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Abstract. The lack of an adequate and organized transfer of steps in the subtraction process results
in a learning difficulty of this operation in elementary school. The objective of this study is to show
how the use of a digital educational resource can help improve the mathematical performance of
children with dyscalculia. In particular, how the systematic application of a digital resource improves
the resolution of subtraction, compared to the resolution of such operation without it. The study
was carried out by applying a learning sequence of systematized subtraction and adapting it to
the specific difficulties of the student and then selecting a motivating digital resource. Our results
suggest that the use of this resource has made outstanding contributions to the achievement of
this mathematical operation. It is recommended to carry out studies in this line to contribute to
improving the learning process of school children with these difficulties.

Keywords. Subtraction learning, learning disability, mathematical difficulty, digital educational
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Resumen. La falta de una transferencia secuenciada y adecuada de los pasos del proceso de la
resta es origen de una dificultad en el aprendizaje de esta operacién en primaria. El objetivo de
esta investigacion es mostrar como la utilizacién de un recurso educativo digital puede ayudar a
mejorar el rendimiento matematico de niflos y niflas con discalculia. En concreto, cémo la aplicacion
sistematica de un recurso digital mejora la resolucién de la resta, comparandolo con la resolucién
de dicha operacién sin él. El estudio se realizé aplicando una secuencia de aprendizaje de la resta
sistematizada y adaptada a las dificultades especificas de la estudiante y seleccionando un recurso
digital motivador. Nuestros resultados sugieren que la utilizacion del recurso ha contribuido de
manera destacada al logro de esta operacidn matemadtica. Se recomienda realizar estudios en esta
linea para contribuir a la mejora del aprendizaje de escolares que presentan estas dificultades.

Palabras claves. Aprendizaje de la resta, dificultades de aprendizaje, dificultades mateméticas, recurso
educativo digital.

Difficulties in learning to subtract

The concept of learning difficulties in curricular content can be defined as “a problematic
educational situation originated by the existing excessive distance between demand in a
learning task and the competency of a student or group of students to solve the task” (Badia,
2012, p. 18). This concept highlights that the level of initial competency of the student is below
the level required to complete the task. That’s why, when planning for interventions in students
who have learning difficulties, it is necessary to know their personal characteristics, but also to
analyze their difficulties taking into account the teaching and evaluation processes carried out
by specialists in education.

The difficulties students face in mathematical contents and processes can be interpreted
from the point of view of cognitive schemata as being inappropriate to solve the tasks at
hand (Badia, 2012). One of the difficulties is related to numerical sense, the way of reasoning
with and about numbers. The objective of this case study is to show how the application of
a digital educational resource adapted to the needs of a student helps her to overcome a
learning difficulty related to subtraction by emphasizing the reinforcement of a sequenced and
appropriate transference of the steps in the subtraction process.

Not all learning difficulties in primary school mathematics are a result of intellectual
impairment or inappropriate schooling. Between 5% and 8% of students report some cognitive
deficit or type of memory that interferes with their ability to learn concepts from mathematics
(Geary, 2004). This difficulty is characterized by problems in assimilating and remembering
numerical and arithmetical data (Geary & Hoard, 2001; Rossellia & Matute, 2005; Shalev &
Gross-Tsur, 2001), performing calculations, and generating strategies for the resolution of the
problems provided (Landerl, Bevan & Butterworth, 2004).
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In order to improve the teaching of mathematics, textbooks suggest reflecting to promote
abstractions and suggestive deductive processes, and developing applications that allow the
content to be inserted in the real world (Giménez, 1999) and not just engage in repetition of
specific concepts. The learning of mathematics is not achieved by the application of repeated
movements, but by the amount of ideas that are related in the process (Fernandez, 2005). So,
in order to introduce improvements to the learning process of math, it is necessary to focus on
the learning process itself (Marcelo, 2001), and make the knowledge achieved part of one’s own
reflection that stems from one’s previous knowledge (Cebridn, 1999).

Several studies have focused on elementary subtraction. Firstly, Robinson (2001)
determined the relationship between the development of subtraction abilities and the
improvement of the global arithmetic knowledge of the students, measuring the mathematical
knowledge of procedures, facts, and concepts. It concluded that it is necessary to take into
account the student’s individual differences in conceptual knowledge when developing
arithmetic skills. Siegler (1987), on the other hand, showed the importance of compiling verbal
records that offer relevant information on how children solve arithmetical problems. According
to the model by Siegler and Jenkins (1989) for the development of subtraction strategy, when
solving a subtraction, the choice of strategy depends on two parameters: the strength of the
associations between the operation to be performed (for example, 6-2) and the possible answers
(1, 2, 3) and, second, the trust criteria that measures the confidence of the student about the
accuracy of the answer given.

