indicators
between 2 and 5 were considered; NFI, NNFI/TLI, IFI and CFI >
.90 were taken into account; RMSEA < .08; PRATIO, PCFI, PNFI
> .70 (Byrne, 2010; Escobedo et al., 2016; Hair et al., 2014; Kline,
2010).

RESULTS
Reliability and analysis of the items

For the reliability analysis, we considered Cronbach’s alpha
coefficient, which assumes that for values higher than .70, the reliability of the
instrument is considered acceptable. The coefficient value for the instrument
was .97 for 180 items; and for each of the S7, NP and DP scales, the values
were .89, .94, and .96, respectively, so we verified that not only are the scales
acceptable but reliable, stable, and with a very high internal consistency,
qualifying, therefore, with an excellent level of reliability (Cronbach, 1951).

Principal Component Analysis (PCA) and Exploratory Factor
Analysis (EFA)

For the analysis of the variability of the data and possible reduction of
their dimensionality, we carried out a PCA with Varimax rotation on each of the
scales used in the study (ST, NP and DP).

Table 5
KMO values and Barlett s sphericity test on all three scales
Barlett’s .
KMO sphericity test (x2) Sig.
ST .84 7057.76 .00
TNP .89 9311.46 .00
TDP .92 10461.70 .00
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The results indicated the possibility of a correct interpretation of the
EFA, with KMO values very close to 1 (Table 5). Also, since the Barlett’s
sphericity test was significant in all the scales, the model can be considered
suitable, for it allows comparing all the variables with each other (Pérez &
Medrano, 2010).

The EFA was carried out on the totals of each configuration and on each
of the scales used to check whether the factors were positioned according to the
proposed theoretical model from which we started. This analysis yielded values
that indicated the possibility of an interpretation of the factor analysis (KMO =
.82; y2 = 2585.87; p = .00; Marin-Diaz et al., 2016). The variance explained
was 70.77%, and through a Varimax rotation, we obtained three factors that
corresponded to the configurations D, SI, S2, and /, taking into account the
three ST, NP and DP scales used (Table 6).

Table 6

Matrix of factors rotated over totals

Factors
1 2 3

TNPS2 91

TNPS1 .86

TDPS2 .82

TDPS1 .76

TDPI .88

TDPD .88

TNPI .67

TNPD .61

TSTS1 .82
TSTD .74
TSTI .66
TSTS2 .61

Therefore, the scales and configurations that correspond to each of the
rotated factors do not correspond to the theoretical model initially proposed, so
we would have an alternative model to the initial theoretical model, leaving the
distribution of these new factors as follows:
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e To the first factor: Near Problems and Distant Problems with
Semidirect 1 and Semidirect 2 configurations, which we will call
Semidirect.

e To the second factor: Near Problems and Distant Problems with
Direct and Indirect configurations, a factor that we will call Direct
— Indirect.

e To the third factor: Structures with Direct, Semidirect 1, Semidirect
2 and Indirect configurations, a factor that we will call Structures.

Validity of the construct (Confirmatory Factor Analysis)

Since the arrangement of EFA factors did not coincide with what was
initially proposed at the theoretical level and, given the configurations of the
three factors that resulted from the factor extraction method through the PCA
with Varimax rotation (Table 6), the CFAC was performed using structural
equation models. This is a robust multivariate technique that combines with
multiple regression aspects (Cerdn et al., 2020) to analyse the existing
relationships between the variables and the two models: the theoretical model
initially proposed and the alternative model that the EFA includes (Leén &
Fernandez-Diaz, 2019). This checks whether the construct is valid for both
models.

CFA, according to the initial theoretical proposal

To check whether the initial theoretical proposal fits correctly, we
performed a CFA.

Table 7
Adjustment rates of the initial and adjusted theoretical model
Initial Adjusted
Measure Recommended theoretical initial
Adjustment Level theoretical
model
model
Absolute adjustment measures
Chi-squared p>.05 p=.00 p=.00
CMIN/DF 2-5 14.10 5.12
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RMSEA <.080 .20 0.11
Incremental adjustment measures

CF1 >.90 74 .92
TLI >.90 .60 .88*
NFI >.90 73 91
IFI >.90 74 .93
Parsimony adjustment measures

PRATIO >.70 .65 .61%
PCFI a>value>parsimony A48 .56
PNFI a<value>adjustment 48 .55

This initial model consists of three latent variables (Structure, Near
Problems and Distant Problems), 12 observed variables (from TSTD to TDPI),
12 error terms (from eSTD to eDPI), 12 factor loads between the factors and
the corresponding observed variables, 12 regression loads between the errors
and the associated observed variables, and three correlations between the

theoretical latent factors.
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Figure 1
Adjusted initial theoretical model

The results obtained from the initial theoretical model did not fit
correctly (see Table 7), so we proceeded to make the appropriate modifications,
obtaining an adjusted initial theoretical model that adds four correlations
between the errors to the initial model, according to the modification indices,
which causes a reduction in the value of the statistic (Medrano & Muioz-
Navarro, 2017). We observe that the saturations oscillate between .47 and .93
on all three scales (Figure 1).

