
 
 

 

RESEARCH ON EDUCATION AND PSYCHOLOGY (REP) 
  

 

Received:  September 9, 2023                                                                          e-ISSN: 2602-3733 

Accepted: October 22, 2023                                                                                             Copyright © 2023                                                                                    

http://dergipark.org.tr/rep                                    October 2023  7 (Special Issue 2)  680-703 

Research Article                   https://doi.org/10.54535/rep.1368371 

Examination of the Interactive Digital Mathematics Games 

According to NCTM Standards 
 

  Duygu Arabacı
1
 
                                      

Oben Kanbolat
2
   Şahin Danişman

3
 

Düzce University          Erzincan Binali Yıldırım University Düzce University 

Abstract 

This study aimed to examine the interactive digital games that are open to access at the secondary education level on 

the Education Informatics Network [EIN] platform according to NCTM standards. 20 interactive mathematics games 

that are open to access on the EIN platform have been reached. Accessed games were analysed descriptively with a 

code book developed by Joung and Byun (2021) based on the NCTM Content and Process Standards. According to 

the results of the study, it was determined that the majority of the games are focused on the Numbers and Operations. 

All of the games targeted fifth and sixth graders, and no games were included for probability domain. Geometry has 

the highest mean scores for content standards while algebra has the lowest. Games related to geometry, 

measurement, and numbers exhibit a moderate degree of alignment with the underlying content domains, whereas 

games centered on data and algebra show a relatively weaker correspondence between the content and the contextual 

aspects of the game. On the other hand, as for the process standards, algebra has the highest mean scores while 

geometry and numbers have the lowest mean scores. Highest mean scores for process standards belong to problem 

solving for data, reasoning and proof for measurement, connections for data and algebra, representations and 

communication for algebra. Among the process standards, reasoning and proof, and communication were 

represented with the lowest means for all domains. Considering the results it is advisable to revise digital interactive 

mathematics games to meet the content and process standards.  
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Introduction 

Research on games has revealed that games are not only pleasant time, entertainment, recreation and leisure 

activity, but also highly effective educational tools (Uğurel & Moralı, 2010). Such educational games can make 

lessons enternatining and eliminate students' negative attitudes and bias (Koç Deniz, 2019). They can increase the 

quality of learning by turning learners into active learners while increasing their motivation, thus serving as an 

effective learning environment (Chizary & Farhangi, 2017; Ibrahim & Jaafar, 2009; Pilten et al., 2017; Song & 

Zhang, 2008). Games are also used as effective educational tools to improve learning and understanding of complex 

topics (Chizary & Farhangi, 2017).  Despite the existence of various categories of educational games, digital games, 

including but not limited to puzzles, simulations, and action and adventure games, are among the most extensively 

employed within the educational context (Connolly et al., 2012). 

In the literature, researchers' definitions and classifications of digital games vary (Malone, 1981; Prensky, 2001). 

For instance, according to Spires (2015), digital games can be defined as multimodal texts, which consist of a 

combination of communication tools, including static and dynamic images, sound, music, speech, and writing. 

Samur (2016), on the other hand, defined digital games as "games with certain rules and objectives, played through a 

hardware (mobile phone, tablet, game console, etc.)". De Freitas (2006) defines digital games as "applications that 

use the features of video and computer games to create intriguing and immersive learning experiences to achieve 

specified learning objectives, outcomes and experiences". In an alternative characterization, digital games are 

delineated as interactive activities imbued with a rewarding framework structured around specific objectives (Vogel 

et al., 2006). It is evident from these delineations that the definition of digital games is subject to variability 

contingent upon the specific emphasis placed on distinct features. The concept of digital educational game-based 

learning, which emerged with the integration of digital games into learning environments, can be defined as the 

combination of interactive entertainment and formal learning through digital games (Anastasiadis et al., 2018). 

Digital game-based learning is an important approach to learning due to its promotion of contextualized learning, 

motivation provision, and encouragement of curiosity (Gee, 2007; Kirriemuir & McFarlane, 2004; Prensky, 2006). 

