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Abstract—The study aimed to determine the effect of mobile augmented re-
ality in the digital encyclopedia on complex problem-solving ability and respon-
sible decision-making attitude of first-year students. The research was a quasi-
experiment (quantitative research) with pretest and posttest methods. The popu-
lation was first-year students of 2019/2020 in the Geography Education program,
Faculty of Social Sciences, State University of Malang. The experimental group
was from the PGEO6006-L class, and the control group was from the
PGEOG6006-A class, totaled 73 participants. Data were collected using a qualita-
tive method using interviews and a quantitative method using a questionnaire for
4 weeks. The data analysis used an independent t-test to determine the effect of
mobile augmented reality on students' complex problem-solving ability and re-
sponsible decision-making attitude in Cosmography class. The results indicated
that mobile augmented reality in the digital encyclopedia has a significant effect
on students' complex problem-solving ability and responsible decision-making
attitude.

Keywords—Mobile Augmented Reality, Digital Encyclopedia, Complex Problem
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1 Introduction

Technology is a challenge for learning in the era of digital disruption. As a digital
native, Generation Z is facilitated by technology in their learning process [1], [2]. The
use of various digital devices in instructional design is a top priority for digital learning
[3]. The way to create a digital learning process is to use digital learning media [4].

Digital learning media, a mediator for delivering information, has a central role in
the digital learning process. It is flexible and easy to integrate with other interactive
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media so that the learning process becomes more dynamic [5]. The use of learning me-
dia is centered on student activities through exploration and development activities in-
dependently [6]. Digital learning media is needed to support the competence and capa-
bilities of generation Z in industry 4.0.

The learning process is different from the previous generation. It is because growing
and developing process is closely related to the digital technology environment [7], [8].
The main characteristics of Generation Z are dominated by network-based learning pro-
cesses [9], connectivity to various learning sources [10], and faced with a variety of
complex task loads [11]. It required students to have skills, which is the complex prob-
lem-solving ability.

Complex Problem Solving (CPS) ability has an essential role in the digital learning
process. The integration of various technologies requires the use of complex cognitive
processes [12], as the primary condition for digital literacy skills [10]. Besides, the trend
in future work requires individuals to have complex problem-solving abilities through
changing cognitive and technological demands [13]. Therefore, it is necessary to facil-
itate the formation of CPS capabilities. CPS ability can be facilitated with the right
attitude, given the challenges that will be faced by future generation Z with the phe-
nomenon of disruption in various fields [14].

Managing attitudes is needed in digital disruption. Future demands require genera-
tion z to have an attitude, such as effective communication, negotiation, to making the
right decision [15]. Issues that develop in digital distraction lead to changes, unpredict-
ability, high complexity, and unclearness life [16], [17], so that having the responsible
decision-making attitude is needed to face the digital distortion. Also, various jobs in
the future cannot be predicted due to the disruption [18], [19]. MAR learning is a media
in a digital encyclopaedia that prepares students to solve complex problems.

MAR is an innovation in digital learning. MAR is a real form of breakthrough com-
bining the real world and the virtual world [20], with mobile devices, the learning pro-
cess becomes very flexible and borderless [21]. MAR can help students to learn abstract
and complex material contents [22]. The learning topics that require supporting learning
media is the Universe and the Solar System in the Cosmography course of Geography
class.

The topic has standard learning outcomes, which are the analysis, evaluation, and
creating. The achievements support the capability and competency outcomes of gradu-
ates. Cosmography has a wide field of study, with various abstract concepts. The broad-
ness of studies and abstract concepts requires an ability to analyze complex problems.
Therefore, MAR is a learning tool that helps to learn abstract concepts in the Cosmog-
raphy course. Students not only master in low order thinking skills but also for complex
problem solving (high order thinking skills).

