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Background of this research1.1
In 1998 the faculty of Industrial Design Engineering of the Delft University 

of Technology initiated a research program named ‘Intelligent Products’. 

The initiative was inspired by the observation that in the future more 

and more consumer products become technologically enhanced through 

microprocessors, sensors, actuators and networks to achieve a form of 

intelligence. Three subprograms were set up to understand how these new 

technologies would influence design, i.e. ‘Intelligent interaction’ (see note 

1.1), ‘Product advantage and market acceptance of intelligent products’ (see 

note 1.2) and ‘Emotionally Intelligent Products’. This thesis describes Ph.D. 

research in the third program, ‘Emotionally Intelligent Products’.

The dictionary definition (The American Heritage® Dictionary) of intelligence 

is “The capacity to acquire and apply knowledge.” In an attempt to define 

what an intelligent product is, Bradshaw (1997) offers a first introduction. 

He describes several characteristics of intelligent agents that can be applied 

to intelligent products, e.g., adaptivity, autonomy, collaborative behavior, 

communication ability, personality, adaptivity and mobility. Figures 1.1, 1.2 

and 1.3 show that one or more of Bradshaw’s characteristics are applicable 

to each of the examples. The characteristics are useful to describe intelligent 

products that already exist. As design guidelines for intelligent products 

that have yet to be created they carry a potential danger. This danger can 

occur when product developers use the characteristics to enhance their 

current range of ‘dumb’ products and transform them into smart ones. Just 

add computer chips, sensors, some personality and autonomy and have it 

talk to the refrigerator, and you have created an intelligent product. You 

have also fallen into the trap of the technology push.
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Dyson DC06
“DC06 has over 50 sensory devices which constantly feed data into the ‘brain’ of the machine, 

the 3 onboard computers. Using this data it makes 16 decisions per second and will constantly 

adjust to navigate its way around a room. DC06 does not need to be programmed. It ‘thinks’ for 

itself and therefore can clean a room on its own. Its intelligence stops it falling down stairs and 

will pause the machine if a dog or child gets too close. DC06 can even tell you how it’s feeling. 

Its mood light is blue for happy, green when it is moving around an obstacle and red when it 

feels in danger.” http://www.21stcentury.co.uk/robotics/dyson_dc06.asp (accessed Jan ‘03)

Electrolux Trilobot 
http://www.electrolux.com/trilobite/(accessed Jan ‘03)

RoboMower
http://www.robotic-lawnmower.com/ (accessed Jan ‘03)

iRobot Roomba
http://www.roombavac.com/(accessed Jan ‘03)

Figure 1.1: Examples of autonomous products
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The trap of the technology push1.2
When product development is pushed by technology two potential dangers 

occur. One is that the technology can push intelligent products into an 

un-intelligible interaction with the user. The other danger is that product 

developers focus on what is technologically possible instead of what is 

technologically desirable for people.

1.2.1 From intelligent to un-intelligible  
Technology has brought people ‘magical’ products and applications. Examples 

range from color television, telecommunication, digital photography and 

many others.

Hadis describes this magic as follows:

“Magic is ‘what happens’ when technology is sufficiently advanced that the 

chains of physical causation (…) become hidden from or incomprehensible 

to the user. (…) One is more inclined to call a technology ‘magical’ when 

it shatters our fundamental perceptions of space, time, or physical 

causation.” (cited in Ullmer, 2002)

It is exactly this shattering of our fundamental perceptions of space, time 

or physical causation that makes the computerized world so much more 

opaque to us than the physical world. What happens inside computerized 

products is intangible: it neither fits the laws of physical causation nor 

the mechanics of our body. In contrast with mechanical components, the 

electronic components of these computerized products do not impose 

specific forms or interactions for a design. This allows for products with 

an abundance of functionalities, since functionality is not longer restricted 

to specific forms or interactions. On the other hand, this freedom of form 

might not inform the user about the physical actions that open up this 

abundance. Unlike mechanical components, electronic components do not 

afford meaningful actions. To make a fit between the magical, yet intangible 

power of computerization, the abundance of functionalities and the human 

physicality, an interface is needed.

The computerization of products and the resulting interfaces change the 

interaction from human-product interaction into human-computer 

interaction. Cooper formulates this as follows:

“If you cross a photo camera with a computer, or a car with a computer or 

any other product with a computer ... the user ends up with... a computer” 

Cooper (1999).

This shift in interaction doesn’t improve the intelligibility of these new 

products for the user. There is a practical explanation for this in the sense 

that products cannot feature the same big displays or full sized input 

devices as computers do. But there is also a more fundamental explanation 

where both the human-computer interaction (HCI), as well as the inspired 

human-product interaction, neglect a person’s perceptual–motor skills by 

focusing too much on the cognitive skills.
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TiVo
“TiVo DVRs are like VCRs, but with a hard disk and without the hassles and poor quality 

of videotapes. (...) Answer the phone or grab a snack anytime. With TiVo, you can pause, 

rewind, slow-mo or instant replay live TV. Up to 80 hours of recording capacity. More than 

13 videotapes worth of programs without the clutter! Recorded shows are listed on your TV 

screen for instant playback. (...) The TiVo service is what makes your DVR smart. That way, you 

can always watch what you want, when you want. Never miss your favorite shows. Tell TiVo 

once with a Season Pass TM selection and it’ll record a whole season of your favorite shows 

automatically, without repeats. Wow! Record by favorite actor, director, team--easy! 

Whatever you like!” www.tivo.com (accessed Jan’03)

StreetPilot
“Imagine never being lost while driving.(...) Meet the Street Pilot III - the ultimate traveling 

companion and guide. Create a route and then put your mind on cruise as you follow clear, 

accurate, voice-prompted turn-by-turn directions to safely reach your destination. The simple, 

intuitive menus of the Street Pilot III offer access to the shortest and fastest routes, directions, 

and estimated arrival time of your intended destination. Automated voice prompts alert you to 

upcoming turns, course deviation, and distance to final destination. At the touch of a button, 

view the locations of all the nearest highway exits, gas stations, restaurants, ATMs, hospitals, 

and rest areas on a full-color LCD.” www.garmin.com/products/spIII (accessed Jan’03)

Intelligent thermostat
“The task of the agent will be to assist the user, using a dialogue, to create a temperature 

control regime that will save as much energy as possible while maintaining a desired level of 

comfort.” www.delftoutlook.tudelft.nl/info/index.cfm?hoofdstuk=Article&ArtID=3362 (Jan’03)

Figure 1.2: Examples of intelligent agents
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The dominant framework that has characterized HCI is a cognitive one 

(Preece, Rogers, Sharp, Benyon, Holland and Carey, 1994, p. 62). “The main 

objective in HCI is to understand and represent how humans interact with 

computers in terms of how knowledge is transmitted between the two. 

The major theoretical grounding for this approach stems from cognitive 

psychology: it is to explain how human beings achieve the goals they set. 

Such goal-oriented activity comprised of performing cognitive tasks that 

involve processing information.” This one-sided approach has resulted in 

interface design placing a heavy burden on human intellect. Developers of 

electronic consumer products, that picked up on the HCI trends, introduced 

typical computer interaction elements, such as menu structures, decision 

trees and content navigation. To overcome the complexity of functionalities 

and interaction elements, and relieve the cognitive overload, computer 

software developers and in their wake product developers too, introduced 

agents to manage all the functionality for the user. To get rid of complex 

interfaces, it seems that the ultimate goal of this approach to human-

product interaction is communicating to the product by speaking to an 

agent. Examples of agents in consumer electronics can be seen in figure 

1.2.

Lately, people in HCI realized that the traditional research approach, focusing 

on cognition alone, would not solve the problems in human-product 

interaction. The interaction should respect a person’s perceptual motor 

skills and emotional skills too, not only one’s cognitive skills. Before I 

address interaction approaches that focus on these other two skills I return 

to the second potential problem of the technology push.

1.2.2 The experience counts, not the technology  
The other danger of the technology push is that product developers lose sight 

of what users want. Instead of focusing on what is technologically possible 

they should focus on what is technologically desirable for people. This 

desire goes beyond functionality. It even goes beyond usability. A book as 

‘the Experience Economy’ (Gilmore and Pine II, 1999) opened many peoples’ 

eyes. Companies started to realize that consumers were more interested in 

the pleasurable experience the product can offer than in the product itself. 

The interaction with the product should therefore not only be designed to 

access the functionality but also to contribute to a beautiful and engaging 

experience (Hummels, 2000).

New concepts such as ‘flow’, i.e., “the capacity for full engagement in an 

activity” (Csikszentmihalyi, 1990), ‘pleasure’ (Jordan, 2000 and Green 

and Jordan, 2002), ‘engagement’ (Hummels, 2000), ‘fun’ (Blythe, Monk, 

Overbeeke and Wright, 2003) and ‘beauty’ (Djajadiningrat, Overbeeke 

and Wensveen, 2000) gain relevance over ‘efficiency’ and ‘functionality’. 

The importance of emotion became explicit, resulting in dedicated 

conference series such as ‘Design & Emotion’ (Overbeeke and Hekkert, 

1999; McDonagh, Hekkert, Gyi and van Erp, 2002) and the Conferences on 

Affective Human Factors Design (Green and Jordan, 2002; Helander, Khalid 

and Tham, 2001) or the book ‘Emotional design’ by HCI-guru Donald Norman 
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(Norman, 2004). Other conferences focus on the user’s experience such as 

‘Designing Pleasurable Products & Interfaces’ (DPPI) and ‘Designing the User 

Experience’ (DUX).

Both industry and the research community now realized that, next to cognitive 

skills, the perceptual motor and especially emotional skills play important 

roles in the experience of human-product interaction. 

As an alternative to the cognition driven approach new interaction 

approaches were explored. Those that focus primarily on the perceptual 

motor skills can be shared under the name of tangible/physical interaction. 

Those that focus on the emotional skills can be summarized under the name 

of affective interaction approaches. 

NEC PaPeRo
http://www.incx.nec.co.jp/robot/(accessed Jan ‘03)

“PaPeRo was designed to bring about a more natural interface with which people can easily 

and unconsciously benefit from the Internet. PaPeRo can recognize 650 phrases and speak 

more than 3000, and with the latest image recognition technology PaPeRo has the ability to 

recognize peoples’ faces. PaPeRo has been developed using the latest technologies: It has two 

cameras for eyes that provide a stream of visual data, analyzed in real-time, enabling it to 

recognize people and avoid bumping into objects such as furniture. Its “ears” are comprised of 

four microphones. Three microphones are used so the robot can detect voices, and the fourth 

is used to understand instructions given to it from a select vocabulary. Why build robots? The 

increasing pace of the information technology in computers and communications is proving 

overwhelming for some people. Despite the emergence of more and more appliances offering 

more convenience and functionality users must cope with increasingly complex operating 

instructions. From children to the elderly there is a growing voice for technology that is 

simpler to use.”

“The aim of our research at NEC is not just to further robot technology, but to examine and 

develop better human-machine interface through the concept of “living with robots,” said 

Yoshihiro Fujita, Project Manager, NEC Incubation Center. www.21stcentury.co.uk/robotics/

papero.asp (accessed Jan ‘03)

Sony Aibo 
www.aibo-europe.com/(accessed Jan ‘03)

Figure 1.3: Examples of intelligent robots
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Alternative interaction styles1.3
1.3.1 Tangible/physical Interaction 

Interaction with non-electronic products, scissors, coffee mugs, office chairs, 

musical drums, has always depended primarily on the tangibility of the 

product. Accessing and understanding the functionality of these products 

is based on their ability to be touched. The interaction relies on doing 

things with a product, instead of doing things to an interface. It was already 

mentioned that as a result of the introduction of electronics and especially 

computerization into products the interaction style changed. Interaction 

moved away from addressing our perceptual motor skills and instead 

appealed to our cognitive skills. Product interfaces borrowed heavily from 

human computer interaction and adopted graphical user interfaces (GUI’s) 

and featured screen based text and icon labeled buttons. 

As a reaction to the dominance of GUI’s in human computer interaction (HCI) 

alternative interaction styles were explored. These alternatives stress 

the importance of the physicality of the interaction. Because one of the 

concerns of GUI’s and “WIMP” (windows-icon-menu-pointer), as Ullmer 

(2002) describes, is that they “rely upon a single locus of pointer-driven 

input, in a style largely devoid of physical and kinesthetic affordances, 

or other handles for engaging with a world of multiple users, each with 

two hands and a lifetime of physical skills”. This alternative approach to 

interaction is commonly known as tangible interaction.

The first key examples of this new approach to bridge the physical and the 

digital world are ‘graspable user interfaces’ (figure 1.4a) (Fitzmaurice, 

Ishii and Buxton, 1995), metaDESK (figure 1.4b) (Ullmer and Ishii, 1997) and 

Bishop’s Marble Answering Machine (figure 1.4c) (in Polynor, 1995).

The power of tangible interaction lies in embodiment. In his book ‘Where the 

action is’ Dourish (2001) explores the notion of embodiment and concludes 

by saying “Embodied Interaction is the creation, manipulation and sharing 

of meaning through engaged interaction with artifacts”. Two important 

principles of tangible interaction are the exploitation of the richness of the 

user’s perceptual motor skills (Djajadiningrat, Overbeeke and Wensveen, 

2000) and a convergence between input by the user (control) and output 

from the system (representation). This last principle is further explained 

by Ullmer and Ishii (2000, p. 582) in four characteristics for Tangible User 

Interfaces (TUI’s):

1) Physical representations are computationally coupled to underlying digital 

information.

2) Physical representations embody mechanisms for interactive control.

3) Physical representations are perceptually coupled to actively mediated 

digital representations.

4) The physical state of interface artifacts partially embodies the digital state 

of the system.
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Graspable user interface (Fitzmaurice et al. 1995)
A Graspable UI design provides users concurrent access to multiple, specialized input devices 

which can serve as dedicated physical interface widgets, affording physical manipulation and 

spatial arrangements  www.dgp.toronto.edu/~gf/Research/Graspable%20UI/GraspableResearch.htm 

(accessed August ‘04)

metaDESK (Ullmer and Ishi, 1997)
The metaDESK integrates multiple 2D and 3D graphic displays with an assortment of physical objects 

and instruments, sensed by an array of optical, mechanical, and electromagnetic field sensors. The 

metaDESK “brings to life” these physical objects and instruments as tangible interfaces to a range of 

graphically-intensive applications.

Marble Answering Machine by Bishop (in Polynor, 1995)

This is a prototype telephone answering machine. Incoming voice messages are represented by 

marbles, the user can grasp and then drop to play the message or dial the caller automatically.

Figure 1.4: Examples of Tangible Interaction
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The characteristics by Ullmer and Ishii are described from a computer science 

point of view. Gorbet (1998, p. 38) offers an industrial design view on 

the principles of tangible interaction: “When a user perceives a physical 

mechanism as both an indicator of state and a means for changing that 

state, concepts of input and output are meaningless. Such a convergence 

of input and output into simple observation and action places the 

interaction clearly within a user’s body-space.”

Next to this line of research focusing on the tangibility of interaction is 

another line focusing on a person’s emotional skills.

1.3.2 Affective Interaction 
Lately, people realized that besides cognition, a focus on emotion is needed 

to solve the problems in human-product interaction. Damasio’s book 

(Damasio, 1994) has shown that pure logic alone, without emotional value, 

leaves a person, or a machine for that matter, indecisive. In response to 

the scientific findings, that emotions play an essential role in rational 

decision- making, perception, learning, and a variety of other cognitive 

functions, Picard started to research ‘Affective Computing’ at MIT’s Media 

Lab. She came to the conclusion that “if we want computers to be genuinely 

intelligent, to adapt to us, and to interact naturally with us, then they will 

need the ability to recognize and express emotions, to have emotions, and 

to have what has come to be called emotional intelligence” (Picard, 1997, 

Preface x). She also states (page 81) that: “Any application involving an 

affective computer will require attention to the following three issues: 1. 

What is the relevant set of emotions for this application? 2. How can these 

best be recognized/expressed/developed? 3. How should the computer 

respond to the user given this information?” 

Other researchers from computer science, artificial intelligence and 

psychology followed on this road towards ‘Affective Interactions’ (Paiva, 

2000). The research on affective interaction is foremost targeted at 

answering the second question; How can emotions be recognized and 

expressed? The mainstream approaches to recognize emotions use 

physiological information, e.g., blood pressure, skin conductivity and heart 

rate, or through voice and face recognition. The expression of emotions 

is primarily researched in the use of on- and off-screen anthropomorphic 

characters. Chapter 3 of this thesis explains more about these approaches. 

To broaden the knowledge and research on affective interactions with a 

design-driven approach I would like to offer an alternative approach to 

recognize and express affective states within a consumer product context. 

Before I introduce this approach and the focus of this thesis, we take a look 

at what affective states are.

Affective states1.4
So far, I have used the words affect and emotion interchangeably. There is a 

difference in the sense that affective state is a super-ordinate concept that 

includes emotions, but also moods, sentiments and personality traits.
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1.4.1 Differentiate between affective states  
Literature (Frijda, 1986; Moffat, 1997; Desmet, 2002) differentiates between 

the following affective states: emotions, moods, sentiments and personality 

traits. They differ on two aspects: “whether or not the state involves a 

relation between the person and a particular object (i.e. intentional versus 

non-intentional) and whether the state is acute or reference is made to 

a more or less enduring disposition (i.e. acute versus dispositional)” 

(Desmet, 2002, p. 4).  Moffat (1997) suggests that emotion can be regarded 

as a brief (in duration) and focused (i.e. directed at an intentional object) 

disposition, while sentiment can be distinguished as a more permanent 

and focused disposition. Mood can be regarded as a brief and global 

disposition, while personality can be regarded as a global and permanent 

disposition. Hence emotion, mood, sentiment and personality are regions 

of a two-dimensional affect plane, with focus (focused to global) along one 

dimension and duration (brief to permanent) along the other (table 1.1). 

In respect to duration Ben-Ze’ev (2001) offers the following: “Emotions 

typically last between a few minutes and a few hours, although in some 

cases they can also be described as lasting seconds or days. Moods usually 

last for hours, days, weeks, and sometimes even for months. Sentiments 

last for weeks, months, or even many years. Affective traits can last a 

lifetime.” (Ben-Ze’ev, 2001)

Table 1.1: Affective states
Focused

(intentional)
Global

(non-intentional)

Brief 
(acute) Emotions Moods

Permanent 
(dispositional) Sentiments Personality traits

Next, I describe the different affective states and their relevance for the 

carrier of my project, i.e. the interaction with an alarm clock (see section 

1.5.5).

Emotions
Emotions (e.g. anger, fear, joy, sadness) are affective states that involve a 

relation between the person and a particular object (intentional) and that 

have an acute and temporal character. In the case of sleeping and waking 

up, the alarm clock is the object of the emotion, e.g. the person is angry at 

the alarm clock, because of the terribly loud sound with which it woke the 

person. 

Adapting to a person’s emotions becomes especially relevant in the morning 

when the person expresses his affective state to the alarm by hitting the 

snooze button.

Sentiments
Sentiments (e.g. enduring love, grief) are affective states which, like emotions, 

involve a relation between the person and a particular object (intentional) 
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but have a more enduring character. For example one can have a general 

dislike for alarm clocks because for what they stand: waking up early to go 

to work. We cannot expect to design an emotionally intelligent alarm clock 

with the ability to adapt to this or other sentiments.

Personality traits
Personality or emotional traits (e.g. shyness and enviousness) are affective 

states that are characteristic for an individual person (non-intentional) and 

are relatively stable over long periods of time (dispositional). In relation to 

sleeping and waking up, morning grumpiness is an example of an emotional 

trait. Like sentiments, it’s probably difficult for individual alarm clocks to 

distinguish emotional traits because of the lack of variability over time 

within an individual. Only when information can be compared between 

persons will it be possible for alarm clocks to adapt to emotional traits.

Mood
Mood (e.g. satisfied, gloomy) is an affective state that is not intended for an 

object (non-intentional) and is limited in time (acute). A person’s mood is 

formed over time and has multiple causes that the alarm clock cannot be 

aware of. Yet it does have to adapt to this mood that arose during the day 

and can last to the next day in order to support the person’s experience 

the next morning. Although mood is an affective state not intended for or 

directed at an object, the alarm clock can be subject of the expression of 

the person’s mood. 

The affective states that are most relevant for product interaction in general 

and the alarm clock in specific are the relatively short-lived affective 

states, i.e. emotions and moods. Within these two different states further 

differentiations can be made.

1.4.2 Differentiate within affective states  
The three main frameworks to differentiate within the affective states of 

emotion and moods are the following:

Basic Emotions
One line of research distinguishes emotions based on the uniqueness of 

their bodily expression. The foremost proponent is Ekman (1992), who 

distinguishes the following seven basic emotions; surprise, joy, sadness, 

disgust, fear, anger, contempt.

Appraisal differentiation
Another line of research views each emotion as the outcome of a unique 

appraisal. The model developed by Ortony, Clore and Collins (1988) 

illustrates this approach best. For example, in this model joy is viewed as a 
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positive feeling about a desirable event. Distress - a negative feeling about 

a undesirable event, hope - a positive feeling about a potentially desirable 

event, and fear - a negative feeling about a potentially undesirable event.

Dimensional differentiation
A third categorization is according to the dimensional quadrants of the 

circumplex model of affect by Russell (1980). This model organizes affective 

states in a two dimensional space. One dimension is ‘valence’, which can 

be defined as the degree of attraction or aversion. The other dimension 

concerns the activation of the affective state and is labeled ‘arousal’ 

which concerns the state of physiological activity. Larsen and Diener (1992) 

state that the circumplex model of emotion… “suggests a clear structure 

for the effects emotion will have on behavior (…) and thus has large 

heuristic value. Similarly, a circumplex model of emotion, by accounting 

for a majority of the variance in affect measures, suggests a simple yet 

powerful way to organize facts about emotion.” 

In some dimensional models ‘dominance’ is included to distinguish between 

anger and fear, two emotions that both have negative valence and high 

arousal. Dominance is than described as a bipolar dimension ranging 

between being in control off the situation to being controlled or dominated 

by the situation. 

As not only emotions but also moods are relevant within my research I chose 

to use the dimensional differentiation as the leading framework. 

In this thesis I will use the word emotion and its derivatives also for other 

affective states, unless specifically mentioned.

1.4.3 Interplay between knowing, doing and feeling 
In order to get what we, humans, need and want, we rely on our cognitive, 

perceptual-motor and affective skills. The interplay between the domains 

of knowing, doing and feeling and the motivation that drives us, determines 

our effectivity in the world (Ortony, Norman and Revelle, in press). Ortony 

et al. describe these domains of functioning as, cognition - what a person 

knows and believes; behavior - what a person does; motivation - what the 

person needs and wants, and affect - what a person feels. They refer to 

behavior as physical action “both externally observable (e.g., movements 

of the limbs or facial muscles) and internal (e.g., contractions of the gut 

or changes in heart rate)”. For them, cognition “is essentially concerned 

with meaning. This is in sharp contrast to affect which has to do with value 

(positive or negative)”.

The domains of knowing, doing and feeling influence each other. In general 

we can say that positive affect opens up our thoughts and actions. In 

contrast, negative affect narrows our repertoire and focuses our actions 

and strategies on the problems at hand. “Negative emotions (e.g., fear, 

anger, and sadness) narrow an individual’s momentary thought–action 

repertoire toward specific actions that served the ancestral function of 
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promoting survival. By contrast, positive emotions (e.g., joy, interest, 

and contentment) broaden an individual’s momentary thought–action 

repertoire, which in turn can build that individual’s enduring personal 

resources, resources that also served the ancestral function of promoting 

survival” (Fredrickson, 1998).

The next sections describe shortly how feeling, knowing and doing influence 

each other.

Feeling influences our knowing
There is often a good match between our moods and our thoughts and 

judgments of other people and objects. For example, when interviewers are 

in a good mood, they tend to assign higher ratings to job applicants (Baron, 

1993). The gift of a small bag of candy positively influenced the judgment 

of people on design proposals (Locher, Frens and Overbeeke, upcoming). 

Affect has other effects on cognition. For example a happy mood opens 

up creativity (Isen, 1993), whereas an angry mood leads to faster and less 

careful use of information (Forgas 1992). For a more extensive overview of 

the influence of affect on cognition I refer the interested reader to Isen 

(1993).

Feeling influences our doing
Emotions are associated with specific action tendencies (Frijda, 1986). For 

example, fear is linked with the urge to escape, anger with the urge 

to attack, disgust the urge to expel. Joy is linked to aimless activation, 

contentment with inactivity, and interest with attending (Frijda, 1986). 

This behavior, and the related actions serve also as means of expression. 

“Voice inflection, facial expression, and posture are the physical 

means by which an emotional state is typically expressed, and are the 

primary means of communicating human emotion” (Picard, 1997, p.25). 

Another key idea is that specific action tendencies and physiological 

changes (e.g. heart rate, blood pressure) go hand- in-hand. So, for example, 

when you have an urge to escape when feeling fear, your body reacts by 

mobilizing appropriate autonomic support for the possibility of running 

(Levenson, 1992).

Feeling influences our feeling
Our emotions are also influenced by our moods. For instance a person in 

a more irritable mood becomes angry more readily than usual (Ekman, 

1994). Additional findings on the effect of mood and emotion on affective 

judgments offer other provocative implications. Different emotions clearly 

elicit different responses. Fear leads to more pessimistic judgments of risk 

in future events, whereas anger leads to more optimistic judgments (Lerner 

& Keltner, 2000). Thus, the way we feel influences our thoughts, actions and 

affective judgments. On the other hand our feeling itself can be influenced 

by our thoughts and actions.
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Knowing influences our feeling
Our thoughts can influence our reactions to emotion-producing events. For 

example thinking about the negative consequences of an event can trigger a 

negative emotion. Expectancies about events and objects can thus influence 

our reactions to new events and stimuli. Appraisal models are built on the 

notion that our thoughts influence our feeling.

Doing influences our feeling
We might all have experienced the effect that changing your posture and walk 

has on your mood. Or making a happy face can give a happy feeling. This is 

due to the fact that the muscle action associated with a particular emotion 

can trigger other components of that emotion (see Strack, Stepper and 

Martin, 1988; or Levenson, Ekman and Friesen, 1990).

Three levels of information processing
Ortony, Norman and Revelle (2004) claim that affect manifests itself in 

different ways at different levels of information processing. They describe 

the three levels, i.e. Reactive, the Routine and the Reflective as follows. 

“The main function of the most elementary level, the Reactive level, is to 

control the organism’s approach and avoidance behavior  [...] The second, 

Routine, level is primarily concerned with the execution of well-learned 

behaviors. At this level, affect begins to show some of the features of what 

we would ordinarily call emotions, but in a rather limited and primitive 

manner. [...] Finally, the third and most sophisticated level – Reflective 

– is the locus of higher-level cognitive processes and consciousness. At 

this level we get full-fledged emotions that are cognitively elaborated, that 

can implicate representations of the present, the future, or the past, and 

that can be named.” In his book ‘Emotional design’ Norman (2004) refers to 

these three levels as Visceral, Behavioral and Reflective. 

Focus of this Thesis1.5
As I am being influenced and inspired by the ideas that drive tangible 

interaction, the paramount theme of this thesis is the importance of physical 

action and how it can create, manipulate and share meaning. I will set out 

to explore an alternative way to recognize and express emotions through 

an integration of a tangibility approach into affective interaction. The idea 

behind the approach is that a person’s interaction with the physicality of 

the world expresses how he or she feels. This is the notion of our feeling 

influencing our doing and where the interaction takes mostly place on a 

Routine level of information processing. The physical interaction can be 

used to create, manipulate and share emotional information. Other people 

can pick up this information and adapt to it. In this thesis I will explore 

if a product is also capable of picking up the emotional information. This 

exploration asks for a research question which includes products that 

address the user’s cognitive, perceptual motor and emotional skills at the 

same time. 
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1.5.1 Research question 
The research question should be an integration of knowing (cognitive), doing 

(perceptual motor) and feeling (emotional) in the context of intelligent 

products. The research question therefore is:

Is it possible that and if so, 

how can we design for human-product interaction, so that the product gets 

information about... 

what we ‘know’ and how we ‘feel’ from the way we ‘do’ this interaction...

...in order to adapt to this information?

The design of product interaction is the departure for answering this research 

question and is structured through three design questions. 

1.5.2 Design questions    
Translating Picard’s three issues from the area of affective computing to the 

area of product design I propose a design approach that consists of asking 

the following three questions:

1. What are relevant emotional aspects for a context for experience? 

2. How can a product recognize and express these aspects?

3. How could the product adapt to the person on the basis of this 

information?

Answering the research question through the reflection on the action of 

designing is called ‘research through design’.

1.5.3 Research through Design  
In the article ‘The Nature of Research’ (Archer, 1995), Archer explores the 

relationship between practice and research. He argues for a distinction 

between ‘research about practice’, ‘research for the purpose of practice’ and 

‘research through practice’. He states agriculture, education, engineering, 

medicine but also design as examples of practical actions. When his 

argument is applied to the practice of design the following distinction can 

be made:

Research about (into) design: This is the study of the overall field of design, its 

processes, and ideas. It has design as the topic of research.

Research for design: Which is the research undertaken in another field, 

according to the principles of that field, for the purpose of contributing to 

a design activity. 

Research through design: The design process is used as a form of research to 

contribute to a design activity. It is about generating (scientific) knowledge 

through the act of designing. Research through design is a form of Action 

Research which Archer defines as “Systematic enquiry conducted through 

the medium of practical action, calculated to devise or test new, or 

newly imported information, ideas, forms or procedures and to generate 

communicable knowledge” (Archer 1995, p. 11). Archer then continues with 

the difficulties and values of Action Research.
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1.5.4 Challenges and benefits   
In Research through Design the designer is explicitly putting designs in the 

real world in order to generate new knowledge. This makes the research 

‘situation specific’. Archer reminds us therefore that “(...) because Action 

Research is pursued through action in and on the real world, in all its 

complexity, its findings only reliably apply to the place, time persons 

and circumstances in which that action took place. It is thus difficult 

and dangerous to generalize from Action Research findings”. He then 

continues: “Even so, Action Research findings are extremely valuable. 

They produce insights which might otherwise never be obtained”. His 

conclusion is that: “research through practitioner action, despite it being 

highly situation specific, can advance practice and can provide material 

for the conduct of later more generalizable studies, provided the research 

is methodologically sound, the qualifications are clearly stated and the 

record is complete”.

In a research through design approach the designer/researcher needs to 

balance between the research and the design. On the one hand he needs 

to listen to users and address their skills, needs and desires. It keeps the 

design and research grounded in reality and... “avoid it from becoming 

irrelevant or even arrogant” (Gaver, Dunne and Pacenti, 1999, p. 22). On the 

other hand the design problem shouldn’t lure the designer/researcher away 

from the original research focus. 