Van Eck (2015), emphasizing the connection between digital games and context, defined digital game-based learning 

as "the use of an existing course, class, or other teaching contexts where the primary objective is learning rather than 

mere entertainment. It has been stated by many researchers that digital games are effective in the teaching-learning 

process (Alexiou & Schippers, 2018; Herger, 2014; Prensky, 2001). It is important to use digital learning 

environments to provide sustainable learning experiences for students who grow up with technology (Gareau & Guo, 

2009; Prensky, 2001). Educational digital game-based learning is worthy of preference in learning environments 

because it provides fun learning (Anastasiadiset al., 2018; Gee, 2003; Prensky, 2001). Within these instructional 

environments, students engage in the process of realizing, acquiring, utilizing, or applying targeted information while 

actively participating in digital games (Kim et al., 2009). Additionally, the element of enjoyment exerts a positive 

influence on students' enthusiasm for learning, thereby enhancing their overall motivation (Alaswad & Nadolny, 

2015; Alexiou & Schippers, 2018; Joung & Byun, 2021; Hamari et al., 2016; Landers & Landers, 2014; Peterson, 

2010; Prensky, 2001; Ray & Coulter, 2010; Ribeiro, 2019; Spires, 2015). It is also possible to ensure the attention of 

the students about the information to be learnt through educational digital games and to attract the student's interest 
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(Alexiou & Schippers, 2018; Deng et al., 2020; Ebner & Holzinger, 2007; Liu & Chu, 2010). It is stated that there is 

an increase in students' academic achievement thanks to educational digital games that make the learning-teaching 

process efficient (Acquah & Katz, 2020; Joung & Byun, 2021; Ding et al, 2017; Landrs & Landers, 2014; Tangkui & 

Keong, 2020; Wang & Chen, 2010; Yüksel, 2019).  Research findings substantiate that educational digital games 

stand out as both a highly favored and efficacious instructional tool within the realm of education (Riopel et al., 

2019). 

Educational Digital Games in Mathematics Education 

The opportunities presented by digital games in the teaching and learning process have spurred their rapid 

adoption in education (Sykes, 2018). Numerous studies examining the utilization and impact of educational digital 

games in mathematics learning environments concentrate on the pivotal role of these games in enhancing students' 

mathematical knowledge and problem-solving skills (Acquah & Katz, 2020; Barros et al., 2020; Bofferding & 

Hoffman, 2019; Cramer, 2019; Devlin, 2011; Drijvers et al., 2014; Kärki et al., 2021; Lee et al., 2023; Meletiou-

Mavrotheris & Prodromou, 2016; Ramani & Siegler, 2011).  It can be asserted that digital games hold significance in 

the realm of mathematics education, particularly in the cultivation of problem-solving skills, which occupies a 

central role. Students afforded the opportunity to engage with problem situations structured within a captivating and 

thought-provoking context have demonstrated noteworthy enhancement in their problem-solving capabilities through 

the utilization of educational digital games (Acquah & Katz, 2020; Dai et al., 2022; Gros, 2007; Hwang et al., 2015; 

Issa, 2007; Jenkins et al., 2006; White & McCoy, 2019; Spires, 2015; Sun et al., 2022). Furthermore, their 

dispositions towards problem solving have exhibited a positive transformation as well (Dayo et al., 2021; Dweck, 

2015). In addition, educational digital games improve students' mathematical reasoning skills (Bakker et al., 2015; 

Ke, 2014; Kolovou, & van den Heuvel-Panhuizen, 2010; Olson et al., 2007). One of the significant opportunities that 

games offer within mathematics learning environments pertains to students' attitudes towards mathematics. 

Educational digital games have a positive impact on students' attitudes toward mathematics (White & McCoy, 2019). 

Educational digital games also enable children to use mathematical language as a communication tool in 

mathematics classrooms (Moyer-Packenham et al., 2019; Umbara et al., 2021). By means of educational digital 

games, students are exposed to various representations of mathematical knowledge and engage in their utilization 

(Moyer-Packenham et al., 2019). Within the Turkish context, it can be asserted that one of the foremost resources for 

educational digital games is the Education Informatics Network. 

EIN as an Educational Digital Game Resource in Turkey 

Education Informatics Network (EIN), which is an important and official source for educational digital games in 

Turkey, is a digital platform open to the use of students, parents and teachers within the Ministry of National 

Education. EIN, which started its publishing life in 2012, has been renewed and enriched with changing needs and 

has become one of the world's largest learning object warehouses (Tuluk & Akyüz, 2019). The primary goal of the 

EIN platform is to facilitate the effective utilization of educational materials through information technologies and 

promote the integration of technology into education. EIN offers reliable and vetted e-content suitable for grade 

levels and continues to develop by following innovations in education and technology (Üce, 2019). For this purpose, 



Arabacı, Kanbolat, Danişman / Examination of the interactive digital mathematics games according to NCTM standards 

683 

it provides students with reliable and accurate content suitable for their purposes inside or outside the school 