The absolute adjustment and incremental measures of this adjusted
initial theoretical model verify the considerations of the authors cited above, so
the model adjusts. Therefore, we can say that this measuring instrument is
suitable and quite solid.
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CFA, according to the resulting EFA

Since when performing the EFA, the model did not coincide with the
initial theoretical model, for it only maintained the configuration in one of its
factors of the latent variables Structure, being another factor formed by the
Direct and Indirect configurations of the two types of problems, and the third
and last factor, formed by the Semidirect configuration of both types of
problem, we carried out a CFA to check whether the resulting proposal of the
EFA adjusted correctly. The initial model, according to the EFA, is made up of
three latent variables (Structure, Direct — Indirect and Semidirect); 12 observed
variables (from 7STD to TDPSI); 12 error terms (from eSTD to eSTI); 12 factor
loadings between the factors and the corresponding observed variables; 12
regression weights between the errors and the associated observed variables
and three correlations between the latent factors according to the EFA.

Table 8
Adjustment rates of the model according to initial and adjusted EFA
Model Model
Recommended . according to
Measure . according to .
Adjustment Level N the adjusted
the initial EFA

EFA
Absolute adjustment measures
Chi squared p>.05 p=.00 p=.00
CMIN/DF 2-5 10.80 6.07
RMSEA <.08 18 13
Incremental adjustment measures
CF1 >.90 .81 91
TLI >.90 .70 .85%
NFI >.90 .79 .89%*
IFI >.90 .81 91
Parsimony adjustment measures
PRATIO >.70 .65 .62%*
PCFI a>value>parsimony .53 .56
PNFI a<value>adjustment .52 .55
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Figure 2
Model according to the adjusted EFA
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Since the initial model, according to EFA, did not fit correctly (see
Table 8), we made the appropriate modifications, obtaining a model according
to the adjusted EFA, which adds to the initial model, according to EFA, three
correlations between the errors, according to the modification indices (Figure
2). We can observe that the saturations oscillate between .47 and .95 on all three
scales. According to the adjusted EFA, the adjustment measures are valid in this
model, so, again, we can state that the model is suitable.

The fact that both models (adjusted initial theory and adjusted EFA) are
valid suggests that perhaps some external factor intervenes in the cognitive
functioning of the subjects when facing the tasks. However, this also indicates
that, regardless of whether the instrument is used taking into account theoretical
factors or taking into account factors according to the EFA, the instrument is
sufficiently robust and valid to measure reversibility development when solving
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one-step WPs and to discriminate between the task variables of the various
problems.

DISCUSSION AND CONCLUSIONS

Interest in the variables to be considered in teaching and learning
problem-solving is indisputable. It has been shown that there are different
factors that can alter the relationship between the subject and a correct
resolution of these problems (Kilpatrick, 1978; Kulm, 1979).

The literature review allows us to affirm that a main feature of basic
operations is reversibility (Piaget, 1970). There are different configurations for
addition and subtraction operations (Direct, Semidirect 1, Semidirect 2, and
Inverse) that are reflected in the WPs at the semantic level (Castro et al., 1995).
Moreover, the proximity of the situational information of a verbal arithmetic
problem with respect to the daily experiences of people who solve the problem
influences the acquisition of a complete mathematical abstraction (Conejo &
Ortega, 2013).

Therefore, the validated instrument was elaborated to measure the
discrimination with respect to the reversibility of the addition and subtraction
algorithms, as well as the WPs based on the semantic-mathematical structure
used and the proximity of the situational information.

Each of the scales used (S7, NP and DP) contained 60 tasks of a
dichotomous nature (presence of error — absence of error) that the participants
in the experimentation solved. In addition, on the one hand, the items of the ST
scale contained different open statement configurations of addition or
subtraction, D, SDI, SD2, and I, depending on where the unknown to be
calculated was located in the operation; on the other hand, the items of the NP
and DP scales contained different WPs with information about the student’s
near (NP) and distant (DP) situation.