Secondly, concerning the study of errors in the subtraction algorithm, we found the theory
of VanLehn, which incorporates a thorough analysis of the procedural mechanisms that govern
the generation of systematic errors (Brown & Burton, 1978; Brown & VanLehn 1980; Brown &
VanLehn, 1982; Lopez & Sanchez, 2006; VanLehn, 1982, 1983, 1987, 1990; Young & O’Shea, 1981.
For these writers, the problem lies in the failure of the execution process for the subtraction
algorithm. These researchers show the nature and representation of the different patterns of
error. Errors are incurred in when students incorrectly memorize the steps in the process, be
it omissions, intrusions, or permutations. In this way, it is possible to find students that, when
doing subtractions, omit one of the steps, mix the components, permute the order of the steps,
o include steps from other processes, for example, addition.

On the other hand, other researchers (Fuson, 1986, 1992a; 1992b; Fuson & Briars, 1990;
Hiebert & Lefevre, 1986; Hiebert & Wearne, 1996; Ohlsson & Rees, 1991; Resnick, 1982, 1983;
Resnick & Omanson, 1987) point out the relevance of acquiring the conceptual components
that govern algorithmic procedures. These components refer to the comprehension of the
principles related to the acquisition of the decimal system, the capacity to count, the acquisition
of the numerical sequence, the manifestation of the key concepts related to numbers, as well as
the comprehension of the arithmetic functioning of the algorithm of subtraction.
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Lastly, there are some authors (Fiori & Zuccheri, 2005) who consider that the errors in the
subtraction calculations are a natural stage and cannot be avoided in the process of knowledge
acquisition.

The interaction among the contextual, intuitive, and formal components influences
the learning process of children who experience those difficulties. This type of student does
not have enough conceptual resources to successfully solve subtractions and, when faced
with new situations, is not sure how to operate. According to Hiebert and Lindquist (1990),
when doubt arises, these students use the analogy but do not produce a correct sequenced
transference of the steps. They transfer isolated steps, but not the whole process. That is why,
in the context of the classroom, it is necessary to take into account the interpretations and
resources used by the children when solving subtractions; they significantly influence the
conceptual knowledge and the relationship that the child has to establish with this type of
knowledge (Sanchez & Lépez, 2009).

Errors in subtraction can be classified in different categories according to their origin. One
classification (Sierra model, as cited in Van Lehn, 1990, p. 202) proposes a distinction between
errors or bugs systemically made by the students throughout different courses: always-borrow-
left, blank-instead-of-borrow, borrow-across-second-zero, borrow-across-zero, borrow-don’t-
decrement-unless-bottom-smaller, borrow-from-one-is-nine, borrow-from-one-is-ten, borrow-
from-zero, borrow-from-zero-is-ten, borrow-no-decrement, borrow-no-decrement-except-last,
borrow-treat-one-as-zero, doesn’t borrow-except-last, don’t-decrement-zero, forget-borrow-
over-blacks, N-N-causes-borrow, only-do-units, quit-when-bottom-blank, smaller-from-larger,
smaller-from-larger-except-last, smaller-from -larger-instead-of-borrow-from-zero, smaller-from-
larger-instead-of-borrow-unless bottom, stops-borrow-at-multiple-zero, stops-borrow-at-zero, top-
instead-of-borrow-from-zero®.

Another classification (Cid, Godino & Batanero, 2003) distinguishes between the following
errors: (1) in the positioning of numbers, (2) in the order of obtaining basic numerical tasks, (3)
in obtaining basic numerical facts, (4) in subtraction of smaller from larger, (5) in positioning a
zero, (6) in empty places, and (7) in carrying and writing the complete result.

A third classification (Lopez & Sanchez, 2007) distinguishes between the influence of
subtraction’s conceptual structure and its relation to zero. For example, when borrowing from
zero, this changes to nine, but there is no longer any gaining from the column to the left.

3In English in the original.
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Lastly, there is the proposal from Noda and Bruno (2009) on the classification of errors
based on the analysis of the subtraction process and its algorithm (table 1).