The audience of design-research consists of multiple populations, i.e. 

designers, researchers, users, marketeers and design students. Catering to 

these different segments poses another challenge. For me, in the first place 

this thesis is directed to an audience of designers. This position has its 

effects on the research. The research question is formulated with designers 

and the act of designing in mind. Therefore it explicitly includes “How can 

we design for...?” I will focus on new methods and tools and use existing 

but also newly generated design as inspiration. Sometimes decisions 

are being made on the basis of designers’ intuition, grounded in years 

of training and experience, and subjective criteria. This is inherent to a 

research through design approach where research decisions are being made 

from a designer’s perspective and design decisions are being made with a 

research perspective. Still, intuition and subjectivity need to be confronted 

with scientific measurements as well. And the generated knowledge should 

provide benefit for design as well as further scientific research.

In addition to the usual deliverables in PhD-research, i.e. papers, articles and 

a doctoral thesis, a research through design approach also generates designs 

and prototypes. They are tangible examples of intangible theories. This way 

actual working prototypes of designs offer a large visibility of the research 

to the world outside science e.g. the design community, design education 

and industry. In the case of this research it should not only generate new 

knowledge for designing and researching intelligent products but also the 

actual product itself. These designs should offer glimpses into the future, 

demonstrate what is possible and stimulate imagination and inspiration.
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1.5.5 Context for this thesis  
As a design case for the research through design approach I chose to design 

for the experience of sleeping and waking up. This is a typical every day 

experience, yet filled with diverse emotions. The accompanying product, i.e. 

the alarm clock is a perfect example of a product that is completely unaware 

of, and inappropriate for, the many different emotional experiences of 

waking up. It is also a product with a simple and controllable functionality 

which makes it easier to research the relationship between functionality 

and emotional experience. The figure 1.5 shows three examples of current 

‘smart’ alarm clocks

Outline of this thesis1.6 
To answer the research question this thesis is structured along the lines of the 

three design questions:

1. What are relevant emotional aspects for a context for experience? 

2. How can a product recognize and express these aspects?

3. How can the product adapt to the person on the basis of this information?

Each question is first outlined and viewed in a general context after which I 

will focus on this thesis’ special context, i.e. the designing of an emotionally 

intelligent alarm clock.

The first question: “What are relevant emotional aspects for a context for 

experience?” will be addressed in chapter 2. An approach called ‘Cultural 

Probes’ is presented which explores the user’s experience to gather both 

information and inspiration. It provides the important aspects that an 

alarm clock should recognize, express and adapt to in order to become 

emotionally intelligent. 

The next question is: How can a product recognize and express these aspects? 

This second question is addressed in chapter 3. In the general outline I will 

look at the current research efforts on the recognition and expression of 

emotions. Chapter 3 also provides a more detailed rationale for the chosen 

approach and leads to four propositions for the design: 

1. In person-product interaction the communication of emotional information 

should stay within a products identity and its functionality.

2: Design a product that allows for expressive physical behavior from the user 

to communicate cognitive information to the product.

3: Design a product that communicates understanding through an expression 

of both physical and cognitive information.

4: Couple the physical expression of cognitive input (from the user) with the 

physical expression of the cognitive output (from the product).

To provide more information for designers on how to realize these 

propositions I elaborate on proposition 2, which leads to the notion that 

expressing emotions to a product presupposes freedom of expression and 

therefore freedom of interaction. Proposition 3 and 4 are further examined 

and illustrated with examples in chapter 4. The propositions lead to the 

hypothesis that a design that follows the four propositions can recognize 

a person’s affective state from the combination of expressive physical 

behavior and the cognitive information. 
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RISE Clock
“When traffic is light, the RISE clock lets you sleep in, and when heavy, the clock ensures you get 

up in plenty of time to get to your destination.” David Hunt designed and developed the RISE clock 

as part of his BSc Hons degree in Industrial Design at Brunel University’s Department of Design. 

www.brunel.ac.uk/faculty/tis/PressNewsClock.htm (accessed August 2003)

Rise & Shine Natural Alarm Clock,
“Waking up peacefully is easy with the Rise & Shine Natural Alarm Clock, an all-in-one wake-up 

system that gets you up gradually and stress-free.” www.smarthome.com/4610.html (accessed 

August 2003)

AMT Smart Clock
“The AMT Smart Clock is the most intelligent personal alarm clock ever designed. With the Smart 

Clock’s infrared ‘smart snooze’ sensor, one wave of your hand sets the snooze function, eliminating 

the need to fumble for the right button.” www.usashopclub.com/shos/905400.html (accessed August 

2003)

Figure 1.5: Examples of alarm clocks
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Chapter 4 then proceeds with the design case, where the proposed design 

of the alarm clock is presented. This chapter also touches upon the third 

design question: How can the product adapt to the person on the basis of 

this information? To fully answer this final question is a PhD-project in 

itself. Instead I address a possible answer in a speculative way to offer 

glimpses into the future. I present it as a promising and inspiring road 

towards an emotionally intelligent alarm clock.

Chapter 5 describes the experiments I conducted to answer the first part 

of the research question; “Is it possible?” Chapter 6 goes deeper into the 

“How?” part of the research question. I present a framework to realize 

freedom of interaction and for the coupling of the product’s feedback 

and the user’s actions. Using this framework provides both designers and 

researchers insight into the possibilities that tangible interaction offers for 

an integration of ‘knowing’, ‘doing’ and ‘feeling’. Chapter 7 concludes with a 

general discussion on emotionally intelligent products, tangible interaction, 

aesthetics of interaction and research through design.

Note 1.1 : 

There are three PhD-projects in the subprogram ‘Intelligent interaction’ which is led by David 

Keyson; ‘Designing for multi modal interaction’ (Marco Rozendaal) ‘Designing Collaboration in 

Intelligent Products’ (Elyon Dekoven) and ‘Intelligence in medical technology’ (Marijke Melles). 

www.io.tudelft.nl/research/intelligentproducts/about.htm (accessed August 2004)

Note 1.2 : 

There are three PhD-projects in the subprogram of ‘Product advantage and market acceptance 

of intelligent products’ lead by Prof. Hultink. Serge Rijsdijk investigates in his Ph.D. research 

how new functionalities contribute to new product advantage, and how product advantage 

can be measured for new intelligent products. Amina Ait El Houssi investigates if the use of 

analogies helps to enhance consumer learning of the benefits of new intelligent products. 

The research of Erik Veldhuizen will show which factors influence the use of market 

knowledge in high tech new product development, and how this use of market information 

is related to the advantages offered by the new product, and its success rate in the market. 

www.io.tudelft.nl/files/research.pdf (accessed August 2004)
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Probing the ExperienceChapter 2

What are relevant emotional aspects for a context for 
experience?

This chapter is largely based on:

Wensveen, S.A.G. (1999). Probing experiences. Proceedings of the conference Design and Emotion, November 3-5, Delft 

University of Technology, 23-29.
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About this chapter
In the introduction of this thesis I formulated three design questions that 

structure the design process of emotionally intelligent products. In this 

chapter I present the research that addresses the first design question:

What are relevant emotional aspects for creating a context for the 
experience of sleeping and waking up?

The aim of the research is to discover relevant emotional aspects through the 

exploration and capture of peoples’ experiences. The outcome should offer 

inspiration and information when designing for emotionally intelligent 

products. It should also reveal the hard parameters that the future alarm 

clock needs to adapt to.

In paragraph 2.1 of this chapter I describe the challenges the exploration and 

capturing of an experience poses. In 2.2 I report an approach called ‘cultural 

probes’ that can overcome these challenges. The approach was first used in 

the Presence Project and described by Gaver, Dunne and Pacenti (1999). 

This open ended and design oriented approach inspired me to use ‘cultural 

probes’ to explore and capture the waking up experience.

In 2.3 I explain what the probes contained and to whom they were given. The 

results of the returned probes are described and analyzed in paragraph 2.4. 

At the end of chapter 2 I conclude how the results will be used to answer 

the follow-up design question: How can a product recognize and express 

the relevant emotional aspects? The chapter ends with a reflection on the 

probe approach and recommendations for future probe projects.

Challenges to explore experiences2.1
Getting to know the users and their context is the first step in almost 

any User Centered Design (UCD) process. Different traditional methods 

from ethnography, e.g. Contextual Inquiry (Holtzblatt and Beyer, 1998), 

observations and interviews or methods from marketing, e.g. questionnaires 

and focus groups, can be used to gather the information. For an adequate 

understanding of experience three types of methods are required (Sanders 

and Dandavate, 1999): verbal data (‘Say’: what people know and tell), 

behavioral data (‘Do’: seeing and observing what people do), and data on 

emotions and dreams (‘Make’: the use of non-verbal, constructive means 

to describe and represent experiences). The first two are covered by 

traditional methods. Fulton Suri (2003) has three suggestions for design 

teams to discover the significant issues themselves, which are more closely 

related to ‘Do’ and ‘Make’:

- Looking at what people really do, either in their current natural context or 

with prototypes we expose to them.

- Asking people to participate, either by making records of their behavior and 

context, or expressions of their thought and feelings.

- Trying things ourselves, to gain personal insights into the kinds of experience 

other may have.
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While her third suggestion is really useful for experiences that designers 

themselves have never had, it is less relevant in the case of sleeping and 

waking up.

For ‘asking people to participate’ Fulton Suri (2003) suggests to engage people 

in creative expression, through activities such as collage making, drawing, 

photo-surveys, storytelling or diary-keeping. Sanders (1992) uses Velcro 

modeling for ‘re-designing’ product interfaces. 

Like archaeologists study artefacts to gain insight into its users we study the 

outcomes of the ‘Make’ research to gain insight in the experience of its 

creators. Therefore we need to provide them with the proper tools.

The following short statements introduce different challenges that the 

exploration and capture of emotional experiences faces. Some of these 

challenges are found in literature, others are from personal experiences. 

The challenges are of a theoretical nature, but some are more practical 

regarding the thesis-specific experience of sleeping and waking up.

The right context
Capturing experiences has to be done in the right context, by the user in his 

own environment.

Observing the user in his own context is the essence of Contextual Enquiry. 

We should realize though, that context is broader than the spatial context 

of the physical setting (e.g. work place or bedroom) and includes social 

context as well. While Contextual Enquiry is appropriate in the workplace it 

can become awkward in more social settings. In the example of this thesis-

specific case it is not appropriate to invite yourself in somebody’s bedroom 

and videotape his emotional expressions when he wakes up.

During the event, and not after. 
Experiences happen in the here and now. The delay between the actual 

experience and capturing therefore should be as short as possible. This 

is especially true for short-lived emotions. Reasoning about the emotion 

afterwards is valuable but is always diluted by other concerns and new 

experiences.

Information, inspiration and empathy
Traditional research that is relevant for design teams is mostly set up, carried 

out and analyzed by people other than the designer, e.g. people from human 

factors, social sciences or market research. The goal of their investigative 

methods and techniques is to gather information, that is necessary to 

generate new knowledge about the users and their context. Usually, 

the outcomes are written reports with graphs and statistical overviews 

reporting the core messages. This is hardly inspirational for design teams 

and misses the richer context. A new approach therefore should not just 

produce information about the user’s past and current experiences. It 

should provide inspiration for the design team as well. Next to information 
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and inspiration the results of a new approach should invoke empathy in the 

designers. From the results a designer should understand, or better should 

feel how a person experiences products, events, contexts.

Designer driven
The research can be more relevant for designers and provide them with 

inspiration and empathy, if they are actually involved. Designers should 

participate in the research process and researchers should better 

understand how to make sense of data specifically for the sake of design 

and innovation (Beyer and Hotzblatt, 1997). A new approach therefore 

“(...) should facilitate exchange between the people who experience 

products, interfaces, systems and spaces and the people who design for 

experiencing” (Sanders et al., 1999).

Trading rigor for relevance
Too much rigor will flatten the phenomenon you are researching. We need 

rich feedback when researching experiences. What the new method will 

lack in validity it will gain in relevance for the designer/researcher. “It’s 

less important that a method is scientifically sound, than that it be 

effective” said Elena Pacenti (http://www.i3net.org/ser_pub/services/

magazine/march98/art2.html)

The approach that best meets the challenges is Cultural Probes.

What are Probes?2.2
A probe is described in the dictionary as: An exploratory action, expedition, 

or device, especially one designed to investigate and obtain information on 

a remote or unknown region (American Heritage® Dictionary). The use of 

‘cultural probes’ in design research originated in a European Union funded 

research project called Presence (Gaver, Dunne and Pacenti, 1999). This 

project looked at novel interaction techniques to increase the presence of 

the elderly in their local communities. In order to get to know the three 

different communities in Oslo, the Bijlmer and Peccioli the designers opted 

for ‘cultural probes’. These probes were presented to the elderly as gifts, 

packages with maps, postcards and other items. “They’re a way for us [the 

designers] to get to know you [the elderly] better, and for you to get to know 

us.” The ‘cultural probes’ were specially designed “to provoke inspirational 

responses from elderly people in diverse communities”. “The probes were 

part of a strategy of pursuing experimental design in a responsive way. 

They address a common dilemma in developing projects for unfamiliar 

groups. Understanding the local cultures was necessary so that our 

designs wouldn’t seem irrelevant or arrogant, but we didn’t want the 

groups to constrain our designs unduly by focusing on needs or desires 

they already understood. We wanted to lead a discussion with the groups 

toward unexpected ideas, but we didn’t want to dominate it.” (Gaver et 

al, 1999)
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Five years after the introduction of Cultural Probes the approach has found 

widespread following in the design/research community and at design 

schools (e.g. RCA, UIAH, Ivrea, TU/eindhoven, TUDelft)

If we want people to make and create things that explore, describe and 

represent experiences we should provide them with the proper tools and 

tasks. From the original Cultural Probes (Gaver et al., 1999) I consider the 

following notions to be of help.

Multi-sensorial
Verbal questions alone, whether spoken or written, cannot stimulate people 

to explore their emotions and experiences, nor can words describe them 

fully. People use visual images to spark their imaginations. Images are 

also essential in giving a visual impression of the different contexts. Since 

different people prefer different ways to express themselves, the tools and 

tasks should motivate them by allowing for many modes of expression, e.g. 

writing, drawing, annotating, taking pictures, collecting audio. Audio is of 

course extra relevant to the thesis-specific topic of waking up.

Playful and creative
To keep in line with the concept of designing a context for an engaging 

experience this new approach should generate a valuable experience as 

well. If people can express their experience in a playful and creative way 

their focus will shift from their immediate needs to current dreams and 

wishes that are inspirational for future designs. They will be also more 

inclined in doing the exploration when it is pleasurable and interesting 

than when it is tedious and boring. This includes giving participants choice 

and time so they can do the tasks whenever they feel like it. As a result 

of freedom of choice it shows the researcher what people find valuable 

enough to attribute.

Make the familiar strange
This notion of alienation has always been important in creative tasks. 

Alienation can lead to moments of disorientation and moments of 

unexpected recognition. It forces people to look at familiar objects, events 

and experiences with different eyes.

The aesthetics of research
Evaluation forms, stimuli and other tangible and visual artefacts of research 

need designing as well, and not only to communicate the message. It 

should appeal to the designer/researcher’s pride to put some effort in the 

aesthetics of the research. In a way the design of the artefact should reflect 

the designer/researcher. The motivation with which they are designed 

should have a positive effect on the motivation of the participant who has to 

do the investigation. As Gaver, Dunne and Pacenti (1999, page 26) stressed: 

“(...) although the materials [of the probes] were aesthetically crafted, 
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they were not too professionally finished. This gave them a personal and 

informal feeling, allowing them to escape the genres of official forms of 

commercial marketing.”

The following sections describe this thesis’ probe.

 The probe experiment2.3
2.3.1 Whom to send the probes to? 

To understand people and their experiences it is unduly to investigate many 

cases. Instead the diversity of the cases is more interesting. To offer a wider 

scope on the experience of waking up and a diversity of views, participants 

were selected differing in age and daily occupation. The probes were sent 

to the following 9 participants: Endang who is a housewife with two young 

children, Hilmar is an university student, Jolanda a working mother, Katrien 

a retired woman, Kasper who is a graphic designer working at home, 

Mathijs a bank employee working from 9 to 5, Sylvia a veterinarian working 

shifts, Maarten a designer working at a design firm and Hanny working a 

part time job.

2.3.2 Probe artefacts  
The content of each probe was packed in a translucent envelope to give it 

an inviting character. Artefacts like a camera, audio recorder, pens and 

stickers were all visible and gave it a colorful and lively appearance. 

To inspire the reader of this thesis and to give a fresh idea of what the 

participants received, the probe and its artefacts are presented without 

captions or commentary.
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Why do you hav

The daily questions fhe daily questions fhe dail

The extra question f

The daily questions fhe daily questions fhe dail

At what time did you just get up?
Use the red pen to mark the face that best represents 
how you felt when you woke up

Use the green pen to mark the face that best represents 
how you feel about that. 

Can you describe this in words?

What are your plans for today?

How was your day?

Use the blue pen to mark the face that best r
how you feel about that. 

At what time do you plan to go to bed?

Why do you have your current alarm?

y questions for the morning:

tra question for today:day:da

y questions for the evening:

At what time did you just get up?
Use the red pen to mark the face that best represents 

w you felt when you woke up. (Y(Y( ou can mark more than one face.)You can mark more than one face.)Y

Use the green pen to mark the face that best represents 
w you feel about that. (Y(Y( ou can mark more than one face.)You can mark more than one face.)Y

Can you describe this in words?

What are your plans for today?

w was your day?

Use the blue pen to mark the face that best represents Use the blue pen to mark the face that best represents Use the blue pen to mark the face that best r
w you feel about that. (Y(Y( ou can mark more than one face.)You can mark more than one face.)Y

At what time do you plan to go to bed?

Good morning,My name is Stephan Wensveen and I’m looking for the ideal 

alarm clock. What is the ideal alarm clock? This will be different 

for each person. Probably my ideal alarm clock is not so perfect 

for you. For that reason I’m curious about how you experience 

waking up and what your ideal alarm clock would be. That is why 

I created this package with different assignments.

One of the assignments is a sort of diary. Would you start with 

that? The further order of assignments is not important. Just 

browse through them. If you can not, or do not want to do an 

assignment, that won't be any problem to me. The results will be 

treated discretely.
Then I have one last thing to say: Have fun!

P.S. I will collect the package in about two weeks time.
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put here one of 
the 'parents' of 

your current 
alarm clock

put here one of 
the 'parents' of 

your current 
alarm clock

�
put here one of 
the 'parents' of 

your ideal 
alarm clock�

put here one of 
the 'parents' of 

your ideal 
alarm clock
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...what I have to do the next morning.

...how tired I feel when I set my alarm.

...how I slept that night. ...that I like to turn over one more time.

...that it is time to go to bed.

...how important it is for me to get up.

...how I will feel when I wake up.

My ideal alarm clock needs to know...

...that my partner needs to be woken up as well.

...at what time I need to get up

My ideal alarm clock needs to know…
Try to imagine you have a super smart alarm clock. What do you want this alarm 

clock to know? (How it knows is not important now.)

Divide the green stickers over the different options. Put the most stickers at what 

you fi nd the most important. When an option is not important to you, don’t 

put a sticker there. If you can think of more ideas, write them down and stick 

green dots to them. 

Comments on your choice:
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Product en Character

In this envelop there are stickered sheets with four 
‘products’ on each and four sheets with ‘advertisement 
slogans’. 
1. Look carefully at the four products on each product sheet. 
Pick your favorite product out of the four. Also choose your 
least favorite product. Stick them on the appropriate side 
of each card. 

Place all your chosen favorite ‘products’ in front of you. 
2. Look at the slogans. Try to improve the products by 
promoting them with the ad slogans. Which properties would 
your ideal product have? Maybe some of the slogans are a 
bit far-fetched, but that is okay After all, it’s advertisement! 
Stick as many slogans as you fi nd necessary. If you want to 
add something, use one of the colored pens. You can use the 
same slogan twice by writing it down.

3. When you’re fi nished, please write at the bottom of the 
card how much you would like to have such a product in 
your own home.

Turn the cards. Now all the less favoured products are faced 
up.
4. Give your opinion by adding slogans. The slogans ‘NOT’ 
and ‘NEVER’ can be used together with other slogans. 
You can exaggerate, again after all it is only (negative) 
advertisement. Use as many slogans as you like.
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curious

certainty above all

...slightly impulsive

full of interest

surprising!

full of 
understanding

extra emotions

incomprehensible

always cheerful

I nag too much

never
not

strictly business

stupid

friendly

rather moody

proud of itself

investigating

energetic
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scary pants

helpless

amusing
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easy to handle

now even smarter

sensitiveeverything under control

I can do anything

I'm boring!

Irritating!

compliant

helpful

pleasant

intimate
tactful

relaxed

loyal

social

smart-ass

strict for you

determined

willing

independent

eager

cautious
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Question Cards
Read the questions on the cards. 

Select four interesting questions and 

write your answer on the postcards. 

Please note the number of the 

question as well.
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2.3.3 Motivation for the tasks and artefacts 
In the following sections I address the considerations and motivations 

behind the different tasks and artefacts. In a sense they operationalize the 

challenges that were introduced in section 2.1.

Diary
The central artefact in the probe is a diary in which the participants are asked 

to monitor each day for the duration of a week. The questions relate to 

what time they got up, what their plans are for the rest of the day and how 

their day has been. They have to mark images of facial expressions with 

different colored pens to indicate how they feel about it. This circumplex 

of faces is an early version of Desmet’s method for measuring emotions 

through images of facial expressions (Desmet, 2002; Desmet, Overbeeke and 

Tax, 2002).

The main motivation behind the diary was to get an idea about the consistency 

of the daily routine of sleeping and waking up and how it relates to the 

experienced emotions. Images of facial expressions are used to make it 

easier for people to describe and express their feelings.

Photographic camera
The probe contained a disposable photographic camera. The participants 

are asked to explore and capture their experience of waking up by giving 

informational snapshots of themselves, their alarm clock and their bedroom. 

They were also asked to visually capture different situations of waking up. 

More open-ended photographic tasks asked to capture something pleasant, 

something irritating, something relaxing and beautiful.

The photo assignment asked the following:

Take a picture of yourself.

Take a picture of your bed.

Take a picture of your alarm clock.

Take a picture of your favorite product.

Take a picture of a product that has an ‘emotional character’.

Take a picture of something pleasant.

Take a picture of something interesting.

Take a picture of something beautiful.

Take a picture of something irritating.

Take a picture of ‘time’.

Take a picture of…

…something that belongs to your normal way of waking up.

…something that belongs to waking up for an important meeting.

…something that belongs to waking up on a relaxed Sunday.

…something that belongs to waking up after a late night party.

…something that belongs to waking up to catch an airplane.
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Audio recorder
With sound being such an important medium for waking up participants were 

asked to record the following sounds:

The sound of your alarm clock.

The sound of your voice.

A beautiful sound.

An interesting sound.

An irritating sound.

A pleasant sound.

Record a sound with which you want to wake up… 

...if you need to catch an airplane.

...on a relaxed Sunday.

...after you have had a late night party.

...on a normal day.

...on the day of an important meeting.

Record the sound of your three favorite songs.

Smart Alarm clock
This task asked the question: “My ideal alarm clock needs to know...” to inform 

the design team what people want from an intelligent alarm clock. The task 

offers different possibilities to prevent participants from only stating the 

first thing that would come to mind. These suggestions were ideas I had 

myself, complemented with two more options that were generated during a 

pilot for this assignment, namely the consideration for the partner and the 

option to alert the user to go to bed.

Because these ideas were not exhaustive, the participants could add their own 

ideas.

Family Tree
The idea for this assignment came from the notion of future products being 

designed with some sort of personality. The participant is asked to imagine 

that his current and ideal alarm clock can have parents and inherit their 

personality. Who would they be? Stickers with images of cultural characters 

were used to stimulate the participant’s imagination. These characters were 

chosen because I expected them to have commonly known personality 

traits. Because a pilot revealed that participants not always attributed the 

intended personality to the sticker they were asked to clarify why they 

chose that personality for their alarm. For example the news anchorman 

which was intented to be perceived as rather conservative and boring, but 

reliable, was chosen by one participant because he always wakes up at eight 

o’clock with the news radio.

The opposites on different dimensions were included to open up the space 

of the different personality traits as wide as possible. The dimensions were 

dominant/submissive, friendly/unfriendly, reliable/unreliable, introvert/

extravert and real life versus synthetic characters. Again the participants 

were given the choice to add their own suggestions.
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Emotional Advertising
People attribute emotions to products (Reeves and Nass, 1996). The task 

of ‘emotional advertising’ was set up to investigate how the participant 

experiences products. The participant is asked to choose his most and least 

desirable product out of four different options. This question is asked for 

seven different product categories: alarm clocks, bedrooms, televisions, 

computers, telephones, diaries, and pets. These categories were chosen for 

their relation to the experience of sleeping or waking up or for being typical 

consumer electronics. The category of pets was added as an estranged 

comparison with electronic products.

After making his choice, the participant is asked to promote his most desirable 

product with advertisement slogans. The slogans do not concern functional 

aspects but emotional character traits, both positive and negative, to find 

out which emotions are attributed to which product. Of his least desirable 

product out of the four products he is asked to express how he really feels 

about it, using the same set of slogans. 

16 Questions
This assignment presents all my remaining questions to prevent an overload 

of the participant with too many assignments. The participant can decide 

what they think is interesting enough to answer. Out of the following 16 

questions they are asked to select four to answer.

How do you experience time?

Which product you own should understand what you feel?

If you could be a product which product would that be?

How would you describe your relationship with your alarm clock?

Do you have a product that you like using, but that is not very handy?

Describe the worst way of waking up.

Describe the best way of waking up.

Which two products should communicate more often?

Can you describe your ideal alarm clock?

If one product can have emotions which product with which emotions would 

that be?

Which product you own has an ‘emotional’ character?

How can you express your anger to your alarm clock?

What is the role of your partner in the experience of waking up?

How can you express your approval to your alarm clock?

With which other product may your alarm clock communicate and with 

which one not?

Do you always trust your alarm clock?

Results2.4
The probe experiment took place in May 1999. Two weeks after the 

participants received the probes they were contacted and asked about the 

progress. One week after that the probes were collected. Eight of the nine 

participants completed all of the assignments. Whereas one only did half 
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of the assignments and three days of the diary. This high return rate has 

probably to do with the fact that the probe was handed out and collected 

by me personally. 

Before I address the analysis of the results I present the raw data returned 

from one of the participants (who agreed with the presentation of his data), 

as the first impression when exploring the raw material is a very powerful 

aspect of probes.
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Yourself

Your bed

Your alarm clock

Catch a plane

something pleasant
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Kasper

independent Graphic designer

something interesting

product with an emotional character
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Normal 
way

Important 
meeting

Relaxed 
sunday

After a 
party
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something 
pretty

something 
annoying

favourite 
product
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evening

day prospect

morning

morning

day prospect

Monday

At what time did you just get up?

10:00

Can you describe this in words?

Half tired

What are your plans for today?

Work at home (computer)
appointment

How was your day?

Varied: busy in the morning
relaxed the rest of the day and 
evening

At what time do you plan to go to bed?

0:00

Why do you have this alarm?

a gift
it repeats the alarm after 10 
minutes

morning

evening
day prospect

morning

Tuesday

At what time did you just get up?

9:15

Can you describe this in words?

Still a bit tired, but ready to 
work

What are your plans for today?

Work 

How was your day?

Good. the work was nice, maybe
a bit too little

At what time do you plan to go to bed?

0:00
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morning

evening
day prospect

morning

Wednesday

At what time did you just get up?

8:30

Can you describe this in words?

Relaxed, ready for the day

What are your plans for today?

Morning: appointment with the 
printer
Afternoon: computer work
Evening: appointment

How was your day?

Good. as expected

At what time do you plan to go to bed?

0:00 (3:20)

Do you trust tomorrow’s technology?

��������� ���������
���

√

morning

evening

day prospect

Thursday

At what time did you just get up?

7:50

Can you describe this in words?

PANIC TOO LATE!

What are your plans for today?

teaching, course

How was your day?

tiring, long

At what time do you plan to go to bed?

21:30

Do you find it hard to operate electronic devices, 

like VCR’s microwaves?

��������� ���������
���

√



54 Probing the experience    55 Chapter 2

evening

morning

day prospect
evening

day prospect
evening

Friday

At what time did you just get up?

8:30

Can you describe this in words?

o.k. ready to work

What are your plans for today?

work, computer

How was your day?

good. steady and relaxed work

At what time do you plan to go to bed?

0:30

Do you consider yourself creative?

��������� ���������
���

√√

morning

day prospect

evening

evening

Saturday

At what time did you just get up?

10:30

Can you describe this in words?

Lazy, relaxed, slept late

What are your plans for today?

not much, outside terras

How was your day?

relaxed

At what time do you plan to go to bed?

3:00

Do you consider yourself a trend follower?

��������� ���������
���

√
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Describe your waking up ritual:

I don’t set the alarm too early, 
but rely on an extra 15 minutes 
before I get up. I wake up with 

the radio, but leave my bed 
when I feel nicely awake.

Pro: radio is a relaxed sound
Con: radio can be too relaxed, 
and it doesn’t wake you.

Recorded sounds:

Different songs from Electric Ladyland 

by Jimi Hendrix 

morning

day prospect

evening

Sunday

At what time did you just get up?

9:30

Can you describe this in words?

tired, slight hangover

What are your plans for today?

to the beach, outside in the sun

How was your day?

relaxed, still a bit tired

At what time do you plan to go to bed?

1:00
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put here one of 
the 'parents' of 

your current 
alarm clock

put here one of 
the 'parents' of 

your current 
alarm clock

put here one of 
the 'parents' of 

your ideal 
alarm clock

put here one of 
the 'parents' of 

your ideal 
alarm clock
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the professor and the dog

the professor because I 
need to think about 
work, finding solutions. 
The dog is guarding 
that it is in my best 
interest to wake up. 
Loyal to my principles.

the sun and Marilyn 
Monroe

starting the day like the 
sun does in nature, 
‘natural’.

Marilyn, that would be 
nice!

...what I have to do the next morning.

...how tired I feel when I set my alarm.

...how I slept that night. ...that I like to turn over one more time.

...that it is time to go to bed.

...how important it is for me to get up.

...how I will feel when I wake up.

My ideal alarm clock needs to know...

...that my partner needs to be woken up as well.

...at what time I need to get up.
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Results (continued)2.4
Upon arrival of a probe the pictures were developed first and then browsed 

through and placed on a table. After placing all the pictures I read the diary 

while listening to the three recorded songs.

Diary
The diary proved to be the most valuable of the tasks. It focused directly on 

the experience of waking up through the combination of time, the facial 

expressions and the additional writings. The empathy with each situation 

was heightened when I mimicked the facial expressions (due to the fact 

that the muscle action associated with a particular emotion can trigger 

other components of that emotion (see Strack, Stepper and Martin, 1988; or 

Levenson, Ekman and Friesen, 1990)). 