(İskender, 2016). When EIN is evaluated in terms of secondary school mathematics teaching, it is seen that there are 

various contents aiming to provide students with the learning objectives in the secondary school mathematics 

curriculum. One of these contents is digital games. EIN is a constantly updated platform open to development and 

change. In this context, it is necessary to examine whether the contents in EIN, especially secondary school 

mathematics games, have sufficient content. When the research conducted on the EIN platform is examined, it is 

found that there are studies on the effect of EIN-supported teaching on students' academic achievement, academic 

self-regulation and basic psychological needs (Haskanlı, 2021). Research endeavors have encompassed 

investigations into the contents of the EIN through the lens of Bloom's taxonomy (Günbaş & Öztürk, 2022), as well 

as examinations aligning with the seamless learning principles articulated by Wong and Looi (Poçan & Yaşaroğlu, 

2017). Additionally, inquiries have been undertaken to elicit the perspectives of educators regarding EIN activities 

(Kepceoğlu & Ercan, 2019) and to gather insights from both educators and prospective educators concerning the 

games available on this platform (Tuluk & Akyüz, 2019). Therefore, when the relevant literature is examined, it can 

be stated that there are insufficient studies dealing with the game contents of secondary school mathematics course 

among the EIN platform contents (Günbaş & Öztürk, 2022). Considering that the effective use of games, especially 

as a cognitive development-oriented educational tool or teaching method, is very important, it is noteworthy to 

systematically examine game design (Pilten et al., 2017), especially the games on the EIN platform (Günbaş & 

Öztürk, 2022) for maximum educational benefit. Indeed, digital games can serve as valuable tools for creating 

efficient learning environments. Nevertheless, attaining such efficiency requires meticulous discernment in the 

selection of games that exhibit a high degree of alignment with the specified educational objectives and desired 

learning behaviors (Prensky, 2001). Ensuring that these goals and behaviors align with both the nation's own 

educational programs and globally recognized common norms and standards is of paramount importance. As a 

matter of fact, to the extent that countries implement practices in accordance with these norms, they are respected 

and take their place in international platforms (Umay et al., 2006). The delineation of eight pivotal competencies 

within the Turkish Qualifications Framework (TQF) as outlined by the Ministry of National Education (MoNE, 

2018), and their incorporation into the Mathematics Curriculum in Turkey, underscores the significance attributed to 

these shared standards within the Turkish educational system. These competencies are deemed essential for students' 

proficiency in their personal, social, academic, and professional pursuits, both domestically and in the global context. 

One of the most internationally recognised organisations in mathematics education is the National Council of 

Teachers of Mathematics [NCTM]. 

NCTM Standards 

Founded in 1920 in the United States, NCTM, the world's largest mathematics organisation (NCTM, 2023, 

https://www.nctm.org/About/), established the Commission on Standards for School Mathematics in 1986 to help 

improve the quality of school mathematics (Toumasis, 1997). With the establishment of this commission, NCTM 

published The Principles and Standards for School Mathematics in 2000, which provides a vision for establishing 

basic educational guidelines for grades preschool through K12 (Deal & Wismer, 2010). The objectives delineated 

within the Principles and Standards for School Mathematics, promulgated by the National Council of Teachers of 
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Mathematics (NCTM) in the year 2000, encompassed the following facets: the formulation of comprehensive and 

logically interconnected learning goals spanning the entire educational spectrum from preschool to K-12; the 

provision of a toolset for educators to appraise and gauge the caliber of mathematics curricula; the provision of 

guidance for the construction of curriculum frameworks, evaluation methods, and educational resources; and the 

facilitation of dialogues aimed at devising effective strategies for nurturing students' attainment of foundational 

mathematical comprehension (NCTM, 2000). Therefore, this guiding document highlights the essential components 

of a high-quality school mathematics programme, provides a common mathematical foundation for learning by all 

students (NCTM, 2000), and suggests how to achieve and support a mathematically rich school environment 

(Midgett & Eddins, 2001). Furthermore, the standards outlined in this document define the mathematics that students 

should understand and apply (Joung & Byun, 2021). The standards are discussed under two headings: process and 

content standards. The quintet of Content Standards (Numbers and Operations, Algebra, Geometry, Measurement, 

Data Analysis and Probability) unambiguously delineate the specific domains of mathematical knowledge that 

students are expected to acquire. In contrast, the quintet of Process Standards (Problem Solving, Reasoning, 

Probability and Proof, Communication, Connections, Representations) underscore the methodologies and approaches 

relevant to the acquisition and application of said content knowledge. Research demonstrates that textbooks aligned 

with NCTM standards enhance students' learning outcomes, boost their mathematical knowledge and skills, and 

contribute to the professional development of teachers and educational leaders (Alabdulaziz & Higgins, 2021). 

