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This study examines progress indicators and information density in mobile pedestrian navigation applications
and explores their impact on user duration perception and experience. The study attempted to improve the user’s
pedestrian navigation experiences through different interface visual design strategies. We conducted a 3 x 2
between-subjects analysis to evaluate the effect of progress indicators (bar, pointer, and countdown) and visual
information (less and regular information) in a simulated pedestrian navigation application. Forty-eight subjects
participated in a one-on-one manipulation experiment simulating walking a designated route, followed by
duration judgments and scale surveys. The results showed that progress indicator types significantly influenced
participants’ duration perceptions. The duration perception of “less information” increased by nearly 26.3%, and
the duration perception of “regular amount of information” decreased by almost 29%. In addition, participants
experienced the progress “bar” type as having higher learnability. Finally, participants preferred the “bar” type
progress indicator, and the information density did not affect their preferences.

1. Introduction
1.1. Background

The mobile application of pedestrian navigation is essential in our
daily life. For users of pedestrian navigation, providing a positive
experience and getting accurate directions and orientation from the
interface is crucial. During pedestrian navigation, as the navigation time
increases and the visual information guide is insufficient, users are likely
to have negative experiences such as annoyance and loss of patience,
which primarily hurt the navigation application. Therefore, there is a
need to investigate the interface for pedestrian navigation to improve
user experience (UX) and reduce user duration perception. This study
investigates the design of progress indicators and visual information in
the interface to enhance the UX of pedestrian navigation. A progress
indicator is an intuitive graphic design (i.e., WYSIWYG design principle)
that informs the user of progress and can be a long bar, circle, or other
shapes. It is based on the basic design principle that changing visual cues
in a graphical animation visually tell us what is happening. Since using

* This paper was recommended for publication by Prof Guangtao Zhai.
* Corresponding author.
E-mail addresses: ssli@scau.edu.cn (S. Li), lzz.lin@qq.com (Z. Lin).

https://doi.org/10.1016/j.displa.2023.102603

voice cues in pedestrian navigation scenarios is susceptible to the
external environment, for example, in noisy systems, it is difficult for
users to hear clearly. Xu et al. [40] showed that using speech-assisted
digital maps saves time but may reduce pedestrian spatial knowledge
acquisition. In addition, frequent vibration feedback during walking
directions can make users anxious. Visual design is essential for walking
navigation, and the results of Brata and Liang [9] showed that in the
context of pedestrian navigation, the digital map interface resulted in a
navigation performance significantly better than the AR interface’s
practicality. Despite the emergence of many new technology-based
navigation paradigms, the visual design of digital map-based pedes-
trian navigation is still widely used.

From the user’s psychological level, it is crucial to know in real-time
how much distance and time is left to reach the destination. A clear
visual guide is one of the most critical factors for the user to continue
walking the navigation. The design of the progress indicator in the
interface does not require the user to make constant zooming in and out
movements—instead, visual cues to access information about the cur-
rent status visually. Therefore, a suitable visible progress indicator in the
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navigation interface will likely facilitate the successful completion of the
pathfinding task and enhance the user experience. However, whether
different progress indicators are suitable for a pedestrian navigation
interface and whether the amount of information on the interface affects
the user’s navigation experience are questions that deserve to be
explored in detail. Although several studies have investigated different
types of progress indicators and information presented to show the
impact of the relevant styles on UX [21,29,30]. However, only some
studies have investigated the impact of progress indicator design in
mobile pedestrian navigation interfaces on user duration perception and
navigation experience. Therefore, this study investigates the impact of
different progress indicators and information content on users’ duration
perception, learnability, and preferences in mobile pedestrian
navigation.

1.2. Related work

In the past, several researchers have noted that different progress
indicator designs (i.e., message, rate, shape, and symbol) affect users’
duration perceptions, the reasonableness of waiting, completion, satis-
faction, and preferences [15,17,4,17,35,22,26,28,10]. Ghafurian, Reit-
ter, and Ritter [19] investigated the effect of the countdown speed
displayed during the delay on users’ duration perception, time decision-
making, and task satisfaction. Myers [32] argued that users preferred
progress indicators with percentage completion indications of progress.
Visual progress indicators have a broad impact on users. Jacko et al. [25]
proposed that users preferred websites that displayed only text rather
than text plus graphics that showed the same information when waiting
times were longer. Lee et al. [27] argued that task-related information
increased enjoyment during online waiting. Ghafurian and Reitter [18]
suggested that the countdown type can moderate user impatience. Based
on the above research survey, in this study, we created three progress
indicators to study user navigation experience. One is the most common
way of progress bars; another is a pointer indicator closely related to
time with a clock metaphor; and the third is a countdown indicator,
which visually displays a countdown, for example, from 10 to 1. Users
can use all three types of progress indicators to see how much time they
have left until the end.

In addition, in a pedestrian navigation environment, users may be
influenced by map information, including landmarks, road names, or
other visual information. Very early on, May et al. [31] noted that
landmarks were the most dominant navigation cue, while road names
were used less frequently. This information enabled navigation de-
cisions and increased user confidence and efficiency. Recently, Zhu et al.
[42] investigated personalized landmarks for pedestrian navigation
maps to increase user familiarity and concluded that landmark-based
pedestrian navigation is crucial. In addition, providing more or less
informative cues on the map will likely burden the user or lead to a
reduced user experience. In this study, we set up maps with different
information densities, i.e., a map with less information (i.e., only route
information) and another with regular information (i.e., route infor-
mation, landmarks, landmark icons, and road names). To investigate
which visual information facilitates a positive UX when navigating for
pedestrians.

This study explores users’ perceptions of navigation time during
mobile pedestrian navigation by comparing perceived duration and
error duration. The perceived duration measurement provides an intu-
itive examination of the user’s mental perception during pedestrian
navigation. In contrast, perceived error duration helps to understand
further whether users are over- or underestimating time. Several re-
searchers have suggested that duration perception significantly impacts
the user interface. They argue that longer perceived duration is detri-
mental to the interface and that reducing the user’s perception of
duration can effectively improve the UX [23,27,36]. Therefore, we infer
that users’ duration perception may affect users’ information process-
ing. According to Tse et al. [36], increasing duration perception may
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affect people’s information processing. This study attempts to reduce the
user’s perceived duration during pedestrian navigation, improve the
efficiency of pedestrian navigation, and enhance the user’s navigation
experience.

Many psychological researchers have noted that people’s percep-
tions of duration can be manipulated or altered differently. In this study,
we utilize the following theories proposed by authoritative scholars to
study duration perception in mobile pedestrian navigation. Zakay and
Block [41] noted that individuals’ duration estimates depend on the
amount of information presented or processed during the duration. As
information complexity increases and the amount of information stored
increases, the experience of duration is prolonged [36]. Block [6] pro-
posed that more attention can be allocated to visual information pro-
cessors as visual information increases, resulting in shorter-duration
perception. Thomas and Weaver [37] claimed that perception is an
objective time function of the amount of information processed. The
duration is judged based on the attention allocated between the two
processors (i.e., timer P(t) and visual information processor P(i)). Fig. 1
shows the relationship between the timer P(t) and the visual information
processor P(i). As more stimuli are presented in an interval, processing
them takes longer, thereby shortening one’s duration estimate. This
study uses this theory to design visual indication cues and attempts to
alter the user’s perception of duration through visual information
designs.

This study sought to construct a visual design of an interface suitable
for walking navigation. Usability and UX aspects are examined through
visual information and progress indicators. First, learnability is one of
the fundamental aspects of measuring interface usability and a vital
design principle [16,33,38]. Learnability is also a dimension of usability
that refers to how easy it is for users to complete an important task when
they first encounter a design[33]. Usability allows the user to perform
the intended task faster and more efficiently[5]. The great interest in
interface usability comes from how to demonstrate the benefits of good
design to the user interface [35]. As can be seen, this dimension is a
worthwhile one to test for walking navigation. This study considers
learnability as one of the dependent variables and explores the rela-
tionship between learnability and users’ duration perceptions. In this
study, learnability points to whether users can quickly understand the
interface and how much effort they need to spend to use the application.

Secondly, many studies have specifically explored user preferences,
which are users’ most intuitive feelings about the interface. Vaananen-
Vainio-Mattila [39] argues that UX is a crucial design goal and a mea-
sure of the success of new services, especially when users have many
choices in a rapidly expanding service program. The international
standard ISO/IEC [24] defines UX as including all users’ emotions,
preferences, cognitions, psychological responses, and behaviors before,
during, and after use. Lin and Chen [12] concluded that the scope of UX
research encompasses all factors that may affect the interaction between
the user and the device. Past research has concluded that the best way to
fulfill the psychological and emotional needs of users is to enhance the
UX of the product [13]. According to HCI research, some researchers
state that different behaviors of progress bars significantly affect user
preferences[14,21]. Branaghan and Sanchez [8] also argue that

Visual stimuli Visual information |« q Timer
processor P(t)
P(i) —

Perceived duration

Fig. 1. The relationship between the timer P(t) and the visual information
processor P(i).
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different types of feedback may significantly affect user preferences.
From the user’s perspective, users’ preferences can measure their atti-
tudes toward mobile applications [23]. This study used the user pref-
erence scale as an evaluation factor for user experience.

1.3. Objective

The main objective of this study is to explore the impact of the design
of pedestrian navigation interfaces on user experience, with a particular
focus on improving UX and reducing user perception of navigation
duration during pedestrian navigation through different progress indi-
cator and visual information designs. By thoroughly investigating the
effects of different types of progress indicator designs and information
content on users’ perception of navigation duration, learnability and
preferences during pedestrian navigation, the aim is to improve user
satisfaction with pedestrian navigation and success in completing
pathway tasks. Overall, this study aims to further improve the user
satisfaction, efficiency, and ease of use of pedestrian navigation appli-
cations by exploring the impact of different visual design elements on
user experience, providing an important reference for future interface
design and user experience.

2. Materials and methods
2.1. Experimental framework

This study aimed to collect quantitative and qualitative data for
analysis using a 3 x 2 experimental design of between-subjects and
structured interviews. Fig. 2 plots the research model between the two
independent variables, “type of progress indicator” and “amount of in-
formation.” The levels of variable 1 (progress indicator type) are bar,
pointer, and countdown. The levels of variable 2 (amount of informa-
tion) are less information and regular information, respectively. The
dependent variables included duration perception, perceived error
duration, learnability, and subjective preference. These dependent var-
iables are essential aspects of human—computer interaction (HCI) related
to user experience. The experiment was conducted within the 30-second
objective time. The task adopted in this study was to ask participants to
enter the keyword “museum” (in Chinese characters) and search for the
location. The pedestrian navigation interface used for this experiment
was designed to help simulate a virtual environment in which the par-
ticipants’ actual pedestrian navigation behaviors were measured.

2.2. Apparatus and prototype

The experimental design in this study adopted the “Adobe Illustrator
CC” software for the graphic design, used the “Adobe After Effects CC”
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software to produce an mp4 video, and finally used “Proto.io” to help
develop the mobile application (app) prototype. The prototype was an
app installed on a mobile phone and developed to simulate navigation
for pedestrian navigation. The operating system of the device is IOS. It
has an 5.5-inch screen, 1920 x 1080 pixels, and 401 PPI. Six different
versions of the app prototype were created for this experiment, with
different types of progress indicators, as shown in Fig. 3.

2.3. Participants

Forty-eight participants were recruited for the experiment through
the purposive sampling method. The experiment was conducted in an
office setting with one participant and one experimenter at a time. First,
every participant had previous experience with pedestrian navigation in
a mobile app. Second, the visual acuity of all participants was good, and
the hand movements of physical ability were flexible. The demographics
of the participants are shown in Table 1. Of the participants, 77 % were
under 25, and 23 % ranged from 25 to 35. In addition, 54.2 % were
female, and 45.8 % were male. Participants in this experiment were
unpaid and all participants volunteered.

2.4. Experimental procedure

We designed a mobile application that simulates pedestrian navi-
gation. Participants were asked to complete a navigation task in a
designated area (including searching for the destination 'museum,’
confirming the route, and simulating walking a specific distance). This
simulated route was set up as an accessible traffic route, and the navi-
gation interface included textual instructions, map information, and a
progress indicator.

The participants were assigned to one of the prototype versions and
used a face-to-face experiment. First, they were asked to complete a
confidential survey with basic questions (e.g., age range, gender, occu-
pation). Second, they were provided with detailed descriptions of
operating the mobile phone before conducting the experimental tasks.
Third, after completing the task, the participants were instructed to fill
out a questionnaire: (1) The duration judgment (0-120 s). That is, they
were asked to estimate a specific duration in terms of seconds; (2) The 7-
point scale questionnaire contained the degree of learnability (i.e., from
1 “less learnable” to 7 “very learnable”) and the preference (i.e., from 1
“less preference” to 7 “much preference”) [34,20].

After completing all the questionnaires, the authors conducted an
individual structured interview with each participant. The structured
interview includes: (1) How do you feel about the navigation process?
(2) Do you think the progress bar is helpful to you? (3) What are the
good and bad aspects of the navigation process? (4) Are there other
negative feelings? (5) How is your time feeling? All the interview data

Quantitative Analysis

Bar Duration judgment
. | Perceived Error
Progress Indicator Duration
Type
A ‘. Inttérsfzroe > Duration Perception
.>| Usability }—( Learnability )—b— User
Operation and Wayfinding
: View | Attitude Experience :
Less :
Amountof | [ M4/} Vit 4eaa... . Sear?hr;lsgeféem){}mord
Information

_[ Structured Interview —]
Observation ;|

Qualitative Analysis

Fig. 2. The research framework of this study.
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Table 1
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Fig. 3. The type of progress indicator and amount of information presented on pedestrian navigation app in mobile user interface.

