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Abstract: During the COVID-19 pandemic, students have been forced to learn at home. Authentic
contexts are essential to designing useful learning activities. Therefore, this study used mobile
technology, namely Ubiquitous Geometry (UG), to merge authentic contexts into learning activities
and investigate the influence of authentic contextual learning (ACL) on students’ and parents’
perceptions. This is because parents inevitably have an effect on students’ learning at home, which has
not been clearly addressed in past studies. This study investigated students’ and parents’ perceptions
in terms of technological and pedagogical aspects of the implementation of ACL supported by
UG while learning at home. We conducted one experiment on 20 fifth-grade students and their
parents. In the students’ acceptance model, the results indicated that students’ ease of use and
usefulness significantly influenced their positive attitude toward ACL supported by UG, and the
positive attitude also significantly influenced intention to continue using our proposed system in both
the technological and pedagogical aspects. In the mutual influence between students’ and parents’
acceptance model, it was found that parents significantly influenced their children’s perceptions of
ACL at home. In the mediation analysis, we found parents’ ease of use and intention to use could
mediate the relation between students’ positive attitude and intention to use in the pedagogical aspect.
From the interview, we found that parents thought that the learning activity in authentic contexts was
useful and encouraged their children to do more engagement. However, in the technological aspect
of the mutual influence between students’ and parents’ acceptance model, no mediation existed.
This might be because parents worried their children were overusing mobile devices.
Keywords: authentic contexts; learning at home; parental beliefs; technological and pedagogical
aspects of learning

1. Introduction
The spread of a novel coronavirus (COVID-19) has changed various aspects of human life
throughout the world, including education. Education has experienced dramatic changes due to social
distancing policies intended to contain the spread of the virus. In Indonesia, the government adopted
a distance learning protocol for all educational stages (i.e., playgroup, K−12, higher education) to
be implemented in this situation. Thus, the teaching and learning process needs to accommodate
teachers and students being physically separated and interacting in a virtual way from their own
homes. In such a learning activity, not only the availability of technology but also the cooperation
between teachers and parents as control agents become important aspects of the learning process.
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Teachers lead the learning process because of their expertise, whereas parents play an important role in
supporting learners while they learn from home individually.
Past studies revealed that parents’ involvement has a positive effect on students’ learning behavior
at home [1–4]. However, parents’ involvement varies across different student ages [5]. Students in
elementary school commonly have high parental involvement. In digital classes, they need their
parents or older family members to provide devices, organize learning circumstances, schedule their
time, and arrange learning sessions with teachers [6]. Although parents’ involvement is essential,
there is a need to design learning at home that maintains students’ independence, which is necessary
for cognitive development. For elementary students, involving real-world situations is essential not
only to increase their cognitive development and learning motivation [7–9], but also to improve their
psychomotor skills [10,11].
Authentic contextual learning (ACL) is a learning approach that has been widely implemented in
educational research. ACL is designed to facilitate interactions among learners, authentic contexts,
and other elements in real-world learning situations [12–14]. Accordingly, this learning approach can
have great benefits while students are learning at home. Using mobile technology, namely Ubiquitous
Geometry (UG), to support ACL, students learn actively by observing and applying geometry concepts
in authentic contexts. They find geometrical objects in their surroundings and measure these objects
by applying geometry concepts. Moreover, parents can observe and give valuable feedback to their
children while doing such activities at home. Regarding the learning activity, parents’ perception of
learning activities is a crucial factor that should be considered. Thus, it was found that two major
issues were associated with this learning situation. One relates to UG as a technological tool used by
students. The other is the students’ and parents’ acceptance of the learning activity in the pedagogical
aspect, which concerns how to apply knowledge in the real world. Next, such a learning activity is
called a learning activity in authentic contexts.
Therefore, the present study aimed to address these two issues. The relationship between students’
and parents’ acceptance of both the technological and pedagogical aspects is evaluated based on their
perception of ease of use, usefulness, positive attitude, and intention to use the mobile device with UG
and the learning activity in authentic contexts. Educational implications are discussed based on the
relationship between students’ and parents’ acceptance of each aspect.
2. Literature Review
2.1. Authentic Contextual Learning Supported by Mobile Technology
In recent years, there has been widespread research into authentic contextual learning. In the field
of situated learning, past studies have indicated that learning should take place under contexts based
on real-world applications [9,15–18]. In this kind of learning activity, students can understand abstract
concepts and build their own knowledge. However, findings from previous empirical studies argued
that the particular context could significantly impact students’ learning [13,19]. Studies suggested that
the contexts should mirror the real world instead of being created purposively [20]; the contexts need
to use real objects rather than pictures or virtual objects [12,14,19].
Employing mobile devices with innovative technology (e.g., augmented reality) in learning can
help students to explore different authentic contexts in their surroundings. Hence, there is no limitation
on where the learning takes place. Students can more efficiently perform their learning in either indoor
or outdoor environments. On the other hand, authentic contexts need to be selected and explored
carefully. Appropriate authentic contexts can predict the success of students’ learning activities,
including the cognitive process. For instance, measuring the area of the wall of the house can help
students understand the concepts of area formulas and apply these in the real world.

