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Abstract 
The positive effects of augmented reality (AR) in the educational environment is considered to improve students’ learning 

process. Therefore, the positivity of AR tools on student learning is considered as the research motivation. The 

quasi-experimental study was a pre-test/post-test control-group design where 24 students with special needs who were 

randomly divided into 2 groups, participated. Significant positive results of AR tools in enhancing student attitudes were 

obtained. We concluded that AR technology has a significant influence on students and that it can undoubtedly contribute to 

the learning process of students with special needs. 
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Introduction 

A shift towards the active development and implementation of evidence-based practice has been notable in the 

quest to enhance the attitudes of students with special needs (who have divergent characteristics) with regard to 

their learning and development (Jdaitawi & Kan’an, 2022; Kellems, Eichelberger, Cacciatore, Jensen, Frazier, 

Simons & Zaru, 2020; Makoelle & Burmistrova, 2020). The development of the students from one level to the 

next is accompanied by increasing academic requirements and expectations (Akçayır & Akçayır, 2017; Alqarni, 

2021; Billingsley, Thomas & Webber, 2018; Jdaitawi, Al-Mutawa, Musallam & Talafha, 2014; Jdaitawi, Maya-

Panorama, Nawafleh, Nabrawi, Talafha & Mohd, 2013; Jdaitawi, Rasheed, Gohari, Raddy, Aydin, Abas, Hasan 

& Khatiry, 2020; Weng, Otanga, Christianto & Chu, 2020). Although great efforts have been made with regard 

to special needs settings, learning challenges, such as teaching approaches, services provided, and teachers’ lack 

of experience to identify students with special educational needs, still abound in academic settings (Alnahdi, 

Saloviita & Elhadi, 2019; Binmahfooz, 2019; De Milander, Schall, De Bruin & Smuts-Craft, 2020). 

The education literature highlights the importance of innovative technology tools to enhance students’ 

learning and their achievements through developing methods to deliver new courses (Alqarni, 2021; Jdaitawi, 

2019, 2020; Kellems, Cacciatore & Osborne, 2019; Khan, Johnston & Ophoff, 2019). AR has been suggested as 

an innovative tool to improve teaching and learning opportunities and students’ attitudes and their success 

(Alqarni, 2021; Kellems et al., 2019; Weng et al., 2020). 

Although AR studies have been implemented in special needs settings (Kellems et al., 2020), research 

focusing on the use of AR interventions and the attitudes of students with special needs has yet to be conducted 

extensively, as the results and recommendations presented in the literature are still inconclusive (Alqarni, 2021; 

Yuen, Yaoyuneyong & Johnson, 2011). Hence, with our study, which was the first of its kind, we contribute to 

the literature as we examined the attitudes of students using AR techniques. 

 
Overview Theories 

Several learning theories related to learning and technology are often used to describe education/learning via 

technology. Such theories are Bandura and Walters’ social learning theory (1977), constructivism (Merriam & 

Bierema, 2013), Siemens’ connectivism (2005), and the cognitive theory of multimedia learning (CTML) 

developed by Mayer (2021). In our study we mainly applied Siemens’ connectivism (2005), Mayer’s CTML 

(2021) and computer-supported collaborative learning (CSCL). 

According to Siemens (2005), connectivism refers to a learning theory catering for the digital age, 

depicting the way in which internet technologies like apps and online platforms pave the way for learning and 

sharing of information. Connectivism is essentially a learning theory that considers networked information 

technologies as the core of the learning process, with learning having the possibility to be networked through 

social and technological means (Siemens, 2005). In addition, it has several notable principles: learning refers to 

a process involving the combination of specialised nodes or information sources, it involves a combination of 

learning information and technology of which the combination and connections need to be enhanced for the 

promotion of ongoing learning. Furthermore, there is a need for the information to be examined prior to the 

adaption thereof as it is a skill to be applied prior to learning. 
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According to Mayer (2021), CTML is a novel 

multimedia learning instruction with its hypothesis 

based on the fact that multimedia instructional 

messages are created in a way that the human mind 

functions and as such, there is a higher likelihood 

of learning taking place (Mayer, 2021). Moreover, 

the CTML is based on two fundamental principles, 

namely, a dual assumption of a human information 

processing system with the inclusion of dual 

channels of visual/pictorial and auditory/verbal 

processing, and an active processing assumption in 

that active learning involves coordinated groups of 

cognitive processing during learning. Hence the 

CTML indicates that several channels are used to 

bring about active learning. 