With indices of .90 onwards, the scales showed very high internal
consistency with an excellent level of reliability. The KMO values were very
close to 1, and Barlett’s sphericity was significant, allowing us to perform an
EFA that showed the existence of three factors that explain 70.77%, which,
although not corresponding with the initial theoretical model, had theoretical
logic. The first factor, Semidirect, brings together the Near Problems and
Distant Problems with Semidirect configurations (Semidirect 1 and Semidirect
2); the second factor, Direct — Indirect, brings together the Near Problems and
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Distant Problems with Direct and Indirect configurations; and the third factor,
Structure, brings together the Structures with all the Direct, Semidirect 1,
Semidirect 2 and Indirect configurations.

To verify the factorial structures, regarding the initial theoretical model
and the model according to the adjusted EFA, a CAF was carried out using the
maximum likelihood method, since it allows obtaining a category estimator and
with high efficiency (Correa & Carmona, 2015), taking into account that the
sample size complied with both classic and current recommendations
(Anguiano-Carrasco, 2010; Beavers et al., 2013). In both models, both the
initial theoretical and the EFA-adjusted models, the incremental adjustment
indices exhibited values above .90; likewise, the parsimony adjustment indices
showed a correct adjustment; on the other hand, although the absolute
adjustment indices did not meet the suitability, they approximated and would
be interpretable since, although a fully satisfactory adjustment cannot be
ensured, we can affirm that those values would not disrupt the resulting model.
The fact that both models adjust suggests the presence of transversal factors
extraneous to the instrument itself that can alter the subjects’ cognitive
functioning in the resolution of the tasks.

Therefore, the results reveal that the designed instrument is sufficiently
solid and allows distinguishing the reversibility of the addition and subtraction
operations and the WPs according to the semantic-mathematical structure used
and the proximity of the situational information to the person who solves it.

The concentration of subjects only in two autonomous communities
may be a limitation of this study, and this variable should be considered for the
analysis of the results. The number of tasks by scales may seem excessive, but
all of them were necessary for us to validate the instrument correctly. We expect
that the instrument is used correctly so that, in future research, the errors can be
correctly localised, which is a relevant aspect of the correct approach to teacher
education through, for example, the request for the creation of mathematical
tasks suitable for the development of reversibility.

ACKNOWLEDGEMENTS

This article derives from the SA050G19 project financed by the
Ministry of Education in support of the Recognized Research Group of the
public universities of Castilla y Leon.

Acta Sci. (Canoas), 24(6), 370-401, Nov./Dec. 2022 389



AUTHORSHIP CONTRIBUTION STATEMENT

BSB conceived the idea of the research presented and collected the
data. BSB and MJC analysed the data. All authors actively participated in the
discussion of the results and the formulation of conclusions. They all reviewed
and approved the final version of the article.

DATA AVAILABILITY DECLARATION

Data supporting the results of this investigation will be available by the
correspondent, MJC, upon reasonable request.

REFERENCES

Adonis Barata, M. D. (2006). As dimensoes da “geometria do pensamento” :
uma heuristica positiva para um programa de investigacao cientifica.
[Tesis doctoral, Universidad Pontificia de Salamanca]. Repositorio
institucional.

Babakr, Z. H., Mohamedamin, P., & Kakamad, K. (2019). Piaget's Cognitive
Developmental Theory: Critical Review. Education Quarterly
Reviews, 2(3), 517-524. https://doi.org/10.31014/aior.1993.02.03.84

Beavers, A. S., Lounsbury, J. W., Richards, J. K., Huck, S. W., Skolits, G. J.,
& Esquivel, S. L. (2013). Practical Considerations for Using
Exploratory Factor Analysis in Educational Research. Practical
Assessment, Research & Evaluation, 18(6).
https://doi.org/10.7275/qv2q-rk76

Byrne, B. M. (2010). Structural equation modelling with AMOS: Basic
concepts, applications, and programming. Lawrence Erlbaum.

Carpenter, T. P. & Moser J. M. (1982). The development of addition and
subtraction problem-solving skills. In T. P. Carpenter, J. M. Moser, &
T. A. Romberg (Eds.), Addition and subtraction: A cognitive
perspective (pp. 9-24). Lawrence Erlbaum.

Castro, E., Rico, L., & Castro, E. (1995). Estructuras aritméticas elementales
y su modelizacion. Iberoamericana.