Similarly, it is stated that NCTM process standards can provide effective challenging mathematics environments for 

children and develop their higher-order thinking (Stoll, 2015). Based on the results of the research, it can be stated 

that NCTM process and content standards are very effective in realising the desired mathematics education. Students 

and teachers will experience the mathematics education envisaged by the NCTM standards only with the support and 

leadership of school and district administrators because administrators have the opportunity to contribute to the 

development of mathematics education at many different levels through the implementation of mathematics 

principles and standards, policies and structures in their schools, the selection of instructional materials, and the 

support of teachers' professional development (Midget & Eddins, 2001). Therefore, examining the extent to which 

the content produced and supported by education policy makers in countries is in line with the NCTM standards will 

give clues as to where they are in terms of achieving the desired mathematics education.  There are obviously many 

aspects of classroom practice, including the content presented and the nature of classroom instruction, that can 

influence student achievement and be relevant to future policy debates. However, it is clear that evaluating the 

content used by teachers in the light of NCTM standards represents an important basis for improving mathematics 

teaching and learning (Alabdulaziz & Higgins, 2021). The studies in the literature focused on the topics of  

examining digital games from an educational perspective (Gözüm & Kandır, 2021); the effects of digital 

mathematics games on student performance and attitudes (Cai et al., 2022; Jarrah et al., 2022; Kolovou et al., 2013; 

Luo et al., 2022; Starkey, 2013; White & McCoy, 2019), mathematical reasoning (Jensen & Scott, 2022), 

mathematical problem-solving attitudes (Dayo et al., 2021) and problem-solving performance (Sun et al., 2022); 

examining the design features of digital games (Moyer-Packenham et al., 2020); opinions of teachers and students 

about digital games (Özata & Coşkuntuncel, 2019; Yong et al., 2016). Two studies were found that examined games 

according to NCTM standards (Arabacı, 2021; Joung & Byun, 2021). In their research, Joung and Byun (2021) 
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examined the digital games that were discussed in previous studies and are still accessible according to NCTM 

standards. Arabacı (2021) examined the games designed by teacher candidates according to NCTM standards. 

Therefore, there is no study examining the digital games on EIN, which is an important and official source for 

educational digital games in Turkey, according to NCTM standards. From this vantage point, the primary objective 

of this investigation is to conduct an analytical assessment of the digital games within the EIN, a significant and 

officially sanctioned repository for educational digital games established under the auspices of the Turkish Ministry 

of National Education. This analysis will be conducted with a specific focus on discerning the alignment of these 

digital games with the content and process standards articulated by the National Council of Teachers of Mathematics 

(NCTM). 

Method 

Research Design 

This study employs a quantitative research methodology, which focuses on collecting and analyzing numerical 

data. A case study research design which presents a holistic view of a specific case was used in the present study 

(Yin, 2016). Given the comprehensive scrutiny of interactive mathematics games within the framework of NCTM 

standards, the present research employs a corresponding research design. 

Research Sample 

The games examined were sourced from the Education Informatics Network's website (https://eba.gov.tr). Since 

this study focuses on evaluating interactive games, only those meeting this criterion were intended to be included. 

The games were searched for using the keywords of ‘game’ and ‘mathematics’ separately. Later on, the search was 

filtered according to grade level (5th, 6th, 7th and 8th), lesson (mathematics) and type of the content (games). This 

selection process resulted in a 20 interactive mathematics games in total. Furthermore, it is noteworthy that one of 

the games exhibited relevance to multiple learning domains, specifically encompassing both the domains of 

measurement and geometry. Therefore, a total of 21 coding scores from 20 games were analyzed in this study. Hence 

21 coding scores out of 20 games have been analyzed within the study. All the games included were accessible and 

playable at the time of conducting this study. 

Research Instruments and Processes 

A codebook developed by Joung and Byun (2021) to examine the interactive mathematics games has been used 

to collect data. This codebook has been created taking NCTM (2000) content and process standards into 

consideration to analyze mathematics games. The codebook encompassed a categorization system consisting of two 

primary domains: Content Standards and Process Standards. The content standards comprise 41 itemsto examine the 

content of the games in terms of five learning domains, i.e. Number and operation (7 items), Algebra (10 items), 

Geometry (9 items), Measurement (4 items), and Data analysis and probability (11 items). The process standards 

include 28 items related to five areas which are Problem Solving (4 items), Reasoning and Proof (6 items), 

Communication (5 items), Connection (5 items), and Representation (8 items). All the items used a 5-point Likert 

https://eba.gov.tr/
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scale for coding, i.e. strongly disagree (1), disagree (2), neutral (3), agree (4), and strongly agree (5). While content 

standards vary across the learning domains, process standards remain the same for all learning domains. 

