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ABSTRACT

Objective: The present study aims to evaluate the visual reactions of users when they are playing games of different flow
levels, and to explore the visual variables that can sensitively reflect the different flow levels. Background: The flow is defined
as a psychological state where interface users feel their actions in a virtual setting identical to those in real environment. To
measure the flow states of users, the questionnaire-based FSS(Flow State Scale) has mostly been used. However, this method
is a qualitative test that has limits in terms of the accuracy of users' flow experiences. Therefore, more accurate methods to
measure users' flow experiences are required. Method: Ten subjects participated in the experiment, where the independent
variables were three games with different flow levels(puzzle games, dot drawing and coloring) and the time frame(the first
and last 10 seconds in game playing), whereas the dependent variables included the pupil size and the frequency and duration
of eye blinking. This study was a within- subject design. Each participant performed three types of games with different
flow levels 3 times for each for 10 minutes, and their visual reactions to each game were measured. Results: The higher the
flow cause the bigger pupil size(p<0.01) and the lower eye blinking frequency(p<0.1), indicating that different types of
games lead to different flow levels. The pupil size during the last 10 seconds when the flow level was higher was bigger by
2.1% compared with that during the first 10 seconds in game playing(p<0.1), and the eye blinking frequency decreased by
12%(p<0.01). Conclusion: It was found out that the pupil size and the frequency and duration of eye blinking were
psychophysiological indices for evaluating users' flow experiences, which could quantify the flow states users go through.
The psychophysiological variables capable of measuring diverse aspects of the flow need diversifying to be applicable to
precise measurement of the flow Application: These studies are warranted for both quantitative analysis of flow levels and
qualitative improvement of cyber leisure in line with development of healthy games.
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2. Method
2.1 Subjects
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Table 1. Mean(SD) of demographic information of participants

Age Corrected Height Weight
(Year) visual acuity (cm) (kg)
N=12 | 25.6+0.4 14103 1722154 62.8+11.5

2.2 Apparatus

AR HE-2- S48 98l faceLABS5 (Australia, Canberra,
Seeingmachines) & AFE-3FF 01, AZE o] faceLAB
5.0.2 HHS 60Hz MEH o2 ARSI TH(Figure 1).

Figure 1. The equipment used in this experiment(face lab 5)
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Table 2. Selected game for this experiment
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3. Results

3.1 Evaluation of qualitative flow

A A = (Flow State Scale, FSS) %%+ 5 scale,
36T o FAE itk AA HEAY (4.06),
A317](3.34), A wet 18]71(3.22) 9 o2 E{TF
=9tk S 7ekAth(Table 3).
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Table 3. Qualitative analysis for FFS

Puzzle Penciling
FSS 4.06 3.22 3.34
*FSS: Flow State Scale

Painting

3.2 Evaluation of visual flow

A RIS, A AR A AR gk 7]

FF), T R
%

Al#Fe Table 49} 7t}

Table 4. Descriptive Statistics for pupil size, blink and
maintenance time of blink

Pupil size(mm)
Puzzle Penciling Painting
Total time 4.11£0.17 | 3.75£0.27 | 4.00£0.37
the first 60 seconds | 4.08+0.22 | 3.67£0.29 | 3.98+0.44
the last 60 seconds | 4.13%£0.18 | 3.82+0.28 | 4.03%+0.34
Blink(frequency/s)
Puzzle Penciling Painting
Total time 0.16£0.05 | 0.17£0.03 | 0.19£0.05
the first 60 seconds | 0.19£0.06 | 0.18+£0.04 | 0.20%0.05
the last 60 seconds | 0.14£0.05 | 0.17£0.03 | 0.18%+0.05
Maintenance time of Blink(s)
Puzzle Penciling Painting
Total time 0.19£0.02 | 0.20£0.02 | 0.18+0.02
the first 60 seconds | 0.19£0.03 | 0.21£0.02 | 0.18%0.02
the last 60 seconds | 0.19+0.02 | 0.20£0.02 | 0.18%0.02

A= A SOl w2k el 1%004, A R

O
TE AoR Yestth = 72wl Wik AlS 113 ARl
w2} fFolE 1%olAl = Al Rk J3ks T+ A
O st (Table 5).
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Table 5. ANOVA assessing for pupil size, blink rate and
maintenance time(F-value)

oo . Maintenance time
Pupil size Blink of Blink
Game type 12.41™ 2.14° 2.86°
Game time 455" | 14.02™ 3.23°
G?}me ope 0.57% 1.90* 0.16*
ame time

a: Non-Significant, *p<0.1, **¥p<0.05, ***p<0.01
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Figure 2. Pupil size and blink on game type and time
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4. Discussion
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5. Conclusion
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