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Abstract. Metaverse, specifically defined and previously known as virtual
worlds, has recently gained wide attention from the public to education. Prior
literature has validated this immersive virtual reality (VR) on facilitating stu-
dents’ problem-solving, communication, and collaboration. However, many
challenges including learning outcomes may result from the scarcity of investi-
gation in collaborative learning activities. Accordingly, this study adopted the
repertory grid (RG) technique to identify the collaborative learning constructs in
the virtual worlds; we also assessed the RG procedure and modified the con-
structs for subsequent studies. During the process, six experts from academics
and schools were recruited to design activity planners for construct elicitation.
After completing the RG survey by the other 6 participants, the consistency re-
sults revealed a moderate correlation between two participants both possessing
higher related experiences. Most importantly, based on the participants’ feed-
back, this study successfully streamlined the RG flow and determined a 24-con-
struct grid for the upcoming research.

Keywords: metaverse, virtual world, immersive VR, collaborative learning,
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1 Introduction

The metaverse, as an epidemic word after Meta launched its virtual reality (VR) product
in 2019, seems like a “future expectation” for the educational field. Nevertheless, the
associated technology, namely virtual worlds, has been integrated into schools for over
two decades [1][2]. Virtual worlds can be a supporting platform of immersive VR
(iVR), which refers to a 3D virtual environment in which users wear VR headsets or
head-mounted displays to interact with each other with their own avatars [3][4].
According to the prior literature on collaborative learning, the virtual worlds signif-
icantly improved students’ visual communication, problem-solving, and learning en-
gagement [5][6][7]. However, due to the rapid technological advancement, the learning
modes and strategies in virtual worlds for iVR are different from those in non-immer-



sive VR, such as desktop VR. In other words, rare studies investigate what key activi-
ties, materials, and instruction in the virtual world can successfully facilitate students’
collaboration. Consequently, this gap may cause multiple challenges, such as learning
gains, audio communication, and socializing [8][9].

Given that practical examples and studies of virtual worlds for iVR are scarce,
Kelly’s repertory grid (RG) is adopted in this study to answer this question. The RG
technique was originally proposed by Kelly in 1955 based on the theory of personal
construct psychology [10][11]. Specifically, the repertory gird allows researchers to
extract abstract cognitive concepts through a series of construct elicitation [12][13][14].
Thus, it is an optimal method to identify the latent constructs and build the cognitive
model.

In light of this, our current project aims to discover the cognitive constructs of col-
laborative learning in the virtual world of iVR, using the RG survey. As a pilot inves-
tigation, this study attempted to confirm the feasibility of the RG process for collabo-
rative learning of iVR, and adjust the initial constructs for the foundation of further RG
survey and experimental research.

2 Method

In order to achieve the research goal, this study employed the repertory grid (RG) tech-
nique. Based on the comparison study [15], this study also used the contrast method
appropriate for the activity planner contrast. In terms of the participants, six experts
whose backgrounds related to iVR curriculum design and iVR teaching experience
were invited from both academics and schools in Taiwan.

To illustrate, the whole RG process referred to the study [11], was as follows (see
Fig. 1): the researchers first outlined the relevant literature and sent it to the experts for
their reference on activity planner design. After receiving the planners, the researchers
interviewed each expert online to elicit the constructs regarding collaborative learning
in the virtual worlds of iVR. Next, an online RG questionnaire was built based on the
expert’s constructs. This study then recruited 6 participants to complete the RG survey,
and ultimately assessed the consistency and collected data.
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Fig. 1. The proposed procedure in this study.

3 Results

This study received data from all the six participants. The participants consisted of 4
females and 2 males, consisting of undergraduates, graduates, and a research assistant
holding a master’s degree. On average, most of the online questionnaires were com-
pleted from 55 minutes to 1 hour and 10 minutes. Specifically, for the first part of the
repertory grid (RG) survey, it mostly took the participants 15 to 20 minutes to evaluate
the first activity planner and gradually decreased to 10 to 15 minutes for the following
planners; on the other hand, the participants finished the second part of impact assess-
ment in about 1.5 minutes. In addition, one participant filled up the answers in around
20 minutes, whose answers were different from the others; thus, we discarded this data
before the correlation analysis. Overall, the time spent provided a reliable reference for
the researchers to determine the appropriate length of the subsequent RG survey.

Since this pilot study aimed to discover the questionnaire’s weight consistency and
latent problems, this study performed Pearson’s correlation to achieve our objective.
The correlation data from the remaining five participants was demonstrated in Table 1.
To illustrate, based on the correlation strength in a study [16] shown in Table 2, only
P1 and P5 moderately correlated with each other (r = .58, p <.01). Apart from the data
between P2 and P4, along with P3 and P4, the rest of the participants presented weak
correlation (rsis2 = .31, p <.001; rass = .18, p < .05; res3 = .22, p <.001; ras = .2, p
<.05; rsps5 = .29, p <.001; rzss = .18, p < .05; rsss = .23, p < .01).



Table 1. Pearson’s correlation results.

