
 

13 

 

International Journal on Lifelong Education and Leadership (2017), 3(2) 

 

Required Quality Standards for Augmented Reality Applications* 
Adem YILMAZ1 ,                      2 

1PhD. Student, Kastamonu University, Institute of Science, Department of Science and Mathematics Education, 
Science Education For Elementary Schools 

Email: adem_gantep@hotmail.com  
2PhD. Student, Erciyes University, Graduate School of Educational Sciences, Department of Science and 

Mathematics Education 
Email: bukethoca2012@gmail.com 

 
 
Abstract 
A lot of research is being done by researchers to increase the quality of service in education and training. The fact that 
today's technology is advancing rapidly contributes to the whole field of life and undoubtedly contributes positively to 
education in many ways. In today's world where real life is moving rapidly as a necessity of technology age, it has 
begun to take its place in teaching programs in some applications. Augmented reality is one of the applications that 
especially researchers are trying to include in the field of education and its popularity has increased in recent years. 
Within the scope of the study, it was aimed to determine the quality standards that should be included in the 
augmented reality applications. Sequential exploratory mixed method was used in the research process. It is stated 
that this method which provides qualitative data for research problem by collecting and analyzing qualitative data 
and then forming quantitative data according to the obtained data will provide effective advantages in many aspects 
as well as being advantageous to researchers and also being used in scale development studies. In this context, a 
5-point likert type scale called "Augmented Reality Quality Standards Scale (ARQSS)" was used as data collection tool. 
The sample of the study is composed of 350 science teachers and 60 faculty members working in Turkey. A number of 
analyzes have been conducted in order to ensure validity and reliability of the ARQSS in the course of development 
and it has been determined that the EFA outcome KMO coefficient is .857 and the Barlett Sphericity test χ2 is 
significant at 1741.20 (p <.05). In addition, the CFA results showed that the goodness of fit indexes obtained were 
RMSEA 0.047, GFI 0.88, CFI 0.95, and SRMR 0.049. As a result of the analysis, a scale with 2 factors and 20 items and a 
reliability coefficient Cronbach's Alpha 0.82 was developed. The application was made with the help of the developed 
scale and the quality standards that should be included in the applications of the Augmented Reality were determined 
taking the results obtained into consideration. 
Keywords: Augmented Reality, Quality Standards, Science. 

 

 
1. Introduction 

 
A lot of research is being done by researchers to increase the quality of service in education and training. 

The fact that today's technology is advancing rapidly contributes to the whole field of life and undoubtedly 
contributes positively to education in many ways. In today's world where real life is moving rapidly as a 
necessity of technology age, it has begun to take its place in teaching programs in some applications. 
Augmented reality is one of the applications that especially researchers are trying to include in the field of 
education and its popularity has increased in recent years. Information and communication technologies 
(ICT) have become an ordinary part of our social and learning experiences today; digital learning 
environments and tools have emerged as tools that enrich the learning process. New technologies and 
approaches have been put into practice in order to make it possible to learn effectively and efficiently in 
the course of science teaching in the process of teaching 4 skills (doing, living, practicing, observing) and 
experimenting on three fields (mathematics, engineering and technology). One of these technologies 
started to use technologies which are known as augmented reality and which are defined in Turkish as 
enhanced, expanded or enriched reality e pressions   a   ran  Koral   Bo  urt  2  5    lma    u l u n   
 a  lar, 2017). 

While the lives of individuals are influenced by this rapid change process, it is not possible for the 
educational process and the educational environment to be affected by this change. When we look at the 
technologies used in the day-to-day educational environments, it is seen that blackboard and chalk are 
transforming towards intelligent technologies that have computer and internet world and even artificial 
intelli ence. Especially in recent years  computer and internet technolo ies ha e had such a  ide usa e 
area in our li es that it is unthin a le for the education ser ices to  e e cluded from that area  Bulun  
 u lnar & Guran, 2004). The increase and diversification of the technologies that can be used in 
educational settings play an important role for educators to recognize these technologies and to use them 
effectively. For this reason, trainers should follow the technological developments and strive to use the 
most appropriate tools for their fields (Akkoyunlu, 2002; Erbas & Demirer, 2014). In recent years, the use 
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of advanced real-world technologies in education has become widespread and the use of these 
technologies has become easier. 