Sustainability 2020, 12, 10074

3 of 19

2.2. Students’ and Parents’ Perceptions of the Use of Mobile Technology in Education
Many studies have addressed the increase in the use of information technology for educational
purposes [14,20–22]. Mobile technology, which is currently inseparable from everyday life, is one of
the renewable technologies that can bring about changes in educational practice [7]. These renewable
technologies are supported by sensors, Google applications, and learning management systems, which
can incorporate authentic contexts in surroundings with students’ learning activities. Many studies
have applied the use of mobile technology in various learning settings, such as museums, gardens,
and other places, which has benefits for students [7,14,20]. However, it is not enough to ensure that
there are benefits only from the students’ point of view. Parents’ perceptions of the use of technology
also need to be considered because parents have an important role in determining how the education
of their children proceeds.
Concerning the role of parents in education, research has tried to reveal how mobile technology
use by students is affected by parents’ involvement [23,24]. Although parents are familiar with the use
of mobile technology, their knowledge about that use in education is less than for other learning media,
such as television [25]. Two distinct qualities of parental perception are addressed in the literature.
Those are based on parents’ perceptions of the advantageous and disadvantageous effects of mobile
applications [16,24,26–29]. Although they are aware of the potential positive effects, such as enabling
knowledge creation [30], increasing engagement [31], and enhancing motivation [9,32], parents are also
concerned about the time their children spend on mobile devices, the damaging effects of excessive
screen time, and the content they might encounter [27,33].
2.3. Students’ and Parents’ Perceptions of the Use of Authentic Contexts in Learning
The pedagogical approach in realistic mathematics education (RME) suggests that mathematics
learning needs to replicate various real situations to help students think in abstract space [34]. Although
real situations are important in RME, this approach uses the dual meaning of real situations that are
situations happening in the real world (in authentic contexts) and situations happening in students’
imagination [35]. Researchers stated that such learning should be implemented in learning activities
that are done in authentic contexts [7,12,13,20]. In the learning activities, students built their knowledge
by observation, exploration, and evaluation of real objects or situations [7,12,19,36]. Many successful
learning practices involve authentic contexts, for example, using content-based learning in recycling
classification [20], applying language skills in English class [14], and measuring and applying geometry
concepts in mathematics class [19]. These studies implied that students who practiced more in different
authentic contexts had higher learning outcomes and higher cognitive levels.
In addition to self-practice in the school environment, a learning situation where students and their
parents do activities together is needed to increase parents’ involvement in their children’s learning
process [3,37]. Making parents familiar with the potential benefits of authentic contexts for students’
cognitive development is important in education. In learning with mobile devices, engaging students
to learn in different authentic contexts can motivate them to do more practice [28] and reduce the
possibilities of wasting time in front of screens. As a result, parents’ perception of the use of mobile
devices will be changed in a positive direction. Moreover, parents’ perceptions of ways of learning can
be changed if they see that learning happens not only in school but anywhere as long as their children
can engage with it.
2.4. Technology Acceptance Model (TAM) from Different Roles
The technology acceptance model (TAM) has been widely used in studies investigating the
acceptance of technology implementation in many educational designs. Studies commonly used the
expanded and modified TAM to get better information about learners’ or educational practitioners’
perceptions about or willingness to use innovative technologies and to assess the selected purpose,
essential features, and design of innovative educational practices [32]. Regarding learning with mobile
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device support, researchers have examined the influence of students’ social status (e.g., gender, age,
and educational level) [38], past experience with information and communication technology [39],
and attitude toward the use of mobile devices [40]. However, few studies have investigated the
influence of parents’ perceptions on students’ perceptions of the use of mobile devices and learning
activities in ACL.
A past study showed that family support influences students’ perceptions of the perceived ease
of use and usefulness and their attitude and behavioral intention in terms of the use of innovative
mobile device apps in education [40]. The findings imply that family support becomes one of the
important factors that can determine the success of implementing innovative mobile device apps for
educational purposes [40]. Despite considering both parents’ and students’ perceptions, researchers
only considered one side’s perception [26,32,40,41], such as using students’ perceptions to understand
the relationship with their parents. Hence, past studies focused on the use of mobile devices [15,23,42].
No study examined both the use of an innovative mobile app and learning activities, especially for ACL.
Therefore, a modified TAM that consists of the original TAM model (including perceived ease
of use, perceived usefulness, and intention to use) and positive attitude was implemented in this
study to examine students’ and parents’ perceptions. For the technological aspect, the ease of use of
mobile devices with UG and its usefulness in learning are important factors when assessing parents’
and students’ perceptions [36]. Furthermore, parents’ and students’ thinking about the attitude and
intention of using UG are also assessed. Similarly, students’ and parents’ perceptions of authentic
learning activities, such as measuring real objects, are also evaluated by the four mentioned dimensions,
e.g., perceived ease of use, perceived usefulness, intention to use, and positive attitude, to investigate
the pedagogical aspect of ACL supported with UG.
2.5. The Context of This Study
Based on the abovementioned information, the present study purposed to investigate the
relationship between perceived ease of use, perceived usefulness, positive attitude, and intention to
use from students’ and parents’ points of view in technological and pedagogical aspects by following
the TAM model [38]. Moreover, the relationship between students’ and parents’ TAM models is also
examined through moderation and mediation analysis. Therefore, the following hypotheses guided
this research (Figure 1).
Students:
•
•
•
•
•

Hypothesis 1 (H1): Perceived ease of use would positively predict perceived usefulness of the technological
(H1a) and pedagogical (H1b) aspects.
Hypothesis 2 (H2): Perceived ease of use would positively predict positive attitude of the technological
(H2a) and pedagogical (H2b) aspects.
Hypothesis 3 (H3): Perceived usefulness would positively predict positive attitude of the technological
(H3a) and pedagogical (H3b) aspects.
Hypothesis 4 (H4): Perceived ease of use would positively predict intention to use of the technological
(H4a) and pedagogical (H4b) aspects.
Hypothesis 5 (H5): Positive attitude would positively predict intention to use of the technological (H5a)
and pedagogical (H5b) aspects.
Parents:

