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ABSTRACT

With the advancement of information technology, the Internet of Things (loT)
technology becomes more and more intelligent and interconnected, which greatly
enhances the convenience of human-machine interaction, and this diversity is
conveyed to the user through the interaction interface; however, this diversity of
interaction not only needs to take into account the user’s cognitive and operational
behaviors but also may have an impact on the user’s emotional cognition. A 2x2
between-subjects experiment (N = 32) was conducted to investigate the effects
of Design Diversity (Simple, Complex) and Motion Graphics (Static, Dynamic) on
users’ emotional cognition and user experience, using smart home interfaces as
experimental samples. The experimental results are as follows: (1) the complexity
of interface diversity has a significant effect on user performance in operating the
interface; (2) there is no significant difference in the change of user emotional state,
which shows that neither Design Diversity nor Motion Graphics has a significant
change on user emotion in this research area.
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INTRODUCTION

With the increasing intelligence and interconnectivity of Internet of
Things (IoT) technology, the convenience of human-computer interaction
is becoming increasingly apparent. Technological advances have enabled
various smart home products to interact with users through various
interfaces, thereby enhancing user experience. However, there are also
discussions about the cognitive compliance and emotional experience of
users. Designing user-friendly interfaces is not only related to the intuition
and efficiency of operation but also may affect the user’s emotional
perception and interaction experience. Therefore, it is worthwhile to continue
in-depth research on how to improve the functionality of smart home
products while taking into account the user’s emotional perception and user
experience.

The relationship between interface design diversity, motion graphics, and
user performance is an important research area in the field of human-
computer interaction. Existing research has shown that the design diversity
of an interactive interface has a significant impact on user performance and
learning costs (Norman, 2013). High-complexity interfaces may improve
information usability but also increase cognitive load (Sweller, 1988). In
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addition, animation effects, as a visual cue, can be effective in guiding users’
attention and increasing the fluency and immersion of interactions (Mayer
& Moreno, 2003). However, some studies have pointed out that too many
animation effects may distract users’ attention and affect the efficiency of
operation (Tversky et al., 2002).

In smart home interactive interface design, Design Diversity and Motion
Graphics are key factors affecting the user’s emotional perception and
experience. Too much simplicity in design may reduce the efficiency of
information transfer, while too much complexity may increase the cognitive
load of the user. At the same time, static and dynamic visual presentations
may affect the user’s emotional experience and the smoothness of interaction.
Therefore, this study aims to investigate how these two factors affect users’
affective cognition and user experience.

In this study, a 2x2 between-subjects experiment design (N = 32) was
adopted to investigate the effects of two variables, Design Diversity (Simple,
Complex) and Motion Graphics (Static, Dynamic), on user experience in
smart home interfaces. It is expected that the results of this study will be
an important revelation for the design of smart home interactive interfaces,
and provide a reference for the future design of interfaces that are more in
line with users’ cognitive and emotional needs.

LITERATURE REVIEW
Design Diversity and Motion Graphics

Design diversity in interface refers to the changes in interface layout,
functions, interaction methods, and so on. Design diversity is particularly
important in interface design, providing multiple design solutions for
interface aesthetics, interface adaptability, and creativity. Design diversity not
only promotes innovation but also enhances user acceptance and satisfaction
(Norman, 2013). Particularly in interaction design, the use of diverse visual
languages ensures that users with different backgrounds and needs have a
good experience (Marcus, 2002). It has been shown that high Design diversity
in mobile news applications can exacerbate information overload and lead
to visual distraction (Guo, Chen, Li, Lyu, & Zhang, 2021).

Motion Graphics is a visual design technique that enhances user experience
and interactivity through animation. Research has shown that appropriate
motion effects can improve information delivery, usability, and enjoyment
for users (Lupton, 2013). The type of Motion Graphics affects the user’s
visual perception. Several types of Motion Graphics have been investigated as
follows. Ponsard et al. (2015) investigated two types of motion effects, twist,
and pulse, and found that these effects improved visual search performance
by 8-10. Blinking attracts users’ attention more than translational and
rotational animations (O’Neill, Erdemli, Arya, Field, 2020), and Hong et al.’s
(2004) study centered around the blinking animation, which was found to
be able to help users find a target in a large amount of information. The
visual perception of athletes was evaluated and it was found that animations
could attract their visual attention (O’Neill, Erdemli, Arya, Field, 2020).
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Vibrating animations have the greatest impact on visual search behavior and
are preferred by users (Chowdhury & Rohankar, 2023).

Emotion Perception in Interaction

Emotion as a high-level psychological need cannot be ignored in design
(Wang & Wang, 2023). Arousal and valence are crucial to describing emotion
perception and are important components of human emotions. Therefore,
by evaluating arousal and valence in emotion, the diversity of interaction
interface design can be further understood.

