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 With the aims to find out how the attention, relevance, confidence, and 

satisfaction (ARCS) motivation model was applied into mathematics 

education; what research methods were used; and what outcomes were 

reported in these empirical studies, this paper systematically reviewed the 

empirical studies applied the ARCS motivation model into mathematics 

education trends on 2013-2023. Among 26 articles identified, the findings of 

this review indicated that the data from several contexts support the 

applicability of the ARCS model in diverse environments for mathematics 

learning, across different stages students, and in various nations. Three 

dimensions of the role of the ARCS model in mathematics education studies 

are identified: instructional design; theoretical framework; and measurement 

tool. Quantitative method was used most, and experimental studies and 

quasi-experimental studies were the main methods. Three types of outcomes 

were mainly focused on the past empirical studies: affective outcomes, 

cognitive outcomes, social outcomes. The findings highlighted the 

prospective paths that this area of research should pursue. 
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1. INTRODUCTION 

Motivation plays a crucial role in shaping students’ performance in mathematics [1]. Extensive 

studies have highlighted the significance of motivation in influencing mathematical achievements [2]–[4]. 

When learners are motivated, they exhibit greater concentration and excel in mathematical tasks, 

demonstrating resilience especially when faced with challenging concepts [5]. It is imperative to ensure and 

sustain students’ motivation towards learning mathematics [6]. In educational research, attention, relevance, 

confidence, and satisfaction (ARCS) motivation model from Keller is widely used and practiced [7]. The 

theoretical foundation of ARCS model is expectancy-value theory [8]. The ARCS model posits that effective 

student motivation hinges on: i) capturing and maintaining attention; ii) elucidating the relevance of the 

content; iii) nurturing self-belief in attainable success through effort; and iv) instilling a sense of 

accomplishment and gratification [8]. This model follows a systematic process of definition, design, 

development, and evaluation [8]. These four dimensions play a significant role in improving students’ 

motivation in learning mathematics [9]. 

The purpose of attention is to capture the students’ attention through kinds of instructional methods 

and presentations [10]. An effective approach to engage students in mathematics class is to offer diverse and 

multifaceted methods of delivering mathematics content, such as utilizing computer programs, videos, or 

group activities to sustain learners’ motivation in learning mathematics [11]. These ways combine the 
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characteristics of mathematics to present mathematics content to students, which will make students find it 

interesting and pay more attention on mathematics class. For relevance aspect, teachers should establish a 

connection between mathematics class and their practical relevance in the future [10]. Several effective 

strategies for teaching mathematics, include: i) making connections between the curriculum and real-world 

problems; ii) addressing the specific educational needs of learners; iii) linking current content to future 

applications; iv) clearly defining objectives; v) promoting collaborative group work; and vi) providing 

individualized attention to learners [12]. Demonstrating the relevance of mathematics enhances motivation as 

students may perceive the connections between mathematics and other subjects, fostering a deeper 

comprehension of the necessity of mathematics learning for their own benefit. For confident aspect, when 

students possess the necessary confidence to initiate and perhaps finish a mathematics assignment, so 

assuming personal accountability, their self-efficacy is being addressed [13]. Emphasizing students’ learning 

abilities to improve their confidence is essential. Enabling students to present what kind of work they have 

finished provides them with the opportunity to experience a sense of accomplishment [12]. Satisfaction 

focuses on the emotional response of students towards the mathematics activities they have successfully 

completed. Personal satisfaction is the sense of pride that a student experiences when successfully 

completing a mathematics task [10], [14]. Learners should be proud and satisfied of what they have achieved 

throughout the mathematics course. This satisfaction will motivate students to solve more mathematics tasks. 

Li and Keller [15] conducted a comprehensive review study that examined the ARCS model using 

data from 27 articles. The study focused on educational contexts, research methods, and outcomes. However, 

no literature review focuses on the application of ARCS in mathematics education specifically. The 

mathematics achievement of students is impacted by numerous factors, with motivation being a significant 

factor. According to Putwain et al. [16], there is a belief that students who are motivated will provide greater 

focus to learning mathematics, leading to higher marks in the subject. Conversely, students who lack 

motivation or experience negative emotions, such as worry, will struggle to achieve high levels of 

performance in mathematics [17]. It can be seen that for mathematics education motivation is very important. 

ARCS as a crucial motivation model, it’s necessary to study the details of its application in mathematics 

education so that researchers can better play its role in mathematics education. This study aims to address this 

gap by reviewing the past relevant empirical studies systematically to evaluate the application of the ARCS 

motivation model in mathematics education to answer the three questions:  

i) How was the ARCS model applied to mathematics education?  

ii) What research methods were used in previous empirical studies?  

iii) What are the reported outcomes following the application of ARCS model in mathematics education? 

 

 

2. METHOD 

A systematic method is utilized in this study to review the literature on the implementation of the 

ARCS model in the field of mathematics education. This methodology was derived from the standards 

known as the preferred reporting items for systematic reviews and meta-analyses extension for scoping 

reviews (PRISMA-ScR) [18]. The PRISMA-ScR is an evidence-based, minimum set of recommendations 

designed primarily to encourage transparent and complete reporting of systematic reviews. It is a road map to 

help authors best describe what was done, what was found, and in the case of a review protocol, what are 

they are planning to do [19]. Many systematic reviews have employed the PRISMA criteria extensively. The 

full reports of the review process guarantee the reliability and quality of the research by enabling readers to 

replicate and validate the research’s implementation. Rigorous criteria are used in this study to ensure the 

high standard of the papers and avoid any potential biases in the selection procedure. The following criteria 

were utilized during the review process: 

- These papers were empirical research that were published in three well-known databases: Education 

Resources Information Center (ERIC), Scopus, and ScienceDirect. 