•
•
•

Hypothesis 6 (H6): Perceived ease of use would positively predict perceived usefulness of the technological
(H6a) and pedagogical (H6b) aspects.
Hypothesis 7 (H7): Perceived ease of use would positively predict positive attitude of the technological
(H7a) and pedagogical (H7b) aspects.
Hypothesis 8 (H8): Perceived usefulness would positively predict positive attitude of the technological
(H8a) and pedagogical (H8b) aspects.
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Hypothesis 9 (H9): Perceived ease of use would positively predict intention to use of the technological
(H9a) and pedagogical (H9b) aspects.
Hypothesis 10 (H10): Positive attitude would positively predict intention to use of the technological
(H10a) and pedagogical (H10b) aspects.
Moderation and mediation models between students and parents:

•
•

Hypothesis 11 (H11): There are moderation effects between any constructs in students’ and parents’
TAM models of the technological (H11a) and pedagogical (H11b) aspects.
Hypothesis 12 (H12): There are mediation effects among any constructs in students’ and parents’ TAM
models of the technological (H12a) and pedagogical (H12b) aspects.

Figure 1. The hypotheses model.

3. Materials and Methods
3.1. Study Design, Participants, and Procedure
Following purposive sampling means that participants were selected who are possibly considered
to be most representative of the population as a whole [43]. Therefore, we used 20 fifth-grade students
(aged between 11 and 12 years old, 7 females, 13 males) as the participants of this study, the minimum
number of students in one class, to represent the condition of one learning session during the COVID-19
pandemic in Yogyakarta, Indonesia. Moreover, each participant’s parent needed to agree to enroll their
children in ACL supported by UG.
Students learned geometry concepts, i.e., surface areas and volumes of 3D objects, by measuring
objects in the home. All students were given mobile devices with UG that provided the learning
material (including geometry concepts and tasks), measurement tools, and information on learning
progress. Students were briefed through a pre-recorded video about all UG features and how to use
these before the learning process. Parents had also been informed via WhatsApp Messenger about
the use of UG for educational purposes to support students’ learning at home. The ACL-supported
UG was designed to be used for one month under COVID-19 conditions; thereafter, an anonymous
survey based on the TAM questionnaire was conducted to analyze students’ and parents’ perceptions
of the learning in authentic contexts (as a pedagogical aspect) and the use of UG (as the technological
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aspect). The survey was created using Google Forms, and the link was delivered to students (N = 20)
and parents (N = 20) via WhatsApp Messenger from 6 to 12 August 2020. All students and parents
who participated in this study agreed to fill out the questionnaire. Besides the survey, some students
and parents answered a few open-ended questions (via WhatsApp Messenger) to learn their opinion
about the ACL-supported UG. A mathematics teacher who facilitated conducting this study was also
interviewed using open-ended questions.
3.2. Ubiquitous Geometry
Ubiquitous Geometry (UG) is an android application with augmented reality (AR) technology
that was developed to support geometry learning, focusing on learning surfaces and the volumes
of cubes and cuboid shapes. UG provides learners with learning resources, including learning
materials, learning tasks, measurement tools based on AR, and a multimedia whiteboard (Figure 2)
integrating calculation and annotation tools. There are three kinds of annotation tools, i.e., texts, voice,
and drawing annotations.

Figure 2. Multimedia whiteboard in UG.

3.3. Instruments
The two questionnaires administrated to students and parents were adapted from the technology
acceptance model (TAM) questionnaire. Students’ and parents’ technological and pedagogical
acceptance was obtained through these questionnaires (Appendix A: Tables A1 and A2). Specifically,
the perceived ease of use (PEU), perceived usefulness (PU), and intention to use (IU), consisting of
three items, four items, and two items, respectively, were adapted from Davis and Venkatesh [44] for
both the technological and pedagogical aspects. With regard to the positive attitude (PA) in the two
measured aspects, four items were adapted from Tella and Olasina [45]. All items were measured
using a five-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree).
The Cronbach alpha was measured to determine the reliability of the questionnaire. Building
on the 40 samples, all scales in the technological aspect, including PEU (α = 0.771), PU (α = 0.926),
PA (α = 0.836), and IU (α = 0.756), exhibited good reliability [46], as well as in the pedagogical aspect
containing PEU (α = 0.781), PU (α = 0.901), PA (α = 0.865), and IU (α = 0.705). Moreover, the composite
reliability (CR) and average variance extracted (AVE) of each construct in each aspect were all above
0.8 and 0.6, respectively (Table 1). These values surpassed the suggested thresholds of 0.7 and 0.5 [46].
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Table 1. Reliability of the questionnaire.
Construct

Cronbach Alpha

CR

AVE

Technological Aspect
PEU
PU
PA
IU

0.771
0.926
0.836
0.756

0.869
0.950
0.889
0.895

0.692
0.825
0.672
0.810

Pedagogical Aspect
PEU
PU
PA
IU

0.781
0.901
0.865
0.705

0.872
0.931
0.914
0.872

0.696
0.772
0.728
0.773

Table 2 gives descriptions and examples of each construct, in both technological and
pedagogical aspects.
Table 2. Description of constructs.
Construct