At first the diary was used to empathize with the different persons and to 

be inspired by the contextual stories. But, since the time related data 

and the facial expressions offer a more quantitative approach, relations, 

comparisons and larger effects could be investigated as well. In order to 

do this the facial expressions need quantitative properties (see Figure 2.1 

Face validation experiment). After the validation of the facial expressions 

the data from each diary was used to compare different days and to provide 

an overview. The graphical visualizations (figure 2.2) show how the valence 

(positive or negative) of their affective state fluctuates during the day and 

over different days. For example we can infer that Jolanda suffers from 

morning moodiness, except in the weekend. Or that Endang often has a 

optimistic prospect for the day, while it turns out different from what she 

expected. Sylvia seems to have had a bad week. The overviews help to 

form a richer view of the persons. When analyzing all of the data together 

(over all persons) you get more general information on how sleeping and 

waking up colors the rest of your day. When you wake up at a later than 

usual time it positively influences your emotion in the morning (r=0.328 

p<0.014 n=56 =8 persons * 7 days) and even stronger in the evening (r=0.348 

p< 0.01 n=8). The amount of sleep has a bigger influence on how you feel in 

the morning (r=0.423 p<0.001 n=56 =8 persons * 7 days) and in the evening 

(r=0.502 p‹0.001 n=8). There is a danger in this summarizing of data where 

it might not represent each individual well. It does show however that an 

emotionally intelligent alarm clock should know the waking up time, the 

amount of sleep one had and the user’s affective state both in the morning 

and before he goes to bed. 

What is more important from the data and the summaries are the differences 

between and also within a person. This justifies the design for a personally 

adaptive alarm clock.
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Aim 
The aim of this experiment is to quantify the facial expressions used in the 

diary on the aspects of valence and arousal. The attributed values will 

be used to analyze the influence the time related aspects of sleeping and 

waking up have on the person’s emotions.

Participants
A total of 33 undergraduates (16 men, 13 women, 4 anonymous) of the Faculty 

of Industrial Design Engineering participated in the experiment.

Procedure
Each of the 32 faces was printed on a single page. The participants were 

asked to evaluate the expression of each face on the two dimensions 

arousal and valence. They could rate their evaluation on the same page 

using two nine-point scales. One related to the arousal (ranging from 0 

(“calm”) to 8 (“highly aroused”), the other to the valance (ranging from -4 

(“negative”) to 4 (“positive”)). The order of the faces was randomized. 

Results
The figure shows the distribution of the different faces in the valence-

arousal space (mean values, n=33) 

Figure 2.1: Face validation experiment
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Figure 2.2: Week overviews of 8 participants
The bar-diagram shows the times (left hand scale from 00:00 to 04:00) that the participant was sleeping or awake. The line-graphs 

show the valence (right hand scale from -4 to 4) of their affective state in the morning, the day prospect and at the end of the 

day.
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Smart Alarm Clock
The result of this task added to the total picture of what a person’s diary ‘told’ 

me. It provided a different, more explicit view on how they experience and 

value their current alarm clock and what they would like to see in a future 

alarm clock.. The results were also used in a quantitative analysis over the 

different participants. The frequency table (figure 2.3) shows that the three 

most valued aspects that a smart alarm clock need to know are:

...at what time the user needs to get up.

...how important it is for the user to get up.

...that the user likes to turn over one more time.

...how tired I feel when I set my alarm.

...how I slept that night.

...that I like to turn over one more time.

...that it is time to go to bed.

...how I will feel when I wake up.

...how important it is for me to get up.

...that my partner needs to be woken up as well.

...at what time I need to get up
26,2%

18,7%

18,7%

9,3%

9,3%

7,5%

6,5%

2,8%

0,9%

...what I have to do the next day.

Figure 2.3: Frequency table Smart alarm clock
Based on a total of 107 ‘dots’ distributed by 10 participants .
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Family Tree
The individual result of this task enriched the view on how the participant 

valued and viewed their current and desired alarm clock. A comparison 

between the current and ideal situation is of great value. The task also 

provided plenty of inspirational directions for potential personalities for 

their future alarm clock. The interesting part is not a single personality 

but the combination of two, sometimes conflicting personalities. Can you 

imagine having to design an alarm clock which is a mix between the Dalai 

Lama and the Spice Girls or a rooster combined with Jack Nicholson?

Figure 2.4 presents a frequency table based on 24 participants (including those 

from a pilot). It also shows all the individual results (figure 2.5). 

Photographic Camera
The results of this assignment gave a visual, sometimes voyeuristic insight into 

the context of the user. The alarm clock and its surroundings were captured 

and provided information. The assignments that asked for some creativity 

gave more glimpses into the environment of the user.

The picture of the user is most valuable. You see the picture of the user and 

he or she is a real person! He or see has a name and a face. And instead 

of having to construct an image of the user from the rest of the material 

which is often the case in user descriptions, here you see that person when 

browsing through the rest of the material.

The photo material was not used for any additional quantitative analysis.

Audio Recorder
Just like in the photo assignment in the audio assignment hearing the voice 

of the person gives a feeling of intimacy, as if they are talking to you 

personally. The three musical songs provided some sort of sound track 

to the ‘movie of their life’. I used it as background music while browsing 

through the material. Hearing the sound of their alarm clock also enriched 

reliving their experience of waking up during that week.

The audio material wasn’t used either for any additional quantitative 

analysis.

Emotional Advertising
This assignment took a lot of preparation to set up with finding many product 

categories, products within each category and the emotional slogans and 

preparing the stickers. The results didn’t offer a lot of information or 

inspiration. Also a broader insight by comparing the products or comparing 

between persons didn’t deliver any promising insights. 

If participants decided to add their own slogans they were either commenting 

on the aesthetic appearance or on the functionality of the product.

The most used slogans for their ideal products were; everything under 

control, easy to handle, 100% intelligent, intimate, relaxed, certainty above 

all, pleasant, loyal, now even smarter and trusted. The most used negative 

slogans were; incomprehensible, boring, irritating, helpless, I nag too much 

and smart-ass.
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Who are the parents of your current alarm clock?

12.5%       Stalin (“my alarm clock is a dictator”)

12.5%       tv-news anchorman (“a bit boring but reliable”)

10.4%       a golden retriever (“as a loyal companion”) 

10.4%       a rooster (“a natural and reliable alarm”)

8.3%       a professor (“intelligent, but a bit absent-minded”)

6.3%       Muhammed Ali (“it beats me awake with no mercy”)

Who are the parents of your ideal alarm clock?  the sun (“a natural gradual way of waking up”)

29.2%       

10.4%       Dalai Lama (“waking up in a peaceful, tranquil way”)

10.4%       a rooster (“a natural and reliable alarm”)

8.3%       a golden retriever (“as a loyal companion”)

6.3%       Mickey Mouse (“a friendly, happy way of waking up”)

Figure 2.4: Frequency table Family tree (Based on 24 participants)
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Figure 2.5: Individual results of 24 participants
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 16 Questions
Allowing the participants to choose four of the sixteen questions was a good 

decision, it made each individual answer richer in content. One subject 

answered all questions, which gave me more material, but as he chose to 

write them on one answering card they were just short statements and 

weren’t as rich as the answers from others who used more space. Because 

the participants had to make a choice it gave me an idea of what they found 

interesting enough to answer. The two most often (67% of the participants) 

answered questions were:

How do you experience time?
“I experience time as a memory of life. Those moments that I like to 

remember, especially those nice moments that I shared with loved 
ones. It is too bad that you cannot turn back time, that I can just 
step back into a period I want to re-experience. I also experience 
time as something that hunts me.”

 (Endang, housewife, two young children)

Do you always trust your alarm clock?

“I	trust	the	alarm	clock,	but	not	always	myself” 
(Hanny, part time job)

followed by (50% of the participants)...

Describe the worst way of waking up.
“Waking up during an emergency service, an hour after you 

went to bed (in the middle of the night), because the service 
phone rings (with one of those electronic melodies). Picking 
up the phone, all shaky and with a woolly head while on the 
other side a wide awake and panicky voice asks for your full 
attention requesting a smart and immediate solution for the 
patient. Terrible having to function the full 100% while you are 
groggy and shaky.” 

(Sylvia, veterinarian, working shifts)

and (33% of the participants)...

With which other product may your alarm clock communicate and with 

which one not?
“Can communicate with my computer. I would love to see that, 

because with current developments of digital calendars the alarm 
can determine the alarm time on its own. Cannot communicate 
with an intruder like a telephone or front door bell, unless it is 
person dependant, because then it can make distinctions. Privacy 
remains important, (if it is connected to a computer, hackers are 
not welcome of course).” 

(Hilmar, student)

Can you describe your ideal alarm clock?
Not too big, no awkward buttons on the side, where you cannot intuitively know 

what their function is (volume, radio channel, etc.), multiple alarm times, 
automatic day light savings time, connection between multiple radio channels 
and specific alarm times. A button to set the alarm off for 24 hours. An 
intuitive button to set the waking functionality off. Voice control. 

(Mathijs, bank employee)
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Do you have a product that you like using, but that is not very handy?

“A small and old espresso machine, bought in Italy, years ago. It 
is quite a fuss and makes a lot of noise, but it is funny and it 
makes good coffee” 

(Katrien, retired)

 If you could be a product which product would that be?
“I would like to be an airplane so I could visit my friends and 

family” 
(Endang, housewife, two young children)

Overall conclusion2.5
The aim of this research was to explore and capture people’s experience of 

sleeping and waking up to get inspiration and to find relevant emotional 

aspects. 

Before I report these aspects we first take a look at other paths one can take 

after a probe research.

2.5.1 Possible paths to follow after the probes  
Inspiration for new designs
In the Presence project the designers didn’t do any additional analysis of 

the returned material. Instead they exposed themselves to the material 

by decorating their design studio with it. They used the probes as 

communication with the people they designed for and used the results only 

as inspiration for the designs. This path is best represented in the original 

Cultural Probes article (Gaver et al. 1999) and its purism again defended in 

Gaver, Boucher, Pennington and Walker (2004).

Enrich user scenarios
The probes return rich material collected by real people addressing the 

different sensorial modalities. This material can be used to enrich user 

scenarios or construct Personas (Cooper, 1999). Instead of a written 

description combined with one or two figures one can use the material 

to make a detailed narrative using diary excerpts, photographs and audio 

clips.

The user scenarios or Personas can then be used as input for design sessions. 

This approach is best represented in an inspiring article by Bueno and 

Rameckers (2003).

Find tasks for further investigation.
When starting a probe experiment one can never be certain of the usefulness 

of the artefacts. This uncertainty is actually one of the values of Cultural 

Probes (Gaver et al., 2004). The decision on what to include and what 

not, is based on knowledge from other probe research, but also on the 

designer’s intuition. In this thesis’ case only the Presence project (Gaver 
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et al. 1999) was published. Actually carrying the probe experiment through 

reveals which tasks work and which don’t. The more informational tasks 

can then be closer examined and perfected. The qualitative aspects can 

be operationalized and used in a separate and controlled quantitative 

experiment outside a probe context. For example when one is interested in 

what kind of personality different user groups want for their alarm clock or 

for other products a more thorough assignment can be initiated.

Also complete new assignments can be suggested from the returned material. 

From the interesting questions of the sixteen Question Cards, one can argue 

that aspects like trust or the collaboration between alarm clock and other 

products need to be further investigated.

2.5.2 Relevant Emotional Aspects 
Besides inspiration and empathy this research informs us about the relevant 

emotional aspects for the experience of waking up. In summary, the probe 

research that was carried out revealed the following emotional aspects as 

being relevant for this thesis’ specific emotional experience:

At what time the user needs to get up.

How important it is for the user to get up.

That the user likes to turn over one more time.

The amount of sleep.

The user’s affective state.

That people differ from each other, but also differ between days.

These are the aspects that an emotionally intelligent alarm clock need to 

recognize and express, which is the topic of the next chapter.
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Recognize and ExpressChapter 3
How can a product recognize and express the emotional aspects?
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Introduction 3.1
In the previous chapter I addressed the first of three design questions that 

structure the process of designing emotionally intelligent products. This 

first question, i.e., “What are relevant emotional aspects for a context for 

experience?” was answered through an exploration and capture of persons’ 

experiences around sleeping and waking up. The probe investigation that 

was carried out revealed the following aspects as being relevant for this 

thesis’ specific emotional experience:

- at what time the user needs to get up.

- how important it is for the user to get up.

- that the user likes to turn over one more time.

- the amount of sleep

- the user’s affective state

In this chapter I address the second of the design questions. The focus shifts 

between a general and a thesis-specific level. The second question asks:

How can a product recognize and express the relevant emotional aspects? 

The question is subdivided along the lines of the recognition (Question 2A and 

2B) and the expression (Question 2C) of the emotional aspects to allow for 

a detailed analysis. 

2A: What are the sources of information about the emotional aspects? 2B: How 

can the product obtain this information? 2C: How can the product express 

that it received this information? Sub question 2B relates to the input for 

the product, whereas 2C relates to the output from the product. 

I address each of the sub-questions and their related research efforts. 

Based on the current research efforts and in an attempt to broaden the 

knowledge in the field of recognition and expression of emotions I choose 

an alternative approach, which is explained in section 3.6.

A Scenario
The display reads 23:27. Sophie slams the door behind her, plumps on her bed 

and throws her high heels in the corner of the room. It has been her first 

week at her first real job and she’s not used to wearing them every day. 

She’s also not used to working such long hours. Each day, getting up at six 

and not being home before eight is not her thing. Like today, they had her 

work till nine, on a Friday! In her first week! And then that terrible train 

ride, which was too hot and sweaty. Tonight she can get some real sleep 

and lie in. She still sets her alarm clock, because tomorrow she arranged to 

meet with her Mum. They’ll go shopping in the spring sale. 
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Still angry, she firmly presses down the button that reads ‘alarm’, the display 

now reads 6:00. Another finger is pushing the ‘hour’ button three times 

and then the ‘minute’ button another 31 times. The display reads 9:31; she 

frowns and grumbles something about a railway strike on Saturday. She 

shrugs, releases the ‘alarm’ button and flicks the tiny switch to ‘on’. “Who 

designs these dumb products?” she mutters…

The scenario illustrates the various sources and types of information that 

are possibly relevant for an emotionally intelligent product. Based on the 

source of the information a division can be made between information 

obtained from the direct interaction with the user (proximal information) or 

from the environment of the interaction (distal information). Both sources 

pose different design implications. Therefore it is relevant to distinguish 

between proximal and distal information. 

In the generation and expression of emotions both our physical skills and our 

cognitive skills play important roles. It makes sense to distinguish between 

them as the scenario shows. The information that the alarm is set from 6:00 

to 9:31 is different from the ‘firm pressing of the button’. Whereas the first 

is of a cognitive nature and takes place on a reflective level of information 

processing. The second type of information is of a physical and behavioral 

nature. Both cognitive and physical information can be proximal or distal 

information.

In the next sections I further explain these distinctions and their 

implications. 

Proximal and Distal information 3.2
The scenario showed that emotionally relevant information can be found 

at different sources. The setting of the alarm clock to 9:31 is relevant 

information, as well as the firm way Sophie pushed the buttons to express 

her frustration. Both exchanges of information happened in the direct 

interaction between Sophie and her alarm clock. There was also relevant 

information in the slamming of the door where Sophie probably expressed 

an angry mood and the situation at Sophie’s work that perhaps caused her 

anger. Or was it in the uncomfortable train ride? This kind of information 

happened away from the direct interaction with the alarm clock.

A product needs appropriate sensors to obtain information from the 

interaction and from the environment. Technological considerations when 
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choosing sensors are the form and size, power consumption, processing 

requirements and costs of sensors, which will all influence the design of 

the product. However, the placement and the type of the sensors have a 

bigger impact on the human-product interaction. To systemize the use of 

sensor technology, Michahelles and Schiele (2003) propose the following 

categorization based on the placement of the sensors. They distinguish 

between sensors placed ‘in the environment’, ‘on the object’ and ‘on the 

human’. They refer to ‘In the environment’ for stationary installed sensors, 

e.g. in the floor, walls, at entrances. The sensors work with all users at the 

specific location. ‘On human’ sensors are bound to a specific user but not 

to the location. Michahelles et al. refer to ‘On object’ as in between the two 

other categories, where the object can be personal and can be carried with 

the user (e.g. key), but also stay at a certain location (e.g. chair). 

We should note that it is possible to use different sensor categories for one 

and the same source of information. For example, the hot and sweaty 

situation in Sophie’s train could be sensed by sensors ‘in the environment’, 

i.e. the train, or by sensors on Sophie herself, i.e. ‘on the human’. 

Besides the location of the information a relevant categorization can be made 

based on the difference between ‘cognitive’ and ‘physical’ information.

Cognitive Information 3.3
Cognitive information is information that involves reasoning, decision-

making and planning from the user. It is information on a reflective level 

of information processing. When Sophie decided to set the alarm time from 

6:00 to 9:30 she made cognitive efforts to come to that conclusion. Even 

so when she remembered ‘something about a railway strike’ but chose to 

ignore adjusting the alarm time.

Picard (1997) describes the cognitive aspects of emotion as those that involve 

appraisal, comparison, categorization, inference, attribution or judgment. 

3.3.1 Recognizing cognitive information 
A product can obtain emotionally relevant cognitive information from the 

environment, i.e. distal information, through a connection with a net-

worked source (e.g. relevant traffic or train information through the 

internet or the urgency for getting up through the user’s digital calendar). 

It can also receive information from the product itself (e.g. the current 

time is 23:37). However, most of the relevant input will come directly from 

the interaction with the user (e.g. Sophie setting the alarm time to 9:31). To 

receive this proximal cognitive information from the user the product needs 

an interface. In the case of the alarm clock it needs the appropriate controls 

to input the alarm time. The most common examples in consumer products 

are buttons to input alphanumeric information or to make a selection from 

a set of pre-determined options. An example with dedicated buttons to 

inform the system explicitly about your appraisal is the Tivo remote control 

(see figure 3.1). A software example is using mouse clicks or a combination 

of keys to set the ratings feature for a song in iTunes (see figure 3.2). Other 

input solutions are touch screens or speech input.
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Figure 3.1: Examples of cognitive input: Tivo remote control
Positive appraisal for TV-shows can be communicated by pushing the green ‘thumbs up’ button. Negative appraisal is communicated 

through the red thumbs down’ button.

Figure 3.2: Examples of cognitive input: Rating feature from iPhoto
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The product can also infer from other cognitive information. For example the 

product can use the internal information, that the alarm was activated at 

23:37, and the input from the user who has set the alarm time to 9:31. The 

system can now infer that the user will have no more than 9:54 hours of 

sleep (9:31 - 23:37 = 9:54 of sleep).

Cognitive information can then be used to build up a user model to find out 

what the user’s habits, needs and values are, e.g. punctuality, comfort or 

as much sleep as possible. Through this cognitive user modeling the system 

tries to understand the user’s situation in order to understand why an 

emotion will occur. Every new instance of cognitive input can then be 

evaluated and appraised against the user’s needs and values. One of the 

well known cognitive models is the OCC model (Ortony, Clore and Collins, 

1988). This model has “become the default model for synthesizing emotions 

in computers, even though it only addresses cognitive emotion generation” 

(Picard, 1997, p. 196). 

3.3.2 Expression of cognitive information 
The product needs to express that it received the cognitive information 

to communicate understanding to the user. This expression relates to 

the output from the product to the user. The obvious way is to use the 

information to make an intelligent decision, expressed in the output, 

without the user knowing which information is used for this decision. As 

long as the decisions are always ‘right’ it is okay, but it does make the 

decision making process opaque for the user. The user needs appropriate 

feedback and because of the cognitive nature this output will probably be 

communicated either through spoken words or through text, numbers or 

icons on displays. Examples of cognitive output are graphical indicators and 

displays (see figure 3.3 and 3.4) or text-based messages (figure 3.5). 

Besides communicating and understanding the emotional situation of a person 

through cognitive input and output a product should also acquire physical 

information to recognize the emotional state of the user.

Figure 3.3: Expressing cognitive information: Numerical display
A watch display expressing cognitive information from the environment. From this data (30˚ C and 1031 mbar) we might conclude 

that it is good weather which is a reason for the user to be happy. From other informational sources we can conclude that he is 

inside working on his thesis which gives more reason to be unhappy.
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Figure 3.4: Expressing cognitive information: Graphical Indicators
Graphical indicators in Repetitive Strain Injury (RSI) prevention software called ‘Work Pace’ (www.workpace.com).

“Wow! It sounds like you felt unbelievably frustrated playing this game. Is that about right?” 

(Yes/No) 

(Klein, Moon, and Picard, 2002)

Figure 3.5: Expressing cognitive information: Text-based message

Physical information3.4
Next to cognitive information products can use physical information from the 

user to recognize the user’s emotional state. Physical information comes 

from the bodily response that co-occurs with an emotion or rapidly follows 

and is a more direct form of emotional information. Examples from Sophie’s 

scenario are the slamming of the door, the firm pushing of the buttons, the 

frowning, the grumbling and also her sweatiness during the train ride.

3.4.1 Recognizing physical information 
The current research efforts towards the recognition of the physical 

manifestations focus on the outward manifestations, mainly face and voice 

recognition or the inward physiological manifestations.

Face and voice recognition 
One way to detect emotion is through voice and face recognition. Face 

recognition is based on the assumption that basic emotions trigger 

corresponding facial muscle movement patterns. The underlying theory is 

developed by Ekman and Friesen (1977) in the Facial Action Coding System 

(FACS). Examples of facial recognition can be seen in figure 3.6 and 3.7.

Voice recognition was traditionally used to recognize what is being said 

(cognitive information). Recently it focuses on how it is said (physical 

information). Speech rate, pitch, intensity and articulation are the important 

parameters to identify the different emotions (Bezooyen, 1984).
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Although research shows that detecting a person’s emotional state from 

voice or face recognition proves worthwhile (accuracy over 90%; Tian, 

Kanade and Cohn, 2001), implementing these technologies in products has a 

drawback. The restricted conditions in a scientific set up cannot be matched 

in real life. 

.

Figure 3.6 commercial face recognition system 
An example of a commercial face recognition system from FaceVACS® TECHNOLOGY http://www.cognitec-systems.de/index.html

“It is robust against: - Typical gesture changes - Pose (+/- 15° deviation from frontal image) - Minor partial face occlusion - Beard 

and Hairstyle changes - Wearing glasses (except dark sunglasses) - Lighting changes that do not cause strong shadows”

Figure 3.7 Expression glasses
“The Expression Glasses. The cloth portion above the plastic conceals both EMG sensors and the user’s facial expression, enabling 

the user to express emotion freely and anonymously. Currently, the glasses are capable of learning an individual’s patterns and 

discriminating between confusion and interest expressions. Through two small pieces of piezoelectric film imbedded in the frames, 

the muscle movement in the corrugator and frontalis (eyebrow) muscles is measured and translated to a full-color visual display.”

http://affect.media.mit.edu/AC_research/projects/expression_glasses.html
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The performance of facial recognition... “drops to unacceptable levels 

under uncontrolled conditions. In particular, changes in background, 

illumination, geometric orientation of the face, and location of the face in 

the recorded image negatively affect performance” (http://www.ispeak.nl/

start.html). Voice recognition suffers from low noise robustness as well. In 

the future these problems might be solved through an improvement of the 

technology. 

More recent directions in the research on recognizing emotions from physical 

behavior are pressure sensitive input devices and body posture recognition 

from sensors in the chair (Burleson, Picard, Perlin and Lippincott, 2004), 

hand gesture recognition from video images (Karpouzis, Raouzaiou, 

Drosopoulos, Ioannou, Balomenos, Tsapatsoulis and Kollias, 2004). 

Another major effort towards recognizing emotions focuses on a person’s 

physiology.

Physiological information
When we experience an emotion it is accompanied with changes in bio-signals, 

e.g. heart rate, blood pressure and sweatiness. These physiological signals 

can be measured in order to recognize a person’s emotional state. The 

affective computing group at MIT MediaLab (http://affect.media.mit.edu) 

developed several different sensors (see figure 3.8) and pattern recognition 

software to recognize different emotions. This technology is also being 

researched and developed in the context of products (figure 3.9 and 3.10). 

The first accuracy score of the e-mouse was 67% (Ark, Dreyer and Lu, 1999). 

Picard (in Paiva, 2000, p. 220) reports an accuracy score of 81% based on 

eight categories of emotion for her technology.
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photo by MIT

The Blood Volume Pressure (BVP) earring. --photo by Frank Dabek

Galvanic Skin Response (GSR) rings and bracelet. --photo by Frank Dabek

Galvanic Skin Response (GSR) Shoes. --photos by Fernando Padilla

Figure 3.8: Examples of physiological sensors



76  Recognize and express    77 Chapter 3

Figure 3.9: Emotion Mouse by IBM (different versions)
The emotion-mouse (Ark, Dreyer, and Lu, 1999] registers your heart rate, body temperature, general somatic activity and galvanic 

skin response. By doing this it can discriminate between six emotions. And these emotions can be fed to a computer and then the 

computer increases your productivity. http://www.almaden.ibm.com/cs/BlueEyes/index.html (Feb. 2003)

Figure 3.10: Inno emotion mouse by Biopia
“Measures the stress level and automatically indicates the stress index by sensing the pulse and skin conductivity of the computer 

user.” http://www.biopia.net/USA/INNO2000/inno2000.htm (Feb. 2003)

3.4.2 Expressing physical information  
For human-human communication, empathy, i.e. expressing an understanding 

of the other’s emotion, is essential. The most direct way of this expression is 

through physical behavior. For a product to communicate understanding to 

the user it can use its physical behavior as well. Inspiration for the product’s 
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emotional expression is often found in analogies with human expression.  

Physical expression by products is realized through various abstractions 

of anthropomorphism and different media (synthesized speech, on-screen 

characters physical robots), as can be seen in the figures 3.11 to 3.13 and the 

examples of intelligent robots in chapter 1.

Figure 3.11: Synthesized Speech
Waveform for one of ten versions of the sentence “I thought you really meant it,” synthesized by varying four parameters to 

represent different emotional states. www.media.mit.edu/~cahn/

Figure 3.12: Animated Characters
eMuu is an embodied emotional Robot designed as an interface between the ambient intelligent home and its inhabitants 

(Bartneck, 2002)

Figure 3.13: On Screen Animated Characters
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Figure 3.14: Examples of integration: The galvactivator
The galvactivator is a glove-like wearable device that senses the wearer’s skin conductivity and maps its values to a bright 

LED display. Increases in skin conductivity across the palm tend to be good indicators of physiological arousal --- causing the 

galvactivator display to glow brightly. http://www.media.mit.edu/galvactivator (accessed August 2004)

Figure 3.15: Examples of integration: A Platform for Affective Agent Research
A platform for sensing and interpreting several aspects of users’ nonverbal affective information and responding through an 

expressive agent. The platform includes integration of multi-modal affective sensors with a real time inference engine, a behavior 

engine, and a 3d scriptable expressive humanoid agent within a graphical virtual environment. 

(Burleson, Picard, Perlin and Lippincott, 2004)

Expressing physiological information
There are examples of analogies with human physiology in product design. 

In the Apple PowerBook a white LED takes on the expression of a relaxed 

breathing rhythm when it is gently put to sleep by closing the lid. There are 

also examples of red pulsing lights that are analogous with a high blood 

pressure and a fast heart beat that come with emotional stress.
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Discussion3.5
Most of the current research and development efforts separate the recognition 

of emotionally relevant information from the expression of understanding 

and empathy, and vice versa. In other words, the emotionally relevant input 

is separated from the emotionally relevant output. There are a few notable 

exceptions (see figure 3.14 and 3.15). The separation can be understood from 

a research point of view to isolate and control the investigated phenomena. 

But from a design point of view the integration is more interesting. The 

drawback of the separation is, that it can complicate interaction because 

of the asymmetry between the user’s input and the product’s output. The 

separation can also lead to an exaggeration of the anthropomorphism of 

the design. The next sections discuss different drawbacks and suggest 

alternative design propositions that will serve as input for the design 

process.

3.5.1 Anthropomorphic distraction 
In human-human interaction an important advantage for communicating 

emotions is the fact that we all have the ‘same’ body and similar skills 

and senses. Consequently we expect the other person to have the same 

basic abilities to recognize and express emotions. However, as products 

have different bodies, we hesitate which skills and senses to attribute to 

these products. So if a product can recognize a person’s emotions from 

vocal or facial expression the ‘body’ of the product should express both 

this ability to recognize, as well as understanding of the person’s emotion. 

Inspiration is sought in human expression and the solution therefore seems 

to be making the product’s ‘body’ anthropomorphic. This is what Verplank 

refers to as “anthropomorphic distraction” (cited in McDonald, 2001, p. 

46). While anthropomorphism might be suitable for entertainment reasons, 

one can argue that this approach is inappropriate for most products, or 

even dangerous (Laurel, 1990). Picard, rightfully concludes that “In any 

case, it will be important to help people accurately set expectations of the 

computer’s [or the product’s] abilities” (Picard, 1997, p. 114). And, as people 

already attribute humanlike characteristics to non-humanlike products 

(Reeves and Nass, 1996), making them even more anthropomorphic would 

elicit expectations that cannot be met. Products or their features should 

not pretend to have the same abilities as humans when they clearly don’t. 

To avoid ‘anthropomorphic distraction’ I would like to state the following 

design proposition:

Proposition 1

In person-product interaction the communication of emotional information 

should stay within a products identity and its functionality.

3.5.2 A-symmetry 
Most of the before mentioned examples (Tivo remote control buttons, 

the ratings feature, physiological sensors, e-Mouse) are rather generic 

solutions to detect emotional information. The detection is separated, and 

seems detached from the functionality and the output of the product. This 
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separation results in an a-symmetry on different levels. There is a-symmetry 

on location where generic input devices, like the e-mouse, or the video 

camera’s for facial recognition are spatially separated from the system’s 

output, i.e. the computer screen.

There is also a-symmetry on the perceptibility, where the input of 

physiological information is imperceptible for the user, while the reaction 

on that input, i.e. the output is perceptible. This a-symmetry between 

the input of emotional information through physiology and the output of 

expressing the understanding through other means will complicate the 

human-product interaction. An example clarifies this stance. The emotion-

mouse by IBM (Ark, Dreyer, and Lu, 1999) registers your heart rate, body 

temperature, general somatic activity and galvanic skin response. By doing 

this it can discriminate between six emotions. And these emotions can be 

fed to a computer and then the computer can increase your productivity. 

This, of course, might be very useful. But the mouse itself does not give you 

any information that it understood you.

