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Abstract

In today's competitive markets, achieving user satisfaction and establishing a strong
connection between the user and the product are essential needs in the design and
production processes. Enhancing the user experience plays a key role in maintaining
competitiveness and improving product quality. To achieve an optimal level of
satisfaction, it is not enough to focus solely on the physical needs of users or the
technical performance and durability of the product; it is also crucial to thoroughly
examine the emotional and psychological needs of users, which arise from their
tangible experiences and physical interactions with products. Interaction with a
product is a continuous sequence of sensory experiences that begins with the first
encounter and observation, using all five senses (seeing, touching, smelling, hearing,
and tasting), and continues through the various stages of product use, from preparation
and execution of functionality to the end of its use.

User experience is defined as the perceptions and reactions of individuals resulting
from the use, or even anticipation of using, a product, system, or service. This
experience, whether consciously or unconsciously, influences a person’s emotions
and, in turn, their level of satisfaction with the product. Therefore, measuring users’
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emotional experiences in relation to products can be highly useful in uncovering their
emotional needs.

In psychology, emotions are understood as representations of human mental and
emotional experiences in response to external realities and how they are interpreted by
the human mind. Emotions involve physiological arousal, the expression of emotions
through behavior, and the conscious experience of those emotions. This study aims to
measure individuals' emotions during their interaction with two household products,
using a combination of both objective and subjective methods. Although the use of
biometric methods in various studies has become more common in recent years, less
research has been conducted on measuring emotional experiences in products that
involve physical interaction.

Subjective methods include questionnaires and checklists that assess individuals'
conscious opinions. In this study, the PAD (Pleasure-Arousal-Dominance)
dimensional model for measuring emotions was used, which evaluates three
dimensions: pleasure/displeasure, arousal/calmness, and submission/dominance.
Objective methods involve tools that measure human behavioral aspects in interaction
with products, recording unconscious reactions quantitatively. One of these methods
is electroencephalography (EEG), which is used to measure brain electrical activity in
response to sensory or cognitive stimuli. Brain electrical activities are described
through different frequency bands (gamma, beta, alpha, theta, and delta). Among all
EEG bands, the alpha band is widely used for observing advertisements or user
awareness regarding a product. Research evidence suggests that the power of the alpha
frequency in the frontal region increases with positive emotions. Alpha is associated
with relaxed wakefulness and subjective feelings of calmness, well-being, and reduced
anxiety. The power of alpha waves in the frontal region can be an indicator of pleasure.
Frontal beta rhythm appears during cognitive tasks related to stimulus evaluation and
decision-making. In a normal brain, beta activity is positively correlated with
metabolic activity in the cortex under the electrode. Beta band power increases in
response to emotionally negative images compared to positive responses in frontal,
central, and temporal electrodes.

To examine emotions during interaction with products, two household tools were used,
and participants performed the task of chopping a medium-sized onion, a common
activity in cooking. Brainwaves were recorded via EEG, and the SAM (Self-
Assessment Manikin) questionnaire was used to capture individuals' emotions at
various stages of the task. The test videos were filmed from the participant's
perspective, and the sample consisted of 40 women aged 20 to 40 from Tabriz, who
were purposefully selected. The inclusion criteria were mental health, right-
handedness, daily cooking habits, and familiarity with similar tools. The EEG data
were preprocessed using MATLAB software and statistically analyzed using SPSS.
The results showed that the levels of emotions expressed by users varied at different
stages of working with the product. Additionally, the pleasure expressed by the
participants was significantly correlated with the relative frontal alpha power, an
electroencephalography (EEG) indicator. However, no significant relationship was
found between the arousal measured by the questionnaire and the relative frontal beta
power. The increase in alpha power may reflect inhibition of areas not required for a
task. A larger alpha indicates that fewer resources are needed in a pleasant state. In
both tested tools, the expressed pleasure indicated ease of use at the corresponding
stage, as mentioned by the participants during post-test interviews. Higher alpha levels
suggest that under better user experience conditions, faster responses are achieved.
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In this study, user pleasure at different stages of interacting with the product was not
as pronounced as the emotions associated with pleasant events or positive feelings
such as love and affection. This pleasure was experienced in conditions where the
activity was not highly desirable, which likely led to the participants' scores on
pleasure and arousal being close to neutral. Studies have shown that changes in alpha
band activity depend on the type of stimulus. For example, love-related stimuli
produce the most inhibition of sudden responses, while threatening stimuli reinforce
such responses. The content of the stimulus can also have significant moderating
effects on physiological responses; for instance, emotions resulting from kindness and
love are more personal and profound, whereas emotions from entertainment are more
triggered by external stimuli, such as jokes or recreational events. Unlike love, which
draws people toward something or someone, entertainment does not have this property
and is merely an external experience.

For studying emotions, researchers use standardized sets of words, images, faces, and
videos to help select appropriate stimuli and compare results in laboratory settings.
The emotion matrix shows five main characteristics of emotional stimuli: (1)
environmental validity, (2) temporal differentiation, (3) controllability, (4)
complexity, and (5) emotional intensity. However, studies comparing emotions
induced by products with other stimuli are very limited.

The similarity in changes in alpha and beta bands across different stages of the task
indicates that the stimulus, i.e., the video of the task steps, increased attention in the
participants. The relative power of the alpha and beta bands decreased during the task
compared to the resting state. According to the study's findings, the relationship
between beta changes and arousal levels during the task stages is not significant.
However, changes in beta suggest similarities in the stages of the task. Stages where
users experienced fear and concern about cutting their fingers showed relatively higher
and similar beta levels compared to stages that were dull and time-consuming. Other
task stages involved mental activities and thinking, which may explain the higher beta
levels observed. Additionally, Stage 9, involving the use of an electric chopper, had a
louder and more distinctive sound compared to other stages, which, according to
previous studies, resulted in increased beta waves for sound stimuli compared to silent
stimuli.

The use of electrophysiological methods in the field of user experience has seen
significant growth in recent years. However, there remains a need for further studies
to ensure the accuracy of these methods in measuring user experience with everyday
products. Understanding the hidden and precise needs of users in the design,
production, and sales of various products makes measuring user experience a necessity
in design studies. Accurate and quantitative measurement of user experience can reveal
the strengths and weaknesses of products and help identify users' hidden preferences
and needs. Given previous studies indicating that observing or thinking about
interactions with products can evoke emotional responses, it can be argued that the
simultaneous use of the methods in this research could be an effective approach for
evaluating users' emotional experiences with products.

Keywords: Pleasure, Arousal, Self-assessment SAM Questionnaire, Household
Tools, Electroencephalography



