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Abstract 
Many scientists and engineers have researched how to 
apply automation technology to intelligent products. 
Emotional experiences in products have been 
considered as important factors for users’ satisfaction 
as well. With users’ emotions in mind, it is necessary to 
consider whether automated products indeed provide 
humans with emotionally satisfying experiences. In this 
paper, we investigated how different levels of 
automations affect users’ experiences from an 
emotional point of view. Through experiments, effects 
of cognitive automation and motor automation were 
explored. The paper concludes with recommendations 
for applying automation technologies to intelligent 
products. 
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Introduction 
In the world of the not so distant future, everyday 
products will contain intelligent capabilities using 
advanced sensors and powerful microchips. This will 
apply to the majority of consumer products in and 
around our environment [3]. Along with technological 
innovations, products which provide emotional 
experience will become the focus of our development 
efforts. According to recent studies which show that 
products that provide emotional experiences satisfy 
users more [2, 6], product design should accommodate 
human's mental and emotional factors beyond just 
functionality. 

A significant aspect of intelligent products is the 
automation they provide. Automation technology has 
attracted researchers because they can replace human 
labor with machines. Already, automation technology is 
easily found all around us. Consequently, to date, 
numerous researchers have studied how to improve the 
functionality of automation technologies [4].  

Considering the relationship of automation and emotion, 
it is necessary to study whether automation provides 
humans emotionally satisfying experience. However, 
researches on emotional aspect of automation are 
scarce. Through experiments with prototypes, which 
contain automation technology, we investigated how 
different combinations of automation affect human 
users from an emotional point of view. 

Understanding automation and emotional 
experience 
Types of automation 
Automation can be defined as the execution by machine, 
of a function previously carried out by a human [4]. As 

the role of automation is to support human behavior, 
functions of automation can be categorized by how they 
support humans mentally and physically. 

A type of automation which supports human’s mental 
workloads can be defined as ‘Cognitive automation’. 
Cognitive automation performs the role of the brain by 
analyzing input data and deciding upon a plan of action. 
Automated products of this kind anticipate future states 
and choose one among a number of alternatives to deal 
with the anticipated situation (figure 1). On the other 
hand, automation that supports humans physically is 
defined as ‘Motor automation’. Motor automation 
executes a decided plan of action. Automated products 
of this kind perform actions previously fulfilled by 
humans (figure 2). 

Components of emotional experience 
A number of studies have examined product experience 
and emotion. The researches have explored the 
emotional experience products provide from three 
perspectives; product engagement, product attachment, 
and emotion after usage. With these, it is possible to 
consider them to be key components of emotional 
experience with products. Product engagement is an 
experience that involves focused attention, challenge 
and control [5]. It gives people a feeling of participation 
on some tasks. Product attachment is defined as the 
strength of the emotional bond a consumer experiences 
with a product. An object to which a person is attached 
is considered to be special and typically means a lot to 
that person [6]. Emotion after usage is a user’s 
emotional status which forms based on the product 
experience. Jordan’s four types of pleasures (socio-
pleasure, psycho- pleasure, physio-pleasure and ideo-
pleasure) are relevant to this issue [1]. 

Figure 1. Example of cognitive 
automation (Navigator of SK) 

Figure 2. Example of motor 
automation (Robot cleaner of 
iRobot) 
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Experiment design 
Goal 
The goal of an experiment is to measure the 
relationship between cognitive automation, motor 
automation and emotional experience in product usage. 
Through the experiment, the effects of cognitive 
automation and motor automation on emotional 
experience are investigated. 

Method 
To conduct experiments an Intelligent Pot that contains 
automatic functions was developed (figure 3, 4). To 
restrict several variables during gardening in a real 
environment to measurable variables, the Intelligent 
Pot was embodied as a programmed simulation of a pot 
plant environment. Figure 4 shows the structure of the 
Intelligent Pot. This contains a virtual plant which is 
programmed to grow as the light sensor receives the 
appropriate intensity of light by using Flash animations 
displayed on the screen. Like real conditions where 
flowers grow in nature, the virtual flower was designed 
to grow well under a specific range of brightness. 
Accordingly, this pot requires that participants give 
light source to the Intelligent Pot and take care of it 
regularly. 
 
Four prototypes were constructed for measuring 
different independent variables on cognitive and motor 
automations. After using them, a questionnaire which 
measures emotional experience was answered by 
participants. 
 
PROTOTYPE 
By considering human’s mental and physical workload, 
automation can be divided into cognitive and motor 
automation. To consider effects of both kinds of 

automation, we designed four combinations of 
prototypes. As shown in figure 5, they varied in the 
manner of automation in the cognitive and motor 
process from low to high.  