Furthermore, while the mouse does detect your emotions through your 

physiology, it denies your urge to express them. You cannot willfully express 

to the computer that you are angry by means of this mouse. Your behavior 

simply is not taken into account. A mouse requires precision control and 

for it to function properly you have to control the behavioral expression of 

your emotions, because it cannot cope with the behavior that comes with 

excitement. Both the design and the function of the mouse are in conflict 

with your expressive behavior. This is in contrast with the example where 

Sophie slammed the door and expressed her anger. This expression did not 

get in the way of executing her task of closing the door. The functionality 

of the door did not obstruct her angry expression. The reaction of the door, 

i.e. the sound of the slam might even have helped to relieve some of her 

anger.

Separation on the type of information is apparent in the examples of the 

Tivo remote and the iTunes rating feature, where only the cognitive input 

is used. The physical information of pushing the buttons is not taken into 

account. Even stronger, the buttons don’t even allow for a differentiation of 

physical expression of approval or disapproval. The buttons to communicate 

cognitive information don’t allow for expressive behavior. This is a missed 

opportunity for additional information. To take this opportunity and 

integrate the value of both physical and cognitive input I suggest a second 

design proposition:

Proposition 2

Design a product that allows for expressive physical behavior from the user 

to communicate cognitive information to the product.

The third design proposition integrates the value of both physical and 

cognitive output: 

Proposition 3

Design a product that communicates understanding through an expression 

of both physical and cognitive information.
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Both proposition 2 and 3 are analogous to driving notions behind tangible 

interaction. Proposition 2 clearly taps into the exploitation of the richness 

of a person’s perceptual motor skills. Whereas proposition 3 relates to the 

fourth characteristic of TUI’s (Ullmer and Ishii, 2000), i.e. the physical state 

of the interface partially embodies the digital state of the system. A full 

realization of tangibility, including all the TUI characteristics is not realized 

when Proposition 2, which relates to the input, and Proposition 3 which 

relates to the output, are not integrated. Therefore I suggest a fourth and 

last design proposition:

Proposition 4

Couple the physical expression of cognitive input (from the user) with the 

physical expression of the cognitive output (from the product).

Conclusion 3.6
In this chapter I addressed the second step and presented the design 

implications of the question: How can a product recognize and express the 

emotional aspects? 

Most of the current research efforts separate cognitive emotional aspects 

from physical aspects. They also separate the recognition of the emotional 

aspects from the expression of understanding of the emotional aspects. This 

separation can be understood from a research point of view to isolate and 

control the investigated phenomena. A consequence of this separation is 

that it either leads to anthropomorphic solutions or complicated interaction 

because of the asymmetry between the user’s input and the product’s 

feedback. From a design point of view integration is more interesting. This 

concerns both the integration between the location of the input and output, 

as well as the integration between communicating cognitive and physical 

information. I suggest a product-design driven approach to broaden the 

knowledge in the field of recognition and expression of emotions. This 

approach integrates tangibility aspects with affective interaction. It departs 

from the following four propositions.

3.6.1 Propositions 
Proposition 1
In person-product interaction the communication of emotional information 

should stay within a products identity and its functionality.

As a consequence of this proposition the alternative product design-driven 

approach takes the interaction with the product and its functionality as the 

starting point for the detection of emotional state.

Proposition 2
Design a product that allows for expressive physical behavior from the user 

to communicate cognitive information to the product.

To overcome this challenge a product should be designed in such a way that 

it elicits bodily actions, which are rich in emotional content. The design 

should allow the person to communicate cognitive information to the 
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product through a myriad ways, instead of only one strategy. The driving 

idea here is that emotional expression presupposes freedom of expression 

and therefore freedom of interaction.

Proposition 3
Design a product that communicates understanding through an expression 

of both physical and cognitive information.

To communicate understanding the product must express that it received the 

information about the emotional aspects. 

By giving feedback a product can communicate that it received the emotional 

content of the action. 

Proposition 4
Couple the physical expression of cognitive input (from the user) with the 

physical expression of the cognitive output (from the product).

This coupling between the person’s action of communicating emotional 

information and the product’s feedback is of essence for this design 

approach. The four design propositions should lead to a design that 

supports the following hypothesis.

3.6.2 Hypothesis 
The hypothesis is that a product that follows the design propositions can 

recognize a person’s affective state from the combination of expressive 

physical behavior and the cognitive information. The design is described in 

the next chapter. The hypothesis is tested in chapter 5.
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Wensveen, S., and Overbeeke, K. (2001) Adapting through behavior: What my alarm clock should know, do and feel. 
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About this chapter
This chapter describes the design process of the alarm clock. I describe the 

design requirements resulting from the analysis of chapter 2 and 3. In the 

synthesis phase I present sketches from the idea generation. From the 

ideas four concepts were distilled which are described and illustrated in 

the paragraph 4.2.2 ‘concept generation’. These concepts are evaluated and 

a choice is made to proceed with the ‘Slider’ concept. After the detailing 

phase of this concept I present the prototype that is built. This prototype is 

used in the experiments that are described in the next chapter.

First I clarify the direction for design that results from design proposition two, 

three and four.

Proposition 2: Design a product that allows for expressive physical behavior 

from the user to communicate cognitive information to the product.

Proposition 3: Design a product that communicates understanding through 

an expression of both physical and cognitive information.

Proposition 4: Couple the physical expression of cognitive input (from 

the user) with the physical expression of the cognitive output (from the 

product).
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Coupling input and output4.1
The approach aims for designs with controls that allow for an expressive 

action to achieve an expressive result. To communicate understanding the 

design should change its expression according to the corresponding action. 

The following matrix (fi gure 4.1) with examples illustrates the approach. 

For each example, acting on the design leads to an expressive result on a 

functional level. Yet not all examples allow for expressive actions or return 

expressive feedback. 

In the matrix existing and conceptual designs are compared on the expressivity 

of the design’s controls. The examples in the right half of the matrix elicit 

more expressive actions than the examples in the left half. They comply 

with proposition 2 in the sense that they allow for freedom of interaction. 

From top to bottom the examples are distinguished on the expressivity of the 

product’s reaction, i.e. how the appearance of the control is modulated as 

a result of the person’s expressive actions. The controls of the examples in 

the lower half of the matrix give physical feedback that expresses the state 

of the system. They comply with proposition 3, where the physicality of the 

output refl ects the state of the system. On the convergence of the right half 

with the bottom half, i.e. the convergence between proposition 2 and 3 are 

examples that comply with proposition 4.

The examples are addressed and explained in the next pages.

non expressive expressive

non
expressive

expressive

Person’s Action

Product’s
Reaction

Figure 4.1
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Non-expressive action resulting in non- expressive feedback
The three round buttons ‘rock’, ‘pop’ and ‘classic’ on the audio set all look the 

same and all clearly afford the action of pushing. 

Although pushing a button results in a different expression of the sound 

quality, the required action has no expression that maps to the result. The 

control and its required action offer no information about the state of the 

system and only through cognitive information can the user expect what the 

result of the action will be.

In the same manner the pushed button didn’t result in a modulation of 

appearance of the control and therefore does not offer any feedback. 

Again, only through cognitive information by highlighting the word ‘POP’ in 

the display with an orange line does the user get feedback about the result 

of the action and the status of the system.

Figure 4.2: Equalizer pre-set buttons
The buttons ‘rock’, ‘pop’ and ‘classic’ on this JVC audio set are equalizer pre sets. They set the quality of the sound to fit the musical 

style. Upon pushing the button labeled ‘POP’ the sound quality changes. Additional feedback is given in the display, where an 

orange line framing the word ‘POP’ informs the user about the status of the system.
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Non-expressive action resulting in non- expressive feedback
Buttons all require a discrete action of ‘on’ or ‘off’. If the variable is continuous 

(e.g. sound volume, time, temperature) you want a control that fits to that 

continuous nature, e.g., a rotary or slider control. 

The rotary knob to control the sound volume clearly affords the action of 

turning. Turning the knob clock-wise results in an increase of the sound 

volume, counter clock wise results in a decrease of volume. A musical sound 

with the volume up clearly has a different expression than when turned 

down. 

One can argue that when using the right hand the expression of the action 

maps to the expression of the result. When rotating the knob clock wise, 

the hand opens up while the volume is turned up as well. Vice versa when 

the right hand is turned down it turns the volume down. 

Yet this action doesn’t result in a change of appearance of the control. In the 

figure on the right, when you look at the first and the last picture of the 

action sequences of ‘Volume up’ and ‘Volume down’ it is hard to notice a 

difference. The control offers little expressive feedback about the current 

state of the system, i.e. the loudness of the volume.

Volume up Volume down

Figure 4.3: Rotary volume control
Buttons all require a discrete action of ‘on’ or ‘off’. If the variable is continuous (sound volume, time, temperature) you want a 

control that fits to that continuous nature, e.g., a rotary or slider control. Yet, both controls require non-expressive actions and do 

not result in an expressive change of appearance and therefor need additional feedback, just like the buttons. 
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Non-expressive action resulting in expressive feedback. 
The clock radio by the design students Van Es and Hillen features four settings 

for radio stations. Instead of meaningless controls, the designers have 

opted for four objects, which differ in their expression. Varying from a very 

soft and fluffy texture to a spiky, aggressive texture these spheres express 

the associated sound. To set the preferred radio station one has to move the 

antenna and connect it to the corresponding sphere. However, the action 

to set the station is the same for all objects/stations. The expression of the 

object/station is not matched in the expression of the action.

Easy listening

Techno

Speed Metal

Classic Rock

Figure 4.4 Clock radio by Van Es and Hillen
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Non-expressive action resulting in expressive feedback. 
The ‘Hummingbird’ is designed by the design students Den Boer and Leneman. 

In this alarm clock the user can set the tempo of the alarm sound. Setting 

the ‘Hummingbird’ in an upright position will result in an urgent sound with 

a high tempo. The resulting sound is expressed in the shape of the product. 

Spreading the shape out will result in a more relaxed flowing sound, 

which is expressed in the shape. The way in which the person handles 

the hummingbird, i.e. the action of setting the shape is not related to the 

expressivity of the output (form or sound). 

Figure 4.5 Alarm clock Humming bird
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Expressive action resulting in non- expressive feedback.
This design by Hummels, called ‘Stirish’ allows for expressive action. The 

pillows are large enough to not only touch it with your hand, but also with 

your arm or even your upper body. They also allow you to use both hands 

and push as hard as you can. The difference in force exerted to the pillows 

of Stirish alters the position and orientation, and therefore the expression, 

of an image on a projection screen.

After releasing your weight the pillows take their original shape and lose their 

expression. The expression of the output, i.e. the visual image is no longer 

reflected in the expression of the pillows.

Figure 4.6: Stirish
‘Stirish’ is one of eight tangible products that together with a projection screen forms ISH (Image and Sound Handling). ISH is an 

interactive multi-media installation where people can create an atmosphere through visuals and music. 

This particular ‘control’ made of two pillows influences the projected image through pushing. The difference in force exerted to the 

pillows of Stirish alters the position and orientation of the selected image.

(Hummels, Overbeeke, and van der Helm, 2003)
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Expressive action resulting in non- expressive feedback.
The design by the students Hellman and Ypma has multiple pins. Each pin 

represents a certain time period. If the user wants a lot of sleep, she can 

communicate this to the alarm clock by pressing as many pins as possible 

at the same time. The display then shows that she will wake up at, say, 10 

o’clock instead of half past 8. So she has pushed too many pins and has to 

pull out some pins to subtract time to reach half past 8. These actions will 

give the alarm clock an idea of how much sleep the user actually wants. 

In an urgent situation you set the alarm by pushing the pins one by one. The 

alarm adapts its behavior according to the way it was set. Although the 

two settings of the alarm are quite different in their expression, this is not 

expressed in a modulation of the alarm clock’s appearance.

“I wanna lot of sleep”Urgent situation

Figure 4.7: Pin Alarm
This ‘pin alarm’ by Hellman and Ypma allows for setting the waking up time with meaningful expressive actions. By pushing as 

many pins as possible you indicate that you want a lot of sleep and by pushing them one by one you indicate a more urgent 

situation. Yet the design needs additional feedback to communicate understanding. 
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Expressive action resulting in expressive feedback.
The alarm clock by De Groot and Van de Velden allows for a myriad of ways 

to place the ball and set the alarm. The placement of the ball is also an 

indication for the urgency which will be reflected in an according alarm 

sound.

Figure 4.8: Ball & Base Alarm clock
This alarm clock by De Groot and Van de Velden consists of two parts, a home base and an alarm ball. Turning the two halves of 

the alarm ball sets the alarm time. The right half is for the minutes, the left half for the hours. Depending on how he feels, a person 

can then place or throw the alarm ball away from the home base. The distance between the two is a measure for the urgency of 

waking up. The further the ball is away from the home base, the more urgent the sound and the volume will be the next morning. 

To silence the alarm the person has to get out of bed, get the ball and replace it in the home base. By doing this he seals off the 

loudspeaker and muffles the sound. 
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Expressive action resulting in expressive feedback.
To set the alarm time in the design by Van Delft and Godschalk you have to push 

the spiral spring. The more sleep you want the more effort you have to put 

into your action. You get visual and tactile feedback from the compression 

of the spring. This feedback represents the state of the system.

Figure 4.9: Spring Alarm
To set the alarm time in the design by Van Delft and Godschalk you have to push the spiral spring. The more sleep you want the 

more effort you have to put into your action. You get visual and tactile feedback from the compression of the spring. 
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The last two examples of the matrix point into the right direction. They are 

examples of designs that do not only elicit emotionally expressive actions, 

but the feedback from the control is inextricably linked to these actions 

and the resulting output of the product. It is these kind of designs that I am 

after. Designs that comply with the four propositions.

Although the feedback of the ‘Pin Alarm’ (Figure 4.7) lacked expressivity I 

am inspired by it, because it offers a person freedom of interaction to 

communicate the cognitive information of the alarm time.

The different design ideas will be evaluated on their compliance with 

proposition 2, 3 and 4. The concepts also have to comply with other design 

requirements. The next section addresses all the requirements.

Design requirements4.2
4.2.1 Research through design   

Using a research through design approach poses its own requirements. The 

aim of this design process is not about the ultimate alarm clock. Instead it 

focuses on a design that can answer the research question. So, although I 

realize that the following aspects could improve an emotionally intelligent 

alarm clock and the experience of waking up, I chose not to incorporate 

them because they complicate the design unnecessary.

- Instead of waking up with light the design will use sound.

- The design doesn’t have to adapt to sleep patterns (REM sleep and such) or 

sleep behavior (tossing and turning).

4.2.2. Functional requirements 
The to be designed alarm clock needs the following functionalities:

- The user can set the actual time.

- The user can set the preferred alarm time.

- Users can express how they feel while setting the alarm time.

- Users can express the urgency of waking up while setting the alarm time.

- The alarm clock can make a decision for an ‘appropriate’ sound based on the 

time aspects, the expressed feeling of the user and the expressed urgency.

- The alarm can produce the ‘appropriate’ alarm sound.

- The user can silence this alarm sound.

- The alarm allows the user to snooze some more.  

- The user can switch off the alarm.

Next to these functional requirements the design should allow for expressive 

physical behavior through freedom of interaction (proposition 2) which is 

coupled (proposition 4) to an expression of understanding of the physical 

and cognitive information (proposition 3).
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Synthesis4.3
4.3.1 Idea generation 

squeeze for urgency

twist to set

buttons instead of pins

sliders to set alarm time

snooze 
button

Control handles come up
express urgency

Sliders instead of pins
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snoozebutton alarm on/off

speaker

Urgent situation:
-Speaker completely uncovered

-Snoozebutton is ‘far’ away from the user

Alarm on/off has to be pushed to slide snooze button over speaker.
Speaker sealed off => Alarm is off

version I

version II

actual time

alarm time

twist to set

squeeze to set

deeper 
= 

more urgent

eject next morning



98 Designing the alarm clock   99 Chapter 4

4.3.2 Concept generation 
On the following pages four concepts are presented, i.e. ‘RollerBall’, ‘Slider’, 

‘Shark’ and ‘Sahara’. The visualizations are made by Daniel Bründl.

RollerBall
This concept is based on the inspirational ‘Pin 

alarm’. The pins were replaced by ball bearings. 

Rolling the balls sets the alarm time. It has 

a playful character, allowing a person to be 

expressive. In order to improve the feedback of 

the controls, the halves of each ball were given 

different colors. 
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Slider
This concept is a different variant on the pin alarm. 

Moving the sliders to the center sets the alarm time. 

The position of each slider and the combined positions 

of all sliders offer feedback.



100 Designing the alarm clock   101 Chapter 4

Shark
The ‘shark’ is a variant on the ‘slider’. To generate 

more feedback the sliders of this concept do not only 

move towards the center but also come out of the 

shell to express a degree of urgency.shell to express a degree of urgency.
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Sahara
This concept is based on a landscape metaphor were 

different regions of the product express different 

ways of waking up. Moving the little cone over the 

surface sets the alarm time. The distance it travels 

correlates to the amount of sleep. The fi nal location 

and elevation of the cone on the landscape express 

the way of waking up and the level of urgency.
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4.3.3 Concept evaluation 
In order to make a choice for the concept that will be further developed, each 

concept is analyzed to expose its advantages and disadvantages. 

RollerBall
This concept offers playful interaction. Varying the speed and direction of 

rotation, and the amount of rotated balls allows for expressive behavior 

while setting the alarm time. However the mapping of the action to the 

setting of the alarm time is not clear. The combined rotations that the balls 

are being turned can be mapped to the alarm time. But what happens to 

overshoot? 

The degrees of freedom that rolling the balls allows for is also too large for 

the setting of the alarm time. Is the direction mapped to something? Or 

should the direction be limited, allowing for only one rotational axis? Also, 

the amount of rotations is not reflected in the feedback of the ball, since 

the appearance of the ball is the same for each whole rotation of 360˚. 

‘Turning’ the alarm off by returning each ball to its original position takes 

too much effort and is therefore not a feasible option for the user. 

Advantage:

+ ‘playful’, expressive interaction

Disadvantages:

- freedom of rotational direction is ambiguous

- richness of action is not reflected in the feedback

Slider
Sliding towards the center adds up alarm time and sliding away from the 

center detracts time. 

Although the action of moving the sliders is tightly coupled to the alarm time 

this design still allows for expressive behavior. Like the inspirational ‘pin 
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alarm’ it allows for a myriad of ‘strategies’ of setting the preferred alarm 

time. Yet in this ‘Slider’ design, the displacement of the sliders offers 

expressive feedback through the pattern of sliders.

The ’Slider’ overcomes the disadvantage of the ‘Rollerball’, because each 

slider does have a clear origin when it is positioned to the outer rim of the 

design. To improve the feedforward of this concept the sliders should be 

directed towards a display communicating the cognitive information of the 

alarm time.

Advantages:

+ tight coupling between action possibilities and alarm time

+ allowing for expressive behavior

Shark
This concept features the similar mapping between the displacement of 

the sliders and the setting of the alarm time as the ‘Slider’. It also offers 

additional expression where the protrusion of each ‘fin’ is mapped to the 

urgency. However, urgency should be independent of the alarm time, but 

since the protrusion is coupled to the displacement of the slider this is not 

the case.

Advantages:

+ tight coupling between action possibilities and alarm time

+ allows for expressive behavior

Disadvantage:

- expression of urgency is not independent of alarm time

Sahara
Through the use of different materials and surfaces this concept offers 

expressive feedforward about the waking up experience. Moving the 

cone sets the alarm time, where the distance is coupled to the amount of 

sleeping time. This way setting the alarm time becomes an exploration of 

the landscape, which can offer nice surprises but can also be cumbersome. 

The elevation of the cone expresses urgency. Although this concept offers 

expressive feedforward and feedback, the required actions can not express 

emotional behavior.

Advantage:

+ expressive feedback and feedforward

Disadvantage:

- doesn’t allow for expressive actions
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Based on the assessment of the advantages and disadvantages of each concept 

I decided to proceed with the ‘Slider’ concept. The detailling of the concepts 

is described next.

Final design4.4
4.4.1 Detailing  

In this phase the details of the chosen ‘Slider’ concept are fi lled in. Findings 

from analyzing sketches and a mock up are reported and used for design 

decisions. The sketches and models are made by Daniël Bründl.

To couple the person’s sliding action to the clock’s circular motion is counter 
intuitive. Instead I opted for the design using numerical displays.
To improve the feedforward, all sliders are directed towards the alarm time 
display. Sliding towards the display adds time, sliding away from the display 
subtracts time.
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The design features two 
displays. The central one 
depicts the alarm time and 
the other the current time. 
The current time display 
is oriented to fit a viewing 
direction that is comfortable 
when the person is in bed. 
The alarm time display is 
directed upwards so it can be 
viewed properly when one is 
setting the alarm.
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After building a foam mock up I 
decided to integrate the snooze 
button with the alarm time display. 
The co-location of alarm time and 
the button to silence the alarm 
improves the feedforward.

snooze button

alarm time display

current time display
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Inside bottom shell Inside top shell
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Preview on adaptive behavior 4.5
The third step towards designing emotionally intelligent products is to answer 

the following question: How should the product adapt to the person on the 

basis of this information?

Although this question falls outside the scope of this Ph.D.- project I address it 

in a speculative way to offer a glimpse into the future. Figure 4.10 presents 

a preliminary, but promising road towards an emotionally intelligent alarm 

clock. It describes how person, product and system interact, learn from 

each other and adapt. The numbers in the text correspond with the numbers 

in the figure.

1. In the evening a person wants the alarm clock to know at what time she 

needs to wake up (t alarm), how important it is for her to get up (urgency) 

and how she feels (mood). 

2. At the time t set start a person starts interacting with the alarm to input the 

factual information (t alarm). While doing this she also expresses how she 

feels about getting up (urgency and mood). 

3. A person is finished with setting the alarm at t set end.

4. Because of the way she sets the alarm (interaction) the appearance of the 

alarm has changed and expresses the urgency and mood of the person. An 

LCD display shows the set wake up time (t alarm). 

5. The system has internal information about t set. It received information 

about t alarm and can roughly calculate the amount of sleep the person 

will have (H sleep = t alarm – t set). A categorization of the urgency and 

mood is made based on the behavioral parameters, e.g., the time one takes 

to complete the task of setting the alarm time (t set end - t set start), the 

kind and the intensity of the actions and the distribution of the actions 

over time. 

6. Based on this information and history the alarm will make a decision for 

an appropriate sound. 

It is important that the alarm clock knows the essential information, at what 

time you need to wake up (t alarm). It is of less importance that the product 

exactly knows your emotions as long as you can teach the product how you 

function. In order for the product to learn about the decisions it took, it 

needs feedback about these decisions. Again through a person’s behavior 

the product can receive this feedback.

Figure 4.10 continues at:

7. The next morning at t alarm the alarm produces the chosen sound. 

8. It will take some time (t reaction) before a person touches the snooze 

button at t sound off start and releases the button at t sound off end. 

9. After pushing the snooze button the expression of the alarm has changed. 

10. Based on the information the system received through t reaction and the 

behavioral parameters of pressing the snooze button a categorization of 

sleepiness and appropriateness of the sound is made. This feedback will 

contribute to the learning process of the system. 

11. Based on this information and history the system will choose a new alarm 

sound and an amount of time it will let the person snooze (t snooze). 
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Figure 4.10: possible adaptive behavior for the alarm clock
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12. After this snooze time the alarm produces a second sound. 

13. The person can repeat the sequence of pushing the snooze button until she 

decides to turn the alarm off.

The interaction or the adaptive behavior from both the alarm clock and the 

user doesn’t stop after this last step 13. They can continue the next days 

and many days after. How the person-product interaction transforms into 

a relationship between the alarm and the person is open. Battarbee (2004) 

asks the following: “Wensveen’s alarm clock is interesting, but the final 

stage of the scenario is still missing: if I slam hard the alarm clock controls 

to set the time, how would the alarm clock respond? Should it have the 

possibility for reflexive emotions as well? Would it sulk, or be fearful? 

Would it behave angrily back at me? Would it be all the more friendly and 

eager to cheer me up or would it refuse to work under abusive conditions? 

Without risking losing the actual waking up service, how am I supposed to 

find this out? And what are my emotions when I offend my alarm clock 

beyond apology? Will my enjoyment in alarm clock use centre around 

the subversive pleasures of torturing the poor device to its limits, rather 

than the more elegant satisfaction of interacting with it beautifully and 

expressively?”

These are fascinating questions indeed, but they will not be answered in this 

thesis.

Conclusion4.6
In this chapter I described the design process and how it led to the final 

prototype. The interaction with the prototype is described below and 

explains how the alarm clock complies with each of the functional 

requirements.

The user can set the actual time.

When the power is plugged in, the green time display shows 0:00. The user 

can move the sliders which changes the time. A full displacement of one 

slider is the equivalent of 120 minutes. When the digits in the display read 

the actual time, the user can push the snooze button, which sets the time.

By sliding all the sliders back to the outer rim the central alarm time display 

features two red dots indicating the alarm is not active.

The user can set the alarm time.

Moving the sliders towards the alarm time display sets the alarm time. Sliding 

one slider all the way to the centre will set the alarm time 60 minutes past 

the actual time. This range between 0 to 60 minutes, with increments of one 

minute, is the same for all of the 12 sliders. Upon moving sufficient sliders 

to reach the preferred alarm time the user can push the button, which is co-

located with the alarm time display to confirm the alarm time. Now, moving 

the sliders has no longer an effect on the alarm time. (Note: If the person 

forgets to push to confirm the system will automatically accept the set and 

displayed alarm time after 5 minutes of inactivity.)

The user can express how he feels while setting the alarm time.

This assumption will be tested and demonstrated in the next chapter.

The user can express the urgency of waking up while setting the alarm time.
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This assumption will be tested and demonstrated in the next chapter.

The alarm clock can make a decision for an ‘appropriate’ sound based on 

the time aspects, the expressed feeling of the user and the expressed 

urgency.

This feature is not yet implemented in the prototype.

The alarm can produce the ‘appropriate’ alarm sound.

This feature is not yet implemented in the prototype.

The user can silence this alarm sound.

By pushing the snooze button the user can silence the alarm sound.

The alarm allows the user to snooze some more. 

This feature is not yet implemented in the prototype.

The user can switch off the alarm.

Sliding all the sliders back to the outer rim will switch off the alarm. The digits 

in the alarm time display disappear as soon as the last slider is moved to its 

outer position. The two red dots appear indicating the alarm is off. 

In the next chapter I present the experiments that demonstrate that the 

prototype is capable of recognizing the person’s emotional state and a level 

of urgency from the way the alarm time was set by this person.

I test the following hypothesis:

The alarm clock can detect a person’s affective state and a level of urgency 

from the way this person sets the alarm time?
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This chapter is largely based on:

Wensveen, S.A.G., Overbeeke, C.J., and Djajadiningrat, J.P. (2002) Push me, shove me and I show you how you feel. 

Recognizing mood from emotionally rich interaction. Proceedings of DIS’02, Designing Interactive Systems. ACM, London.

Wensveen, S.A.G., and Overbeeke, C.J. (2004) The Role of Balance and Symmetry in the Expression of Valence, Arousal and 

Urgency in Interaction Design. Bulletin of Psychology and the Arts, 4(2), pp.77-80.
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About this chapter
In the previous chapter I described the design of the alarm clock and the 

prototype that was built. In this chapter I address the experiments that were 

conducted to test the following hypothesis:

The alarm clock can detect a person’s affective state and a level of urgency 

from the way this person sets the alarm time?

The following steps were taken to operationalize and test the hypothesis:

Experiment 1 (described in 5.1) 
In paragraph 5.1 I operationalize ‘a person’s affective state and a level of 

urgency’. I argue that ‘mood’ is the most relevant for the alarm clock. 

To differentiate between moods I choose for the circumplex model of 

emotion which discriminates affective state on the two dimensions valence 

and arousal (Russell, 1980). These dimensions and their measurement 

tool called ‘SAM’ (Self Assessment Maniken, Lang and Bradley, 1994) are 

used in experiment 1 to validate film clips, which I present in 5.1.2. The 

level of urgency is integrated in the film clip and is validated in this same 

experiment.

In the succeeding experiments 2, 3 and 4 the validated film clips are used in 

a Mood Induction Procedure to control for the user’s affective state in the 

testing of the hypothesis. 

Experiment 2 (described in 5.2)
In this experiment an operationalization is made of ‘the way this person 

sets the alarm time’. In section 5.2.1 I present the experiment that was 

carried out to explore behavioral parameters that describe the setting of 

the alarm clock. I explain how the parameters are calculated (5.2.2) and 

in the results section (5.2.3) how they correlate with each participant’s 

individual SAM scores for valence and arousal and the level of urgency.

Experiment 3 (described in 5.3)
This experiment actually tests the hypothesis. Using the relevant parameters 

that came up in experiment 2 regression equations are set up to calculate 

values for valence, arousal and the level of urgency. These calculated values 

are compared with the actual scores attributed by the participants to the 

situation in the movie clip. The hypothesis is accepted if the amount of 

correct matches is above chance level.

Experiment 4 (described in 5.4) 
To test the regression equations on their consistency over a period of time, 

the participants in experiment 3 where invited to join another experiment 

two weeks later. 

The chapter ends with conclusions.
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Exp 1: Operationalization of Affective state 5.1
In the introducing chapter we have already seen that mood is an affective 

state that is not intended for an object (non-intentional) and is limited in 

time. A person’s mood is formed over time and has multiple causes that an 

alarm clock can not be aware of. Yet it does have to adapt to this mood that 

arose during the day and can last to the next day in order to support the 

person’s experience the next morning. Although mood is an affective state 

not intended for or directed at the object, the alarm clock can be subject 

of the expression of the person’s mood. Because of the limited, yet long 

term character and the multiple causes, moods are more relevant affective 

states for the alarm clock, than emotions, sentiments or personality traits 

are. While not ignoring the other affective states, in the operationalization 

I focus on mood as the affective state that the alarm clock needs to adapt 

to.

5.1.1 Validating the Mood Induction Procedure   

Aim 
In order to control for the user’s moods a Mood Induction Procedure (MIP) 

is needed. Westermann, Spies, Stahl and Hesse (1996) showed that an MIP 

using film clips and the appropriate instructions, where participants are 

explicitly asked to empathize with the situation shown, is the most effective 

way to induce both positive and negative mood states. The aim of this first 

experiment is to find eight situations (4 film clips x 2 urgency levels) that are 

different on the aspects valence, arousal and urgency.

Participants
A total of 13 undergraduates (9 men, 4 women) of Industrial Design Engineering 

participated in the experiment.

Stimuli
Film experts (prof.dr. Tan from the ‘Emotion & Media’ Department of the 

University of Amsterdam, video store owners and film aficionados) were 

asked to suggest and comment on film clips targeting the dimensional 

quadrants of the circumplex model (high arousal/positive valence, high 

arousal/negative valence, low arousal/negative valence, low arousal/

positive valence). Using their suggestions and comments four film clips 

were chosen for the validation experiment, which had the following 

characteristics in common: ranging in time between 2 to 3 minutes, no 

dialogue and an appropriateness for the experience of sleeping and waking 

up as I didn’t want the film clips to be too extreme. For example, although 

the opening scene of the movie ‘Saving Private Ryan’ (Spielberg, 1998). was 

suggested to induce high arousal and negative valence I choose not to use it. 

