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Abstract: In the field of vocational education, no studies have examined the use of augmented
reality (AR) learning technologies in the teaching of cosmetology. However, this study proposed the
“Makeup AR” learning approach and conducted a quasi-experiment to examine the interaction effect
between said approach and students with active and reflective learning styles. The research partici-
pants were 70 students from a vocational senior high school. The experimental group comprised
36 participants who were taught using Makeup AR, and the control group comprised 34 participants
who were taught using an e-book. The results revealed that the use of Makeup AR improved students’
learning effectiveness. The proposed approach also effectively enhanced students’ self-efficacy and
reduced their cognitive load. The students with a reflective learning style had a higher cognitive load
than those with an active learning style when using the e-book learning approach. No difference
in learning motivation was noted between the experimental and control groups. Overall, Makeup
AR is suitable for makeup design certification courses in vocational senior high schools and can
enhance learning effectiveness, improve students’ self-efficacy, and reduce cognitive load. This
study suggests that the implementation of AR technology in certification courses can be beneficial to
learning outcomes.

Keywords: augmented reality; mobile learning approach; learning technologies; learning effective-
ness; learning motivation; self-efficacy; cognitive load

1. Introduction

The convenience and effectiveness of using smartphones in learning activities have
attracted the attention of educators worldwide [1-4]. Studies have indicated that teacher
lecturing is not beneficial for improving students’ learning effectiveness and that the use
of technology in teaching has considerable benefits over lecturing [5-7]. Researchers are
actively attempting to develop new teaching methods that employ smartphone technology
to overcome limitations in teaching, with the aim of providing students with new learning
experiences and more effective learning methods [8-10]. The prevalence of technology
and the continual introduction of new technologies affect the pedagogy. In education,
increasing emphasis is placed on the use of technology in learning, and researchers con-
tinue to introduce new technological features into learning to improve students’ learning
effectiveness [11,12].

Mobile learning has developed rapidly and is constantly changing and developing.
Technology makes the learning process more compelling, thus enhancing learning effi-
ciency and effectiveness [13,14]. Face-to-face class is the primary teaching method that has
been used for vocational education, and teacher demonstrations are a fundamental aspect
of vocational education. Students consider the teacher’s explanation, observe the demon-
stration of relevant skills, and then learn by imitating techniques and practicing repeatedly;
subsequently, the teacher provides immediate feedback and corrections in class [15,16]. In
the field of technology-related or vocational education, students should take the initiative
in academic activities, learn through doing and continual practice, and avoid simply lis-
tening to the teacher in the classroom. Students need to learn through hands-on practice
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and continual, repetitive exercises to internalize the skills being learned [17]. Research has
indicated that it is necessary to explain the impact of digitalization on vocational education
and adopt mobile learning in schools [18,19]. Because mobile devices are closely and
intricately intertwined in everyday life, they present many opportunities for enhancing the
learning experience [20].

Many studies have reported that augmented reality (AR) can improve students’ learn-
ing effectiveness. Compared with teacher demonstrations, text, and images, AR provides
a more vivid, fun, and unique visual learning experience to students [21,22]. The use of
mobile devices can benefit student learning and participation [23,24]. One study indicated
that to improve learning effectiveness, it is necessary to employ learning strategies that
incorporate personal learning styles [25].

The present study explored the learning effectiveness, motivation, self-efficacy, and
cognitive load of students who used an AR-based learning approach called Makeup AR in
a makeup design certification course. The learning materials in Makeup AR were centered
on the content of the eyebrow unit of the makeup design certification course. Makeup AR
was applied in the course, and the advantages of this AR learning method were analyzed.
We assessed the implementation and evaluation of cosmetic design certification courses in
vocational training that adopted either the Makeup AR or e-book learning approach. The
following four research questions were proposed to guide the study:

(1) Do the Makeup AR and e-book learning approaches affect the learning effectiveness
of students with different learning styles?

(2) Do the Makeup AR and e-book learning approaches affect the learning motivation of
students with different learning styles?

(3) Do the Makeup AR and e-book learning approaches affect the self-efficacy of students
with different learning styles?