Cerdn, C., Cossio-Bolafios, Marco, Pezoa-Fuentes, P. & Gomez-Campos, R.
(2020). Disefio y validacion de un cuestionario para evaluar

390 Acta Sci. (Canoas), 24(6), 370-401, Nov./Dec. 2022


https://doi.org/10.31014/aior.1993.02.03.84
https://doi.org/10.7275/qv2q-rk76

desempefio docente asociado a las practicas evaluativas formativas.
Revista Complutense de Educacion, 31(4), 463-472.
https://doi.org/10.5209/rced.65512

Conejo, L. & Ortega, T. (2013). Clasificacion de los problemas propuestos en
aulas de Educacion Secundaria Obligatoria. Educacion matematica,
25(3), 129-158. https://doi.org/10.24844/EM

Correa, J. C., & Carmona, G. P. (2015). Comparacion de la regresion Gini
con la regresion de Minimos Cuadrados Ordinarios y otros modelos
de regresion lineal robustos. Comunicaciones en Estadistica, 8(2),
129-161. https://doi.org/10.15332/s2027-3355.2015.0002.01

Cronbach, L. J. (1951). Coefficient alpha and the internal structure of test.
Psychometrika, 16, 297-334. https://doi.org/10.1007/BF02310555

Daroczy, G., Wolska, M., Meurers, W. D., & Nuerk, H. C. (2015). Word
problems: A review of linguistic and numerical factors contributing to
their difficulty. Frontiers in Psychology, 6, 1-13.
https://doi.org/10.3389/fpsyg.2015.00348

Escobedo Portillo, M. T., Herndndez Gémez, J. A., Estebané Ortega, V., &
Martinez Moreno, G. (2016). Modelos de ecuaciones estructurales:
Caracteristicas, fases, construccion, aplicacién y resultados. Ciencia
& trabajo, 18(55), 16-22. http://dx.doi.org/10.4067/S0718-
24492016000100004

Fitmawati, E. E., Siswono, T. Y. E., & Lukito, A. (2019). Student’s
Reversibility in Solving Algebraic Problem. International Journal of
Trends in Mathematics Education Research, 2(4), 188-192.
https://doi.org/10.33122/ijtmer.v2i4.98

Fuson, K. C., Stigler, J. W., & Bartsch, K. (1988). Grade Placement addition
and subtraction topics in Japan, mainland China, the Soviet Union,
Taiwan and the United States. Journal of Research in Mathematical
Education, 19, 449-456. https://doi.org/10.2307/749177

Gabler, L. & Ufer, S. (2021). Gaining flexibility in dealing with arithmetic
situations: a qualitative analysis of second graders’ development
during an intervention. ZDM-Mathematics Education, 53(2), 375-
392. https://doi.org/10.1007/s11858-021-01257-y

Acta Sci. (Canoas), 24(6), 370-401, Nov./Dec. 2022 391


https://doi.org/10.5209/rced.65512
https://doi.org/10.24844/EM
https://doi.org/10.15332/s2027-3355.2015.0002.01
https://doi.org/10.1007/BF02310555
https://doi.org/10.3389/fpsyg.2015.00348
http://dx.doi.org/10.4067/S0718-24492016000100004
http://dx.doi.org/10.4067/S0718-24492016000100004
https://doi.org/10.33122/ijtmer.v2i4.98
https://doi.org/10.2307/749177
https://doi.org/10.1007/s11858-021-01257-y

Greer, B. (2011). Inversion in mathematical thinking and learning.
Educational Studies in Mathematics, 79, 429-438.
https://doi.org/10.1007/s10649-011-9317-2

Hackenberg, A. J. & Lee, M. Y. (2015). Relationships Between Students’
Fractional Knowledge and Equation Writing. Journal for Research in
Mathematics Education, 46(2), 196-243.
https://doi.org/10.5951/jresematheduc.46.2.0196

Hair, J. F., Black, W. C., Babin, B. J., & Anderson, R. E. (2014). Multivariate
data analysis (72 ed). Pearson.

Kilpatrick, J. (1978). Variables and methodologies in research on problem-
solving. In L. L. Hatfield & D. A. Bradbard (Eds.), Mathematical
problem solving: Papers from a research workshop (pp. 7-20). ERIC

Kline, R. B. (2010). Principles and practice of structural equation modeling.
Guilford Press.

Kulm, G. (1979). The classification of problem-solving research variables. En
G. A. Golding & C. E. McClintock (Eds.), Task Variables in
Mathematical Problem Solving (p. 1-12). ERIC.

Ledn, V. & Ferndndez-Diaz, M. J. (2019). Disefio y validacidn de una escala
para evaluar el funcionamiento de las tutorias en Educacion
Secundaria. Revista de Investigacion Educativa, 37(2), 525-541.
https://doi.org/10.6018/rie.37.2.34.5251

Marin-Diaz, V., Sampedro-Requena, B.E., & Vega-Gea, E. (2016).
Construccidn de una escala para determinar la utilidad de los blogs en
la educacion superior. Psychology, Society, & Education, 8(3), pp.
217-228.

