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Effects of Mobile Augmented Reality and Self-Regulated
Learning on Students’ Concept Understanding

Abstract. Several  studies  have  shown  an  increase  in  students'  interest  towards
implementing  augmented  reality.  The  majority  of  these  studies  focus  on  how  this
technology can affect student performance with various abilities and skills. Therefore,
the purpose of this study is to examine differences in students understanding level after
using mobile augmented reality and conventional learning based on their self-regulated
learning levels in the solar system class. Data were obtained from 91 students, with 47
of them in the experimental group using mobile augmented reality, while the remaining
44 are in the control group using conventional learning. This study measured students’
self-regulated  learning  ability  using  a  four-point  Likert  scale  and  2multiple-choice
questions. This result showed higher levels of concept understanding among students in
the experimental group compared to the control. Furthermore, the results indicate the
effect of the self-regulated learning level towards students' concepts understanding. It
showed that students with high self-regulated learning levels had a different conceptual
understanding from those with low self-regulated learning levels. 

Keywords—Mobile Learning, Augmented Reality, Self-Regulated Learning, Students'
Concept Understanding



BAB I
PENDAHULUAN

Mobile  computing  devices  such as  smartphones  are  currently  used  to  provide
positive contributions in learning. The smartphone also known as a mobile device as an
instrument used to achieve learning goals irrespective of place and time[1]. Therefore,
there is a need to adopt cellular technology in learning due to its capacity to attract and
motivate  students[2],  providing  an  understanding  and  visualization  of  complex
scientific reasoning[3]. Various studies have shown that this instructional technology
encourages students to be directly  involved in learning, influences performance,  and
motivation[4][5].  In addition,  mobile  learning has changed the educational  paradigm
effectively  and  flexibly. continuous[16].  Users  experience  natural  and  real  human-
computer  interaction  with  virtual  objects  placed  in  a  real  view[17].  Preliminary
observations have been made regarding the use of tools and learning technology. It was
found that augmented reality was developed based on markers, with the use of computer
equipment as teaching material. This study adopted sural[6] using the Vuforia SDK and
Unity tools to achieve good support and documentation. Unity and Vuforia plugin are
used to develop learning material because it is one of the best development platforms
for  building  high-quality  3D  and  2D  games.  The  main  components  used  in  the
development process are shown in figure 2.

1. 3D Models: This is the most important part of an augmented reality application. The
quality  and  functionality  of  virtual  objects  such  as  video,  text,  or  3D computer
models,  affect  the  application.  The  first  step  in  marker-based  augmented  reality
design is developing a 3D model or video, with a link used to show when the camera
is scanning markers[6].

2. QR Code: QR code is an evolution of the barcode. It is a type of matrix code or two-
dimensional  barcode  with  the  main  functionality  readable  by  the  scanner  or
smartphones and cellphones with cameras[18]. Initially, the QR code was used for
tracking vehicle parts in manufacturing. QR codes are now used in a broader context,
including  commercial  applications  and  the  ease  of  tracking  smartphone-oriented
applications.  The  presence  of  this  code  allows  the  audience  to  interact  through
smartphones effectively and efficiently. QR codes have a smaller appearance than



bar  codes.  QR  code  is  able  to  accommodate  data  horizontally  and  vertically.
Automatically, the size of the appearance of the QR code image can be only one-
tenth of the size of a barcode.

3. Vuforia:  Vuforia is an augmented reality (SDK) software development device for
mobile  devices.  It  uses  computer  vision  technology  to  recognize  and  track  3D
objects, being able to position and orient virtual objects, such as 3D models and other
media with real  objects  when viewed through a mobile  device's  camera.  Vuforia
SDK supports  various  types  of  targets,  including  image targets,  3D models,  and
fiduciary  marker  shapes.  It  also  allows  developers  to  create  augmented  reality
applications and games easily[19].

Dimensions of self-regulated learning.  The study also used a 19 Likert  scale
items  with  a  4-point  type,  ranging  from 4-always  to  1-never  to  collect  students'
responses. Therefore, the research can be evaluated to answer the MOSLQ questions
which  were  carried  out  using  the  following dimensions:  Goal  Settings  (GS),  the
process where students set specific predetermined goals and plan, Task Strategies
(TS),  as  students’  ability  to  plan  and strategize  how to  achieve  set  goals,  Time
Management  (TM),  as  a  dimension  that  involves  the  ability  or  skills  of  time
management during learning, Environment Structuring (ES), as a learning dimension
in an online or virtual environment, Help-Seeking (HS), as students ability to ask for
help in their area of concern when studying online and Self-Evaluation (SE), as the
process of reflecting student ability to understand the fields that have been achieved.
One component in MOOC is the ability to collaborate and interact while learning,
which are all aspects of discussion forums. Table 1 shows the 19 items of MOSLQ
instrument questions.