Demographics of the participants.

Division Level Frequency Percentage (%)
Gender Female 26 54.2
Male 22 45.8
Total 48 100
Age 18-24 37 77
25-35 11 23
Total 48 100
Education Undergraduate 34 70.8
Master 9 18.8
Doctoral 5 10.4
Total 48 100
Table 2

were collected via Google Forms. The total time required to complete the
task was no more than 25 min for each participant.

3. Results

We conducted a two-way ANOVA to examine the main effects on
different levels of the independent variables and the interaction effect
between the two independent variables, progress indicator type (PIT)
and amount of information (AOI). Significant effects were further
analyzed by HSD posthoc tests to help analyze differences between
factor levels. They were obtained using a duration judgment setting and
a 7-point Likert scale questionnaire on pedestrian navigation
experience.

Table 2 provides the overall results for the means and SDs, showing
that regular information can reduce participants’ duration perception.
Participants’ learnability and preference degree for regular information
were also higher. In other words, the regular amount of information
provides a better user experience. In addition, participants had higher
learnability and preference for the bar progress indicator. However, they

The results of descriptive statistics regarding the four dimensions of user experience.

Dimensions Duration Judgment Perceived error duration
PIT/AOI Less Regular Total Less Regular Total

M SD M SD M SD M SD M SD M SD
Bar 33.1 11 25 12.5 29.1 12.1 3.1 11 -5 12.5 -0.9 12.1
Pointer 50.8 18.1 21.3 11.3 36 21.1 20.8 18.1 -8.8 11.3 6.0 21
Countdown 19.9 8.8 17.5 6.5 18.7 7.6 —-10.1 8.8 -12.5 6.5 -11.3 7.6
Total 34.6 18.1 21.3 10.5 27.9 16.1 4.6 18.1 -8.8 10.5 -2.1 16.1
Dimensions Learnability Preference
PIT/AOI Less Regular Total Less Regular Total

M SD M SD M SD M SD M SD M SD
Bar 6.1 0.6 5.6 0.7 5.9 0.7 5.1 1.1 5.4 0.9 5.3 1.0
Pointer 4.9 1.2 6.1 0.8 5.5 1.2 3.9 1.1 4.6 1.1 4.3 1.1
Countdown 4.9 1.0 4.9 1.1 4.9 1.0 5.1 0.6 4.8 1.3 4.9 1.0
Total 5.3 1.1 5.5 1.0 5.4 1.2 4.7 11 4.9 1.1 4.8 11
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had a lower preference for the pointer type and lower learnability for the
countdown type. Moreover, the participants had a shorter duration
perception for the countdown type and a more extended duration
perception for the pointer type. That is, the participants’ learnability and
duration perception were not consistent in the countdown type of
feedback design.

3.1. Duration measurement

Based on the results of the two-way ANOVA shown in Table 3, the
main effect of the progress indicator type showed a significant difference
(F2,42) = 8.530, p = 0.001 < 0.01). Subsequent post hoc comparison
indicated that the progress indicator types of “bar” and “countdown”
showed significant differences (p = 0.018 < 0.05). The progress indi-
cator types of “pointer” and “countdown” also showed significant dif-
ferences (p = 0.000 < 0.01). The progress indicator types of “bar” and
“pointer” showed no significant differences (p = 0.108 > 0.05). Overall,
participants in the “countdown” condition (M = 18.7, SD = 7.6)
measured duration to be shorter than those in the “bar” condition (M =
29.1, SD = 12.1) and “pointer” condition (M = 36.0, SD = 21.1).

The main effect of the amount of information showed was significant
(F(1,42) = 14.981, p = 0.000 < 0.01). When participants experienced the
regular information (M = 21.3, SD = 10.5), the measured duration was
shorter than when they experienced less information (M = 34.6, SD =
18.1).

It is worth noting that the interaction effect among the progress in-
dicator type (PIT) and the amount of information (AOI) showed signif-
icant differences (F( 42) = 5.738, p = 0.006 < 0.01). The results of the
post hoc (LSD) test in Fig. 4 showed that for the “bar” type, the partic-
ipants estimated that the map with less information (M = 33.1, SD =
11.0) was longer than the map with regular information (M = 25.0, SD
= 12.5). Similarly, for the pointer type, participants also estimated that
the map with less information (M = 50.8, SD = 18.1) was longer than the
regular information (M = 21.3, SD = 11.3). However, for the countdown
type, participants estimated that the map with less information (M =
19.9, SD = 8.8) was slightly shorter than that with regular information
(M = 17.5, SD = 6.5). In general, when experiencing different progress
indicators, users perceive shorter durations for the regular amount of
information.

3.2. Perceived error duration

The perceived error duration is the error value of duration percep-
tion that occurs during the participant’s navigation, which provides a
more intuitive understanding of the duration perception. In order to
compare the difference between the perceived error duration and the
actual duration set for the experiment, the participants’ “original
duration judgment” (ODJ) minus the “actual set duration” (ASD) can be
equal to the “perceived error duration” (PED for short) (i.e., PED = ODJ-
ASD).

According to the results of the two-way ANOVA shown in Table 4,
the main effects of progress indicators showed significant differences (F
(2,42) = 11.030, p = 0.001521 < 0.01). The results of the LSD test showed
a significant difference between the “bar” type and the “pointer” type (p
= 0.038 < 0.05). The “pointer” and “countdown” types also showed
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Fig. 4. Interaction plot of progress indicator type (PIT) and amount of infor-
mation (AOI) on measure duration. Note: The vertical axis reflects the measured
duration in seconds, with larger numbers indicating a longer duration. The
horizontal axis represents the progress indicator type (PIT).

significant differences (p = 0.000 < 0.01). Furthermore, there was no
significant difference between the “bar” type and the “countdown” type
(p =0.092 > 0.05). The participants’ PED was shorter regarding bar type
(M = -0.9, SD = 12.1) and countdown type (M = -9.4, SD = 9.8).
However, the participant’s PED was longer regarding pointer type (M =
9.1, SD = 25.0).

The main effect of the amount of information was significant (F; 42)
= 26.612, p = 0.000 < 0.01). That is, maps with less information
significantly differed from maps with regular information regarding
perceived error duration. The results showed that the map with regular
information allowed participants to perceive a shorter duration (M =
-8.78 SD = 10.5). However, the map with less information allowed
participants to perceive a longer duration (M = 4.6, SD = 18.1).

The interaction effect between the PIT and AOI showed a significant
difference (F(2,42) = 5.738, p = 0.006 < 0.01). According to Fig. 5, the
results of the post hoc (LSD) test imply that the participants perceived
the map with less information as taking longer (M = 3.1, SD = 10.9) than
the map with the regular information (M = -5.0, SD = 12.5) in terms of
the bar type. That is, the perceived error duration with less information
increased by 3.1 s, while it decreased by 5 s with regular information.
For the pointer type, the map with less information was also perceived as
longer (M = 20.8, SD = 18.1) than the regular one (M =-8.8, SD =11.3).
It is clear that on the map with less information, the perceived error
duration increased by 20.8 s, while with the regular information, the
perceived error duration decreased by 8.8 s. However, for the count-
down type, the map with less information was perceived as shorter (M =
-10.1, SD = 8.8) than the map with regular information (M = -12.5, SD
= 6.5). The mean perceived error duration with less information
decreased by 10.1 s, while with the regular amount of information, it
was decreased by 12.5 s. In general, the type of progress indicator only
impacts the regular amount of information.

Fig. 6 provides a more detailed description. Less information is
generally higher than regular information. Maps with less information
are underestimated only in the countdown type, and duration estimates
are highest in the pointer type. In reducing the duration perception
level, less information may not apply to the pedestrian navigation

Table 3
The two-way ANOVA results of duration.
Source SS df MS F P n2 Post Hoc (HSD)
Progress indicator type (PIT) 2429.292 2 1214.646 8.530 0.001** 0.289¢ Bar = Countdown<
Pointer
Amount of information (AOI) 2133.333 1 2133.333 14.981 0.000** 0.263¢ Regular < Less
PIT x AOI 1634.292 2 817.146 5.738 0.006** 0.215¢

**Significantly different at « = 0.01 level (**p < 0.01).
€ 12 > 0.09 = large effect.
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Table 4
The two-way ANOVA results of perceived error duration.
Source Ss df Ms F P n2 Post Hoc (HSD)
Progress indicator type (PIT) 2429.292 2 1214.646 8.530 0.001** 0.289¢ Bar = Countdown < Pointer
Amount of information (AOI) 2133.333 1 2133.333 14.981 0.000** 0.263° Regular < Less
PIT x AOI 1634.292 2 817.146 5.738 0.006%** 0.215°

**Significantly different at « = 0.01 level (**p < 0.01).
€12 > 0.09 = large effect.
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Fig. 5. The interaction diagram of progress indicator type (PIT) and amount of information (AOI) regarding the perceived error duration. Note: The vertical axis
reflects the seconds, where the positive seconds are overestimated and the negative seconds are underestimated. The horizontal axis represents the PIT.
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process. In addition, the regular amount of information should be 3.3. The learnability
considered in all progress types. This result is consistent with Block’s [6]
theory that increased visual information shortens temporal perception. Based on the results of the two-way ANOVA in Table 5 regarding the

“learnability” degree, the main effect of the progress indicator type


shali

shali
68


S. Li and Z. Lin

Displays 82 (2024) 102603

Table 5
The two-way ANOVA results of learnability.
Source SS daf MS F p n2 Post Hoc (HSD)
Progress indicator type 8.167 2 4.083 4.484 0.017* 0.176¢ Countdown < Bar
(PIT)
Amount of information (AOI) 0.750 1 0.750 0.824 0.369 0.019"
PIT x AOI 6.500 3.250 3.569 0.037* 0.145¢
*Significantly different at « = 0.05 level (*p < 0.05).
# n2 < 0.02 = small effect; “ n2 > 0.09 = large effect.
showed a significant difference (F2,42) = 4.484, p = 0.017 < 0.05). A
subsequent post hoc test indicated that the progress indicator types of ;‘:ble 6 ANOVA 1ts of subiecti .
“bar” and “countdown” were significant (p = 0.014 < 0.05). However, e two-way results of subjective preference.
the “bar” type and “pointer” type show no significant difference (p = Source Sss af Ms F p n2 Post
0.512>0.05), and the “pointer” type and “countdown” type also showed ?I-(I)SCD)
no significant difference (p = 0.165 > 0.05). That is, participants who
experienced the progress “bar” type (M = 5.9, SD = 0.7) obtained higher Prf)g;_ess 8375 2 4188 3834 0.030" 0154 P";“ter
learnability than the “countdown” type (M = 4.9, SD = 1.02), and there 1;;:?;;;) < ar
was no significant difference regarding the amount of information (F Amount of 0521 1 0521 0477 0494  0.011
1,42) = 0.824, p = 0.369>0.05). The amount of information did not information a
affect the participants’ learnability. (AOD
PIT x AOI 2542 2 1271 1163 0322  0.052°

It is worth noting that the interaction effect between the PIT and AOI
showed a significant difference (F(2 42) = 3.569, p = 0.037 < 0.05). The
results of the post hoc (LSD) comparison in Fig. 7 revealed that the map
with less information was more learnable (M = 6.1, SD = 0.6) than the
map with the regular information (M = 5.6, SD = 0.7) in terms of the bar
type. In contrast, when participants experienced the pointer type, they
felt the map with less information was less learnable (M = 4.9, SD = 1.2)
than the map with the regular information (M = 6.1, SD = 0.8). In
addition, for the countdown type, participants thought that the less in-
formation (M = 4.9, SD = 1.0) and the regular information (M = 4.9, SD
= 1.2) had the same degree of learnability. Less information affects the
bar type, while regular information affects the pointer type.

3.4. The subjective preference

Based on the results from the two-way ANOVA in Table 6 regarding
participants’ subjective preference, the main effect of the progress in-
dicator type showed a significant difference (F(3 42) = 3.834, p = 0.030
< 0.05). Subsequent post hoc comparison indicated that the progress
indicator types of “bar” and “pointer” showed a significant difference (p
= 0.026 < 0.05). The “bar” type and “countdown” type showed no
significant difference (p = 0.677>0.05). The “pointer” type and

*Significantly different at o = 0.05 level (*p < 0.05).
2 112 < 0.02 = small effect; ® 0.02 < n2 < 0.09 = medium effect; 2 > 0.09 =
large effect.

“countdown” type also showed no significant difference (p = 0.163 >
0.05). That is, participants who experienced the progress “bar” type (M
= 5.3, SD = 1.0) expressed higher preference than those who experi-
enced the “pointer” type (M = 4.3, SD = 1.1).

However, the main effect of the AOI on participants’ subjective
preference showed no significant difference (F(;,40) = 0.477,p = 0.494 >
0.05), and there was no significant difference between the PIT and AOIL
(F2,42) = 1.163, p = 0.322 > 0.05) regarding the interaction effect.

4. Discussion and implications
4.1. Summary of findings

Results of the main effect of duration judgment; the participants
estimated the “countdown” type to be the shortest. The “countdown”
type and “bar” types tended to be underestimated, and the “pointer”
type tended to be overestimated. Moreover, the map with the regular
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Fig. 7. The interaction diagram of progress indicator type (PIT) and amount of information (AOI) regarding the learnability degree. Note: The vertical axis reflects
the scores, where higher scores indicate higher learnability, and lower scores indicate lower learnability. The horizontal axis represents the PIT.


shali

shali
69


S. Li and Z. Lin

amount of information tended to be estimated as shorter by the partic-
ipants. It is consistent with Thomas and Weaver’s [37] Attentional
model. The results for the interaction effect of duration judgment
revealed that the map with less information tended to be overestimated
in terms of the “bar” type and “pointer” type. However, underestimated
in terms of the “countdown” type. The “bar” type and “pointer” type of
feedback designs might not help reduce the duration perception for less
information. The data from the structured interviews can explain this
result. Some participants believe the bar type needs more information to
help them understand their pedestrian navigation progress. Other par-
ticipants believe the pointer type of progress information should have
been noticed. Nonetheless, many participants think that the countdown
type of progress bar can be beneficial.