On the other hand, CSCL refers to a 

framework that represents the way in which 

students collaborate with the help of computers 

(Stahl & Hakkarainen, 2021), which was developed 

based on the activity theory, also referred to as the 

German and Marxist framework. The latter 

provides a description of human activity using a 

lens through which the interrelationship of 

individuals, subjects, objectives, and operations are 

viewed as a way in which internalised 

sub-conscious processes are brought about to 

achieve the objective. In this regard, the cognitive 

tools utilised have a mediating effect on learning, 

which includes digital interfaces (Engeström, 1987; 

Leontiev, 1978; Nardi, 1996; Scavarelli, Arya & 

Teather, 2021; Stahl & Hakkarainen, 2021). 

By adopting the above-mentioned theories, 

information and skills may be learnt inside and 

outside the classroom. We applied connectivism, 

CTML as well as the CSCL framework for learning 

and understanding new information or to support 

learning via a more experiential model such as AR 

technology. 

 
Related Works on Augmented Reality in Special 
Education 

Literature on AR applications show the positive 

role of AR in enhancing learning among students 

with special needs (Cakir & Korkmaz, 2019; 

Lorenzo, Gómez-Puerta, Arráez-Vera & Lorenzo-

Lledó, 2019). Some studies show that the learning 

experiences of adults with special needs were 

improved when AR technology was used to display 

educational material (Benda, Ulman & Šmejkalová, 

2015; Smith, Cihak, Kim, McMahon & Wright, 

2016). In addition, researchers highlight the 

potential of AR technology in enhancing positive 

educational outcomes (Chiu, DeJaegher & Chao, 

2015). Chiu et al. (2015) explored how combining 

physical and virtual experiences into AR enhances 

science learning among students. They found that 

AR experiences positively affected science 

learning. In the same vein, Rahman, Mailok and 

Husain (2020) revealed that AR applications 

enhanced students’ motivation and interest in the 

learning process. Badilla-Quintana, Sepulveda-

Valenzuela and Arias (2020) also show that AR 

technology positively enhance students’ 

achievement and knowledge retention. Moreover, 

McMahon, Cihak, Wright and Bell (2016) tested 

AR technology in a science course among students 

to measure the students’ ability to define several 

sets of science vocabulary. McMahon et al. (2016) 

found that AR technology enhances students’ 

knowledge of new science vocabulary. 

Literature on AR for special needs (Kellems 

et al., 2020; Walker, McMahon, Rosenblatt & 

Arner, 2017) remains scarce and findings on the 

effectiveness of interventions remain mixed and 

inconclusive (Kellems et al., 2020; Savelsbergh, 

Prins, Rietbergen Fechner, Vaessen, Draijer & 

Bakker, 2016). As such, we aimed to identify the 

effectiveness of using AR in enhancing the 

attitudes of students with special needs. The 

research objective of our study was determined by 

the following research questions: 
1) Do the total post-test scores regarding the learning 

attitudes of students with special needs differ 

significantly after the use of AR technology? 

2) Do the post-test mean scores regarding learning 

attitudes differ significantly compared to the pre-test 

score of the experimental group? 

 

Methods 
Research Design 

A quasi-experimental pre-test-post-test design with 

an experimental and a control group was employed 

in this study. The survey method was used to 

determine respondents’ attitudes (Creswell, 2012; 

Sirakaya & Cakmak, 2018). 

 
Study Participants 

Twenty-four Grade 6 male students between the 

ages of 11 and 13 in a public primary school in 

Jordan participated in this study. All the 

participating students experienced learning, reading 

and writing challenges, and were experienced in 

technological instruction. Students were randomly 

divided into an experimental (n = 12) and a control 

group (n = 12). 