BAB II
METODE PENELITIAN

This instrument was developed to determine students' concepts understanding
during  the  study.  It  starts  by  making  a  grid  based  on  the  concept  understanding
indicators and learning objectives for grade IX students in Junior High Schools to fulfill
the content and items validity. The content validity in this study consists of conformity
with learning objectives as reflected by indicators, tests arranged in a clear and simple
form, and suitability tests to measure the conceptual understanding level on Physics. A
trial was carried out for students group considered to have the same characteristics as
those used as research subjects to analyze the test items' validity, differentiation, and
difficulty  level.  This  study  utilized  a  conceptual  understanding  test  in  the  form of
multiple choices consisting of 27 items. Furthermore, 20 items out of the 27 were found
to fulfill  the below 0.05.  These  findings  indicate  that  the augmented  reality  mobile
application is an effective learning tool in improving students' concept understanding.



BAB III
HASIL DAN PEMBAHASAN

A. Differences in students' concept understanding based on self-regulated learning
This study also tested the differences in students' concepts understanding with

low and high self-regulated levels, as shown in table 3.

The findings show that the average score of students' concepts understanding 
with high and low self-regulated levels was 81.36 and 77.47, with a score difference of 
3.89 at a significant p below 0.05. The rejection conclusion of the null hypothesis 
indicates that students 'self-regulated learning causes differences in students' concept 
understanding. This is supported by the results of the pairwise comparisons, which act 

as outputs of estimated marginal means, as shown in table 4.

B. The  influence  of  interaction  students’  concept  understanding  between  mobile
augmented reality and self-regulated learning

Inter-subject effect test is interpreted as the interaction between learning with
mobile  augmented  reality  and  self-regulated  learning  towards  students'  concepts
understanding, as shown in table 5.

Integrated into certain learning strategies,  with further research carried out to
determine the effectiveness of teaching and learning materials designed with augmented
reality  devices.  Teachers  and students'  responses  in  measuring  the satisfaction  level
using mobile augmented reality are not included as the main objectives of this study.
However, they performed a dynamic two-way interaction during the learning process
and were motivated to achieve learning goals. This is in line with Ozdamli & Hursen
[26] research, which stated that prospective teachers are very enthusiastic in managing
to learn using mobile augmented reality. Meanwhile, Tugun [27] stated that the use of
augmented reality applications on some material and other subjects influences students'
positive  roles.  Teachers  and  students  find  it  challenging  to  change  the  learning
environment from conventional to integrated technology[28]. 



This  is  because  the  use  of  technology  and  mobile  devices  requires  them to
possess different perspectives on learning and teaching[29]. This study shows that the
aspects  of  technological  mastery  are  essential  for  effective  time  management.  This
research is in line with Papadakis et al.[30] study, which stated that the use of software
for the development of daily routines makes a substantial contribution in accelerating
student learning time and understanding. Other empirical results obtained in this study
are that students with high self- regulated learning can manage to learn independently
while mastering the online tools. This research is in line with the study carried out by
Albelbisi and Yusuf [31], which measures six main factors that influence students' self-
regulated learning in an online environment. In this study, MOOC online self-regulated
questionnaire  (MOSLQ)  was  developed  and  used  as  an  instrument  to  measure  the
students' self-regulated learning level. 

This research is in accordance with Kizilcec et al.[32] and Littlejohn et al.[33]
studies,  which stated that  the significant  influence of self-regulated learning is  in e-
learning environments. This research explained that concept understanding depends on
students' level of self-regulated learning, which requires the online implementation of
effective e- learning strategies[34]. The pairwise comparisons test results were used to
determine  the  different  levels  of  students'  concepts  understanding  with  variations
between their high and low self-regulated learning. This study is in line with Cho and
Shen[35] research, which stated that students with high self-regulated learning can learn
independently. Therefore, their ability to successfully learn online is greater[36]



BAB IV
PENUTUP

This  research  was  supported  by  the  Ministry  of  Religious  Affairs  (MORA)
Republic of Indonesia.