Results of the main effect of PED, the participants’ perceived error
duration of the “countdown” type tended to be shortened, and the map
of the regular amount of information tended to be perceived as shorter
than the map of less information. This result is consistent with Block’s
[7] attention theory. He proposed that as visual information increases,
more attention is allocated to the visual information processor, which
may shorten the duration of perception. In addition, the interaction ef-
fect of perceived error duration implied that the “countdown” type
might reduce participants’ PED regarding the regular amount of infor-
mation. Moreover, the “pointer” type might help increase participants’
PED in terms of less information. This result could be due to the rela-
tively high temporal correlation of the “pointer” type. It can be
explained by Casini and Macar [11], who argued that an interval could
be shorter when attention is not allocated to the temporal parameters.

Based on the main effects of learnability on PIT, the bar type indi-
cator was significantly higher than the countdown type. The results
imply that the bar type has the highest learnability in maps with less
information, while the pointer type has the highest learnability in maps
with regular information. However, the AOI does not significantly affect
the participants’ learnability. This result can be explained by the data
from structured interviews indicating that the visual information might
need more. Even with the regular information, participants still think
more information is needed. In addition, the main effect of participants’
subjective preference on PIT showed that the bar type was significantly
higher than the pointer type. Participants preferred to use the bar type as
a progress indicator. This result is consistent with the previous Myers
[32] and Branaghan and Sanchez [8] studies.

Moreover, the AOI does not affect the participants’ subjective pref-
erences. The results of this study are partially consistent with Gronier
and Lallemand [17]. They indicated that the countdown metaphor gains
greater user satisfaction, and the long progress bar obtains the shortest
wait impression.

4.2. Implications

This study has some important implications both in terms of theory
and practical application. First, in terms of theoretical significance, our
study complements and extends the theory of duration perception.
Especially in the field of designing progress indicators on pedestrian
navigation interfaces, there is a relative lack of duration-aware theories
related to this. Therefore, through the experiments in this study, we
provide a supplement to the duration-aware theory for the design of
progress indicators on pedestrian navigation interfaces. The results of
the study validated the effects of different progress indicator types on
participants’ duration perception. In addition, the results of the study
confirmed that map information density had a significant effect on
duration perception. Maps with ordinary amount of information were
perceived to have shorter durations than maps with less information. In
conclusion, our findings fill a gap in the existing literature on duration
perception theories in the field of progress indicator design on pedes-
trian navigation interfaces, and lay a theoretical foundation for further
studies by relevant designers and researchers in the future.

Second, in terms of practical implications, our study provides four
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design recommendations that point to the impact of the type of progress
indicator that designers should consider on user duration perception,
learnability, and preference. The specific design recommendations are
as follows:

[5] The type of progress indicator significantly influenced partici-
pants’ duration perceptions. Participants tended to judge the
duration of the “countdown” type as shorter, and they had the
shortest PEDs. In addition, they tended to judge the duration of
the “pointer” type as longer, especially when there was “less in-
formation ”; they perceived the PED as longer.

[6] The AOI significantly affects the participants’ duration percep-
tion. Participants estimated and perceived the map with the
regular information to be significantly shorter than the map with
less information. This result revealed that the duration perception
of “less information” increased by nearly 26.3 %, and the “regular
amount of information” decreased by nearly 29 %.

[7] The “bar” type was significantly higher in learnability than the
“countdown” type. This result reveals that the participants
experienced the progress “bar” type as having higher learnability,
especially compared to the “countdown” type. The information
density did not affect the participants’ learnability. In addition,
participants’ perceptions of the learnability and duration of
countdown types needed to be more consistent.

[8] The participants preferred the “bar” type progress indicator,
especially compared to the “pointer” type. The information
density did not affect the participants’ preferences.

Finally, the results of this study may be helpful as a design manual for
pedestrian navigation service providers and a valuable resource for app
developers, user interface designers, and UX experts.

4.3. Limitations and future work

While this study has expanded and validated pertinent theories and
provided practical suggestions for designers focusing on pedestrian
navigation interfaces, there are still limitations that warrant further
exploration and resolution in future research. Firstly, each participant in
this study possessed experience using pedestrian map navigation
through mobile applications, potentially exerting a significant influence
on the outcomes. Hence, future investigations could aim to broaden the
participant pool to encompass a more diverse range of geographical and
cultural backgrounds, thereby attaining more comprehensive outcomes.
Secondly, due to limitations in the scope of this study, the variety of
progress indicator types explored was relatively restricted. Thus, it is
advisable for future research to delve into and design a wider array of
progress indicator types to ascertain their impact on users’ perception of
duration and experience. Lastly, the usage context adopted in this study
also warrants further expansion. Future research could explore users’
interface design preferences in diverse contexts, such as varying walking
speeds and distinct traffic environments.

5. Conclusions

This study compares different types of visual information density and
progress indicators to examine the impact on users’ perceptions and
experiences. Theories of duration perception, information processing,
interface design, and visual design are merged as a foundation. It ex-
amines how information density and visual design interact and their
main effects on users’ perceptions, subjective preferences, and pedes-
trian navigation experiences. The experimental results prove that
appropriate progress indicators for pedestrian navigation interfaces
should be designed. In addition, lower duration estimations are
preferred during pedestrian navigation, and users will prefer shorter
intervals. It is also clear that users’ learnability in pedestrian navigation
is likely to depend less on visual information. When creating pedestrian
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navigation interfaces, the indicator design elements, such as the
“pointer” type, tend to be less preferred by users. The progress indicator
of the countdown type is suitable for lowering users’ duration
perception.
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The effectiveness of wait indicator design is heavily influenced by users’ underlying perceptions. The purpose of
this study was to explore users’ visual imagery and speed perceptions of wait indicators on a mobile application
interface, and to propose a new research model that might be effective when considering the evaluation of other
interface design projects. The multiple research methods used in this study include multidimensional scaling,
factor analysis, the general linear model, and fuzzy logic theory. The results showed that there were significant
differences in users’ evaluations of visual imagery for different wait indicators. The triangulation fuzzy results
divided the wait indicators into three groups, and found that they were designed in a form consistent with the
users’ visual imagery evaluation. Besides, some evaluations might make users perceive the wait to be short, such
as the visual imagery of “vivid and unique.” When users perceived that wait indicators were quick, their positive
imagery evaluation was also high. Therefore, interface designers need to consider the substitutability of wait
indicator design. These results can be used as a practical design guide in perceptual research to help interface
designers efficiently design wait indicators that match users’ potential feelings.

1. Introduction

With their increasing usage, mobile devices have become an indis-
pensable tool for social activities and entertainment in our daily lives.
However, due to the speed limitations of network technology, among
other reasons, users may frequently encounter various waiting states
while using mobile devices. Waiting is an inevitable state of the inter-
face, and is harmful to both the interface and the user. The wait indicator
is a basic visual design of the waiting interface, and is mainly used to
mitigate the various hazards of waiting. Therefore, it has gradually
become an essential design element for the waiting interface to mini-
mize damage. It directly affects the user’s waiting experience and
perception of the application they are using (Conrad et al., 2010;
Hohenstein et al., 2016; Lee and Chen, 2017; Myers, 1985; Szameitat
et al., 2009). When users have a negative experience while waiting, they
are more likely to give up and exit the application or even stop using the
device. Based on the aforementioned previous studies, we consider the
function and significance of wait indicators for interfaces as (1) helping
users understand the current status; (2) alleviating the negative expe-
rience or negative emotions brought to users by waiting; and (3)
improving users’ overall satisfaction with the interface. All of these

* Corresponding author.

factors show how essential wait indicators are to the interface.

Users are increasingly focusing on the experience aspect of in-
terfaces. Therefore, it is worth exploring the impact of wait indicators on
user perception as an essential part of interface design. Many studies
have discussed the effects of wait indicators. For example, Kim et al.
(2017) explored the effects of different loading symbols on users’
waiting experience and subjective preferences. Harrison, Yeo, and
Hudson (2010) examined the impact of animated indicators on users’
waiting feelings and preferences. Ohtsubo and Yoshida (2014) discussed
the effects of the wait indicator’s shape on users’ perceptions. Ghafurian,
Reitter, and Ritter (2020) explored the impact of the indicator’s speed
on users’ time perceptions, satisfaction, and decision making. Li, Liu, Ji,
and You (2021) investigated the effects of wait indicators on users’
preferences and speed perceptions. However, these studies have
explored a limited number of wait indicators from different perspectives
to mitigate their negative impact on website/interface users, while few
studies have comprehensively explored various wait indicators by
analyzing users’ visual image evaluations. Therefore, this study con-
ducted a comprehensive analysis to help interface designers better un-
derstand users’ potential feelings about their design of user interfaces
that better match users’ feelings and contribute to the overall design
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system of wait indicators.

This study proposes a combination of several objective research
methods to combine the visual imagery evaluation of interface wait
indicators with the user’s speed perception for an in-depth and detailed
analysis. In order to identify the designs of wait indicators that meet
users’ different psychological feelings and needs, as well as to support
designers in effectively creating new designs, the specific research ob-
jectives of this study were as follows: (1) to study the user visual imagery
evoked by wait indicators in mobile application interfaces; (2) to explore
the similarities and differences in users’ visual imagery evaluation of
different wait indicators; (3) to specifically investigate users’ potential
feelings about the design of the interface’s wait indicators and to cate-
gorize the waiting instructions based on the imagery evaluation; (4) to
explore users’ speed perceptions and the relationship between visual
imagery evaluation and perceived speed; and (5) to provide a compre-
hensive perceptual aspect of design instructions for interface designers
and to supply a new research model for design researchers.

2. Related work
2.1. Users’ perceptual aspects

Undoubtedly, the visual design of interfaces is increasingly focusing
on their perceptual aspects. In many social contexts, the perceptual
element is a critical factor in human decision-making and behavior, and
an increasing number of studies are considering the emotional dimen-
sion of human interaction (Zhang, 2013). It is well known that percep-
tion plays an important role in user performance. Most studies aim to
examine physical products; for example, Liang et al. (2020) investigated
users’ Kansei values for car interior design, while Kuo et al. (2020)
provided a multi-sensory user experiment approach to evaluate user
emotional experience of bicycle saddles. However, few studies have
attempted to propose methods to evaluate user perceptions of interface
products, although Guo et al. (2016) did propose an optimal design
method for web interfaces based on Kansei engineering theory to make
them more compatible with customers’ emotional needs. For the inter-
face design of mobile applications, the potential user experience and
perception still need further research. As mobile devices continue to
develop, users are demanding an increasing number of interface inter-
action details. The number and types of wait indicators as detailed
interaction designs for interfaces are therefore proliferating. However,
different wait indicators generate different feelings. Some of the current
methods of wait indicators play a positive role, while others play a
negative role. Therefore, it is worth considering what kind of wait in-
dicators can best match users’ potential feelings and different perceptual
needs.

Multidimensional scaling (MDS) is used to analyze the correlation
between a set of similar or different data techniques, such as test items. It
has proven to be very useful for perceptual measurement. It can also be
used as a model for similarity judgment, that is, to calculate the distance
between objects in the user’s psychological space (Borg and Groenen,
2005). Multidimensional scaling is also an exploratory data analysis
technique that can be used to test the hypothesized existence of
particular dimensions or structures in a data set (Jaworska and
Chupetlovska-Anastasova, 2009). MDS represents the proximity data (i.
e., the measure of similarity, closeness, relatedness, etc.) as the distances
between points in a multidimensional space (Borg et al., 2012) and re-
duces the considerable data to fewer dimensions (Kruskal and Wish,
1978). Lin, Lin, and Wong (1996) used multidimensional scaling to
study product semantics, including connotation and denotation in
product designs. MacLean and Enriquez (2003) indicated that MDS has
already proved useful for perceptual measurements and for extracting
perceptual axes for complex haptic icons. Holliins, Faldowski, Rao, and
Young (1993) used MDS to examine the subjective dimension of tactile
surface texture perceptions. The current study undertook research on
users’ perceptions of wait indicators using the MDS approach with the
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aim of improving the effectiveness of mobile application interfaces.

It is well known that users may encounter waiting states during
interface operations for various reasons. Currently, interface designers
usually adopt the design of wait indicators to alleviate users’ negative
experience due to waiting. Considering the different feelings of users
when they see various wait indicators, the perception of speed while
waiting is an important aspect of interface users’ concerns. The user’s
perception of speed is a crucial factor in measuring the quality of the
wait indicator. It is one of the critical aspects in determining whether the
user will continue to use the application. Many studies have shown that
when users perceive the speed to be fast, their experiences and feelings
will also be positive (Ghafurian et al., 2020; Harrison et al., 2010; Li and
Chen, 2019). Although many studies have been conducted on percep-
tion, little research has focused specifically on speed perception and the
relationship between speed perception and other visual imagery.
Therefore, this study aimed to explore users’ speed perceptions of
various wait indicators on mobile interfaces by examining whether wait
indicators have an impact on users’ potential perceptions when they are
perceived as fast or slow, and the relationship between users’ speed
perceptions and visual imagery.