Prototype 1 has both high cognitive and high motor 
automation levels. It allows analysis of brightness by 
using eight distinguishing colors such as strong red 
under too intense light, green under proper light, and 
black under weak intensity to suggest information 
quietly and help participants detect the current 
situation of the pot. Furthermore, the pot maintains the 
appropriate light condition autonomously by changing 
brightness of an LED inside it, which helps the virtual 
plant grow. 

Prototype 2 is made with a high level of cognitive 
automation and low level of motor automation. The pot 
indicates brightness by using eight distinguishing colors, 
which support cognitive activities. On the other hand, 
participants need to work by moving a flashlight to 
encourage the plant to grow. 

Prototype 3, which has both low cognitive and low 
motor automation levels, does not analyze the intensity 
of light. The intensity is directly indicated by the 
background color, which changes from black to white 
gradually in proportion to the light condition of 
environment. Participants must move a flashlight to 
provide the appropriate light for the plant to grow. 

Prototype 4 has a low automation level of cognition and 
high motor automation ability. This prototype does not 
output understandable data, and background color 
changes from black to white gradually depending on 
light conditions. However, it maintains the appropriate 

Figure 3. Prototype of Intelligent 
Pot. 

Figure 4. Intelligent Pot’s basic 
structure 
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light conditions autonomously by using LED inside it, 
which makes the virtual plant grow. 

 

Figure 5. Four prototypes which combine different levels of 
cognitive and motor automation 

MEASUREMENT OF EMOTIONAL EXPERIENCE 
The questionnaire was organized into three parts: 
product engagement, product attachment, and emotion 
after usages which construct users’ emotional 
experience with products. The first part, which 
assessed product engagement, included items of 
motivation, challenge, skill development, etc on the 
basis of research on engaging interactions [5]. In the 
second part, participants were asked to choose 
adjectives that best describe their attitude towards the 
prototypes for each of the semantic differential scale 

items such as attached, excited, etc [6]. The third part, 
which assessed positive emotion of users, contained 
items of joviality, self-assurance, and attentiveness 
with reference to PANAS–X [7]. In questionnaire, 
participants answered with a 7-point Likert scale if they 
thought each item was relevant to their experiences 
with the prototypes. Table 1 shows items of the 
questionnaire. 
 
PARTICIPANTS 
Thirty people participated in the experiment. Their ages 
ranged between 19 and 27 years, with an average age 
of 23.5 years and a standard deviation of 3.4 years. Of 
this sample group, 19 were men and 11 were women. 

PROCEDURE 
Participants were positioned in front of a table on which 
the prototypes were used. Participants were asked to 
interact with four prototypes one by one. They 
experienced one prototype till the virtual plant grew up 
which took five minutes each. After this, the 
questionnaire was given to measure participant’s 
emotional experience. Other prototypes were 
experienced in the same manner continuously. Since 
the prototype from the prior session could affect the 
subsequent session, the order of the sessions was 
randomized. 

Results 
Result and analysis 
We calculated the averages of all items of emotional 
experience. The averages of participants were 
compared using statistical analysis. A two-way ANOVA 
with repeated measures was conducted to explore the 
impact of cognitive automation and motor automation 
on components of emotional experience. 

Items for ‘Product engagement’ 
motivation, challenge, 
excitement, enjoyment, 
engagement, skill development, 
new possibilities 
(ex) I was motivated by the 
product. 
Items for ‘Product attachment’ 
attached, likeable, good, 
comfortable, calm, full, natural, 
exciting, fresh, pleasant 
(ex) I feel attached to the 
product. 
Items for ‘Emotion after usage’ 
happy, joyful, delighted, cheerful, 
excited, enthusiastic, lively, 
energetic, strong, confident, bold, 
daring, fearless, alert, attentive, 
concentrating, determined 
(ex) I am happy after using the 
product. 

Table 1. Items for measuring 
emotional experience 
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EMOTIONAL EXPERIENCE 
Results of three components of emotional experience 
were strongly correlated after using each prototype 
(p< .01). Thus, we investigated emotional experience 
by calculating the mean of product engagement, 
product attachment and emotion after usage. 

There was a statistically significant effect on the 
emotional experience due to cognitive automation, F (1, 
29) = 4.46, p = .043, and more so for motor 
automation, F (1, 29) = 94.23, p = .00. Participants 
showed more positive results after using prototypes 
with high cognitive automation. When the prototype 
gave analyzed data to users, their experience became 
more positive. On the other hand, participants reported 
more positive emotional experiences with low motor 
automation (table 2). It is possible to assume that low 
motor automation left room for users to control the 
product as they wanted. However, the relationship 
between cognitive and motor automation was not 
statistically significant, F (1, 29) = 3.22, p = .083. 
 