DAFTAR PUSTAKA

R. Azuma, Y. Baillot,  R. Behringer, S. Feiner, S. Julier, and B. MacIntyre,  “Recent
advances in augmented reality,” Int. J. Recent Technol. Eng., vol. 3878, no. 3, p.
462021, 2019. https://doi.org/10.1109/38.963459

S. Cai, X. Wang, and F. K. Chiang, “A case study of Augmented Reality simulation
system application in a chemistry course (Comput.  Hum. Behav (2014):37(31-
40)),”  Comput.  Human  Behav.,  vol.  39,  p.  424,  2014,
https://doi.org/10.1016/j.chb.2014.06.014

R. Ashford, “QR codes and academic libraries,” Coll. Res. Libr. News, vol. 71, no. 10,
pp. 526–530, 2010, https://doi.org/10.5860/crln.71.10.8454. 

M. Santoso and L. B. Gook, “ARobot: development of 3rd person shooting game and
handheld augmented reality,” 2012. https://doi.org/10.1145/2407516.2407532 

N. Salkind, Exploring Research. 6th Edition. Prince-Hall, Upper Saddle River, 2006.
D. F. O. Onah and J. E. Sinclair, “Assessing Self-Regulation of Learning Dimensions in

a Stand-alone MOOC Platform,” Int. J. Eng. Pedagog., vol. 7, no. 2, p. 4, 2017,
https://doi.org/10.3991/ijep.v7i2.6511

 E. Ingleby, “Research methods in education,” Prof. Dev. Educ., vol. 38, no. 3, pp. 507–
509, 2012, doi: 10.1080/19415257.2011.643130. 

M.  Kalogiannakis  and S.  Papadakis,  “Evaluating  a  course  for  teaching  introductory
programming with Scratch to pre-service kindergarten teachers,” Int. J. Technol.
Enhanc.  Learn.,  vol.  11,  no.  3,  p.  231,  2019,
https://doi.org/10.1504/ijtel.2019.100478. 

J. Buchner and J. Zumbach, “Promoting intrinsic motivation with a mobile augmented
reality learning environment,” Proc. 14th Int. Conf. Mob. Learn. 2018, ML 2018,
no. 1997, pp. 55–61, 2018. 

T.  Hiranyachattada and K. Kusirirat,  “Using mobile  augmented reality  to enhancing
students’  conceptual  understanding  of  physically-based  rendering  in  3D
animation,” Eur. J. Sci. Math. Educ., vol. 8, no. 1, pp. 1–5, 2020. 

F. Ozdamli and C. Hursen, “An emerging technology: Augmented reality to promote
learning,” Int. J. Emerg. Technol. Learn., vol. 12, no. 11, pp. 121–137, 2017, doi:
https://doi.org/10.3991/ijet.v12i11.7354 

V.  Tugun,  “Validity  and  reliability  dissertation  of  the  scale  used  for  determination
ofperceptions  and  attitudes  of  teacher’s  proficiency  in  tablet  pc-supported
education,” no. August, 2016, https://doi.org/10.18844/cjes.v11i2.617 

K.  A.  Mills  and V.  Chandra,  “Microblogging  as  a  literacy  practice  for  educational
communities,”  J.  Adolesc.  Adult  Lit.,  vol.  55,  no.  1,  pp.  35–45,  2011,  doi:
10.1598/JAAL.55.1.4. 

J.  Underwood  and  G.  Dillon,  “Chasing  dreams  and recognising  realities:  Teachers’
responses to ICT,” Technol. Pedagog. Educ., vol. 20, no. 3, pp. 317–330, 2011,
https://doi.org/10.1080/1475939x.2011.610932 

https://doi.org/10.3991/ijep.v7i2.6511
https://doi.org/10.1016/j.chb.2014.06.014
https://doi.org/10.1109/38.963459


S. Papadakis, M. Kalogiannakis, and N. Zaranis, “The effectiveness of computer and
tablet 

assisted  intervention  in  early  childhood  students’  understanding  of  numbers.  An
empirical 

study conducted in Greece,” Educ. Inf. Technol., vol. 23, no. 5, pp. 1849–1871, 2018, 
https://doi.org/10.1007/s10639-018-9693-7 
N.  A.  Albelbisi  and  F.  D.  Yusop,  “Factors  Influencing  Learners’  Self  –Regulated

Learning 
Skills  in a Massive Open Online Course (MOOC) Environment,”  Turkish Online J.

Distance 
Educ., no. July, pp. 1–16, 2019, https://doi.org/10.17718/tojde.598191 
R.  F.  Kizilcec,  M.  Pérez-Sanagustín,  and  J.  J.  Maldonado,  “Recommending  self-

regulated 
learning strategies does not improve performance in a MOOC,” L@S 2016 - Proc. 3rd

2016 
ACM Conf. Learn. Scale, pp. 101–104, 2016, https://doi.org/10.1145/2876034. 
2893378