- The papers reviewed in this study included participants of various educational levels: primary school, 

secondary school, and higher education. Various learning styles were included, for example, game-based 

learning or computer-assisted learning. 

- The research utilized the ARCS motivation model as instructional design, theoretical framework, or 

measurement instrument. 

- The papers were written in English. 

The study examined the related papers in the electronic database included ERIC, Scopus, and 

ScienceDirect from 2013 to 2023. “ARCS,” “ARCS model,” “attention, relevance, confidence, satisfaction,” 

“mathematics,” and “mathematics education” were the terms searched for the review. Throughout the review 

procedure, the researchers systematically downloaded these papers that were relevant to the searched terms 

and proceeded to review them consecutively. A total of 21 articles were found from three databases: 11 from 

ERIC, 3 from Scopus, and 7 from ScienceDirect. Additional papers were identified using Google Scholar 
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which also following the same rigorous selection criteria. These criteria included evaluating the relevance of 

the articles to the research topic, ensuring that they were peer-reviewed, and assessing their methodological 

quality and contribution to the field. After this careful examination, five additional articles from Google 

Scholar were selected for inclusion. This examination involved a detailed review of the abstracts, 

methodologies, and findings to ensure they aligned with the research objectives. As a result, a total of 26 

articles were included in the final review. Figure 1 illustrates the four primary steps undertaken in this 

review. The four stages of the process are identification, screening, eligibility, and inclusion. 

Each individual article served as the basic unit of analysis. This review employed content analysis as 

a method and utilized a summative methodology for content analysis, in which all the articles were evaluated 

and compared according to three research objectives [20]. Four sequential steps of analysis were used to 

conduct the analysis, as shown in Figure 2. Ultimately, the findings were presented in different sections. First 

section reported the mathematics educational contexts and the role of the ARCS model in mathematics 

education studies. Some summary charts were generated containing information about the research contexts 

and the ARCS strategies implemented in this phase. Second section, the research design, relevant variables, 

and measurement methods were presented. Research outcomes were analyzed respectively in the third 

section. The outcomes of the research were classified into three different domains: affective outcomes, 

cognitive outcomes, social outcomes. 
 

 

 
 

Figure 1. The selection procedure of reviewed studies 
 
 

 
 

Figure 2. Steps of analysis 
 

 

3. RESULTS AND DISCUSSION 

This section presents the results of the review of the 26 studies and the results were presented to 

address the three research questions. The discussion of related results was also expanded to make this result 

more clearly understood. The application of ARCS model in these studies, research methods and outcomes of 

these studies were discussed. 
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3.1. How was the ARCS model applied to mathematics education? 

The results of this research question were discussed from two aspects: the study 

context/environment and the role of the ARCS model in mathematics education research. The study context 

includes the countries of studies, the publication year, participants of studies and course delivery methods. 

The role of the ARCS model in mathematics education research was divided into three categories: 

instructional design, theoretical framework, and measurement instrument. 

 

3.1.1. Study context 

To comprehend the distinct educational environments, this study context includes three aspects: 

countries of studies, participants of studies, and course delivery methods. Table 1 shows that the research 

covers various cultures and countries, including China [21]–[25], Colombia [26], [27], Indonesia [28]–[34], 

Korea [35], Malaysia [2], [36], South Africa [37], Turkey [1], [38], and United States [11], [13], [39]–[42]. 

This established a strong foundation for the applicability of any findings that arise from the data. Most 

studies (7 of 26) were from Indonesia and the next highest studies (6 of 26) were from United States. The 

number of related studies in China was closely followed by 5 studies. 

The analysis of publication year data demonstrated a nonlinear growth in the quantity of articles 

published in the examined fields from 2013 to 2023, with a notable increase in 2019, as shown in Figure 3. 

The application of the ARCS model in technology-enhanced learning contexts is gaining increasing interest 

[7]. In addition, ARCS model has been already commonly employed in web-based, online, and mixed 

learning contexts [43]. The post-pandemic period has seen the rise of this kind of learning model as a widely 

accepted approach in education. It has played a significant role in transforming education from traditional 

face-to-face methods to a combination of face-to-face and online learning modes [44]. Notably, 62% (16 out 

of 26) of the research were conducted during the past five years. Although the relevant studies were 

decreased from 2019, ARCS model was still very important in mathematics education [42]. The pandemic 

caused substantial disruptions across various academic disciplines. Many researchers, especially in fields 

such as mathematics education, had limited access to necessary resources, resulting in reduced productivity. 

This is consistent with findings from studies indicating a decline in research productivity during the 

pandemic across various fields [45]. It was remarkable that experimental studies on the ARCS motivation 

model are more typical in mathematics education [15]. 
 
 

Table 1. Countries of studies 
Studies Countries Frequency 

[21]–[25] China 5 

[26], [27] Colombia 2 
[28]–[34] Indonesia 7 

[35] Korea 1 

[2], [36] Malaysia 2 
[37] South Africa 1 

[1], [38] Turkey 2 

[11], [13], [39]–[42] United States 6 

 

 

 
 

Figure 3. Distribution of publications by year 
 

 

The diverse range of participants spanning from primary students to graduate students enhanced the 

generalizability of the results, as presented in Table 2. Most of these studies focused on secondary education 

(11 of 26) and higher education (10 of 26), which can be more intuitively compared from Figure 4. One study 

had a sample of graduate students and the rest being undergraduates in higher education. There were only five 

studies in primary education. Some studies have shown that based on the “attention” dimension of ARCS, 
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technology-based instructional design often incorporates the ARCS model to capture students’ attention and 

interest [2], [11], [13], [15], [21]. Empirical evaluation has showed the positive influence of technology-based 

learning on students’ conceptual comprehension at the secondary school level [46]. Therefore, the technology-

based instructional design can be implanted among secondary students and college students easier. 
 

