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Figure 1. Demonstration of the immersive VFTs using the “Expeditions” system.
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Table 1. The distributions of the categories of the usability issues.

ID Language affordance Hardware and network problems Lack of functional interaction
To1 @
To2 @
To3 @ @

To4 @ ®
TO5 @
To6

To7 @
T08 @ @

To9 @ ®
Ti0 @
T @
T2 @ @
T13 @
T4 @ @
T15 @
7 @ @
T18 @ @

T19

T20 @ @

Total frequency (%) 8 (30%) 5 (18%) 14 (52%)
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Results
Usability

Lack of functional interaction

Through the phenomenographic analysis, this study generated three classifications of the teachers’
perceptions of usability regarding the instructional utilization of the immersive VFT system. The
three usability problems are (1) lack of functional interaction, (2) language affordance, and (3)
hardware and network problems. Further results of quantitative content analysis showed that, in
Table 1, the most mentioned usability problem was lack of functional interaction (frequency =
14, 52%). The teachers considered that, in general situations, students could only observe the
360° panoramic images passively without an interactive mechanism to manipulate the virtual
materials such as controlling the depth of the virtual scenes. The benefits for students’ autono-
mous learning might therefore be limited. For example, teachers T01 and T04 stated that:

T01: My students were interested in immersive VFTs at first. However, there were no further interactive

designs for them to experience. I think they might not be attracted to the virtual materials for further
learning and could not learn from this by themselves.

T04: When I guided the students to visit some underwater world, we could not step inside the scenes. It is
a little unfortunate that students cannot explore the virtual scenes in more depth.
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EEiELE (2)

* [F—EFEEEE - wTHA E AR 2SR E L > BlAER R E S
EEAERRERSEORE T g, ~ (B0, - kR -

Experience Confidence Preference

low-----------—----high | low=-----=--=m-nuem- high | low--------=-=nmen-] high

1. When I have an academic problem, I will seek a relevant
solution using search engines (e.g., Google, Yahoo).

2. When I have an academic problem, I will seek a relevant
solution using Wikipedia.

3. When I have an academic problem, I will email the instructor or
class assistants to make a query.

4. When I have an academic problem, T will query the instructor or
class assistants on the web-based course forum or guestbook for |1 2 3 4 S5 |1 2 3 4 5|1 2 3 4 5

a relevant solution.

5 When I have an academic problem, I will query the instructor or
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=h e sE 2% (semantic differential scale )

Iltems of the short version of the User Experience Questionnaire (UEQ)

This document lists the items and their order for all the available languages of the UEQ.

English version

obstructive 0000000 supportive
complicated 0000000 easy
inefficient 0000000 efficient
confusing 0000000 clear
boring 0000000 exciting
not interesting 0000000 interesting
conventional 0000000 inventive
usual 0000000 leading edge

https://www.ueqg-online.org/
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| ssims (4)

[Z31]
ﬁ Valence
O
[==1]
i Arousal
O
5:‘5 Self-assessment manikin (SAM) (Source: Lang, P.J.

. (1985). The cognitive psychophysiology of emotion:
Dominance Fear and anxiety, In A.H. Tuma & J.D. Maser (Eds.),
— Anxiety and the anxiety disorder (pp. 131-170).

O O O 0O O 0O O O Hillsdale, NJ: Lawrence Erlbaum.)




e (5)

.
=

satisfaction

disgust

sadness

boredom

Desire : Inspiration Amusement Admiration Satisfaction Fascination

Disappoint- Dissatisfac- Unpleasant

Indignation  Contempt Disgust oo o .

Boredom

PrEmo [& %4 &= 7 (Desmet, 2002)
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TABLE 2. ROTATED FACTOR LOADINGS AND
CRONBACH’S o VALUES FOR THE TWO SCALES OF
INTERNET SELF-EFFICACY SURVEY (N = 1313)

TABLE 1. ROTATED FACTOR LOADINGS AND CRONBACH’S a¢ VALUES FOR THE FOUR
SCALES OF INTERNET ATTITUDE SURVEY (N = 1313)