Table 1

Categorization of errors in the subtraction algorithm

Category Type of error
1. Graphomotor skills 1. Mistaking numbers
2. Numbering system 2.1 Placing numbers incorrectly

2.2 Subtracting numbers of different order

3. Algorithm 3. When carrying numbers, beginning to the left
4. Meaning of operation 4. Adding instead of subtracting
5. Subtracting by regrouping 5.1 Forgetting the carry

5.2 Carrying at all times

6. Numbers 6. Making up numbers

Note: Noda and Bruno, 2009 have approved the use of table 1.

The application of digital educational resources for the learning of subtraction

The integration of technology in education offers many possibilities at different levels
(didactic, informative, social). Besides the pedagogical value of the resource, there is the
motivation factor and the thrill it provokes in students. Using different technological tools
allows for a change in the teaching-learning process and for the improvement of motivation
and socialization in the classroom (Aguaded & Mufioz, 2012). Additionally, the use of digital
resources for the learning of mathematics enriches the process by allowing students to develop
their communicative competency and foster their motivation and interest in the topic, while
paying more attention and concentration in class (Gonzalez, 2012).

Nevertheless, introducing technology to education in general, and to the learning of
subtraction in particular, does not imply a significant change in the results or in the teaching
practice despite its contribution for motivating students. In this sense, authors such as Burton
& Brown (1982), Carbonell (1970), Lépez and Sanchez (2009) and Martin and VanLehn (1995)
have researched the use of computers as a complement in dealing with arithmetic errors. These
researchers have shown the influence of hypermedia in formal and procedural knowledge in the
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learning process of the subtraction algorithm; they have concluded that instruction supported
by a methodology that makes use of digital resources influences the conceptual command to
learn subtraction. (Lépez & Sanchez, 2009).

In this sense, the use of technology can help use target all rhythms and learning styles
while offering educators the possibility of making use of different formats and support to work
content areas. Following the description that Jonassen (1997) gives of problems, a student with
learning difficulties in subtraction must solve well-structured and situated problems, with a level
of complexity adapted to their motivation and previous knowledge. In this way, technology
could be efficiently used to promote significant learning among students.

Peltenburg, van den Heuvel-Panhuizen and Robitzsch (2010) researched the mathematical
potential of students with special needs specifically regarding subtraction up to 100. They
developed and used an evaluation instrument for a standardized written test in digital media.
The grades of the students who took the digital version were compared to the items in the
written test. The results showed that the dynamic evaluation based on technology could help
the students develop their potential in doing subtraction.

Waiganjo and Wausi (2013) pointed out that the use of technology could improve the
mathematical performance of students with learning difficulties in the area, specifically of those
who suffered from dyscalculia. They also pointed out the need to take into account the teacher’s
attitude, their previous experience, as well as the software and hardware used in order for the
digital resources to be effective in helping students overcome their difficulties.

In this study, we work with the hypothesis that the use of a digital educational resource that
focuses on subtraction will contribute to improve the performance of the student in this operation.

Methodology

The qualitative research is framed by a critical constructivist paradigm. On one hand,
it focuses on describing and interpreting educational phenomena and is interested in the
discovery of guidelines and patterns to understand the meaning and construction of personal
knowledge. On the other hand, it is a critical study since the research presupposes that the
systematic use of a digital educational resource could improve a specific learning difficulty.

Participant

When defining the selection criteria for participating in the study, we looked for students
who were diagnosed by a team of educational psychologists with having learning difficulties
in mathematics, specifically in subtraction; students were also part of the public education
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system and had authorization from parents. In this case, the student chosen was a girl who at
the moment of the study was 10 years and 3 months old. Her family circle was stable and was
classified as belonging to a low socioeconomic status. She had been a student in the special
education class of a public school since the age of 4. Her diagnosis showed she had learning
difficulties in mathematics (specifically in subtraction) and language. Her case was overseen by
the team of pedagogical psychologists.

Instruments

The decision was made for a case study, one of the modalities used in constructivism
for the compilation of data. The information was compiled using interviews (tutor, specialist
in special education, family), direct observation, and registry of the test results of subtractions
performed both, digitally and in paper. Data triangulation was used for the analysis of the
information collected during the sessions.

During the initial evaluation, data was collected using:

Psyco-technical tests.