 

Table 2. Participants of studies 
Studies Participants Frequency 

[1], [22], [23], [30], [39] Primary school students 5 
[2], [31]–[34], [36] Junior school students 6 

[21], [24], [37], [40], [42] High school students 5 

[13], [25]–[29], [35], [38], [41] College students 9 
[11] Graduate students 1 

 

 

 
 

Figure 4. Participants of studies 
 

 

The ARCS motivation model was implemented to various mathematics courses or instructional 

sessions, depending on the technologies used in the educational setting, as shown in Table 3. Within these 

educational settings, the majority of research has combined the ARCS model with technology-based forms of 

learning such as online learning, digital game-based learning, virtual reality learning, web-based learning, and 

mobile learning. The approach was implemented e-learning contexts and in flipped classroom in various 

research. All these technology-based course delivery methods have applied student-centered environments, 

which can match with ARCS model properly. At the same time, there are also studies (9 of 26) that do not focus 

on the design of demonstrating classroom instruction, and so use no computer or internet supported instruction. 
 

 

Table 3. Course delivery methods 
Studies Delivery methods Frequency 

[39], [41] Blended instruction 2 

[1], [2], [11], [13], [21], [24], [36], [38], [40] Web-based instruction 9 
[23], [25]–[27], [34] Game-based learning 5 

[22] Mobile learning 1 

[28]–[33], [35], [37], [42] No computer or internet supported instruction 9 

 

 

3.1.2. The role of the ARCS model in mathematics education studies 

The role of the ARCS model in educational contexts was divided into three categories in a review 

study by Fang et al. [47]: instructional design, theoretical framework, and measurement instrument. The 

ARCS model’s role in mathematics education, as shown in Table 4, was categorized in this review into the 

same three areas, namely: i) instructional design: in order to develop new instructions, the ARCS model was 

integrated into the process and motivational techniques were used [8]; ii) theoretical framework: instructional 

design or motivation data were analyzed using the ARCS model as a theoretical framework [48]; and  

iii) measuring tool: the instruction materials motivation survey (IMMS) and course interest survey (CIS) 

which measures motivation, was used in conjunction with the ARCS model [14]. 
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From Figure 5, we can see that there are many studies used ARCS model as an instructional design 

(17 of 26) and measurement tool (14 of 26) in mathematics education. Meanwhile, there were some studies in 

which the ARCS model can be used as both instructional design and measurement tool. The ARCS model 

was utilized to design and evaluate instructional materials in many education settings, such as game-based 

learning, digital books, mobile learning, flipped classrooms [38], [49]–[51]. These results showed that it also 

happens in mathematics education. 

The ARCS model, which served as a theoretical framework for the review study by Kivunja [52], 

was divided into two categories: analysis of instructional design and analysis of students’ motivation. It 

illustrated the functions of the theoretical framework utilized to analyze the research data, as presented in 

Table 4. Out of the four analyzed papers, only one discussed analyzing students’ motivation using the ARCS 

model as theoretical framework. A case study was conducted to answer the research question: how do 

students’ experiences influence their motivation in the ARCS framework? In the study by Nguyen [41], 

ARCS model played the theoretical framework role to analyze students’ motivation in learning mathematics. 

The model was applied in three studies to examine instructional design based on the ARCS component 

concepts. For example, Keller’s ARCS model was explored as a theoretical framework for the introductory 

statistics classes to provide the prospective mathematics teachers with the motivation and stimulation to learn 

statistics on their own [35]. 

 

 

 
 

Figure 5. The role of the ARCS model 

 

 

Table 4. The function of the ARCS theoretical frameworks used in studies 
Studies Functions Frequency 

[41] Analysis of students’ motivation 1 
[35], [36], [42] Analysis of instructional design 3 

 

 

3.2. What research methods were used in previous empirical studies? 

The studies were classified according to their research methods, and the measurements of the main 

variables were analyzed. The quantitative method was the most commonly utilized research method, 

appearing in 20 out of the 26 articles. Document A provided a comprehensive overview of the research 

design employed in each of the articles that were reviewed. Figure 6 shows the proportion of the three 

research methods. It showed that 54% of relevant studies used quantitative method, 31% studies used mixed 

method, while only 15% studies used qualitative method. This result indicated that most studies were 

experimental. Most of the experimental studies conducted motivation intervention based on ARCS 

motivation model. Intervention studies contribute to the advancement of the field by providing insights into 

the cause-and-effect links between motivation components and educational outcomes, or between educational 

settings and motivation outcomes [53]. From a practical standpoint, intervention studies increase our 

understanding about which interventions are most effective in enhancing educational outcomes in a way that 

observational research cannot [54]. 
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3.2.1. Research design 

Document A demonstrated that the experimental or quasi-experimental design method is extensively 

employed as a quantitative research method. In experimental design studies, participants were randomized to 

conditions randomly, but in quasi-experimental design research, randomness was not involved in the 

assignment of participants to conditions. Experimental and quasi-experimental research often involved one 

group that taught by learning materials or classroom instructions incorporating ARCS strategies 

(experimental group), while another group taught by materials or instructions without these strategies 

(control group). In addition, the researchers employed pre- and post-test experimental design in both the 

experimental and control groups [22]. This involved comparing the motivation and/or achievement scores of 

the same individuals before and after the intervention to identify any differences in these variables. 

Some studies also designed three or more groups to further determine the impact of different 

variables on mathematics motivation. Syahputra et al. [29] utilized an instructional system that incorporated 

the ARCS model and the introducing the new concepts, metacognitive questioning, practicing, reviewing and 

reducing difficulties, obtaining mastery, verification, and enrichment (IMPROVE) method to enhance 

students’ motivation and utilization of self-regulated learning (SRL) strategies while studying trigonometry 

functions in a web-based learning environment. A total of 236 first-year participants from two Chinese high 

schools were randomly assigned to the motivational design (MD), SRL intervention (SI), motivational design 

and SRL intervention (MDSI), or the control groups. 

