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Background Users’ expectations of high speed have been steadily growing as the
hardware and network performance of smartphones have advanced. The length of
time before an app starts to run (load time) is one of the critical factors that can
indicate the speed performance of smartphones. However, the speed that users
actually feel may depend not only on the load time but also on other design factors
related to user interfaces or content.

Methods By investigating user satisfaction with app load times on a recent
smartphone, this study identified several possibly influential design factors.
In order to more closely examine the effects of these core design factors on
speed satisfaction, Android apps that can control load times and design factors
were developed and three experiments were conducted. The experiments were
performed to evaluate user satisfaction with load speeds according to the type
of contents (simple text, multimedia), type of loading screen (empty, intro, and
loading circle), and animation effects (no animation, enlarging, sequential, and
scattered) under different load times.

Results First, the participants’ satisfaction level reached a level of 70%
when the load time was about 1.6s, and 50% when it was about 2.7s. Second,
the content type seldom had an influence on speed satisfaction. Third, when
the load time was shorter than 1.75s, an empty loading screen was better than
any other type of screen. Finally, sequential loading animation always showed
high satisfaction regardless of the load time. It was found that sequential and
continuous changes of the screen might make participants more willing to endure
a longer waiting time.

Conclusion  This study presented several guidelines for proper load times,
screen types, and animation effects to enhance user satisfaction with the app
loading speed in smartphones.
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Table 1 Existing guidelines related to proper app load time

Related topic Timing (sec)

Response to “System, can you do work for me?”
(Miller 1968)

System response to a simple request

2s (simple), 5s (complex)

(Smith & Moister 1986) 0.5-1.0s
Initial response to system access (Lim 1994) 3s
Work-in-progress window (TAFIM 1996) (5s
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Inquiry (MIL-STD 1472F 1999) 2s (commonly used), 10s (seldom used)

Response time on the tasks 1s (simple, frequent), 2-4s (common),
(Shneiderman & Plaisant 2010) 8-12s (complex)

App load time 1s (standalone app),

(Kim, Song & Park) 3s (online app)
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Figure 1 Result of regression analysis between app load time and user satisfaction
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Figure 2 Analysis of screens and duration times during loading apps (top—Cyworld, bottom-
Facebook)
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Figure 4 User satisfaction on load speeds of both simple text and multimedia contents in terms

of load times

Table 2 Result of non-parametric Friedman test on satisfactions between two load times
(" & "indicate significance level 0.01 & 0.05)

load time Average difference Statistics p-value
0.9-1.4s 23.06 U=104 0.000”

1.4-2.4s 14.44 U=360.5 0.001"

2.4-3.3s 16.39 U=276 0.000"

3.3-4.5s 11.39 U=458 0.02
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4.5-5.4s 5.28 U=551.5 0.10

5.4-6.4s 7.22 U=495 0.06
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Figure 5 Result of regression analysis between load time and user satisfaction in the experiment |
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Table 3 Result of paired t-test on satisfactions between two loading screens(” & " indicate
significance level 0.01 & 0.05)

Loading screens Average difference Statistics p-value
Empty-Intro -3.33 t=1.282 0.106
Intro—Circle -0.42 t=0.171 0.077
Empty-Circle -3.75 t==1.476 0.433
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screens(Empty, Intro) and user satisfaction in the experiment Il
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Table 4 Result of paired t-test on satisfactions between two animation types(” & " indicate
significance level 0.01 & 0.05)

Loading animations Average difference Statistics p-value
No-En 0.00 t=0.00 0.5
En-Se -7.50 t=-2.16 0.0217
Se-Sa 6.67 t=3.76 0.001"
Sa-No 0.83 t=0.17 0.433
No-Se -7.5 t=-1.81 0.041"
En-Sa -0.83 t=-0.22 0.413
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Figure 10 User satisfaction on load speeds of four types of animation effects in terms of load times
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