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This work focuses mainly on exploring|the following questions:

(1)
(2)
(3)

(4)
(5)
(6)

Are achievements in math and spatial ability related?
Can AR-supported programs improve students’™ spatial ability?

For students with various academic achievements, how eflective 1s their learning
after the experiment?

What are students’ perceptions of the system’s usability?
What are students’ perceptions in terms of system task load?
Is students’ learmning effectiveness related to the system’s usability and task load?
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4.  Experimental results and analysis

4.1 Validation of a correlation between|spatial ::rbr'ﬁty‘um{ math pE‘l_'ﬁH'mﬂﬂL‘E‘

Question 1: Are achievements in math and spatial ability related?
Also, spatial ability was evaluated in terms of gender. Tests were conducted using
Pearson cort

EYRT. = Table 2. Pearson’s correlation.
situation mn

and » = 0 1m Mathematics performance
of the correl
correlation ¢

Math spatial perception Pearson’s correlation 907%*

relation coeft 7
absolute correlation coefficient 1s higher than 0.8. Table 2 summarizes those results.

Table 2 reveals that the spatial ability and mathematics scores are{highly n;:mTt:luledl and
the delml til}llll}’ scores have a low negative correlation with gender. Restated, higher

es. Therefore, spatial ability and
gender are correlated with each other, yet only at a very low level. This finding resembles
that described in PISA (2006).




» Regarding pre- and post-tests, researchers prepared
spatial ability test questionnaires according to the course
curriculum content, and referencing geometry courses by
various publishers and van Hiele’s levels of geometric ER
reasoning theory.

» The test paper comprised 36 questions, including true-
false, multiple choice, fill in the blank, try it out, and
pictorial questions.

(BF - BE - EZ - HEE - BANE)

» Following completion of the tests, two teachers
proficient in mathematics were asked to
evaluate the results.

..,.» The reliability was 0.85.
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Table 1. Participant groups.

Group Male Female Total
Control A: high-performing students 7 12 19
Experimental A: high-performing students 8 11 19
Control B: average-performing students 8 7 15
Experimental B: high-performing students 8 7 15
Experimental C: low-performing students 6 2 8
Total 37 39 76
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4.2 Verification of the effectiveness of learning

Question 2:|Can AR-supported programs improve students’ spatial ability?l
2a: Did the spatial ability performance of students 1n experimental group A improve?
2b: Did the spatial ability performance of students in experimental group B improve?
2¢: Did the spatial abilj ' ' ' 2
This section examies| whether the control and experimental groups differed in the

|spatial ability Iof students. The score of the experimental group A mmproved by 0.31,
whereas the control group A mmproved by 0.63. The group difference can be calculated

Table 3. Descriptive statistics of high-performing and average-performing students.

Mean S. c Group differences
Control A
Pre-test 86.21 5.19 7.46 12
Post-test 836.84 5.24
Experimental A
Pre-test 84.95 8.04 5.16 04
Post-test 85.26 8.10
Control B
Pre-test 60.47 30.70 30.07 31
Post-test 69.80 28.73
Experimental B
Pre-test 62.20 29.56 29.77 36

Post-test 73.07 26.93




» This difference revealed that the effective values
were .31 and .37, indicating that the two
teaching methods had a minor positive effect,
and significant differences, as shown in Table 3.
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» Table 4 summarizes the effective values of the
three experimental groups.

» The effective values of groups with high,
average, and low academic achievements
were .04, .36, and .69, respectively, indicating
no effect, a small effect, and an average effect,
respectively.

» This finding suggests that AR-assisted teaching
has a favorable effect on students with low
academic achievements.
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4.3 Performance verification of students in each experimental group

uestion 3: Foil students with various academic achievements”hnw effective 1s their leamn- |
ing after the expenment? |

An attempt was made to understand S
the response of each student, This section discusses significant progression, regression, or
interesting phenomena. In the question regarding theﬁnfnlded diagmm] correct responses
from group A decreased, while those from group B and C increased. Namely, the students
could construct 3D diagrams using parallel and vertical concepts in geometric shapes. Inter-
views with students in group A revealed no misconceptions. The decreased result of group
A 1s thus assumed to be owing to the inability to carefully consider the answers. In the ques-
tion regarding perpendicular face, group C increased significantly, while groups A and B
did not significantly change. This indicates that for students with low academic achieve-
ments, using this system to teach the concept of perpendicularity 1s extremely beneficial.
For questions —regarding] counting of the vertex, sides and faces|groups B and C increased,
group A changed only slightly. In the try 1t out section, which involves the concept of
volume calculation and questions regarding the cutting and combining of unfolded
diagrams, Groups B and C mmproved significantly. This finding reaffirms that with
respect to experimental groups B and C, providing physical teaching matenals 1s crucial
to the instruction.

"1, .l ) al
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Figure 4. (a Pre-test drawing Jfrom experimental group A and B (b) and (¢) pre-test drawing from
experimental group C.
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51907 Figure 5. (al Post-test drawing Liom experimental group A and B and (b) post-test drawing from
experimental group C.