Semi structured interview with the tutor and specialist in special education.
Semi structured interview of the family.

* [Initial written evaluation test on subtraction.

Several searches were performed, in order to choose the digital resource, which had to
contribute to the student’s success in subtraction. The digital educational resource had to meet
the following requirements: vertical subtraction, one and two-digit subtraction, and subtraction
with and without borrowing; since that was the type of subtraction that the student regularly
performed in class and in order to compare the evolution in the process.

The resource chosen is called “Ejercicios de restar” (Dibujos para pintar, 2004-2014). It does
subtraction vertically, it allows the user to choose the number of digits and whether borrowing
is allowed or not. Whenever the subtraction is done incorrectly, it is possible to correct it or
move on to the next exercise. It is also possible to print the results to measure the evolution and
the errors. It gives the user 5 minutes to solve a subtraction problem.

After using the digital resource, the following instruments were used for the final
assessment:

* Result of subtractions done using the digital resource.
* A summary chart of the student’s evolution doing subtraction online.
* Final written subtraction test.
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Preliminary assessment
The student tool several tests; these are their results:

WISC-IV: low scores below her chronological age in verbal comprehension, perceptive
reasoning, memorization of letters and numbers, speed of processing and resolution.

TALEC for reading and writing: reading was very slow but fluid; she divided into syllables
and spelled, made errors of omission and substitution. In reading comprehension she achieved
level 1, in spelling she achieved level 2 for natural gammar and level 1 for random spelling and
speed.

The student’s attitude in the classroom was good, as well as her disposition and effort,
which did not correspond to her academic results. She could perform addition but not
subtraction. She had many difficulties in the resolutions of problems and serialization. In her
relationships with classmates the student was shy; she was accepted by others despite her lack
of ongoing contact with them.

At the school, she participated in the special education classroom two hours a week
where she would work on Reading and Reading comprehension. In the rest of the classes, the
work was adapted to her needs taking into account the curricular adaptation made for her. In
the classroom, ICTs were rarely used; the tutor only used them to supplement her explanations.

At home, the student’s behavior and her relationship with her brother and parents were
good. The parents were not aware of her limitations and said that if the student did not make an
effort, it was due to lack of interest. The mother was the one who offered help when the student
asked for it. She would mostly do homework by herself.

Initial assessment

The student did a written exercise of 10 regular subtractions and 10 subtractions by

regrouping (figura 1).

2 4
-15

Figura 1. Example of subtraction by borrowing.

Note: Prepared by the authors.
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The tutor carried out the initial assessment for 17 minutes. The student had to do 20
subtractions. During the session, the student did not ask for help at any time; she seemed to be
concentrating on solving the subtractions. The student took the test in a classroom by herself,
with no other students or distractors.

The student correctly solved 70% of the simple subtractions and 30% of the subtractions
with borrowing out of 20 subtractions, 10 simple (5 of 1 digit and 5 of 2 digits) and 10 borrowing
(all of 2 digits).

We use the categories by Noda and Bruno (2009) to assess her difficulties in solving
subtractions:

First, we observed that the student did not have problems with graphomotricity,
numbering system, or meaning of the operation.

Nonetheless, she made mistakes in the algorithm: 3 times she began from the left. She
also made mistakes in borrowing subtraction; 4 times she forgot about the borrowing, and 3
times she made up the numbers (tabla 2).
Table 2

Initial assessment of the student’s errors in subtraction

Category Type of error Error made by student
1. Graphomotricity 1.1 Mistaking numbers No
2. Numbering systems 2.1 Placing number the wrong way No

2.2 Subtracting numbers of different order

3. Algorithm When borrowing, beginning to the left 3 times

4. Meaning of operation 4.1 Adding instead of subtracting No

5. Subtraction with borrowing 5.1 Forgetting the borrowing number 4 times
5.2 Borrow at all times

6. Numbers 6.1 Make up numbers 3 times

Note: Noda and Bruno (2009) have authorized the authors to use table 2.
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Learning with digital resource

Once the errors were identified, the student used the digital resource to solve subtractions
during 4 weeks, 4 times a week.

There were a total of 16 sessions that complemented the work the student did in the
classroom taking into account the content adaptations defined for her. These 16 sessions lasted
approximately 15 minutes, and took place in a classroom with laptop and internet access. She
worked individually; we made sure distractors from other classrooms where minimal.