Label

Description
Technological Aspect

Perceived ease of use

PEU

Perceived usefulness

PU

Positive attitude

PA

Intention to use

IU

Students/parents believe that UG is easy for students to use
at home.“While children used UG, I think that a mobile
device with UG for geometry learning at home is easy to
use” (parent).
Students/parents believe that UG is useful for students
learning at home.“I think that using a mobile device with
UG at home improves my performance in geometry
learning” (student).
Students/parents think about their attitude towards the use
of UG while students are learning at home.Assuming
children had access to UG during the COVID-19 pandemic:
“I think that my children like using a mobile device with UG
for geometry learning at home” (parent).
Students/parents think about their intention to use UG in
students’ future learning.“While I used UG to learn
mathematics at home, I think that I intend to use a mobile
device with UG for geometry learning at home” (student).
Pedagogical Aspect

Perceived ease of use

PEU

Perceived usefulness

PU

Positive attitude

PA

Intention to use

IU

Students/parents believe that authentic contexts are easy for
students to use at home.“While I measured objects around
the home, I think that measuring objects around the home
with UG for geometry learning is easily done” (student).
Students/parents believe that authentic contexts are useful
for students learning at home.“I think measuring objects
around the home with UG improves children’s learning
performance in geometry” (parent).
Students/parents think about their attitude towards the use
of authentic contexts while students are learning at
home.Assuming children had tasks to measure objects
around the home during the COVID-19 pandemic: “I think
that I enjoy measuring objects around the home for geometry
learning” (student).
Students/parents think about their intention to use authentic
contexts in students’ future learning.Assuming children had
tasks to measure objects around the home: “I think that I
intend to encourage my child to measure objects around the
home with UG for geometry learning” (parent).
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3.4. Analysis
The descriptive analysis was conducted with SPSS 22.0 to evaluate the patterns of the data.
The results showed no missing data; 100% of samples (20 students and 20 parents) had complete
data for all constructs. Next, Pearson correlations and multiple regression with SPSS 22.0 were
conducted to examine the TAM model of students and parents (to verify H1 to H12). In a further
analysis, the moderation and mediation models were tested using SPSS macro PROCESS 3.5 (http:
//www.fhayes.com) [47]. The bootstrap method with the default setting in PROCESS (1000 bootstrap
samples) was used to test the 95% confidence interval (CI) of the model effect.
4. Results
4.1. Students’ and Parents’ Perceptions of the Use of Mobile Technology in Learning
Students and parents had positive perceptions of the use of UG as a mobile technology that
supports students’ learning at home during the COVID-19 pandemic. As shown in Table 3, all constructs,
i.e., PEU, PU, PA, and IU, of students’ perceptions have a significant correlation with each other. Similar
results were also seen for parents’ constructs. According to the correlation between students and
parents, students’ PEU also significantly correlates with parents’ PU. Moreover, the PA of students
significantly correlates with parents’ PEU and PU. Next, a multiple regression analysis is needed to
analyze the relationships between constructs to clarify the hypotheses and build a representative model.
Table 3. Descriptive statistics and coefficient correlations of each construct of students’ and parents’
questionnaires in the technological aspect.
Construct

N

M

Students

(SD)

PEU

PU

4.33 (0.51)
4.43 (0.73)
4.49 (0.58)
4.48 (0.47)

1

0.619 a
1

PA

Parents
IU

PEU

PU

PA

IU

0.622 a
0.493 a
0.765 a
1

0.441
0.421
0.500 b
0.166

0.482 b
0.390
0.453 b
0.159

0.293
0.278
0.314
0.046

0.236
0.070
0.185
0.180

1

0.849 a
1

0.750 a
0.852 a
1

0.534 b
0.669 a
0.709 a
1

Students
PEU
PU
PA
IU

20
20
20
20

0.728 a
0.823 a
1
Parents

PEU
PU
PA
IU

20
20
20
20

3.95 (0.99)
4.06 (1.08)
4.29 (0.65)
4.10 (0.80)

Note. M = Mean; SD = Standard Deviation; a p > 0.01; b p > 0.05.

The relationships between PEU, PU, PA, and IU in the technological aspect are explored in
Hypotheses 1−10 (students: H1a−H5a; parents: H6a−H10a). From the multiple regression analysis,
it can be seen that students’ and parents’ PU (R2 = 0.384 and R2 = 0.721, respectively) are significantly
affected by students’ and parents’ PEU (H1a: β = 0.619 and H6a: β = 0.849, respectively). Students’
and parents’ IU are significantly influenced by students’ and parents’ PA (H5a: β = 0.765 and H10a:
β = 0.709, respectively), which have 58.5% and 50.3% explanation power, respectively. Hence, a different
result existed in the PA construct. Students’ PA is predicted by students’ PEU (H2a: β = 0.354) and PU
(H3a: β = 0.604), whereas parents’ PA is only affected by parents’ PU (H8a: β = 0.852). Accordingly,
among the 10 hypotheses, there are three (H4a, H7a, and H9a) that are not supported by the results.
Regarding the influence of parents’ perceptions in Table 4, we see that parents’ perceptions can
influence students’ perceptions. Specifically, parents’ PU (β = 0.482) and PEU (β = 0.500) predispose
students’ PEU and PA, respectively. However, a further analysis of these results does not indicate
the existence of moderation and mediation effects between students and parents in the technological
aspect. Thus, H11a and H12a are rejected.
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Table 4. Multiple regression analysis of students’ and parents’ acceptance model for the
technological aspect.
Summary
Model

Coefficients

DV

R

R2

PU
PA

0.619
0.869

0.384
0.755

IV

β

t

p

0.619
0.604
0.354
0.765

3.347
3.946
2.314
5.037

0.004
0.001
0.033
0.000

IU

0.765

0.585

PEU
PU
PEU
PA

Parents

PU
PA
IU

0.849
0.852
0.709

0.721
0.727
0.503

PEU
PU
PA

0.849
0.852
0.709

6.820
6.915
4.268

0.000
0.000
0.000

Students−Parents

PEU (stu)
PA (stu)

0.482
0.500

0.233
0.250

PU (par)
PEU (par)

0.482
0.500

2.336
2.449

0.031
0.025

Students

Note. DV = dependent variable; IV = independent variable; PEU (stu) = students’ perceived ease of use; PEU (par)
= parents’ perceived ease of use; PA (stu) = students’ positive attitude; PU (par) = parents’ perceived usefulness.