Some studies employed case study, qualitative, or mixed method approaches. The objective of these 

investigations was to get a more profound comprehension of the motivating challenges that students face 

when studying mathematics. Additionally, the studies aimed to explore the practical applications of the 

ARCS model, as well as investigate students’ perspectives and attitudes towards mathematics education and 

learning resources. 

The use of case study technique in social sciences research has been a subject of debate due to the 

differing and sometimes conflicting approaches advocated by various research methodologists. The case 

study is a commonly employed qualitative research methodology in the field of educational research [55]. 

To enhance the lesson on recognizing the property of the sample mean in statistical inference of the 

sampling distribution for aspiring mathematics teachers in an introductory statistics course, a case study was 

conducted in which an exploratory lesson that integrated Keller’s ARCS model was implemented and 

analyzed [35]. 

Whether it is quantitative methods, qualitative methods, or mixed methods, all have promoted the 

research on the ARCS motivation model in mathematics education to a certain extent. The researchers in the 

experimental and quasi-experimental studies aimed to investigate the causal connection between the 

utilization of the ARCS model in teaching and the motivation of students in studying mathematics, as well as 

their mathematics achievement and other related characteristics. These research studies have supplied 

academics and practitioners with evidence regarding the effectiveness of the ARCS model in enhancing 

participants’ motivation and achievement, as well as other measures, within a particular educational setting. 

Qualitative, mixed method, and case studies can provide researchers and practitioners with insights into the 

design process, the rationale behind applying ARCS model in this manner, and the criteria for selecting 

specific ARCS strategies. 

Various research designs are helpful in exploring the impact of the ARCS model in mathematics 

education. Most researchers attempted to examine the causal relationship between using the ARCS model in 

teaching and students’ motivation in learning mathematics, mathematics achievement, and/or other variables 

through experimental and quasi-experimental studies. In addition, some researchers further used qualitative 

methods to explore the reasons and process of the impact of the ARCS model on participants’ motivation to 

learn mathematics. 

 

3.2.2. Measurement methods 

The most often measured outcome variables in the evaluated research were motivation in 

mathematics learning and mathematics achievement. Since motivation cannot be directly observed, it was 

always measured indirectly. Therefore, in ARCS motivation surveys, questionnaires and interviews were 

commonly used. The ARCS model application studies utilized the CIS [14] and the IMMS [14] designed 

specifically for the ARCS model to assess participants’ motivation in learning mathematics frequently. The 

questionnaires used in both surveys are specifically constructed based on the four dimensions of ARCS 

model. The main difference between CIS and IMMS lies in their respective instructional approaches. CIS is 

specifically designed for teacher-led classrooms, whereas IMMS is primarily intended for self-directed 

learning [15]. Out of the 26-research analyzed in this review, six utilized the IMMS or its modified version, 

while 4 employed the CIS or its modified version to assess students’ motivation in relation to the ARCS 

components. 
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Some researchers designed questionnaires based on ARCS motivation model by themselves [24]. In 

some qualitative studies and mixed studies, researchers used interviews to explore the reasons and process of 

the impact of the ARCS model on participants’ motivation in learning mathematics [26], [39]. Teachers’ and 

researchers’ observations was also used to make sure the application of ARCS in the classroom and served as 

the input to the motivational adaptive instruction for the experimental group [2]. The reviewed articles 

typically used instructor-designed tests or examinations to evaluate students’ mathematics achievement. 

There were 11 out of 26 studies conducted mathematics achievement test in this review. Some studies used 

pre- and post-test to examine the achievement increase before and after the motivational intervention [21]. 

 

 

 
 

Figure 6. Research method of studies 

 

 

3.3. What are the reported outcomes following the application of the ARCS model in mathematics 

education? 

Three types of learning outcomes were identified according to the learning outcomes of the 

reviewed studies, as presented in Figure 7: affective outcomes (25 of 26 studies), cognitive outcomes (14 of 

26 studies), social outcomes (1 of 26 studies). Affective outcomes encompass various factors, including 

students’ motivation, emotional responses, subjective attitudes towards the course, and sustained motivation. 

Affective outcomes were the most significant result that researchers in the ARCS literature have documented. 

Students’ performance in tests and thinking outcomes were the main cognitive outcomes reported in these 

articles. Communication skills and collaboration abilities are commonly referred to as social outcomes. 

Collaborative learning facilitates a profound comprehension of subject matter, leading to enhanced academic 

performance among students in comparison to competitive or individual learning approaches [56]. 

 

 

 
 

Figure 7. Learning outcomes of studies 
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3.3.1. Affective outcomes 

In this review, the affective outcomes of most studies were positive. The participants’ motivation, 

attitudes and interest in learning mathematics were improved after the ARCS intervention or at least one of 

the four ARCS components was improved. Or the experimental group showed higher motivation than the 

control group. For example, the virtual reality has the effect of improving students’ learning motivation and 

learning effectiveness in the digital teaching of mathematics [24]. Using digital game-based learning with the 

diagnostic mechanism (experimental group) is better than without the diagnostic mechanism (control group) 

[23]. However, the results of two studies were not positive in this review. The motivation of the participants 

was not improved, or the motivation was not higher than the control group [2], [31]. They both pointed that 

motivation and mathematics performance were not strongly correlated for this group of students. 