Various relevant studies showed that MAR can effectively increase complex prob-
lem-solving. MAR can increase cognitive abilities to solve complex problems [23]-
[25]. The integration of MAR to solve complex problems in the learning process helps
apply theories and concepts through diverse cognitive processes [26]-[28]. The study
aimed to determine the effect of MAR on CPS ability and student attitudes in the Cos-
mography course.
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2 Theoretical Background

2.1  Mobile augmented reality

Digital learning media is the main foundation in understanding MAR. Digital learn-
ing media is a mediator for delivering information from communication to digital-based
[29]. Digital learning media is a breakthrough in the learning process that provides flex-
ible learning content (space and time) and easy accessibility [4].

MAR is an innovation in the learning process. Augmented reality displays computer-
generated data about the real world in real time [30]. MAR can be defined as a media
that combine real dimensions with interactive dimensions in space and time using mo-
bile devices [31], [32]. MAR is closely related to the user's virtual interaction with their
environment in manipulating objects or information. Therefore, MAR is a medium in
learning that has various advantages.

MAR supports the digital learning process. MAR appears to facilitate the learning
and education process [33]-[35]. The advantages of MAR can be seen in the intensity
of accessibility, which can connect the learning process, both formal and informal [36].
The concept of unlimited learning has an impact on the student learning process inde-
pendently.

MAR helps explore students' abilities actively and independently. Students can vis-
ualize information on objects that are difficult to reach through effective interactions
on 3D objects [37]. MAR can increase motivation and cognition by providing mean-
ingful learning experiences for students [38], [39] and increase academic achievement
significantly [40].

2.2 Complex problem solving

CPS is a new ability in the learning process that students must have. CPS ability can
be defined as an ability in learning and is closely related to the ability to solve a problem
in the learning process [41]. The ability is part of the Higher Order Thinking Skills
(HOTS), which corresponds to the curriculum's outcome in a new educational concept
[42]. The ability is important in education because it is closely related to students' psy-
chological condition, the ability to respond, and computer-based assessments [43].

In higher education, the CPS ability is needed in the learning process. The ability
helps students' learning process in higher education to face complex task loads and is
integrated with technology [44]. Also, massive and complex information requires stu-
dents to have CPS skills in the learning process [45].

2.3  Attitude

Attitude is an essential aspect of the learning process. Attitude is a concept believed
by individuals towards an object [46]. Attitudes in the learning process include beliefs,
views, and tendencies toward learning materials [47]. Attitude aspect (affective do-
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main) is a competency that must be achieved by instilling character in the learning pro-
cess. The core competencies of students' social attitudes are cooperation, responsibility,
responsiveness, and pro-active learning [48]-[50]. Effective domain must be measured
by indicators that refer to variables [51], [52].

3 Method

The research design used a quasi-experimental study to examine the MAR learning
media on students' CPS ability and RDM attitudes on the Universe and the Solar System
topics in the Cosmography course. The experimental design was used pretest and post-
test of control group design. The experimental group and the control group used the
Geographical Inquiry learning model, but it has differentiated the learning media used.
The experimental group used MAR learning media in a digital encyclopedia using the
Solar System Scope and solAR applications. Meanwhile, the control group used audio-
visual media, which are the journey through the universe video, origins of the universe
101, and solar system 101.

The research was conducted in the Cosmography course taught for 2 hours per week
in weeks 3-7 (four weeks) of the 2019/2020 academic year. The scope is the formation
process of the universe, galaxies, the solar system, and its influence on earth and the
sun as a star. There are no specific criteria, all based on a cosmographic curriculum
compiled by a team of experts. For four weeks, the experimental group conducted a lot
of group analysis using mobile augmented reality.

3.1 Participant

Participants are first-year students of the 2019/2020 academic year, in the Geog-
raphy Education study program, Faculty of Social Sciences, State University of Ma-
lang. Based on four population classes, two classes were selected as the research sample
that are the PGEO6006-L class as the experimental group and the PGEO6006-A class
as the control group. The sample selected using the purposive sampling method. The
sample criteria have followed the needs based on the purpose of the study, which is
equal abilities seen from the previous assignments score.

Table 1. Distribution based on gender and research group

Gender Experiment Group Control Group
Male 7 13
Female 29 24
Total 36 37

3.2 Experimental procedure

The learning activities and instructional media were used the instructional steps of
the Geographical Inquiry from Mclnerney (2009). The steps are as follows:
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Table 2. Experimental research procedures based on the Geography Inquiry learning model

Stage Student Activity

Selecting the Object of [Students discussed in a group of 3-4 people to identify phenomena of the universe
Study and the solar system and the relationship between conditions and activities on the
earth's surface.