(4) Do the Makeup AR and e-book learning approaches affect the cognitive load of
students with different learning styles?

1.1. Teaching in the Makeup Design Certification Course

In the eyebrow unit of the makeup design course, students initially learn to draw
the frame of eyebrows on paper using tools such as rulers and colored pencils; they then
draw the lines of eyebrows in the frame. Students then transfer their paper-based skills
to actual faces. In conventional teaching, students are typically passive learners, meaning
they receive knowledge and skills taught by teachers [26]. However, without the presence
of teachers when practicing, beginners cannot know whether they have correctly drawn
eyebrows, and teachers’ subjective sense of aesthetics when evaluating their work makes it
difficult for students to understand their mistakes in a precise and scientific manner; these
factors can lead to frustration among students during learning. Moreover, makeup practice
on paper considerably differs from the actual application of makeup on a three-dimensional
(3D) face. The relative positions of face parts differ among individuals; therefore, drawing
eyebrows on paper, representing the standardized relative positions of parts of the face,
might be inapplicable to the relative 3D position of face parts, since they are unique to
each person. Hence, beginners might encounter difficulty in drawing eyebrows on a face.
Furthermore, students tend to feel anxious when facing an unfamiliar model, making it
even more challenging for them to draw bilaterally symmetrical and balanced eyebrows.

Makeup design is the foundation of the department of cosmetology skills and is thus
a mandatory course specified in the curriculum guidelines of makeup design certification
courses in vocational senior high schools. The makeup design certification course is
divided into seven units covered during the semester: foundation, blush, eyebrows, eye
shadow, eyeliner, nose, and lips. Relevant studies have revealed that the eyebrows are a
prominent feature of the face; specifically, they play an essential auxiliary role in expression,
communication, and first impressions. Moreover, eyebrows are crucial for communicating
one’s will, personality, and feelings [27-30]. Each person’s facial contours and features
differ depending on the visual effects created by their eyebrows’ shape, length, thickness,
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and color. The extent to which the arch and color of eyebrows look natural determines an
individual’s style. Makeup can cover and balance defects, generate different visual effects,
energize the eyes, make the nose look taller, and increase an individual’s attractiveness,
beauty, confidence, and style. Thus, learning to manipulate these elements is critical in
cosmetology [31-34].

Several difficulties are typically encountered during the teaching of a makeup design
course. In the conventional teaching method, students follow the teacher’s demonstration
and use their imagination to place a baseline on the face of the person receiving the makeup
application. As mentioned previously, beginners commonly feel anxious when applying
makeup on an unfamiliar model. Through Makeup AR, beginners can draw a virtual line
on the face; this may solve the difficulty of imagining the baseline, enabling students to
improve their learning efficiency and to know the precise position on the face at which to
apply the makeup [35-37]. Among the many eyebrow styles introduced in the eyebrow
unit, students begin by drawing the most standard eyebrow shape based on the eyebrow
position relative to other face parts. Therefore, this study used Makeup AR for makeup
design with a focus on the standard eyebrow shape. To assist in makeup design learning,
Makeup AR was set according to the standard eyebrow positions in the literature and
adjusted to fit the eyebrow positions and facial features of the Asian population. Students
gained experience and skills in eyebrow makeup design through learning and hands-on
activities.

1.2. AR

AR technology superimposes virtual information into real spaces through a screen [38].
AR involves a combination of camera recognition technology and computer operations.
When a preset image or sensing medium appears on the camera screen, the virtual object
defined by an image or a symbol is superimposed onto the natural environment, and
the presentation of the virtual object changes depending on the user’s viewing angle and
distance to create a visual experience comparable to that of viewing a real object [39].
In virtual reality, users enter an artificial environment and cannot see the natural world
around them. By contrast, AR superimposes or combines virtual information into real-
world settings, enabling users to still see the real world. Therefore, AR is not a substitute
for reality but rather supplements the perceptions of and interactions with the real world,
provides virtual information to complement insufficient real-world information, and creates
an environment where virtual reality and reality coexist. An AR display should include
three major characteristics: a combination of natural and virtual environments, real-time
interaction, and 3D presentation [38].