 
Study Procedures 

AR application was developed based on the science 

textbook acquisitions activity of a sixth grade class. 

Feedback and opinions regarding the AR activities 

were obtained from a number of field experts 

during the development of the application. In the 

experimental group the activities were restructured 

in the classroom environment and the students 

applied practical technology activities. In the 

control group the students were taught using 

traditional teaching practices. At the first meeting, 

all participants were informed of the study goals. 

All students completed the pre-test instrument. 

Once the AR activities had been concluded, 

students in the experimental and the control groups 
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all completed the post-test instrument to measure 

their attitudes. 

 
Data Collection 

We used a learning-outcomes test to measure 

learning attitudes among the participating special 

needs students. The study tool was adopted from 

previous literature (Küçük, Yılmaz, Baydas & 

Göktaş, 2014). This scale was used to identify the 

knowledge and experience of students with special 

needs. Students’ attitudes were gauged using a 

5-point Likert scale ranging from 1, strongly 

disagree, to 5, strongly agree, on 11 items. The 

survey’s reliability and validity were established in 

previous studies (Küçük et al., 2014). The 

Cronbach alpha value for the survey in this study 

was 0.73. 

 
Data Analysis 

Several statistical tests such as descriptive 

statistics, a paired sample t-test as well as ANOVA 

were used to investigate the possible differences 

between the study groups. 

 
Study Results 
Do the Total Post-test Scores regarding the 
Learning Attitudes of Students with Special Needs 
Differ Significantly After the Use of AR Technology? 

An independent sample t-test was used based on 

the 0.05 level to determine the statistical difference 

in the learning attitudes of the students in the two 

groups on the learning attitudes pre-test. 

Insignificant differences in the t-test were noticed 

on the students’ pre-test attitudes scores (see 

Table 1). The ANOVA test analysis was then 

conducted to determine the differences in the 

students’ learning attitudes post-test scores in the 

two groups. Significant effects were found for 

students in the experimental group (see Table 2). 

Students in the experimental group achieved higher 

mean learning attitudes scores (M = 3.20; 

SD = .304) compared to their counter parts in the 

control group (M = 2.78; SD = .527). 

 

Table 1 Results of the t-test for the learning attitudes variable in the pre-test 

Variable 

Homogeneity F 

test Significant value t p significant 

Learning attitudes 0.906 .351 1.227 .233 

 

Table 2 Results of ANOVA for between-subject effects of the learning attitudes in the post-test 
Source MS df F p 

Between group 1.042 1 3.159 .027* 

Within group 4.074 22     

Total 5.115 23   

Note. *p < 0.05. 

 

Do the Post-test Mean Scores regarding Learning 
Attitudes Differ Significantly Compared to the 
Pre-test Score of the Experimental Group? 

A paired sample t-test indicated an increase in the 

post-test mean scores on learning attitudes of the 

experimental group (M = 2.99; SD = .471) 

compared to the pre-test mean score (M = 2.45, 

SD = .459). The overall mean scores were 

compared using a paired sample t-test and a 

significant mean score difference of .544 was 

found (see Tables 3 and 4). 

 

Table 3 Summary statistics for the learning 

attitudes scores of the experimental 

group 
Variable  Post-test Pretest 

Learning attitudes M 2.99 2.45 

SD .471 .459 

 

Table 4 Results of a paired sample t-test for the 

learning attitudes scores of the 

experimental group 

Variable t df 

Significant 2 

tailed 

Learning attitudes 4.66 23 .001* 

Note. *p < 0.05. 

 

Discussion 

In this study we examined the importance of AR 

technology in enhancing the learning attitudes of 

students with special needs. The results show that 

students positively enhanced their learning attitudes 

through implementing AR as an effective tool in 

their learning. The students’ use of AR technology 

had a significant effect on their attitudes towards 

learning. Using AR technology as a learning tool is 

effective in the development of students’ learning 

and thoughts as opposed to the use of traditional 

learning. The latter simply expounds on the main 

idea based on the textbook activities and 

culminates in the assignation of assignments. Using 

AR technology facilitates an effective interactive 

and proactive educational environment (Sirakaya & 

Cakmak, 2018). The findings show that using AR 

assisted students in developing positive thoughts 

about science topics and enhanced their attitudes 

towards their learning environment (Alqarni, 

2021). Several learning theories such as 

connectivism, CTML and the CSCL framework 

support the finding that the use of technology 

enhances student learning (Hammad, Khan, 

Safieddine & Ahmed, 2020; Leung, Zulkernine & 
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Isah, 2018; Marougkas, Troussas, Krouska & 

Sgouropoulou, 2023). 