2.2. Visual imagery

Visual imagery as an essential consideration in users’ perceptual
evaluation of interface design has rarely been explicitly studied in mo-
bile application interfaces. This study focuses on the impact of wait in-
dicator design on user visual imagery as a whole. In terms of
methodology, Kansei Engineering (KE) is a relevant theory that can
effectively measure the user’s internal feelings, imagery, and needs. It
has been widely used in various industries, and has been evaluated as an
effective development method to combine with consumer needs (Jindo,
1991; Nagamachi, 1995; Nakada, 1997). This study therefore explored
users’ intrinsic feelings by collecting perceptual adjectives and con-
ducting visual imagery evaluation using KE. In addition, Factor analysis
(FA) is a statistical method used to determine how many factors are
needed to explain the correlation between a set of variables. One of these
factors is the combination of multiple related variables to measure the
same characteristics (Brown, 1983). The purpose of FA is to help re-
searchers identify and understand the nature of the latent constructs
underlying the variables of interest (Bandalos and Finney, 2018). FA is
the primary tool for multivariate statistical data analysis, reduction, and
visualization (Lipovetsky, 2017). Petiot and Yannou (2004) proposed an
integrated approach (involving multidimensional scaling and FA) to
provide designers with a tool to help them understand and specify the
semantic part of the need. Hsiao and Chen (2006) used FA to explore the
relationship between product shape and affective response. In this study,
we combined these methods (KE and FA) to examine users’ visual im-
agery and to measure the wait indicator’s validity. The visual imagery
evaluation results can fully reflect users’ intrinsic feelings and affective
responses to the wait indicators of a mobile application interface.

2.3. Fuzzy logic

The fuzzy logic (FL) theory was first proposed by Zadeh (1965), who
believed that people’s subjective ideas, reasoning, and perceptions of
things around them are inherently fuzzy. Thus, he used FL concepts to
describe the quality of items, and proposed a scientific method to study
how to deal with ambiguous phenomena. His method deals with inac-
curate fuzzy data and solves decision-making problems in undefined
conditions through rigorous mathematical calculation methods. The
fuzzy theory is a useful tool for describing situations where the data are
imprecise or vague (Deschrijver and Kerre, 2005). Data analysis through
FL theory can reflect the research results more accurately. There are
various ways to conduct research using FL theory. For instance, Xue
et al. (2018) applied an FL model to analyze the quantitative relation-
ship between the design elements and product images to facilitate and
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optimize train seat design. Hsiao and Ko (2013) explored bicycle
appearance design through fuzzy comprehensive evaluation to provide
an objective reference for designers and manufacturers to determine the
priority of different appearance designs so as to cater to consumers’
preferences. Lin, Lai, and Yeh (2007) used a new FL approach to
examine the relationship between mobile phones’ form elements and a
specific product image of mobile phones. Moreover, it is popular to use
fuzzy triangular sets due to computational efficiency (Zimmermann,
2011). As can be seen from these cases, the study of fuzzy logic has been
used to more precisely conduct research on product appearance or im-
ages. This study used triangular fuzzy logic (TFL) theory in an attempt to
more effectively analyze the visual imagery and psychological feelings
of wait indicators on mobile interfaces.

3. Methods
3.1. Research framework

A variety of scientific methods were used in this study, including the
use of Kansei values to explore users’ perceptions (see Fig. 1). Kansei
Engineering is a widely-used research method that addresses the
emotional responses (e.g., feelings, sensations) during the interaction
between individuals and products (Nagamachi and Lokman, 2016).
First, we used the MDS method to help filter the popular wait indicator
samples and to transform the samples into animated form for further
study. Then, the visual imagery of different wait indicators was evalu-
ated using KE (including questionnaire and factor analysis methods).
The TFL method in fuzzy logic theory was used to analyze the similar-
ities and dissimilarities of visual imagery evaluation to more accurately
understand users’ detailed assessments of the design of wait indicators.
Finally, the general linear model of ANOVA was used to analyze the
users’ speed perceptions of the mobile interface. In addition, this study
compared the visual imagery analysis results with the speed perception
analysis, and discusses the relationship between them in detail. This
study explored the intrinsic aspects of users’ perceptions of different

Sample collection

Sample selection by MDS

s Sample analysis by cluster

Make the GIF animation for
samples

Imagery adjectives
extraction
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wait indicator designs through complex experimental procedures and
rigorous investigations. It ultimately provides useful information for
interface designers to facilitate the creation of wait indicators for mobile
interfaces.

3.2. Selecting representative samples

Among the various interface wait indicators, it is necessary to
rigorously select a representative sample for the study. This study
collected 165 design samples from popular visual design websites such
as Pinterest and Huaban (both websites preferred by workers engaged in
design in China). According to the interface design principles, this study
used focus groups to screen wait indicators for mobile devices. Through
a focus group sorting method, we screened 70 design samples. Subse-
quently, 12 expert participants (including four senior visual designers,
four lecturers in the design department, and four doctoral candidates of
design) were invited to group the design samples to obtain the similarity
matrix. Then we converted the similarity matrix into a dissimilarity
matrix for MDS analysis, reduced the 70 design samples to the best
orientation by MDS, and performed a K-means cluster analysis of the
dimensional coordinate data to select independent and representative
samples. Finally, we chose the best selection from each category, that is,
the design samples with the shortest distance from the center, as the
representative wait indicator sample for this study.

3.3. Visual imagery adjectives extraction

Visual imagery adjectives are directly related to users’ psychological
feelings and affective responses to the mobile application interface’s
wait indicators. In this stage, we first collected many adjectives related
to the wait indicator’s visual imagery from design websites. Then,
through expert focus group discussions, adjectives that were not suitable
for expressing the wait indicator in the interface were excluded. This
process finally left 160 adjectives in the follow-up questionnaire of this
study. In further research, 10 designers/design researchers related to

Representative
samples selection

Visual Imagery
evaluation research

User visual imagery questionnaire 2

s !

l The relationship

Fuzzy numerical operation

Imagery adjectives 'r e O
renamed e

Effect of speed perception J

: !

Factor analysis

Triangular fuzzy analysis

Fig. 1. The research framework and study process. Note that numbers 1, 2, and 3 are research steps, while a, b, and c are visual imagery processes.
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visual design were invited as participants in the experiment. The par-
ticipants were asked to select 40-50 adjectives that best described the
wait indicators from the 160 imagery adjectives provided in the ques-
tionnaire. Finally, the data were analyzed by averaging the experts’
choices, and the 40 most recognized adjectives were selected as the next
step of the experiment.

In this stage, we set the wait indicators in dynamic mode, and the
duration of these wait indicators was constant in each gif animation, and
each participant experienced all the samples. We used FA to extract
imagery adjectives for the interface wait indicators. A variety of imagery
adjectives were filtered to identify those that were more relevant to the
interface design. The principal axis factor analysis with varimax rotation
was used to reduce the 40 extracted adjectives. In addition, a 5-point
Likert scale was used to conduct an imagery evaluation on interface
wait indicators (from scores 1 “very unsuitable,” 2 “unsuitable,” 3
“normal,” 4 “suitable,” and 5 “very suitable”). The imagery adjectives
that matched all of the sample wait indicators were finally extracted.

3.4. Evaluating the visual imagery through the triangular fuzzy method

Based on the sample selection combined with the extraction of im-
agery adjectives for the wait indicator design described above, we
created a second user evaluation questionnaire to measure users’ visual
imagery of the wait indicator. The questionnaire adopted the 7-level
semantic scale “Very Low (VL)," “Low (L)," “Medium Low (ML)," “Me-
dium (M)," “Medium-High (MH)," “High (H)," “Very High (VH)" design,
and then we converted them to a triangular scale as shown in Table 1.
Finally, the questionnaire survey data were calculated with fuzzy
theoretical values and then modeled with triangular fuzzy values for
further analysis. In this study, the triangular fuzzy method (maximum
set method and minimum set method), the most commonly used de-
fuzzification method, was used (Chen, 1985). The aim was to make
the results more precise and closer to users’ potential feelings.

3.5. The effect of perceived speed

Additionally, this study explored users’ perceived speed through the
general linear model of analysis of variance (ANOVA). A 7-point Likert
scale was used to help measure users’ perceived speed for different wait
indicators (from 1 “not fast at all” to 7 “very fast”). The measurement of
perceived speed was also used to investigate the relationship between
users’ visual imagery and users’ perceived speed.

3.6. Participants

In the study of imagery adjectives in questionnaire 1 for FA, the
participants were recruited through a questionnaire distributed online.
A total of 137 questionnaires were collected, and 120 valid surveys were
selected, including 41.9% males and 54.8% females; 84.7% of partici-
pants were mainly concentrated in the age group of 18-35, 1.6% were
under 18 years old, and 10.5% were over 35 years of age. In addition,
61.3% of participants believed that they could tolerate the mobile
application interface’s wait time within 2s-5s.

In the study of visual imagery evaluation study in questionnaire 2 for
TFL, the participants were recruited through the questionnaire

Table 1
The triangular scale and ratings.

Semantic scale Triangular fuzzy number

Very Low (VL) 0,0,1)
Low (L) 0,1,3)
Medium Low (ML) 1,3,5
Medium (M) 3,57
Medium High (MH) 5,7,9
High (H) 7,9, 10)
Very High (VH) (9, 10, 10)
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distributed online. A total of 126 questionnaires were collected, from
which 111 valid questionnaires were selected. Respondents included
50.4% males and 49.6% females. The participants’ age was mainly
concentrated in the 18- to 35-year-old group, at 91.3%. Their education
level was concentrated in the undergraduate and graduate student
group, comprising 82.6%. Most of the participants in the experiment
were from China, while their occupations were widely distributed,
including civil servants, corporate managers, ordinary employees, pro-
fessional and technical personnel, freelancers, and students. Participants
were compensated for their participation.

4. Results and discussion
4.1. MDS and cluster analysis

The MDS results shown in Table 2 indicate that it was desirable to
reduce the sample of 70 designs to six dimensions. With respect to stress
index interpretation (Kruskal, 1964), the stress index falls between good
and fair (Stress = 0.07013, RSQ = 0.92745).

Besides, K-Means Cluster analysis was performed on the 6-dimen-
sional coordinate data. The results are shown in Table 3. The samples
were divided into nine clusters and we selected those closest to the
center value of each category as representative samples, i.e., WI-59, WI-
2, WI-44, WI-21, WI-52, WI-17, WI-65, WI-32, and WI-31. The nine
design samples finally selected in this study are shown in Fig. 2 and were
used for further analysis.

4.2. Results of imagery adjectives extraction

At this stage, according to the results of the expert questionnaire
survey (see the experimental description in part 3.3), the collected data
were sorted and we selected the 40 imagery adjectives with the highest
scores for subsequent research. The results show that 40 imagery ad-
jectives can be selected (as shown in Fig. 3). They include positive,
neutral, and negative perceptions, and most are positive feelings. We
then carried out factor analysis to verify and obtain the imagery adjec-
tives more consistent with the users’ perceptions.

4.3. Factor analysis results

Based on the 40 high-scoring adjectives screened, the imagery ad-
jectives questionnaire was conducted with nine representative samples
(see section 3.3 for a detailed experimental description). Subsequently,
37 imagery adjectives with a discriminative degree were first selected by
t-test. The first FA was conducted using principal component analysis,
and 31 factors with a loading capacity greater than 0.6 were selected for
the second FA. Hair et al. (2019) indicated that a loading capacity of 0.4
was not acceptable, 0.5 was acceptable, and 0.6 was the best choice.
Therefore, we chose a loading capacity greater than 0.6 as the screening
criterion. The KMO and Bartlett test results through the second FA are
shown in Table 4, indicating that the analyzed data were appropriate
and significant (KMO = 0.856, Bartlett = 2459.073, p = 0.000 < 0.001).
That is, there are common factors among the correlation matrices rep-
resenting the original group.

Moreover, the total variance is explained by the factor analysis re-
sults shown in Table 5. As can be seen from the “Kaiser criterion,” there

Table 2

The stress and RSQ values of different dimensions of MDS analysis.
Dimensions Stress RSQ
2 0.24437 0.70357
3 0.16714 0.78765
4 0.11248 0.87042
5 0.09117 0.89527
6 0.07013 0.92745
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Table 3
The results of cluster analysis of the wait indicators.

Sample Category Distance Sample Category Distance Sample Category Distance Sample Category Distance
WI-1 1 0.799 WI-3 3 0.720 WI-11 5 0.978 WI-61 7 0.654
WI-5 1 1.311 WI-8 3 0.684 WI-16 5 1.053 WI-65 7 0.361
WI-7 1 0.556 WI-13 3 0.934 WI-34 5 1.499 WI-66 7 0.659
WI-9 1 1.665 WI-25 3 0.865 WI-52 5 0.773 WI-70 7 0.599
WI-12 1 1.659 WI-26 3 1.132 WI-54 5 0.926 WI-14 8 1.350
WI-24 1 0.625 WI-29 3 0.814 WI-17 6 0.548 WI-32 8 0.718
WI-36 1 1.093 WI-40 3 1.467 WI-22 6 0.641 WI-41 8 1.010
WI-47 1 0.624 WI-44 3 0.585 WI-28 6 0.951 WI-43 8 1.378
WI-56 1 0.752 WI-48 3 2.040 WI-33 6 1.023 WI-62 8 1.268
WI-59 1 0.549 WI-51 3 0.698 WI-42 6 1.288 WI-20 9 0.994
WI-63 1 1.944 WI-55 3 0.716 WI-64 6 1.197 WI-23 9 0.953
WI-2 2 0.592 WI-68 3 2.064 WI-10 7 0.808 WI-30 9 0.533
WI-15 2 1.151 WI-4 4 0.731 WI-35 7 2.114 WI-31 9 0.399
WI-19 2 1.958 WI-18 4 1.305 WI-39 7 0.869 WI-37 9 0.854
WI-27 2 1.260 WI-21 4 0.708 WI-46 7 0.514 WI-38 9 1.127
WI-49 2 1.304 WI-45 4 1.994 WI-50 7 1.462 WI-57 9 1.064
WI-53 2 1.208 WI-67 4 1.190 WI-58 7 1.602

WI-69 2 1.138 WI-6 5 1.252 WI-60 7 0.651

v 00
5 LOADING...
WI-65 (Sample 1) WI-2 (Sample 2) WI-32 (Sample 3) WI-17 (Sample 4)
N
- ) _
lll\\ loding ««« LOADING
WI-52 (Sample 5) WI-44 (Sample 6) WI-31 (Sample 7) WI-21 (Sample 8)

WI-59 (Sample 9)

Fig. 2. The representative selected samples for further study. Note that in this section they were renumbered as sample 1 to sample 9.

