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Abstract: In this study, the effect of four operations-based digital game applications on the basic mathematics skills of 
students at risk of math learning difficulties was examined. In this context, the study was designed as a mixed research 
method. Quantitative and qualitative methods were used in two separate interactive phases following an exploratory design 
scheme. The study was conducted with seven 5th grade students from two primary schools in two provinces in the 
Mediterranean region. A pre-test was administered to the students and a 10-session intervention was conducted. Finally, a 
post-test was administered after the intervention. Participants' responses to the pre-test and post-test were analysed. Shapiro-
Wilk test and Wilcoxon signed-rank test were used to analyse quantitative data, and descriptive analysis technique was used 
to analyse qualitative data. At the end of the study, semi-structured interviews were conducted with the parents of the 
students. The results of the study showed that the intervention positively affected the academic achievement of the students 
and the interviews with the parents supported this result. At the end of the study, it can be said that mathematics education 
with students at risk of mathematics learning difficulties gave positive feedback in the learning domain of numbers and 
operations, and it may be useful to carry out applications in other learning domains. 

Keywords: Mathematics Learning Disability, Dyscalculia, Mathematics Instruction, Digital-Based Instruction, Teaching 
Through Games, Mathematics Achievement 

Matematik Öğrenme Güçlüğü Riski Altındaki Öğrencilerin Matematik Başarısına Yönelik 
Dijital Oyun Uygulamaları 

Öz: Çalışmada dört işlem tabanlı dijital oyun uygulamalarının matematik öğrenme güçlüğü riski taşıyan öğrencilerin temel 
matematik becerileri üzerindeki etkisi incelenmiştir. Bu bağlamda çalışma karma araştırma yöntemi olarak tasarlanmıştır. 
Nicel ve nitel yöntemler, keşfedici bir tasarım şemasını takiben iki ayrı etkileşimli aşamada kullanıldı. Araştırma, Akdeniz 
bölgesindeki iki ilde iki ilköğretim okulunda öğrenim gören yedi 5. sınıf öğrencisi ile yürütülmüştür. Öğrencilere ön test 
uygulanmış ve 10 oturumluk müdahale gerçekleştirilmiştir; son olarak uygulamadan sonra son test uygulanmıştır. 
Katılımcıların ön test ve son teste verdikleri cevaplar analiz edilmiştir. Nicel verilerin analizinde Shapiro-Wilk testi ve 
Wilcoxon işaretli sıralar testi, nitel verilerin analizinde ise betimsel analiz tekniği kullanılmıştır. Çalışma sonunda öğrenci 
velileri ile yarı yapılandırılmış görüşmeler yapılmıştır. Araştırma sonuçları, müdahalenin öğrencilerin akademik başarılarını 
olumlu yönde etkilediğini ve velilerle yapılan görüşmelerin de bu sonucu desteklediğini göstermiştir. Araştırma sonunda 
matematik öğrenme güçlüğü riski taşıyan öğrencilerle yapılan matematik eğitiminin sayılar ve işlemler öğrenme alanında 
olumlu geri bildirimler verdiği diğer öğrenme alanlarında da uygulamalar yapılmasının yararlı olabileceği söylenebilir. 

Anahtar Sözcükler: Matematik Öğrenme Güçlüğü, Diskalkuli, Matematik Öğretimi, Dijital Tabanlı Öğretim, Dijital Oyunla 
Öğretim, Matematik Başarısı 
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For some students, perceiving mathematics and achieving success in this course can be very difficult. Various 
factors, such as the failure of students, who are in a tangible mood, to understand the mathematics-an abstract 
course, the methods and techniques used by teachers, and students' mathematics anxiety are seen as the 
reasons for this (Mutlu & Akgün, 2019). Moreover, learning disability, whose prevalence is 10% to 20% in the 
world, is also a reason for experiencing difficulties in mathematics (Başar & Göncü, 2018). The most widely 
accepted definition of learning disability, where the level of achievement and intelligence do not go 
proportionally, is the difficulty in listening, speaking, thinking, reading, writing, and mathematical 
computing, caused by the improper development of one or more psychological processes that are fundamental 
in understanding and using written and spoken language (Yell et al., 2006). Learning disabilities are divided 
into reading difficulties (dyslexia), writing difficulties (dysgraphia), and mathematics learning difficulties 
(dyscalculia) (American Psychiatric Association [APA], 2013). Students with mathematics learning difficulties 
get lower scores and make more operational mistakes than peers with typical development (Altındağ Kumaş 
& Ergül, 2017; Pesova et al., 2014). 