Two coders independently evaluated and scored each of the games on the 5-point Likert scale according to the 

NCTM content and process standards. The items were scored based on the degree of the evaluator’s agreement of the 

statement. The coding scores for ten chosen games were evaluated in terms of reliability. These scores have been 

used to calculate the interrater reliability using Cohen’s Kappa statistic. To assess reliability, a single game 

representative of each learning domain was selected, and the coding scores for these five games were subjected to 

analysis, yielding a Cohen’s Kappa statistic value of .88. According to Altman's (1999) classification, it was 

observed that there was a very good level of agreement between the game coding of two independent evaluators. 

Data Analysis 

The data recorded in a Microsoft Excel file were analyzed descriptively in the first place. Each of the games was 

analyzed based on the scores obtained from the coders. Means and graphical representations were presented to 

picture the characteristics of the games in terms of content and process standards. Mean scores of each category 

show the degree of alignmentinteractive games to the NCTM content and/or process standards. Means have been 

evaluated according to the classification of low (1-2.33), medium (2.34-3.67), and high (3.68-5.00) levels of 

alignment.The subdomains of process standards were analyzed using one-way ANOVA after ensuring that the 

normality assumptions were met.  The data pertaining to all variables under scrutiny in the analysis exhibited normal 

distribution characteristics, as indicated by the skewness values ranging from 0.16 to 1.43 and kurtosis values 

ranging from -1.48 to 0.53, in accordance with the guidelines presented by Tabachnick and Fidell (2012). 

Results 

In this study, 20 different games were examined across grade levels and learning domains. As there is no game 

related to probability, the findings were presented for geometry, data, algebra, measurement, and numbers. Table 1 

presents the distribution of the games. 

Table 1. 

Distribution of games according to learning domains and grade levels  

Grade levels 5
th 

6
th 

7
th 

8
th 

Total  

     n % 

Geometry 1 - - - 1 5 

Data - 1 - - 1 5 

Algebra - 1 - - 1 5 

Measurement 3 1 - - 4 19 

Numbers 9 5 - - 14 66 

Total 13 8   21 100 

Table 1 shows that there are no games prepared for 7th and 8th grades.  Most of the games (62%) were created 

for the fifth grades. The preponderance of the games, constituting 66% of the sample, was developed within the 

purview of the Numbers learning domain, with measurement learning domain ranking as the subsequent area of 
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focus. There is only one game for each of the geometry, algebra, and data. The games were further examined in 

terms of NCTM standards. The mean scores for content and process standards are presented in Table 2. 

Table 2 

Means of content and process standards across learning domains 

 Geometry Data Algebra Measurement Numbers 

Content standards 3.10 1.82 1.56 2.63 2.52 

Process standards [PS] 1.43 2.04 2.36 1.99 1.51 

PSProblem solving 1.25 3.00 2.25 2.50 1.80 

PSReasoning and Proof 1.33 1.00 1.00 1.67 1.07 

PSConnections 2.00 3.40 3.40 2.55 1.97 

PSRepresentations 1.38 2.00 3.13 1.97 1.60 

PSCommunication 1.20 1.20 1.80 1.45 1.19 

 
 Low level   Medium level 

Table 2 presents that geometry has the highest means scores for content standards while algebra has the lowest. 

This means that geometry games are highly related with the geometry domain while algebra games lack the 

connection between the algebra content and the game context. Algebra has the highest means scores for process 

standards while geometry has the lowest. This observation signifies that geometry games, in their current 

manifestation, exhibit a deficiency in adhering to the process standards, albeit demonstrating alignment with the 

content standards. Notably, the process standards, particularly those encompassing connections, record the highest 

mean scores within the domains of algebra and data. Problem solving has the highest mean scores for data, reasoning 

and proof has for measurement, representation and communication has for algebra.Numbers and geometry have the 

lower mean scores for process standards compared with the other domains while they have higher content standards. 

The least mean score belongs to reasoning and proof for algebra, and data. Given that a score of 1 signifies the 

lowest ranking, it is apparent that these games exhibit a deficit in terms of content related to reasoning and proof. 

Figure 1 provides a visual representation of the distribution of mean scores pertaining to both content and process 

standards across various learning domains. 
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Figure 1. Comparison of content standards across learning domains 

As Figure 1 also puts forth visually, geometry, numbers and measurement have the highest mean scores for 

content standards while algebra and data have the lowest mean scores. Moreover, algebra has the highest means 

scores for process standards while geometry and numbers have the lowest mean scores.  

Figure 2 represents the distribution of the process standards across learning domains.  

