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Abstract

Background  This study focuses on the uncertainty inherent in forecasting data and examines the
effectiveness of uncertainty representation for user-centered data visualization. We propose a practical
design approach through a case study of mobility services and explore the potential for its extension to
future forecasting systems.

Methods A comprehensive literature review on forecasting data visualization was conducted,
with a particular emphasis on uncertainty visualization theories including core concepts, principles
of representation, and prior studies from a communication perspective. The study collected screens
from actual mobility services to systematically extract forecasting types as well as to identify current
visualization practices, and conducted a user study on uncertainty visualization by designing experimental
stimuli for route congestion forecasting information.

Results Although the reliability of existing forecasting data was generally high; users were
significantly influenced by subjective factors which leads them to interpret and apply the information in
varying ways in risk situations. Since the addition of uncertainty representation increases the cognitive
load, stepwise color differentiation integrated with map elements was more effective than using
numbers or graphs for visualization. Subsequently, final stimuli reflecting user requirement, such as
variable integration, verbal expression, and probability notation, were statistically validated, revealing
improvements in perceived information usefulness.

Conclusions  The representation of uncertainty in the forecasting visualization enhances users’ intuitive
understanding and plays a meaningful role in traffic decision making. However, achieving a balanced
design between informational clarity and visual complexity emerges as a key challenge. Future research
should involve quantitative experiments using real-world data and conduct more context-specific
evaluations of visualization strategies.
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Figure 1 Probabilistic forecasting data visualization techniques
Ol= Alztst FIFHQI 7| EH*

Confidence Band
Overlapping Bands**
| .. RSN Blur**
Circular Glyphs**
Colored Makers

2I21 IIEOIM AAI D OS2 SEX SSHalY Bl Lt ARAL 17
(Karagappa et al., 2024)

95% PI Plot**

'Y ’Y PY Ensemble Plot
[} ° ] Point Plot
® ® °

AAE HIZ0M2 S2Had AlZtet it H7
(Leffrang, D., & Miiller, O., 2024)

Percentage increases in output on a year earlier

1 <——— Projection ———

ONS data

Fan Chart**

W N alOdo N oW oA on oo

2015 16 17 18 19 20 21 22

34 A SAHOIA S| H0IE S=tAY S8 L 7FLIZ0|M0] &gt A7
(Bank of England, 2019 ; Mazzi, Mitchell, & Carausu, 2021)

Figure 2 Uncertainty representations in time-series forecast visualizations
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Table 1 Types and characteristics of forecasting information in mobility services
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Figure 3 Representative screens of forecasting visualization in mobility services
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Figure 4 Examples of urban traffic flow and monitoring analysis visualization
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Table 2 Research questions for Experiment 1
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Table 3 Measurement variables based on prior studies
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Figure 5 Real-time forecasting visualization design experiment with road congestion uncertainty
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Table 6 Response results on the reliability of forecasting information
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Table 7 Results of responses on the evaluation of uncertainty visualization
oA AH
HE SE2Y Azt ==
Type n o HEMX} Type n o HZEHX}
Control 4.58 1.08 Control 2.09 1.56
UV(a) 53 2.92 1.69 UVv(a) 53 4.00 1.43
UV(b) 4.51 1.27 UV(b) 2.74 1.79
Uv(o) 2.66 1.52 uv(c) 4.04 1.53
2%
Type n B HZEHXt
Control 4.34 0.96
UV(a) 2.51 1.71
UV(b) >3 4.28 1.17
uv(c) 3.06 1.45
e 23
7t54 et
Type n H HEWEAL Type n g HEWEAL
Control 5.02 0.97 Control 4.87 1.06
UV(a) 63 2.04 1.58 UV(a) 53 2.45 1.64
UV(b) 4.28 1.49 UV(b) 4.38 1.50
uv(o) 2.74 1.70 uv(c) 2.96 1.65
HEd 0d
Type n Hr BEHEL Type n Hr HZEMHXt
Control 3.79 1.51 Control 3.62 1.51
UVv(a) 53 2.40 1.78 UV(a) 53 2.19 1.61
UV(b) 4.26 1.44 UV(b) 3.85 1.65
uv(o) 2.66 1.64 uVv(c) 2.70 1.61
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Table 8 Research model and hypothesis for Experiment 2
A7 2 3 IHd
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Table 9 Survey measurement elements for Experiment 2
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Table 10 Demographic and descriptive information of survey participants for Experiment 2