Milgram et al. were the first to propose the concept of AR. AR is located between the
real and virtual environments (if presented as a continuum) but is closer to the natural
environment; augmented virtuality is closer to the virtual environment, and at the midpoint
of the spectrum is mixed reality (Figure 1). Therefore, AR refers to the addition of elements
of the virtual environment to a natural environment [39]. Azuma noted that a user’s
senses are still grounded in the natural environment when engaging in AR, and virtual
elements are added to the natural environment to facilitate the coexistence of real and
virtual elements in the same space [38]. Technological development has prompted the
emergence of new teaching methods. Technology can play an essential role in the teaching
process and can enhance learning effectiveness and efficiency [40,41].

——————— Mixed Reality (MR) ————————
L ]
] 1

— —
Real Augmented Augmented Virtual

Environment Reality (AR) Virtuality (AV) Environment

Reality-Virtuality (RV) Continuum

Figure 1. Relationship between augmented reality, augmented virtuality, and mixed reality.
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In addition, AR can be widely applied in daily life, including in games, medical
treatment, navigation, social interaction, and education [14]. According to Akcayir and
Akcayrr [42], AR is widely used in education and has become a popular research topic.
Technology makes the learning process more compelling. The combination of AR and
education enables students to become immersed in the learning experience [14,42]. AR
can be applied to foreign languages [43,44] and arts [41]. The educational value of AR
applications in the field of design education has increased considerably. Di Serio, Ibafiez,
and Kloos studied visual art students’ use of an AR-based guided tour for artwork learn-
ing; their results revealed that compared with conventional slide-based teaching, the AR
method resulted in higher learning concentration and motivation among students [41,45].
AR applications can be crucial learning tools in clothing design courses to cultivate clothing
design skills [16]. Applying AR in a sewing course improved students” learning experi-
ence and ability to manage complex problems [22]; the results revealed more satisfactory
learning outcomes from using AR compared with conventional methods. In addition to
applying AR in design education, researchers have integrated it into learning activities in
other education fields [46,47]. However, related studies have not discussed the application
of AR in a makeup design course.

AR in experiential learning facilitates interaction between students and learning ma-
terials; while participating in virtual operations, students are connected with the natural
environment to improve their spatial skills [48]. AR improves not only the sensory experi-
ence but also students’ learning effectiveness [49]. A study revealed that AR applied in
education generally makes the learning process more stimulating and improves learning
efficiency [14]. Hence, AR applications in education have demonstrated considerable
potential and advantages [14,50]. The aforementioned studies have highlighted the ap-
plication of AR in courses in various educational fields. AR has been proven to enhance
students” awareness of the natural environment, support teaching and learning in the
educational environment, and improve students’ learning motivation and interest [51].
However, related studies have not discussed the application of AR in a makeup design
course. The current study addresses this gap in the literature.

Many studies have indicated that it is helpful to consider learning styles in pedagogical
research [52-54]. The most frequently discussed learning paradigm is the active versus
reflective learning style dimension proposed by Felder and Silverman [55]. Learning styles
have been widely used to discuss the development of AR learning systems for technology-
assisted learning [56-58]. Hawk and Shah reported that, assuming each student has
a different learning style, course content and teaching methods should be tailored to
meet their varying needs [59]. In the active/reflective learning style dimension proposed
by Felder and Silverman, “active” refers to a preference for practical exploration, trial,
and active interaction with things to learn, and “reflection” refers to a preference for
thinking profoundly and passively receiving information. Therefore, this study explored
the effects of different learning strategies on students’ learning effects, incorporating
material designed to appeal to students with active and reflective learning styles.

Many studies have indicated that learning through AR can improve self-efficacy, thus
reducing students’ cognitive load. Self-efficacy beliefs are defined as “people’s judgment[s]
of their capabilities to organize and execute courses of action required to attain designated
types of performances”. Self-efficacy belief refers to an individual’s perceptual ability to
learn or complete a specified action [60]. It is a form of self-evaluation that influences
individuals’ decisions, efforts, and mastery of behaviors [61]. This perceptual ability refers
to students’ belief that they possess adequate ability to complete a learning activity [62].