4.2. Students’ and Parents’ Perceptions of the Use of Authentic Contexts in Learning
In the pedagogical aspect, students’ and parents’ perceptions of the use of authentic contexts were
also investigated. On average, all constructs, including PEU, PU, PA, and IU, were above 4 for both
students and parents. This means that students and parents had positive perceptions of the use of
authentic contextual learning to support students’ learning from home during the COVID-19 pandemic.
As shown in Table 5, all constructs, i.e., PEU, PU, PA, and IU, of students’ perceptions have a
significant correlation with each other. Similar results are also seen for parents’ constructs. Moreover,
some constructs of students’ perceptions are significantly correlated with constructs of parents’
perceptions. Those are students’ PEU and PU with parents’ PEU, students’ PA with parents’ PEU
and IU, and students’ IU with parents’ PEU. Accordingly, a multiple regression analysis is needed to
analyze the relationships between constructs to build a representative model based on the hypotheses.
Table 5. Descriptive statistics and coefficient correlations of each construct of students’ and parents’
questionnaires in the pedagogical aspect.
Construct

N

M
(SD)

Students
PEU

PU

PA

Parents
IU

PEU

PU

PA

IU

0.699 a
0.735 a
0.840 a
1

0.518 b
0.594 a
0.770 a
0.608 a

0.048
0.231
0.378
0.359

−0.062
0.223
0.331
0.210

0.282
0.358
0.595a
0.347

1

0.741 a
1

0.709 a
0.895 a
1

0.874 a
0.726 a
0.796 a
1

Students
PEU
PU
PA
IU

20
20
20
20

4.17 (0.85)
4.41 (0.74)
4.36 (0.75)
4.30 (0.70)

1

0.517 b
1

0.755 a
0.800 a
1
Parents

PEU
PU
PA
IU

20
20
20
20

4.08 (0.87)
4.25 (0.87)
4.28 (0.76)
4.05 (0.92)

Note. M = Mean; SD = Standard Deviation; a p > 0.01; b p > 0.05.

Hypotheses 1b−10b deal with the relationships between PEU, PU, PA, and IU in the pedagogical
aspect based on students’ (H1b−H5b) and parents’ (H6b−H10b) perceptions. From the multiple
regression analysis, it can be seen that students’ and parents’ PU (R2 = 0.267 and R2 = 0.549,
respectively) are significantly affected by students’ and parents’ PEU (H1b: β = 0.517 and H6b:
β = 0.741, respectively). A different result between the students’ and parents’ model is addressed in
the PA and IU constructs. Students’ PA is significantly influenced by PU (H3b: β = 0.559) and PEU
(H2b: β = 0.466) with a 79.9% explanation power, while parents’ PA, with a 80.2% explanation power,
is significantly predicted by parents’ PU (H8b: β = 0.895). In IU, it is found that students’ PA (H5b:
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β = 0.840) is a single factor that has a significant effect on students’ IU (R2 = 0.705); meanwhile, parents’
IU (R2 = 0.826) is significantly affected by two independent factors: parents’ PEU (H9b: β = 0.622) and
PA (H10b: β = 0.354). Therefore, there are two hypotheses (H4b and H7b) that are not supported by
the results.
Regarding the influence analysis of parents’ perceptions on students’, the students–parents model,
shown in Table 6, shows that parents’ perceptions can influence students’ perceptions. Specifically,
PEU (par) (β = 1.078) and PA (par) (β = −0.433) significantly predispose PA (stu), and IU (stu) can be
affected by PEU (par) (β = 1.289) and IU (par) (β = −0.780). Accordingly, a moderation and mediation
analysis was used to further identify the moderating (H11b) and mediating (H12b) effects of parents’
perceptions on students’ perceptions, based on a multiple regression of the students–parents model.
However, there is no moderation that can be found in this study. This means that H11b is rejected.
Table 6.
Multiple regression analysis of students’ and parents’ acceptance model in the
pedagogical aspect.
Summary
Model

Students

Parents

Students−Parents

Coefficients

DV

R

R2

PU
PA

0.517
0.894

0.267
0.799

IU

0.840

0.705

PU
PA
IU

0.741
0.895
0.909

0.549
0.802
0.826

PEU
PU
PEU
PA

0.741
0.895
0.622
0.354

4.681
8.526
4.337
2.469

0.000
0.000
0.000
0.024

PA (stu)

0.829

0.687

IU (stu)

0.716

0.513

PEU (par)
PA (par)
PEU (par)
IU (par)

1.078
−0.433
1.289
−0.780

5.597
−2.248
3.704
−2.240

0.000
0.038
0.002
0.039

IV

β

t

p

PEU
PU
PEU
PA

0.517
0.559
0.466
0.840

2.560
4.403
3.674
6.560

0.020
0.000
0.002
0.000

Note: DV = dependent variable; IV = independent variable; PA (stu) = students’ positive attitude; PEU (par) =
parents’ perceived ease of use; PA (par) = parents’ positive attitude; IU (stu) = students’ intention to use; IU (par) =
parents’ intention to use.