Q1T SHEH 4

g4 HIZ(N) HME(%) Lto|cH Hiz HUE
o 15 43.7 18~24AM| 2 2.8
o 38 56.3 25~31A| 29 440.8
32~38M| 21 29.6
39~45M| 2 2.8
46~52M 3 4.2
a0l 14 19.7
LIO|CHE HYUI|E] MH|A 0| Rz
Lto|cH Uz BEHXL F P
18~24AM| 5.50 0.707
25~31M 4.24 1.272
32~38A| 4.71 1.586 1.15 0.343
39~45M| 5.50 0.707
46~52M| 5.67 0.577
oy 4.79 1.477
@M A% 9 8A
2% W 5t9] B0l 24 SIS Slsh] Slal 4%l B4 U ARE A5, B4 WASS gAY
29 AL ks AAstgon Y gES BE fo% A0 tehirtTable 1), #5402 59
RE T AR B9 99 7 A4 A Aol B(HI, H), GAFIALLL Fo 4w FA% %€
$84 Alo]9] ATHe EAH 0.2 A aGrHH3),

Table 11 Results of scale validity analysis for Experiment 2

AME|E A5
ol Cronbach’s alpha
QIX|=5} 0.754
XZE R84 0.933
HE = 0.852
Q09I Efgt: 2 At
KMOS| E2XE: 0.864
approx.x” 781.485
Barlett2| & #d XRE(df) 28
p <.001
200 24
& A3 HE HfY
#ol A B8y aolmpy o M )
T Yottt X %

Q1 #3Ey .820 .899 4.064 50.800 50.800

Q2 8% .707 .831
x|zt ~
o2 Q38 805 823

Q4 =2 T74 .875

Q5 Al .865 901

Q1 =3 792 .881 2.062 25.776 76.576
oIX
us: Q2 2 798 885
=

Q3 M1t 564 534
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Table 12 Results of hypothesis testing table(Cognitive Load, Perceived Usefulness)
S=Ed THE
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Q22X 4™ 0.296 0.587 -.997 140 0.320
Q3+ dut 0913 0.341 -.108 140 0.914
SEMAHY T8
E (M) F FoUE t NRE ROEEES)
TIA| 0.016 0.900 2.085 140 0.039
X|ZtEl Q1 &AH 1.149 0.286 2.167 140 0.032
789 Qe 0.005 0.944 0.944 140 0.272
Q&= 0.203 0.653 0.653 140 0.014
Q=3 2.685 0.104 0.104 140 0.179
Q5 Rralzd 0.124 0.725 0.725 140 0.043
[H3] AT 15 A1 43 73 9] AR F42 A 4E f-8A4 43S 1A Aot
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UV(d)EE} A, FHIA, AR, AR 5 AR FHY BE A =
g UV(e)7F UV(DET frolgt 2fo| = w2 Al a8 Hel A&

940 A 012 A0 shet otk A% B S UV, UV(E) 25 H2L8, DL, 314,
5ol w02 ettt e $X9 vl PL o} A Z BN EES PR oju el S

HEAL o)Ak 7H=AJ o] o] AL <o 4= 9,

Table 13 Results of hypothesis testing table(Information Quality)

ChAMS 5| A
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t(p) F(p) R?
B SE P P
o= 0.093 0.205 0.65
<.001 0.701
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Table 14 Further discussion to advance forecasting visualizations in mobility service
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