 
Augmented Reality 

 According to the definition made by Azuma (1997), the augmented reality is a variation of virtual 
environments. Virtual reality technologies put the user in an entirely artificial environment. In this 
artificial environment, the user can not see the real world around him. On the contrary, the augmented 
reality allows the user of the virtual world to see the real world, superimposed or merged onto the real 
world. For this reason, the augmented reality completes the reality instead of completely substituting 
reality (Azuma, 1997). According to another definition, increased reality is a series of technologies that 
integrate reality with digital technology (Berryman, 2012; Milgram & Kishino, 1994; Arslan & Elibol, 2015; 
  lma   2  2  2  6).  he ne  possi ilities offered by augmented reality technology for teaching and 
learning have begun to attract the attention of educators over time. In particular, it appears that this 
technology can be used to create enriched training environments that are needed to provide real learning 
experiences where more than one sensory can be actively used (Luckin & Fraser, 2011). These 
environments can be used to learn through experience by enabling users to interact with virtual 
applications on the real world (Johnson, Smith, Willis, Levine & Haywood, 2011). The coexistence of 
virtual objects and real environments helps students to understand abstract concepts and complex spatial 
relationships. Augmented reality allows students to seamlessly apply learned knowledge and skills by 
combining learning environments with the real world they live in. In addition, students who are able to 
communicate face-to-face in the real environment of augmented reality have the opportunity to share 
their knowledge and experience within the group (Lave &  en er          lma   e Bayra  e en, 2015). 

It is observed that the number of studies carried out in and out of the country regarding the use of the 
augmented reality in education has been increasing day by day. Comparative studies between increased 
realism-based practices and traditional classroom practices have shown that increased real-world 
technology enhances learners' learning (Freitas & Campos, 2008). Some researchers claim that increased 
realism, due to direct interaction with the educational material  leads to  inesthetic learnin   y 
internali in   ody mo ements and senses  ith content  Seo  Kim   Kim  2  6   u l u n    lma     a  lar, 
2017). Studies on the use of the augmented reality in education have also examined the effect of this 
technology on other elements that only support learning to learn and not learning. Cuendet, Bonnard, 
Do-Lenh & Dillenbourg (2013) have tried to show that augmented reality studies can be performed not 
only in the laboratory environment but also in the classroom environment, as they study the usability of 
the enhanced reality technology in the classroom environment. In the scope of the study, they have made 
adjustments in the classes of a high school level vocational education school in Switzerland and tested the 
applicability of the augmented reality applications in the classroom environment. The study showed that 
enhanced real-world technology could be used in class without interfering with other courses. Various 
studies are being done in our country on the augmented reality. Although it has been seen that the 
augmented reality studies carried out in our country are mostly carried out by engineers for product 
development, it is observed that the trainers have started to work on this field in recent years. Experts in 
our country are confronted as empirical studies on the  or  they ha e done on the au mented reality  the 
research of the area literature prepared for the introduction of this ne  technolo y and the use of the 
au mented reality applications in education   al    e So   ilir, 2014). 
  etin aya   A  ay (2013) have dealt with the concept of augmented reality, the use of education and 
examples of practice in the work "Augmented reality applications in educational settings". As an example 
of experimental work carried out in our country on the application of the au mented reality in education  
A du sselam & Karal (2012) can be considered as "The effect of enhanced reality environments in physics 
learning on students' academic achievement: Example of Class 11 Magnetism". 
 Augmented Reality (AR) applications that have become popular due to the innovations introduced by the 
age of technology in our country have not found the criteria and quality standards that should be found in 
an AR application in general, if there are some basic criteria about how to apply when the literature is 
examined. For this purpose, we aimed to determine the quality standards that should be included in our 
practice of augmented reality. Within this scope, in the scope of the study, the following questions were 
tried to be answered; 

1. What are the quality standards that should be included in augmented reality (AR) applications? 
2. What criteria should the augmented reality (AR) applications have? 
3. Can augmented reality (AR) be applied to all areas if the application criteria are provide? 
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2. Method 
 