Table 7 summarizes the results of the mediation effect indicated in PEU (par) and IU (par). Model
1 tested the effect of PEU (stu) mediated by PEU (par) on PA (stu). The total effect of model 1 was
significant in 95% CI ranging from 0.214 to 1.121. The results in model 1 indicate that PEU (par)
(β = 0.446, p < 0.01) has a significant influence on PA (stu), whereas PEU (stu) (β = 0.446, p > 0.05) does
not have a significant influence on PA (stu). This implies a significant mediation effect of PEU (par)
existing between PEU (stu) and PA (stu). In model 2, the total effect indicates a significant effect in
terms of a 95% degree of tolerance, with CI ranging from 0.488 to 1.071. The mean effect of IU (par)
(β = −0.179, p > 0.05) does not reach significance, whereas PA (stu) (β = 0.909, p < 0.01) has a significant
positive effect on IU (stu). This means that there is a partial mediation effect, addressed in model 2
with IU (par) as a mediation factor of the relationship between PA (stu) and IU (stu). These findings
indicate that students’ perceived ease of use not only has a direct effect on their positive attitude,
but also indirectly influences students’ positive attitude by cultivating parents’ perceived ease of use.
Furthermore, students’ positive attitude not only has a direct effect on their intention to use, but also
indirectly influences them by having a partial mediating effect on their parents’ intention to use. Thus,
it can be concluded that H12b is supported by the results. The mediation effects are represented in
Figure 3.
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Table 7. Bootstrap test on the mediation effect in the pedagogical aspect.
Conditional Process

β

SE

t

p

LLCI−ULCI

Model 1
Outcome: PA (stu)
Predictors:
PEU (stu)
PEU (par)

0.430
0.446 a

0.222
0.132

1.941
3.387

0.069
0.004

−0.038−0.898
0.168−0.724

Model 2
Outcome: IU (stu)
Predictors:
PA (stu)
IU (par)

0.909 a
−0.179

0.171
0.197

5.312
−0.911

0.000
0.375

0.548–1.271
−0.594–0.236

0.216
0.139

3.095
5.616

0.006 a
0.000 a

0.214–1.121
0.488–1.071

Total Effect of Model 1
Total Effect of Model 2
a

p > 0.01.

Figure 3. Mediation effect of parents’ perceptions on students’ perceptions in the pedagogical aspect:
(a) the mediating effect of parents’ perceived ease of use on the relationship between students’ perceived
ease of use and positive attitude and (b) the mediating effect of parents’ intention to use on the
relationship between students’ positive attitude and intention to use.

5. Discussion
5.1. Students’ and Parents’ Acceptance of the Technological Aspect
This study reveals that the use of mobile technology, UG, during the learning-at-home period
received broad acceptance from both students and parents. Mostly, students felt that UG had the
potential to help their geometry learning at home and had a positive attitude towards the use of such
technology. They intended to use UG in geometry learning at home. This might be due to the fact that
UG could overcome students’ boredom while studying at home. The teacher said, “In the COVID-19
pandemic, the use of UG can support authentic contextual learning while students are learning at home.
In the current situation (which forces students to learn at home), students sometimes feel bored with
the way they learn [i.e., students watch videos provided by the teacher and then solve math problems]
without any face-to-face class with their teacher and friends. UG can provide students with interactive
and interesting learning through the use of mobile technology, as if they are playing a game” (Teacher).
Figure 4 shows the model of students’ and parents’ acceptance of the technological aspect of
authentic contextual learning. In the parents’ case, while perceived ease of use directly influences
their perceived usefulness and indirectly predicts their positive attitude [48] and intention to use
technology [32,40,44], the present study provides additional evidence of the influence of parental
acceptance on students’ perceptions and attitudes toward the use of UG. The results show that parents’
perceived usefulness and perceived ease of use have been found to be significant predictors of students’
perceived ease of use and positive attitude, respectively. In other words, parents’ perceptions could
highly influence students’ attitudes in the technological aspect. Some parents gave comments on the use
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of UG, saying: “[UG] is very helpful and gives students easy-to-learn material” (Parent-01); “It is good.
Students can actively look for materials needed at home; they do not need to go outside in the current
situation [COVID-19], so the app [UG] can help students learning at home” (Parent-02). This can be
explained by past studies finding that parents prefer to let their children use mobile technology at home,
as long it is under a good control mechanism, for educational needs [36,42]. Furthermore, UG could
reduce parents’ anxiety about the way of learning at home. Consequently, students are encouraged by
their parents to use UG because of its ease of use and useful learning materials. This strengthened the
argument that family support is a valuable factor in students’ acceptance of the technology used in
education [40].

Figure 4. Model of students’ and parents’ acceptance of the technology aspect of authentic contextual
learning.

5.2. Students’ and Parents’ Acceptance of the Pedagogical Aspect
While the student model revealed results similar to the original TAM model, a different structure
was seen in the parent model in terms of the pedagogical aspect, as shown in Figure 5. The results imply
that parents’ perceived ease of use and positive attitude directly predicted their children’s intention to
use authentic contextual learning. A possible reason is that parents’ perceptions were influenced by
children’s perceptions of ease of use because parents observed or helped their kids to measure authentic
geometric objects in their surroundings (at home) and found it was easy to do. Moreover, a mediation
effect of parents’ perceived ease of use was seen in the relationship between students’ perceived ease
of use and positive attitude. A parent mentioned that, “The activity on measuring objects at home is
easy because my child really enjoys it and is excited to do it” (Parent-01). Furthermore, a student said,
“The measurement activity is easy because objects are easy to find at home. My parent accompanies
me while measuring the objects, and it makes me feel good” (Student-01).
Moreover, parents’ intention to use authentic contexts in students’ learning becomes a mediator
in the relationship between students’ positive attitude and intention to use. Parents can be active in the
implementation of their children’s activities at home. They have the authority to accept or resist a
designed learning activity with technological and pedagogical potential [27] to improve the quality of
learning at home. Thus, it is important to familiarize parents with students’ learning activities and their
benefits [37] because in the COVID-19 pandemic, elementary school students learned at their home and
parents or family members could have more opportunities to assist the learning. Therefore, parents can
realize the advantages of authentic learning activities. These advantages can be seen through students’
active engagement and ability to apply their knowledge of geometry objects to real life [12,19].
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Figure 5. Model of students’ and parents’ acceptance of the pedagogical aspect of authentic
contextual learning.