Existing research still contains some divergent discussions about the role
of interface design diversity on affective understanding. There is a negative
correlation between design variety and affective pleasure (Pandir & Knight,
2006), whereby arousal with moderate interface design variety improves
interface performance (Berlyne, 1960), and users prefer moderate arousal.
Affective arousal, potency, and pleasantness affect selective attention and
visual processing (Madan, Bayer, Gamer, Lonsdorf, & Sommer, 2018),
positive emotions broaden the user’s attention, and negative emotions narrow
the field of view, and the effect of online shoppers’ visual search suggests
that pessimism requires more attention than positive emotions (Hwang
& Lee, 2022). Tuch investigated how the design diversity of web page
affects human perceptual pleasure, arousal, and physiological responses
(Tuch, 2007).

For this reason, this experiment is centred around the following two
research questions.

Q1: How does interface Design Diversity and Motion Graphics affect
users’ emotional perception?

Q2: How does interface Design Diversity and Motion Graphics affect user
performance?

EXPERIMENTAL DESIGN

This experiment was divided into two phases: task manipulation and
subjective assessment. Subjects completed four task manipulations according
to the tasks and then completed the SAM scale and SUS scale according
to their subjective feelings after the manipulations, which is a self-report
scale developed by Bradley and Lang (Bradley & Lang, 1994). The scale
assesses participants’ effect through three latitudes of Valence, Arousal, and
Dominance (Fig. 1), each of which consists of a five-picture, nine-point scale.
Valence ranges from very unhappy (1 point) to very happy (9 points) to assess
the degree of happiness; Arousal ranges from very calm (1 point) to very
excited (9 points) to assess the degree of emotional arousal; and Dominance
ranges from completely controlled (1 point) to completely controlled
(9 points) to assess the degree to which the user dominates or is dominated
by the emotion.
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Figure 1: Bradley and Lang developed the self-assessment manikin (SAM) scale.
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RESULTS

Completion Time of Experiment Tasks

Task 1 operational performance did not produce a significant interaction
between the Motion Graphics and Design Diversity factors (F=2.872,
p=0.101>0.05; #2=0.093). No significant difference was found in the main
effect of the Motion Graphics factor (F=0.297, p=0.590>0.05; #2=0.010).
However, a significant difference was produced in the Design Diversity factor
main effect (F=4.554, p=0.042< 0.05; #>=0.140), where the performance of
the simple level of Design Diversity interface operation (M=8.28, SD=3.10)
was faster than the performance of the complex level of Design Diversity
interface operation (M=10.10, SD=4.17).

Task 2 operational performance did not produce a significant interaction
between the Motion Graphics and Design Diversity factors (F=0.612,
p=0.440>0.05; *>=0.021). No significant difference was found in the main
effect of the Motion Graphics factor (F=1.550, p=0.223>0.05; #>=0.052).
Similarly, no significant differences were found in the main effect of the
Design Diversity factor (F=0.018, p=0.894>0.035; 7*=0.001).

Task 3 operational performance did not produce a significant interaction
between the Motion Graphics and Design Diversity factors (F=3.475,
p=0.073>0.05; #*=0.110). No significant difference was found in the main
effect of the Motion Graphics factor (F=0.189, p=0.667>0.05; #>=0.007).
Similarly, no significant differences were found in the main effect of the
Design Diversity factor (F=0.355, p=0.556> 0.05; #2=0.013).

Task 4 operational performance did not produce a significant interaction
between the Motion Graphics and Design Diversity factors (F=0.699,
p=0.410>0.05; #2=0.024). No significant difference was found in the main
effect of the Motion Graphics factor (F=0.200, p=0.658>0.05; #2=0.007).
Similarly, no significant differences were found in the main effect of the
Design Diversity factor (F=0.699, p=0.410>0.05; n?=0.024).
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Table 1: The descriptive statistics of participants’ task completion time (unit: second).

Variable Task1 Task2 Task3 Task4
M SD M SD M SD M SD
Motion  Static 929 4.16 1592 4.18 1429 533 6.86 1.69
Graphics

Dynamic 9.99 3.66 1438 2.41 1498 3.74 7.18 2.20
Design Simple 8.28 3.10 15.07 3.30 14.16 4.48 7.06 2.12
Diversity

Complex 10.10 4.17 15.24 3.70 15.11 470 6.98 1.80

Table 2: The results of the two-way ANOVA regarding participants’ task completion
time.