In this study, an exploratory sequential mixed method of mixed research methods was used. The 
purpose of using this method is to explore the research problem first by exploring it with qualitative data 
collection and analysis. The second stage after this first stage involves the conversion of qualitative results 
into a new scale or the development of a new data collection tool or the creation of new intervention 
programs for the experiment. This second stage is followed by a third quantitative stage, which involves 
the application of scales, the testing of new data collection instruments, or the use of new intervention 
programs and their activities in the experiment. The method of research overlaps with the work we intend 
to do exactly. In this context, we can say that we made the right choice. In the execution of this pattern, the 
following steps are followed (Acar, 2017); 

1. Qualitative data are collected and analyzed. 
2. The results of qualitative analysis are examined. The qualitative results obtained are used to design 

the 
quantitative part consisting of components such as new scale and data collection tool development or 

new 
intervention examples. 
3. The new quantitative structure is used and tested. This means that new scales are placed in the 

existing 
quantitative database. This may mean testing the new data collection tool for validity and reliability. It 

may also mean that the new component is used as part of an intervention program (or pre- and post-test) 
designed and included in an experimental study. 

4. To ensure the feasibility of the intervention in the last step; it is reported how the new component (eg 
scales, data collection tools or activities) is developed through the available variables, how the current 
structure provides better conceptual measurement tools or provides additional useful activities. In 
addition, since the qualitative data is obtained from the small sample group in the first stage, testing the 
new quantitative component can give an idea of whether the qualitative results obtained in the first stage 
should be applied to a larger sample in the third quantitative stage. 

What can be taken from qualitative results to facilitate these processes? Qualitative outcomes are 
composed of a collection of codes and codes formed by combining specific quotations from individuals, 
quotations, and quotations. When new scales are developed this way, the themes can be transformed into 
these scales or variables (Daugherty, 2009). When a new data collection tool is developed, the codes can 
be converted to theme scales or variables. When a new measuring tool is needed, the quotations can be 
transformed into test items, codes, variables and themes. To obtain new intervention activities aimed at 
the qualitative phase, these activities can be generated based on codes and themes. Another challenge of 
this design is the need to develop a new data collection tool based on qualitative results or to develop a 
good data collection tool with strong psychometric properties when the existing data collection tool is to 
be modified. There are many resources to develop a good scale and data collection tool (DeVellis, 2012; 
Acar, 2017). These steps are: 

1. Compile the field text / consult the experts for advice. 
2. We identify possible items (for scale). 
3. You should pre-test the items using a small sample using descriptive factor analysis. 
4. Perform reliability analyzes  
of the scales. 
5. Apply a larger sample of the scale. 
6. Perform confirmatory factor analysis on results. 
7. Use the structural equation model to determine hidden variables. 
8. You are looking for evidence of construction validity. 
If we look at it positively, this pattern is meticulous and careful, making it a sophisticated hybrid method. 

In addition, this pattern is useful for underdeveloped countries (and global health surveys) because it is 
the low- feasibility of the scales from the western world, as it is the explorer of the first stage, and it is 
necessary for researchers to first discover which scales can be applied in the given environment. In 
addition, researchers who are familiar with qualitative research and who are good at qualitative research 
prefer this design because it begins with qualitative research (Acar, 2017). 

The studies of the last 10 years, in which the in-depth literature review was conducted according to the 
research method explained in detail, were interviewed with field experts and the innovations in the field 
of technology were meticulously investigated and reported. After completing these steps that constitute 
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the qualitative part of the work, the second stage, the quantitative step, was passed. At this stage, analyzes 
and numerical data are studied. Ultimately, a 5-point likert type scale was developed and applied and 
quality standards were set. 

There are 350 science teachers and 60 faculty members who work in various ills and schools throughout 
Turkey. When determining the sample, appropriate sampling method is used. Because of the convenience 
of researchers, saving time and economy, it has been preferred as a priority. The improved reality quality 
standards scale, which is the data collection tool to be used in the quantitative and final part of the work, 
has been prepared and made ready for use through a series of processes. These processes can be briefly 
summarized as follows; In this context, it is necessary to design theoretical and conceptual infrastructure, 
to create a pool of substances, to apply to experts in the field, to make statistical analysis and to provide 
the reliability and validity (McMillan & Schumacher, 2006; Karasar, 2006). 