These results reflect that effects of high cognitive and 
low motor automation provided the most satisfying 
emotional experience as prototype 2 was designed.  We 
conducted further analysis to explore components of 
emotional experience separately. 
 
PRODUCT ENGAGEMENT  
There was not a statistically significant effect of 
cognitive automation, F (1, 29) = 0.015, p = .90. While 
motor automation was found to have a significant effect, 
F (1, 29) = 80.14, p = .00. Motor automation, 
participants formed more positive emotional experience 
with low motor automation (table 3). Their interaction 
effect between cognitive and motor automation was 

significant, F (1, 29) = 8.00, p = .01. Though 
significant effects of cognitive automation were not 
found, it may be still important for supporting the 
motor automation process. 
 
PRODUCT ATTACHMENT  
Regarding product attachment, there was a significant 
effect for cognitive automation, F (1, 29) = 20.83, p 
= .00, but no such significance from motor automation. 
F (1, 29) = 1.25, p = .27. Participants showed more 
positive results after using prototypes with high 
cognitive automation (table 4). They had a tendency to 
prefer the prototypes which conveyed the status of the 
virtual plant using analyzed data. The interaction effect 
between cognitive and motor automation was not 
statistically significant, F (1, 29) = .05, p = .82. 

EMOTION AFTER USAGE 
Levels of automations affected emotion after usage 
significantly. There was a statistically significant effect 
of cognitive automation, F (1, 29) = 18.92, p = .00. 
Moreover, there was a statistically significant effect of 
motor automation as well, F (1, 29) = 115.710, p = .00. 
Participants showed more positive results after using 
prototypes with high cognitive automation while lower 
motor automation was also perceived positively (table 
5). The interaction effect between cognitive and motor 
automation was not statistically significant, F (1, 29) = 
3.85, p = .06. 

Discussion about the result 
Prototypes with high cognitive automation level formed 
more positive emotional experience. It is assumed that 
products make users feel emotionally positive by giving 
easy information for user's interpretation. When 
products do not have enough cognitive ability, users 

 Mean SD 
Prototype 1 3.48 1.17 
Prototype 2 4.96 .80 
Prototype 3 4.53 .95 
Prototype 4 3.49 .82 

 Mean SD 
Prototype 1 3.49 1.24 
Prototype 2 5.24 .77 
Prototype 3 4.56 1.01 
Prototype 4 3.31 .98 

 Mean SD 
Prototype 1 3.01 1.21 
Prototype 2 5.30 1.01 
Prototype 3 4.97 .98 
Prototype 4 3.38 1.01 

 Mean SD 
Prototype 1 3.82 1.27 
Prototype 2 4.40 .78 
Prototype 3 4.20 .98 
Prototype 4 3.70 .79 

Table 2. Emotional experience of 
four prototypes 

Table 5: Emotion after usage of 
four prototypes 

Table 3: Product engagement of 
four prototypes 

Table 4: Product affection of four 
prototypes 
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are not able to engage in the data analysis process, 
which causes a loss of interest and performance 
difficulties. Accordingly it is better to design products 
that provide analyzed data so users can understand the 
product's status rapidly and plan next actions. 
 
Protypes with low motor automation level provided 
more positive experiences to participants. Participants 
prefer to feel involved with bodily interaction. When too 
much motor automation is used, the product makes 
users feel unnessesary and people lose emotional 
experience. Emotional experience comes from the 
engaging process of using products. Thus, intelligent 
products need to apply the appropriate amount of 
motor automation which retains a feeling of control 
over the product. 
 
Finally, it is necessary to keep the balance between 
cognitive and motor automation. Through experiments, 
we found the interaction effect of these two in entire 
emotional experience and product engagement. 
Unbalanced combinations of automation types reduce 
positive emotional experience. Among four prototypes, 
the prototype 4 with high motor automation and low 
cognitive automation was least satisfying to users. 
Since it implemented changes without giving users any 
information, their emotional experiences were reduced. 
Therefore, designers should consider how to harmonize 
cognitive and motor automation in intelligent products. 

Conclusion 
Most intelligent products are designed to simplify tasks 
and provide convenience. However, people feel 
satisfaction through the process of cognition and action 
while using products as shown by the results. Therefore, 
it is necessary for designers to consider appropriate 

levels of automation for values beyond functionality. 
Though the results cannot be generalized among 
contexts where efficiency and safety issues are 
dominant, they may be useful in contexts such as 
leisure or entertainment, where emotional experience 
plays an important role. For applying them in product 
design, we need to explore long-term experiences with 
prototypes that can be used like real products in the 
market. 
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