Students with mathematics learning difficulties experience difficulties in perceiving mathematical 
concepts and methods (National Joint Committee on Learning Disabilities [NJCLD], 2000). The criteria used 
for identifying such students are the child's mathematics achievement measured by standard mathematics 
achievement tests is at least two years behind the level of his/her age, and he/she falls within 5-10% of age-
appropriate standard arithmetic achievement tests (Olkun, 2014). However, it should be noted that the 
mentioned criteria are not sufficient to diagnose the issue, as the intelligence tests and standard achievement 
tests are still not based on a general criterion (Kuruyer et al., 2019). Being at risk of mathematics learning 
disability (predisposition to dyscalculia) is defined as having trouble in counting quickly, estimating larger 
quantities, comparing quantities, using counting and different representations, and performing basic number 
processing tasks, as well as in the numbers and operational information (Olkun, 2014). Regarding academic 
failure, the absence of cognitive, psychomotor, and affective characteristics in relevant developmental areas 
indicates the presence of mathematics learning disability symptoms. The risk group for mathematics learning 
disability is students who do not have successful mathematics results and have not been diagnosed with 
learning disabilities (Pesova et al., 2014). Being at risk should not qualify as having a learning disability 
without a proper diagnosis, even if a confrontation occurs. At-risk students are likely to need many types of 
support and services, but they do not have the difficulties and diagnoses that require an Individualized 
Education Program (IEP). 

Many at-risk or typical students make systematic and consistent mistakes when solving story problems. 
Teachers often assume them as careless mistakes. However, this may not always be the case. Therefore, it is 
essential to identify operational errors to provide effective teaching that addresses different student needs 
(Ashlock, 2010). Studies in the literature reveal that children with mathematical difficulties make more 
mistakes than those with typical development in arithmetic calculations (Andersson, 2010; Hanich et al., 2001; 
Geary, 2004; Geary et al., 2007; Jordan & Hanich, 2000; Jordan et al., 2003). The National Council of Teachers 
of Mathematics (NCTM, 2000) considers computation one of the mathematics curriculum's critical skills. It is 
reported that students would experience difficulties in other areas of mathematics if they do not gain 
proficiency in computation skills (Riccomini, 2005; Tolar et al., 2009). 

Analyzing error patterns in students' four-operation skills is a valuable assessment tool. In this way, 
appropriate and effective interventions will be better planned by identifying the error patterns of the students, 
and equal opportunities will be provided for all students to be successful in mathematics (Luneta & Makonye, 
2010; Riccomini, 2005). If these error patterns or misconceptions are not corrected at an early stage of learning, 
they may become permanent and affect students' acquisition of higher-level mathematical skills (Ashlock, 
2010; Khan & Chishti, 2011). The early identification of error patterns through error analysis and the creation 
of necessary intervention plans is a way to reduce performance differences, especially those between students 
with mathematical difficulties and those with typical development (O'Connell, 1999). 

The most common errors that occur in four operations (Jordan & Hanich, 2000) are shown in Table 1. 
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Table 1. Common errors that occur in four operations 

Error Type Examples 
 
The wrong operation - making a different operation instead of the actual one 

 
Miscalculation - getting the wrong result. 
 

 

Concept of zero - errors made regarding the value of zero in operations 
 

Subtracting the lesser number from the greater number 
 

Misunderstanding of place value - computation made without considering place value 
 

Omission - not answering the question, leaving it halfway, or answering randomly - 

The chance of learning can be increased by using different and effective methods for students at all 
levels (Cohen et al., 2007). Digital-based instruction is a method used in mathematics teaching. The use of 
computer games as an educational tool attracts the attention of many researchers (Prensky, 2001). Educational 
computer games provide convenience to reach the goals in the curriculum (Akpınar, 1999). In addition, 
educational computer games reduce anxiety and fears, provide freedom in the classroom, and create an 
enjoyable environment (Akın & Atıcı, 2015). According to Mowery (2019), assistive technology is an effective 
resource for motivating at-risk students. Students love technology, so providing them with the opportunity to 
use it at school can help them stay engaged and excited. 

Students learn better when active and in control of the process (Akın & Atıcı, 2015). Doing frequent 
practices has positive results in students with special learning difficulties to reduce the effect of slow working 
memory (Mousavi et al., 2012). As they allow all these, digital-based instruction and computer-based games 
are thought to be helpful in the education of students who have learning difficulties in reading, writing, and 
mathematics (Alakoç, 2003; Ke & Grabowski, 2007; Kebritchi et al., 2010). However, the effect of educational 
computer applications on the development of the academic skills of students at risk of mathematics learning 
disability was not adequately analysed in the literature (Benavides-Varela et al., 2020). 

