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Figure 6: Analysis of four testing conditions in the comparison task. (a) the time spent completing the task, (b) the number

of executions performed, (c) the time spent for text input, (d) the time spent completing the task excluding the text input

interaction time, (e) the total time spent for creating all branches in Desktop and VR, (f) the average time spent for creating a

branch in Desktop and VR. Solid lines indicate statistical signi!cance with p < 0.05, and dashed lines indicate 0.05 < p < 0.1.

The tables below show the Cohen’s D e"ect sizes for signi!cant comparisons. Circles with black borders indicate the condition

with better results.

p < 0.01(∗∗), p < 0.05(∗), and p < 0.1(·). Additionally, we present

mean metrics with a 95% con!dence interval (CI) and use Cohen’s d

to determine the e"ect sizes of signi!cant di"erences. Comprehen-

sive statistical analysis results can be found in the supplementary

materials.

5.1 Quantitative Results

All participants successfully completed the study tasks, resulting

in no variance in accuracy metrics. In the rest of this section, we

present results from other measurements that highlight perfor-

mance di"erences among the conditions.

Completion time for the navigation task. The computing

environment signi!cantly in#uenced the time taken for deletion

(one-stop navigation) and relocation (two-stop navigation), with

both ∗ ∗ ∗. On average, VR only required nearly half the time com-

pared to Desktop, exhibiting statistical signi!cance and large e"ect

sizes. To be more speci!c, Desktop witnessed a considerable 38.0%

increase in completion time (from avg. 34.7s to avg. 47.8s) between

deletion and relocation, VR exhibited only a 15.7% increase (from

avg. 18.8s to avg. 21.7s) (refers to Fig. 5). Consequently, we accept

Hnav .

Completion time for the comparison task. We found that

having the branching feature had a signi!cant e"ect on time and

execution number (∗ ∗ ∗), and the interaction of the computing

environment and having the branching feature also had a signi!cant

e"ect on time and execution number (∗ ∗ ∗). We did not !nd the

computing environment had a signi!cant e"ect.

Branc+ conditions were signi!cantly faster than L,near condi-

tions, for both VR and Desktop (∗ ∗ ∗), with large e"ect sizes, see

Fig. 10 (a). Additionally, having Branc+ also signi!cantly reduced

the number of executions required for both VR and Desktop, with

large e"ect sizes, see Fig. 10 (b). Thus, we accept Hcomp−branch .

On the other hand, we did not observe VR outperforming Desk-

top in the comparison task. In fact, VR+Branc+ took longer than

Desktop+Branc+. Therefore, Hcomp−env cannot be accepted.

Text input time analysis. In our observations, we noted that

participants devoted a considerable amount of time to text input

within the VR environment, despite our e"orts to streamline and

enhance the text input experience, as outlined in Sec. 3. To sys-

tematically understand this in#uence, we analyzed the duration

dedicated to text input across all test conditions. We discovered

that the VR conditions necessitated signi!cantly more time for

text input compared to the Desktop conditions (∗ ∗ ∗), with VR+

L,near taking more time than VR+Branc+ (∗ ∗ ∗)—both !ndings

having large e"ect sizes. On average, text input consumed 144.3s,

or 29.5% of the total time, for VR+L,near, and 79.3s, or 27.1% for

VR+Branc+. In contrast, desktop scenarios required a mere 7.2s

(1.6%) for Desktop+L,near and 5.9s (2.3%) for Desktop+Branc+,

as shown in Fig. 10 (c). This data validates our observations, high-

lighting that text input in VR signi!cantly hindered performance.

In a subsequent post hoc analysis, we excluded text input du-

rations from all conditions and re-conducted the analysis, refer to

Fig. 10 (d). The results suggested that VR+L,near was faster than
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Figure 7: User ranking of overall user experience. Solid lines

indicate signi!cant di"erences with p < 0.05. The tables on

the right show the Cohen’s D e"ect sizes for signi!cant com-

parisons. Circles with black borders indicate the condition

with better results.