 

3.3.2. Cognitive outcomes 

There were also two groups of studies reported either higher/increased achievement or no significant 

difference in achievement like the affective outcomes. Only one study showed that the mathematics 

performance was not strongly correlated for this experimental group students [2]. The effectiveness of some 

ARCS strategies that the researchers selected might be negative under certain conditions. Other studies all 

got the result that the ARCS experimental group had higher achievement and better mathematics 

performance in the mathematics tests than the control group or the test experimental group students, or the 

students’ mathematics performance was improved after the intervention. The computer-game activities had a 

positive effect on the mathematics achievements of the students [1]. Therefore, these authors urged more 

investigation to carry out in order to study the impacts of the ARCS model in various contexts. 

 

3.3.3. Social outcomes 

Only one study in this review got the social outcome which interviewed the participants who were 

taught by the educational intervention in mathematics teaching that uses games and technology tools [26]. 

These participants viewed collaborative work was one of the most positive aspects to improve their 

motivation. It can be seen that teamwork in mathematics learning is also an effective way to promote 

students’ motivation in learning mathematics. Researchers can consider making more use of teamwork based 

on ARCS model to improve students’ motivation in learning mathematics. 

The review results of the studies outcomes showed that mathematics motivation and mathematics 

achievement were the main parts that relevant studies pay attention to. This may be due to the fact that 

mathematics motivation and mathematics achievement are the two most influential aspects of students 

learning mathematics. Besides, the results also found that teamwork also had a positive impact on students’ 

learning of mathematics, which encourages scholars to consider this aspect in future research. 

Despite the valuable insights this review provides, several limitations should be acknowledged. 

First, the geographical scope of the reviewed studies remains limited, with a notable underrepresentation of 

European countries, thus restricting the understanding of how the ARCS model functions across diverse 

educational contexts. Second, the research timeline reveals a decline in the number of studies published in 

recent years, which may suggest a reduced focus on the ARCS model in current mathematics education 

research. This gap highlights the need for renewed attention to the model's application. Third, the existing 

literature has predominantly utilized quantitative methods, with fewer studies exploring the ARCS model 

through mixed or qualitative approaches, limiting the breadth of insights into students’ motivational 

experiences in various learning environments. Addressing these limitations will guide future research and 

contribute to a more comprehensive understanding of the ARCS model in mathematics education. 

 

 

4. CONCLUSION 

This review study highlighted the prospective paths that this area of research should pursue. 

According to the findings of the role of the ARCS model, the researchers can take use of the ARCS model to 

study motivation in mathematics education in multiple roles at the same time. This study can provide the 

researchers evidence to set educational environments, choose suitable methods and design and develop 

ARSC strategies. The ARCS model seems to offer valuable support to designers and educators, particularly 

in controlled studies examining its crucial features and areas of efficacy. Researchers are able to design 

ARCS strategies using those principles and evaluate their impact through experimentation. In general, the 

students exhibited favorable dispositions towards the ARCS strategies and the mathematics learning 

materials that incorporated those strategies. 

Based on the limitations mentioned in this review study, this paper recommends that researchers 

take the following factors into account when planning and structuring future relevant studies: i) extend 

research to additional European countries to promote the application of the ARCS model in mathematics 
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education research within these populations; ii) despite a recent decline in research, due to the significance of 

motivation in mathematics learning and the advantages of the ARCS model, more scholars are urged to 

investigate the ARCS motivation model in mathematics education; iii) promote the implementation of the 

ARCS model in diverse mathematics learning environments, offering students more opportunities to enhance 

their mathematics learning experience; iv) propose the integration of the ARCS model into various 

pedagogies, which will bring benefits to the field of teaching and learning in mathematics education; and  

v) advocate for the integration of the ARCS model with other theoretical frameworks to analyze data or 

research instructions. Collectively, these recommendations for future investigation will enhance our 

comprehension of the ARCS model in a broader array of demographics and settings within mathematics 

education. 

 

 

REFERENCES 
[1] H. Karakis, A. Karamete, and A. Okçu, “The effects of a computer-assisted teaching material, designed according to the ASSURE 

instructional design and the ARCS model of motivation, on students’ achievement levels in a mathematics lesson and their 

resulting attitudes,” European Journal of Contemporary Education, vol. 15, no. 1, pp. 105–113, Mar. 2016,  

doi: 10.13187/ejced.2016.15.105. 
[2] S. L. Wong and S. L. Wong, “Effects of motivational adaptive instruction on student motivation towards mathematics in a 

technology-enhanced learning classroom,” Contemporary Educational Technology, vol. 13, no. 4, p. ep326, Aug. 2021,  
doi: 10.30935/cedtech/11199. 

[3] B. Ning, “Discipline, motivation, and achievement in mathematics learning: an exploration in Shanghai,” School Psychology 

International, vol. 41, no. 6, pp. 595–611, Dec. 2020, doi: 10.1177/0143034320961465. 
[4] A. A. N. Fuqoha, Budiyono, and D. Indriati, “Motivation in mathematics learning,” Pancaran Pendidikan, vol. 7, no. 1,  

pp. 202–209, Feb. 2018, doi: 10.25037/pancaran.v7i1.151. 

[5] I. Arroyo, B. P. Woolf, W. Burelson, K. Muldner, D. Rai, and M. Tai, “A multimedia adaptive tutoring system for mathematics 
that addresses cognition, metacognition and affect,” International Journal of Artificial Intelligence in Education, vol. 24, no. 4, 

pp. 387–426, Dec. 2014, doi: 10.1007/s40593-014-0023-y. 

[6] S. Schukajlow, K. Rakoczy, and R. Pekrun, “Emotions and motivation in mathematics education: theoretical considerations and 
empirical contributions,” ZDM - Mathematics Education, vol. 49, no. 3, pp. 307–322, Jun. 2017, doi: 10.1007/s11858-017-0864-6. 