The first five sessions were devoted to 1-digit subtraction. The remaining 11 sessions were
devoted to 2-digit subtraction: 5 to simple subtraction and 6 to 2-digit subtractions with borrowing.

At the beginning of each session, the student moved from her classroom to the computer
room with her special education teacher. Before beginning the session, for 5 minutes the student
relaxed by doing breathing exercises and other relaxation exercises with her teacher in order to
relieve tension and be able to focus on the mathematical problems.

During 5 minutes, she would do the subtraction exercises using the digital tool. She could
choose the type of subtractions to solve according to the instructions given by her special
education teacher. When presented with an exercise, the student first observed the minuend
and subtrahend, as well as the blank spaces used to type the corresponding numbers.

Secondly, shewould verbalize each step she needed tofollowin orderto solve the subtraction.
For example, 20-13 is one of the subtractions she was faced with; the vertical subtraction is shown
in a central position on the screen for the student to see what she has to do: unit and ten as well
as the borrowed ones. To the right of the subtraction, there is a clock to show the time devoted
to the operation; there is a clock and the image of a teacher reading on a chair. The verbalization
of the aforementioned example was: “I begin to the right, because | cannot subtract 0-3 given that 0
is smaller than 3, the number 2 gives one to the 0 and so now | have 10. Now | can do the subtraction:
10-3is 7. Now, because the 2 gave one, | have to take it and so | have 1 and 1 minus 1 s 0. Let’s see iflam
right... (the student checked the operation). Yes, it’s correct! Now, to the next one’.

Whenever she failed, the tool let her correct the answer or move to the next one. She always
tried to correct the answer, but moved on after a couple of unsuccessful attempts. Lastly, she also
had the chance to print the results at the end of the session to check her progress and errors.

When she finished subtracting using the tool, the student again engaged in relaxation
exercises in order to go back to the classroom and continue with her mathematics lesson.
During the session in the classroom, the student had to solve problems similar to the ones she
did in the computer, but this time in writing, also during 5 minutes. This allowed her to practice
subtraction and check her improvement using the tool. The tutor was in charge of letting the
student know whether the answers were correct or not; if not, she could correct them.
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Final assessment
At the end of each session, the results were registered on a table to observe her evolution.

At the end of the 16 sessions, the same initial test was given to the student in order to
analyze her progress in the algorithm of subtraction. The tutor proctored the test and it was
taken in a classroom without any distractors.

Results
Training process

The percentage of subtractions solved correctly the first time, that is, the ones that she did
not need to correct, for 1-digit operation, 2-digit operations, and 2-digit borrowing performed
using the digital tool in the regular classroom are shown in figure 2.

90
80
70 ——
60 T
50 —
40 —
30 +—
20 T—
10 —
0

With digital tool
Without digital tool

Percent of solved subtractions

One-digit Two-digit no borrowing Two-digit borrowing

Type of subtraction

Figura 2. Total percentage of subtractions performed correctly during first attempt
(no need to correct).

Note: Prepared by the authors.

Considering them globally, the number of subtractions the student solved correctly is
higher when she used the digital resource than when she didn't.

a) One-digit subtraction

During each of the first 5 sessions using the digital resource, the student solved between
17 and 24 subtractions (18 in the first session; 17 in the second; 20 in the third; 24 in the fourth
and 20 in the fifth) and she had to correct between 3 and 5 (4 in the first; 5 in the second; 3 in the
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third; 3 in the fourth and 4 in the fifth). The number of subtractions not solved changed between
0 and 2 (1 in the first; 2 in the second; 1 in the third; 1 in the fourth and none in the fifth).

In each of the first 5 sessions without the digital resource, the student correctly solved
between 20 and 26 subtractions (19 in the first session; 20 in the second; 22 in the third; 26 in
the fourth and 26 in the fifth session) and she had to correct between 5 and 8 (8 in the first; 8
in the second; 5 in the third; 6 in the fourth and 7 in the fifth session). The number of unsolved
subtractions ranged between 1 and 3 (2 in the first; 2 in the second; 3 in the third; 2 in the fourth
and 1 in the fifth session).

When she used the digital tool, the student solved more subtractions correctly, specifically
80.49% of the subtractions presented the first time, and the percentage of subtractions she had
to correct was 15.45%.