In the| draw-a-diagram questinns] following exposure to various teaching methods. stu-
dents n the three groups performed better with respect to the shape-related concepts. Their
performance regarding diagram-forming elements and the relationship between elements
was more significant, particularly for groups B and C.|Closely examining the responses

revealed that most of the students m experimental groups B and C could draw the top
and bottom surfaces and side faces before and afier the test, as shown in Figure 4(a).

Also, group C produced the drawings shown in Figure 4(b) and 4(c). According to those
figures, prior to implementation of the teaching method, students had some misconceptions.
Following the experiment, groups A and B modified their drawings, as shown in Figure 5
(a), indicating that they considered the relationship between graphical elements. Figure 5(b)
tllustrates drawings by group C students. Although groups with low academic achieve-
ments failed to produce completely accurate drawings, their drawings indicated that their
level of geometric reasoning improved.
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4.4 ‘S ystem usability|analysis and analysis ﬂflmsk fﬂﬂd‘

Question 4: What are students’ perceptions of the system’s usability?

The rehability of SUS obtained 1n this study was 0.879, with an overall average of 4,
indicating that most users tilted toward the high end. SUS 1s a questionnaire that estimates
users’ subjective feelings and their degree of satisfaction with a system. Usability of the
system 1s evaluated using the SUS score. The estimate scores range from 0 to 100. A
higher score implies a more useful system and greater ease in which users can interact
with 1t (Brooke, 1996; Lutes, Chang, & Baggili, 2006). After conversion into an SUS,
the average score was 72.50. It indicated that student subjects were satisfied with respect
to the usability of this leaming system. As for the students’ perceptions of the system
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Questiun S: Wl;lﬂ_a.u*_ﬂudaulf’ perceptions in terms of system| tas
The rehiability off NASA-TLX|obtained i this study was 0.726, with an overall average

value of 4.20, indicating a low feeling of task load experienced by most users. Variance
analysis by ANOVA indicated that the three experimental groups did not significantly
differ in terms of feelings toward students’ perceptions in terms of system task load
(p = 0.096 = 0.5).

207 B 19/10/2021




4.5 Verification of u‘currefuﬁfm between the subjective perception and learning
effectiveness of students

Question 6: Is students’ leaming effectiveness related to the system’s usability and task
load?

6a: Is|students’ learning effectiveness related to [system usability?

6b: Is|students’ learning effectiveness|related to [task load?

A correlation between the post-test scores of spatial ability and system usability was
tested and verified using Pearson correlation_analysis. Analysis results revealed a low

deoree of positive correlation between the post-test scores and system usability. The pre-

test scores as control vanables indicated a low level of negative correlation between the
post-test scores and system usability. Restated, higher academic achievements of the stu-
dents imply their lower perceived level of system usability. The pre-test scores were
used as control varables, results showed that a low deE ree of correlation exists between
the post-test scores and task load. Analysis results indicated a low degree of positive
correlation between the post-test scores and task load.
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4.6 Results from observing participants during the |fm:'us group interviews

Participant observation revealed that students displayed enthusiasm when instructed
how to use the system. Students were also found to have a significant amount of curi-
osity and anticipation regarding the class. Additionally, the post hoc interviews and
impressions of the instructor indicated that the students consider the system to be
very interesting. Focus group interviews were conducted upon completion of the
experiment. Open coding was performed based on grounded theory. During the
encoding process, axial coding was conducted toward these directions, as shown in
Table 5.

Focus group interviews were analyzed using qualitative analysis through the grounded
theory (Strauss & Corbin, 1990), then the following four constructs were obtained: system
usability, self-performance, willingness to operate, and expected effects. These constructs
permit the quantitative analysis of Section 4.4. Qualitative and quantitative data analyses
reveal the following:

(1) Cl1-System usability: The simple intuitive operation of AR can satisfy the test sub-
jJects” requirements of system usability.

(2) C2-Self-performance: The test subjects exhibit a positive attitude toward this
system and are also influenced by self-esteem.
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Table 5.

Explanation of axial coding.

Coding
number Axial coding Description Open-style coding
Cl System Reveals test subject’s assessment of using the Learning time
usability AR system period
Operating
consideration
Operating action
Operating feel
Guidance by others
C2 Self- Self-evaluation by the test subject of their Self-evaluate
performance performance after using the system
C3 Willingness to | Willingness of test subjects to use the system Willingness to self-
operate if the opportunity arises to continue using operate
the system
Willingness to
operate again
AR acceptance
level
C4 Expected Test subjects” guessed the possible feelings of Expected feeling
effects others and expressed possible expectations

if the opportunity arises to using the system

Application in other
disciplines

System
expectations




B 14 E i Y 4w b5 5 AN - 22 11

¥ i 4 55 4K 9% 4 B 2R Bf B M 48 75

w 15 A R %
Z 27 >
£ > ﬁi%ﬂlﬂ

Cl ZEEHNZHZERRT PR
2 %5 8

1# A R %

ZHEHN RGN @R ER R i B

KIEZA
RENS
HAE R %
%%ﬁﬂﬁ
8

2z & ~ BUMgit » 1988; Strauss.A, & Corbin.J, 1990 ) &

BB EHNMER & AP AL

FREABEEN A HFE X TR

TEMSH > 38w K@ 4T -




