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Abstract— Augmented reality is an interactive 

multimedia technology that has the ability to 

combine virtual models in a real environment. 

Nowadays, augmented reality has been widely 

applied in the field of education and in the form of 

interactive multimedia. The purpose of this study 

is to know the effectiveness of the implementation 

of augmented reality-based interactive multimedia 

on the students' learning outcome. The research 

was conducted in the even semester of academic 

year 2016/2017 and placed in one of state high 

schools in Sragen. The design of this study used 

post only control group. This study involved 64 

students divided into control class and experiment 

class. The students' learning outcome was 

measured by a multiple choice test instrument that 

has been valid and reliable. The test results were 

tested with Man-Whitney U Test assisted by SPSS 

21 software. The result of statistical analysis 

showed that the experimental class was 

significantly different to the control class with Sig. 

value lest than α = 0.05 (0.00 < 0.05). Therefore, it 

can be concluded that the augmented reality 

technology based interactive multimedia 

effectively improve the students' learning outcome 

in High School Level.  
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I. INTRODUCTION 

Ecology is a study of interactions that determine 
the distribution and abundance of organisms. Ecology 
has a wide range involving multi disciplines such as 
biology, physics, chemistry, geology, etc. Learning 
ecology not only just train students to remember and 
understand the materials but also able to train 

students' abilities to analyze and evaluate various 
information obtained in nature. 

The students’ high-order thinking on ecological 
material is important as it relates to their abilities to 
perform actions which are able to maintain the 
balance of nature and overcome various 
environmental problems arising in the increasingly 
complex era. 

Ecological learning is ideally capable to present a 
wide variety of contextual information from nature. 
Based on Dale’s statement [1], students are invited to 
gain hands-on experience and are engaged to act in 
accordance with the theories already obtained. 

However, in reality, this kind of learning takes a 
lot of time and effort. Not all schools have access to 
bring students outside the school environment 
including SMA Negeri 2 Sragen located in urban 
areas. Therefore, the learning process needs to be 
assisted by the media that can present contextual 
information and simulate processes and events in real 
environment. One of them is multimedia augmented 
reality. 

Augmented reality-based multimedia learning is 
software with the ability to generate images, sounds, 
2D models, 3D models, and overlapping animations 
with real environments [2]. Technically Augmented 
reality can be used to stimulate five human senses, 
but generally this media is more widely used to 
display audio-visual multimedia information [3]. 

This kind of learning media has been widely 
applied in the world of military, medical, engineering 
design, manufacturing, and education. For example, 
Lee (2012) utilized augmented reality to simulate 
organs in humans. Kamarainen et al [4] integrated 
augmented reality with a field trip to study 
environmental materials. Huang, Chen, Chou [5] used 
augmented reality to see, feel, and provide students 
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with an environmental experience. The results 
showed that the integration of augmented reality 
effectively improves the learning outcomes and 
student interest in the materials. Based on the 
background, we are interested to conduct a research 
entitled Interactive Multimedia Effectiveness Based 
on Augmented Reality Technology to Students' 
Cognitive Learning Outcomes in SMA Negeri 
Sragen. 

II. METHOD 

 
The research design utilizes the post only control 

group. The time of the study was conducted in the 
even semester of 2016/2017. It involves 64 students 
consisting of 32 control class students and 32 
experimental class students. The students’ learning 
outcome of ecology is measured by a multiple choice 
test instrument that has been valid and reliable. The 
data were tested with Man-Whitney U test which was 
preceded by normality and homogeneity test assisted 
with SPSS 21 software. 

 
III. RESULTS AND DISCUSSION 

A. Tests of Normality 

  Data analysis begins with normality test by 

Shapiro-Wilk at significance level (α) = 0,05. If the 

significance level is higher than 0.05 (Sig.> 0.05), the 

data indicates normal population distributions. 

However, if the significance is less than 0.05 (Sig. 

<0.05), the data is not normally distributed. 

 

Table I Tests of Normality 

Based on Table 1, it is known that the results of 

the Shapiro Wilk test utilized SPSS 21 software 

obtained significance of experiment class less than 

0.05 (0.00 <0.05). It can be concluded that the data is 

not normally distributed. 

B. Tests of  Homogeneity 

This tests aim to test whether the variances of 

control and experiment class are homogeneous or not. 

Homogeneous variances happens if the significance is 

higher than 0.05 (Sig.> 0.05). 

Table II Tests of  Homogeneity 

 

 Levene 

Statistic 

df1 df2 Sig. 

Learning 

Outcome 

Based on 

Mean 

1.133 1 62 .291 

 

Based on table II, the results of homogeneity test 

are obtained that the significance is at 0.291 (Sig.> 

0.05) so it belongs to the homogeneous variance. 

Therefore, the two classes are considered equivalent 

to be compared. 

C. Tests of Hypothesis  

This tests utilize non-parametric tests by Man-

Whitney U Test. The criterion is Research Hypothesis 

(H1) should be accepted if the level significance less 

than 0.05 (Sig. <0.05). 

 

Table III  Man-Whitney U Tests 

 Learning Outcome 

Mann-Whitney U 204.000 

Wilcoxon W 732.000 

Z -4.173 

Asymp. Sig. (2-tailed) .000 

 

Based on table III,  it is known that the 

significance value (Sig.) is less than α = 0.05 (0.00 < 

0.05) so it can be concluded that H0 is rejected. H1 is 

accepted with the augmented-reality based interactive 

multimedia statements effectively improve student 

learning results at SMA Negeri 2 Sragen. 

D. Descriptive 

Table IV Mean Learning Outcome 
Class Mean N Std. 

Deviation 

Std. Error of 

Mean 

Experiment 17.75 32 10.411 1.840 

Control 13.53 32 2.257 .399 

Total 15.64 64 7.769 .971 

 

Table IV shows the mean scores of control and 

experiment classes. The mean of experiment class 

with the augmented reality media gains score 17,75, 

meanwhile the mean of control class with 

conventional learning is 13,53. The mean scores 

show that the acquisition score of learning result by 

the experiment class is higher than the control class 

so that learning by augmented reality media 

provides the higher cognitive result. 

The results of this study are similar to the research 

conducted by Huang, Chen, & Chou [5] which 

concluded that the implementation of Eco Discovery-

based augmented reality effectively improves student 

learning outcomes. Cieza & Lujan (2018) states that 

the improvement of  student academic performance 

by augmented reality media is up to 27.6%. Similarly, 

the research conducted by Jamali, Shiratuddin, Wong, 

& Oskam [6] shows that augmented reality media has  

positive impacs on student learning progress. 

Augmented reality is able to present virtual-actual 

interaction so improving student's interest and 

pleasure while studying [5]. Interactive learning 

processes reinforce personal experiences that will 

strengthen understanding [7]. 

 

 
Class Kolmogorov-

Smirnova 

Shapiro-Wilk 

 Statistic df Sig. Statistic df Sig. 

Learning 

Outcome 

Experiment .428 32 .000 .318 32 .000 

Control .149 32 .070 .934 32 .051 

 

a. Lilliefors Significance Correction 
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FIGURE 1. Learning activity 
 

IV. CONCLUSION 

The result of the students' control class gain score 
13.53 while the experiment class is 17.75. The score 
difference is 4.22 points. The test results of different 
Man-Whitney U Test shows that the significance 
value is less than α = 0,05 (0,00 <0,05) so that it can 
be concluded interactive multimedia based on 
augmented reality technology effectively improve 
student cognitive learning results in SMA Negeri 
Sragen. 
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