When she did not use the digital educational resource, the student correctly solved 71.97%
of the subtractions presented the first time and she had to correct 21.66%. Regarding unsolved
subtractions, when she used the digital tool, the percentage was 4.06%, while without the use
of the tool it was 6.37%.

b) Two-digit subtraction with no borrowing

In each of the 5 sessions devoted to the digital tool, the student solved between 15 and 21
subtractions (15 in the first session; 16 in the second; 19 in the third; 21 in the fourth and 19 in
the fifth) and she had to correct between 2 and 3 (3 in the first; 3 in the second; 3 in the third; 2
in the fourth and 3 in the fifth session). The number of subtractions not solved ranged between
0and 1 (1 in the first; 1 in the second and none in the third, fourth and fifth session).

In each of the 5 sessions when the student did not use the digital resource, the student
correctly solved between 17 and 25 subtractions (17 in the first; 19 in the second; 25 in the third;
25 in the fourth and 21 in the fifth session) and she had to correct between 5 and 6 (5 in the first;
5in the second; 6 in the third; 5 in the fourth and 5 in the fifth session). The number of unsolved
subtractions ranged between 0 and 3 (3 in the first; 2 in the second; 0 in the third; 1 in the fourth
and 2 in the fifth session).

We noted that with the use of the digital resource, the student solved more subtractions
correctly, specifically 84.91% of 2-digit subtractions, and the percentage of operations she had
to correct was 13.20%. When she did not use the digital resource, the student correctly solved
75.89% of the subtractions first introduced and she had to correct 18.44%. Regarding unsolved
subtractions, with the use of the digital tool the percentage was 1.89% while without the use of
the digital tool it was 5.67%.
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c) Two-digit subtractions with borrowing

In each of the 6 sessions with the digital resource devoted to subtraction with borrowing,
the student solved between 4 and 8 subtractions (5 in the first; 4 in the second; 6 in the third;
5 in the fourth, 8 in the fifth and 6 in the sixth session) and she had to correct between 7 and
9 (7 in the first, second, third, fifth, and sixth sessions; 9 in the fourth). The number of unsolved
subtractions ranged between 1 and 2 (1 in the first, fourth, and sixth sessions and 2 in the
second, third, and fifth).

In each of the 6 sessions without the digital resource devoted to subtraction with
borrowing, the student correctly solved between 3 and 8 subtractions (3 in the first; 4 in the
second; 5 in the third; 6 in the fourth, 6 in the fifth and

8 in the sixth session) and she had to correct between 8 and 12 (12 in the first; 11 in the
second; 10 in the third; 11 in the fourth and fifth and 8 in the sixth session). The number of
unsolved subtractions ranged between 1 and 3 (3 in the first, second, and fourth sessions; 2 in
the third and 1 in the fifth and sixth sessions).

When she used the digital resource, the student solved more subtractions correctly,
specifically, 39.08% of the 2-digit subtractions with borrowing, and the percentage she
had to correct was 50,57%. Without the use of the digital resource, she correctly solved
29.63% of subtractions, and she had to correct 58.33%. Regarding unsolved subtractions,
with the use of the digital tool, the percentage was 10.35%, while without the digital
resource it was 12.04%.

Final assessment

For the final assessment we used the same test used during the initial assessment. It has
a total of 20 subtractions: 10 simple (5 of 1 digit and 5 of 2 digits) and 10 borrowing (all 2-digit
subtractions).

The test took 9 minutes and the student correctly solved 90% of the subtractions without
borrowing and 40% of the ones with borrowing.

According to the categories defined by Noda and Bruno (2009), the student only made
mistakes in subtraction with borrowing on 6 occasions, and when once when she made up a
number. She did not make any mistakes in the rest of the categories analyzed (table 3).
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Table 3

Evaluacion final de errores de la estudiante en los algoritmos de la resta

Category Type de error Error made by the student
1. Graphomotricity 1.1 Confusing numbers No
2. Numbering system 2.1 Placing numbers incorrectly No

2.2 Subtracting numbers of different order

3. Algorithm 3.1 When borrowing begin to the left No

4. Meaning of operation 4.1 Adding instead of subtracting No

5. Borrowing 5.1 Forgetting the borrowed number Forgetting the borrowed number 6
5.2 Borrowing at all times occasions

6. Numbers 6.1. Making up numbers Making up numbers One occasion.

Note: Noda and Bruno (2009) authorized the authors to use table 3.