 

Figure 2. Comparison of process standards across learning domains 

According to Figure 2, connection has the highest mean scores across all learning domains while reasoning and 

proof and communication have the lowest mean scores. This suggests that the games should be improved in terms of 

these process standards having the lowest mean scores. The comparison of learning domains has also been examined 

across the process standards, which is shown in Figure 3.  
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Figure 3. Comparison of learning domains across process standards 

Figure 3 illustrates that algebra, data, and measurement have relatively the higher mean scores for process 

standards compared to the other learning domains. This suggests that the games related to numbers and geometry 

needs to be improved in terms of process standards.  

While there is discernible variability in the process standards across the diverse learning domains, the assessment 

of distinctions among these process standards necessitated the application of a one-way analysis of variance 

(ANOVA). The outcomes of the ANOVA analysis are duly presented in Table 3. 

Table 3 

ANOVA results according to process standards 

Subscales Source of variances Sum of 

squares 

df Mean square F 

 

Geometry 

Between groups 2.09 4 .52 .95 

Within groups 12.75 23 .55  

Total 14.85 27   

Data Between groups 22.96 4 5.74 8.25** 

Within groups 16.00 23 .69  

Total 38.96 27   

Algebra  Between groups 22.80 4 5.70 8.39** 

Within groups 15.62 23 .67  

Total 38.42 27   

Measurement

  

Between groups 4.69 4 1.17 8.03** 

Within groups 3.36 23 .14  

Total 8.06 27   

Numbers Between groups 3.15 4 .78 6.82** 

Within groups 2.65 23 .11  

Total 5.81 27   
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ANOVA results suggest that there isnot a significant difference on geometry [F(4, 23) = 0.95, p > .05] according 

to the process standards. However there is a significant difference on data [F(4, 23) = 8.25, p < .05], algebra  [F(4, 

23) = 8.39, p < .05], measurement [F(4, 23) = 8.03, p < .05] and numbers [F(4, 23) = 6.82, p < .05] according to the 

process standards. 

Post hoc comparisons using the Tukey HSD test indicated that the mean score of the problem solving (M = 2.50, 

SD = 0.35) was significantly different than reasoning and proof (M = 1.67, SD = 0.20), and communication (M = 

1.45, SD = 0.41) for measurement. Moreover, the mean score of connections (M = 2.55, SD = 0.41) was also 

significantly different than reasoning and proof (M = 1.67, SD = 0.20) and communication (M = 1.45, SD = 0.41) for 

measurement. 

A post hoc Tamhane test indicated that the mean score of the problem solving (M = 3.00, SD = 1.15) was 

significantly different than reasoning and proof (M = 1.00, SD = 0.00), and communication (M = 1.20, SD = 0.44) 

for data. Moreover, the mean score of connections (M = 3.40, SD = 0.54) was also significantly different from 

reasoning and proof (M = 1.00, SD = 0.00) and communication (M = 1.20, SD = 0.44) for data.  

A further post hoc Tamhane test indicated that the mean score of the representations (M = 3.13, SD = 0.83) and 

connections (M = 3.40, SD = 0.89) was significantly higher than reasoning and proof (M = 1.00, SD = 0.00) for 

algebra. Moreover, the mean score of connections (M = 3.40, SD = 0.89) was also significantly higher than 

communication (M = 1.80, SD = 1.30) for algebra.  

Another post hoc comparisons using the Tamhane test indicated that the mean score of the problem solving (M = 

1.80, SD = 0.35) was significantly higher than reasoning and proof (M = 1.07, SD = 0.06) for numbers. Moreover, 

the mean score of connections (M = 1.97, SD = 0.47) was also significantly higher than reasoning and proof (M = 

1.07, SD = 0.06) and communication (M = 1.18, SD = 0.28) for numbers. 

Discussion, Conclusion & Suggestions 

In the study, 21 interactive digital mathematics games at the secondary school level in EIN were analysed 

according to NCTM content and process standards. When the analysed games were examined in terms of content 

standards, it was found that the majority of the games were related to the number and operations learning domain, 

followed by the measurement learning domain. Furthermore, it has been ascertained that the EIN features only a 

solitary game each within the realms of geometry, data processing, and algebra learning domains, with a conspicuous 

absence of games pertaining to the probability domain. This notable disparity in the prevalence of games associated 

with the numbers and operations learning domain can be attributed to the fact that this domain encompasses the 

largest number of learning outcomes as stipulated within the secondary school mathematics curriculum (Arabacı, 

2021). The fact that there are no games in EIN in the probability learning domain is thought to be due to the fact that 

there are very few objectives (5) in this learning domain in the curriculum and that these objectives are at the 8th 

grade level (MoNE, 2018; Arabacı, 2021). These results obtained from the research coincide with the results 

obtained by Joung and Byun (2019). Out of the 23 digital games examined by the researchers, 15 were related to the 

numbers and operations content standard, while none of the games met the data analysis and probability content 