The process slowly constructed their knowledge and experience about the universe
so that students can understand the learning objective.

Data Collection Students collected information about the formation process of the universe and so-
lar system. The activity was based on learning resources recommended by the
teacher. The students using AR media, such as SpaceAR, Space 4D, solAR, JIG-
space, and bighbangAR, to visualize abstraction of objects into concrete and digital
encyclopedia.

The student has trained their ICT literacy skills and cognitive variable complex
problem-solving in the learning experience.

Data Analysis The data obtained were analyzed using literature study methods from various spa-
tial data, spatial reference information, then using AR as the interpretation.
Students' problem structure and problem context skills were trained in a complex,
contextual, and transparent assignment to analyze certain problems or situations.

Understanding and Ex- |Students learned to evaluate evidence, also identified cause and effect of natural
plaining phenomena and the relationships that affect spatial conditions on earth with a geo-
graphic approach (spatial, regional, and environmental).

The ability to integrate and synthesize problems is essential for students. At this
stage, the process was presented explicitly to develop the ability.

Evaluating Students reflected on the topic in groups. The reflections were presented as reports
to the teacher.

/Applying geographical |Student knowledge and understanding through geographic investigation was pre-
understanding and Pre- (sented based on the group 's perspective.

senting Conclusion was presented in the written report then shown to peers in the class.
In this stage, students got a lot of input, suggestions, ideas, views from other
groups. So that it raised new knowledge and understanding of the topic content.

3.3  Data collection procedure

The research has qualitative and quantitative data. The qualitative data were obtained
through semi-structured interviews with participants regarding the use of MAR media
after completing the research. Meanwhile, quantitative data were obtained through the
pretest and posttest in the scores based on the CPS indicator, and the student's attitude
indicator.

The CPS indicator was referred to Funke & Frensch (1995) which are experience,
cognitive variables, non-cognitive variables, problem structure, problem context, and
environmental factors. Meanwhile, the attitude indicator specifically for responsible
decision-making attitude was referred to CASEL's (Core of Social and Emotion Com-
petencies) (Kendziora & Yoder, 2016) which are identifying problems, analyzing situ-
ations, solving problems, evaluating, reflecting, and ethical responsibility.

The selection was based on the outcomes that students must have based on the ap-
plicable curriculum. The CPS and RDM instruments have been tested for validity (Pear-
son Correlation) and reliability (Cronbach Alpha). The CPS and RDM instruments were
stated valid with results> 0.444 (20 respondents). Meanwhile, the reliability of the CPS
(0.755) and RDM (0.730).
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Determining students' attitudes towards MAR learning media before and after using
the questionnaire was used the social and emotional competencies indicator from Ken-
dziora & Yoder (2016). The questionnaire was made from google form using a 5-point
Likert scale with 24 questions. Interviews were conducted in groups of 4-5 students at
the end of the learning session, with a duration of 15-20 minutes.

3.4  Data analysis

The data analysis technique was used SPSS 24 by using the normality test, homoge-
neity, and t-test (independent sample t-test). The results of the per-item normality test>
0.05 and homogeneity> 0.05 (1.00). The t-test was used to determine the significant
differences in CPS achievement and student attitudes in both the experimental and con-
trol classes. The independence t-test was chosen by considering the significant differ-
ences in each class (experimental and control groups).

4 Results

The study aimed to determine the effect of MAR media on students' CPS ability and
RDM attitude. The instructional design referred to the geographical inquiry learning
model from Mclnerney et al. (2009), which is selecting the object of study, data collec-
tion, data analysis, understanding and explaining, evaluating, and presenting. The Ge-
ographical Inquiry model was used as the instructional design of learning to determine
the effect of MAR media in the digital encyclopedia on the ability of CPS and students'
RDM attitudes in learning the Universe and the Solar System topics in Cosmography
Ccourses.