Medrano, L. A. & Mufioz-Navarro, R. (2017). Aproximacion Conceptual y
Préctica a los Modelos de Ecuaciones Estructurales. Revista Digital
de Investigacion en Docencia Universitaria, 11(1), 219-239. doi:
http://dx.doi.org/10.19083/ridu.11.486

Norton, A. & Boyce, S. (2015). Provoking the construction of a structure for
coordinating n + 1 levels of units. The Journal of Mathematical
Behavior, 40, 211-232. https://doi.org/10.1016/j.jmathb.2015.10.006

Orrantia, J., Gonzélez, LB, & Vicente, S. (2005). Un analisis de los problemas
aritméticos en los libros de texto de Educacién Primaria. Infanciay

392 Acta Sci. (Canoas), 24(6), 370-401, Nov./Dec. 2022


https://doi.org/10.1007/s10649-011-9317-2
https://doi.org/10.5951/jresematheduc.46.2.0196
https://doi.org/10.6018/rie.37.2.34.5251
http://dx.doi.org/10.19083/ridu.11.486
https://doi.org/10.1016/j.jmathb.2015.10.006

aprendizaje, 28(4), 429-451.
https://doi.org/10.1174/021037005774518929

Pérez, E. R. & Medrano, L. (2010). Andlisis factorial exploratorio: bases
conceptuales y metodoldgicas. Revista Argentina de Ciencias del
Comportamiento, 2, 58-66. https://doi.org/10.32348/1852.4206.v2.n1

Piaget, J. (1970). Psicologia y epistemologia. Emecé.

Puig, L., & Cerdan, F. (1988). Problemas y problemas aritméticos
elementales En: Problemas aritméticos escolares. Sintesis.

Riley, M. S. & Greeno, J. G. (1988). Developmental analysis of
understanding language about quantities and solving problems.
Cognition and instruction, 5, 49-101.
https://doi.org/10.1207/s1532690xci0501 2

Rodriguez, C. A., Navarro, C., Castro, A. N., & Garcia, M. S. (2019).
Estructuras semanticas de problemas aditivos de enunciado verbal en
libros de texto mexicanos. Educacion Matematica, 31(2), 75-104.
https://doi.org/10.24844/em3102.04

Rohimah, S. M. & Prabawanto, S. (2019). Student’s Difficulty Identification
in Completing the Problem of Equation and Trigonometry Identities.
International Journal of Trends in Mathematics Education Research,
2(1), 34-36. https://doi.org/10.33122/ijtmer.v2i1.50

Simon, M. A, Kara, M., Placa, N., & Sandir, H. (2016). Categorizing and
promoting reversibility of mathematical concepts. Educational
Studies in Mathematics, 93(2), 137-153.
https://doi.org/10.1007/s10649-016-9697-4

Stern, E. (1993). What makes certain arithmetic word problems involving the
comparison of sets so difficult for children? Journal of Educational
Psychology, 85, 7-23. https://doi.org/10.1037/0022-0663.85.1.7

Vergnaud, G. (1982). A classification of cognitive tasks and operations of
thought involved in addition and subtraction problem. In T. P.
Carpenter, J. M. Moser, & T. A. Romberg (Eds.), Addition and
subtraction: A cognitive perspective (pp. 39-59). Lawrence Erlbaum.

Verschaffel, L., Depaepe, F., & De Corte, E. (2014). Word problems in
mathematics education. In A. A. Stephen Lerma (Ed.). Encyclopedia
of Mathematics Education (pp. 641-645). London South Bank
University & Springer.

Acta Sci. (Canoas), 24(6), 370-401, Nov./Dec. 2022 393


https://doi.org/10.1174/021037005774518929
https://doi.org/10.32348/1852.4206.v2.n1
https://doi.org/10.1207/s1532690xci0501_2
https://doi.org/10.24844/em3102.04
https://doi.org/10.33122/ijtmer.v2i1.50
https://doi.org/10.1007/s10649-016-9697-4
https://doi.org/10.1037/0022-0663.85.1.7

Verschaffel, L., Greer, B.,& De Corte, E. (2000). Making sense of word
problems. Swets & Zeitlinger.

Vicente, S. & Manchado, E. (2017). Dominios de contenido y autenticidad:
un andlisis de los problemas aritméticos verbales incluidos en los
libros de texto espafioles. PNA. Revista de Investigacion en Didactica
de la Matemética, 11(4), 253-279.
https://doi.org/10.30827/pna.v11i4.6242

Vicente, S., Manchado, E., & Verschaffel, L. (2018). Solving arithmetic word
problems. An analysis of Spanish textbooks/Resolucion de problemas
aritmético verbales. Un analisis de los libros de texto espafioles.
Cultura y Educacion, 30(1), 71-104.
https://doi.org/10.1080/11356405.2017.1421606