Item Factor 1 Factor 2 Factor 3 Factor 4

Factor 1 Factor 2

Factor 1: Perceive usefulness, a = 0.78

Perceive use 1 0.650 .
Perceive use 2 0.717 Factor 1: General self-efficacy, a = 0.90
Perceive use 3 0.718 General 1 0.830
Perceive use 4 0.707 General 2 0.794
Perceive use 5 0.701 )
Factor 2: Affection, a = 0.83 General 3 0.762
Affection 1 0.750 General 4 0.779
Affection 2 0.810 General 5 0.748
Affection 3 0.806 Factor 2: Communicative self-efficacy, a = 0.85
Affection 4 0.669 C icative 1 0.787
Affection 5 0.651 ommunicative :
Factor 3: Perceived control, @ = 0.78 Communicative 2 0.768
Perceived con 1 0.650 Communicative 3 0.582
Perceived con 2 0.565 Communicative 4 0.840
Perceived con 3 0.771 .
Perceived con 4 0.765 Percentage of variance 61.21 9.80
Perceived con 5 0.771 . . . o
Factor 4: Behavior, a = 0.80 Overall a = 0.91. Total variance explained is 71%.
Behavior 1 0.542
Behavior 2 0.830
Behavior 3 0.774
Behavior 4 0.765
Percentage of variance 31.39 11.54 10.09 6.79

Overall « = 0.86. Total variance explained is 59.81%.
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TABLE 3. STUDENTS  SCORES ON THE SCALES
OF THE INTERNET ATTITUDE SURVEY AND
THE INTERNET SELE-EFFICACY SURVEY

TABLE 4. GENDER COMPARISONS ON THE SCALES OF THE INTERNET ATTITUDE SURVEY
AND THE INTERNET SELF-EFFICACY SURVEY

Mean SD
Internet attitude
Perceived usefulness 5.07 0.61
Affection 5.04 0.70
Perceived control 4.49 0.74
Behavior 5.06 0.72
Internet self-efficacy
General self-efficacy 5.54 0.60
Communicative self-efficacy ~ 5.19 0.85

Male Female
(mean, SD) (mean, SD) t value

Internet attitude

Perceived usefulness 5.10 (0.64) 5.05 (0.55) 0.74 (n.s.)

Affection 5.02 (0.72) 5.08 (0.65) —1.45(n.s.)

Perceived control 4.58 (0.74) 4.30 (0.71) 6.61%**

Behavior 5.07 (0.74) 5.03 (0.68) 0.88 (n.s.)
Internet self-efficacy

General self-efficacy 5.56 (0.59) 5.50 (0.61) 1.99*

Communicative self-efficacy 5.23 (0.83) 5.12 (0.87) 2.35%

*p < 0.05.
#44p < 0,001
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TABLE 5. STUDENTS' INTERNET ATTITUDES AND INTERNET SELF-EFFICACY AMONG (GROUPS OF DIFFERENT
INTERNET EXPERIENCES

Perceived Perceived General — Communicative
On-line hours usefulness Affection control Behavior  self-efficacy  self-efficacy
per week (mean, SD)  (mean, SD) (mean, SD) (mean, SD)  (mean, SD) (mean, SD)
(1) Less than 497 (0.60) 4.83(0.65)  422(0.73)  457(0.69) 542(0.59)  4.97 (0.88)
14 h (n = 260)
(2)14-21h 5.01(0.56) 5.03(0.64) 4.43 (0.72) 4.93 (0.63) 5.55 (0.56) 5.23(0.84)
(n =287)
(3)21-28 h 5.11 (0.53) 5.05(0.67) 4.58 (0.68) 5.12 (0.53) 5.56 (0.59) 5.26 (0.81)
(n=192)
(4)28-35h 5.07 (0.67) 4.97 (0.81) 4.49 (0.76) 5.21 (0.67) 5.54 (0.59) 5.14 (0.87)
(n =237)
(5) More than35h  5.18 (0.63)  5.26 (0.66) 4.69 (0.73) 5.40 (0.69) 5.60 (0.63) 5.33 (0.80)
(n = 337)
F (ANOVA) 5. 51##* 15.73%** 16.92%#* 64.70%** 3.31* 7.56%*
Scheffe Test (5)> (1) BG>2)>1) G)>2D)>1) G>2)>(1) B)>(1) (2)> (1)
(5)>(2) (5)>(3)>(1)  B)>@>(1) (B)>(3)>(1) (3)>(1)
(5)>(4) (3)> (1) 5)>@ > (1) (5)> (1)
4)>(2)
*p <0.05.

***p < 0.001.
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TABLE 6. STUDENTS” INTERNET ATTITUDES AND INTERNET SELF-EFFICACY AMONG GROUPS OF DIFFERENT (GRADES

Perceived Perceived General Communicative
usefulness Affection control Behavior  self-efficacy self-efficacy
Grade (mean, SD)  (mean, SD)  (mean, SD)  (mean, SD)  (mean, SD) (mean, SD)
(1) Freshmen & 5.05(0.69) 5.02(0.64) 4.30 (0.80) 5.10(0.75) 5.50 (0.66) 5.19 (0.86)
Sophomore
(2) Junior & senior 5.03 (0.58)  5.00(0.73) 4.42 (0.73) 4.99 (0.72) 5.53 (0.58) 5.18 (0.84)
(3) Graduate 5.14 (0.57)  5.12(0.69) 4.72 (0.65) 5.12 (0.68) 5.57 (0.57) 5.20 (0.85)
F (ANOVA) 4.471% 4.25% 33.77%%F 4.41% 1.47 0.10
Scheffe Test (3)>(2) (3)>1(2) (3)> (1) (3)>(2)
(3)>(2)
*p < 0.05.