Moreover, cognitive load theory provides guidelines for presenting information in
a manner that encourages learner activities that optimize academic performance. This
theory refers to the load placed on an individual’s cognitive system when the individual
is engaged in a specific job, including “mental load” and “mental efforts”. Mental load
refers to the load of course learning tasks or the environment on students, whereas mental
effort refers to the total load on students when performing course learning tasks [63]. The
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present study evaluated the Makeup AR and e-book learning approaches in a vocational
cosmetic design certification course.

2. Materials and Methods
2.1. Research Tools

The measurement tools included a pretest, a posttest for examining learning effec-
tiveness, and a survey for evaluating learning motivation, self-efficacy, and cognitive load.
The pretest determined students’ prior knowledge regarding the eyebrow makeup topics
included in this study, and the posttest evaluated students’ learning effectiveness after
the experiment. The pretest was composed of 25 four-option multiple-choice questions;
students were required to select one correct answer for each question, with a score of
100 points per test. The posttest consisted of 20 multiple-choice items, with a score of
3 points per item, and two short answer questions, with 20 points per question; the posttest
score was 100. All the tests were selected by three teachers with more than 9 years of
experience in teaching the makeup certification course and were subsequently reviewed by
experts from the Skill Evaluation Center of Workforce Development Agency, MOL.

This study selected the active and reflective learning dimensions and the items most
suitable for this research from among the eight learning style categories of the Index of
Learning Styles. Said index is used to investigate the different learning styles of stu-
dents [64]. The learning motivation scale was modified according to the questionnaire
developed by previous researchers [57]. This questionnaire consisted of seven items (e.g.,
“Studying cosmetics skills is worthwhile in the makeup course” and “I will actively seek
more information to learn about makeup courses”); all items were rated on a 5-point rating
scale. The Cronbach’s alpha value of the questionnaire was 0.79, indicating acceptable
internal consistency and reliability. The self-efficacy questionnaire was modified based
on the measurement questions published by Wang and Hwang [65]. This questionnaire
consisted of eight items that were rated on a 5-point Likert scale. The Cronbach’s alpha
value of the questionnaire was 0.92 [65]. The cognitive load questionnaire was modified
from that developed by Hwang et al.; it consisted of two dimensions with a total of eight
items. The Cronbach’s alpha value of the questionnaire was 0.96 [66].

2.2. Experimental Design
2.2.1. Participants

The participants in this study were first-year students at a vocational senior high
school who had not studied makeup previously. Seventy volunteers were recruited and
randomly assigned to the experimental group (1 = 36) or the control group (1 = 34).

2.2.2. Experimental Procedure

The same teacher instructed both groups to eliminate the confounding effect of differ-
ent teaching styles and experiment results [67]. The teacher in charge was a senior makeup
teacher with 10 years of teaching experience, and the research focus was makeup teaching.
The teacher was responsible for organizing the teaching content and implementing the
current experiment. To ensure the accuracy of the experiment, volunteers were unaware of
their group assignment and the existence of another group.

The experimental procedure is illustrated in Figure 2. Before the learning activities,
students opted for the 40-min makeup certification design course: eyebrow unit. Students
practiced drawing proper eyebrows on paper. Then, a pretest was conducted for 10 min to
determine their baseline ability for the makeup certification design course. Later, students
in the experimental group were asked to use Makeup AR to transfer their paper-based
eyebrow skills to actual faces. When students in the experimental group pointed their
smartphone at a face with the Makeup AR app open, this activated the AR auxiliary effect
of eyebrow makeup, and auxiliary lines were displayed on the screen (Figure 3). The
correct position of the eyebrows was thus provided on the screen. The students then drew
eyebrows according to the AR display on the screen (Figure 4). The app recommended an
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appropriate eyebrow type based on the face shape. Students acquired eyebrow makeup
knowledge through matching suggestions (Figure 5).