Vicente, S., Sanchez, R., & Verschaffel, L. (2020). Word problem solving
approaches in mathematics textbooks: a comparison between
Singapore and Spain. European journal of psychology of education,
35, 567-587. https://doi.org/10.1007/s10212-019-00447-3

394 Acta Sci. (Canoas), 24(6), 370-401, Nov./Dec. 2022


https://doi.org/10.30827/pna.v11i4.6242
https://doi.org/10.1080/11356405.2017.1421606
https://doi.org/10.1007/s10212-019-00447-3

ANNEX 1

Structures
STI, 8-3 =[] |st2. 9-2=0] |sm3 [d=2+5
ST4. 5 -[] =2 sT5. 3 - 2 =[] ST6. 4 +[ =7
ST7. 3 +2 =[] ST8. 4+ 3 =[] sT9. 8 +[]=11
STI0. []=4-3 STIL. 9 +2=[] |[sT2. 8-[]=5
ST13. 8 +3 =[] |sTi4 [J=8-3 ST15. [ ]= 4 + 3
ST16. []=6-3 ST17. [J=3+2 sTi18. 3 -[]=1
ST19. []= 6 + 3 sT20. 7 -[]= 4 ST21.[]=9 + 2
ST22. 6 - 3 =[] ST23. 6 +[]=9 ST24. []=8 + 3
ST25. 6 +3 =[] |[st26. (J=7-3 s127. [1=3 - 2
ST28. 9 +[]=11 ST29. []1=9 -2 ST30. 2 + [JF7
stal. [J=5+3 st32. [1=7+3 |s133. 6-[1=3
ST34. 9 -[]= sT35. 7 +[]=10 ST36. 7-3 =[]
ST37. 5 + 3 =[] sT38. [+ 3 =8 sT39.[J+2=75
st40. 3 +[]=5 ST41. 5 +[] =18 sT42.[J+ 3 =9
ST43. 4 -[J =1 |sT#4 [-3=1 sT45. [J+2 =11
ST46. []-3 =3 ST47. [J+3 =11 |sT48. [J-2=7
ST49. 4 - 3 =[] sTs0. [J+3 =7 |[s151. 2+5 =[]
sTs2. 7+ 3 =[] sTs3. [1-2=1 sT54. [+ 5 =7
STss. []+ 3=10 STs6. []-3 =3 STS7. 5 -3 =[]
sTs8. [1-3=4 |stso. [1-3=2 |sTe0. []=5-3
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Near problems

NP1. I had eight candies this morning, but I ate three. How many candies did I
have left?

NP2. I had nine marbles, but I lost two. How many marbles do I have left?

NP3. How many kilos of oranges do we have at home, if my mother bought 2
kilos yesterday and 5 today, and nobody ate oranges?

NP4. In my garden this morning there were 5 flowers. How many flowers did
the gardener cut this afternoon, if now there are only 2?

NP5. I had 3 dolls, but I lost 2. How many dolls do I have?

NP6. Santiago has 4 silkworms. How many does Ana have, if between the two
of them they have 7?

NP7. In one closet there are 3 books and in another there are 2. How many
books are in the two closets?

NPS8. Santiago has 4 silkworms and Ana has 3. How many animals do they
have?

NP9. If in one house 8 people live, how many people live in another house,
knowing that between the two together 11 people live?

NP10. How many candies do I have left, if | had 4 and I gave away 3?

NP11. Juan caught 9 fish and Marco 2. How many fish did they fish between
the two of them?

NP12. I had eight candies this morning. How many did I eat if I have 5 now?

NP13. 8 people live in one house and 3 live in another. How many people live
in the two houses?

NP14. How many candies do I have left, if I had 4 and I ate 3?

NP15. How many silkworms do they have between Santiago and Ana, if
Santiago has 4 and Ana has 3?

NP16. How many liters of wine were left in a carafe, if there were 6 liters and
they removed 3?

NP17. How many books are in two cabinets, if in one there are 3 books and in
the other there are 27

NP18. If I had 3 dolls, how many did I lose if now I only have 1 doll?

NP19. How many pencils do we have in the classroom, if yesterday we had 6
and today the teacher brought 3 more?

NP20. If Filipa had 7 glasses, how many did she break if she only has 4 now?

NP21. How many fish did Juan and Marco catch together, if Juan caught 9 and
Marco 2?

NP22. There were 6 liters of wine in a jug, but we removed 3 liters. How many
liters were left in the jug?
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NP23. If we had 6 pencils in the classroom, how many pencils did the teacher
bring if we now have 9?

NP24. How many people live between the two houses together, if 8 live in one
house and 3 in the other?

NP25. In the classroom we had 6 pencils and today the teacher brought 3 more.
How many pencils do we have in the classroom now?