[7] L. Ma and C. S. Lee, “Evaluating the effectiveness of blended learning using the ARCS model,” Journal of Computer Assisted 

Learning, vol. 37, no. 5, pp. 1397–1408, Oct. 2021, doi: 10.1111/jcal.12579. 
[8] J. M. Keller, “Development and use of the ARCS model of instructional design,” Journal of Instructional Development, vol. 10, 

no. 3, pp. 2–10, Sep. 1987, doi: 10.1007/BF02905780. 

[9] A. Khakpour, S. Franke, S. Gortschakow, D. Uhrlandt, R. Methling, and K. D. Weltmann, “An improved arc model based on the arc 
diameter,” IEEE Transactions on Power Delivery, vol. 31, no. 3, pp. 1335–1341, Jun. 2016, doi: 10.1109/TPWRD.2015.2473677. 

[10] S. Izmirli and O. S. Izmirli, “Factors motivating preservice teachers for online learning within the context of ARCS motivation 

model,” Turkish Online Journal of Distance Education, vol. 16, no. 2, pp. 56–68, Apr. 2015, doi: 10.17718/tojde.26620. 
[11] E. Novak, “Toward a mathematical model of motivation, volition, and performance,” Computers and Education, vol. 74,  

pp. 73–80, May 2014, doi: 10.1016/j.compedu.2014.01.009. 

[12] N. B. Milman and J. Wessmiller, “Motivating the online learner using Keller’s ARCS model,” Distance Learning, vol. 13, no. 2, 
pp. 67–71, 2016. 

[13] C. B. Hodges and C. M. Kim, “Improving college students’ attitudes toward mathematics,” TechTrends, vol. 57, no. 4, pp. 59–66, 

Jul. 2013, doi: 10.1007/s11528-013-0679-4. 
[14] J. M. Keller, Motivational design for learning and performance: The ARCS model approach. New York: Springer Science & 

Business Media, 2009, doi: 10.1007/978-1-4419-1250-3. 

[15] K. Li and J. M. Keller, “Use of the ARCS model in education: a literature review,” Computers and Education, vol. 122,  
pp. 54–62, Jul. 2018, doi: 10.1016/j.compedu.2018.03.019. 

[16] D. W. Putwain, S. Becker, W. Symes, and R. Pekrun, “Reciprocal relations between students’ academic enjoyment, boredom, and 

achievement over time,” Learning and Instruction, vol. 54, pp. 73–81, 2018, doi: 10.1016/j.learninstruc.2017.08.004. 
[17] S. Rodríguez, B. Regueiro, I. Piñeiro, I. Estévez, and A. Valle, “Gender differences in mathematics motivation: differential effects 

on performance in primary education,” Frontiers in Psychology, vol. 10, p. 03050, Jan. 2020, doi: 10.3389/fpsyg.2019.03050. 

[18] A. C. Tricco et al., “PRISMA extension for scoping reviews (PRISMA-ScR): checklist and explanation,” Annals of Internal 
Medicine, vol. 169, no. 7, pp. 467–473, Oct. 2018, doi: 10.7326/M18-0850. 

[19] R. Sarkis-Onofre, F. Catalá-López, E. Aromataris, and C. Lockwood, “How to properly use the PRISMA statement,” Systematic 

Reviews, vol. 10, no. 1, p. 117, Dec. 2021, doi: 10.1186/s13643-021-01671-z. 
[20] H. F. Hsieh and S. E. Shannon, “Three approaches to qualitative content analysis,” Qualitative Health Research, vol. 15, no. 9, 

pp. 1277–1288, Nov. 2005, doi: 10.1177/1049732305276687. 

[21] P. Gu and Y. Lee, “Promoting students’ motivation and use of SRL Strategies in the web-based mathematics learning 
environment,” Journal of Educational Technology Systems, vol. 47, no. 3, pp. 391–410, 2019, doi: 10.1177/0047239518808522. 

[22] Y. C. Chen, “Effect of mobile augmented reality on learning performance, motivation, and math anxiety in a math course,” 

Journal of Educational Computing Research, vol. 57, no. 7, pp. 1695–1722, Dec. 2019, doi: 10.1177/0735633119854036. 
[23] Y. M. Huang, S. H. Huang, and T. T. Wu, “Embedding diagnostic mechanisms in a digital game for learning mathematics,” 

Educational Technology Research and Development, vol. 62, no. 2, pp. 187–207, Apr. 2014, doi: 10.1007/s11423-013-9315-4. 

[24] Y. C. Hsu, “Exploring the learning motivation and effectiveness of applying virtual reality to high school mathematics,” 
Universal Journal of Educational Research, vol. 8, no. 2, pp. 438–444, Feb. 2020, doi: 10.13189/ujer.2020.080214. 

[25] C. H. Tsai, Y. H. Kuo, K. C. Chu, and J. C. Yen, “Development and evaluation of game-based learning system using the 

Microsoft Kinect sensor,” International Journal of Distributed Sensor Networks, vol. 11, no. 7, p. 498560, Jul. 2015,  
doi: 10.1155/2015/498560. 

[26] S. A. Zabala-Vargas, L. García-Mora, E. Arciniegas-Hernández, J. Reina-Medrano, B. de Benito-Crosetti, and A. Darder-

Mésquida, “Didactic strategy mediated by games in the teaching of mathematics in first-year engineering students,” Eurasia 
Journal of Mathematics, Science and Technology Education, vol. 18, no. 2, p. em2082, Feb. 2022, doi: 10.29333/ejmste/11707. 