[ — ]
—

Control group (N=34) Experimental group (N=36)
certification Course: eye-brow basic knowl 40 Min
Pre-test (academic test, learning style, learning motivation, self - efficacy) 10 Min
Learning styles (active / reflective)

80 Min

E-book learning approach Makeup AR learning approach
20 Min

Post-test (academic test, learning motivation, self-efficacy, cognitive load )

Figure 2. The experimental process.

%0 GEE o)

ROUND SHAPE

Figure 3. Eyebrow makeup information superimposed by Makeup AR.

Students in the control group imitated the makeup content in an e-book to learn to
draw eyebrows. Finally, a 20-min academic posttest on eyebrow makeup and learning
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motivation and self-efficacy and a cognitive load survey were implemented to measure
students’ learning effectiveness. Three experts selected the Makeup AR and e-book that

were most suitable for beginners.

Types of eyebrows

HEART SHAPE LONG SHAPE SQUARE SHAPE

Slightly raised eyebrows of medium length with a Flat eyebrows, almost without bends, smoothly C he form of a high middle arch

ws,
soft bend narrowed the edges

Flat brow shape High arched brow

Strongly lowered peak Short brow length Thin eyebrows

Figure 5. Matching suggestions for eyebrow types and face shapes.

3. Results
3.1. Learning Effectiveness

In recent years, many researchers have actively explored learning styles. Employing
learning methods or providing learning content that suit students’ learning styles can
enhance the effectiveness of education to a considerable extent [68]. Therefore, this study
investigated the impact of using the Makeup AR and e-book learning approaches on the
performance of students with different learning styles. First, according to the study style
questionnaire, students were divided into two types: active and reflective.

For students’ learning effectiveness, a two-way analysis of covariance (ANCOVA) was
used to analyze students’ results using different learning approaches, namely Makeup AR
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and the e-book. Active and reflective learning styles were the independent variables, the
posttest questionnaire ratings of learning effectiveness were the dependent variable, and
the pretest questionnaire ratings of learning effectiveness were covariates.

After verifying that the assumption of the homogeneity of regression was not violated
(F = 0.465, p > 0.05), the posttest scores of the four groups were analyzed using a two-
way ANCOVA. As presented in Table 1, the interaction between the dependent variables
exerted a significant effect (F = 7.318, p < 0.05, 112 = 0.101) on students’ learning effectiveness,
implying that a simple main-effects analysis was required to explore the effects of learning
approaches.

Table 1. Results of two-way ANCOVA on students’ learning effectiveness.

Factors SS df MS F Sig n>
Learning approach 1043.892 1 1043.892 7.318 % 0.009 0.101
Learning style 98.783 1 98.783 0.692 0.408 0.011

Learning approach *
Learning style
*p < 0.05.

18.503 1 18.503 0.130 0.720 0.002

Table 2 presents descriptive data of the two groups of students’ posttest learning effec-
tiveness scores. Students who learned using different learning approaches exhibited signif-
icantly different levels of learning effectiveness (F = 7.318, p < 0.05, n? =0.101). Makeup
AR exerted significantly stronger positive effects (adjusted mean = 85.193, SE = 2.008)
on students’ learning effectiveness than the e-book learning approach did (adjusted
mean = 77.351, SE = 2.084).

Table 2. Descriptive data of the learning achievements.

Learning Approach N M SD Adjusted Mean SE n>
Experimental Group 36 85.00 11.17 85.193 2.008 0.101
Control Group 34 77.94 13.17 77.351 2.084

Different learning styles had no significant effect on learning effectiveness (F = 0.692,
p > 0.05, n? = 0.011). The students in the experimental group performed better in the
posttest than the students in the control group, who performed poorly in the posttest due
to reduced knowledge retention. Hence, if appropriate scientific and technological teaching
aids are used in regular learning activities to strengthen students’ learning and thinking,
satisfactory results can be achieved in terms of knowledge acquisition.