The brutal images of soldiers getting their limbs shot off trying to establish 

a beach head at Normandy are completely inappropriate in relation to the 

setting of an alarm clock.
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The four film clips, Blues Brothers, Easy Rider, Koyaanisqatsi and Stalker are 

described in figure 5.2 to 5.5.

Figure 5.1: Practice situation
This scene from the movie ‘In God’s Hands’ (King, 1998) was used in the practice round.

Figure 5.2: High arousal/Positive valence: the Blues Brothers
This clip (duration: 2:55) from the Blues Brothers (Landis and Brillstein, 1980) depicts the two main characters attending a church 

service where the reverend, played by James Brown, and the Rev. James Cleveland Choir perform ‘the Old Landmark’.

Figure 5.3: Low arousal/Positive valence: Scene from Easy Rider
This scene from Easy Rider (Hopper and Fonda, 1969; duration: 2:38) depicts the three main characters riding their motorcycles on 

a North American desert high way. The underlying score is the song “The weight” played by ‘The Band’.

Figure 5.4: High arousal/Negative valence : Scene from Koyaanisqatsi
This film clip (duration: 2:31) consists of several high-speed video fragments of people in train stations and cars in traffic, taken 

from the movie Koyaanisqatsi (Reggio and Coppola, 1983). These fragments, with the accompanying musical score by Philip Glass, 

were edited into a climaxing sequence by myself.

Figure 5.5: Low arousal/Negative valence: Scene from Stalker
This black and white clip from Stalker (Tarkovsky and Demidova, 1979; duration: 2:06) features close up shots of the 

backside of two persons sitting on a train wagon. There is no musical score, but only the sound of the moving train and 

additional sound effects.
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To induce urgency each clip was preceded with a text in the form of a 30-

second motion graphic. This read either an urgent message: “Tomorrow you 

have to go to the airport. Catch a plane. You cannot oversleep! You have 

to get up at eight o’clock. 8:00” or a non-urgent message: “Tomorrow… no 

obligations. A day off. You still want to do something nice. Set your alarm 

around… 8 o’clock.” The messages were also superimposed during the last 

30 seconds of each film clip (figure 5.6).

Figure 5.6: Urgency messages
The messages that were superimposed on the film clips, in this case Easy Rider, inducing either low urgency (left frame) or high 

urgency (right frame).

Procedure
Three sessions were conducted (two with four and one session with five 

participants). The participants sat in a darkened room four to six meters 

away from a four-meter wide projection screen. A practice situation (figure 

5.1) familiarized the participants with the evaluation form (figure 5.10). The 

presentation order of the eight situations (each of the four clips had an 

urgent and non-urgent condition) was determined randomly. Participants 

saw all of the four film clips (Blues Brothers, Easy Rider, Koyaanisqatsi 

and Stalker) first before seeing them for a second time. Between two 

situations a one-minute relaxation clip was shown to neutralize the effect 

of the preceding situation. This clip shows moving clouds with the sound of 

crashing waves (figure 5.7).

Figure 5.7: Frames of the one-minute relaxation clip

Participants were instructed to try to empathize with the depicted situation 

after which they had to fill in an evaluation form. The evaluation form 
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consisted of two questions relating to the valence and the arousal of their 

mood using the ‘Self Assessment Maniken’ (SAM) (Lang and Bradley, 1994). 

Figure 5.8 and 5.9 show the two scales for valence and arousal. Although the 

evaluation form (see figure 5.10) featured a third dimension, i.e. ‘dominance’, 

this is left out of the analysis (note: The dimension ‘dominance’ is included 

in the ‘Self Assessment Model to distinguish between fear and anger, two 

different emotions that both have negative valence and high arousal).

Figure 5.8: SAM scale for valence

Figure 5.9: SAM scale for arousal

The urgency was evaluated on the same form using a 9-point scale ranging 

between “In this situation it is… totally unimportant that an alarm clock 

wakes me up.” to “…very important that an alarm clock wakes me up”.

To gain more information about the eight situations the situations were also 

evaluated on distinctive emotional states using a 9-point scale. On this 

scale 0 meant that during the situation the participant never experienced 

the emotion at all and 8 meant that the participant had never before 

experienced the emotion so strongly. Adapted from Gross and Levenson 

(1995) the following 16 emotional states were evaluated, amusement, anger, 

excitement, confusion, contentment, happiness, fear, interest, relief, 

sadness, surprise, tension, irritation, relaxation, tiredness and boredom 

(note: I excluded the emotional states of pain and disgust and included low 

level states like relaxation, tiredness and boredom to fit to the situation of 

sleeping and waking up).
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Explanation of Evaluation Form
We like to know what you feel during the projected situations. A situation is a combination of the video, the
sound and the message what you have to do tomorrow. Evaluate what you FEEL and not the situation itself.
The evaluation is done using SAM scales (SAM stands for Self Assessment Maniken) and an URGENCY rating.

SAM: The first row of men (see picture below) represents feelings from VERY UNHAPPY OR SAD to VERY
HAPPY OR DELIGHTED. Mark one circle under or between the men that reflects the way you feel.

UNHAPPY HAPPY
or or
SAD DELIGHTED

The second row of men (see picture below) represents feelings from VERY CALM OR BORED to VERY EXCITED
OR INVOLVED. Mark one circle under or between the men that reflects the way you feel.

CALM EXCITED
or or

BORED INVOLVED

The third row of men (see picture below) represents feelings from BEING IN CONTROL OFF the situation (you
feel BIG) to BEING CONTROLLED OR DOMINATED BY the situation (you feel small). Again mark one circle
under or between the men that reflects the way you feel.

IN CONTROLLED
CONTROL BY

Urgency: We also ask you to mark a number from 0 (zero) to 8 (eight) that represents the urgency of getting
up the next morning. This scale ranges from, “…totally unimportant that an alarm clock wakes me up” to
“…very important that an alarm clock wakes me up”.

In this situation it is…

0 1 2 3 4 5 6 7 8

…totally unimportant …very important
that an alarm clock wakes me up that an alarm clock wakes me up

 Figure 5.10: Explanation of the evaluation form
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5.1.2 Results Experiment 1 
In table 5.1 the means, standard errors of the mean and standard deviations 

are presented. In figure 5.11 the mean values of each situation are placed 

in a valence-arousal plot. To communicate the direction of the valence 

(negative/positive) the scores for valence are transformed from 0 to 8 to -4 

to 4. The situations with the high urgency messages at the start and end of 

the film clip are indeed evaluated higher on the urgency scale.
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Figure 5.11
Plot of mean SAM scores (n=13) with 95% confidence interval. High/low means high/low urgency.

Table 5.1: SAM and Urgency scores (n=13)
Valence Arousal Urgency

Film Clip Urgency 
level M Std. 

error SD M Std. 
error SD M Std. 

error SD

Blues Brothers high 2,00 0,39 1,35 5,50 0,51 1,78 5,31 0,66 2,39

Blues Brothers low 2,38 0,35 1,26 5,38 0,46 1,66 3,46 0,76 2,76

Easy Rider high 1,77 0,32 1,17 3,46 0,63 2,30 5,08 0,58 2,10

Easy Rider low 2,15 0,30 1,07 3,38 0,61 2,22 2,69 0,56 2,02

Koyaanisqatsi high 0,00 0,42 1,53 6,46 0,45 1,61 7,54 0,18 0,66

Koyaanisqatsi low 0,15 0,62 2,23 6,38 0,31 1,12 4,23 0,88 3,17

Stalker high -1,85 0,34 1,21 2,85 0,48 1,72 5,77 0,47 1,69

Stalker low -1,62 0,33 1,19 1,62 0,37 1,33 2,46 0,69 2,50
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Table 5.2
Valence Arousal Urgency

Valence
1 0,235 -0,098

 p= 0,001 p= 0,161

Arousal
0,235 1 0,364

p= 0,001  p= 0,000

Urgency
-0,098 0,364 1

p= 0,161 p= 0,000  

Table 5.2 shows that Valence, Arousal and Urgency are not completely 

independent of eachother. There is a light, but significant correlation 

between Valence and Arousal (r=0,235, P-value ‹ 0.01) and also between 

Arousal and Urgency (r=0,364, P-value ‹ 0.001).

5.1.3 Discussion Experiment 1  

Blues Brothers and Stalker
The situations with the film clips from the Blues Brothers and Stalker do hit 

the middle of their target quadrant of the valence-arousal space. The results 

show them to be valid film clips to use as Mood Induction Procedures in the 

following experiments.

Koyaanisqatsi
Figure 5.11 with the ‘plot of the mean SAM scores’ show that the situations with 

the Koyaanisqatsi film clip are evaluated more positive on valence than 

anticipated. 

The mean scores for the situations with the Koyaanisqatsi clip show neutral 

values for valence (0.00 for the high urgency situation and 0.15 for the 

low urgency). Table 5.1 also shows higher standard deviations for these 

clips. Some participants rated the valence for the Koyaanisqatsi clips more 

positive than expected. When asked, they gave the aesthetic experience 

the clips induced as the reason for their positive evaluation. The scores 

for the separate emotions (figure 5.12) clearly shows that the Koyaanisqatsi 

clip is evaluated as having induced more tension (stress) than any other 

clip (Mean: 5.96 (over all Koyaanisqatsi clips), ∆M: 2.73 (Koyaanisqatsi vs 

Stalker), P-value ‹ 0.0001). Therefore I decided the Koyaanisqatsi clip to be 

appropriate for the next experiment.
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Figure 5.12: Mean rating (N=13) on the 16 separate emotions for the eight situations 
( 0 means that during the situation the participant never experienced the emotion at all and 8 means that the participant had never 

before experienced the emotion so strongly)
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Film clip: Koyaanisqatsi High

M
ea

n

8

7

6

5

4

3

2

1

0
Amusement

Arousal

Confused

Boredom

Tiredness

Relaxed

Tension

Surprise

Sadness

Relief
Interest

Happiness

Fear
Content

Irritated

Anger

M
ea

n

8

7

6

5

4

3

2

1

0
Amusement

Excitement

Confusion

Boredom

Tiredness

Relaxation

Tension

Surprise

Sadness

Relief
Interest

Happiness

Fear
Contentment

Irritation

Anger

Film clip: Easy Rider Low
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Film clip: Blues Brothers Low
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Easy Rider
The situations with the Easy Rider clip score higher than anticipated on 

arousal (see figure 5.11). Although the arousal level of the Easy Rider clips is 

significantly (p ‹ 0.05) different from the Blues Brothers clips, illustrated in 

Table 5.3, they are higher than expected.

Table 5.3 
A comparison of the arousal level between the Blues Brothers and the Easy Rider clips 

t-test

∆M P-value

Blues Brothers High vs Easy Rider High 2.04 .022

Blues Brothers Low vs Easy Rider Low 2.00 .016

The reason participants gave was that they imagined themselves riding the 

motor bikes through the American desert, which aroused them. On the 

separate emotion scales these clips scored higher than any other clip 

on ‘relaxation’ (Mean= 6.96 (over all Easy Rider clips), ∆M= 3.12 (Easy Rider 

vs. Blues Brothers), P-value ‹ 0.0001), ‘relief’ (Mean= 6.12 (over all Easy 

rider clips), ∆M= 2.50 (Easy Rider vs. Blues Brothers), P-value ‹ 0.0001) and 

‘contentment’ (Mean= 6.08 (over all Easy rider clips), ∆M= 1.38 (Easy Rider vs. 

Blues Brothers), P-value ‹ 0.01).

In the next experiment the eight situations are used as Mood Induction 

Procedures.

Experiment 2: Operationalization of behavior5.2
5.2.1 Experimental set up  

Aim
The aim of experiment 2 is to find relevant parameters that describe the 

alarm setting behavior of a person. The parameters are explored on their 

predictive power. The measure of this predictive power is the correlation 

between the parameter and the values of valence, arousal and urgency 

as they were ascribed by the individual participant to each of the eight 

situations of the Mood Induction Procedure.

Participants
A total of 13 persons, 11 undergraduates (6 men, 5 women) and 2 members of 

staff (2 women) from Delft Industrial Design Engineering participated in the 

experiment. 
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Stimuli
The same eight situations of Experiment 1 were used to induce mood and 

urgency after which participants were asked to set the alarm clock 

prototype.

Procedure
This experiment again was conducted in a darkened room where the 

individual participant sat behind a table with the alarm clock on it. The 

participant sat a distance of 4 meters from a 4-meter wide projection screen 

(see figure 5.13).

Figure 5.13: Experimental set up 

The experimenter shortly introduced the operation of the alarm clock after 

which the participant was allowed to try out the possibilities of the sliders 

and get a feel of the alarm clock. At the end of each movie clip an on-screen 

message asked the participant to set the alarm clock for eight o’clock. After 

the setting the participant rated the SAM-scales for valence and arousal and 

the 9-point urgency scale in the self evaluation form. After completion the 

1-minute relaxation clip was shown.

I chose to let the participant set the alarm clock first, instead of filling in the 

rating form first, to keep the delay between the mood induction and the 

setting  of the alarm clock as short as possible. A comparison between the 

data of experiment 1 and experiment 2 revealed no significant effects of 

the alarm clock setting on the evaluation of the mood induction, except for 

Koyaanisqatsi High. This film clip was rated lower on valence (∆M= -1,38 vs. 

M=0, P-value 0,05) in the second experiment.

5.2.2 Behavioral parameters 
At first sight it was clear that participants did in fact set the alarm clock to 

eight o’clock in a myriad of ways. Different strategies were applied, both 

within and between participants. Some participants were really expressive 
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in their setting behavior, others were more rigid and sticking to one 

strategy. As an example figure 5.14 shows the eight different settings of one 

participant.

Blues Brothers High

Blues Brothers Low

Easy Rider High

Easy Rider Low

Stalker High

Koyaanisqatsi Low

Stalker Low

Koyaanisqatsi High

1 2 3 4 5 6 7 8 9 11 12 13 14 15 16 17 18 19100

Figure 5.14: The eight different settings of a participant
(pattern shots taken at an 1-second interval)

The alarm clock produced electronic read-outs for each slider action. One 

action is defined as the uninterrupted displacement of one slider. An action 

is interrupted when the direction of the slider changes or when the slider 

doesn’t move for more than 0,1 second. The readouts (sample frequency 

of 100 Hertz) are the identification of a slider, the starting time of a slider 

action, the duration of this action, the value in minutes (0-60) at the start 

of this action and the value at the end of that action. I use ‘minutes’ as unit 

of measure because the distance a slider can travel is expressed on a scale 

ranging between 0 to 60 minutes. Two kinds of parameters were defined 

to categorize behavior. The ‘action parameters’ that describe each action 

and the ‘pattern parameters’ that describe the result of each action, i.e. the 

feedback of the slider pattern. The parameters of all actions that lead to 

the final setting of 8:00 are taken into account, to preserve the dynamics 

of the setting behavior.  All parameters are computed from the electronic 

readouts of each slider.
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Action parameters 
The following six parameters describe the action of displacing one slider. 

Actionno 
is the serial number of an action. It allows for making distinctions based on 

the number of actions one takes to reach the end result. In the experiment 

(n=104 cases) this ranged between 8 and 234 actions to get to the end 

result.

Displace 
is the value of displacement of each slider measured in ‘minutes’. A positive 

value is a displacement towards the center of the alarm clock whereas a 

negative displacement is a movement away from the center. Theoretically 

this value ranges between –60 and 60 ‘minutes’, in the experiment there 

were no recorded measurements below -49 minutes.

Duration 
is the time a slider slides during one action measured in centiseconds.

Waiting
This parameter describes the time between two actions. It is the amount of 

waiting time after one action when none of the sliders is touched. This 

parameter is also measured in centiseconds.

Speed
is the average speed of a slider during one action measured in minutes/

seconds. 

Sliders
is the number of simultaneously used sliders during one action, calculated for 

every action.

Slider pattern parameters 
The slider pattern parameters describe the pattern that results after each 

action. These parameters are derived from measurements of aesthetics 

(Arnheim, 1954; Locher, Stappers and Overbeeke, 1998) and relate to the 

symmetry and balance of the pattern.
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Figure 5.15
Identification numbers of sliders 1 to 12 and their angles with the vertical (V) and Horizontal (H).

Vertical Symmetry
To determine a value for the vertical symmetry of the pattern I drew an 

imaginary vertical line (V in Fig. 5.15). The individual value (between 0 

and 60 minutes) of each slider was compared with the value of its, in 

line V mirrored, counterpart (the value of slider 1 is compared with the 

value of slider 12, 2 with 11, 3 with 10 etc..). The absolute value for vertical 

symmetry lies between 0 (total symmetry) and 360 (total a-symmetry). To 

obtain a relative measurement between 0 and 100% symmetry the following 

calculation is used:

V symmetry = ( 360 -∑
n=1..6

 |v
n 
– v

13-n
| ) / 360

Figure 5.16: Vertical symmetry 
Left: theoretical minimum (0), right: theoretical maximum (1). The patterns in between are end patterns and range between the 

recorded minimum and maximum with a 20% interval (n=104 cases).

Horizontal Symmetry
The same approach was used to determine the value for the horizontal 

symmetry. The values (v) of sliders, which mirrored in the horizontal axis (H 

in Fig. 5.13), were compared (the value of slider 1 is compared with the value 
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of slider 6, 2 with 5, etc.. and 12 with 7, 11 with 8 etc..). The absolute value 

for horizontal symmetry lies between 0 (total symmetry) and 360 (total a-

symmetry). To obtain a relative measurement between 0 and 100% symmetry 

the following calculation is used:

H sym. = ( 360 -∑∑
n=1..3

 |v
n 
– v

7-n
| +∑∑

m=7..9
 |v

m 
– v

19-m
|) / 360

Figure 5.17: Horizontal symmetry 
Left: theoretical minimum (0), right: theoretical maximum (1). The patterns in between are end patterns and range between the 

recorded minimum and maximum with a 20% interval (n=104 cases). 

TowardsAway
To determine if sliders were pushed away from the body or towards the 

body the sum of values (v) of the sliders from the lower half of the alarm 

(sliders 1,2,3 and 10,11,12) are compared with that of the upper half (sliders 

4,5,6,7,8,9). I compensated the contribution of each slider for the slider’s 

angle with the vertical. The absolute value for ‘Towards/Away’ lies between 

–210.94 (all sliders are positioned as far away from the user as possible) 

and 253.85 (all sliders are positioned as close to the user as possible). The 

relative measurement is calculated as follows:

‘Towards/Away’ = 

((cos13,5˚(v
6
+v

7
) + cos40,5˚(v

5
+v

8
) + cos67,5˚(v

4
+v

9
))/253.85 

 – 

((cos31,5˚(v
1
+v

12
) + cos58,5˚(v

2
+v

11
) + cos85,5˚(v

3
+ v

10
))/210.94

Figure 5.18: towardsAway
Left: theoretical minimum (-1), right: theoretical maximum (1). The patterns in between are end patterns and range between the 

recorded minimum (-0.87) and maximum (0.91) with a 20% interval (n=104 cases).

LeftRight
The horizontal deviance from the centre is a measure for the displacement 

of sliders either to the right (‘Leftright’ is positive) or to the left side of the 

alarm clock (‘Leftright’ is negative). The absolute value for ‘LeftRight’ lies 

between –250.73 (all sliders are positioned as far to the left as possible) and 

250.73 (all sliders are positioned as far to the right as possible). The relative 

measurement is calculated as follows:

LeftRight = (sin31,5˚(v
1
-v

12
) + sin58,5˚(v

2
-v

11
) + sin85,5˚(v

3
-v

10
) + 

sin67,5˚(v
4
-v

9
) + sin40,5˚(v

5
-v

8
) + sin13,5˚(v

6
-v

7
)) / 250.73
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Figure 5.19: LeftRight
Left: theoretical minimum (-1), right: theoretical maximum (1). The patterns in between are end patterns and range between the 

recorded minimum (-0.84) and maximum (0.84) with a 20% interval (n=104 cases).

Centralization
To see to what extent sliders are centralized around the snooze button I 

determined the distance between the centre of gravity of sliders and the 

actual centre of the alarm clock. This parameter describes the balance of 

the slider pattern around the centre.

Central = 1- √((TowardsAway)2 + (LeftRight)2)

Figure 5.20: Centralization
Left: theoretical minimum (o), right: theoretical maximum(1). The patterns in between are end patterns and range between the 

recorded minimum (0.06) and maximum (0.98) with a 20% interval (n=104 cases).

HoriVert
To decide for a parameter that describes a horizontal or vertical dimension 

of the shape I compared the sum of values of the six sliders that contribute 

to a vertical shape with the sum of values of the six sliders that contribute 

to a horizontal shape.

HoriVert =  ((240 -∑
m=1,6,7,12 

v
m
)/ 240) - ((240 -∑

n=3,4,9,10 
v

n
 )/240)

Figure 5.21: HoriVert
Left: theoretical minimum (-1), right: theoretical maximum (1). The patterns in between are end patterns and range between the 

recorded minimum (-0.68) and maximum (1.00) with a 20% interval (n=104 cases).

Smoothness
To determine the smoothness or the roughness of the pattern I compared the 

values of successive sliders with each other. This value ranges between 0 

(complete smoothness; each slider has the same value) and 720 (complete 

roughness). The relative measurement is calculated as follows:

Smoothness = (720 -∑
n=1..11

v
n 
– v

n+1
| + |v

12 
– v

1
|)/720
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Figure 5.22: Smoothness
Left: theoretical minimum (0), right: theoretical maximum (1). The patterns in between are end patterns and range between the 

recorded minimum (0.31) and maximum (0.95) with a 20% interval (n=104 cases).

5.2.3 Results experiment 2 
In the previous section I described the behavioral parameters, i.e. the action 

and pattern parameters, which characterize the behavior of setting the 

alarm clock. 

In this results section I report how this behavior, or more accurately how the 

behavioral parameters are influenced by the mood of the person.

As a measure of predictive power, correlations are calculated. For each 

parameter the correlation between the value of the parameter and the 

subjective value for respectively the dimension valence, arousal or urgency 

over all eight situations and all actions and per participant, were calculated. 

Figure 5.23 (subject 1 to 13) shows for each of the 13 participants three 

graphs (valence, arousal and urgency) displaying only the significant (p ‹ 
0.05) correlations between the behavioral parameters and the dimension 

valence, arousal or urgency.
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Figure 5.23
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Subject 10

Figure 5.23

Subject 11

Figure 5.23
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Figure 5.23
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Correlations between parameters
Table 5.4 shows that not all parameters are independent of eachother. The 

most notable exceptions are the positive correlations between the duration 

of a sliding action and the displacement of the action (r=0.667, p‹0.001), the 

speed of an action and the displacement of that action (r=0.706, p‹0.001), 

the horizontal symmetry and the centralization of sliders (r=0.779, p‹0.001) 

and the vertical symmetry and the smoothness of the pattern (r=0.449, 

p‹0.001).
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Person dependent
From the graphs in figure 5.23 it can be concluded that the correlation 

between the mood and the setting behavior is person dependant. This 

person dependency is demonstrated in several ways. Differences between 

participants occur on the number, the set, the magnitude and the direction 

of the significant correlations. 

Table 5.4: Correlations between the parameters (all 13 participants, n=3008 actions)

Correlations
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actionno Pearson 
Correlation 1 -0,360 -0,323 -0,018 -0,125 -0,018 0,084 0,187 0,059 -0,005 0,243 -0,080 0,177

Sig. (2-tailed)  0,000 0,000 0,324 0,000 0,315 0,000 0,000 0,001 0,785 0,000 0,000 0,000

displace Pearson 
Correlation -0,360 1 0,667 -0,007 0,706 -0,003 -0,128 -0,182 -0,003 0,014 -0,246 0,015 -0,142

Sig. (2-tailed) 0,000  0,000 0,697 0,000 0,868 0,000 0,000 0,878 0,455 0,000 0,420 0,000

duration Pearson 
Correlation -0,323 0,667 1 -0,014 0,183 0,091 -0,061 -0,062 0,014 0,042 -0,051 0,029 -0,133

Sig. (2-tailed) 0,000 0,000  0,459 0,000 0,000 0,001 0,001 0,445 0,020 0,005 0,114 0,000

waiting Pearson 
Correlation -0,018 -0,007 -0,014 1 0,002 -0,018 0,011 0,014 0,000 -0,004 0,013 -0,001 0,018

Sig. (2-tailed) 0,324 0,697 0,459  0,899 0,325 0,534 0,441 0,998 0,817 0,487 0,957 0,312

speed Pearson 
Correlation -0,125 0,706 0,183 0,002 1 -0,117 -0,156 -0,190 -0,025 -0,032 -0,276 0,028 -0,085

Sig. (2-tailed) 0,000 0,000 0,000 0,899  0,000 0,000 0,000 0,165 0,079 0,000 0,121 0,000

sliders Pearson 
Correlation -0,018 -0,003 0,091 -0,018 -0,117 1 0,133 0,043 0,033 0,090 0,059 -0,061 0,097

Sig. (2-tailed) 0,315 0,868 0,000 0,325 0,000  0,000 0,017 0,068 0,000 0,001 0,001 0,000

v.symm Pearson 
Correlation 0,084 -0,128 -0,061 0,011 -0,156 0,133 1 0,084 -0,098 0,134 0,147 0,031 0,449

Sig. (2-tailed) 0,000 0,000 0,001 0,534 0,000 0,000  0,000 0,000 0,000 0,000 0,085 0,000

h.symm Pearson 
Correlation 0,187 -0,182 -0,062 0,014 -0,190 0,043 0,084 1 0,018 0,067 0,779 -0,129 0,364

Sig. (2-tailed) 0,000 0,000 0,001 0,441 0,000 0,017 0,000  0,334 0,000 0,000 0,000 0,000

towards Pearson 
Correlation 0,059 -0,003 0,014 0,000 -0,025 0,033 -0,098 0,018 1 0,056 0,042 -0,020 -0,005

Sig. (2-tailed) 0,001 0,878 0,445 0,998 0,165 0,068 0,000 0,334  0,002 0,022 0,266 0,769

leftrigh Pearson 
Correlation -0,005 0,014 0,042 -0,004 -0,032 0,090 0,134 0,067 0,056 1 0,088 0,022 0,053

Sig. (2-tailed) 0,785 0,455 0,020 0,817 0,079 0,000 0,000 0,000 0,002  0,000 0,227 0,003

central Pearson 
Correlation 0,243 -0,246 -0,051 0,013 -0,276 0,059 0,147 0,779 0,042 0,088 1 -0,029 -0,020

Sig. (2-tailed) 0,000 0,000 0,005 0,487 0,000 0,001 0,000 0,000 0,022 0,000  0,117 0,264

horivert Pearson 
Correlation -0,080 0,015 0,029 -0,001 0,028 -0,061 0,031 -0,129 -0,020 0,022 -0,029 1 -0,371

Sig. (2-tailed) 0,000 0,420 0,114 0,957 0,121 0,001 0,085 0,000 0,266 0,227 0,117  0,000

smoothne Pearson 
Correlation 0,177 -0,142 -0,133 0,018 -0,085 0,097 0,449 0,364 -0,005 0,053 -0,020 -0,371 1

Sig. (2-tailed) 0,000 0,000 0,000 0,312 0,000 0,000 0,000 0,000 0,769 0,003 0,264 0,000  

Number of significant correlations
The number of predictive parameters ranges between zero parameters 

(subject 2 Valence) and 12 (subject 13 Valence).
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Set of correlations
Not every participant expresses valence, arousal and urgency through 

the same set of behavioral parameters. Between participants various 

combinations of significant parameters occur that describe their expressive 

setting behavior. 

Magnitude of the correlation
The magnitude of the absolute value of the correlation is a measure for the 

strength of the predictive power. Table 5.5 shows the amount of significant 

correlations (out of a possible 169 = 13 participants x 13 parameters), the 

minimum (absolute) value, maximum value, mean and standard deviation 

of the significant correlations between the behavioral parameters and 

valence, arousal and urgency. Figure 5.24 shows the frequency of these 

significant correlations.

Table 5.5
Correlations with N Min Max Mean SD

Valence 83 0,12 0,81 0,29 0,15

Arousal 87 0,09 0,79 0,28 0,14

Urgency 92 0,11 0,77 0,31 0,13

Correlations with Arousal
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

0

5

10

15

20

Mean = 0.28
Std. Dev. = 0.14
N = 87

Correlations with Valence
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

0

5

10

15

20

Fr
eq

ue
nc

y

Mean = 0.29
Std. Dev. = 0.15
N = 83

Correlations with Urgency
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

0

5

10

15

20

Mean = 0.31
Std. Dev. = 0.13
N = 92

Figure 24
The frequency of the significant correlations between the behavioral parameters and Valence, Arousal and Urgency

Direction of the correlation
The correlation between one of the three emotional dimensions and a 

behavioral parameter can have a positive or negative value. This direction 

of the correlation is not always the same for different participants. 

For example, the correlation between valence and the parameter 

‘TowardsAway’ has a negative value for participant 6 and a positive value 

for participant 9. This means that participant 6 expresses a more positive 

mood (valence) through more actions directed away from him (negative 

correlation between ‘Towards/Away’ and valence), while participant 9 

expresses positive mood through actions towards the person (positive 

correlation between ‘Towards/Away’ and valence).
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Person independent parameters
In the previous section the results were discussed concerning the differences 

between participants expressive behavior. In this section the parameters 

are discussed which have predictive power that extends beyond the 

individual participant. 

The column ‘Total’ in the tables 5.6 to 5.8 shows the number of occurrences 

that the correlation between the parameter and the emotional dimension 

(valence, arousal, urgency) proved to be significant (p ‹ 0.05). The table also 

presents the number of positive or negative correlations.

Table 5.6
The amount of cases (out of 13 participants) in which the correlation between the dimensions ‘valence’ and the behavioral 

parameter is significant (p ‹ 0.05).

Valence

Parameter positive negative Total

LEFTRIGHT pattern 5 4 9

H.SYMM pattern 7 1 8

V.SYMM pattern 6 2 8

ACTIONNO action 7 0 7

CENTRAL pattern 7 0 7

TOWARDS pattern 3 4 7

SPEED action 2 5 7

SMOOTH pattern 4 3 7

WAITING action 0 6 6

SLIDERS action 4 2 6

HORIVERT pattern 2 3 5

DISPLACE action 0 4 4

DURATION action 1 1 2

Table 5.7
The amount of cases (out of 13 participants) in which the correlation between the dimensions ‘arousal’ and the behavioral 

parameter is significant (p ‹ 0.05).