NP26. How many glasses does Filipa have, if she had 7 and broke 3?

NP27. How many dolls did I stay with, if  had 3 and lost 2?

NP28. If Juan caught 9 fish, how many did Marco catch if 11 fish were caught
between the two?

NP29. How many marbles did I stay with if [ had 9 and lost 2?

NP30. My mother bought 2 kilos of oranges yesterday. How many kilos of
oranges did she buy today, if we now have 7 kilos?

NP31. How many arrows does an Indian have in total, if he has 5 red and 3 blue
arrows?

NP32. How many cows does a cowboy have, if he has 7 black and 3 white
cows?

NP33. If there were 6 liters of wine in a carafe, how many liters have we
removed from the carafe if now we only have 3 liters?

NP34. If I had 9 marbles, how many did I lose if now I only have 7?

NP35. A cowboy has 7 black cows; how many white cows does he have if in
total he has 10 cows?

NP36. Filipa had 7 glasses, broke 3, how many glasses does she have now?

NP37. An Indian has 5 red arrows and 3 blue arrows. How many arrows does
he have in total?

NP38. How many red arrows does an Indian have, if he has 3 blue arrows and
in total he has 8 arrows?

NP39. How many books are in one cabinet, if there are 2 books in another, and
between the two cabinets there are 5 books?
NP40. If there are 3 books in one cabinet, how many books are in another
cabinet, knowing that there are 5 books between the two cabinets?
NP41. If an Indian has 5 red arrows, how many blue arrows does he have, if
between the two colors he has 8 arrows?

NP42. How many pencils did we have in the classroom, if today the teacher
brought 3 pencils and now we have 9?

NP43. If | had 4 candies, how many did I give away if now I only have one?

NP44. How many candies did I have if I gave away 3 and now I only have 1
left?

NP45. How many fish did Juan catch, if Marco caught 2 and between the two
they caught 11 fish?
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NP46. How many candies did I have, if I ate 3 and now I have 5 candies?

NP47. How many people live in one house, if in another house 3 people live
and between the two houses there are 11 people?

NP48. How many marbles did I have if I lost 2 and now I have 7 marbles?

NP49. If I had 4 candies and I gave away 3, how many candies do I have now?

NP50. How many silkworms does Santiago have, if Ana has 3 and between the
two they have 7 worms?

NP51. My mother bought 2 kilos of oranges and I bought 5 kilos. How many
kilos of orange did we buy between the two of us?

NP52. A cowboy has 7 black and 3 white cows, how many cows does he have
in total?

NP53. How many marbles did I have if I lost 2 and now I only have 1 marble?

NP54. How many kilos of oranges did we have if my mother bought 5 kilos
today and now we have 7 kilos of oranges?

NP55. How many black cows does a cowboy have if he has 3 white cows and
in total he has 10 cows?

NP56. How many liters of wine were in a carafe, if we threw 3 liters away and
now there are 3 liters in the carafe?

NP 57. In my mother’s garden there were 5 flowers, and the gardener cut 3.
How many flowers are there in the garden?

NP58. How many glasses was Filipa carrying, if she broke 3 and now has 4
glasses?

NP59. How many flowers were there in my mother’s garden this morning, if
the gardener cut 3 flowers and now there are 2 flowers left in the garden?

NP60. How many flowers are left in my mother’s garden if there were 5 flowers
and the gardener cut 3?

Distant problems

DP1. I had 8 kiwis this morning, but I ate 3. How many kiwis do I have left?

DP2. I had 9 clips, but I lost 2. How many did I stay with?

DP3. How many kilos of oranges do we have at home, if my mother bought 2
kilos yesterday and 5 today, and nobody ate oranges?

DP4. In my garden this morning there were 5 gerberas. How many gerberas
did the gardener cut this afternoon, if now there are only 2?

DP5. 1 had 3 parallelepipeds, but I lost 2. How many did I stay with?

DP6. Santiago has four breams. How many breams does Ana have, if between
the two of them they have 7?

DP7. In one cabinet there are 3 trains and in another there are 2. How many
trains are in the two cabinets?
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DP8. Santiago has 4 breams and Ana has 3. How many breams do they have
between them?

DP9. If in one house 8 people live, how many people live in another house,
knowing that between the two together 11 people live?

DP10. How many rings did I have left, if | had 4 and I gave away 3?

DP11. Juan caught 9 turbot and Marco 2. How many turbot did they catch
between the two of them?

DP12. I had 8 kiwis this morning. How many did I eat if  have 5 now?

DP13. 8 people live in one house and 3 live in another. How many people live
in the two houses?

DP14. How many candies do I have left, if | had 8 and I ate 3?