: Simple Clear Leisurely Anxious :
: Modern Vigorous Bright Abstract :
Creative Novel Stable Pleasant :
: Understandable Practical Rational Good-looking :
: Concise Flat Interesting Healing :
: Lovely Dynamic Vivid Natural :
: Explicit Unique Regular Monotonous :
: Characteristic Light Rhythmic Representational
: Efficient Lively Qualitative Eye-catching :
: Direct Calm Individual Detailed :

Fig. 3. The 40 imagery adjectives that were selected.

are seven factors with eigenvalues greater than 1, and the total variance
Table 4 explained is 71.354%. Therefore, seven sets of similar factors were
The KMO and Bartlett test results. extracted in this step; the outcome is shown in Fig. 4. Additionally, the
transformed component matrices shown in Table 6 indicate that 31
adjectives were divided into a matrix of seven elements. We summarized

KMO and Bartlett Test

Kaiser-Meyer-Olkin 0-856 and concluded the adjectives in these seven matrices in the next step. We
Bartlett’s Sphericity Test Chi-square 2459.073 next renamed these adjectives that participants considered similar, and
gf 360500 consolidated them into simple adjectives for further research through

the matrix results.
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Table 5

The factor analysis result.

International Journal of Industrial Ergonomics 88 (2022) 103280

Factor of Component

Initial eigenvalues

Squares loading extraction

Transformed squares loading

Total Variance (%) Accumulative (%) Total Variance (%) Accumulative (%) Total Variance (%) Accumulative (%)
1 11.676 37.664 37.664 11.676 37.664 37.664 5.038 16.252 16.252
2 2.615 8.435 46.099 2.615 8.435 46.099 5.028 16.221 32.473
3 2.194 7.078 53.177 2.194 7.078 53.177 3.262 10.522 42.995
4 1.823 5.882 59.059 1.823 5.882 59.059 2.884 9.304 52.299
5 1.422 4.587 63.646 1.422 4.587 63.646 2.454 7.915 60.215
6 1.306 4.214 67.86 1.306 4.214 67.86 1.976 6.375 66.589
7 1.083 3.495 71.354 1.083 3.495 71.354 1.477 4.765 71.354
In this stage, we invited two literature teachers to rename the ad-
. jective factors according to each group of adjectives’ relevance; the
12 renaming results are shown in Table 7. They are “vivid and unique,”
. “pleasant and individual,” “clear and practical,” “stable and calm,”
“simple and understandable,” “eye-catching and specific,” and “modern
1 and flat.” Subsequently, a second questionnaire survey for visual im-
7 agery evaluation was conducted combined with the nine previously
8- selected samples of wait indicators.
g & Table 7
é, 54 The result of the factor renaming.
w4 Factor Factor renaming Adjective groups
31 Factorl Vivid and unique Lively, Active, Novel, Unique, Creative, Light,
2 Vivid, Bright
Factor2  Pleasant and Individual, Good-looking, Healing, Happy,
11 : individual Qualitative, Detailed, Interesting, Efficient
o Factor4 Clear and practical Direct, Clear, Practical
: Factor3 Stable and calm Stable, Peaceful, Rational, Monotonous
12345678 910111213141516171819202122232425262728293031 Factor5  Simple and Concise, Succinct, Clear, Understandable
Number of factors understandable
Factor6  Eye-catching and Figurative, Marked
Fig. 4. The scree plot of Eigen values and number of factors. specific
Factor7  Modern and flat Flat, Modern
Table 6
The transformed component matrices.
Adjectives Factorl Factor2 Factor3 Factor4 Factor5 Factor6 Factor7
Lively 0.829 0.186 0.134 0.071 0.109 0.191 0.118
Active 0.757 0.192 0.192 0.074 0.138 0.182 0.124
Novel 0.738 0.199 0.304 0.030 —0.133 —0.004 0.008
Unique 0.731 0.397 —0.056 0.146 0.126 0.064 —0.020
Creative 0.709 0.260 0.193 0.020 0.101 —0.189 0.137
Light 0.626 0.338 0.010 0.307 0.161 —0.111 0.277
Vivid 0.524 0.421 0.187 —0.162 0.232 0.331 0.003
Bright 0.510 0.423 0.170 0.358 0.152 0.043 —0.004
Individual 0.267 0.749 0.154 —0.009 0.135 0.057 0.058
Good-looking 0.267 0.734 0.214 0.049 —0.057 0.151 0.200
Healing 0.336 0.713 0.103 0.180 0.134 —0.016 0.063
Happy 0.436 0.685 0.037 0.085 0.127 —0.029 0.054
Qualitative 0.205 0.684 0.174 0.150 0.190 0.224 0.109
Detailed 0.300 0.587 0.169 0.119 —0.059 0.466 0.087
Interesting 0.528 0.530 0.267 —0.076 0.096 0.146 0.010
Efficient 0.171 0.472 0.467 0.33 0.128 —0.331 0.114
Direct 0.139 0.264 0.768 0.186 0.211 0.066 —0.016
Clear 0.270 0.301 0.729 0.089 0.190 0.058 0.103
Practical 0.240 0.104 0.665 0.39 —0.069 0.107 0.148
Stable 0.099 0.253 0.179 0.821 0.112 0.062 —0.076
Peaceful 0.122 —0.02 0.052 0.808 0.117 0.066 0.169
Rational 0.104 0.349 0.360 0.630 0.108 0.044 —0.081
Monotonous —0.104 —0.201 0.005 0.607 —0.168 0.336 0.367
Concise 0.143 0.032 -0.07 0.170 0.806 —0.158 0.227
Succinct 0.034 0.354 0.202 0.080 0.756 —0.059 0.054
Efficient 0.195 0.056 0.428 0.035 0.627 0.247 —0.088
Understandable 0.129 0.024 0.576 —0.037 0.593 0.159 —0.011
Figurative 0.041 0.114 0.028 0.161 0.011 0.839 0.030
Marked 0.162 0.472 0.327 0.147 —0.007 0.593 0.065
Flat 0.137 0.231 —0.039 0.180 0.086 0.023 0.775
Modern 0.251 0.118 0.427 —0.048 0.174 0.072 0.626
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4.4. The triangular fuzzy values results

Based on a sample of nine wait indicators (see Fig. 2), we used the
Adobe Animate software (version 20.0) to convert them into moving
images for a post-continuation study. We then combined the renamed
visual imagery adjectives for the second questionnaire survey. The
research used the Triangular fuzzy values method to analyze the ob-
tained data to more accurately explore the users’ evaluations of the nine
different wait indicators’ visual imageries. According to the question-
naire survey results, we converted the collected data into a fuzzy scale,
as shown in Table 8. The products were prepared for the next step of the
study.

Furthermore, the total utility values of the nine samples’ visual im-
agery evaluation were calculated in turn, as shown in Table 9. To
calculate the absolute utility value of a fuzzy number: Suppose there are
n fuzzy numbers in the triangular fuzzy number membership function,
define it as: = 1, 2, ...; therefore, we can get the minimum membership
function and maximum membership function. Then the absolute utility
value of the triangular fuzzy number is shown in Equation (1):

TN (tiS - Xmin) _ (Xmiu - ti )
UT( ti) N ((Xmm - Xm[n) + (t[3 - tiZ)) ((anx - Xm[n) + (Z[Z - til))

After calculating the total utility value of the visual imagery evalu-
ation, the results showed that participants rated the visual imageries
“vivid and unique” and “pleasant and individual” highest for sample 5
(S5) and sample 7 (S7). The imageries of “vivid and unique” and “simple
and understandable” were rated highest for Sample 4 (S4). For sample 3
(S3), the imageries of “simple and understandable” and “eye-catching
and specific” were rated the highest. For sample 2 (S2), the imagery of
“simple and understandable” was ranked the highest. The results indi-
cate that users generated significantly different imagery ratings for these
wait indicator samples.

According to the total average results, the wait indicators of S3, S4,
S5, and S7 showed higher visual imagery ratings. In contrast, the wait
indicators of S6, S8, and S9 showed lower ratings for the different visual
imageries. Participants rated S5 highest and S6 lowest for the visual
imagery of “pleasant and individual.” This means that users showed
positive feelings towards S3, S4, S5, and S7, but not towards S6, S8, and
S9. They also gave opposing evaluations of the visual imagery of S5 and
S6. Therefore, in future research or practice, designers should be clear
about which evaluation applies to the users of the application.

4.5. The results of the effect of perceived speed

Perceived speed is essential to interface design as it is one of the most

Table 8
Triangular fuzzy values for visual imagery evaluation of wait indicators.
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sensitive factors for users in the waiting state. Based on the general
linear model results shown in Table 10, the main effect of users’
perceived speed showed a significant difference (F (8, 880) = 23.976, p
=0.000 < 0.01). Specifically, the subsequent post hoc test (LSD) resulted
in the points described below. To better explain these results, we also
administered an expert questionnaire to explore the visual composition
of these samples (the experts were 12 designers and design researchers
with an average of 7.9 years of experience in the design industry). The
expert questionnaire started by asking experts to write down the visual
elements of these samples, then to organize the visual elements, and
finally to rate their importance (on a scale of 1-7). The results concluded
that visual elements of form (M = 6.42), graphic (M = 5.83), and ani-
mation effect (M = 5.83) were the most important (scores greater than
5). We combined these important visual elements to explain the results
of perceived speed in detail, to explore the possible links between them,
and to provide a more detailed theoretical reference for design
practitioners:

@ Participants perceived that S1 was significantly slower than S3, S4,

/2,i=1,2, .,n €3]

S5, S7, and S9, whereas it was perceived to be considerably faster
than S6. From a visual element point of view, S1 seems to have more
visual compositional elements than S6, which has a monotonous
graphic. However, S1 is an abstract form and not easy to understand
compared with the other rich visual element samples.

@ Participants perceived that S2 was significantly slower than S3, S4,
S5, and S6, but significantly faster than S8. We can see that although
S1 and S8 are similar in visual form, S1 is more colorful. From the
results of the total utility values, it can be seen that the “simple and
understandable” imagery of S2 is rated the highest. This indicates
that “simple and understandable” visual imagery may not enhance
the perceptual speed.

@ Participants perceived that S3 was significantly faster than S1, S2,
S6, S7, and S8. Unlike the other samples, S3 has a text indication of
the percentage which may suggest that the graphic plus text format is
more likely to make users feel that it is faster.

@ Participants perceived that S4 was significantly faster than S1, S2,
S6, S8, and S9. Analyzed from a visual element point of view, the
cartoon animation image of S4 might be the explanation for its faster
speed.

@ Participants perceived that S5 was significantly faster than S1, S2,
S6, S7, S8, and S9. The possible reasons are that S5 has rich visual
graphics and dazzling animation effects. Combining the results of the
total utility values, S5 has the highest “pleasant and individual” vi-
sual imagery.

Vivid and unique Pleasant and individual Clear and practical

Stable and calm

Simple and understandable Eye-catching and specific Modern and flat

1(4.6 6.4 7.9) 1(4.46.27.8) 1(3.85.57.3) 1(4.05.77.4)
2(3.65.47.1) 2(3.65.47.2) 2(5.0 6.9 8.4) 2(3.95.775)
3(4.56.48.0) 3(4.56.4 8.0) 3(5.67.48.7) 3(4.86.78.2)
4(5.87.58.8) 4(5.57.28.6) 4(5.6 7.4 8.8%) 4(5.1 6.9 8.4")
5(6.3 8.0 9.1%) 5(6.5 8.1 9.1%) 5(5.37.18.5) 5(4.6 6.4 8.0 )
6(1.83.24.9) 6(1.7 3.1 4.9) 6(3.2" 4.7 6.4) 6(2.5"4.05.7 )
7(5.67.38.6) 7(5.6 7.4 8.7) 7(5.0 6.8 8.2) 7(4.96.7 8.2)
8(1.8°3.35.1) 8(2.03.45.1) 8(3.24.86.5) 8(2.74.36.0)
9(2.54.26.0) 9(2.6 4.3 6.1) 9(4.56.37.8) 9(3.85.67.4)

1(3.5" 5.2 6.8) 1(3.6 5.2 6.9) 1(3.55.37.0)
2(6.27.88.9) 2(5.47.28.5) 2(4.96.7 8.1)
3(6.1 7.8 9.0%) 3(5.97.6 8.8 3(4.96.7 8.2)
4(6.1 7.8 9.0) 4(5.57.38.7) 4(5.06.8 8.4)
5(5.0 6.8 8.2) 5(5.37.18.5) 5(5.27.0 8.5%)
6(4.15.77.2) 6(3.2" 4.9 6.6) 6(3.3 4.9 6.5)
7(5.47.28.6) 7(5.26.9 8.4) 7(5.0 6.9 8.4)
8(4.15.87.4) 8(3.35.0 6.6) 8(3.1" 4.7 6.4)
9(5.0 6.7 8.1) 9(4.2 6.0 7.6) 9(3.95.7 7.3)

# The highest scores and lowest score of the species in each evaluation factor.
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Table 9
The total utility values of 9 samples of the wait indicator.