Arousal

Parameter positive negative Total

V.SYMM pattern 3 8 11

LEFTRIGHT pattern 4 6 10

TOWARDS pattern 7 2 9

HORIVERT pattern 4 4 8

CENTRAL pattern 2 5 7

SMOOTH pattern 5 2 7

ACTIONNO action 2 4 6

DISPLACE action 4 2 6

H.SYMM pattern 2 4 6

DURATION action 1 4 5

SPEED action 5 0 5

SLIDERS action 2 2 4

WAITING action 2 1 3
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Table 5.8
The amount of cases (out of 13 participants) in which the correlation between the dimension ‘urgency’ and the behavioral 

parameter is significant (p ‹ 0.05).

Urgency

Parameter positive negative Total

V.SYMM pattern 4 8 12

CENTRAL pattern 1 8 9

SMOOTH pattern 8 1 9

LEFTRIGHT pattern 4 5 9

HORIVERT pattern 4 5 9

TOWARDS pattern 6 2 8

ACTIONNO action 3 5 8

H.SYMM pattern 3 4 7

SLIDERS action 4 2 6

SPEED action 4 0 4

DURATION action 0 4 4

DISPLACE action 2 2 4

WAITING action 2 1 3

Table 5.9 shows that the distribution of the cases over the sign of the 

significant correlation (positive or negative) cannot be considered random 

for Valence and Urgency. For Arousal this is not plausible.

Table 5.9 
A Chi-Square test for the distribution of the cases over the sign of the significant correlation (positive or negative).

χ2

Pearson
Chi-Square df P-value

Valence 33.0 12 .001

Arousal 16.9 12 .152

Urgency 22.9 12 .028

The distribution of the cases over the sign of the significant correlations, either 

positive or negative, sheds a first light on the power of the parameters as 

person independent predictors. For example, table 5.6 shows that 7 of the 

13 participants express valence through the parameters ‘Actionno’, ‘Central’ 

and ‘Towards’. For the parameter ‘Towards’ from these 7 participants there 

is a positive correlation for 3 of them, while the other 4 show a negative 

correlation. The 7 participants expressing valence in the amount of actions 

(‘Actionno’) and the centralization of the pattern (‘Central’) all express this in 

the same way. This means that these predictors are person independent.
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Action versus Pattern parameters
Table 5.6 to 5.8 also hint towards the tendency that the pattern parameters 

(‘V.Symm’, ‘H.Symm’, ‘TowardsAway’, ‘LeftRight’, ‘Central’, ‘Vertical’, 

‘Smoothness’) seem to be better predictors than the action parameters 

(‘Actionno’, ‘Displace’, ‘Duration’, ‘Waiting’, ‘Speed’, ‘Sliders’).

Upon a closer look this is indeed the case for the three dimensions of 

valence, arousal and urgency. Table 5.10 reports that in 41% of the cases (13 

participants * 6 action parameters = 78 cases) the action parameter proved 

to be a predictor for valence. For the pattern parameters this percentage 

is 56% of the 91 possible cases (13 participants * 7 pattern parameters = 91 

cases). For the dimensions arousal and urgency the pattern parameters are 

more often predictors than the action parameters are. Next to this finding, 

the data also show that the magnitude of the correlations is bigger for the 

pattern parameters as reported in table 5.11.
Table 5.10
A comparison between the number of the cases in which the type of parameter proved to be a significant predictor.

χ2

Action
n=78 

(100%)

Pattern
n=91

(100%)
Pearson

Chi-Square df P-value

Valence Action vs Pattern 32 (41%) 51 (56%) 27.5 2 .001

Arousal Action vs Pattern 29 (37%) 58 (63%) 33.9 2 .001

Urgency Action vs Pattern 29 (37%) 63 (69%) 37.6 2 .001

Table 5.11
A comparison between the means of the absolute correlation values of the two types of parameters, i.e. action and pattern 

parameters.

Correlation with 
Action parameters

Correlation with 
Pattern parameters t-test

M n M n mean diff. P-value

Valence .22 32 .33 51 Action vs 
Pattern .11 .001

Arousal .23 29 .30 58 Action vs 
Pattern .07 .001

Urgency .24 29 .33 63 Action vs 
Pattern .09 .001

5.2.4 Discussion experiment 2  
The aforementioned results of experiment 2 can be extended towards general 

principles that carry beyond the alarm clock.

In this discussion I present these general findings and how they are supported 

by the results of experiment 2. Behind each general principle I report 

the number of persons out of the 13 participants whose data support the 

principle and the number of persons that support the opposite. For the 

remaining persons the parameter has no significant correlation with the 

mood and urgency values. 
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Expressing Valence
When people have been induced by a more positive situation, they express 

this through:

more actions per setting (7, 0) 

more centrally balanced patterns (7, 0)

more horizontally symmetrical patterns (7, 1)

shorter waiting time between actions (6, 0)

more vertically symmetrical patterns (6, 2)

slower actions (5, 2)

shorter displacements (4, 0)

These results show a relation between a positive mood (valence) and measures 

of aesthetics (symmetry and balance). Although the results are explorative 

and need further experimental testing they do offer interesting insights in 

the role of symmetry and balance in interaction design. When I allow for 

a preliminary generalization, the first findings translate in an increase of 

actions that create symmetrical and balanced patterns when people are in 

a positive emotional state. Likewise people will interact through more a-

symmetrical and unbalanced actions when they are in a negative emotional 

state. This supports the claim for the reciprocity of Berlyne’s findings. Not 

only is there a positive relation between symmetrical patterns and the 

evaluation of these patterns on pleasingness (Berlyne, 1971), there is also a 

positive relation between being in a pleasant state (positive valence) and 

the creation of symmetrical patterns.

The results do not show a clear support for Clynes’ findings (Clynes, 1977) of 

outward actions (away from a person) when a person is in a negative mood 

(anger or hate). Although anger and hate are affective states that can be 

qualified with negative valence and high arousal, this doesn’t imply that 

the two film clips targeting negative valence and high arousal induce these 

two specific emotions. The task of setting an alarm clock is obviously not 

comparable with a deliberate expression of anger or hate towards a person 

or object.

Expressing Arousal
When participants state that they are more aroused, they ‘show’: 

more sliding actions towards them (7,2)

less vertically symmetrical patterns (8, 3)

faster actions (5, 0)

less centrally balanced patterns (5, 2)

smoother patterns (5,2)

Although one could expect the expression of arousal mainly through action 

parameters this is not supported by the data. The results of this experiment 

lead to believe that the pattern after each action is a stronger expression of 

the level of arousal than the action itself. When people are more aroused 

they expressed this through more actions directed towards them and the 

creation of less vertically symmetrical and less balanced patterns. I cannot 

find an explanation for the relation between arousal and more actions 

towards a person. The creation of more a-symmetrical and imbalanced 
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patterns when more aroused follows suit with the perceived expression 

of action and visual dynamics in compositions with more a-symmetry and 

imbalance (Arnheim, 1954).

Expressing Urgency
When participants feel more urgency in a situation, they ‘show’:

smoother patterns (8, 1)

less centrally balanced patterns (8, 1) 

less vertically symmetrical patterns (8, 4) 

more sliding actions towards them (6, 2) 

faster actions (4, 0)

shorter actions (4, 0)

Urgency is foremost expressed through the combination of smooth yet 

imbalanced and vertically a-symmetrical patterns. It can be argued that 

expressing urgency is a special case of arousal in a way that the visual 

dynamics of a pattern through a-symmetry and imbalance, which we saw 

with arousal, is even heightened by smoothening the pattern.

Not all aesthetic parameters are distinct predictors for valence, arousal and 

urgency, as some are more person dependent. For the expression of valence 

the role of the parameter ‘LeftRight’ is ambiguous. The significant correlation 

between the parameter and valence is positive for 5 of 9 participants versus 

4 of 9 for a negative correlation. ‘LeftRight’ is also ambiguous in regard to 

the expression of arousal and urgency. The parameters ‘TowardsAway’ and 

‘Smooth’ are ambiguous in the expression of valence. Further and future 

research is needed to find which variables of the person, e.g. personality, 

cultural background or the manual dexterity, account for this ambiguity.

An important consequence of these findings for interaction designers is that 

designing for both symmetrical and balanced, as well as a-symmetrical 

and imbalanced interaction is paramount to allow users to express their 

emotional state to adaptive products. This can be realized for example by 

allowing for two-handedness and parallel actions instead of the now too 

common use of sequential actions that only require the push of a button. 

Chapter 6 offers a more in-depth analysis of these issues.

Experiment 3: Calculating the equations5.3
In the preceding experiment each parameter was individually explored on its 

predictive power. To test if combinations of the parameters are capable of 

predicting the mood and urgency of the participant a new experiment was 

set up.

5.3.1 Experimental set up  
A total of 20 undergraduates (14 men, 6 women) of Delft Industrial Design 

Engineering participated in the experiment. The same procedure and the 

same eight situations as in experiment 2 were used.
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5.3.2 Calculation 
After the experiment the parameters were calculated from the electronic 

read-outs. These parameters are used as predictors in regression equations 

to calculate values for valence, arousal and urgency. 

The values of each behavioral parameter are standardized to compare the 

influence of each parameter in the regression equation. For example (see 

table 5.12) the mean and standard deviation of the parameter speed (SPEED) 

for subject ‘sub01’ is of a different magnitude than of the parameter Vertical 

Symmetry (V.SYMM). Therefor the parameters are standardized by calculating 

the Z-Scores over all actions for each participant (see table 5.12).

Table 5.12
Since the means and the standard deviations of the parameters SPEED and V.SYMM are difficult to compare Z-Scores are calculated, 

so the mean of the range is 0 and the standard deviation is 1. This table shows the data of participant ‘sub01’ as an example.

Descriptive Statistics 

SUBJECT Variables N Min Max Mean Std. Dev

sub01

SPEED 442 7,7 230,8 41,82 43,52

ZSPEED 442 -,78 4,34 ,00 1,00

V.SYMM 442 ,59 1,00 ,81 ,071

ZV.SYMM 442 -3,14 2,50 ,00 1,00

The standardized values of each parameter were then used as the independent 

variables in a ‘within-subjects’ regression analysis. The SAM-scores for the 

dimensions valence and arousal, and the rating for urgency separately, 

are the dependant variables. The linear regression equation is therefore 

calculated for each individual from his own parameters and where only the 

coefficients of the statistically significant (p ‹ 0.05) behavioral parameters 

are used. An example of this procedure is illustrated in table 5.13.

In the final step of this experiment, for each action a valence, arousal and 

urgency value is calculated using the equations of the previous step. The 

means of these values were then calculated over all actions belonging 

to each one of the eight settings of the alarm time. These means were 

compared with the SAM scores for arousal and valence and the urgency 

score as attributed to the situation (combination of film clip and urgency 

message) by the participant. If the mean of the calculated value and the 

attributed value were both higher or both lower than the middle of the 

scales for valence, arousal and urgency (0, 4 and 4 respectively) it counted 

as a correct identification. For borderline situations, where the participant 

had attributed a situation on the exact middle of the scale, both a higher or 

lower calculated score was treated as correct. If all three (valence, arousal 

and urgency) were correct, the entire situation was correctly identified. As 

an example, figure 5.25 to 5.32 shows the SAM scores, the calculated values 

for each action and the mean of the calculated values over all these actions 

within a situation for participant 7. For each of these figures the mean of the 

calculated scores falls in the same quadrant as the attributed score, except 

for figure 5.32 ‘StalkerLow’. For this situation the mean of the calculated 

score is both too high on valence and arousal.
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Table 5.13
An example of the procedure to calculate the regression analysis for subject ‘sub08’. The valence scores this subject gave to 

the eight situations are used in the dependant variable MVALENCE. The standardized values for the behavioral parameters are 

the independant variables. The linear regression equation to calculate the predicted valence (GVALENCE) is set up using only 

the coefficients of the statistically significant (p ‹ .05) behavioral parameters the grey filled cells . For this subject, ‘sub08’ the 

regression equation to calculate valence follows:

GVALENCE = 1,54 - 0,40 * ZDISPLAC + 0,14 * ZDURATIO - 0,71 * ZV.SYMM + 0,741* ZH.SYMM - 0,78 * ZLEFTRIG + 1,12 * ZCENTRAL -0,20 

* ZSMOOTH

Model Summary 

SUBJECT Model R R Square Adjusted R 
Square

Std. Error of 
the Estimate

sub08 1 ,860(a) ,739 ,734 1,03274

a Predictors: (Constant), ZSMOOTH, ZLEFTRIG, ZTOWARDS, ZDURATIO, ZWAITING, 
ZSLIDERS, ZSPEED, ZSQUARE, ZCENTRAL, ZDISPLAC, ZACTIONN, ZV.SYMM, ZH.SYMM 

Coefficients MVALENCE

Unstandardized 
Coefficients

Standardized 
Coefficients t Sig.

SUBJECT Model B Std. Error Beta

sub08 1

(Constant) 1,54 ,041 37,315 ,000

ZACTIONN -8,0E-02 ,060 -,040 -1,324 ,186

ZDISPLAC -,40 ,056 -,202 -7,268 ,000

ZDURATIO ,14 ,049 ,071 2,882 ,004

ZWAITING 5,0E-02 ,044 ,025 1,142 ,254

ZSPEED 1,3E-02 ,048 ,006 ,270 ,787

ZSLIDERS 3,7E-02 ,045 ,019 ,823 ,411

ZV.SYMM -,71 ,123 -,353 -5,722 ,000

ZH.SYMM ,74 ,159 ,371 4,668 ,000

ZTOWARDS -8,5E-02 ,051 -,042 -1,661 ,097

ZLEFTRIG -,78 ,055 -,389 -14,145 ,000

ZCENTRAL 1,12 ,189 ,558 5,895 ,000

ZSQUARE -8,6E-03 ,054 -,004 -,159 ,874

ZSMOOTH -,20 ,099 -,099 -2,015 ,044
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Figure 5.25 to 5.32: Plots of the SAM scores,
the calculated values for each action (from the regression equation) and the mean of the calculated values over all these actions 

within a situation for participant 7.
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5.3.3 Results experiment 3  
Table 5.14 shows the success scores for each participant. The success score for 

the correct identification of valence ranged between 62,5% and 100%, with 

a mean of 86,9% over all participants. For arousal this rate ranged between 

50% and 100% with a mean of 89,4%. The success rate for urgency ranged 

between 50 and 100% with a mean of 83,1% correct predictions. The success 

rate for the prediction of the total situation ranged between 12.5% and 100%. 

65% of all situations was calculated correctly.

Table 5.14: Results Experiment 3
 Individual and total (n=20) success percentages for predicting the correct situation and the accompanying levels of arousal, 

valence and urgency from a person’s behavior (n=8 situations).

Valence Arousal Urgence Situation

chance 50% 50% 50% 12,5%

sub01 62,5% 100,0% 62,5% 37,5%

sub02 87,5% 87,5% 100,0% 75,0%

sub03 75,0% 87,5% 100,0% 75,0%

sub04 87,5% 100,0% 100,0% 87,5%

sub05 100,0% 87,5% 100,0% 87,5%

sub06 100,0% 100,0% 75,0% 75,0%

sub07 87,5% 87,5% 62,5% 62,5%

sub08 100,0% 100,0% 87,5% 87,5%

sub09 75,0% 100,0% 87,5% 62,5%

sub10 100,0% 100,0% 100,0% 100,0%

sub11 87,5% 87,5% 75,0% 50,0%

sub12 87,5% 87,5% 50,0% 50,0%

sub13 87,5% 75,0% 100,0% 62,5%

sub14 87,5% 50,0% 50,0% 12,5%

sub15 100,0% 87,5% 75,0% 62,5%

sub16 87,5% 75,0% 100,0% 62,5%

sub17 75,0% 100,0% 87,5% 75,0%

sub18 62,5% 100,0% 75,0% 37,5%

sub19 87,5% 87,5% 87,5% 62,5%

sub20 100,0% 87,5% 87,5% 75,0%

Total 86,9% 89,4% 83,1% 65,0%

5.3.4 Discussion experiment 3  
A score of 65% of correctly classified cases based on eight different situations 

can be compared with the first scores of the e-mouse (67%) (Ark, Dreyer 

and Lu, 1999). The accuracy of 65% is not yet in the same league as the 

more evolved methods for which Picard (in Paiva, 2000, p220) reports the 

following accuracy scores: “...recognition results of six categories of affect 
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in speech tend to be lower than the 81% accuracy I obtained based on eight 

categories of emotion with physiology, which in turn is lower than the 80-

98% accuracy obtained on a set of six facial expressions.”

To test the regression equations on their consistency over a period of time, 

the 20 participants where invited to join another experiment two weeks 

later.

5.3.5 Experiment 2 versus 3  
Experiment 2 showed that some parameters have predictive power for Valence, 

arousal and Urgency that extends beyond the individual participant. 

Valence
A comparison for valence between experiment 2 and 3 reveals (table 5.15) 

that the disproportional distribution of the significant correlations over 

the direction (positive or negative) seems unchanged for the aesthetic 

parameters H.symm (88% vs 92%), V.symm (75% vs 75%) and Central (100% vs 

80%) and for the action parameter Speed (29% vs 22%). 

Parameters that had disproportionally distributed correlations in experiment 

2, but not in experiment 3 are Waiting time between actions, (0% vs 50%) and 

Actionno, i.e. the total number of actions (100% vs 52%).

Table 5.15
The amount of cases (out of 13 participants for experiment 2 and 20 particpants for experiment 3) in which the correlation between 

the dimensions ‘valence’ and the behavioral parameter is significant (p < 0.05).

Valence

positive correlation negative correlation significant correlations

Experiment 2 Experiment 3 Experiment 2 Experiment 3 Experiment 2 Experiment 3

Parameter n=13 n=20 n=13 n=20 n=13 n=20

LEFTRIGHT pattern 5 56% 2 15% 4 44% 11 85% 9 69% 13 65%

H.SYMM pattern 7 88% 11 92% 1 13% 1 8% 8 62% 12 60%

V.SYMM pattern 6 75% 12 75% 2 25% 4 25% 8 62% 16 80%

ACTIONNO action 7 100% 7 54% 0 0% 6 46% 7 54% 13 65%

CENTRAL pattern 7 100% 12 80% 0 0% 3 20% 7 54% 15 75%

TOWARDS pattern 3 43% 8 53% 4 57% 7 47% 7 54% 15 75%

SPEED action 2 29% 2 22% 5 71% 7 78% 7 54% 9 45%

SMOOTH pattern 4 57% 8 62% 3 43% 5 38% 7 54% 13 65%

WAITING action 0 0% 2 50% 6 100% 2 50% 6 46% 4 20%

SLIDERS action 4 67% 6 60% 2 33% 4 40% 6 46% 10 50%

HORIVERT pattern 2 40% 6 46% 3 60% 7 54% 5 38% 13 65%

DISPLACE action 0 0% 5 45% 4 100% 6 55% 4 31% 11 55%

DURATION action 1 50% 5 71% 1 50% 2 29% 2 15% 7 35%

Arousal
A comparison for arousal between experiment 2 and 3 reveals (table 5.16) 

that the disproportional distribution of the significant correlations over 

the direction (positive or negative) seems only unchanged for the aesthetic 

parameter Smooth (71% vs 71%) and to a lesser degree for Central (29% vs 

38%). Parameters that had disproportionally distributed correlations in 

experiment 2, but not in experiment 3 are Towards (78% vs 56%), V.symm 

(27% vs 62%) and Speed (100% vs 57%).
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Table 5.16
The amount of cases (out of 13 participants for experiment 2 and 20 particpants for experiment 3) in which the correlation between 

the dimensions ‘arousal’ and the behavioral parameter is significant (p < 0.05).

Arousal

positive correlation negative correlation significant correlations

Experiment 2 Experiment 3 Experiment 2 Experiment 3 Experiment 2 Experiment 3

Parameter n=13 n=20 n=13 n=20 n=13 n=20

V.SYMM pattern 3 27% 8 62% 8 73% 5 38% 11 85% 13 65%

LEFTRIGHT pattern 4 40% 8 47% 6 60% 9 53% 10 77% 17 85%

TOWARDS pattern 7 78% 9 56% 2 22% 7 44% 9 69% 16 80%

HORIVERT pattern 4 50% 7 47% 4 50% 8 53% 8 62% 15 75%

CENTRAL pattern 2 29% 6 38% 5 71% 10 63% 7 54% 16 80%

SMOOTH pattern 5 71% 12 71% 2 29% 5 29% 7 54% 17 85%

ACTIONNO action 2 33% 7 44% 4 67% 9 56% 6 46% 16 80%

DISPLACE action 4 67% 7 58% 2 33% 5 42% 6 46% 12 60%

H.SYMM pattern 2 33% 9 64% 4 67% 5 36% 6 46% 14 70%

DURATION action 1 20% 4 44% 4 80% 5 56% 5 38% 9 45%

SPEED action 5 100% 4 57% 0 0% 3 43% 5 38% 7 35%

SLIDERS action 2 50% 7 50% 2 50% 7 50% 4 31% 14 70%

WAITING action 2 67% 4 44% 1 33% 5 56% 3 23% 9 45%

Table 5.17
The amount of cases (out of 13 participants for experiment 2 and 20 particpants for experiment 3) in which the correlation between 

the dimensions ‘urgency’ and the behavioral parameter is significant (p < 0.05).

Urgency

positive correlation negative correlation significant correlations

Experiment 2 Experiment 3 Experiment 2 Experiment 3 Experiment 2 Experiment 3

Parameter n=13 n=20 n=13 n=20 n=13 n=20

V.SYMM pattern 4 33% 6 40% 8 67% 9 60% 12 92% 15 75%

CENTRAL pattern 1 11% 8 53% 8 89% 7 47% 9 69% 15 75%

SMOOTH pattern 8 89% 6 55% 1 11% 5 45% 9 69% 11 55%

LEFTRIGHT pattern 4 44% 11 69% 5 56% 5 31% 9 69% 16 80%

HORIVERT pattern 4 44% 6 50% 5 56% 6 50% 9 69% 12 60%

TOWARDS pattern 6 75% 11 65% 2 25% 6 35% 8 62% 17 85%

ACTIONNO action 3 38% 10 71% 5 63% 4 29% 8 62% 14 70%

H.SYMM pattern 3 43% 9 53% 4 57% 8 47% 7 54% 17 85%

SLIDERS action 4 67% 9 69% 2 33% 4 31% 6 46% 13 65%

SPEED action 4 100% 7 78% 0 0% 2 22% 4 31% 9 45%

DURATION action 0 0% 2 20% 4 100% 8 80% 4 31% 10 50%

DISPLACE action 2 50% 5 45% 2 50% 6 55% 4 31% 11 55%

WAITING action 2 67% 4 33% 1 33% 8 67% 3 23% 12 60%

Urgency
A comparison for urgency between experiment 2 and 3 reveals (table 5.17) 

that the disproportional distribution of the significant correlations over the 

direction (positive or negative) seems unchanged for the action parameters 

Duration (0% vs 20%) and Speed (100% vs 78%) and the aesthetic parameters 
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V.symm (33% vs 40%) and Towards (75% vs 65%). Parameters that had 

disproportionally distributed correlations in experiment 2, but not anymore 

in experiment 3 are Smooth (89% vs 55%) and Central (11% vs 53%).

A possible explanation for the ambiguity in the distribution between 

experiment 2 and 3 is the cultural differences between the participants 

of experiment 2 and 3. All participants in experiment 2 had the Dutch 

nationality, whereas eleven of the 20 participants in Experiment 3 were 

non-Dutch. This cultural difference is not further explored.

Experiment 4: Two weeks later 5.4
5.4.1 Experimental set up 

Two weeks after their first experiment 18 of the 20 participants returned 

(subject 6 and 16 failed to return).

The procedure of experiment 4 was the same as with experiment 3 (described 

in 5.3.1). After the experiment the electronic read outs were used to calculate 

the parameters for each action. Again, like in experiment 3, the parameter 

values were standardized over all actions for each individual participants. 

Instead of calculating new regression equations, the parameter values of 

experiment 4 were ‘inserted’ in the regression equations that resulted 

from experiment 3. The newly calculated values for valence, arousal and 

urgency were then compared with the attributed SAM scores and the value 

for urgency that the participant attributed to the situations of experiment 4. 

The comparison procedure is like the one in experiment 3. 

5.4.2 Results experiment 4  
The success scores are reported in table 5.18. 

5.4.3 Discussion experiment 4  
Table 5.18 shows that the total success scores for valence, arousal and urgency 

(respectively 63,2%, 69,4% and 56,3%) do exceed the chance level of 50%. Also 

the score for successfully classifying 27,8% of all situations is above the 12,5% 

chance level. This means the regression equations taken from experiment 3 

do have predictive power over settings that occurred two weeks later.

On the other hand there is a lower accuracy when compared to experiment 

3. For valence the accuracy of the regression equations drops from 86,9 

% to 63,2%, for arousal from 89,4 % to 69,4% and for urgency from 83,1% to 

56,3%. The accuracy of recognizing all three of the dimensions, i.e. the whole 

situation, drops from 65% to 27,8%. In speculation, I argue for two reasons 

why the accuracy of the regression equations from experiment 3 drop when 

they are applied to experiment 4.
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Table 5.18: Results Experiment 4
Individual and total (n=18) success percentages for predicting the correct situation and the accompanying levels of arousal, valence 

and urgency from a person’s behavior (n=8 situations).

Valence Arousal Urgency Situation

chance 50% 50% 50% 12,5%

sub01 37,5% 50,0% 50,0% 12,5%

sub02 50,0% 50,0% 75,0% 50,0%

sub03 87,5% 100,0% 62,5% 62,5%

sub04 62,5% 62,5% 62,5% 37,5%

sub05 50,0% 62,5% 62,5% 25,0%

sub06 missing

sub07 62,5% 75,0% 75,0% 25,0%

sub08 25,0% 50,0% 37,5% 12,5%

sub09 75,0% 50,0% 50,0% 12,5%

sub10 62,5% 87,5% 25,0% 12,5%

sub11 100,0% 87,5% 62,5% 62,5%

sub12 62,5% 100,0% 87,5% 62,5%

sub13 50,0% 75,0% 37,5% 0,0%

sub14 62,5% 100,0% 75,0% 37,5%

sub15 50,0% 62,5% 62,5% 0,0%

sub16 missing

sub17 75,0% 50,0% 62,5% 25,0%

sub18 87,5% 75,0% 50,0% 37,5%

sub19 62,5% 37,5% 50,0% 12,5%

sub20 75,0% 75,0% 25,0% 12,5%

Total 63,2% 69,4% 56,3% 27,8%

Time dependency
Picard reports (Picard, 1997, p.161) that sometimes they found that “variations 

in the [physiological] signals for the same emotion over different days 

were greater than the variations between the different emotions on the 

same day”. If these day-to-day variations occur for a person’s physiological 

signals this could also be the case for a person’s behavioral expression 

when setting the alarm clock. To overcome the time dependency of the 

regression equations, a more in-depth analysis is needed to find which of 

the predictive parameters is independent of time.

Similar film clips
Another possible reason for the diminished accuracy of the regression 

equations appeared after experiment 4. Upon analyzing the verbal 
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comments, half of the participants reported that seeing the same film clips 

as in experiment 3 was “boring”. Although this is not reflected in the data 

over all eight film clips (see table 5.19) nor for the individual film clips, 

one can argue that it did result in a different way of expressing one’s felt 

emotion.

Table 5.19
 A comparison between the means of the subjective scores for valence, arousal and urgency for experiment 3 and 4.

means t-test

Exp. 3
n=160

Exp. 4
n=143 mean diff. P-value

Valence Exp. 3 vs Exp. 4 .53 .59 .06 .790

Arousal Exp. 3 vs Exp. 4 3.77 3.86 .09 .746

Urgency Exp. 3 vs Exp. 4 4.29 4.38 .09 .754

Conclusions5.5
In the introduction the following hypothesis was stated:

Can the alarm clock detect a person’s affective state and a level of urgency 

from the way this person sets the alarm time?

Experiment 3 shows that the hypothesis can be accepted and that the designed 

alarm clock is indeed capable of detecting a person’s affective state and a 

level of urgency from the way it was set.

The results of experiment 4 show that the expression of a person’s emotional 

state is not constant over time. This makes it harder for the alarm clock 

to adapt to a person’s experience. The accuracy of the alarm clock might 

improve over time not only because the alarm clock gains more knowledge 

about the user’s setting behavior but vice versa as well. The user gains 

knowledge over time about how the alarm clock reacts and adopts to the 

way it was set. Information for this knowledge is found in the feedback the 

end pattern of the sliders give in combination with the sound of the alarm 

the next morning. Important feedback that can improve the person-product 

interaction. This topic will be discussed in the next chapter. 

Experiment 2 reveals two issues that carry beyond the alarm clock. The first 

issue is especially relevant from a psychological point of view. It is about 

the finding of the differences between the expressive setting behavior 

of persons. Behavioral parameters proved to be both dependant as 

independent of the person expressing his emotional state. Interesting is to 

find out if there are variables of the person that account for the ambiguity 

in the direction of the correlations. For example do the personality, cultural 

background or the manual dexterity of a person account for the variations 

in expressions?
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The second, more design relevant issue has to do with the relation between a 

positive mood (valence) and measures of aesthetics (symmetry and balance). 

An important consequence therefore is, that designing for both symmetrical 

and balanced, as well as a-symmetrical and unbalanced interaction, for 

example by allowing for two handedness, becomes important to express 

both positive and negative valence. In the next chapter I expand on this 

design issue.

Action versus Pattern Parameters

The results of experiment 2 prove the pattern parameters to be stronger 

predictors than the action parameters. This indicates that next to detecting 

actions a remaining result of these actions is important. The result of an 

action, e.g. the feedback, is a big part of the expression. The next chapter is 

dedicated to the coupling between expressive actions and feedback.

In the next chapter I present a framework that can be used to answer the 

all important questions: How can designers create ‘freedom of interaction’ 

and how can they ‘couple the product’s reaction to the user’s action’ to 

communicate understanding? The framework that is presented is not 

restricted to the design of emotionally intelligent products but can also be 

used for the design of other interactive products to provide intuitive and 

aesthetic interaction.
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Consequences for DesignChapter 6
A framework to couple user’s actions and the 

product’s function

This chapter is largely based on:

Wensveen, S. A. G., Djajadiningrat, J. P., and Overbeeke, C. J. (2004). Interaction Frogger: a Design Framework to Couple 

Action and Function. In Proceedings of the DIS’04, August, 2004, Cambridge, MA, USA, p. 177-184.
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About this chapter
In this chapter I present a framework that can be used to answer the all 

important questions: How can designers create ‘freedom of interaction’ 

and how can they ‘couple the product’s reaction to the user’s action’ to 

communicate understanding? The framework that is presented is not 

restricted to the design of emotionally intelligent products but can also be 

used for the design of other interactive products to provide intuitive and 

aesthetic interaction.