Variable M SD 1 2 3 4
1.P1 2.36 1.68
2.P2 2.51 1.39 31F**
[.15, .45]
3.P3 2.25 1.76 .18* 22%**
[.01, .33] [.05, .37]
4. P4 2.51 0.70 .20* —.04 .00
[.03, .35] [-.21, .13] [-.16, .17]
5.P5 2.48 1.56 58*** 29%** .18* 23%*
[.45, .68] [[13, .44] [.02,.34] [.07,.38]

Note. Values in square brackets indicate the 95% confidence interval for each correlation.
*p <.05. **p < .01. ***p < .001.

Table 2. The strength of correlation coefficients

Absolute value Correlation
~1 Perfect
0.70-0.99 Strong
0.40-0.69 Moderate
0.01-0.39 Weak
~0.00 Zero

Note. Modified from “Statistics without maths for psychology,” by C. P. Dancey and J. Reidy,
2020, Pearson Education Limited, p. 304.

After the initial discussion with the six participants, the researchers modified several
constructs and improved the questionnaire instruction. We amended some words in c2,
3, ¢4, c5, ¢16, c19, c20, and ¢23, and their contrast constructs to minimize semantic
ambiguities in the construct meanings. Furthermore, given the participants reflected
they were confused about when to scale with a score of 3 using the 5-point scale, we
clearly defined it in the subsequent questionnaire instruction. For example, “Score 3 is
marked when you cannot find or are unsure whether to attribute either a similar or con-
trast construct in the evaluated planner,” this statement was added to the instruction.
Finally, the updated RG for collaborative learning in the virtual world was determined,
as indicated in Table 3.
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Table 3. Repertory grid for the following study

5

Constructs

Activity Planners

1

2

3

4

5

6

Constructs

cl Student groups have interactive
learning

cl’ Students study by themselves
within the group / there is no interac-
tive learning between groups

¢2 Students discuss in the virtual
world

¢2' Students do not discuss in the vir-
tual world

¢3 Students discuss outside the vir-
tual world

¢3' Students do not discuss outside the
virtual world

c4 Peers in the group assess each
other / offer feedback

c4' Peers in the group do not assess
each other / offer feedback

c5 Peers between the groups assess
each other / offer feedback

c5' Peers between the groups do not
assess each other / offer feedback

c6 Teacher provide constructive ma-
terials to students

c6’ Students create constructive mate-
rials by themselves

¢7 Teacher guidance outside the vir-
tual world

c7' Self-study activities outside the
virtual world

c8 Teacher arouses students’ moti-
vation

c8' Students directly experience learn-
ing context

c9 Teacher-limited scope / specified
topic

c9' Student-chosen topic

¢10 Teacher instruct VR operation

c10’ Teacher does not instruct VR op-
eration

cl11 Teacher asks questions during
the activity

c11’ Teacher do not ask questions dur-
ing the activity

cl2 Teacher highlights the key
points

€12’ Teacher does not highlight the
key points

¢13 Teacher gives grades / feedback

c13' Teacher does not give grades /
feedback

c14 Students observe and explore in
the virtual world

c14’ Students do not observe and ex-
plore in the virtual world

¢15 Students solve problems / com-
plete tasks in the virtual world

¢15’ Students do not solve problems /
complete tasks in the virtual world

c16 Students verbally explain / re-
port learning content

16’ Students do not verbally explain /
report learning content

¢17 Students follow standards to cre-
ate materials

c17’ Students freely create materials

c18 Students adjust their co-work
during the activities

€18’ Students do not adjust their co-
work during the activities

c19 Students make final presenta-
tions in the virtual world

€19’ Students do not make final
presentations in the virtual world

c20 Students present final results in
the real world

€20’ Students do not present final re-
sults in the real world

c21 With virtual avatar

c21’ Without virtual avatar

€22 Scenes in the virtual world show
prompts

€22’ Scenes in the virtual world do not
show prompts

¢23 Students can do activities in dif-
ferent scenes / attractions within the
virtual world

€23’ Students can only do activities in
the same scene / attraction within the
virtual world

c24 Learning sheets outside the vir-
tual world

€24’ Learning sheets inside the virtual
world




4 Discussion and Conclusion

This pilot study attempted to evaluate and improve the repertory grid (RG) for the sub-
sequent investigation for collaborative learning constructs in virtual worlds of iVR. The
result enabled us to preferably estimate the survey’s total duration and streamline the
research procedure. Despite the pilot results failing the consistency test, this research
considered the correlation coefficient between participant P1 and participant P5 to be
higher than the others due to more experience in the related topic. In other words, it
might be derived from the fact that other participants did not obtain master’s degrees
and had relative limited associated background knowledge. Nevertheless, their opinions
were valuable for developing the following RG questionnaire for iVR. We modified
our constructs to be more understandable according to the suggestions from these par-
ticipants and finally built the RG framework. This grid comprising 24 constructs will
then be delivered to the same group of interviewed experts for our upcoming research,
exploring the key constructs of collaborative learning in the metaverse.
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