Desktop+Linear, with a medium e!ect size and statistical signi"-

cance (∗∗). Although there appeared to be a trend with VR+Bran+,

outpacing Desktop+Bran+,, this distinction was not statistically

signi"cant.

Branch creation e#ciency. To further investigate the perfor-

mance di!erences between Desktop+Bran+, and VR+Bran+,,

we examined the time taken for branch creation in both Desktop

and VR environments, where we consider the total time of creating

and placing branch windows, as illustrated in Fig. 10 (e, f). This

analysis encompassed the duration required for both the creation

and positioning of the newly created branches. Our "ndings indi-

cate that branch creation in VR+Bran+, was notably slower than

in Desktop+Bran+, (∗ ∗ ∗), exhibiting a large e!ect size.

Ranking and ratings. Participants signi"cantly favored the

Bran+, conditions over the Linear conditions (∗ ∗ ∗), as depicted

in Fig. 7. Among them, VR+Bran+, was most frequently cited

as o!ering the best overall experience, with 80% of participants

placing it "rst. In contrast, 20% of participants ranked Desktop+

Bran+, as their top preference, and no participants considered

Linear conditions as their most preferred condition.

Signi"cant e!ects were also observed across all perceived met-

rics: physical demand (∗ ∗ ∗), mental demand (∗ ∗ ∗), engagement

(∗ ∗ ∗), and e!ectiveness (∗ ∗ ∗). Bran+, conditions outperformed

Linear conditions in terms of mental demand (∗ ∗ ∗), engagement

(∗∗∗), and e!ectiveness (∗∗∗), all exhibiting large e!ect sizes. More-

over, VR conditions were found to be more physically demanding

than Desktop conditions (∗ ∗ ∗). VR+Bran+, emerged as the most

engaging condition, boasting an average rating of 6.65 out of 7

with a con"dence interval of 0.46. Impressively, 85% of participants

awarded it the highest engagement score.

5.2 Layout Strategies

To better understand how participants utilized the display space,

we analyzed the "nal layouts of each trial to understand participant

strategies in Desktop and VR settings, with detailed collections

available in the supplementary materials.

Within the Linear conditions, we observed a limited number of

layout-related interactions. Notably, in Desktop+Linear, the vast

majority of participants refrained from repositioning or resizing

windows. Meanwhile, in VR+Linear , certain alterations to the

initial layout were made: eight participants expanded the last result

window, while two relocated select “key” windows—namely, those

Figure 8: Subjective ratings on (a) physical demand, (b)mental

demand, (c) engagement, and (d) e"ectiveness by task. To-

wards the right end of sub!gures means better-perceived re-

sults. Solid lines indicate statistical signi!cance with p < 0.05,

and dashed lines indicate 0.05 < p < 0.1.

containing cells crucial for generating comparisons, and the result

window itself.

In contrast, the Bran+, conditions manifested a wider array

of layout strategies, especially in terms of the placement of newly

created branching windows. Within the Desktop+Bran+, con-

dition, a dominant group of participants (15) arranged branching

windows in a grid pattern. Initially, many aimed for a horizontal

alignment, but due to spatial constraints, opted for additional rows,

as depicted in Fig. 9 (a). The other "ve participants chose a vertical

layout, establishing a secondary column, as illustrated in Fig. 9

(b). In VR+Bran+,, similar to VR+Linear, numerous participants

enlarged and/or relocated particular “key” windows. Within the

large display space in VR, positioning of all branching windows

could be orthogonal to the initial setup direction, eliminating over-

lap between connecting lines and windows—a choice made by 13

participants, showcased in Fig. 9 (c). Meanwhile, seven participants

opted to conserve vertical space, forming an extra column within a

grid layout, displayed in Fig. 9 (d).

5.3 Qualitative Feedback

We conducted a qualitative analysis to identify common themes in

user feedback for each condition. To systematically interpret our

collected feedback data, two authors formulated a coding scheme

rooted in the "rst "ve participants’ feedback, which was subse-

quently applied uniformly to subsequent participants. The top three

codes and those mentioned by participants more than "ve times

were reported for every condition (with frequency shown in paren-

theses). We concluded by summarizing the overarching insights
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