I start with an analysis of a mechanical product, i.e. a pair of scissors to 

identify and illustrate six aspects of action and function i.e. time, location, 

direction, modality, dynamics and expression. For the scissors, action and 

function are unified on each of these aspects and they appear naturally 

coupled. In contrast, in interactive systems action and function often are 

not unified on these aspects. Non-unification often results in non-intuitive 

interaction. To restore intuitive interaction in electronic products the user 

needs information to guide his actions towards the intended function. 

Therefore I focus on the creation of information through feedback and 

feedforward and distinguish three types of information: functional, 

augmented and inherent. These different types of information are the 

elements that can link action and function together by making couplings 

on the six aspects. I present a framework that illustrates these different 

coupling possibilities and illustrate how different interaction styles fit 

into this framework. Based on this analysis of interaction styles I argue 

for a tangibility approach. This approach aims to enrich both the action 

possibilities and the related inherent feedback and feedforward to allow 

for richer couplings between action and function.

Introduction6.1
In chapter 3 I argued that expressing emotions to an interactive product 

presupposes freedom of expression and thus freedom in interaction. 

Freedom of interaction is an essential condition in this thesis’ approach 

to emotionally intelligent products. The designed alarm clock, elicits rich 

expressive behavior and in chapter 5 it was demonstrated that it is able to 

read your emotional state from the way you interact with it. Freedom of 

interaction is based on the exploitation of the rich perceptual motor skills 

of the user (Djajadiningrat, Overbeeke and Wensveen, 2000). In the alarm 

clock this freedom of interaction is realized by allowing for a myriad of 

ways, instead of a fixed procedure, to set the cognitive information, i.e., 

the wake up time.

Freedom of interaction is not only important in the realm of emotionally 

intelligent products, but also in the broader notion of ‘embodied 

interaction’. ‘Embodied interaction’ is described by Dourish as “the creation, 

manipulation, and sharing of meaning through engaged interaction with 

artifacts” (Dourish, 2001: p.126) and as being central to tangible computing. 

To change interactive systems towards embodied interaction, Dourish 
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gives two suggestions that closely relate to ‘freedom of interaction’. First 

he suggest to organize the “...interaction as an informal assemblage of 

steps rather than a rote procedure driven by the system”. This resembles 

our notion of offering the user a myriad of ways to achieve a product’s 

functionality.

From his analysis of traditional interfaces (Dourish, 2001: p.50-51) I take a 

second point as being important for freedom of interaction: no single 

point of control or interaction. In addition to these points, I believe that 

in order to design for free and playful interaction, actions need to be 

reversible (Schneiderman, 1998), so the consequence of an action can easily 

be undone. In conclusion I propose that in order to achieve freedom of 

interaction designers need to offer interaction that:

 -takes full advantage of a person’s perceptual motor skills

 -offers a myriad of ways to achieve a product’s functionality

 -allows the person to act at multiple points at once

 -allows for easily reversible actions

Freedom of interaction is of course not unlimited. One should realize that 

freedom of interaction does not equal freedom of action. While unbounded 

action possibilities might allow for freedom of expression it is useless 

without the proper reaction of the product. To avoid the users are getting 

lost, they need information on how their actions and the product’s function 

are coupled. Dourish phrases this as follows: “... support the process of 

improvised, situated action by making the immediate circumstances of 

the work more visible. The insight here is that the setting in which the 

work emerges includes the current state of the system; the system should 

make information available to the user to guide their activity moment by 

moment.” (Dourish, 2001: p.160). This statement links to design proposition 

3: “Design a product that communicates understanding through an 

expression of both physical and cognitive information” and proposition 4:

”Couple the physical expression of cognitive input (from the user) with the 

physical expression of the cognitive output (from the product)”.

The coupling between action (or input) and function (or output) is addressed 

next.

Coupling action and function6.2
In most mechanical products there is a natural coupling between the 

appearance, the action possibilities, the action and the function. This 

natural and unmediated coupling supports intuitive interaction. To 

illustrate the issue of acting at multiple points at once and a natural 

coupling between action and function, I use Gibson’s example of a pair of 

scissors (Gibson, 1979).

Imagine sitting at your desk cutting several images from a page of a magazine. 

The cutting comes about through the coordinated use of scissors, paper and 

your desk. You might use the scissors with your dominant hand, while your 

non-dominant hand is used to orient the page appropriately and you use 

the desk as a support to handle the size of the page. These are all brought 

together to achieve the task; you act at multiple points at once. The design 
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of a pair of scissors (appearance) fits our perceptual motor skills. And, 

when using them to cut paper, moving your thumb and finger towards each 

other (action) is naturally coupled to a change of orientation of the blades 

(reaction) and the incision these blades make in the paper (function). When 

the blades are dull or the paper is too thick the resistance of the action also 

informs the user about the failure of making a proper incision.

This example shows the direct and natural coupling between the user’s action 

and the product’s functional feedback though the unification of action 

and reaction on different aspects. Unifying action and reaction on the 

aspects can be seen as an operationalization of intuitive interaction. In the 

following section I explain these aspects.

6.2.1 The Six Aspects of Natural Coupling  
There are six aspects taken from the physical world which describe 

characteristics of both the action and the reaction, i.e. time, location, 

direction, dynamics, modality and expression. A unification of action and 

reaction on each of these aspects makes the interaction intuitive. The 

unification minimizes mediations through interface elements between 

actions and reactions. Because it is mediation that requires cognitive effort 

from the user, who has to reason about how the action and reaction are 

coupled.

The example of cutting paper with a pair of scissors is again used to introduce 

and explain the six unification aspects.

Time
The product’s reaction and the user’s action coincide in time. 

There is no delay in time between moving your thumb and finger towards each 

other (action), the change of orientation of the blades (reaction) and the 

incision these blades make in the paper (function). 

Location
The reaction of the product and the action of the user occur in the same 

location. 

The paper is cut where the scissors touch it. One can argue that the location 

of your fingers and your hand do not coincide with the cut of the paper. 

But because the scissors become an extension of your hand when cutting 

the paper (Heidegger’s concept of ‘ready-to-hand’ or ‘zuhanden’ (in Dourish, 

2001, p.109), you act through the scissors at the same location as the paper 

is being cut.

Direction
The direction or movement of the product’s reaction (up/down, clockwise/

counterclockwise, right/left and towards/away) is coupled to the direction 

or the movement of the user’s action. 

The direction of the incision is the same as the direction of the blades 

following the orientation of the cutting hand or the paper. Moving the 

scissors further into the paper makes for a longer incision.
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Dynamics
The dynamics of reaction (position, speed, acceleration, force) is coupled to 

the dynamics of the action (position, speed, acceleration, force).

The speed of the cutting action determines the speed of the incision being 

made. A smooth and continuous motion of cutting and orientating the 

paper, results in a smooth and flowing incision. Likewise, a consecution 

of discrete cuts and reorientations of the paper results in an accordingly 

choppy incision.

Modality
The sensory modalities of the product’s reaction are in harmony with the 

sensory modalities of the user’s action.

When the blades touch and cut the paper this can be seen, heard and felt. 

In nature the relations between different modalities are in harmony, e.g., 

the touching of two objects can cause a sound or moving an object can be 

visually perceived.

Expression
The expression of the reaction is a reflection of the expression of the action.

The user can express himself in the cutting of the paper. For example when 

the user is in a hurry, it probably results in imprecise and hurried actions. 

This is reflected in the incision in the paper. Expression could be viewed as 

a combination of the other five aspects. In mechanical products the aspect 

of expression of action is often strongly related to the aspect of dynamics.

The six unification aspects are not limited to mechanical products but can also 

be used to couple action and reaction in electronic products.

6.2.2 Reality Hits Back  
Unlike purely mechanical products, in which action and reaction are naturally 

coupled, in electronic products this does not have to be the case. 

This is fortunate in the sense that electronic products do not have to follow 

the tight coupling laws of the physical world. This allows for programmable 

products (action and reaction are not unified on the time aspect), remote 

controls (action and reaction are not unified on the location aspect) and 

enjoying music without having to touch the strings of a guitar yourself. 

Electronic products instill moments of magic and surprise as they seem to 

surpass the laws of nature and physical causation.

It is unfortunate, on the other hand, that an interface is needed to mediate the 

user’s action to the product’s function. This mediation hinders an intuitive 

interaction, because there is no longer a natural and direct coupling 

between action and function. 

In product design, designers striving for intuitive interaction can reinforce 

a natural coupling by unifying action and reaction on as many aspects 

as possible. But as more functionality is added to electronic products 

full unification on all the aspects may be difficult or even undesirable to 

achieve because intuitive interaction needs to be balanced with technology, 
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ergonomics, production costs or aesthetics. For example, if we consider 

adjusting the volume in audio equipment we could strengthen the coupling 

between the action and function by uniting the location of the control with 

the location of the loudspeaker. From a comfort point of view, this may 

be acceptable for a portable audio-system but it would be rather awkward 

for a home stereo system in which the speakers occupy the corners of 

the room. Another example is the making of coffee. Unity in time of the 

action indicating a need for coffee and getting the coffee is technologically 

possible for an instant coffee dispenser but not for an espresso machine. 

When it is not possible for designers of electronic products to establish 

direct couplings between action and function information is needed. The 

information should guide the user’s actions towards the intended function. 

This is the area of feedback and feedforward.

In the next sections I focus on this issue of feedback and feedforward 

and distinguish three types of information: functional, augmented and 

inherent. 

Feedback6.3
Feedback is one of the most common used design principles in interaction 

design next to visibility, constraints, mapping, consistency, and affordances 

(Norman, 1988). Feedback can be defined as “the return of information 

about the result of a process or activity” (American Heritage Dictionary). The 

following example illustrates the different types of returned information.

When you push the on/off button to turn on the television, you feel it move 

inside the housing, you feel the resistance of that button, you hear and 

feel a click and release the button.

A red light next to the button lights up. Slowly the screen lights up, you hear 

a voice and you can make out the evening news.

In this example different types of feedback can be identified: the click of the 

button, the red light and the actual appearance of images on the screen 

and sound from the speakers. They are all forms of information the user 

receives about the effectiveness of his action. Usually when a subdivision 

of feedback is made, it is done on a sensorial basis, i.e. auditive, tactile, 

verbal and visual. Although this is useful when discussing sensory richness 

or multi-modality, there is a categorization that underlies the sensory. I 

distinguish three different forms of feedback: functional, augmented and 

inherent feedback. 

6.3.1 Functional Feedback 
Slowly the screen lights up, you hear a voice and you can make out the 

evening news. (figure 6.1)
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Figure 6.1: Functional feedback

When the user receives this information from the television it is clear to 

him that his actions were successful, that his needs and desires to watch 

television are met. This information relates directly to the function of 

the product, it is the actual purpose of the product. Functional feedback 

is therefore defined as the information generated by the system when 

performing its function, e.g. sound, light or motion. As one product can 

have multiple functionalities and features, functional feedback should be 

viewed in respect to the needs, intentions and desires of the user. It is the 

effect in the world the user wants to achieve. When functional feedback 

cannot be naturally coupled to the user’s actions additional information is 

needed.

6.3.2 Augmented Feedback  
A red light next to the button lights up. (figure 6.2)

 
Figure 6.2: Augmented feedback
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In the television example, because there is not a direct coupling in time 

between the action of pushing the button and the appearance of an 

image, the designers opted for adding the red light. The information that 

the user receives from this light is called augmented feedback. The term 

augmented feedback found its origin in the field of the psychology of 

learning (Laurillard, 1993) and refers to information not coming from the 

action itself (which is inherent feedback), but from an additional source. 

Since it is not coming from the action itself, but from an additional source, 

augmented feedback appeals more to the cognitive skills of the user instead 

of appealing to the perceptual motor skills.

In product design this kind of feedback is usually added to inform the user 

about the internal state of the system through the use of Light Emitting 

Diodes, Liquid Crystal Displays and added sounds. It can indicate ‘stand by’, 

‘waiting’, ‘sleeping’, ‘processing’ etc. 

6.3.3 Inherent Feedback 
When you push the on/off button to turn on the television, you feel it move 

inside the housing, you feel the resistance of that button, you hear and 

feel a click and release the button. (figure 6.3)

Figure 6.3: Inherent feedback

In the example of turning on the television the displacement, the feel and 

sound of the button when pushed is inherent feedback. Inherent feedback 

is the information that is returned from acting on the action possibilities 

and therefore appeals primarily to the perceptual motor skills of the 

user. A definition can be found in the field of the psychology of learning 

where Laurillard defined inherent feedback as “Information provided as a 

natural consequence of making an action. It is feedback arising from the 

movement itself.” (Laurillard, 1993). In product design this form of feedback 

was usually treated as a by-product of the choice for the controls. But as the 

awareness of the multi-sensorial character of interaction grows, designers 

do not consider only the visual appearance of a control but also its sound, 

touch and feel.
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Feedforward6.4
Feedback is the information that occurs during or after the user’s action. But 

before the user’s action takes place the product already offers information, 

which is called feedforward. The same division of inherent, augmented and 

functional can be applied to feedforward as well.

6.4.1 Inherent Feedforward  
Inherent feedforward, like inherent feedback is related to the action 

possibilities of the product and the perceptual motor skills of the person. 

It is the information that communicates what kind of action is possible 

(pushing, sliding, rolling; figure 6.4) and how this action can be carried out 

(the amount of force that is possible, which parts of the body etc.). Inherent 

feedforward can be viewed as a limited interpretation of the concept of 

affordance (Gibson, 1979), i.e. where the action possibility of the control is 

considered, regardless of the function of the product.

Figure 6.4: Examples of inherent feedforward
Controls that afford pushing (top), sliding (middle) and rolling and grasping (bottom).
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6.4.2 Augmented Feedforward  
When the user receives information from an additional source about the 

action possibilities, or the purpose of the action possibilities, it appeals 

to his cognitive skills (for example through words, pictograms or spoken 

words). This information is referred to as augmented feedforward. Examples 

range from on-screen messages indicating what to do, to lexical or graphical 

labels communicating the purpose of the action possibility (figure 6.5).

Figure 6.5 Examples of augmented feedforward
Onscreen messages informing us which combination of buttons to push (top). Labels telling us what kind of action we need to carry 

out (center). Icons trying to express the state of the system or which functionality is behind them (bottom).

6.4.3 Functional Feedforward  
Functional feedforward goes beyond the action possibilities and their specific 

purpose and instead informs the user about the more general purpose 

of a product and its functional features. Product designers can draw on 

concepts such as product semantics (Krippendorff and Butter, 1984) and on 

making the functional parts visible (Norman, 1988) to inform the user about 

the functionality of the product (see figure 6.6). In the television example, 

the speakers and the screen on the black box inform the user about the 

audiovisual functionalities of the product.
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Figure 6.6: Examples of functional feedforward
The visibility of the candy and the speaker and the clock inform the user about the expected functionality of the vending 

machine and the alarm clock radio. The semantics of the speech ballon inform the user about the functionality of the Sony 

voice recorder.

Framework6.5
In the previous sections I introduced the different types of information the 

user can receive from an interactive system, i.e., inherent, augmented and 

functional information which are illustrated in fi gure 6.7.

I also introduced the six aspects of a natural coupling between action and 

reaction i.e., time, location, direction, dynamics, modality and expression. 

Coupling the user’s action and the different types of information, on each 

of the six aspects, constitutes a new interaction framework. This framework 

is visualized in fi gure 6.8. The framework is named after the 80’s computer 

game Frogger (see fi gure 6.9).
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Figure 6.7 
The different types of information that an electronic product can offer to guide the user’s action towards the intended function.

time

time

expression

dynamics

modality

direction

location

time

dynamics

direction

expression

dynamics

modality

direction

location

time

expression

dynamics

modality

direction

location

location

modality

expression

expression

dynamics

modality

direction

location

A
ct

io
n

In
he

re
nt

 in
fo

rm
at

io
n

A
ug

m
en

te
d 

in
fo

rm
at

io
n

F
un

ct
io

na
l i

nf
or

m
at

io
n

time

expression

dynamics

modality

direction

location

Figure 6.8: The Interaction Frogger Framework. 
A schematic interpretation of all the different coupling possibilities between the functional information and the user’s action. 

Inherent and augmented information can be used when direct couplings cannot be established.



164 Consequences for design   165 Chapter 6

Figure 6.9 
The graphical lay out of the computer game Frogger inspired me to use the name Interaction Frogger.

With this framework it is possible to illustrate the couplings that are 

representative for different interaction styles. The direct couplings between 

action and function supported by the inherent information taken from the 

example of a mechanical product, i.e., the scissors, are illustrated in figure 

6.10 and marked with (1).

In contrast with the mechanical product are the couplings in many current 

electronic products, which are also illustrated in figure 6.10 and marked with 

(2). While the electronic product’s functionality does offer differentiations 

on most of the six aspects, the bridges between action and function are 

realized mostly through the unification of just two of the six aspects, i.e., 

time and location (Norman’s concept of ‘mapping’, Norman, 1988), which 

results in the use of appropriately placed buttons. Moreover, the bridge 

from action to function is realized through augmented information, using 

LCD displays and the lexical labeling of action possibilities. Guiding the 

user’s action towards the intended function therefore demands a lot of 

cognitive effort from the user.

In traditional WIMP interfaces (windows, icons, menu, pointers) the inherent 

information coming from acting on the mouse is only coupled to the 

augmented information via time and the direction (of the mouse and the 

pointer). So while acting on the mouse can give rich information, little 

of this richness is coupled to the GUI (augmented information) or the 

functionality (figure 6.11).
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Figure 6.10
In a mechanical product action and function are bridged through inherent feedback (marked with (1)). The bridges for electronic 

products are marked with (2).
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Figure 6.11 
GUI couplings: The information coming from acting on a physical input device, e.g., a mouse, is only coupled to the augmented 

information of Graphical User Interfaces (GUI) on the aspects of time (of acting) and the direction (of the mouse movement). Often, 

the information coming from the GUI is unrelated to the functional information.
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Other interaction styles focus on ‘natural interaction’ by making use of 

gestural and speech interfaces. They exploit the cognitive and perceptual 

motor skills of a person. These interfaces lack inherent feedback and 

feedforward and completely rely on couplings through augmented feedback 

and feedforward. The user receives little information about these action 

possibilities (figure 6.12).
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Figure 6.12
NUI couplings: So-called ‘Natural User Interfaces’, that make use of gestural and speech interfaces, exploit the cognitive and 

perceptual motor skills of a person. These interfaces lack inherent information and completely rely on a direct coupling between 

action and function or on couplings through augmented feedforward.

In contrast to these different interaction styles I argue for the following 

tangibility approach (figure 6.13): Increase the quantity and quality of 

possible meaningful couplings between action and function through an 

enrichment of action possibilities and inherent feedback. The following 

sections describe how this can be realized.
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Figure 6.13
TUI couplings: An increase of the quantity and quality of possible meaningful couplings between action and function through an 

enrichment of action possibilities and inherent feedback.

Coupling Action and Function6.6
The next three sections present the issues of this tangibility approach.

6.6.1 How to Enrich the Action Possibilities?  
It seems that traditional interfaces of electronic products allow for only one 

action possibility, touching with a finger or thumb. This action possibility 

only allows for an enrichment of coupling possibilities on the aspects of 

time and location. 

To take full advantage of a person’s perceptual motor skills, the designed 

action possibilities should also allow for diversification on the direction, 

dynamics, modality and expression of the action. And to stay in line with 

the other issues of freedom of interaction, the interaction should allow 

the person to act at multiple points at once, for example by allowing for 

two handedness (like in the example of handling both paper and scissors). 

To prevent that the user can only reach the functionality through one 

sequential order of actions the interaction should allow for multiple orders 

of actions. The interaction should also allow for acting on different action 

possibilities simultaneously (for example allowing for diversifications on 

the aspect of direction; pulling and rotating at the same time).

Merely enriching the action possibilities in person-product interaction is not 

enough. It should result in corresponding inherent information to bridge 

the action to the function.

Enrich action possibilities by allowing for differentiations in:

 -time: allow for simultaneous actions

 -location: allow for different locations where one can act
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 -direction: allow for different translations and rotations

 -dynamics: allow for differentiation in speed, acceleration, force

 -modality: allow for actions that can be seen, heard, felt

 -expression: allow for differentiations of expressive action; symmetry, 

balance, flow, rhythm, tempo

 -allow for one hand and two-handed action

6.6.2 How to Enrich Inherent Information? 
In traditional product design the power of inherent feedback has been limited 

to the look, sound and feel of the controls. The sensory aspects of inherent 

feedback improved both the visual aesthetics of the product appearance 

as well as the haptic and auditory aesthetics of acting on the action 

possibilities. The power of inherent information does not have to end at 

providing aesthetically pleasing feedback during the action. When an action 

possibility offers inherent feedback, even after the action has ceased, it 

can blend into inherent feedforward to guide further actions towards the 

intended functionality. 

Inherent Traces of Action
Feedback can occur both during and after the action. During the action there 

is always inherent feedback, since acting on the action possibilities always 

offers feedback. 

The possibility of offering inherent feedback even after the action has ceased, 

depends on the designed action possibilities. When acting on appropriately 

designed action possibilities and the modulation of these action possibilities 

still exists after the action, new information is generated. In its simplest 

form it is evidence for the user that he has acted on the action possibilities, 

as if it were a trace of the bygone action. Figure 6.14 show a simple example 

that illustrates the notion of inherent traces of action. 
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Figure 6.14 Inherent trace
Both sets of buttons control music through mutually exclusive modes of operation, e.g. ‘play’, ‘stop’, ‘fast forward’ and ‘rewind’. 

The buttons all afford pushing. Only the set on the right leaves an inherent trace of a button being pushed. The trace of the pushed 

button therefore becomes both an indicator of state i.e. the music is being ‘rewinded’ and a means for changing that state, i.e. 

push one of the other buttons.
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Figure 6.15 
One of the first Philips Cassette players. The direction of action and the control (inherent information) are coupled to the direction 

of the tape (function). Push forward is play (first sequence, top to bottom), pull is stop (second sequence). Push to the left is rewind 

(third sequence) and push to the right is fast forward (fourth sequence).
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Figure 6.16: traces of expression
In the alarm clock design acting on the action possibilities gives inherent feedback during the action. One can see and feel the 

action. The action possibilities of the alarm clock with the sliders give rich information about it being acted upon even after the 

action has ceased. The alarm clock carries a trace of the expression of the action. The modulated appearance of the slider alarm is 

evidence for the fact that it has been acted upon. It is a trace of a bygone action.

The trace in figure 6.16 is an example of inherent feedback where the 

modulation occurred on the aspect of expression. The modulation of 

inherent feedback can also occur on the other aspects. In nature traces 

can carry information from the six different aspects: the vapor trail of an 

airplane carries information about time, location and dynamics. The trail 

from a snow boarder reflects the dynamics and expression with which she 

carved down the mountain (figure 6.17).
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Figure 6.17

Acting on the action possibilities should result in a modulation of the inherent 

feedback on the six aspects that in return becomes feedforward for new 

action possibilities.

 -time: actions that modulate the chronology of actions

 -location: actions that relocate action possibilities (e.g., moving a ‘token’)

 -direction: actions that modulate the direction of action possibilities (e.g., 

moving a slider up, flicking a switch)

 -dynamics: actions that modulate the dynamics (speed, acceleration, force) 

of action possibilities (e.g., pushing a spring, spinning a wheel) (see figure 

6.18)

 -modality: actions that change the modality of action possibilities

 -expression: actions that modulate the expression of action possibilities, 

color, texture, shape, material, weight, symmetry, balance, flow, rhythm, 

and tempo (e.g., changing the tempo of a metronome, creating a balanced 

slider pattern)

Inherent feedback shouldn’t be self-referent, where it only says something 

about the interaction between the user’s actions and the action possibilities. 

What does matter is that it is coupled to the functional feedback. When the 

inherent trace is coupled to the functional feedback it offers information 

about the current state of the product, i.e. in which functional mode it is. 

More importantly, because the acting modulated the action possibilities, 

information is generated; it is feedforward for how to change the current 

state of functionality. In the alarm clock for example, the expression of the 

slider pattern (inherent trace) is coupled to the expression of the alarm 

sound (functional feedback). 
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Again, like merely enriching the action possibilities is futile, enriching 

inherent information without coupling it to the functional information 

will not improve intuitive interaction. In the next section I discuss how the 

inherent and functional information can be coupled.

Figure 6.18: Carrousel by Philip Ross 
The user’s spinning action results in a rotational speed of the turntable. The system records and then maintains this speed even 

after the action. The speed of rotation is coupled to the expression of the room’s atmosphere. The spinning action is represented 

in the rotational speed, which is represented in the room’s atmosphere. In this way action, inherent feedback and functional 

feedback are meaningfully coupled. The rotational speed is inherent feedback and additionally informs the user about the state 

of the system (the room’s expression), but it also offers inherent feedforward about how to change the state of the system, e.g. by 

speeding the turntable up or down. (Ross and Keyson, 2004)

6.6.3 How to Couple Inherent Information to the Function? 
To couple the inherent information to the functional information the same six 

aspects can be used. 

 -time: the inherent and functional information coincide

 -location: the inherent and functional information are co-located

 -direction: the directional state (minimum-maximum, up-down, left-right, 

towards-away, back-forth, in-out) of the functional information is coupled 

to the inherent information (see figure 6.15)

 -dynamics: the dynamics (position, speed, acceleration, force) of functional 

information are coupled to the dynamics of the inherent information

 -modality: the modalities of the functional information are in harmony with 

the modalities of the inherent information

 -expression: the expression of functional information is coupled to the 

expression of the inherent information (see again figure 6.18)

The extreme stance to improve intuitive interaction, regardless of technology, 

ergonomics, economics or aesthetics, would be the following: If the 

functional information allows for a modulation on one of the six aspects, 
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it should be coupled on that same aspect to the modulation of the inherent 

information and the action possibility. But, since designing electronic 

products is not solely about the intuitiveness of the person-product 

interaction, other couplings can and should be used. The decision of how 

to couple action and function is for the designers to take, not for the 

framework.

How can designers and researchers benefit from this framework? In the 

following I discuss how design and research can apply the framework.

Framework for design6.7
The framework can be beneficial for interaction designers in two ways. One 

way to use the framework is to improve existing designs by strengthening 

the couplings on the different aspects. The idea is that if a direct coupling 

between action and functional information is broken, because of 

technological, ergonomic, financial or aesthetic limitations, new couplings 

should be established in the design. These new couplings should bridge 

action and function via the use of inherent or augmented information. An 

analysis of the existing product can make designers aware for example of 

the different locations where actions, inherent, augmented and functional 

information occurs. Relocating one or several of the sources can improve 

the intuitiveness of interaction. Actions that are only coupled to augmented 

information can be enriched by offering inherent information; and therefore, 

offering meaningful action possibilities as well. A simple example for a DVD-

player can illustrate this enrichment. Instead of only offering augmented 

feedback through a display which states ‘INSERT DISC’, the designer can 

enrich the inherent information and therefore a new action possibility by 

having the tray of the disc open at the same time (figure 6.19).

Figure 6.19
The action of turning the power on of this DVD player provides augmented feedback. Instead of the message ‘INSERT DISC’ 

the designers could have opted for inherent information where the tray would open. This communicates feedback about 

a disc not being present, as well as providing inherent feedforward through a new action possibility of allowing for the 

placement of a disc.

Another simple illustrative example of how to use the framework is to 

improve existing designs by enriching the expression of the different types 

of information, which is illustrated in the example of the Light Emitting 
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Diode of the Apple Powerbook® (figure 6.20). The light is an indication of 

the sleeping state of the system and has the same expression as a relaxed 

breathing rhythm.

Figure 6.20
Augmented Feedback: The Light Emitting Diode of this Apple Powerbook is an indication of the sleeping state of the system. The 

light has the expression of a relaxed breathing pattern.

A more far-reaching approach is to use the framework to design for novel and 

more tangible interactions. 

Design for radically novel interactions
Instead of starting with existing product interaction and go from there with 

small improvements, designers can also choose to design for radically novel 

interactions. To take this route two existing creativity techniques, each 

taking a different angle, offer room to incorporate the framework. 

The method currently applied in workshops given by the Mads Clausen 

Institute (Buur, Jensen, and Djajadiningrat, 2004) take the richness of 

people’s perceptual motor skills as a starting point for inspiration. 

Participants of the workshop present each other a non electronic object 

they are expert in handling. The handling of these objects are starting points 

for novel interactions. The framework can be used to analyze how acting on 

the objects and the functionality are coupled on the six different aspects. 

Strong or beautiful couplings between action and inherent information can 

serve as inspiration for new designs.

Another creativity technique called interaction relabeling (Djajadiningrat, 

Gaver and Frens, 2000) starts with the product’s functionalities. “In this 

method, participants are asked to consider an existing product, and, 

pretending that it is the product to be designed, to tell and act out how it 

works. The two products need not be related; in fact, unrelated products 

may lead to more creative ideas. Using unrelated products helps designers 

to part with the interaction style that is prototypical for the product they 

are designing. By forcing a mapping between things with quite different 

functionalities, the focus shifts from the functionality to the actual 

interaction possibilities.” (Djajadiningrat, Gaver and Frens, 2000, p. 66-67)

After starting with this creativity technique the framework can be applied to 

analyze the to-be-designed functional features on the six aspects. Exploring 
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how they can be coupled to the action possibilities and to the inherent 

information of the existing products offers valuable inspiration for strong 

and beautiful couplings.

Framework for Research6.8
Researchers of person-product interaction can use the framework in two lines 

of research. One is a practical approach to analyze and compare existing 

products, the other is a systematic approach to operationalize intuitive 

interaction.

Analysis and comparison of existing products
The framework can be used to analyze and compare existing products. The 

different action possibilities, functionalities and the type of information 

that is used to bridge them, can be identified in successful and less 

successful products. Comparing them provides valuable insight in how the 

interaction influences the success of products.

Operationalization of Intuitive Interaction
The framework offers six aspects of natural coupling, i.e. time, location, 

direction, dynamics, modality and expression. These aspects can be 

quantified and systematically varied to result in an operationalization of 

intuitive interaction. The aspect of time, or more accurately the delay of 

time between action and reaction, has already been investigated by Michotte 

(1963) to research the perception of causality, which is an important issue 

in the intuitiveness of interaction. Likewise the other aspects could be 

investigated as well.

In the previous paragraph I argued that the designing of electronic products 

is not only about the intuitiveness of the person-product interaction. Other 

criteria, like aesthetics, require different couplings than unifying them 

as tight as possible. In a systematic approach variations in the coupling 

of dynamics for example can be explored to improve the aesthetics of 

interaction.

Figure 6.21
One of the variations of Djajadiningrat’s tangibility approach to a programmable thermostat.
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An example of a structural approach in product design research, is a project 

that is currently being realized by Djajadiningrat, Wensveen, Frens, 

and Overbeeke (2004). Djajadiningrat designed different variations of a 

programmable thermostat (figure 6.21) in which the couplings between the 

action possibilities and the different types of feedback are systematically 

varied. 

The designs will be evaluated on criteria of usability (number of errors, time 

to success) and aesthetics (self report scales) to investigate how these 

criteria are being influenced by different couplings.