                ISSN: 2252-8822 

Int J Eval & Res Educ, Vol. 14, No. 2, April 2025: 1506-1517 

1516 

[27] S. A. Zabala-Vargas, L. H. Garcia-Mora, D. A. Ardila-Segovia, and B. L. De Benito-Crosetti, “Motivation increase of 

mathematics students in engineering-A proposal from game based learning,” in Proceedings of the 2019 International Symposium 
on Engineering Accreditation and Education, ICACIT 2019, Sep. 2019, pp. 1–6, doi: 10.1109/ICACIT46824.2019.9130297. 

[28] E. Syahputra and D. R. Utami, “The design of IQF-oriented ARCS-based learning model,” Journal of Physics: Conference Series, 

vol. 1315, no. 1, p. 012065, Oct. 2019, doi: 10.1088/1742-6596/1315/1/012065. 
[29] E. Syahputra, E. Surya, and P. D. Putra, “The difference of the enhancement of students’ mathematical disposition as an impact of 

ARCS-based learning model and conventional approach,” Journal of Physics: Conference Series, vol. 1819, no. 1, p. 012003, 

Mar. 2021, doi: 10.1088/1742-6596/1819/1/012003. 
[30] R. W. Pratama, Sudiyanto, and Riyadi, “The development of attention, relevance, confidence, and satisfaction (ARCS) model 

based on active learning to improve students’learning motivation,” Al-Jabar : Jurnal Pendidikan Matematika, vol. 10, no. 1, 

 pp. 59–66, 2019, doi: 10.24042/ajpm.v10i1.4044. 
[31] Suherman, A. M. Zaman, and Farida, “Fostering of mathematical critical thinking ability using ARCS model and students’ 

motivation,” JTAM (Jurnal Teori dan Aplikasi Matematika), vol. 5, no. 1, pp. 134–143, 2021, doi: 10.31764/jtam.v5i1.3798. 

[32] A. Fitranti and Masriyah, “Application of discussion learning model using ARCS motivation strategy to improving student 
learning outcome,” MATHEdunesa (Jurnal Ilmiah Pendidikan Matematika), vol. 9, no. 1, pp. 202–210, 2020,  

doi: 10.26740/mathedunesa.v9n1.p202-210. 

[33] M. Sahanata and F. K. Dewi, “The effect of application of the ARCS learning model on motivation learn maths students,” Journal 
of Curriculum and Pedagogic Studies (JCPS), vol. 1, no. 1, pp. 1–11, 2022. 

[34] S. Atin, R. A. Syakuran, and I. Afrianto, “Implementation of gamification in mathematics m-learning application to creating 

student engagement,” International Journal of Advanced Computer Science and Applications, vol. 13, no. 7, pp. 542–556, 2022, 
doi: 10.14569/IJACSA.2022.0130765. 

[35] S. Kim, “A case study of a lesson on the sample mean for prospective mathematics teachers,” Mathematics, vol. 8, no. 10,  

p. 1706, Oct. 2020, doi: 10.3390/math8101706. 
[36] K. W. Leong, “The effects of instruction using the ARCS model and GeoGebra on upper secondary students’ motivation and 

achievement in learning combined transformation,” Asia Pacific Journal of Educators and Education, vol. 30, no. 5, pp. 141–158, 
2015. 

[37] A. K. Roberts and E. D. Spangenberg, “Peer tutors’ views on their role in motivating learners to learn mathematics,” Pythagoras, 

vol. 41, no. 1, pp. 1–13, 2020, doi: 10.4102/pythagoras.v41i1.520. 
[38] Y. K. Turel and S. O. Sanal, “The effects of an ARCS based e-book on student’s achievement, motivation and anxiety,” 

Computers and Education, vol. 127, pp. 130–140, Dec. 2018, doi: 10.1016/j.compedu.2018.08.006. 

[39] S. Harmon, “A study of fourth-grade students’ perceptions on homework environment and academic motivation in mathematics,” 
Walden University, 2017. [Online]. Available: https://scholarworks.waldenu.edu/dissertations 

[40] E. A. and N. L., “The effect of an augmented reality enhanced mathematics lesson on student achievement and motivation,” 

Journal of STEM education, vol. 16, no. 3, pp. 40–48, 2015. 
[41] G. N. T. Nguyen, “A case study of students’ motivation in college algebra courses,” Community College Journal of Research and 

Practice, vol. 39, no. 8, pp. 693–707, Aug. 2015, doi: 10.1080/10668926.2013.824394. 

[42] J. D. Harrison, “The effects of problem-based learning on mathematics motivation in a Flipped classroom instructional 
environment,” Ph.D. dissertation, University of South Carolina, Columbia, USA, 2023. 

[43] A. Mirzaei, H. S. Rad, and E. Rahimi, “Integrating ARCS motivational model and flipped teaching in L2 classrooms: a case of 

EFL expository writing,” Computer Assisted Language Learning, vol. 37, no. 5–6, pp. 1136–1165, Jul. 2024,  
doi: 10.1080/09588221.2022.2068614. 

[44] J. Singh, K. Steele, and L. Singh, “Combining the best of online and face-to-face learning: hybrid and blended learning approach 

for COVID-19, post vaccine, & post-pandemic world,” Journal of Educational Technology Systems, vol. 50, no. 2, pp. 140–171, 
Dec. 2021, doi: 10.1177/00472395211047865. 

[45] M. Haghani, A. Abbasi, C. C. Zwack, Z. Shahhoseini, and N. Haslam, “Trends of research productivity across author gender and 

research fields: a multidisciplinary and multi-country observational study,” PLoS ONE, vol. 17, no. 8, p. e0271998, Aug. 2022, 
doi: 10.1371/journal.pone.0271998. 

[46] J. M. Schmid et al., “Nanoscience and -technology in secondary education: a systematic literature review,” Eurasia Journal of 

Mathematics, Science and Technology Education, vol. 19, no. 12, p. em2361, Dec. 2023, doi: 10.29333/ejmste/13834. 
[47] X. Fang, D. T. K. Ng, J. K. L. Leung, and H. Xu, “The applications of the ARCS model in instructional design, theoretical 

framework, and measurement tool: a systematic review of empirical studies,” Interactive Learning Environments, pp. 1–28, Aug. 