DP15. How many breams do they have between Santiago and Ana, if Santiago
has 4 and Ana has 3?

DP16. How many cubic decimeters of wine were left in a carafe, if there were
6 cubic decimeters and they removed 3?

DP17. How many trains are there in two cabinets, if in one there are 3 trains
and in the other there are 27

DP18. If I had 3 parallelepipeds, how many did I lose if [ only have 1 now?

DP19. How many slabs do we have in the classroom, if yesterday we had 6 and
today the teacher brought 3 more?

DP20. If Filipa was carrying 7 pitchers, how many did she break if she is now
carrying only 4?

DP21. How many fish did Juan and Marco catch together, if Juan caught 9 and
Marco 2?

DP22. In a jug there were 6 cubic decimeters of wine, but we removed 3. How
many cubic decimeters were left in the jug?

DP23. If we had 6 slabs in the classroom, how many slabs did the teacher bring
if we now have 9?

DP24. How many people live between the two houses together, if 8 live in one
house and 3 in the other?

DP25. In the classroom we had 6 slabs and today the teacher brought 3 more.
How many slabs do we have in the classroom now?

DP26. How many pitchers does Filipa have, if she was carrying 7 and broke 3?

DP27. How many parallelepipeds did I stay with, if I had 3 and lost 2?

DP28. If Juan caught 9 turbot, how many did Marco catch, if the two of them
caught 11 turbot?

DP29. How many clips did I keep, if I had 9 and lost 2?

DP30. My mother bought 2 kilograms of oranges yesterday. How many
kilograms of oranges did she buy today, if we now have 7 kilograms?
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DP31. How many feathers does an Indian’s crown have in total, if it has 5 red
feathers and 3 blue feathers?

DP32. How many ruminants does a cowboy have, if he has 7 black ruminants
and 3 white ones?

DP33. If there were 6 cubic decimeters of wine in a carafe, how many cubic
decimeters did we remove if we only have 3 now?

DP34. If I had 9 clips, how many did I lose if now I only have 7?

DP35. If a cowboy has 7 black ruminants, how many white ruminants does he
have, if in total he has 10?

DP36. Filipa was carrying 7 pitchers, and she broke 3, how many pitchers did
she stay with?

DP37. An Indian has a crown with 5 red feathers and 3 blue ones. How many
feathers does he have in total?

DP38. How many red feathers does an Indian’s crown have, if it has 3 blue
feathers and in total it has 8?

DP39. How many trains are there in one cabinet, if in another there are 2 and
in the two cabinets there are 5 trains?

DP40. If there are 3 trains in one cabinet, how many trains are there in the other
cabinet, knowing that there are 5 trains in both?

DP41. If an Indian’s crown has 5 red feathers, how many blue feathers are there
if it has a total of 8 feathers?

DP42. How many slabs did we have in the classroom, if today the teacher
brought 3 and now we have 9 slabs?

DP43. If I had 4 rings, how many did I give away if I only have 1 now?

DP44. How many rings did I have, if | gave away 3 and now I only have 1?

DP45. How many turbot did Juan catch, if Marco caught 2 and the two caught
11 turbot?

DP46. How many kiwis did I have, if I ate 3 and I have 5 left?

DP47. How many people live in one house, if in another live 3 and in the two
together 11 live?

DP48. How many clips did I have, if I lost 2 and [ have 7 left?

DP49. If I had 4 rings and I gave away 3, how many rings did I stay with?

DP50. How many breams does Santiago have, if Ana has 3 and between the
two they have 7 breams?

DP51. My mother bought 2 kilograms of oranges yesterday and bought 5
kilograms today. How many kilograms of oranges did she buy in the two
days?

DP52. A cowboy has 7 black and 3 white ruminants, how many ruminants does
he have in total?

DP53. How many parallelepipeds did I have, if I lost 2 and now I only have 1?
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DP54. How many kilograms of oranges did my mother buy yesterday, if she
bought 5 today and now we have 7 kilograms?

DP55. How many black ruminants does a cowboy have, if he has 3 white and
in total he has 10 ruminants?

DP56. How many cubic decimeters of wine were there in a carafe, if we
removed 3 cubic decimeters and now we only have 3?

DP57. In my garden this morning there were 5 gerberas, but in the afternoon
the gardener cut 3. How many gerberas were left in my garden?

DP58. How many pitchers was Filipa carrying, if she broke 3 and now she has
only 4 pitchers?

DP59. How many gerberas did the gardener cut this morning in my garden, if
this afternoon he cut 3 and now there are only 2 gerberas left?

DP60. How many gerberas are left in the garden if this morning there were 5
gerberas and this afternoon the gardener cut 3?
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