 
Designing the Theoretical and Conceptual Infrastructure of ARQSS 

 In the course of designing the theoretical and conceptual infrastructure of ARQSS, a detailed field search 
 as done.  n the area type scan   Kempa  2  2  Kor ma    ahin     e il  2    O  tu r , 2010, Walker, 2010, 
 a u   2       lma   A yol   Kal    2  7) ha e  een e amined. As a result of field type e amination  t o 
main dimensions have emerged about quality standards. These; standards to be found in the application 
phase and standards for the materials used. These dimensions have been taken into consideration in 
determining the factors that may be included in the ARQSS scale and in naming the factors to be included 
in the scale by revealing the factor structure of the scale. 

 
Creating an Item Pool 
In the ARQSS 5 point likert type, teachers and faculty members' attitudes towards AR applications are 

structured as "Never Participate (1), Participate (2), Undecided (3), Participate (4), Participate Totally (5). 
A pool of substances with a draft ARQSS of 60 substances was established using the data obtained after 
the literature review. 

 
Applying for Expert Persons in the Field 

 The draft ARQSSF scale has been reviewed by 8 faculty members to determine whether 60 items in the 
substance pool are suitable for raising attitudes towards quality standards for AR applications. When 
instructors were identified, it was taken into consideration that they should have worked in the field of 
scale development. Some of the lecturers were interviewed and one-on-one interviews were conducted. 

Some of them were received via e-mail on the internet in terms of the shapes and contents of the 
materials, difficulties in expressions and questioning formats. Regarding the items in the measure, all the 
reviews and interviews made after the interviews were taken into account. In this way, the scope and 
appearance validity of the scale were tried to be provided (Fraenkel and Wallen, 2003). As a result of the 
expert opinion, draft ARQSS was formed as 35 items. 

 
Pilot Implementation and Scale Arrangement 
Pilot implementation of the ARQSS scale during the 2016 - 2017 academic year, a preliminary study was 

conducted with the participation of 200 teachers and 40 faculty members working in various fields of 
Turkey. This study aimed to understand how teachers and faculty members answered your scale. 
Following the implementation of the pilot, the scale, scale and general structure of the scale were made, 
and a 20-item scale with 2 factors was created. 
 

Performing Statistical Analyzes to Ensure Validity and Reliability 
The validity and reliability of the ARQSS scale is determined; item analysis, exploratory and 

confirmatory factor analysis, and Cronbach's Alpha Reliability coefficient calculations. The structure of a 
scale expresses how well the theoretical frame is in line with the items of the valid scale (Kane, 2001). 
Factor analysis consists of two parts; exploratory and confirmatory. In the exploratory factor analysis, it is 
tried to determine the factors by way of the relations between the variables, whereas in the con irmatory 
factor analysis  it is aimed to test a hypothesis formed  efore the relation  et een the  aria les 
 Bu yu  o  tu r , 2010). In the analysis of the ARQSS scale, SPSS 18.0 program and Lisrel 9.2 software 
programs were used in the analysis of the data. 
For the reliability and validity analyzes, the scale was applied to a total of 200 teacher, 120 female and 80 
male, and 25 female and 15 male faculty members. In the field, it is indicated that for the factor analysis, 
the number of samples should be at least 5 times   a  anc l, 2002). From this point of view, the sample 
seems to be sufficient. 
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3. Findings  
  
 The findings obtained as a result of the analysis are presented in an easy to understand structure; item 
analysis, suitability of the data for factor analysis, exploratory factor analysis, naming of the factors, 
confirmatory factor analysis and reliability analysis. 
 

Item Analysis 
Correlation values between each item and scale scores were determined for item analysis (Table 1). 

When the correlation values are examined, it is seen that these values change between 0,652 and 0,841 
and * p <0,01 and ** Correlations are significant at 0,01 level. 

In this method, which is used to select items for the scale, the difference between the mean score of the 
item scores of the scorers in the upper group and the item scores of the respondents in the sub-group was 
determined by t-test for independent groups. 

