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A PRE-STUDY

A.1 Pre-Study: Procedure

Table S1: Overview of the pre-study procedure.

Step Name Description

1 Welcome Participants were welcomed and introduced to the study. Moreover, they
were asked to give written informed consent and to fill in a questionnaire
assessing demographic variables.

2 Training Participants completed multiple training trials in each visualization de-
sign space until they fully understood the task.

3 Trial Block A Participants completed four trials in a systematically assigned design
space.

4 Measures of Immersion Participants were asked to answer the single immersion question and the
immersion questionnaire.

5 Trial Block B Same as step 3, but with the next design space as prescribed by counter-
balancing.

6 Measures of Immersion Same as step 4.

7 Trial Block C Same as step 3, but with the next design space as prescribed by counter-
balancing.

8 Measures of Immersion Same as step 4.

9 Trial Block D Same as step 3, but with the next design space as prescribed by counter-
balancing.

10 Measures of Immersion Same as step 4.

11 Semi-Structured Interview Participants were asked a predefined, but not limited set of questions.

12 Closing Participants were thanked and paid.

A.2 Pre-Study: Overview of Collected Data

Table S2: Overview of all data collected throughout the pre-study.

Data Gathered Description Analysis

Single Measure of Immersion Single question (Sect. A.4.1) on subjectively perceived
immersion. Assessed after each design space / trial
block.

Answers were given on a five-point rating
scale from 1 (not immersed) to 5 (very im-
mersed). Subsequently, statistical analyses were
performed.

Multiple Measure of Immersion Questionnaire consisting of 18 questions (Sect. A.4.2)
from various immersion questionnaires

Immersion scores were computed by summing
up participants’ responses and statistical analy-
ses were performed.

Semi-Structured Interview In addition to more open questions, the interview in-
cluded the collection of individual ratings for presence
and abstractness (for which Likert scales ranging from 1
to 5 were used; see Sect. A.4.3)

Median abstractness and presence scores were
evaluated quantitatively. Answers to open ques-
tions were evaluated qualitatively.



A.3 Pre-Study: Study Results
To evaluate differences in the level of immersion between design spaces, a non-parametric Friedman test was deployed (χ2(3) = 24.23,
p < .001). We used a non-parametric test because of skewed distributions. Wilcoxon signed-rank tests were conducted as post hoc tests to follow
up this finding. A Bonferroni correction was applied (to control for multiple testing) and so all effects are based on a significance level of α = .008.

A.3.1 Pre-Study: Results - Single Measure of Immersion

Table S3: Immersion Question: Results of Bonferroni-corrected Wilcoxon signed-rank tests.

design space z p effect size (r)

Screen2D Screen3D -1.90 .055 -.27

VRTable -2.84 .001 -.41

VRRoom -2.75 .002 -.40

Screen3D VRTable -2.85 .001 -.41

VRRoom -2.61 .003 -.38

VRTable VRRoom -.75 .307 -.11

A.3.2 Pre-Study: Results - Multiple Measure of Immersion

Table S4: Immersion Questionnaire: Results of Bonferroni-corrected Wilcoxon signed-rank tests.

design space z p effect size (r)

Screen2D Screen3D -2.12 .016 -.31

VRTable -2.90 .001 -.42

VRRoom -2.90 .001 -.42

Screen3D VRTable -2.94 < 0.001 -.42

VRRoom -2.87 < 0.001 -.41

VRTable VRRoom -1.88 .031 -.27

A.3.3 Pre-Study: Results - Quantitatively Evaluable Interview Questions

Table S5: Interview questions about subjectively perceived presence and abstraction: Results of Bonferroni-corrected
Wilcoxon signed-rank tests.

design space z p effect size (r)

Screen2D Screen3D -2.89 .001 -.41

VRTable -3.27 < 0.001 -.47

VRRoom -3.28 < 0.001 -.47

Screen3D VRTable -2.75 .002 -.40

VRRoom -2.97 .001 -.43

VRTable VRRoom -2.67 .005 -.39



A.4 Pre-Study: Questionnaires and Interview Structure

A.4.1 Pre-Study: Single Measure of Immersion (Immersion Question)
During the introduction to the study, participants were made familiar with the concept of immersion. The single measure presented below served
as an additional measure for the assessment of subjectively perceived immersion.



A.4.2 Pre-Study: Multiple Measure of Immersion (Immersion Questionnaire)

The second measure was a questionnaire on immersion which combined various questions on immersion from established questionnaires. We
used all questions from the Igroup Presence Questionnaire (IPQ) [3] in its original form, except for one question that caused confusion in the pilot
study, namely SP3. Moreover, we included questions from Witmer and Singer [4] (PQ), Lessiter et al. [2] (ITC) and Jennett et al. [1] (IEQ). We
carefully selected questions from immersion questionnaires that fit our task and scenario. Another requirement was that they had to be suitable for
both conditions: Screen and VR. Questions like “I did not feel as if I was moving through the game according to my own will.” (S19 from IEQ)
were therefore excluded. Immersion scores were computed by summing up participants’ responses to all 18 questions.
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A.4.3 Pre-Study: Semi-Structured Interview

After all trials were completed, we conducted a semi-structured interview following the structure described below. We noted down answers to
open questions and justifications given by participants for their answers. The structure was intended for the study supervisor to have a guideline at
hand for the overall interview.











General Comments



B MAIN STUDY

B.1 Main Study: Procedure

Table S6: Overview of the main study procedure.