Arabacı, Kanbolat, Danişman / Examination of the interactive digital mathematics games according to NCTM standards 

691 

standard. Another result obtained in the study is that there are no mathematics games at the 7th and 8th grade level in 

EIN. Parallel to this result, Akkaş Dede (2021) found that technology-supported educational games in Turkey are 

concentrated at the 5th and 6th grade level in his study of 29 postgraduate theses. In this context, the question that 

needs to be addressed is 'why there are no games at the 7th and 8th grade level in EIN'. This situation may be 

attributed to an exam-oriented educational approach. As a matter of fact, studies show that teachers consider it a 

waste of time to play educational mathematics games for students who are in the preparation stage for exams (Özata 

& Coşkuntuncel, 2019); therefore, they think that the use of games in mathematics teaching is more suitable for 

younger age groups (Cai et al., 2022; Ülker & Bülbül, 2018). Ding et al.'s (2017) statements that there are very few 

studies on digital game-based learning at higher education level also support this view. However, digital games 

appeal to all ages and are especially interesting for children and young people (Gunter & Daly, 2012; Talan & 

Kalınkara, 2020; Toh & Lim, 2021). In addition, considering that games have a positive contribution at all grade 

levels at the secondary school level (Starkey, 2013; Toh & Lim, 2021), the lack of games at the 7th and 8th grade 

level can be described as a deficiency. Hence, it is advisable to consider the inclusion of interactive digital games 

within the EIN targeted specifically for 7th and 8th-grade students. It is noteworthy that the learning domain of "data 

processing and probability" within the secondary school mathematics curriculum comprises a notably reduced 

number of learning outcomes in comparison to the domains of geometry and algebra, as indicated by the Ministry of 

National Education (MoNE, 2018). However, despite this, as stated in the results of the study, there are only one 

game in the same number in the learning areas of data processing, geometry and algebra. Therefore, it is evident that 

the games in EIN do not align proportionally with the distribution of learning outcomes in the curriculum. In this 

context, it is suggested that the content of the games in EIN should be designed by considering the number of 

learning outcomes in the learning areas of the secondary school mathematics curriculum. 

In the study, it was determined that the games for geometry, measurement and numbers and operations learning 

domains in EIN were related to NCTM content standards at a medium level, while the games for data analysis and 

algebra learning domains were related to NCTM content standards at a low levelIn other words, none of the games in 

EIN exhibit a high level of alignment with NCTM content standards.One of the reasons for this result may be the 

differences between the content for learning domains in the secondary school mathematics curriculum in Turkey 

(MoNE, 2018) and NCTM content standards. While not within the purview of this current study, it is worth 

acknowledging that the mathematics games hosted within the EIN predominantly concentrate on singular learning 

outcomes, emphasizing foundational skills at a rudimentary level.It was determined that the games for data analysis 

and measurement learning domains in EIN were related to problem solving process standards at medium level, while 

the others were related to problem solving process standards at low level. In other words, none of the games in EIN 

are highly related to problem solving process standards. Moreover, it is understood that the games in the learning 

areas of numbers and operations, algebra, and geometry lack problem solving standards. While this result aligns with 

the findings of Arabacı (2021), in contrast, the study conducted by Joung and Byun (2020) identified problem-

solving as the most prevalent standard in games. This finding can be construed as suggestive evidence that the games 

available within the EIN may be deficient in terms of their emphasis on problem-solving abilities when juxtaposed 

with other digital games within the international landscape. Considering that problem solving is at the centre of 
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mathematics teaching (Baki, 2008; MoNE, 2018; NCTM, 2000), it is thought-provoking to obtain such a result. 

Therefore, it would be appropriate to construct the games by considering the problem solving process standard. 

All of the games in EIN are associated with Reasoning and Proofs and communication process standards at a low 

level. The reason why the games are associated with the Reasoning and proof process standard at a low level may be 

due to the fact that the study focuses on games at the secondary school level. As a matter of fact, Zeybek et al. (2018) 

emphasised that words related to proof such as "proof, prove, inference, counter-example, refute" were never 

encountered in the textbooks, and only 177 of the 2831 mathematical activities they examined had the characteristics 

of reasoning and proof. Therefore, it is seen that proving is still not considered as a separate skill in secondary school 

curricula in our country (Öztürk & Demirel, 2021). Conversely, in accordance with the assertions made by Cooper et 

al. (2011), there exists a conventional paradigm positing the inclusion of proof-related content within the purview of 

high school and tertiary education, often reserving it exclusively for advanced mathematics contexts. Therefore, the 

fact that the experts who prepared the games have such a traditional perspective may also explain the result obtained. 