4.1  The effect of MAR on complex problem-solving ability

The pretest was conducted to determine students' CPS abilities before using learning
media. The results revealed no significant difference in the pretest of the control group
and the experimental group presented in table 3 with a significance score of 0.715 (p>
0.05). Also, the mean pretest scores' significance showed not much different from
Mexp= 65 and Mcon= 66.

Table 3. T-test scores for CPS on the pretest of the control and experimental groups

Levene's Test for
Equality of VVariances

Pretest F Sig. t Sig. (2-tailed) | Mean Difference | Std. Error Difference
Score .080 778 .366 715 194 529

t-test for Equality of Means

The posttest was given after treatment. The results in table 4 showed that there is a
significant difference between the mean posttest scores of the experimental group
(Mexp= 76 ) and the control group (Mcon= 69) with a significance score of 0.000 (p
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<0.05). The MAR has a positive influence on students' CPS ability in the Cosmography

course on the Universe and the Solar System topic.

Table 4. T-test scores for CPS on the posttest of the control and experimental groups

Levene's Test for Equality
of Variances

t-test for Equality of Means

Posttest| F Sig. t Sig. (2-tailed) | Mean Difference | Std. Error Difference
Score | 3.776 .056 -12.168 .000 -7.431 611
Mean Score of Complex Problem
Solving

80

75

70 /

65

60

55

Pre Test Post Test
Kontrol Eksperimen
Fig. 1. The mean scores of Complex Problem Solving
on pretest and posttest

4.2  The effect of MAR on responsible decision making attitude

The study measured the initial scores of students' RDM attitudes by conducting a
pretest before using learning media. The scores were obtained from the experimental
group (MExp=63) and the control group (MCon=66). The significance can be seen in

table 5.

Table 5. The t-test scores of students attitude on the pretest of control and experimental groups

Levene's Test for

Equality of Variances

t-test for Equality of Means

Pretest Score

. Sig. - .
F Sig. T (2-tailed) Mean Difference | Std. Error Difference
2.236 139 5.783 .000 2.952 .510

The significance scores showed the difference in the average attitude of students in
the posttest results of the experimental and control groups, which is Mgg= 78 and
Mcon= 67. The MAR has a positive effect on the students' RDM attitudes on the Cos-
mography course, especially in the Universe and the Solar System topic.
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Table 6. The t-test scores of students attitude form the post-test of
control and the experimental groups

Levene's Test for Equal-

ity of Variances t-test for Equality of Means

Posttest|] F Sig. t (Z-i;?I.ed) Mean Difference | Std. Error Difference
Score 1509 438 13266 | 000 -10.359 781

Mean Score of Responsible Decision
Making

100

— ——8

50

Pre Test Post Test

—@— Kontrol —@— Eksperimen

Fig. 2. The mean scores of Responsible Decision Making
on pretest and posttest

4.3  Student opinion of MAR in a digital encyclopedia on the Cosmography
course

The qualitative data were collected using a semi-structured interview method. The
interview was used to determine the students' opinions in using MAR. The interview
activity was based on several aspects: the advantages of MAR learning media, the lack
of MAR as a medium, and the expectation of using MAR in Cosmography courses. The
results of the interview were listed from the student's answer.

The interview showed that MAR provides various conveniences in the learning pro-
cess. MAR provides convenience through a variety of potential features in it. The ease
is obtained through the acquisition of meaningful experiences [53] and active learning
[23]. Students gave positive ideas about MAR in the Cosmography course. Following
are the students' opinions:

“MAR visualization helps to improve understanding of abstract concepts, especially
in the Universe and the Solar System topic. Also, there are various illustrations and
information to help the learning to process actively and independently.”

“The interactive impression using MAR helps students in the learning process by
connecting the physical and virtual environments.”

Moreover, students argue that the use of MAR has shortcomings, mainly related to
personal accessibility. Also, the lack of MAR can affect student interest in the Cosmog-
raphy courses.
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“MAR is very dependent on the devices used, and not every device owned by students
can access MAR. Such conditions affect student interest to apply MAR in learning ac-
tivities.”