 
Table 1. Item-Scale Correlations and Group Means t-test results 

 
 
Suitability of the Data for Factor Analysis 
Appropriateness of the data o tained after the application of the factor analysis is found  y usin  the 

Kaiser- Meyer-Ol in  KMO) coef icient and the Bartlett test  Bu yu  o  tu r , 2010). Significance of Bartlett 
test result is sufficient factor for factor analysis (Tabachnick & Fidel, 2007). The KMO coefficient value and 
the Bartlett test result are presented in Table 2. 
 

Table 2. Suitability of the Data for Factor Analysis

 
Exploratory Factor Analysis 
After examining the suitability of the data for factor analysis, it was decided to decide how many 

different factors would be involved in the scale to be applied. At this stage, eigenvalue statistic and scree 
plot criteria were used. After this step, the varimax technique was used for the rotation of the factors and 
the steps of naming the factors were passed. 

 
Table 3. Eigenvalue and Variance Statistics

 
Scale development studies generally take into consideration the factors 1 and 1, which are the essence 

 alues   hen the num er of factors is determined  Bu yu  o  tu r , 2010). In the first analysis of the scale, it 
is seen that the factor is explained by two factors which are greater than 1. This is also seen when the 
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scree plot graphic is examined (Figure 1). When the factor load values of the scale composed of 20 items 
are examined, it is seen that they have values between 0,487 and 0,802 (Table 4). 

 
Naming of the Factors 
The ARQSS scale, which measures attitudes about quality standards that need to be found in augmented 

reality practices, appears to be composed of 2 factors as a result of exploratory factor analysis. Factors 
found in the scale; the standards that must be found in the application phase and the standards that must 
be found in the materials to be used. 

 
Table 4.  tem factor loads and Cron ach’s Alpha Coefficient

 
Confirmatory factor analysis 
In order to determine accuracy levels of the factor structure of ARQSS confirmatory factor analysis is 

performed. To this purpose various goodness of  it statistics are used   im e , 2007). 
 

Table 5. Goodness of Fit Values

 
The values obtained by chi-square's ratio to the degree of freedom give information about the 

compatibility of the model. When Table 5 is examined, it is seen that the ratio of chi-squares to the degree 
of freedom is 2,36. A value of 3 or below this value indicates that the model is a good model (Sumer, 
2000). Also, the fact that RMSEA, RMR and SRMR values are below 0.08 is a good fit for the model (Brown, 
2006). 
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According to RMSEA, RMR and SRMR, we can say that the model has a good fit. GFI and AGFI values of 
0.90 and above are a good fit. When NFI and CFI compliance index values are 0.90 and above, there is a 
good fit (Simsek, 2007). In the light of these values we can say that our scale has a good fit. 

 
Reliability Analysis 
The reliability coefficient of the scores obtained by the ARQSS scale (Cronbach's Alpha) was 0.89 for the 

items in the first group and 0.84 for the items in the second factor. For all dimensions of the scale, 
Cronbach's Alpha coefficient was calculated as 0,82. For reliability, Cronbach's alpha coefficient is greater 
than 0.80, indicating that the scores are reliable (Ho, 2006; Field, 2009). 
 
 
4. Results, Conclusions and Recommendations 

A total of 410 people have participated in the work to determine the quality standards that should be 
included in the augmented reality applications. 350 of them are teachers and 60 of them are faculty 
members. The participation of these people who work in various illusions and universities of Turkey is of 
great importance in terms of information diversity and sample richness. The study process started with 
qualitative research processes and then ended with quantitative research processes. Our research, which 
is a mixed research method study, can be characterized as a rich research in terms of both quantitative 
and qualitative stages.  

The fact that today's technologies are moving at a very rapid pace and our educational life is adapting 
quickly, it also leads to the need to use these technologies correctly. Many schools and universities are 
working on AR applications. However, there are currently many guidelines that these applications should 
have and there is no standard. For this purpose, this work was required to complete this gap in the field. 
As a result of the study, a scale consisting of 2 factors and 20 items with validity and reliability was 
developed. This scale, prepared in 5-point likert type, will act as a guide for researchers who want to apply 
AR. In the light of this information, the following recommendations can be made by the researcher; 

1. Developed AR applications can be tested on larger samples and other factors can be included in the 
process. 

2. AR applications can be given special importance especially at the primary and secondary level. 
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