Educational and potentially mouldable technological factors should be used for permanent 
mathematics learning of children at risk of learning disabilities who fall behind their peers (Morgan et al., 
2016). As it is widely known, in many studies, multi-sensory teaching strategy among the four experimentally 
validated teaching strategies aimed at ensuring that students with significant learning difficulties receive 
appropriate assessment and intervention services, explaining their learning characteristics and increasing 
teaching intensity proves the importance of teaching mathematics with digital games (Witzel & Mize, 2018). 
Therefore, digital-based interventions are appropriate for assisting children with specific mathematical needs 
and providing them with additional opportunities to perform mathematical tasks in an alternative 
technological context (Mohd Syah et al., 2016; Benavides-Varela et al., 2020). The application of digital games 
in children with dyscalculia for 15 minutes a day for two weeks provided significant results (Walcott & 
Romain, 2019). It has been concluded that digital games and technology facilitate both mathematics teaching 
and reinforcement (Çay et al., 2020). However, there are also studies on the negative effects of digital games 
on children. Although digital games have educational, social, and therapeutic benefits, studies have been 
conducted can lead to digital game addiction when played uncontrolled and aimlessly (Griffiths, 2008; Keskin 
& Aral, 2021), that they spend less time on their academic studies (Dikmen et al., 2022) and that their academic 
achievements may decrease (Schulz van Endert, 2021).  In the study conducted by Delebe (2020) on the subject 
and in which 505 secondary school students participated, digital game addiction and academic success were 
associated, it was seen that there was an inversely proportional relationship between students' game addiction 
and academic success. In their study examining the effect of computer games on students' learning, Akın and 



Ali ÖZKAYA et al. 

57 

Atıcı (2015) reported that educational computer games reduce anxiety and fears and create an enjoyable 
classroom environment that provides freedom. Another study concluded that frequent practice had positive 
results on accelerating the slow working memory of students with special learning difficulties (Mousavi et al., 
2012). Number disorientation and arithmetic processing confusion, which are common in children with 
dyscalculia, are significantly reduced by intervention with computer games (Mohd Syah et al., 2016). Digital-
based instruction and computer-based games can be helpful, especially in the education of students with 
learning difficulties (Kebritchi et al., 2010). This literature review shows that the studies in the literature often 
include students with learning difficulties; the effect of educational computer applications on at-risk students' 
development of academic skills has not been analysed sufficiently. 

In recent years, the awareness of learning disabilities and mathematics disability, which is a part of it, 
has been observed to increase gradually in Turkey and the world (Acar & Hiğde, 2018; Aydın, 2021; Koç & 
Koç, 2019; Mutlu et al., 2022; Öztürk et al., 2019). On the other hand, there are various problems in diagnosing 
and intervening learning and mathematics difficulties in Turkey. In Turkey, there are a limited number of 
tools for diagnosing mathematics difficulties due to the little knowledge of the concept of mathematical 
difficulties, and many of the students continue their education only under the diagnosis of learning disability. 
When individuals are diagnosed with mathematical difficulty, they usually cannot get enough support to 
implement an intervention program (Ketenoğlu Kayabaşı, 2019). Another problem is that teachers receive 
insufficient training on mathematics difficulties during their undergraduate education and in-service training 
(Baldemir et al., 2022; Kuruyer et al., 2019). 

According to Vygotsky, knowledge is made sense of and interpreted in socio-cultural environments. 
For effective problem solving, students cannot learn mathematics by watching. Students need to interact 
directly with their environment and participate both physically and mentally. Only in this way - through 
concrete experiences - can students construct their own concepts (Olkun & Toluk, 2003). Studies have shown 
that knowing and learning mathematics is a social and cultural process (Cobb et al., 1997; Cobb & Baursfeld, 
1995). In recent years, due to the pandemic and natural disasters, face-to-face education has been interrupted 
and education was carried out online. In recent years, many successful or promising educational technology 
applications have been developed for mathematics intervention programs. Studies show that digital-based 
interventions have a moderate but significant positive impact on mathematics (Benavides-Varela et al., 2020). 
Digital-based interventions for children with math learning difficulties resulted in higher math achievement 
compared to control groups (e.g., face-to-face instruction, paper, and pencil exercises, etc.) (Li & Ma, 2010). 
Furthermore, it seems more effective to use video games to increase the effectiveness of math interventions in 
dyscalculic children (Bevavides-Varela et al., 2020). Video games can also be used in mathematics education, 
linking entertainment with educational goals, and teaching the subject by encouraging children's desire to win 
(Stultz, 2013). Video games can be used not only to alleviate visible difficulties, but also to support 
fundamental weaknesses that may go unnoticed.  