It is thought that the result that the games are related to the Communication standard at a low level is due to the fact 

that the games in EIN are individual games. As a matter of fact, Joung and Byun (2021) did not evaluate the 

communication standard in their research with the assumption that digital games are played individually. In this 

study, since the feedbacks in the games are also assumed to be communication, the communication standard was 

taken into consideration. Therefore, the result obtained can be interpreted as that the feedbacks in the games in EIN 

are insufficient. In contrast to this result, Arabacı (2021) stated that pre-service elementary mathematics teachers 

identified the communication standard the most in the games they designed. This difference is thought to be related 

to the type of game designed by the pre-service teachers in the study. As a matter of fact, all of the games designed in 

the related research are in the non-contact game type and these games are mostly designed as group games. As the 

researcher stated, it is an expected result that communication skills come to the fore in games played in groups 

(Arabacı, 2021).  Within this context, it is conceivable to propose that games featured on the EIN platform should be 

meticulously crafted to accommodate multiplayer engagement, thereby facilitating concurrent participation by 

multiple users. Additionally, individual game designs should be structured to furnish ample feedback mechanisms to 

enhance the user's learning experience. 

While the games for data analysis, algebra and measurement learning domains are moderately related to the 

connections process standard, geometry and numbers and operations learning domains are related at a low level. 

Again, it was observed that none of the games in EIN were highly related to the connection process standard. 

However, it is emphasised that connection is extremely important in mathematics teaching (MoNE, 2018; NCTM, 

2000; Pambudi et al., 2020) and students' problem solving skills are affected by mathematical connection (Pambudi 

et al., 2020; Son et al., 2020); it is also known that there is a positive relationship between mathematical connection 

and productive thinking (Jawad, 2022) and mathematical reasoning (Hanifah & Karyati, 2019). Therefore, it can be 

suggested that revisions should be made to design games that are highly related to the connection standard. 

According to the results of the study, only the game representations for algebra learning domain is moderately 

related to the process standard. This may be due to the fact that algebra learning domain is highly related to 

representations by nature (Kaput, 1989). The games for other learning domains were found to be related to the 
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representations standard at a low level. In other words, most of the learning domains cannot fulfil the representations 

standard. Vergnaud (1987) stated that representations are a fundamental element for mathematics teaching and 

learning and Kaput (1987) stated that representations are the heart of the content of mathematics and are at the centre 

of mathematical activities. Indeed, the important role of representation in mathematics is strongly supported by 

NCTM (2000). 

It was determined that the games belonging to the geometry learning domain in EIN were associated with all 

NCTM process standards at a low level. Also, no significant difference emerged in terms of process standards in the 

games belonging to the geometry learning domain. In other words, no process standard was emphasized in the 

geometry learning domain. Similarly, although the games belonging to the numbers and operations learning domain 

were associated with all process standards at a low level, it was found that the problem solving process standard 

differed significantly from reasoning and proof in the games in this learning domain. Additionally, connections 

standard is also significantly differentiated from reasoning and proof and communication. Therefore, although the 

games belonging to the numbers and operations learning domain do not meet the process standards, it is understood 

that these games are more related to the problem solving standard than reasoning and proof, and more related to the 

connections standard than reasoning and proof and communication. It was found that the games for the data analysis 

learning domain were more related to problem solving and connections standards; moreover, the relationship with 

these standards differed significantly from communication and reasoning and proof. Likewise, it is worth noting that 

the games within the measurement learning domain exhibited a moderate degree of correlation with problem-solving 

and connections. Within this specific learning domain, the scores associated with the problem-solving process 

standard displayed notable disparities when compared to the standards of reasoning and proof, as well as 

communication, signifying a significant differentiation among them. It was found that the games belonging to the 

algebra learning domain were moderately related to connections and representations process standards, and these 

standards differed significantly from reasoning and proof. Moreover, the scores belonging to the connections 

standard are significantly higher than communication. 

In conclusion, according to the results of the study, the games in EIN do not meet any of the process standards at 

a high level. Moreover, there is no significant difference in terms of process standards in geometry learning domain. 

However, a significant difference was found in terms of process standards in the games belonging to data, algebra 

and numbers learning domains. In other words, some process standards are found more in the games belonging to 

data, algebra and numbers learning domains than others. Hence, it is deemed imperative to take into account the 

mathematical process standards both during the revision of existing games across all learning domains and in the 

developmental phase of new digital games. Considering that games enhance mathematics achievement in 

mathematics education, it is advisable to include more game-based content in digital platforms like EIN and in 

MoNE textbooks (Tarım, 2023). 
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