3.2. Learning Motivation

Two-way ANCOVA was used to analyze learning motivation. The results are pre-
sented in Table 3. The two-way ANCOVA indicated that the influence of the interaction
between learning approaches and learning styles was nonsignificant (F = 0.076, p > 0.05),
as displayed in Table 3. The different learning approaches of the two groups of students
had no significant influence on learning motivation (F = 0.247, p > 0.05, 112 = 0.004) after
excluding pretest questionnaire ratings. There was no significance in learning styles. Fur-
thermore, the adjusted means of the Makeup AR learning group and the e-book learning
group were 3.93 (standard deviation [SD] = 0.58) and 4.08 (SD = 0.55), respectively. Hence,
no significant difference was observed in motivation between the groups who learned with
the Makeup AR and e-book learning approaches.
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Table 3. Results of the two-way ANCOVA on students’ learning motivation.

Factors SS df MS F Sig n?
Learning approach 0.083 1 0.083 0.247 0.621 0.004
Learning style 0.259 1 0.259 0.775 0.383 0.014

Learning approach *
Learning style
*p <0.05.

0.025 1 0.025 0.076 0.784 0.001

3.3. Self-Efficacy

Two-way ANCOVA was used to analyze self-efficacy. The results are displayed in
Table 4. The two-way ANCOVA indicated that the effect of self-efficacy on the interaction
between learning approaches and learning styles was nonsignificant (F = 0.010, p > 0.05).
A significant effect of self-efficacy on the posttest questionnaire ratings of students who
learned using the two approaches (F = 5.558, p < 0.05, n> = 0.092) was noted after the
exclusion of prequestionnaire ratings, whereas no significant difference was observed on
the ratings of students who learned using different learning styles (F = 2.063, p > 0.05,
n? = 0.036). Furthermore, the adjusted means of the Makeup AR and e-book learning
approaches were 3.90 (SD = 0.88) and 3.42 (SD = 0.67), respectively. This finding implies
that the Makeup AR learning approach could improve students’ self-efficacy more than
the e-book learning approach.

Table 4. Results of two-way ANCOVA on students’ self-efficacy.

Factors SS df MS F Sig n?
Learning approach 3.474 1 3.474 5.558 * 0.022 0.092
Learning style 1.290 1 1.290 2.063 0.157 0.036

Learning approach *
Learning style
1< 0.05.

0.006 1 0.006 0.010 0.921 0.000

3.4. Cognitive Load

Two-way ANOVA was used to analyze cognitive load. The results are presented in
Table 5. A significant effect was found between learning approaches and learning styles
(F=5.391, p < 0.05). In addition, a significant effect was noted for learning approaches
(F=9.728,p < 0.05, n? =0.148). Learning styles (F = 1.309, p > 0.05, n? = 0.023) did not exert
a significant effect on students’ cognitive load when using the system.

The mean values of students’ cognitive load degree scores were 2.24 (SD = 0.16) for the
Makeup AR learning group and 2.95 (SD = 0.16) for the e-book learning group. This finding
implies that Makeup AR reduced students’ cognitive load resulting from participating
in the learning activity. By contrast, the mean values of cognitive load ratings were 2.46
(SD = 0.14) for students with an active learning style and 2.72 (SD = 0.17) for students with
a reflective learning style, implying that students with a reflective learning style had a
higher cognitive load than those with an active learning style (Figure 6).

Table 5. Results of two-way ANOVA on students’ cognitive load.

Factors SS df MS F Sig n?
Learning approach 7.329 1 7.329 9.728 * 0.003 0.148
Learning style 0.986 1 0.986 1.309 0.257 0.023

Learning approach *
Learning style
*p <0.05.

4.062 1 4.062 5391 * 0.024 0.088
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Figure 6. Estimated marginal means for intrinsic cognitive load.

4. Discussion

This study used Makeup AR for teaching activities and analyzed its effectiveness
for improving learning outcomes. AR technology was thus introduced into the makeup
design certification course to bring a new experience to makeup education and promote
AR teaching methods in cosmetics skills education. Because learning styles play a crucial
role in the learning process, this study explored the active and reflective learning styles
and introduced two different learning approaches to determine learning effectiveness,
self-efficacy, cognitive load, and learning motivation. The experiment results revealed
that the proposed approach significantly improved students’ learning effectiveness and
self-efficacy while reducing their cognitive load. However, no significant effect was noted
for learning motivation.