This experimental study examines the effect of a digital-based intervention program on the basic math 
skills of students who are at risk of mathematics learning difficulties. The study aimed to improve at-risk 
children's mathematics skills through digital-based intervention and increase teachers' awareness of the 
applications related to the mathematics learning difficulty. As the literature is reviewed, (Terzioğlu et al., 2019; 
Kunwar et al., 2021; Öztürk et al, 2019) this study is also considered important in filling the lack of intervention 
programs for children at risk of mathematics learning difficulties. During the 2020-2021 academic year the 
education was carried out through distance education due to the COVID-19 pandemic. Due to the transition 
to distance education in the COVID 19 pandemic, it has become difficult for students with learning difficulties 
to access information (Filiz & Güneş, 2022; Görgün & Balıkçı, 2021). The obligation to transfer education to the 
digital environment interactively has arisen. From this point of view, the study was thought to contribute to 
distance education in a period where its importance is gradually increasing. 
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Method 

Research Design  

This study was conducted using a mixed research method, in which quantitative and qualitative 
research methods are used simultaneously or sequentially. The results obtained from quantitative and 
qualitative research are then combined and interpreted (Patton, 1990; Tashakkori & Tedlie, 2003). The 
quantitative and qualitative parts of the study were carried out in two separate interactive stages according to 
the explanatory design scheme. Firstly, quantitative data and then qualitative data were collected and 
analysed. (Patton, 1990; Tashakkori & Tedlie, 2003). 

Quantitative data were analysed in SPSS 22. Based on the research questions, the number of correct 
operations, types of errors, and the number of errors in four-operation questions before and after the 
intervention were compared using descriptive analysis. 

In the qualitative part of the study, semi-structured interviews were conducted with the parents of the 
students. Interview questions were prepared by the researchers. Expert opinions were obtained from three 
experts holding a PhD degree in special education and one expert holding a PhD degree in Turkish Education. 
The questions were rewritten according to the suggestions of the experts' and were ready for implementation. 
Two questions were asked to determine opinions of the parents' about the digital-based intervention program. 
These are; 

1. What do you think about the provided training? 

2. What difficulties did you and your child face during the training? 

7 parents, consisting of 2 fathers and 5 mothers, participated in the study. Data was collected by phone 
calls and recorded. The researchers explained the purpose of the study to the parents, stating that they should 
answer the questions sincerely during the interview to achieve this purpose. The interviews lasted between 4 
minutes 3 seconds and 18 minutes 34 seconds. 

Sample Group 

The study was carried out with seven students at risk of mathematics learning disabilities, continuing 
their 5th-grade education in two state secondary schools in the Mediterranean region of Turkey. Before starting 
the research, the ethics committee decision and necessary permissions from Provincial Directorate of National 
Education were obtained. Criterion sampling, one of the purposive sampling techniques, was used in the 
sample selection. A teacher questionnaire was administered to the teachers who play a critical role in the 
preliminary identification of students with mathematics learning difficulties. A readiness test based on 4th and 
5th-grade achievements was applied to the students identified by the teachers. Students below the average 
were selected and included in the study. All the students participating in the research are 11 years old, three 
of them are girls and four of them are boys. Six of the fathers are working, one is retired. One of the mothers 
is a worker, one is a farmer, and the other 5 are not working. While the average age of fathers is 40, the average 
age of the mothers is 38.8. 

Data Collection Tools  

Teacher Questionnaire 

 It is a 35-item form prepared for elementary math teachers in line with experts' opinions (3 experts in 
special education and 3 experts in mathematics education) to identify students at risk of mathematics learning 
difficulties. The survey determined whether the achievements of the 4th-grade (1st and 2nd semester of the 2019-
2020 academic year) and 5th-grade mathematics course (until December of the 2020-2021 academic year) were 
gained according to the teachers' opinion.  The "Lawshe technique" was used for the content validity of the 
items. The Lawshe technique requires a minimum of 5 and a maximum of 40 expert opinions. Expert opinions 
on each item; “the item measures the targeted construct”, “the item is related to the construct but 
unnecessary”, It is graded as “the item does not measure the targeted construct”. “In addition to content 
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validity, expert opinions can be graded for purposes such as the intelligibility of the item and its suitability for 
the target audience. In this way, the opinions of the experts on any item are collected and the content validity 
rates are obtained. Content validity ratios (CVR) are obtained by the ratio of the number of experts expressing 
their "required" opinion on any item to the total number of experts expressing their opinion on the item, minus 
1" (Yurdugül, 2005). In this study, since the opinions of 15 experts were taken, the Scope Validity Criterion 
was considered as "0.62". The questionnaire was completed for all 5th grade students in schools identified by 
the researchers who were considered to be at risk of learning difficulties in mathematics.  

Readiness Test 

10 students, determined by the opinions of teachers and experts, were subjected to the readiness test 
prepared according to the 4th and 5th grade achievements. The test, which consists of 25 questions, was 
prepared by taking expert opinions (three elementary school mathematics teachers, three academicians) to 
determine the 4th and 5th grade achievements of the students. The test was conducted as a pilot application 
to a group of 20 people and the results were examined. 5 questions were removed from the test and reliability 
analysis was conducted for the remaining 20 questions. The KR-20 value in the application question was found 
to be 0.76. The test was personally administered by the researchers. When the test results were evaluated, it 
was decided that the students who fell below 50 points were at risk of learning difficulties in mathematics, 
and the sample was determined as 7 people. 