Step Block Name Description

1 Welcome Participants were welcomed and introduced to the study. Moreover, they were asked
to give written informed consent and to fill in a questionnaire assessing demographic
variables.

2 A Training Participants completed multiple training trials in the visualization design space of this
block until they fully understood their task.

3 A Trials Participants completed eight trials in a systematically assigned design space.

4 B Training Same as step 2.

5 B Trials Same as step 3.

6 B Memorability
Assessment

Participants completed the memorability questionnaire concerning the last completed
trial. This was only assessed for one single task to avoid learning effects. Participants
did not know that they have to recall the dataset after the trial.

7 C Training Same as step 2.

8 C Trials Same as step 3.

9 D Training Same as step 2.

10 D Trials Same as step 3.

11 Final Questions
and Open Dis-
cussion

Participants were asked a predefined, but not limited set of questions.

12 Closing Participants were thanked and paid.



B.2 Main Study: Overview of Collected Data

Table S7: Overview of all data collected throughout the main study.

Data Gathered Description Analysis

Video & Audio Participants were recorded during the trials. Recordings were used in the video analysis process to
count errors and find recurring patterns in user behaviour.

Error Rate Participants were asked to point to clusters in the in-
spected scatterplot visualizations (with the mouse or VR
controller) and to inform the study supervisor that they
had found a cluster. In addition, they were asked to sum
up the total number of clusters found at the end and to
communicate their result to the study supervisor.

Throughout an exhaustive video analysis, a minimum of
two persons encoded the clusters found by participants.
The error rate was calculated as the number of clusters
found divided by the overall available amount of clusters.
Subsequently, the results were statistically evaluated.
In the scope of the video analysis, we also encoded
deviations from the amount of clusters actually found
and the reported amount of clusters found. Moreover, we
looked for common mistakes or pitfalls the participants
made when solving the task (e.g., loss of orientation and
double counting clusters).

Task Completion Time The task completion time was logged as the time from
the appearance of the scatterplot to the participant’s state-
ment that he/she had finished the task.

Task completion times were evaluated statistically.

Memorability Score After the second trial block, participants were asked to
complete a memorability questionnaire in which they
had to recall the dataset/scatterplot from the previous
trial and write down the number and shape of clusters
found.

We created the memorability rate by comparing the re-
called cluster shapes with the actually available cluster
shapes in the dataset.

Body & Head Movement For the immersive environments, we tracked the move-
ment of the participants (position and head orientation).

The total distance, participants walked, and the total
amount of head rotations were evaluated.

Subjective Preference After all trial blocks were completed, we asked the par-
ticipants several questions. They were asked to rank the
four design spaces by difficulty and state the preferred
design space. This was followed by an open discussion
about the study.

Average preference ratings as well as the distribution of
responses given were analyzed.



B.3 Main Study: Study Results

B.3.1 Main Study: Results - Error Rate by Visualization Design Space

Table S8: Error rate by visualization design space. Results of Bonferroni-corrected post hoc tests (Wilcoxon
signed-rank tests).

design space z p effect size (r)

Screen2D Screen3D -3.95 < 0.001 -.47

VRTable -4.87 < 0.001 -.57

VRRoom -4.57 < 0.001 -.54

Screen3D VRTable -1.36 1 -.16

VRRoom -0.23 1 -.03

VRTable VRRoom -1.13 1 -.13

B.3.2 Main Study: Results - Error Rate by Noise Level

Table S9: Error rate by noise level. Di f f erence indicates the increase in the error rate when comparing the low noise
condition with the high noise condition. Results of t-tests.

design space di f f erence t(17) 95% CI p r2

Screen2D 6.54% -2.01 [-.34%, 13.43%] .06 .19

Screen3D 1.3% -.39 [-5.96%, 8.63%] .70 .01

VRTable 5.74% -2.27 [.40%, 11.08%] .05 .23

VRRoom 5.54% -2.19 [1.21%, 9.88%] .05 .22

B.3.3 Main Study: Results - Task Completion Time by Visualization Design Space

Table S10: Comparison of the task completion time between the visualization design spaces.

design space average difference 95% CI p

Screen2D Screen3D -.141 [-.288, .006] .066

VRTable -.066 [-.177, .045] .565

VRRoom -.087 [-.180, .005] .072

Screen3D VRTable .075 [-.056, .205] .633

VRRoom .054 [-.072, .180] 1

VRTable VRRoom -.021 [-.104, .062] 1



B.3.4 Main Study: Results - Body and Head Movement

Table S11: Comparison of the two VR visualization design spaces with regard to the covered distance and head
rotations. Results of t-tests.

VRTable vs. VRRoom t(17) p r2

Distance -8.80 < 0.001 .82

Head Movement -8.80 < 0.001 .82



B.4 Main Study: Questionnaires

B.4.1 Main Study: Memorability Assessment

Memorability Assessment 
 

ParticipantID 

______________________ 

 

Number of Clusters: ____________ 

 

How were the clusters shaped? 

 

 



B.4.2 Main Study: Final Questions

Final Questions  
 

Please order the four different visualization design spaces by difficulty.  

Assign ranks from easiest (1) to hardest (4).  

Please use all ranks only once.  

 

Scatterplot-Matrix:  _____   

VR-Table:    _____ 

Scatterplot-3D (Screen) :  _____ 

VR-Room:    _____ 

 

 

 

Which visualization design space did you prefer? 

O Scatterplot-Matrix 

O VR-Table  

 

O Scatterplot-3D (Screen) 

O VR-Room 
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