Regarding learning effectiveness, that of the Makeup AR approach was higher than
that of the e-book approach. The experiment results verified the effectiveness of the Makeup
AR learning approach. Compared with the e-book group, the experimental group achieved
higher scores and demonstrated greater learning effectiveness. This finding indicates that
Makeup AR would be beneficial for the makeup certification course. Students can learn
makeup better in a learning-by-doing environment through Makeup AR and hands-on
operations in the makeup skills course. Related research mentions that situated learning
(SL) is a crucial element that affects AR learning, and it is necessary to consider situated
learning (SL) in learning activities [69-71].

Regarding self-efficacy, the analysis results indicated that the interactive effect of the
learning approach and learning style did not reach a significant level; the main effects
of learning approach reached a significant level, whereas those of learning style did not.
The experiment results verified the positive effect on self-efficacy from the Makeup AR
learning approach. Compared with the e-book group, the experimental group achieved
higher scores and demonstrated greater self-efficacy. With the eyebrow lines displayed
on the smartphone screen, students can learn the correct eyebrow position more quickly
and clearly, significantly increasing their self-efficacy in learning. In terms of learning
style, whether active or reflective, the self-efficacy of using Makeup AR is higher than that
of the e-book. From the results, it can be inferred that, whether for active or reflective
students, Makeup AR can improve students’ confidence in completing tasks and achieving
goals during the learning process. Compared with e-books, students can improve their
confidence in learning tasks, believing that they can achieve goals. At the same time, it
also echoes the relevant research pointing out that learning activities incorporating AR
technology in the classroom can help students with higher self-efficacy learn more concepts
and knowledge [72].



Sustainability 2021, 13, 6434

11 of 15

Regarding cognitive load, the results revealed that the interactive effect of the learning
approach and learning style was significant; the main effect of the learning approach
reached a significant level, whereas the main effect of the learning style did not. Hence, the
cognitive load of Makeup AR was lower compared with the e-book learning approach for
both active and reflective learners. The Makeup AR learning approach can reduce pressure
and the burden in the learning process for both active and reflective learners. These
findings indicate that providing active learners with personally operated, experiential, and
interactive learning can help reduce their cognitive load. However, for reflective learners,
because of their habit of thinking, working, and learning alone, a learning environment
that provides an e-book learning approach may be sufficient. Makeup AR could reduce
students’ cognitive load because it makes them participants in the learning activity. From
the perspective of learning style, for reflective students, the cognitive load of Makeup
AR is lower than that of “active” students, and the cognitive load of the e-book is higher
than that of active students. Reflective students have independent repetitive thinking
and independent work learning methods for new information habits, so Makeup AR has
independently operable learning characteristics, which can meet the learning mode of
reflective students, so cognitive load is lower than that of active learning. Regardless of
whether it is for active or reflective students, the cognitive load of imported “Makeup AR”
is lower than that of “e-book”. From the results, it can be inferred that whether it is for
active or reflective students, Makeup AR can reduce the pressure and burden of students in
the learning process. Compared with the e-book, students can integrate into the situation,
focus on important information, and avoid distractions. At the same time, it also echoes
what Salen mentioned: if students are taught enough in science and technology, they will
not feel frustrated because of failure or give up because of too much cognitive load. They
can gain more knowledge and reduce tasks and information [73].

Finally, regarding learning motivation, the experiment results indicated that the
interactive effect of learning approach and learning style was nonsignificant; the main
effect of learning approach was nonsignificant, as was the main effect of learning style.
In the learning style of active or reflective students, using Makeup AR and e-book has
good learning motivation. From the results, it can be inferred that whether it is for active
or reflective students, Makeup AR can improve students’ expectations of what they have
learned during the learning process. Students are willing to spend time and energy on
the study of makeup actively. Both groups of students were exposed to these learning
systems for the first time; thus, improving students’ learning motivation through an 80-min
study may be challenging, because when students use emerging technology, they also
face many uncertainties [69]. Therefore, it may take more time to cultivate their learning
motivation. Huang et al. and Yang et al. have reported that a short study period may not
be sufficient for improving students’ learning motivation and that students need more time
and learning experience to develop their abilities [74,75]. It may also be due to the difficulty,
change, and flexibility of the makeup certification course itself and because students are
under pressure to obtain certificates. Most students believe that learning the contents of
the makeup design certification course thoroughly is challenging.