Pre-Test, Post-Test  

It is a test consisted of 24 questions, applied before and after the intervention. It was created by taking 
experts' opinions (2 secondary school mathematics teachers, 2 academicians). 2 researchers reviewed the 
questions prepared according to the grade level of the children three times. The first time, the questions were 
reviewed, and some questions inappropriate for the grade level were eliminated. Questions requiring written 
operations were placed on a single page in a vertical format. A total of 6 questions were prepared, 3 of which 
were addition and subtraction problems, and 3 were multiplication and division problems. The specified error 
types were taken into consideration while preparing the questions. More than one type of error might occur 
in a question. The error list was created in the error analysis process by considering the error types specified 
in the literature (Table 2). Researchers have administered the tests. 

Table 2. Error list 

Error Types 
Wrong operation   
Miscalculation  
Concept of zero 
Subtracting the lesser number from the greater number 
Misunderstanding of place value 
Omission 
Total Number of Errors 

(Jordan & Hanich, 2000) 

Implementation 

In the implementation phase, the mathematics curriculum was reviewed first. The games suitable for 
the 4th and 5th grade mathematics curriculum achievements were identified to determine digital educational 
games to be used in the study. Universal design model was used in the process of choosing the games so that 
the chosen game can be played by every individual easily (King-Sears, 2009, as cited in Alkan, 2021). 

In the process of the game selection, allocated time for each game, the game's appropriateness for their 
age, not being sexist, not being violent, being entertaining and instructive, and including target achievements 
were carefully decided. One of the online mathematics games containing self-evaluation and feedback is 
mathplayground.com. That site contains more than 100 online mathematics games online for kinder garden 
until sixth grade students. The mathematics game materials are multiple diverse, addition and subtraction 
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games, multiplication games and activities and division games. At the same time, there is material for self-
evaluation and feedback systems in this online mathematics game. These systems are very crucial for teachers 
for portfolio assessment, which shows the progress of the students. In addition, game content was primarily 
related to the subject, and at the same time, the elements of the games made the games seem visually better. 
Then, it was decided which games to be used in the study by taking experts' opinions (2 academicians who 
are experts in their fields and 2 teachers). A 10-day implementation plan has been prepared for these games. 
Before the implementation, the researchers ran the games and tried to spot potential problems. The first and 
second games was about finding the sum of two single digit numbers. The third game was about the sum of 
2 two-digit numbers. The fourth game was about subtraction with single digit numbers. The fifth game was 
about multiplying two single digit numbers. The sixth game was about finding the other factor when given 
one of the factors of the chosen number (like 12, 18). The seventh game was about dividing a two-digit number 
by a one-digit number. The eighth game was a fun game about guessing the outcome of the given operation. 
The ninth game was a game of marking the factors of the given number from the matrix type table. The tenth 
game was the game of finding the difference of single digit numbers. 

Table 3.  Implementation order of digital games 

Day Games 
1 https://www.mathplayground.com/ASB_JetSkiAddition.html 
2 https://www.mathplayground.com/ASB_JetSkiAddition.html 
3 https://www.mathplayground.com/ASB_Canoe_Puppies.html 
4 https://www.mathplayground.com/ASB_MinusMission.html 
5 https://www.mathplayground.com/ASB_PenguinJumpMultiplication.html 
6 https://www.mathplayground.com/math_lines_multiplication.html 
7 https://www.mathplayground.com/ASB_Pony_Pull_Division.html 
8 https://www.abcya.com/games/math_man 
9 https://www.mathplayground.com/multiplication_blocks.html 
10 https://www.mathplayground.com/ASB_Sailboat_Subtraction.html 

Students played games on their tablets or mobile phones in their homes under the supervision of 
researchers. The students participating in the research could understand the English words in the games 
(Figure 1, Figure 2).  

 
Figure 1. Examples about addition games (https://www.mathplayground.com/ASB_Canoe_Puppies.html)  

https://www.mathplayground.com/ASB_JetSkiAddition.html
https://www.mathplayground.com/ASB_JetSkiAddition.html
https://www.mathplayground.com/ASB_Canoe_Puppies.html
https://www.mathplayground.com/ASB_MinusMission.html
https://www.mathplayground.com/ASB_PenguinJumpMultiplication.html
https://www.mathplayground.com/math_lines_multiplication.html
https://www.mathplayground.com/ASB_Pony_Pull_Division.html
https://www.abcya.com/games/math_man
https://www.mathplayground.com/multiplication_blocks.html
https://www.mathplayground.com/ASB_Sailboat_Subtraction.html
https://www.mathplayground.com/ASB_Canoe_Puppies.html
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Figure 2. Examples about division games (https://www.mathplayground.com/ASB_Pony_Pull_Division.html) 