International Journal of Industrial Ergonomics 88 (2022) 103280

Sample  Vivid and unique  Pleasant and individual ~ Clear and practical ~ Stable and calm  Simple and understandable  Eye-catching and specific = Modern and flat
1 0.60374939 0.57883689 0.43456127 0.53289657 0.35044992 0.39231355 0.42742567
2 0.49779025 0.4945055 0.61286385 0.53246753 0.71190781° 0.65432824 0.61764706
3 0.59831461 0.60268817 0.68233451 0.65436591 0.70905887" 0.71313457° 0.61956522
4 0.72364341° 0.69424325 0.67664093 0.68436293 0.70905887* 0.66988417 0.63551587
5 0.77896825" 0.79603175" 0.64208494 0.61991342 0.56660711 0.64208494 0.66213768
6 0.50536398 0.2534585 0.32481189 0.31187767 0.41921529 0.34931507 0.37142857
7 0.70090439" 0.71208146" 0.6550152 0.65786241 0.62298988 0.61962184 0.64433195
8 0.26654596 0.2834041 0.33713851 0.35026316 0.43437011 0.35939878 0.34668008
9 0.36410257 0.38198758 0.53340312 0.51948052 0.55555555 0.49474475 0.48055556
@ Highest scores of species in each evaluation factor.

Table 10

The results of the general linear model of ANOVA.
Source SS DF MS F P n2 LSD
Wait indicators ( 9 samples ) 291.738 8 36.467 23.976 0.000%* 0.047 Sample 1 <Sample 3, 4, 5, 7, 9;

Sample 1 > Sample 6.

Sample 2 < Sample 3, 4, 5, 6;
Sample 2 > Sample 8.

Sample 3 >Sample 1, 2, 6, 7, 8, 9.
Sample 4 >Sample 1, 2, 6, 8, 9.
Sample 5> Sample 1, 2, 6, 7, 8, 9.
Sample 6 <Sample 1, 2, 3, 4, 5, 7, 9.
Sample 7 < Sample 3, 5;

Sample 7 > Sample 1, 6, 8.
Sample 8 < Sample 2, 3, 4, 5, 7, 9;
Sample 8 > Sample 6.

Sample 9 < Sample 3, 4, 5;
Sample 9 >Sample 1, 6, 8

**Gignificantly different at a=0.01 level (p < 0.01).

Participants perceived that S6 was significantly slower than S1, S2,
S3, S4, S5, S7, and S9. In terms of total utility value, S6 has the lowest
visual imagery for “pleasant and individual.” This may be due to the
fact that it has the most monotonous visual form, both in terms of
color and graphics.

Participants perceived that S7 was significantly slower than S3 and
S5; however, it was significantly faster than S1, S6, and S8. In fact,
compared to S3 and S5, S7 has a weaker dynamic form. In addition,
compared to S1, S7 has a clearer form of indication, and compared to
S6 and S8, it has a richer visual graphic.

Participants perceived that S8 was significantly slower than S2, S3,
S4, S5, S7, and S9; however, it was significantly faster than S6. This
means that the perceived speed of S8 is slower than most of the
samples, except for S6. The graphics of S8 and S6 are similar, and
both have a very traditional loading format, but S8 has a text

The speed perception degree

S1 S2 S3 sS4

description whereas S6 does not. This suggests that the simplicity or
complexity of the graphics may be an important aspect affecting the
perceived speed.

@ Participants perceived that S9 was significantly slower than S3, S4,

and S5, while being significantly faster than S1, S6, and S8. In terms
of visual elements, S9 is not a complex nor a monotone graphic. It
seems to be a traditional visual indicator that fits the download
interface. From the total utility value results, it seems that the im-
agery is rated as general.

Perceived speed is essential to interface design as one of the most

sensitive factors for users in the waiting state. These perceptual results
show that some wait indicators are perceived as “faster” than others,
indicating that the designer can modulate the user’s speed perception
through the design of the wait indicators. From the visual element

S5

S6 S7 S8 S9

The wait indicator samples

Fig. 5. User-perceived speed of different wait indicators. Note that the Y-axis represents the scores, the X-axis represents the indicator samples, and the vertical lines
in the table represent standard error.
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results, it can be seen that samples with rich visuals, rich dynamics, and
clear indications are usually perceived to be faster than samples with
monotonous visuals and vague indications. In addition, the results
combined with the total utility values suggest that the visual imagery of
“pleasant and individual” may increase users’ perception speed. How-
ever, “simple and understandable” visual imagery may not enhance the
perceptual speed.

For a clearer discussion of the results, we further analyzed the means,
as shown in Fig. 5. They indicated that participants perceived S3 (M =
5.15, SD = 1.34), S4 (M = 5.04, SD = 1.31), and S5 (M = 5.17, SD =
1.32) to be the fastest. They also perceived S1 (M = 4.19, SD = 1.34), S2
(M = 4.49, SD = 1.50), S7 (M = 4.79, SD = 1.40), and S9 (M = 4.61, SD
= 1.48) to be faster. However, they perceived S6 (M = 3.57, SD = 1.80)
and S8 (M = 3.86, SD = 1.64) to be slow (scores of less than 4). If de-
signers want to make users feel that the system is fast, they can design a
wait indication type like S3. Meanwhile, the designer must know that
the S6 type will make the user feel that the system is slow.

Besides, when analyzed in conjunction with the TFL results (see
section 4.4), participants perceived the fastest wait indicators to be
higher in imagery ratings of “vivid and unique,” “simple and under-
standable,” “eye-catching and specific,” and “pleasant and individual.”
This finding indicates that participants may also perceive waiting speed
to be fast when the wait indicator has these imagery ratings.

4.6. The TFL graph results of the visual imagery evaluation

By drawing TFL diagrams to analyze each sample’s visual imagery
evaluation, as shown in Fig. 6, the results show that the wait indicators
have enormous differences in the visual imagery of “vivid and unique”
and “pleasant and individual.” The span values were 7.3 and 7.4,
respectively, while the adjectives of “modern and flat” had the smallest
range of differences with a span value of 5.4. Also, participants showed
less variance in the span of wait indicators in the “clear and practical,”
“stable and calm,” and “eye-catching and specific” imagery ratings.

These results indicate that participants rated the dimension of “vivid

A
1 Sample 68 9 1 23 74 5
>
0 2 3 4 5 6 7 8 9 10
Vivid and unique
A 4
1 Sample 968 2 71 56 3 :
\ >
0 2 3 El 5 6 7 8 9 10
Clear and practical
A 2 7
, | sample 6 8 of 534
0 2 3 4 5 6 7 8 9 10
Simple and understandable
N 3
1 Sample 86 2 9 1475
0 2 9 10

Modern and flat
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and unique” higher, while some ranked it lower among the represen-
tative samples. Participants’ evaluation scores for the measurement of
“modern and flat” were relatively similar.

The radar plots of visual imagery evaluations for the nine samples are
shown in Fig. 7. An overall comparison of the different wait indicators in
this study indicates that S4, S5, and S7 are all in the radar plot’s
outermost circle. Their visual imagery evaluations are similar and have
high scores. In particular, participants rated S5 the highest in terms of
“vivid and unique” and “pleasant and individual.” Besides, S6 and S8 are
in the innermost circle, and their overall visual imagery evaluation
scores are lower. However, S6 has a higher score in the imagery of “vivid
and unique.” Overall, S1 and S9 were rated at a moderate level for visual
imagery, showing significant differences. For example, S1 has a higher
visual imagery rating of “vivid and unique,” while S9 has a lower visual
imagery rating of “vivid and unique."

Moreover, the overall visual imagery evaluation of S2 and S3 was
rated at a general level. S2 has the highest score in “simple and under-
standable”; however, S3 has the highest visual imagery rating in “eye-
catching and specific.” The results indicated that there were significant
differences as well as significant similarities in participants’ visual im-
agery ratings for different wait indicators. Further combined compari-
sons yielded three groups, including an opposite group and two similar
groups. The opposite group: (1) S1 and S9; their visual imagery evalu-
ations were at a moderate level and showed opposite trends. Similar
groups: (1) S4, S5, and S7; they showed similar imagery evaluations, and
all received high ratings for “vivid and unique.” (2) S6 and S8; the linear
radii of S6 and S8 were within the innermost circle, indicating that the
evaluations of their visual imagery were similar. It is noteworthy that
the imagery evaluation scores of this group are lower.

Combining the results of the representative samples in Fig. 2, we
found that S1 and S9 have entirely different design morphology. How-
ever, S4, S5, and S7 have metaphorical design morphology, and S6 and
S8 have similar morphology. Besides, combining with the section of the
perceived speed results (see Fig. 5), participants perceived the waiting
speed of group 1 to be fast and group 2 to be generally more immediate.

W

Sample 6 8 9 1

47 5

0 2 3 4 5 6 7 8 9 10

Pleasant and individual

1 {Sample : 6 8 91 53 4
0

2 3 4 5 6
Stable and calm

1 lSample 68 2 9 7 5143
0 2

3 4 5 6 7 8 9 10
Eye-catching and specific

~
®
©
S

Fig. 6. TFL diagram of visual imagery evaluation for each wait indicator sample. Note that the bottom of the X-axis represents the score and the top of the Y-axis

represents the number of samples.
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Vivid and unique

Modern and flat

Eye-catching and specific

Simple and understandable

—+— Sl —=— 52 S3 S4

—— S5

Pleasant and individual

Clear and practical

Stable and calm

= S6 ——S7 —+— S8 ——S9

Fig. 7. Radar plot of the visual imagery evaluation of different wait indicators.

In contrast, they perceived group 3 to be slow. It is noteworthy that the
imagery ratings were relatively high for Group 1 and Group 2 and
relatively low for Group 3, a finding consistent with previous research
that when users perceive speed as fast, they also feel positive (Ghafurian
et al., 2020; Harrison et al., 2010; Li and Chen, 2019).

5. Conclusions

To more accurately tap into users’ potential feelings, this study
combined multiple research approaches (including multidimensional
scaling analysis, an expert questionnaire, factor analysis, the triangular
fuzzy method, the general linear model, etc.) to specifically explore the
visual imagery and the perceived speed of various wait indicators for
interfaces. The current study examined the importance of interface
design by focusing on users’ potential feelings and perceptions of the
design of wait indicators. Based on the research objectives developed in
this study, several key findings and design recommendations emerged.

1. Each type of wait indicator has its distinct visual imagery. For
example, facing each kind of wait indicator, participants differed
more in evaluating the visual imagery of “vivid and unique” and
“pleasant and individual.” However, they rated the visual imagery of
“clear and practical” and “eye-catching and specific” with less
variation.

2. In general, there are similarities in the visual imagery evaluations of
the different wait indicators. As shown in the radar diagram, S4, S5,
and S7 had similar visual imagery evaluations. However, there were
conflicting visual imagery evaluations of the wait indicators. For
example, the visual imagery evaluations of S1 and S9 showed
opposite directions. Therefore, the interface designer can consider
the alternative design and irreplaceable design when designing wait
indicators.

3. According to the visual imagery evaluation results of TFL, the wait
indicators were divided into three groups: an opposite group of S1
and S9; and two similar groups of S4, S5, and S7; and S6 and S8. The
use of visual imagery corresponded with the design morphology of
the wait indicators. The interface designer can clearly understand the

design form and visual imagery through this grouping result, which
is an essential guide to adjusting users’ potential feelings.

4. From the perceived speed results, participants perceived S3, S4, and
S5 to be the fastest. Moreover, S3, S4, and S5 were rated higher in the
visual imagery of “vivid and unique,” “simple and understandable,”
“eye-catching and specific,” and “pleasing and individual.” However,
when combined with the results of total utility, S2 with “simple and
understandable” visual imagery was considered to be slow. There-
fore, this study concludes that having three kinds of visual imagery,
“vivid and unique,” “eye-catching and specific,” and “pleasing and
individual,” may be responsible for the participants’ perceptions of
the wait indicators being fast. In other words, a wait indicator with
these visual imagery ratings could make users perceive that the
waiting state is fast. Besides, when users perceive that wait indicators
are quick, their positive visual imagery evaluation is also high.

5. Finally, designers need to weigh the feelings and speed perceptions
they expect users to experience for the mobile application when
designing the wait indicator. Meanwhile, based on the visual imag-
ery analysis results of this study, interface designers can quickly
determine which type of wait indicator is more appropriate for the
target users’ potential feelings.