Regarding the teacher’s point of view, exploring and applying concepts via real-life problems are
beneficial to students’ cognitive development. The teacher mentioned that, “Measuring real 3D objects,
such as boxes and refrigerators, gives elementary students a better understanding of the concepts of
geometry. They can apply the volume formula of a 3D object in a real situation” (Teacher). Through
such learning activities, the damage caused by mobile devices can be reduced. Additionally, exploring
and applying concepts in real life can also help to develop high-level cognition skills, such as applying
and analyzing. While gaining experience in real object measurements, students can also acquire
knowledge about geometry. Later, this knowledge can be used in higher-level cognition, in which they
make comparisons between each different condition of these objects to construct their own concepts.
6. Educational Implications
The findings of this study lead to a number of educational implications on the use of mobile
technology to support learning in authentic contexts during the COVID-19 pandemic. The findings in
the technological aspect indicate that parents’ perceptions influence their children’s perceived ease of
use and positive attitude towards the use of technology at home. Moreover, in the pedagogical aspect
that is, based on the activity using authentic contexts, parents become the mediator of the effect of
students’ perceived ease of use on their positive attitude and of their positive attitude on their intention
to use the authentic contexts.
The different findings for technology and pedagogy imply different perceptions of parents toward
their children using mobile devices and authentic contexts for learning. In the pedagogical aspect
of authentic contextual learning, parents’ perceptions can mediate students’ perceptions in that they
believe that the learning activity in authentic contexts is useful. However, in the technological
aspect, parents usually worry about the overuse of mobile technology causing addiction for their
children [23,49]. Past studies have addressed the negative effects of the overuse of mobile devices,
including physical risks and mental risks [23,26,27,49,50]. Children who spend most of their time in
front of a screen can endanger their health through eye damage, headaches, and neck pain. Moreover,
mobile device addiction in the younger generation can be accompanied by mental health issues, such as
loneliness, shyness, depression, and a lack of emotional control [24,29,49].
Integrating a mobile device app in ACL can increase the potential educational benefit and reduce
the damage caused by the use of mobile devices. By using mobile devices with UG, students can
easily access learning material anytime and anywhere [27] to explore more places and apply geometry
concepts in various authentic contexts. In this learning experience, students develop their cognition.
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Moreover, the educational use of UG can improve interactions between students [27] in that they can
share their knowledge and comments. The diverse knowledge that can be obtained by applying it in
different authentic contexts and comparing personal experience with information from others could
help students to develop high-level cognition.
It is important to note that students not only looked at the screen of their mobile devices while
using UG to explore their surroundings, but also observed the geometric objects that existed in authentic
contexts. This could decrease the health effects, such as sore eyes or headaches, caused by the use of
mobile devices for a long period. Moreover, they did physical activities while measuring the width,
length, and height of real objects and calculating those volumes or perimeters. This could increase
students’ physical activity by requiring them to walk to different places and do various measurements.
7. Conclusions
The model of students’ and parents’ perceptions in the technological and pedagogical aspects
offers a way to implement ACL at home with UG support and dealing with parents’ perception toward
this learning. Based on our findings, students’ and parents’ perceptions toward ACL at home are
different in terms of technology and pedagogy. It was shown that the relationship between perceived
ease of use and positive attitude is different for students and parents. This may be because parents did
not directly use UG and did not do authentic activities at home; they only watched their children use
the app and apply knowledge in daily life applications.
Regarding the relationship between students’ and parents’ perceptions in TAM, our findings
for the technological aspect indicate that parents’ perceived usefulness and ease of use can have a
significant influence on students’ perceived ease of use and positive attitude toward using mobile
devices with UG, respectively. When parents know that using mobile devices with UG can facilitate
students’ learning at home, they will encourage their children to use mobile devices with UG to support
their learning. Hence, students will think that UG on mobile devices is easy to use, and this positively
influences their attitude toward the use of the app. However, further analysis cannot address any
moderation or mediation effect between students and parents in the technological aspect. This may
be because parents have some worries about the negative effect of overusing mobile devices. In the
pedagogical aspect, parents’ ease of use and intention to use have mediation effects on students’ positive
attitude and intention to use ACL with UG. Therefore, authentic geometry learning (e.g., measuring
the length and width of objects in their surroundings) via the implementation of ACL with UG at home
is very promising for students. Moreover, parents are happy to know their children have such useful
learning opportunities and encourage them to do more. This finding and its model can be used as
empirical evidence of studies that concern parental issues, educational instruction, and technologies.
According to the teacher’s perspective, authentic contextual learning supported by mobile devices
with UG is beneficial in cognitive and affective aspects. By measuring the width, length, and height of
real objects and calculating the volume and perimeter based on the collected information, students
applied concepts of geometry and compared different situations in real life, which helped them to reach
a higher cognitive level. Furthermore, using UG to learn geometry increased students’ motivation
to learn geometry during the COVID-19 pandemic. Students actively practiced geometric object
measurement around their homes.
Note, however, that this study involved a limited sample of students and parents. A large random
sample is needed in future studies. In addition, it is necessary for future studies to investigate the
effectiveness of the technological and pedagogical aspects to lead students to authentic contextual
learning, especially for learning at home.
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Appendix A
Table A1. Questionnaire for students.
Construct

Questionnaire Items
Technological Aspect

When I use UG to learn mathematics at home, I think that:
PEU1

Using a mobile device with UG for geometry learning at home does not require a lot of
my mental effort.