However, before starting the game, researchers provided information about it, played it a few times, 
and clarified the points that were not understood (because the games were in English). Students were asked 
to note the scores they obtained while playing the game, ensuring that they sufficiently practiced (30-40 
minutes). Then, the operation questions answered by the students were examined to determine whether they 
contained the errors in the list given in Table 2. Then, each operation performed by the students was analysed. 
The number and types of errors and the correct number of operations were determined regarding the errors 
described above. Since the number of students was small, item analysis was not performed, and expert opinion 
was sought. After the error analysis of all questions, reliability checks were made. Inter-observer reliability 
was calculated from the formula (Reliability: Agreement / (Agreement + Disagreement)). The reliability was 
found to be 98%. The two raters discussed several disagreements and reached a consensus (Miles & 
Huberman, 1994). 

Data Analysis 

Analysis of Quantitative Data 

A readiness test consisting of 20 questions covering the 4th- and 5th-grade mathematics curriculum was 
applied to 10 students who were thought to have mathematics learning difficulties by their mathematics 
teachers. The students answered open-ended questions; then, the 2 researchers evaluated the questions 
separately and compared the results. Differently evaluated questions were reviewed and agreed upon. Since 
the number of participants was small, item analysis was not performed, and expert opinion was sought. 
Readiness test scores ranged between 7 and 77 out of 100 (Table 3). The cut-off point of the open-ended 
questions in the readiness test was determined by the expanded Angoff method. The experts decided on the 
student's score for satisfactory-unsatisfactory answers, considering the criteria in the rubric for each item in 
the test. In this process, they used the expert opinion form developed by the researchers. There are 2 sections 
in the expert opinion form to indicate students' scores for satisfactory-unsatisfactory answers for each item. 
The experts expressed their opinions in two different stages; thus, they filled one of the sections reserved for 
the items at each stage. Quantitative data obtained from the extended Angoff standard-setting method were 
analysed. The experts estimated how many points the students at the border of satisfactory-unsatisfactory 
could get for each item and noted the estimation results. The arithmetic mean of the scores given by the experts 
was calculated for each item. The sum of these arithmetic means gave the cut-off score. As a result of the 
evaluation, it was decided to include seven students who scored 50 (cut-off point) and below in the readiness 
test (Table 4). 
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Table 4. Readiness test result 

Student Score 
S1 7 
S2 14 
S3 14 
S4 28 
S5 35 
S6 35 
S7 42 
S8 53 
S9 56 
S10 77 
Mean 36.10 

Pre-test/post-test was applied to 7 students included in the study. The test, consisting of 20 questions, 
was prepared by considering the achievements in the numbers and operations learning domain of the 5th-
grade mathematics curriculum. After preparation, the opinions of expert mathematics teachers and 
academicians were taken. The mean of the pre-test was 37.14, and the mean of the post-test was 51.71 (Table 
5). 

Table 5. Pre-test / Post-test results 

Student Pre-test Post-test 
S2 55 50 
S3 25 60 
S4 35 45 
S5 35 40 
S7 35 55 
S1 33 40 
S6 42 72 
Mean 37.14 51.71 

However, since the pre-test was not normally distributed and the number of people was very small, the 
Wilcoxon signed-rank test, which is a non-parametric parametric method, was used in the analysis of the data. 
According to the results of the Shapiro-Wilk test the p-value was .26 and the skewness value of the pre-test 
data was 1.13, the kurtosis value was 2.29; so, the pre-test data was not normally distributed.  Normality was 
checked with the Shapiro wilk and kurtosis coefficients. the skewness value of the post-test data was 0.80, the 
kurtosis value was 0.03. According to the results of the Shapiro-Wilk test p-value was .56, so the data was 
normally distributed. 

Analysis of Qualitative Data 

Descriptive analysis, one of the qualitative data analyses, was used to analyse the data. In the descriptive 
analysis, the data are summarized and interpreted according to the previously determined themes (Yıldırım 
& Şimşek, 2011). In this study, the themes were determined beforehand based on the questions asked about 
the digital-based intervention program. The parents participating in the study were coded as S1, S2, S3, ... 
according to their children's codes. Their opinions are presented in the findings section. The data obtained 
from the written form were analysed and coded separately by the researchers. For the consistency of the codes 
used by the researchers, the agreement of opinion was checked, and the reliability of the study was calculated 
by applying the Miles and Huberman formula (1994) [Reliability: Agreement / (Agreement + Disagreement)], 
and the reliability of the study was found to be 89%. The agreement between expert and researcher evaluations 
being close to 90% indicates the desired level of reliability (Miles & Huberman, 1994). To ensure the 
confirmability of the study, direct statements from the participants were included. 
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Findings 

Quantitative Findings 

Table 6. Descriptive analysis of Pre-Test and Post-Test 

 Pre-test Post-test 
Error types N % N % 
Wrong operation   6 24 0 - 
Miscalculation  3 12 2 25 
Concept of zero 6 24 3 37.5 
Subtracting the lesser number from the greater number 1 4 1 12.5 
Misunderstanding of place value 3 12 0 - 
Omission 6 24 2 25 
Total Number of Errors 25 100 8 100 
Number of Correct Operations 29 48.33 45 75.0 

Regarding the results in Table 6, the number of correct operations of the students before the intervention 
was 29 out of 60, and it increased to 45 after the intervention. The most common mistakes before the 
intervention were incorrect operation, errors related to "zero," and leaving the process unfinished/blank. After 
the intervention, incorrect operation and misunderstanding of place value did not occur. 