This study confirms that visual imagery evaluation and user
perception of interfaces can be effectively investigated using multiple
research methods. The study results effectively reflect the potential
feelings of interface users and provide specific design recommendations
for interface designers and developers, especially for interface design on
mobile devices. However, this study still has some research limitations,
such as whether participants’ emotions influenced their evaluation of
the waiting indicator; for example, negative emotions might make their
judgment more negative. Whether the user’s operating environment
influenced their evaluation of the waiting indicator, e.g., in a noisy
environment or a quiet environment, may also have been a potential
factor affecting the study results. In addition, the context may influence
the perceived wait time. For example, some of the wait indicators may
occur more often in situations such as streaming videos, while others
may be more appropriate to show that the download is complete. The
exploration of the appropriateness of particular images therefore also
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merits further study in the future. The fact that most of the participants
recruited in this study were young people limits the scope of the group
involved in the study results. Besides, since the methodology of this
study is aimed at the design of wait indicators for mobile application
interfaces, other interface designs, such as icon design, navigation bar
design, and color design, etc., need to be extensively explored in the
future to determine the effectiveness of the proposed methodology.
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M B S EIS SRR R -

PR N PR TT - BRI ST i AL BT SR AN s R P s S A B L - B
LIRS BN BUREG TSR IENE R A - FEBEERE NSRRI TEVRESET - Pt
BIER ZARAE © AWTFERAER R A R RN EY) KBRS R FrHRE T RBUREGET - DUETT
AT - WA B SRR 3G T < A AL N - S A e B TaE i b e Ba e AL IR % -
AWFFE L R AR AL ARG T R B - AERDREG TN AT R & PEAERE M A & DR AN A P =iy &
A TR - [ ERREBIEAERIRE T - BOEBUREGE R 3 ] Aea il F 35 AR A
5 DURARTHE B FA IR - AT SREREBURSG T AN B Err gy 8 - DUk SR
PRI SRR 22 B e B [ B £ - BT SE RESE S o I BIUIERA T » (et TEhIE PR A B
FIfehE - ARWTFEAE Ry « BB AT S e BB A TR - AR RPN RURERET » SR 0
B Z R R JBARE RIS - DUR AR A Bl 2 e B e AR B 5 LRI 7 AW Se R N B g 7
7 PSRRI ANH B ET ERBERAIEE « SET T BB RS RS AR B R
tethEea g - WA ST AR R IR M BLR SR AT R SRR T -

—~ WA R

VTR e R A 1 ELT BRI AT » LR SRR IR I A SR
AL - WL PR ) T o 150 T R BIE 33 » S P MR L BRI R 102
FH R R - B T3 R 5 1 1838 O A S B 8 A - P T 9.
SRR AT R B BB R S T TSRS - T AR R A T
BB B B 3t — -

2-1 EERRERRTRALET

R RIS S I B8 — LR TR R S R B SOARRRE SR AR R S e HL2
FRMER] ~ FEHETRIERZ D IRFTH] - f TR RN TR w2 Miller (1968) - i HRHIERBURE
HEZAITIRE - BIAN - EEHFEXGEM / AEE RO HRONAE - BRI ICE Tt / MufvEs RIE
Hi[ElE - Conn (1995) tIZHRFHITAMAVEL S - 5 HHE & T EAREE T HA SRR EE R S IR B3
IR - 6 HAESTRIIERS M2 A58 - FRIEL] R - BUREGHHE R BRI 1 s AR - J
{50 FH B AE SRR R Ay AN E T DU S5 0 I 8 B A BRI SR i © Myers (1985) SR Rtfi U BEREE
s HEEH S IE T, - W] DUEsERE A5 (TR ME - HarrisonZE A (2007; 2010) FIRE T EEfFRrY
AN FIFRRIE ZUAHE I B AR R A SEAN S T B - MERET BT B N SRR RG22
[FIE2H - BIARE ERUREGETRIER - AR - TR ~ BREERFIR SR G0 i E . ~ IRF AR

SN2 (Kim et al., 2017; Lallenmand & Gronier, 2012; Lee & Chen, 2019; Ohtsubo & Yoshida, 2014 ) »

HLUE N it Ty RSB By R A R F RPN BN EE THE TR /T I TERA Al e A -

BEOR - ERPIRTE R A TE B A B T B E O i T P DA R SR /R P A A EE s % » IRILEREE
WIEE R LS T TE) app L FERHIRERURRG P A BB BRI EEE TG - AWITERE R AR |
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FIm S EE T e Nt F#E RIS L - BB MBS T EAY A.8) (Hansan, 2016; Norman, 2002) -
Thomasf{ICalder (2001 )5 H{ Bl n] DU /11 REA B FHE - [RIFRFR0E F & B Bate 2l B2 S it - Chang
FlUngar (1993 ) R5EgEE-R@ B f] DI BB A S0 7 B TS RRISERTEEAT o AT - Rz —
MEA ST B EEGT - W H PSS B A - Rl BEAET TR T
HRCREENZ © AWTFEERIR A AT 2 RE B 1 F R FAHIRRE T B M T e BUREa T - DUR
A ENE AR BB E 2 S RE S TR GG I A AR IR 2 - BIAN - FRH 25 SRR S AR i B e
FIETHE B FRA R o IINRENTTERRIFAHREZ T DU B EG HEE B AT Try-f
BB MR AT E T IR o #EARLIAIChen (2019) R3S s EURIB S SAEBR I FERAIRE T
HEHFERE - (B i TR & R A (P10 - BB ITAEARRE « (ZRERGRE
GIEHIRG « FEERR I 5 [REATRERERH 28 B N R G R ARG T ) S B MRk AR 2R
FREMWRDL  RIBL » FE1TEER AR L KR _E52 FrappfOfl FHEAE T - BRI SR AR Y SR RF IR -
DAk < FRIFTEE AL 72 SRR (SRR -

2-2 F BN ARSI

#c#E ShengEil Lockwood (2011) HYBIELSEN - ER T AMMIR R AR G EEEH  KhEgE#
SEE MR G 5 (BRI AN S - RIS R 7 R En I S TR iE
£ (Droit-Volet, Trahanias, & Maniadakis, 2016) ; SE4MUAWFEETRIR » B HFREE IR LI BB
IR R AP B R R R A S R B 43+ SRy (o P B A B SR R R R G - SRR R A
flEt R R S E A B e F 1 R R & BRI SR A IR B A 31 Ry 588 (Block & Zakay, 1997; Macar,
Grondin, & Casini, 1994; Thomas & Weaver, 1975) -+ [KIFL/E{TEappi st @i » BEREGE HEEE S
QI BR S M HIES T AL - WKL B B RS RHIRE PRI A IR B - HINE & AT OB
ARREREURER AT R B I IR FR S (e B B I B A IRF i e B Bl s LSS el th 2 R e — 4
PRE AW R EENE DA RIE A SRR R a2 PR AR RIS B il S R B T
REFGECRE G HM BRI EA P 2 HER A -

R 2 S 1 35 AT REA BB D IR 2R SE RO SRR - TS RHIRRE R B R B P &
FEEHIIRFTA » AT ORIV ESE R IR BRI BB IR AT REAY S — R A TRIR B P & e » a0 < S plRr RN EEER
FERARRIE B NI « SFAHIRRERY SR 3 T B B AR R RN 2 2 RE B UIERIRY - Ry E AR RS
FHRRRIR R A B AR B - SRS IR N E B B TN RRZ — - IFEFIEARE
TSR ~ BEREAIEE S R A - SRR A A B0 LB R T - WA R & B A R
FERFEREE - LM E B E RIS R T AR YRR A « Zakay (2012) s AR AN
BREAERER - RASEERE - CHARFEREEE D AT DLOE EEERIRF A IR B B
TR » ERIEEET T P B IR RS2 AU S B R A T aR E T B R E 2L - SERTHEFF 2 OB ERRIT a7
IRFREIRISEAEERE - B4 - Poynter (1989) fRH VR AT AL - BIFESRH@ERE R inaa s M bs
HIME » MR8 T B S RFIRF AT P AT T RE & ALK T 3 INEC IR By A8 Ry BE RS AP IRe ] = EAh
WA E A F AR T EE R EL - WTRES ARG & KSR RE R E AN & n 2

( Antonides, Verhoef, & Aalst, 2002) - Allan (1979) F5HIRFREIAIE 52 SHEIERFEFF I > R
BRI - B EHERE § SNSRI SRS Bt nT R ey B sk (o FH & Y Rp e S
(Fraisse, 1984; Ornstein, 1969 ) ; Block ~ HancockEilZakay (2010) thigH! @ fFEMIE M SHVIEIL T ety
B A HeR - 1 B B AR AR MERF R (4 1 (retrospective time ) ; ZakayEid Hornik( 1991)
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RURE Ry w U256 508 (B R B i A IR RF I RIS - RS DL B R nI 130 - B R AU RF R RS2 T L
S A T ERIBIOR S [FEHY - WA B e SoEy - TR appI I S - B HEE
AILGERE MTHYEGT (AREEE ) A BRI RSN RrBaaE - RIEAHT et ERE

bl B ER B AR VR R B - ST RHIRRE BRI B0 A LB T 2 SRR - MR B A5 0
Bl Z [RRIRAGR -

2-3 SrEZE S5

FFE M EE BB T FE ARG S B AR 2 A il - A AR - RBEREHEE T
AoREls - HEM 22 TEapp ARG HIRGZEM2E » BI40 © Zhao ~ Ge » Qu ~ ZhangBiSun (2017) $2i - BEFH#H
EH R RIS IR R AT FE T DA » DACRES RARRINEFBEA - BielenEZDemoulin (2007) #5H -
AT S AR R e A 8 S T AR 55 e T R (Y DR KT 32 » T L S BT = s i A B SRR Y B 5 -
Shneiderman (1984) thigH! » 4 ERCRGFEE RIERRIRE/A G - th4h - AW ERR » RE
R MR - 58 3 i ar it B AL (Rose , Evaristo, & Straub, 2001 ) - Hoxmeierf[IDiCesare ( 2000 )
fEH TR (B0 2 12 #) ARy Sl F e B F 2RI, - R nT BB
F 1 R L3 - Galletta ~ Henry ~ McCoy#IPolak (2004) £IR » ANSRAEuENY H A E e B & AL
IEMIBYREES - FRPERE LG Y o FERRF ] FE R FF R AR SO RUIRF R S » BLal » SEfr b Bl G ke e (35 2 UIny i
B pan - OEEAHRRARI I ST HE O P B SR e R B L A A AR Y 15 = S AHRR . (Droit-Volet & Gil,
2009) - LiikkanenflIGomez (2013 ) P8k Sf &y A A2 A MM &I B R B A MIRTT R FIEHE © Prietchl
Filgueiras (2016) 5 FHEAIETHIEREEH LIRS AT - FERZ R Mk d T s (E sn i AR Hh s -
Kaur ~ Dhirf{IRajala (2016 ) BHREFIR @ i BRI 2 S8 iR EE KR 2 — - fF Lt - |
FLHIRRERTS [REAVET 2 BN E B B B e B S R R % - b A a2 e 2 g
[T+ RIEE AR FEIRHE A At s BRI T R IR TS E A /M RIS R B TR » e dsa g 5 v A
5 SR B TR SRR T F 2 L g T R

S » 0 SR R P A S 4 R A TR B - AT IR T SR 35
PRI G R 1285 DB R S5 (S T EARSE TERRTZ 91 + Nielsen (1993,2009,2010) H352H{ 1085247
RS I R A A TR RBH AR + P T ST T 1 | OB A SRR B
P 5 A A B U A » LML AT iy 5 R B A | OFS B/ N | OF D (I T
BRSBTS  (TTHRBR S AN B B A B T BRI R « AT etmTge Fl i
FTBhapps Ml " SEARREBTREE )R SRR L A ST AT PRI P T B R
EUER 0 (1) BRI S R BT & B0 AT 6 FA S I IIAIERE 5 (2) HERPR
I 5 R B R RIS F S T DA B I AR B 5 (3) BRSNS
FAR IR TSR » B ERT 0 5 (s T P S A S B 5 (4) FPASR S
TRERERETASITERE FI S AR 5 (5) BT IR R B P B 2 I R+ DUR A
5 5 e P A 2 B

RN ¥ ¥R

AREgEET H AR R E BB ETHE AT - DI 23 R A T3 BT (two-way
ANOVA) - Hrfr—{f 5 8815 R AR SF AR R BURERET - R HE U R A R AR Fe U
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aEt » B -RESainym 52 S S 1 BURE T BN R AR AR R = 5 A E I R S
RFFAT » SRR AR T AH B SRR AT TR L35 T T R O S o R ] B R O S A IR FE R g i » IRIE AT B Ry
3 (HRPRAL » RERERIUAIRERER) X2 (HISHHIISHD ) ZadFH M (between-subjects) B » Hi%E

T ofE A AR ffapp LAY - S DABERE T SR BUT — R AR R T E S o fEE MR &AL 5T

ABHSEER P TSR A E 165 ZUAR I R 5 P B IR AR - BB AR Y 5 302 2 BindraflTWaksberg (1956 )

Frie iyl 53t 5 SOONRAZ Ry 7 BhER (7-point Likert scale) ME{T/MHIFRFHGERIVETAY - SFRFHG
Ba B FHI 2 HHE Antonides®E A (2002) [l K Lallemandf1Gronier (2012) (5L EFHEITERET -

31 ZHE

AW HILE MBS (purposive sampling) » ARSI EAE FlRE R 16-3955% .2 [H - EERERIA
BT AGETT - BRI E RS TR R — T - ER G 7205 E (RS I
TEE21A7 551 ) 228 - AT ISZAE T RS - MM HRER e BloR A TPy A 1 - AR A
120735 EHEI TE RS PRS2 aA B B B ] AR W AR ASES - FLrpa 1%y NRERBE FBLAEY
IRFFEIA Y3038 » 27%H A SPEAEEE31-6050 8 » 9413 1% AfeE s 1/ -

3-2 WESRLEA1TE) app RE

ARERRIFERRARIE R RS « E5eiRHAdobe Hlustrator CC 20 148 HEI TS REUARGT 5 1M
#&IRH]Adobe Flash CC 20 14E e BU EGIFENE - ERBIRRREURGT 5 B R IRHIProto.iofk B EEf T B applty
JFUERET » AWTFE L HIER IR AR — (e _L 5 Frau T8 app > 52 Fra s A2 R BURSEEIU TSR R
EEaE e R AR (iPhone) FH%10.3.3[RAZIOSTRAME » BAEA/NFS. STEN