In addition to conveying knowledge, a makeup certification course must also include
technical makeup skills. This study differed from previous research on AR learning
applications, because most previous studies have focused on learning in language or formal
courses. However, techniques and skills are also vital points on the makeup certification
exam. The results of this study provide empirical outcomes; however, a partial conflict
also exists. Another possible reason is for these first-year high school students who have
never learned makeup. No matter what method is used to learn eyebrow makeup, it is full
of positive learning motivation. Using makeup AR or the e-book makes it impossible to
highlight which method has better learning motivation results. In the future, more students
participating in the experiment may be able to increase the sample data, and there may be
different analysis results.
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5. Conclusions

The contribution of this study is that, unlike previous studies on AR learning, Makeup
AR, which is easy to operate and convenient, was studied. This study used the Makeup AR
learning approach to assist the teaching and learning of the makeup design certification
course. Although students, especially beginners, had some difficulties using Makeup AR,
these were easily overcome. For beginners, switching from eyebrow makeup practice on
paper to a 3D face may represent a considerable challenge, because they must overcome the
differences between flat paper and a 3D face. With the aid of AR, a smartphone screen can
provide auxiliary lines for eyebrow makeup, helping students to draw eyebrows quickly
in precise positions. Related research pointed out that AR applications can be located in
any educational environment; they can be added to situated learning (SL) to make AR
have more specific effects [69], which is the most commonly used method in AR teaching.
The Makeup AR approach allows students to learn the knowledge of eyebrows in the
system and makeup with the eyebrows displayed on the screen. Students continue to learn
by doing and deepen the knowledge learned through hands-on depiction. Employing
Makeup AR in makeup education is a new approach, and it exerted a positive effect on
teaching in the makeup design certification course. Studies on AR use in educational envi-
ronments have reported that AR can enrich the learning process [1,71,76]. AR technology’s
effectiveness has been verified in the makeup curriculum area. In the field of makeup
design certification, limited research has attempted to apply mobile learning, and thus,
examining its role was valuable. Future studies should examine the relationship between
mobile learning and makeup design certification.

This study had some limitations that should be addressed. First, it employed a short
duration. Future studies should consider increasing the number of experiments to cover a
whole semester, for example, and then consider whether the research results are different
to verify the stability and generalizability of the experiment results. Second, we suggest
applying AR to more cosmetology skills courses in vocational senior high schools. Teaching
experiments should be conducted to confirm AR’s effect on different courses. Moreover,
the sample size for the experiment should be increased, with more students recruited to
improve the accuracy of the experiment results. In addition, the choice of equipment may
affect the results. In this study’s experiment, some students suggested that the Internet
speed in the classroom affected the reading of e-books; furthermore, some stated that during
the Makeup AR process, holding the smartphone affected their ability to apply makeup.
Therefore, in follow-up research, the effects of different systems should be considered. As
stated above, many impact factors can be included in AR teaching. Related research points
out factors that affect AR learning, such as the learning environment and the intervention
duration, which can also be included in future research [69]. In addition, Makeup AR was
only used for the eyebrow unit of the course; future studies should explore the use of AR
in other units. Related research should continue to develop full-face makeup AR or use
technology to teach other certification exam subjects. In addition, technological novelty
is a topic worthy of attention. Because unfamiliarity with new technologies may affect
students’ true thoughts, future research should consider how to overcome this problem.
Finally, factors such as different ages, personalities, grades, and genders can be included in
future studies to expand the scope and depth of the research. Finally, the learning styles
discussed in this study are only significant to cognitive load. They are not significant to
learning effectiveness, learning motivation, and self-efficacy. Research has confirmed that
whether students are active or reflective students, they will not be affected by the students’
learning styles under the learning mode of AR or the e-book. It can be boldly deduced that
students’ learning styles can be considered excluded from the teaching of makeup in the
future.
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