Source SS df MS F p n? Post
Hoc
(LSD)

Task1 Motion 3.857 1 3.857 297 .590 .010
Graphics
design 59.160 1 59.160 4.554 .042* 140 Simple<
diversity Complex
Motion 37303 1 37.303 2.872 101 .093
Graphics x
design
diversity

Task2 Motion 18.927 1 18.927 1.550 223 .052
Graphics
design 219 1 219 .018 .894 .001
diversity
Motion 7.489 1 7.489 612 440 .021
Graphics x
design
diversity

Task3 Motion 3.781 1 3.781 189 .667 .007
Graphics
design 7.088 1 7.088 355 556 .013
diversity
Motion 69.443 1 69.443 3.475 .073 110
Graphics x
design
diversity

Task4 Motion .803 1 .803 .200 .658 .007
Graphics
design .055 1 .055 .014 907 .000
diversity
Motion 2.803 1 2.803 .699 410 .024
Graphics x
design
diversity

x Significantly different at o = 0.05 level (xp < 0.05).
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Experimental Subjective Assessment

The total score on the System Usability Scale (SUS) for this experiment was
72 (M =72.42,SD = 11.90). From the SUS main effect analysis of the two-
way ANOVA in Table 3, the main effect of motion graphics (F = 0.313,
p = 0.580 > 0.05; #> = 0.011) and the main effect of design variety
(F =2.818, p=0.104 > 0.05; % = 0.091) were not significant. Meanwhile,
there was no significant interaction between the two variables (F = 0.168,
p=0.685>0.05; 7> = 0.006), suggesting that system usability was consistent
across all four prototypes in this experiment.

Table 3: The results of the two-way ANOVA regarding the SUS.

Source SS df MS F p n? Post
Hoc

Motion Graphics ~ 43.945 1 43.945 313 580 011

design diversity 395.508 1 395.508  2.818 .104 .091

Motion Graphicsx 23.633 1 23.633 168 685 .006

design diversity

« Significantly different at a = 0.05 level (xp < 0.05).
xx Significantly different at @ = 0.01 level (xxp < 0.01).

According to the two-way ANOVA, the three latitudes of emotion
perception, Valence (M = 6.66, SD = 1.60), Arousal (M = 4.03, SD = 2.28),
and Dominance (M = 6.28, SD = 2.77), were not significant in the Motion
Graphics and Design Diversity main effects on the Self-Assessment Manikin
(SAM), and there was no significant interaction between the two variables
(Tab. 4).

Table 4: The results of the two-way ANOVA regarding the self-assessment manikin

(SAM).
Source SS df MS F p 7> Post
Hoc
Motion Valence 2.531 1 2.531 1.076 .308 .037
Graphics
Arousal .781 1 .781 150 .702 .005
Dominance 1.531 1 1.531 183 672 .006
Design Valence 7.031 1 7.031 2.989 .095 .096
Diversity
Arousal 9.031 1 9.031 1.734 199 .058
Dominance .031 1 .031 .004 952 .000
Motion Valence 3.781 1 3.781 1.607 215 .054
Graphics x
Design
Diversity
Arousal 5281 1 5281 1.014 323 .035
Dominance 2.531 1 2.531 302 587 .011

« Significantly different at & = 0.05 level (xp < 0.05).
*x Significantly different at @ = 0.01 level (xxp < 0.01).
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DISCUSSIONS

A simple interface is faster to use than a complex one. There are several
possible reasons for this. A simple interface design reduces the cognitive
load on the user. Too many or overly complex interface elements require
more attention to process and understand, which increases the operational
performance time. Secondly, a simple interface design typically conforms
to design conventions, which reduces the user’s learning cost and decision
time (Hick’s Law). In this experiment, the presence or absence of motion
graphics did not have a significant impact on the user’s operational efficiency.
This may be because the interface animation effects involved in this task do
not affect the core operations needed to complete the task, and the motion
graphics themselves do not help users understand the interface, so they do not
significantly impact the user’s operational efficiency. It is also possible that
the animations are often ignored or interfered with during high-frequency
tasks, as users tend to focus more on task completion than on the animation.

In this study, there was no significant difference in the dynamic changes
of emotional states between the two variables, and the emotional impact of
interface design needs further exploration. The stimulus material (interface
design) in the experiment may not have been strong enough, with emotions
being too neutral or similar in intensity, lacking sufficient emotional
evocativeness. This may have made it difficult to measure emotional
responses using the SAM scale. Additionally, other measurement tools could
be used in conjunction with SAM to capture a fuller range of emotional
responses. The type of stimulus material might also be related to the medium
used, as visual attention is generally higher on mobile screens compared to
desktop screens. Furthermore, since mood measures are more susceptible
to individual differences, experiments should control for such variables by
increasing the sample size to improve statistical performance. The results
of this study can provide valuable insights for researchers and designers
regarding the emotional design of smart home interfaces, helping to enhance
user engagement, user experience, and subjective perception.
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