Table 7. Non-Parametric Wilcoxon Signed Ranks test table 

  N Mean Rank Sum of Ranks z p 

Post-test Score- 
Pre-test Score 

Negative Ranks 0a .00 .00 

-2.371 .018 
Positive Ranks 7b 4.00 28.00 
Equal Ranks 0c   
Total 7   

Table 8. Distribution of errors by operations 

 Pre-test Post-Test 
 Addition Subtraction Multiplication Division Addition Subtraction Multiplication Division 

Wrong operation 1 2 3 - - - - - 
Miscalculation - - 1 1     
Concept of zero 1 2 1 2 - - 1 2 
Subtracting the 
lesser number from 
the greater number 

- 1 - - - 1 - - 

Misunderstanding 
of place value 

- - 3 - - - - - 

Omission - - 3 3 - - - 2 

Regarding the pre-test data in Table 8, the errors were concentrated in the multiplication and division 
operations. Errors related to the concept of zero were seen in all operations in the pre-test, but they only 
appeared in division and multiplication after the intervention. Misunderstanding of place value error was 
only seen in the multiplication before the intervention. 

Qualitative Findings 

General Thoughts on The Training 

All the parents participating in the study (S1, S2, S3, S4, S5, S6, S7) stated that they were very satisfied 
with the training and would like to participate again. All parents said that their children both played games 
and did mathematical operations during the training, and thus they never got bored in this process. Most 
parents (S4, S3, S6, S5, S2, S7) pointed out that their children gained practicality in mathematical operations 
and used the operations in daily life. In addition, most parents (S4, S6, S5, S2, S7) stated that their children's 
self-confidence in mathematics and motivation to study increased. S7's mother said that her child's situation 
set an example for her siblings and positively affected them. In addition, most parents (S6, S5, S2, S7) stated 
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that they allowed their children to play games on tablets and phones for a certain period. They were pleased 
that their children played educational games such as this under the supervision of a teacher. 

Regarding the subject, S6's father said, "She has a mobile phone, but we still give limited technology to my 
daughter. Let my daughter play educational games under the control of teachers." 

S5's father expressed his thoughts as "...for the first time I saw that tablet and computer can be useful. So, I am 
not dissatisfied. I have never seen him play educational games on the computer before." 

S2's mother said, "We saw a difference in the child; for example, when we went to the grocery store, he could not 
make simple calculations in his mind before, he was constantly finger-counting, now it has gotten a little faster." 

Difficulties Encountered in The Training Process 

Most of the parents participating in the study stated that technical problems arose from the tablet and 
the internet during the training (S4, S6, S7, S2, S1). The remaining parents (S3 and S5) said they did not 
encounter any difficulties. The opinions of the parents on the subject are given below. 

S6's father expressed his thoughts as, "The only problem that we had was related to the internet connection, 
the tablet; we didn’t receive the sound, we couldn’t make ourselves heard. We had these kinds of simple technical 
problems."  

S3's mother said, "No, we did not have any problems, there was no problem, neither for my child nor for me. It 
was excellent." 

Conclusion, Discussion, and Recommendations 

The incorrect operation was the most frequent error type in the study before the intervention. Incorrect 
operation errors indicate that children have difficulty switching from one operation to another (Jordan & 
Hanich, 2000). This error was reported to be usually associated with poor counting strategy (Geary, 1996; 
Geary et al., 2000), careless behavior (Hecht & Vagi, 2010), or visuospatial errors (Raghubar et al., 2009). 
Another common type of error has emerged from the concept of place value. Like previous studies, students 
who had mathematical difficulties before the intervention had failed to understand the concept of place value 
while performing multi-digit operations (Jordan & Hanich, 2000; Raghubar et al., 2009). Students made 
mistakes such as moving the carry to other places, borrowing tens, and subtracting the lesser number from 
the greater one in any case instead of borrowing ten while subtracting a greater number from a lesser one. 
Students often counted on the fingers at the beginning of the intervention; however, they reduced it towards 
the end. The findings coincide with the results of Öztürk et al. (2019)’s research which analyses the effects of 
the application of number talks to the students and the development of sense of number in these secondary 
school students. After the intervention, a decrease was observed in students' operational errors. Students were 
also asked to express their answers aloud during the intervention. They immediately corrected some errors 
while reading and answering the questions aloud. This fact is parallel to the findings of Öksüz and Gürefe 
(2021) who stated that students could see the simple mistakes they make if they were encouraged to speak. 
Öksüz and Gürefe aimed to analyse the socio-mathematical norms that the teachers try to set up in the 
classroom. At the end of the study, the opinions of both students and parents about the intervention were 
positive, which can be interpreted as qualitative and quantitative findings supporting each other. 