Other studies regarding student responses in implementing MAR in the Cosmogra-
phy course are related to student expectations using MAR. The results showed that stu-
dents have high expectations in the learning process. Besides, MAR has high expecta-
tions in its application to other subjects, especially to achieve an effective and efficient
learning process.

“The novelty of using MAR in the Cosmography course makes the learning process
effective and efficient. The various advantages in it make MAR have an excellent op-
portunity to be used in the Cosmography course and other courses.”

“The novelty of using MAR in the Cosmography course makes the learning process
effective and efficient. The various advantages in it make MAR have an excellent op-
portunity to be used in the Cosmography course and other courses.”

5 Discussion

MAR in the digital encyclopedia was used as a learning medium to measure the
effect of MAR on students' CPS ability and RDM attitude in the Universe and the Solar
System topics in the Cosmography course. The results revealed that MAR in a digital
encyclopedia could increase complex problem-solving ability. Its increase is due to the
supporting features of visualization and complex objects [54]-[56].

In the beginning, the CPS ability and RDM attitude in control and experimental
groups showed no significant difference. It is because there has been no special treat-
ment for the two groups. Table 4 revealed that there is a positive effect with a signifi-
cance value (0.000). The Geographical Inquiry model encourages CPS capabilities
through indicators of integrating future knowledge [57]. The same results can be seen
in the RDM student attitude variable.

MAR in the digital encyclopedia used in the Geographical Inquiry model effectively
influences students' RDM attitudes. The RDM attitude is obtained through an inquiry
process on the indicators presented [58]. The attitude of RDM is influential if the right
instructional design is used [59] and the right learning media.

Fig. 3. Student learning activities in using Mobile Augmented Reality
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MAR facilitated student activity to select indicators for the study and data collection,
and students can interact directly between physical and virtual experiences. It formed a
meaningful learning experience, independence, motivation, and affects science process
skills [60]. The solving problems were formed through personal experience, deep ex-
ploration activities, complexity, and dynamic learning [61], [62]. The use of MAR pro-
vides a better evaluation of problem identification [63].

Fig. 4. The process of integrating, synthesizing and
data analysis by students

The process of integrating, synthesizing problems, and analyzing data could directly
develop CPS abilities. The process is obtained through structured assignments with a
high burden of complexity to improve the problem structure and context's cognitive
aspects. Structured assignments can improve student analysis [64].

Students have an adequate opportunity to share and discuss the process of the uni-
verse. The intense communication process in learning made it easier to identify and
explain complex cause-and-effect relationships from forming the universe. Emphasis
on cognitive variables requires students to construct and synthesize their previous
knowledge with new knowledge, thus providing a meaningful learning experience [65].

In the evaluation indicator, students did a reflection on learning activities. The activ-
ities represented knowledge gained during the learning process. The ability is related to
the non-cognitive aspects of the variable through self-confidence, motivation, and in-
terest in the learning process. The RDM attitude raised through learning activities at
this stage is evaluated and reflected in studying learning material [66].

The outcome of students' CPS ability and RDM attitude can be seen while applying
geographical understanding and presenting. In this activity, students are asked to pre-
sent their studies or discussions with colleagues in class. In learning activities, it can be
seen that the perspective of geography is used as a unit of analysis in understanding and
studying content. CPS ability is related to the environmental factors of students by
providing various feedback and brainstorming. The various inputs that have been re-
ceived have led to the RDM attitude of ethical responsibility in responding to various
input from peers and teachers.
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6 Conclusion

The study aimed to determine the effect of mobile augmented reality on students'
complex problem-solving ability and responsible decision-making attitudes. The results
showed that mobile augmented reality had a significant positive effect on the students'
complex problem-solving ability and responsible decision-making attitude. The ad-
vantages of MAR in the learning process are facilitating students' CPS ability through
independent exploration activities and presenting new learning experiences for stu-
dents. Students can actively and independently improve their cognitive abilities in solv-
ing complex problems. Also, MAR can help improve students' RDM attitudes by as-
sisting students in determining the appropriate attitude in facing a problem in the learn-
ing process. Emphasis on exploring makes students able to answer complex problems
and is supported by the right decision-making attitude.
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