Discussion and conclusions

This case study confirms the initial proposal that the use of a digital educational resource
can contribute to improve the learning of subtraction in a student diagnosed with learning
difficulties in the area. Using the digital tool, the number of subtractions of one and two digits,
and two digits with borrowing that were correctly solved during the first attempt increased, as
did the number of subtractions corrected by the student with the use of the digital resource,
compared to the subtractions done without the resource.

We believe that the positive influence of the digital resource is accounted for by a
combination of several factors: the characteristics of the chosen resource, the motivation for
using the tool, and the context where the intervention took place.

Firstly, the digital educational resource allowed the student to choose the operations to
be solved, go back to correct errors, and print the results in order to visualize the process. The
characteristics of the tool chosen made it easier for the student to identify her error, as suggested
by authors such as Marcelo (2001) and Cebridn (1999), who mentioned the importance of
reflection on the learning of mathematics. The conceptual components governing algorithms
were made explicit in this resource, a key element for learning, according to several authors
(Fuson & Briars, 1990; Hiebert & Lefevre, 1986; Hiebert & Wearne, 1996; Ohlsson & Rees, 1991;
Resnick, 1982; 1983; Resnick & Omanson, 1987).
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Another important element was that the student did relaxation exercises to increase her
attention and ability to focus. Besides, being able to choose the subtractions gave her a sense of
control in the process. The verbalization of the process and the possibility of making corrections
allowed the student to be aware of the process involved. Lastly, printing the exercises done,
and doing other similar exercising in paper, allowed her to transfer the process from the digital
format to the traditional written format.

Likewise, the complexity of the digital resource was adapted to the student’s motivation and
previous knowledge (Jonassen, 1997; Robinson, 2001). In this sense, it is important to highlight
the need for the tool to categorize the errors in detail so the student can follow the resolution
appropriately. In our case, the application of error classification by Noda and Bruno (2009) to initial
tests allowed us to become aware of the most frequent errors of the student, and, later, when
improvements were seen as a result of the procedure used. Also, this detailed knowledge of the
errors in the process allowed us to choose the tool that best matched her previous knowledge.

Secondly, as argued by Aguaded and Munoz (2012) and Gonzalez (2012), computers play
a motivating role in learning. In the case of our student, the computer was not regularly used in
the classroom or at home, so it became an attractive element for doing activity.

Thirdly, an element that has had a positive impact in her improvement was the change in
methodology. In this case, we provided individualized attention in each session when the digital
tool was used. The student was accompanied by the special education teacher at all times:
while she did the relaxation exercises, while she interacted with the digital tool, and during the
relaxation exercises at the end of the session, before she returned to the regular classroom. In
this way, the student felt she was the protagonist of her own learning process, which probably
increased her confidence, a key element for improvement according to Siegler (1987).

This case study has shown us that a student with learning difficulties in subtraction can
improve her understanding using a digital tool that supports her previous knowledge, as opposed
tonodigital tool at all. It has also shown that the training process using a digital resource with those
characteristics improves the sequential transference of the steps necessary to learn subtraction.

The results allow us to point out the positive influence of the use of digital educational
resources in helping children with learning difficulties in mathematics when those resources
are chosen taking into account the student’s needs and previous knowledge, and when the tool
is used in the context of an educational setting adapted to those needs.

Nevertheless, some limitation to this study must be considered.

A specific case study does not render useful to generalizing the result despite being
representative of learning difficulties in subtraction. It is necessary to apply the resource and the
procedure to a bigger sample of students diagnosed with the same difficulties in similar contexts.
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In this case, the digital educational resource was used during 16 sessions along 3 weeks.
The first 10 sessions were devoted to simple subtraction and, taking into account the results,
we concluded that the amount of time devoted was enough. Sixteen sessions were devoted to
subtraction with borrowing and, even though the results were positive, we think it was not enough
time to get the mechanics of the process and contribute to the success in this operation. It would
be advisable to apply the same sequence during a longer period of time while also following the
process of using the digital resource and classroom work, as was done with simple subtractions.

We consider it would be important to continue with this line of research, analyzing how
and why digital resources can contribute to the improvement of children who have these
difficulties. We also advise to use different methodologies that respect the different rhythms
and learning styles of students with special characteristics. Lastly, it would be advisable to carry
out this type of studies in other areas where students have difficulties with the content so they
can succeed in their learning process.
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