Literature (Cakir & Korkmaz, 2019; Delello, 

2014) supports the premise that AR tools enhance 

students’ interests in learning topics, increase their 

attention, as well as enhance the teaching-learning 

processes (Cakir & Korkmaz, 2019; Hsu, 2017; 

Ibili & Şahin, 2013; Tian, Endo, Urata, Mouri & 

Yasuda, 2014). The results of our study indicate 

that AR effectively enhanced the learning attitudes 

of students with special needs, which confirms the 

result of other studies in which it was found that 

AR entertained students and directed their learning 

attention (Persefoni & Tsinakos, 2015; Pradibta, 

2018). 

In addition, AR technology helps to 

familiarise learners with the activities and 

facilitates their participation, which proved to ease 

students’ learning and attitudes, and enhanced their 

understanding of content material, which finally 

affects their capabilities (Alqarni, 2021; 

Blattgerste, Renner & Pfeiffer, 2019; Çimer, 2012; 

Kellems et al., 2020). Literature also shows that 

AR results in flexible instruction design to enhance 

students’ communication and social skills, and 

enriches meaningful learning and transference of 

knowledge as well as improvement of problem-

solving (Cakir & Korkmaz, 2019; Kellems et al., 

2020). The investigation and findings of our study 

are thus justified. 

 
Implications 

The findings in our study show that using 

instructional AR tools leads to enhanced learning 

outcome levels of students with learning 

disabilities. This result has several notable 

implications for researchers and practitioners. It 

extends the limited database on the use of AR 

technology for students with special needs. The 

teaching method is effective in enhancing students’ 

direction. Literature confirms that AR enhances the 

learning of special education students. The results 

from our study show that students with special 

needs may achieve optimum results when using an 

AR instruction method as it seems to be beneficial 

for them. Literature abounds with studies that 

indicate support for AR in special education (e.g., 

Stultz, 2017), despite the fact that variables and 

findings are dated. The use of AR with students 

with special needs requires more study and 

in-depth examination. In this study the emphasis is 

on students with special needs, and as such, the 

results of this study cannot be generalised beyond 

this group of students. 

Furthermore, the study results extend 

empirical findings on the combined instruction of 

AR design in the school context. With further study 

individualised and effective academic instruction 

for students with special needs may be supported. 

Our study contributes to the examination of 

instruction using AR as a direct method with 

students with special needs, and the examination of 

the effects of AR technology on the learning 

attitudes of students with special needs, which have 

largely not been studied widely. The study results 

indicate the importance of integrating students with 

special needs in general education classes with the 

assumption that it is important for them to receive 

varied instruction that may generate the expected 

outcomes. In this regard, there is a need to identify 

effective instructional techniques in order to 

facilitate optimised learning among students with 

special needs. Lastly, the findings in our study 

show that students’ learning was effectively 

enhanced through the use of AR instruction. 

 
Study Limitations and Suggestions 

It is noteworthy to document the limitations of this 

study for the purposes of future studies. Firstly, the 

study was limited to a small sample. A larger study 

sample should be used in future studies. Secondly, 

a quantitative method was implemented as the data 

collection instrument. We suggest that several 

collection instruments should be used in future 

studies. 

 
Conclusion 

In this study we conducted an investigation into the 

use of AR technology in enhancing the learning 

attitudes among students with special needs in the 

sixth grade. Based on the findings, the use of AR 

technology is effective in achieving positive results 

in the students’ outcomes. However, further studies 

are needed to confirm the results and to contribute 

evidence concerning the examined variables and 

their role in enhancing the learning of students with 

special needs. 
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