***p < 0.001.
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TABLE 7. CORRELATION BETWEEN STUDENTS’ INTERNET ATTITUDES AND THEIR INTERNET SELF-EFFICACY

Perceived usefulness Affection Perceived control ~ Behavior
General self-efficacy 0.32%** 0.36™** 0.37+** 0.35%**
Communicative self-efficacy 0.24%** 0.29*** 0.29%** 0.30***

***p < 0.001.
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The variables analyzed in this study.

Consftruct Subscales

Presence Spatial presence
Involvement
Experienced realism

Motivational beliefs Self-efficacy

Intrinsic value
Test anxiety
Attitudes Behavior of VR learning

Wilcoxon Signed-Rank tests for the change in the students’ motivational beliefs between the pre- and post-tests.

Mean/SD Z Effect size (r)
Self-efficacy Pre-test 3.92/0.65 -1.62° -0.23
Post-test 4.19/0.76
Intrinsic value Pre-test 4.03/0.69 -0.58% —-0.08
Post-test 4.16/0.67
Test anxiety Pre-test 2.74/1.09 -237%= —-0.35
Post-test 2.03/0.97

? p =< .05, a: based on negative ranks, b: based on positive ranks.
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Count of codes for the teacher-student interaction behaviors.

Behaviors Frequency Percentage
Teacher

Instruction (T1) 74 16.9%
Asking questions (TA) 55 12.6%
Guiding virtual field trips (TG) 49 11.2%
Disciplining (TD) 11 2.5%
Students

Responding to the teacher's questions (SR) 66 15.1%
Observing VR content (S0) 118 26.9%
Searching for information on the Internet (S5) 23 5.3%
Disorder in the classroom (SD) 3 0.7%
Assistants

Troubleshooting (AT) 39 8.9%
Total 438 100%

Cheng, K. H.*, & Tsai, C. C. (2019). A case study of immersive virtual field trips in an elementary classroom: Students' learning experience and teacher-
student interaction behaviors. Computers & Education, 140, 103600.
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(learning motivation, self-efficacy, problem-solving tendency, metacognitive tendency)

AT EAE R AT - Bl

Experimental group Control group
(n=25) (n=19)

Taking pre-test and completing pre-questionnaire

\ 4

The video of Introduction of the Yehliu environment

{

Introduction of the VR
design system operation

Introduction of the VR
guidance system operation

]

) Conventional VR
Hands-on design VR

system learning approach approach

guided system learning

4 $

Discussion questions with teacher in the classroom

A 4 A 4

Taking post-test and completing post-questionnaire

(learning motivation, self-efficacy, problem-solving tendency.

metacognitive tendency and cognitive load)

$ $

Interviews

45 min

10 min

20 min

80 min

20 min

60 min

10 min

_Cre-le the scenes

B o o

B Busicconceps ¥

B Msbroomsecks v

B Euolution Proce: v

B Gingwrooks v

B Sadstone
i Cheshoud

roaks

B potholes

B Weuerng
Ring

B Fossils

| All the learning scenarios | | The VR environment pictures

Please choose the scene that you want to learn.
1. Basic concepts 2. Mushroom rock concepts
3. Advanced concepts 4. Other concepts

All the learning scenarios

The scene has been selected
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Table 1).The ANCOVA yesult of students’ learning achievement.

/ =7 T 7 Group N Mean 5.D. Adjusted mean Standard error F
Podt-test Experimental group 25 66.48 9.79 65.73 2589 0.011
Control group 19 64.32 16.91 65.31 2979
T T T
4_"li.ablv@-a-.-!‘I’h@ ANCOVA gesult of students’ learning motivation.
=== Group N Mean s.D. Adjusted mean Standard error F
Learning motivation Experimental group 25 347 0.82 347 152 1339
Control group 19 374 0.64 3.74 174
Table 3The ANCOVA fesult of students’ self-efficacy.
——— - Group N Mean s.D. Adjusted mean Standard error F
Self-efficacy Experimental group 25 3.10 073 3.16 124 0.012
Control group 19 3.26 067 318 142
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