PEU2

A mobile device with UG for geometry learning at home is easy to use.

PEU3

I find it easy to get a mobile device with UG at home to do what I want it to do in
geometry learning.

PU1

Using a mobile device with UG at home improves my performance in
geometry learning.

PU2

Using a mobile device with UG at home increases my productivity in
geometry learning.

PU3

Using a mobile device with UG at home enhances my learning effectiveness
in geometry.

PU4

I find a mobile device with UG at home useful to learn geometry.

Assuming I have access to UG during the COVID-19 pandemic, I think that:
PA1

I like using a mobile device with UG for geometry learning at home.

PA2

Using a mobile device with UG for geometry learning at home would be pleasant.

PA3

I enjoy using a mobile device with UG for geometry learning at home.

PA4

It is interesting to use a mobile device with UG for geometry learning at home.

When I use UG to learn mathematics at home, I think that:
BI1

I intend to use a mobile device with UG for geometry learning at home.

BI2

I would use a mobile device with UG for geometry learning at home.
Pedagogical Aspect

When I measure objects around the home, I think that:
PEU1

Measuring objects around the home with UG for geometry learning does not require a
lot of my mental effort.

PEU2

Measuring objects around the home with UG for geometry learning is easily done.

PEU3

I find it easy to measure objects around the home with UG for geometry learning based
on my preference.

PU1

Measuring objects around the home with UG improves my performance in
geometry learning.

PU2

Measuring objects around the home with UG increases my active engagement in
geometry learning.

PU3

Measuring objects around the home with UG enhances my learning effectiveness
in geometry.

PU4

I find measuring objects around the home with UG useful to learning geometry.

Assuming I have tasks to measure objects around the home during the COVID-19 pandemic, I think that:
PA1

I like measuring objects around the home for geometry learning.

PA2

Measuring objects around the home for geometry learning would be pleasant.

Sustainability 2020, 12, 10074

16 of 19

Table A1. Cont.
Construct

Questionnaire Items

PA3

I enjoy measuring objects around the home for geometry learning.

PA4

It is interesting to measure objects around the home geometry learning.

Assuming I have tasks to measure objects around the home, I think that:
BI1

I intend to measure objects around the home with UG for geometry learning.

BI2

I would measure different objects around the home with UG for geometry learning.
Table A2. Questionnaire for parents.

Construct

Questionnaire Items
Technological Aspect

While my child uses UG, I think that:
PEU1

Using a mobile device with UG for geometry learning at home does not require a lot of
the child’s mental effort.

PEU2

A mobile device with UG for the child’s geometry learning at home is easy to use.

PEU3

I find it easy to get a mobile device with UG at home to do what the child wants to do
in their geometry learning.

PU1

Using a mobile device with UG at home improves the child’s learning performance
in geometry.

PU2

Using a mobile device with UG at home increases the child’s active engagement in
geometry learning.

PU3

Using a mobile device with UG at home enhances the child’s learning effectiveness
in geometry.

PU4

I find a mobile device with UG at home useful to learning geometry for the child.

Assuming my child has access to UG during the COVID-19 pandemic, I think that:
PA1

My child likes using a mobile device with UG for geometry learning at home.

PA2

Using a mobile device with UG for geometry learning at home would be pleasant for
my child.

PA3

My child enjoys using a mobile device with UG for geometry learning at home.

PA4

It is interesting for my child to use a mobile device with UG for geometry learning
at home.

Assuming my child has access to UG, I think that:
BI1

I intend to encourage my child to use a mobile device with UG for geometry learning
at home.

BI2

My child would use a mobile device with UG for geometry learning at home.
Pedagogical Aspect

While my child measures object around the home, I think that:
PEU1

Measuring objects around the home with UG for geometry learning does not require a
lot of children’s mental effort.

PEU2

Measuring objects around the home with UG for geometry learning is easily done.

PEU3

I find it easy for children to measure objects around the home with UG for geometry
learning based on their preference.

PU1

Measuring objects around the home with UG improves children’s learning
performance in geometry.

PU2

Measuring objects around the home with UG increases children’s active engagement in
geometry learning.
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Table A2. Cont.
Construct

Questionnaire Items

PU3

Measuring objects around the home with UG enhances children’s learning effectiveness
in geometry.

PU4

I find measuring objects around the home with UG useful to learning geometry
for children.

Assuming children have access to UG during the COVID-19 pandemic, I think that:
PA1

My child likes measuring objects around the home with UG for geometry learning.

PA2

My child measuring objects around the home with UG for geometry learning would
be pleasant.

PA3

My child enjoys measuring objects around the home with UG for geometry learning.

PA4

It is interesting for my child to measure objects around the home with UG for
geometry learning.

Assuming my child has access to UG, I think that:
BI1

I intend to encourage my child to measure objects around the home with UG for
geometry learning.

BI2

My child would measure different objects around the home with UG for geometry
learning.
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