3-3 WERIETE

TEERERRIG AT - SGABE PR AIAWT FEA T st TFe H A - DURAE B EE R iR ERE R F IR
REHUREGT » ELERZEEEEAREAE R, SR~ it BEEDUROE S BEAAR L5 Frapp
FREHER o TP 1752 3 TRt —TRiPhone » N RIHTR BE5E pk — (BT BB TR A5 - EBR(THS /0l
Ry TEREIEENEE ) - TIRIGER ) TR ) - BREERRER MR
G LIPS B SAHIRBRURESG TN © S2AE SR B E B R A SRR BB REG T TIRF ]
izt (flETHEER IM~120007) 5 BRER PR THER (Likertscale) - BRAITAAMSS : (DA
IERFFRHIRERUREG TR (FE1 T —REEAA b, 217 TIRE TR S ) 5 (2) BAEFRRFAVEERE (7
1D —BRERARRE ) B 7 TIERRIE . ) 5 (3) BHEFFRAREAMERE (1€ 1 T R, 2 7 73k
WE ) ) o WIMFE AT EH B N 30> 8 - AERR T AR AN LR -
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/ 7"'\‘
J/"/" ¢ ommm |
(a) E{r’%ﬂ 4G PEFI2: 00 100%
BEIRERE
FHIRARRRMERET (WID) (b) FiBESME ,
(B#I181) BIBEmERaT
E5RE
(©) FAER Piss O FIE s F
BETRaRET ARmaRat
v B PN B R =
ANOVA . . >
wrmgmnmrn O VEREL S
BERaRAT LR
3x2 Between-
subjects Analysis
€5 o EmRITE
155  FEARZZR
— v
55 (c) FiBAR Lﬁ?‘ﬂ% ‘
FERIETR W) s , | mim
2 a
15*,/1\ I \ Q ““ WERE |
‘\\\\\:': = o

1. ERNE

W~ ERER

ARIFSEER F BE A 138 SO AT TR TRE T AT - BB T IR SRR RN 3G TR S RF IR FE 1
TotITFer E T - 15 A IRF R IS AN 08 F =5 R e B E R T e R IR - S0 /532 8 SPS S i
L ER BT T AR T IR RS A SRR o] e flE A2 A ol P 5 IR R A58 B S R
BT I ERI A EAE A - I FZBLSDE AL - oA HER SRR R DA B RG24
TEA R o R 2L g 225 -

4-1 EEFNERERE

T ¥ B S RS 5 P B UIRF R AL - 1 Sl B IR TR 152 B A B B i st e Y S R IR P BT T ¥ L
BAO3AT o AWTsefkiEHornsteinflIRotter (1969) i HiAVIRFEIFIRERR 23T RT3 5 52BE HISE IR FRF
ARREIRFTE] (PWT) JREEERERHRRERSE (AWT) - tAZETP=PWT-AWTHYZ{EE £ R R HIAISE R

(LURSREETP) -

A BB ERUE AT - ETPRYREIR - A1R 1FOR - FRHIREHUR G T L AR
P (F54=3.698,p<0.05) - &t —DHYLSDEHR AR - MIRBUREERGA (M=-1.2,SD=3.2) H
REARAY (M=1.8, SD=3.4) ZITFERRZ AR (p<0.05) - HFIRZEE BHRAAAIIRF I AITEER 2558
SRR RAEARAY © SISPETP BURSREUR » SFRARFAINY E OB AAAEREE M2 R (F5,=5.214, p<0.05) -
BB > 5K (M=1.3, SD=2.3) HYFERFRFHLZ N EEARIIRFFEIFISERR 2200 - 158D (M=-0.8,
SD=4.8) WYFRFIRFH.L N EEEARFRAIRITERR A=K - PLANE B 748 R A A MR AT - REEREUR
FRHIRERENERG B E AR R A AL F PSR VU (Fo54=0.971,p>0.05) -
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& 1. ETP (B R FERBOMHER

Source SS df MS F P n2 Post Hoc (LSD)
SR BB R R 2 (WID) 96.934 2 48.467 3.698  0.031* 0.119 F < -RSmAem
FERFEFE(WT) 67.168 1 67.168 5214  0.028*  0.085 5 >15 #
WID X WT 25459 2 12.730 0971  0.385 0.034

*E 0=0.05 KHEFEAFEZR (p<0.05)

282 (it 7 HOINEEMIAYRTIR - REREURAESTOR SR T - RGIURIIF A 31504 (M=0.40,
SD=1.50 ) Rl R AU AR RIS R 22 By 1.4(M=1.40, SD=2.95 ) - [T - ARAY AR R AN S 22 Ty 2( 1M=2..00,
SD=2.24) - 4E 15 MHYFERARE T - REAIAVRFEAISERE R -2.8 (M=-2.80,5D=3.68) » il HAIY
IRFFEIRIEE R A2 Fy-1.4 (M=-1.40,SD=5.40) - SRIM-RERERIAYIRFIANISERR 2 s 1.7 (M=1.70,SD=4.57) - [it
FOMEANRINSERFIRE ] T - 523l B Rl RE R AT 2 e -

TEFHRERUREGTN S - RRIUAESTOISFERFRF R & 23 AR R AR I 1 0.4%0 (RRAE(E Ry I
) - MAEISEPRUSERFIRE] - 523 MISEEIRF R 172.8% (GREAEREED) - FERGEHESINE
RARFIET T - REREIANISE AN 1 1LARD - TAE L SEORI FERFIRFT] 2 T SZeA B IR RIS AR A T L.4%D -S98Rl
REAUESPOR SRR T » SZa B ARF RSN 128D > AR L SHOR S RARE ] T 323 B O IRF R 152 Y
Y LR o DLEFRSRBURTE ISHRERIRFHE T - RSB R AR R AT R A thAlZH
I R A A B BRI A TE R AR MR PTRE S RS2 B YIRS ANISE. -

5% m 157
4
3 2.0
1.4 1.7 13
1 0.4 l
- | I
-1 08
1.4
3
28
4 . . "
BRI TEBEREFRE RIEAERY 480

2. ETP RYI5{ES T
fit#hA ETP fY3T4Y - EEIEARP BT ARNERESHAS BRI EHRERREIN=
B R DERENRS B ABRARR SR -

4-2 EEHRUE

ARG T S B RV & IR I 2 s R TR R SR » AR E I E T E AR B g
(&1 T —BEAARTR ) 27 TIRRTR ) ) o B EER 3 R TR T - RERAER2FTR » SR REEH
TR BT S0 HE R M A2 B (Fp5,=2.892, p>0.05) - 1fij S5 15 FF [ A 32 380 HIJ 7 70 B 3 1 e
(F154=11.798,p<0.01) ° FLAMEBEFIIYIIATRIRIGH] - STORYHE R [54.5 (M=4.5,SD=1.3) -+ 15F
HURBERNISE F3.3 (M=3.3, SD=1.3) - ML RAENFEBUREET T - ZEAEIESWERHIREE NEA R
HIEE LR R R - TR 1 SEOEAHRRE T A AR A A L E B 8 - 7R A 158 SR
LR AAEHHT - WERBURFRHINBRUR R B E AR L R A F 2B (F,5,=7.010,
p<0.01) -
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xR 2. RENBNERFEEBMMER

Source SS df MS F P 12 Post Hoc (LSD)
SEARIRREE R A (WID) 7.856 2 3928  2.892 0.064 0.097

LI (WT) 16.024 1 16.024  11.798 0.001**  0.179 15 #<5 #
WID X WT 19.043 2 9521 7.010 0.002%*  0.206

*HIE 0=0.01 KIEGHEE 2R (p<0.01)

SRFERISE & FAHRRERUREG T B SRR 2 AL E AN 3 Fivi - WFSEqs REURAERBAL T - 323K
HIE ST (M=4.0, SD=1.4) FEFFHRRE FLL 15 F (M=3.4, SD=1.0) FEFHIRRE FATELAREERITEE IR -
BESN » FERBRMIY N 2B S B (M=4.5, SD=1.2) FEFHRRE ML 15 B (M=4.5, SD=1.2) FEFFiRRE
AT REEE ISR o BASRFCRE BRI T B FIFRR R MR A
FEEY - A HABFIAISEE] 5 BORT 15 SRR AR AR TR - thRTER s R nlRESH{b 1 323
BAEBIRFRAR ] AR - ARMAE-REARIL T - 58 (M=5.1, SD=1.1) TFRFIRFRINYEEE RIS 252
Rt 15 ¥ (M=2.5, SD=1.3) ZFERFRFHAEERSE - [FIRFAE-RERRRLS T - S5 TE 5 MEMIRE T
SRPERISE R R 15 FHFRFIRAE SRR s B 1%

& 5% 155
6
5.1
5 45
. 40 45
3 3.4
5 25
1 . .
RAIGE FiEBRMEE FiBAREY

3. BEMB SHRERTRETREGHHENTEER
fitshz T oME - EMERESRTEERIR MR RFHRERRREIN= BT AR -

4-3 FRDAE

KBRS 3 Al T TR 743 SR T AORE ST » A SRR SR R B BB T LA
FEAETR (Fp54=4.265, p<0.05) - E@E—PHY LSD HERES - FIRERRBEAINEUREGTH (M=3.7,
SD=1.2) B-RERGAINEUREET (M=4.8, SD=1.0) ZHTFAERRE ISR (p<0.01) - PRAMRARAUAIR
HAERY (M=4.5, SD=1.9) ZMHBFERZIEAR (p<0.05) - M-RERGEEE-REERL R RS2
S WS B AR GAUANLL - 23 NS EN Rl AR B Rm ARy -

2 A 7 B BB T - RS SR BN SRR A B A T = 5 (Fus,=5.811,
p<0.05) - HVIBOMTRERIGA - ZEAHAE 5 BORVERIRFH T (M=4.7, SD=1.3) HixEJI2HER
IMAE 15 BRSERFRE & (M=3.8,SD=1.6 ) HEE e KA HE < EREER 13 BB KB AERMT - 45
REURFRHINERURE G B SF IR ] L RV A AL E I AE B E. (F2,54=3.266, p<0.05) -

90



10 TN O s T 2 R R A B aR A B S AR BRI e

& 3. EBNNER FERBONER

Source SS df MS F P n2 Post Hoc (LSD)
SRR RE B RS 15.200 2 7.600 4265  0.018* 0.086  RAEAEI<KERMER
(WID) =RIBRER
EFFIFR(WT) 10.355 1 10.355 5811  0.019% 0.121 15 <5 ¥

WID X WT 11.641 2 5.820 3266  0.045% 0.095

*E 0=0.05 KHEFEFE 2R (p<0.05)

ER I FRHINEEUREE T B SRR 2 LA ANE 4R - PR REURAER BRI > 32aAE %
RSP ERIRF I EEE (M=4.3, SD=1.3) ERISHERRIENEER (M=3.1, SD=0.9) ; JAMAERil
R - SGABE B SH ERRF A EEE (M=4.6, SD=1.1) K ISHERFRFEAVEERE (M=5.0,
SD=0.8) - ILFRIEBRIEFERREL T - FHREAIRATREE eI B EErE BT - IIME
REARIY T - SEAE BRSO FRARFEAVETERE (M=5.3, SD=1.3) =R ISHERIRFRINEERE (M=3.7,
SD=2.1) - BRI E - E-REAEEL NZEAE B ISP R R B R RNy - MER B T 23tE
BRSPS RFIRF A B R f (R - IERERFOREH @ AR E A i S - fERIR I
R T TRESE AN ST SZEAE B T A S

& 51 155>
6
5.3
50 S
5 /
4.3 el
—.° 46
4
3.7
3 31
2
] ) . ,
RIgH TBEREE Ei@ARHY

4. FFHRERTEGT REFRMEIRNNZEER
fitahz=ToME - EMERSRIRRERER '8,  RBMRTEGREETRHN=ETRAEN -

4-4 REEIE

WRIEFRA B8 P i T R S (K] -3 SR F SR AT - A SRR SRR IR R B a T R AR B
FEAES (Fp54=3.499,p<0.05) - Hkkals (LSD) #EREUR - KRG (M=3.8, SD=1.4) MI-RiEKEHE
(M=4.9,5D=1.3) ZEHFHEBZENEAR (p<0.05) ; RERGEAE RERER (M=4.3,SD=1.6) ZRHJHIfE
HEE TR s RIAEL-REREA MR MR - PRI RERGAMHR BRI E IS A
JERENRE -

7550 EE K] T SR By R AT - AR R F AR AR M2 2 (F154=7.066,p <0.05) 3%
LB ATTRS SREEUS - AR | SEO AP IRF IR (M=3.9, SD=1.4) » SPOEAFIRF ] (M=4.8, SD=1.5)
BN AT RENWE - B0 RN 78 R A ERIMT - RN A F MR R O E A
MR (F5,=0.214,p>0.05) -
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x4 ARERNEETERBOER

Source SS df MS F P n2 Post Hoc (LSD)
SRR BB RS (WID) 14.083 2 7.042 3499  0.036* 0.096 EEA<-KEEGRR
EFFIFR(WT) 14.222 1 14222 7.066 0.010* 0.097 15 #<5 #

WID X WT 0.861 2 0431 0214 0.808  0.006

*fE 0=0.05 KHEHEAE AR (p<0.05)

FANE TN

W8 ETP EAFIRRERURERET IV T RERS R » R AY A 1 52 3R 2 A - S R Y A PR i 5
SRR - OSSR R BRI A R R R EN S LU E B R R SE AT 5 T -Rom re i Al e I R A8 LU BB
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