2023, doi: 10.1080/10494820.2023.2240867. 
[48] J. M. Keller, “The use of the ARCS model of motivation in teacher training,” Aspects of Educational Technology, vol. 17,  

pp. 140–145, 1984. 

[49] G. Aşıksoy and F. Özdamli, “Flipped classroom adapted to the ARCS model of motivation and applied to a physics course,” 
Eurasia Journal of Mathematics, Science and Technology Education, vol. 12, no. 6, pp. 1589–1603, Jul. 2016,  

doi: 10.12973/eurasia.2016.1251a. 

[50] Y. H. Chang, J. H. Hwang, R. J. Fang, and Y. Te Lu, “A kinect- and game-based interactive learning system,” Eurasia Journal of 
Mathematics, Science and Technology Education, vol. 13, no. 8, pp. 4897–4914, Aug. 2017, doi: 10.12973/eurasia.2017.00972a. 

[51] W. Zhang, “Design a civil engineering micro-lecture platform based on the ARCS model perspective,” International Journal of 

Emerging Technologies in Learning, vol. 12, no. 1, pp. 107–118, 2017, doi: 10.3991/ijet.v12i01.6487. 
[52] C. Kivunja, “Distinguishing between theory, theoretical framework, and conceptual framework: a systematic review of lessons 

from the field,” International Journal of Higher Education, vol. 7, no. 6, pp. 44–53, 2018, doi: 10.5430/ijhe.v7n6p44. 

[53] W. R. Shadish, T. D. Cook, and D. T. Campbell, Experimental and quasi-experimental designs for generalized causal inference, 
Boston, MA: Houghton Mifflin, 2002. 

[54] R. A. Lazowski and C. S. Hulleman, “Motivation interventions in education,” Review of Educational Research, vol. 86, no. 2,  

pp. 602–640, Jun. 2016, doi: 10.3102/0034654315617832. 
[55] B. Yazan, “Three approaches to case study methods in education: Yin, Merriam, and Stake,” The Qualitative Report, vol. 20,  

no. 2, pp. 134–152, 2015, doi: 10.46743/2160-3715/2015.2102. 

[56] H. S. Siller and S. Ahmad, “Analyzing the impact of collaborative learning approach on grade six students’ mathematics 
achievement and attitude towards mathematics,” Eurasia Journal of Mathematics, Science and Technology Education, vol. 20,  

no. 2, p. em2395, Feb. 2024, doi: 10.29333/ejmste/14153. 

 



Int J Eval & Res Educ  ISSN: 2252-8822  

 

Attention, relevance, confidence, and satisfaction motivation model in mathematics … (He Mengyao) 

1517 

BIOGRAPHIES OF AUTHORS 

 

 

He Mengyao     completed her Bachelor of Applied Mathematics from Tianjin 

Normal University in 2020, while the Education Master’s Program was completed at The 

Education University of Hong Kong in 2021. She is currently studying as a Ph.D. student at 

Universiti Teknologi Malaysia and majoring in mathematics education. She can be contacted 

at email: hemengyao@graduate.utm.my. 

  

 

Zaleha Ismail     is currently a Professor at the School of Education, Faculty of 

Social Science and Humanities at Universiti Teknologi Malaysia. Being a Ph.D. graduate from 

Universiti Teknologi Malaysia, she has served the institution for 40 years after being awarded 

master in teacher education from Eastern Michigan University. She completed her bachelor’s 

degree in mathematics at Macalester College, USA. Her research interests include teaching 

and learning of mathematics, mathematical thinking, statistical thinking, mathematics teacher 

education, computer-supported collaborative learning, integrated STEM, SDGs and 

engineering education. She has worked as a researcher, primary and secondary teacher 

educator, supervisor of graduate research and as a consultant to the Malaysian Ministry of 

Education for the STEM education and high order thinking skills projects. Over the years she 

has been appointed reviewers for journals and conferences as well as member of the editorial 

board for international journals in the area of mathematics education. She can be contacted at 

email: p-zaleha@utm.my. 

  

 

Norulhuda Ismail     is a Senior Lecturer at Universiti Teknologi Malaysia in the 

field of Mathematics Education since 2015. She studied for her Ph.D. at the UCL Institute of 

Education. She has headed five research projects and her current research interest is in 

scenario-based learning, STEM education, and augmented reality. She can be contacted at 

email: p-norulhuda@utm.my. 

  

 

He Xueting     is currently a Ph.D. student at Universiti Teknologi Malaysia, 

specializing in Mathematics Education. She focuses her research on STEM, mathematical 

problem-solving skill, project-based learning, inquiry-based learning. Through her studies, she 

aims to contribute valuable insights to the field of mathematics education. She can be 

contacted at email: hexueting@graduate.utm.my. 

 

https://orcid.org/0009-0001-5823-9108
https://www.webofscience.com/wos/author/record/KIE-3253-2024
https://orcid.org/0000-0002-3977-3401
https://scholar.google.com/citations?hl=en&user=bP1V084AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=36760992000
https://www.webofscience.com/wos/author/record/1998633
https://orcid.org/0000-0002-8628-9196
https://scholar.google.com/citations?hl=en&user=nbM1WWoAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57191621541
https://www.webofscience.com/wos/author/record/LHA-0371-2024
https://orcid.org/0009-0007-3031-1618
https://scholar.google.com/citations?view_op=list_works&hl=en&user=bY_4jo8AAAAJ
https://www.webofscience.com/wos/author/record/LHA-2687-2024