The importance of digital game-based learning, an innovative approach that allows students to gain the 
targeted gains in education through computer technologies, is increasing day by day (Kimet al., 2009, as cited 
in Gök, 2021). Studies in the last decades have shown the positive effect of digital applications on students' 
math skills (Benavides-Varela et al., 2020). Various studies determined that learning with digital-based games 
is fun, ensures focusing on the task, motivates students, and increases achievement (Byun & Joung, 2018; Chen 
et al., 2012; Çankaya & Karamete, 2009). Digital-based applications help children reach their potential, as they 
allow them to leverage their strengths and bypass areas of difficulty. Being interested in children, computer 
and game-based learning activities increase their intrinsic motivation (Hassinger-Das et al., 2017). Using 
games in mathematics instruction has a moderately positive effect on academic achievement in Turkey. 
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Computer games have advantages such as enhancement and improvement by continuing to play at school or 
home (Turgut & Doğan Temur, 2017). Besides, children who have difficulties with math skills are overly 
dependent on their parents, siblings, friends, and teachers for help with their homework. Using digital-based 
instruction may also enable children to experience success by working independently (Stanberry & Raskind, 
2009). Therefore, all these explain the decrease in children's errors and the increase in the number of correct 
operations after the intervention. The teaching activities of mathematics teachers are generally shaped around 
a fixed curriculum and according to the average level of the class. Studies have shown that students at risk of 
mathematics learning are more cheerful when learning with a digitally designed curriculum instead of 
notebooks, books, pencils (Higgins et al., 2016). As the applications and games in the form of software improve 
these students' sense of numbers, they can also be used to increase students' speed and accuracy (Walcott & 
Romain, 2020). In addition, according to Walcott and Romain (2020), these students should continue their 
education by playing digital games alone in their spare time, improving their addition and subtraction skills. 
Teachers' use of digital games can also significantly reduce the common confusion among students in the math 
risk group (Mohd Syah et al., 2016). For this reason, it is of great benefit for teachers and students to consider 
educational digital games not only as a game but also as an essential supplementary curriculum or 
complementary curriculum for some student groups (Korkusuz & Karamete, 2013). 

If the contents of digital games are well matched with course outcomes, they can be very beneficial for 
students (Ocak, 2013). In addition to increasing the cognitive, affective, and motor skills of the students, digital 
games can also contribute to the development of the student's information technology skills. Digital games 
provide information, reminders, memorization, etc. It can enable the giving of facts, rules, and practical 
examples. Digital games give students the opportunity to make mistakes, allowing students to find the truth 
from their mistakes. Having the opportunity to make mistakes can also increase the motivation of the student. 
Digital games allow students with introspective thinking to show the entire process of information processing 
steps. In this way, students will have the opportunity to perceive the difficult or difficult to understand subject 
easily (Felicia, 2009). 

The findings of the study show that digital game-based intervention positively affected the achievement 
of students at risk of math learning difficulties. Thus, it can be concluded that digital-based interventions may 
be appropriate tools that can help children with specific mathematical needs and provide additional 
opportunities for them to perform mathematical tasks in a technological context as an alternative. The use of 
digital learning materials by parents and children will continue to expand in the coming years as access to and 
availability of new technologies increases. However, further research is needed to determine the effectiveness 
of digital interventions and the positive and negative feedback. 

Digital-based instruction can be an effective intervention in mathematics for students at risk of learning 
disabilities. For the intervention to be effective, it is recommended to implement it with teacher interaction 
and combine it with other interventions. As a result of the study, it can be said that digital-based instruction 
supports the mathematics skills of students at risk of mathematics difficulties. However, the extent of digital-
based game applications was not clarified in the study (i.e., as a primary teaching tool or in addition to 
classroom teaching). Therefore, additional studies are needed to test the intervention's effectiveness and 
support traditional classroom instruction. 

The lack of a complete experimental design and the absence of a control group limits the generalization 
of this study's results. One of the limitations is that two schools from the provincial center and one from a 
district center participated in the study. Another limitation may be that the students were selected from socio-
economically middle level families. For future studies, it is crucial to analyse which effects are due to the 
intervention and which are due to general attention or other motivational factors. The study was carried out 
with seven 5th-grade students for ten days. Future studies should be conducted with more students and 
different class groups should last longer, and the permanence of the interventions should be tested. 
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