Conclusion6.9
In this chapter I presented a framework to analyze person-product interaction 

in terms of the couplings between the person’s action and the product’s 

function through the use of inherent and augmented information. I 

argued for a tangibility approach in order to create embodied freedom 

of interaction. How does this framework relate to other frameworks for 

tangible interaction?

The most common known frameworks for tangible interaction are those by 

Ullmer and Ishi (2000) and Holmquist, Redström and Ljungstrand (1999). 

Recently two new ones have come up (Calvillo-Gamez, Leland, Shaer, and 

Jacob, 2003; Koleva, Benford, Ng and Rodden, 2003) building on the previous 

frameworks. Without going into the details and terminology of the other 

frameworks I believe there are three main characteristics that distinguish 

this framework. First, while the other frameworks seem to focus on and are 

suited for describing TUI’s that were already designed, Interaction Frogger 

framework is primarily intended to support the designing of (tangible) 

interactive systems. Second, the framework acknowledges the role of 

the users in such a system by explicating their actions and the intended 

functionality. The framework can be used to describe the interaction 

between them on an information level using feedback and feedforward. 

Third, instead of using the notion of ‘coupling’, ‘linking’ or ‘mapping’ in 

an abstract or conceptual sense, this framework tries to give six practical 

characteristics for coupling action and information. 



178 Consequences for design   179 

General discussionChapter 7
Conclusions, Challenges, Consequences, Recommendations
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About this chapter
In this concluding chapter I address general discussions on the importance of 

actions, on tangible interaction and on research through design. I end the 

chapter with a discussion emotionally intelligent products.

On the importance of action7.1
The theme throughout this thesis is the importance of physical action and 

how it can create, manipulate and share meaning. The importance is 

apparent in the theoretical foundation of this thesis based on Gibson’s 

theory on affordances (Gibson, 1977) and Dourish’s description of embodied 

interaction (Dourish, 2001). This theoretical departure resulted in the 

pursuit of obtaining emotional meaning from physical actions. The alarm 

clock design demonstrated that the actions of setting the alarm did indeed 

carry emotional meaning and that this information can be detected by the 

product. The Interaction Frogger Framework is in essence about how to 

create information for action (feedforward) and how this action can be 

mapped to the reaction (feedback) to create meaning.

On a meta level, the importance of action is apparent in the research 

approach. Research through design is a form of action research, where the 

reflection on the action (of designing) creates new knowledge. 

On Tangible Interaction7.2
In the introduction I stressed the power of tangible interaction and the notions 

it builds on. I also showed some examples of Tangible User Interfaces 

(TUI’s). At first look, the alarm clock falls outside the well known TUI’s, i.e., 

MetaDesk, Urp etc... both from an application point of view as well as from 

an interaction point of view. This brings us to the following question.

7.2.1 Is the alarm clock an example of tangible interaction? 
According to the model of Ullmer and Ishii (2000) the difference between 

physical and tangible interaction is the integration of physical control and 

physical representation of digital information. In physical interaction, the 

physical input device (e.g., a mouse) controls the digital information (what 

happens on a screen) but it is not a physical representation of this digital 

information. In the alarm clock the physical input through the sliders 

controls the digital information of setting the alarm time. The physical 

area enclosed by the modulated sliders is a representation of the amount 

of sleeping time (see figure 7.1). The physical pattern of the sliders is also 

a representation of the digital information the alarm clock received about 

the affective state of the user. This integration of physical control and 

representation of digital information falls within their TUI model.

7.2.2 Tangibles that push back  
A promising and interesting direction within Tangible Interaction that is 

currently almost un-explored are ‘tangibles that push back’. This phrase 

was first coined by Koleva et al. (2003) to refer to tangible interfaces that 
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react to changes in digital information. The few existing examples are 

mostly ambient displays such as Pinwheels (Dahley, Wisneski and Ishii, 

1998), which computionally map information, e.g. stock market activity or 

web site hits to the rotation of the pinwheels, and Table Fountain (Gellersen 

and Schmidt, 2002) which “integrates non-computer devices such as lamps, 

a table fountain and a humidifier as ambient media for display of web-

based activity”. Although interesting, these ambient displays are rather 

poor on a interaction level. I would like to see the next step. That is, that 

tangible interfaces react to changes in digital or functional information 

through a modulation of the inherent information. This change in inherent 

information would also give information for physical actions of how to 

change the new digital or functional information. What if the system within 

the alarm clock could change the position and the pattern of the sliders? 

Or if Ross’ Carrousel system (Ross and Keyson, 2004; see figure 6.18) reacts 

to information from the environment and changes not only the room’s 

atmosphere accordingly, but also the physical expression of the Carrousel 

itself? 

Most of the current tangible interfaces are static. What I mean is that they 

only move when being moved by the user. But in this thesis we have seen 

the expressive power of physical and dynamic actions. Why not let the 

tangible interface use this same power by coupling its own physical and 

dynamic actions to functional information? This would surely open up new 

and exciting avenues of meaningful interaction. 

0:00 1:00 2:00 3:00 4:00 5:00 6:00 6:49

Figure 7.1

7.2.3 Tangibility and industry  
At this moment (end of 2004) there aren’t too many examples of tangible 

interaction being fully applied within consumer products. The few notable 

exceptions are mostly toys. Lego’s Music Builder Composer, Music Tapper 

and Music Twister (Figure 7.2) contain tokens which store music. ‘Redbeard’s 

Pirate Quest’ (Figure 7.3) and ‘Ellie’s Enchanted Garden’ (Figure 7.4) by Zowie 

Intertainment combine a plastic playset and small plastic figurines with an 

interactive computer program.  Surely principles from tangible interaction 

can be distinguished in the ‘older’ days where the controls of electronic 

products were made of mechanical components. 
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Figure 7.2: Lego Music Twister, Tapper and Composer

Figure 7.3: Redbeard pirate Quest by Zowie

Figure 7.4: Ellie Enchanted garden by Zowie

We have already seen the example of the cassette player that was shown 

in fi gure 6.15. Øritsland and Buur (2000) call this the era of the “Analog 

professionals” which features controls that act as displays as well. Looking 

at the evolution of most product categories (e.g. cassette recorder, 
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telephone, photographic camera) we can conclude that the tangibility of 

interaction diminished over time with the advancement of electronics and 

computerization. Some pragmatic reasons why tangible interaction (TI) 

principles are not being picked up by the industry are: TI is more expensive 

as it needs more components. TI is less durable, if a component can move, 

it can break, or get lost. TI is bigger in size. 

An underlying motive why the industry of consumer electronics has not 

picked so far, could be the one which was formulated in our paper ‘Freedom 

of Fun, Freedom of Interaction’ (Wensveen, Overbeeke, Djajadiningrat, and 

Kyffin, 2004). Although we expressed these thoughts as comments on why 

industry doesn’t pick up on emotional and hedonistic qualities, I believe 

them to be true for tangible interaction as well.

“In modernism we have been driven to be defined by the premise that time 

costs money - and that therefore, money is the singularity, which defines 

value. Economic value, technological value, cultural value and therefore 

human value are not only measured in terms of money or financial 

capital. In many ways perhaps they should never be measured in terms 

of it. The values of Modernism also ‘stressed’ that all ‘things’ should lead 

to a heightened sense of speed, acceleration, efficiency, order, linearity, 

simplicity, binary logic and ‘machine’ like operation; even to the extent 

that people should reflect these qualities in their behavior and (reflective) 

relationships with others and the world at large.

Each of the ‘higher’ or ‘emotional’ or ‘humane’ qualities which we are 

endeavoring to enable in our designed objects and systems today, fly 

in the face of these modern ideals, especially when simultaneously 

experienced in their full holistic complexity. The paradox, exemplified 

by the knowledge that we instinctively want more of these ‘qualities of 

life’ and yet cannot scientifically prove that it is economically of value, is 

what stops many companies from positioning themselves in this context 

today. Such qualities are simply measured as too expensive, too complex, 

too inefficient, too time consuming and not well organized. Almost too 

chaotic. (...) In the worlds of embedded computational complexity and 

the everyday tool we simply haven’t reached the point yet that the objects 

are rewarding enough to use, cheap enough to make and ubiquitous 

enough in our everyday cultures for them to take on the mantle of cultural 

carrier, commentator or in time even protagonist. Perhaps this is because 

these technologies have not yet moved fully from the state of scientific 

instrument to fetish object to the embedded every day.”

On Research through Design7.3
I already commented on how the importance of action is apparent in the 

chosen research approach; research through design. The reflection on 

action happened on several occasions. In the probe approach I reflected 

on the action, or more precisely on the results of the action that the 

participants carried out to explore and capture their experience. The 

reflection on the action of designing also occurred when I analyzed the 

outcomes of a form theory course we taught at Delft University. This 

analysis resulted in the matrix of chapter 4 which distinguished designs 
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on the expression of the input and the expression of the output. The third 

reflection was done in the experiments with the alarm clock in chapter 

5. This resulted in the interaction Frogger framework. This framework is 

the final result and the knowledge that can answer the original research 

question: How can we design for human-product interaction, so that the 

product gets information about what we ‘know’ and how we ‘feel’ from the 

way we ‘do’ this interaction in order to adapt to this information?

An important aspect in research through design is serendipity.

7.3.1 Serendipity 
The dictionary describes serendipity as “good luck in making unexpected 

and fortunate discoveries” (WordNet ® 2.0, © 2003 Princeton University). 

On two occasions serendipity occurred which proved to be pivotal in my 

research. The first was my misunderstanding of the interactions with the 

‘pin alarm’ (see figure 4.7) which inspired me to design the final concept 

of the slider alarm clock. The other significant occurrence of serendipity 

appeared in the discovery of the predictive power of the aesthetic slider 

patterns (symmetry, balance). I expected to find the action parameters and 

a ‘proven’ pattern parameter, such as ‘towards/away’, as better predictors 

but we discovered otherwise. 

7.3.2 Generalisability  
In paragraph 1.5.1 I stated Archer’s warning that the findings of Action Research 

“only reliably apply to the place, time, persons and circumstances in which 

that action took place”. This means that is difficult to generalize the findings 

of the experiments beyond alarm clocks and the experimental set up. Yet, 

the finding that it is possible to categorize mood from the interaction is 

extremely valuable for the design of products other than this alarm clock 

and might never have been obtained without this particular design. 

The resulting Interaction Framework offers the possibility for more 

generalizable studies through a systematic variation of the action 

possibilities and the inherent, augmented and functional information.

On Aesthetics of Interaction7.4
Traditionally in product design, aesthetics related to the appearance of the 

product. Products were designed to look beautiful. Now that products have 

become interactive, aesthetics of appearance should be combined with 

aesthetics of interaction. In our paper “Tangible products: redressing the 

balance between appearance and action” (Djajadiningrat, Wensveen, Frens 

and Overbeeke, 2004) we address the question: what makes for aesthetic 

of interaction? One of the involved factors we talk about is already 

acknowledged by most industrial designers. It is the involvement of the 

other sensory modalities next to the visual, i.e. the haptic and auditory 

qualities of materials and controls. Examples are the push and feel of a 

button or the sound of a Compact Disc tray opening. Another factor is 

addressed by Dunne and Raby (2001). “...they seem to focus on an aesthetic 

of narrative in which products, through their appearance and interaction, 
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become carriers of stories with often ambiguous or contradictory elements 

which instill aesthetic reflection in the user or onlooker” (Djajadiningrat et 

al., 2004, p.296-297). We continue with three other factors which we think 

play a role in aesthetics of interaction (p.297):

“The first is the interaction pattern that spins out between the user and 

product. The timing, flow and rhythm, linking user actions and product 

reactions, strongly influence the feel of the interaction. (...) The second 

is the richness of motor actions. (...) The third factor in aesthetics of 

interaction is freedom of interaction.”

Factor 2 and 3 have already been addressed in the preceeding chapter 6, but 

factor 1 can use some further clarification. In the previous chapter I also 

stated that the extreme stance to improve intuitive interaction, regardless 

of technology, ergonomics, economics or aesthetics, would be to couple 

action, information and function as tight as possible. From an aesthetics of 

interaction point of view releasing some of this tightness would make for 

interesting and refreshing interaction. A loose coupling between action, 

information and function can install element of novelty and surprise. Fleck 

(2003) phrases the relevance of novelty and surprise as follows: “People’s 

attention is automatically drawn to things which are novel in our 

environment. We form schemas or expectations about what might happen 

next given the context which allows us to prepare. We are surprised if 

this expectation is not met, or uncertain if more than one expectation is 

aroused at once. Berlyne (1971) suggests this raises our arousal (readiness 

to react) levels and that slight transitory jumps in arousal can be pleasant 

because of the relief felt afterwards. This can be exploited in physical 

interfaces by coupling familiar physical objects with unexpected or 

unusual digital capabilities.” 

From an interaction point of view I would rephrase that last sentence into: 

“... coupling familiar physical actions with unexpected or unusual product 

reactions.” Fleck continues with paraphrasing Gaver, Beaver and Benford 

(2003): “Ambiguity can be introduced into design by placing something out 

of context or not presenting complete information about what the system 

knows or is displaying (Gaver, Beaver and Benford, 2003). This can produce 

“intriguing, mysterious and delightful” results and encourage close personal 

engagement with the system.” 

In the alarm clock I believe that the ambiguous coupling between the slider 

pattern (inherent information) and the alarm sound (functional information) 

can produce these “intriguing, mysterious and delightful” results. In a sense 

this ambiguous coupling relates to Csikszentmihalyi’s concept of ‘flow’ 

(1990), i.e., “the capacity for full engagement in an activity”. A state of flow 

is achieved when the user moves between the states of being in control and 

being out of control. Ambiguity and elements of surprise evoke the state of 

being out of control, while the inherent feedback and the certain degree of 

coupling between the actions, feedback and the alarm sound give the user 

the idea of being in control. If this flow can last, and the system can evolve 

with the capabilities and desires of the person an interesting and close 
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personal engagement with the alarm clock will develop. The development 

of the personal engagement might then even lead to an aesthetics of 

narrative as well.

On Emotionally Intelligent Products7.5
At the start of this thesis I set out to design an emotionally intelligent alarm 

clock. 

7.5.1 Did I succeed?  
Emotional intelligence is defined as “the ability to monitor one’s own and 

others’ feelings and emotions, to discriminate among them and to use 

this information to guide one’s thinking and actions” (Salovey and Mayer, 

1990). When the designed alarm clock is compared with this definition I 

can conclude that it can monitor the user’s feelings and emotions and 

discriminate among them as demonstrated in the experiments (chapter 

5). The next step should be that the alarm clock can use this information 

to guide its thinking and actions. A possible and technologically plausible 

scenario for this step was outlined in chapter 4 (§4.6), but not implemented 

or tested. In all fairness, I therefore cannot conclude yet that the designed 

alarm clock is ‘emotionally intelligent’. 

7.5.2 Do people want them?  
The past years of working on the topic of emotionally intelligent products 

and the alarm clock in particular learned me that it is a hot topic. The 

topic generates debate on the feasibility of emotion recognition but also 

on the acceptance of emotionally intelligent products. Gaver (1999, p.53) 

concludes from anecdotal evidence that “Designs that make emotions 

explicit are potentially dangerous.” He gives two reasons. “First, devices 

which rely on knowing our emotions are likely to be wrong, (...) because 

reading the emotions of others is inherently a difficult task, prone to 

misunderstandings and mistakes. Second, making explicit what is normally 

inexplicit has large repercussions. (...) The problem is that a large amount 

of contextual information would be necessary to develop interfaces which 

show the tact and sensitivity of even the clumsiest human.” I agree with the 

first reason in the sense that I don’t have the illusion that the alarm clock 

will ever be a 100% infallible. But people aren’t a 100% infallible and we 

still develop relationships with them. And I believe that this is possible and 

desirable for products as well. The development of the interaction and over 

time the development of a person-product relation can be an interesting 

and rewarding experience in itself. In response to Gaver’s second reason 

I foresee a gradual increase in the influence of emotions on the decision 

making process. It all boils down to the first proposition, i.e. “In person-

product interaction the communication of emotional information should 

stay within a products identity and its functionality.” In the case of the 

alarm clock the final consequence and functionality is that the alarm needs 

to wake the user at the pre-determined time. 
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In respect to the designed alarm clock people expressed a positive attitude, 

especially those who have problems waking up. Other people were more 

sceptical either because of the fallibility of the proposed system or because 

the idea of products making decisions based on one’s emotion scared 

them. 

I do find it important that users can choose to escape from communicating a 

specific emotion. Just as in real life we can choose to oppress the expressions 

of that emotion. This is near impossible with physiological sensors.

Just as we choose to emotionally involve ourself with a limited amount of 

other people I believe we will do the same with products. With some 

products we do want an emotional relationship... with others we don’t. 

Some people want many emotional relationships, others don’t.
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Summary
People use their cognitive, perceptual-motor and affective skills to interact 

with electronic products. In normal language we could say that interacting 

with products requires not only knowing and doing, but also feeling. Lately, 

researchers on human-computer and human-product interaction realized 

that a one sided cognitive approach will not solve all the complexity of 

human product interaction. New approaches focus on the aspects  of the 

perceptual motor skills or on the affective skills and are called respectively 

tangible interaction and affective interaction. 

Instead of focussing on one type of skill, design has always been about 

integrating. Therefore this design research thesis integrates the cognitive, 

perceptual-motor and affective aspects of product interaction. It advocates 

a tangibility approach to affective interaction to answer the research 

question. “How can we design for human product interaction, so that the 

product gets information about… what we ‘know’ and how we ‘feel’ from 

the way we ‘do’ this interaction, in order to adapt to this information?”

This thesis follows a ‘Research through Design’ approach which generates new 

knowledge through the act of designing. The design process is used as a 

form of research where the results contribute to the design for emotionally 

intelligent products. The context of the design case for this thesis is a 

typical every day experience, yet filled with a diversity of emotions, i.e., 

the experience of waking up. The current accompanying product, the alarm 

clock, is a perfect example of a product that is completely unaware of, and 

inappropriate for the many different emotional experiences of the user. 

The design process is structured along the lines of three design questions: 1. 

What are relevant emotional aspects for a context for experience? 2. How 

can a product recognize and express these aspects? 3. How can the product 

adapt to the person on the basis of this information?

In chapter 2 the first question is answered through a designer driven 

approach, using probes. A probe is a package containing a photographic 

camera, audio recorder, diary, colored pens, stickers and several tasks, 

to be used by subjects during the course of their normal daily activities. 

Through the playful and creative tasks they explored and captured their 

own experience of sleeping and waking up. When the probes were returned 

after two weeks they provided information about the waking up experience, 

inspiration for new designs and empathy with the participants. It revealed 

the following emotional aspects as being relevant for this thesis’ specific 

emotional experience: At what time the user needs to get up; how important 

it is for the user to get up; that the user likes to turn over one more time; 

the amount of sleep; the user’s affective state and that people differ from 

each other, but also differ between days. These are the aspects that an 

emotionally intelligent alarm clock needs to recognize and express.

Chapter 3 addresses the second design question: How can a product recognize 

and express the emotionally relevant aspects? The answer to this question 
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will lead to new propositions for design. Most of the current research 

in affective interaction separate the recognition of emotionally relevant 

information from the expression of understanding and empathy. In other 

words, the emotionally relevant input is separated from the emotionally 

relevant output. In order to isolate and control the investigated phenomena 

this is an understandable approach, but from a design point of view   

integration is more interesting. The drawback of the separation is, that it can 

complicate interaction because of the asymmetry between the user’s input 

and the product’s output. The separation can also lead to an exaggeration 

of the anthropomorphism of the design. To avoid ‘anthropomorphic 

distraction’ the following design proposition is stated: Proposition 1: In 

person-product interaction the communication of emotional information 

should stay within a products identity and its functionality.

Information about the affective state of the user can be derived from a 

combination of the cognitive information, i.e., what the user knows and the 

physical information i.e., what the user does. This leads to design proposition 

2, which relates to the informational input for the product. Proposition 2: 

Design a product that allows for expressive physical behavior from the 

user to communicate cognitive information to the product.

The third design proposition integrates the output of both physical and 

cognitive information: Proposition 3: Design a product that communicates 

understanding through an expression of both physical and cognitive 

information. Both proposition 2 and 3 relate to driving notions behind 

tangible interaction. Proposition 2 taps into the exploitation of the richness 

of a person’s perceptual motor skills. Proposition 3 relates to another 

characteristic of tangible interaction, i.e., the physical state of the interface 

partially embodies the digital state of the system. 

A full realization of tangibility is realized when Proposition 2, which relates 

to the input, and Proposition 3 which relates to the output, are integrated. 

Therefore a fourth design proposition is suggested: Proposition 4: Couple 

the physical expression of cognitive input (from the user) with the physical 

expression of the cognitive output (from the product). This coupling 

between the person’s action of communicating emotional information 

and the product’s feedback is of essence for this thesis’ design approach. 

The four design propositions should lead to a design that supports the 

hypothesis that a product can recognize a person’s affective state from the 

combination of expressive physical behavior and the cognitive information. 

Tot test this hypothesis a design was made that followed the four design 

propositions. 

Chapter 4 documents the design. The round shape of the design features 

twelve sliders circularly divided and pointing towards the center display 

that shows the time the alarm will go off. On the front of the alarm clock is 

another display showing the actual time of day. Moving the sliders towards 

the alarm time display sets the alarm time. Sliding one slider all the way 

to the centre will set the alarm time 60 minutes past the actual time. This 

range between 0 to 60 minutes, with increments of one minute, is the same 

for all of the 12 sliders. Upon moving sufficient sliders to reach the preferred 
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alarm time the user can push the button, which is co-located with the alarm 

time display to confirm the alarm time. The interaction design with the 12 

sliders allows for a myriad ways of setting the alarm time. The design is 

made into a prototype that is tested in the experiments of chapter 5.

Chapter 5 describes a sequence of four experiments that are set up to test the 

following hypothesis: The alarm clock can detect a person’s affective state 

and a level of urgency from the way this person sets the alarm time. 

The first experiment is set up to operationalize ‘a person’s affective state and 

a level of urgency’. To differentiate between affective states the circumplex 

model of emotion was used, which discriminates affective state on the two 

dimensions valence and arousal. These dimensions and their measurement 

tool called ‘SAM’ (Self Assessment Maniken) are used to validate film clips. 

The film clips were scenes from the movie Blues Brothers to induce high 

arousal and positive valence, scenes from Easy Rider to induce low arousal 

and positive valence. Scenes from Koyaanisqatsi are chosen for high 

arousal/negative valence and for low arousal/negative valence a scene 

from the Russian movie Stalker is chosen. Two levels of urgency (high, low) 

are integrated in the film clip as text messages and are validated in the same 

experiment. In the succeeding experiments 2, 3 and 4 the eight validated film 

clips are used in a so-called Mood Induction Procedure to control for the 

user’s affective state and urgency level in the testing of the hypothesis.

In experiment 2 two types of relevant parameters are identified that describe 

the alarm setting behavior of a person. Action parameters describe the 

action of displacing one slider and slider pattern parameters describe the 

pattern that results after each action. Pattern parameters are derived from 

measurements of aesthetics and relate to the symmetry and balance of the 

slider pattern. The parameters are explored on their predictive power. The 

measure of this predictive power is the correlation between the parameter 

and the values of valence, arousal and urgency as they were ascribed by the 

individual participant to each of the eight situations of the Mood Induction 

Procedure.

The first results show a relation between a positive mood (valence) and 

measures of aesthetics (symmetry and balance). A preliminary generalization 

is made which reads that a positive emotional state results in an increase 

of actions that create symmetrical and balanced patterns. Likewise people 

interact through more a-symmetrical and unbalanced actions when they are 

in a negative emotional state. When participants state that they are more 

aroused, a majority makes more sliding actions towards themselves, faster 

actions and create less centrally balanced, but smoother patterns. Urgency 

is foremost expressed through the combination of smooth yet imbalanced 

and vertically a-symmetrical patterns. 

Not all aesthetic parameters are distinct predictors for valence, arousal and 

urgency, as some are more person dependent. Further research is needed 

to find which variables of the person, e.g. personality, cultural background 

or manual dexterity, account for this ambiguity.
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An important consequence of these findings for interaction designers is that 

designing for both symmetrical and balanced, as well as a-symmetrical 

and imbalanced interaction is paramount to allow users to express their 

emotional state to adaptive products.

The results of experiment 2 show the pattern parameters to be stronger 

predictors than the action parameters. This indicates that next to detecting 

actions a remaining trace of these actions is important. Therefore, the result 

of an action, e.g., the feedback, is a big part of expression. The next chapter 

is dedicated to the coupling between expressive actions and feedback.

In experiment 3 the hypothesis is tested. Using the relevant parameters that 

came up in experiment 2, regression equations are set up to calculate 

values for valence, arousal and the level of urgency. These calculated 

values are compared with the actual scores attributed by the participants 

to the situation in the movie clip. The hypothesis is accepted if the amount 

of correct matches is above chance level (50%). The success score for the 

correct identification of valence ranged between 62,5% and 100%, with a 

mean of 86,9% over all participants. For arousal this rate ranged between 

50% and 100% with a mean of 89,4%. The success rate for urgency ranged 

between 50 and 100% with a mean of 83,1% correct predictions. The success 

rate for the prediction of the total situation ranged between 12.5% and 100%. 

65% of all situations is calculated correctly.

To test the regression equations on their consistency over a period of time, 

the participants in experiment 3 were invited to join another experiment 

two weeks later. The results of experiment 4 show that the expression of 

a person’s emotional state is not constant over time. This makes it harder 

for the alarm clock to adapt to a person’s experience. However, the 

accuracy of the alarm clock might improve over time not only because the 

alarm clock gains more knowledge about the user’s setting behavior but 

the other way around as well. The user gains knowledge over time about 

how the alarm clock reacts and adopts to the way it was set. Information 

for this knowledge is found in the feedback the end pattern of the sliders 

gives in combination with the sound of the alarm the next morning. This is 

important feedback that can improve the person-product interaction. This 

topic is discussed in chapter 6.

Chapter 6 documents a framework that can be used to answer the questions: 

How can designers create ‘freedom of interaction’ and how can they ‘couple 

the product’s reaction to the user’s action’ to communicate understanding? 

The framework that is presented is not restricted to the design of 

emotionally intelligent products but can also be used for the design of other 

interactive products to provide intuitive and aesthetic interaction.

The chapter starts with an analysis of a mechanical product, i.e. a pair of 

scissors to identify and illustrate six aspects of action and function i.e. time, 

location, direction, modality, dynamics and expression. For the scissors, 

action and function are unified on each of these aspects and they appear 

naturally coupled. In contrast, in interactive systems action and function 

often are not unified on these aspects. Non-unification often results in 

non-intuitive interaction. To restore intuitive interaction in electronic 
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products the user needs information to guide his actions towards the 

intended function. This information is feedback and feedforward and three 

different types of information are distinguished: functional, augmented and 

inherent. 

Functional feedback is therefore defined as the information generated by the 

system when performing its function, e.g. sound, light or motion. As one 

product can have multiple functionalities and features, functional feedback 

relates to the needs, intentions and desires of the user. It is the effect in the 

world the user wants to achieve.

Augmented feedback refers to information not coming from the action itself 

(which is inherent feedback), but from an additional source. In product 

design this kind of feedback is usually added to inform the user about 

the internal state of the system through the use of Light Emitting Diodes, 

Liquid Crystal Displays and added sounds. Inherent feedback is information 

provided as a natural consequence of making an action. It is feedback 

arising from the movement itself. 

Before the user’s action takes place the product already offers information, 

which is called feedforward. The same division of inherent, augmented and 

functional can be applied to feedforward as well.

Inherent feedforward, like inherent feedback is related to the action 

possibilities of the product and the perceptual motor skills of the person. 

It is the information that communicates what kind of action is possible 

and how this action can be carried out. Inherent feedforward can be 

viewed as an interpretation of the concept of affordance, i.e. where the 

action possibility of the control is considered, regardless of the function 

of the product. Augmented Feedforward is information the user receives 

from an additional source to inform him about the action possibilities, 

or the purpose of the action possibilities. Examples range from on-screen 

messages indicating what to do, to lexical or graphical labels communicating 

the purpose of the action possibility.

Functional feedforward goes beyond the action possibilities and their specific 

purpose and instead informs the user about the more general purpose of a 

product and its functional features.

Inherent, augmented and functional information are the elements that 

can link action and function together by making couplings on the six 

aspects; time, location, direction, modality, dynamics and expression. 

The proposed Interaction Frogger framework illustrates these different 

coupling possibilities. Based on the framework a suggestion is made for 

a more tangible approach towards designing product interaction. This 

approach aims to enrich both the action possibilities and the related 

inherent feedback and feedforward to allow for richer couplings between 

action and function.

Stephan Wensveen, 2005
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Samenvatting
Mensen gebruiken hun cognitieve, perceptueel-motorische en affectieve 

vaardigheden in de interactie met elektronische producten. Deze 

vaardigheden noemen we het weten, het handelen en het voelen. Recentelijk 

realiseerden onderzoekers van mens-computer- en mens-productinteractie 

dat een éénzijdige cognitieve benadering al de complexiteit van mens- 

productinteractie niet zal oplossen. Nieuwe onderzoeksrichtingen 

concentreren zich nu ook op de perceptueel-motorische of affectieve 

vaardigheden van een persoon en worden respectievelijk ‘tastbare 

interactie’ en ‘affectieve interactie’ genoemd. 

In plaats van onderzoek met een nadruk op één van de vaardigheden, 

integreert deze ontwerponderzoeksthesis de cognitieve, perceptueel-

motorische en affectieve aspecten van productinteractie. De thesis pleit 

voor een ‘tastbare interactie’ benadering voor ‘affectieve interactie’ om de 

volgende onderzoekvraag te beantwoorden: “Hoe kunnen wij voor mens-

productinteractie ontwerpen, zodat het product informatie krijgt over... 

wat wij weten, doen en voelen, om zich vervolgens aan deze informatie 

aan te kunnen passen?” Deze thesis volgt een benadering van ‘Onderzoek 

door Ontwerpen‘ die nieuwe kennis voor het ontwerpen verwerft. Het 

ontwerpproces wordt gebruikt als vorm van onderzoek waarvan de 

resultaten bijdragen tot het ontwerpen voor emotioneel intelligente 

producten. De ontwerpcontext voor deze thesis is een typisch dagelijkse 

beleving, die met een diversiteit van emoties wordt gevuld, namelijk, de 

beleving van het ontwaken. Het huidige product, de wekker, is een perfect 

voorbeeld van een product dat volledig onbewust is van, en ongepast is 

voor de vele verschillende emotionele ervaringen van de gebruiker. 

Het ontwerpproces is gestructureerd naar aanleiding van drie ontwerpvragen

1. Wat zijn relevante emotionele aspecten voor een belevingscontext? 

2. Hoe kan een product deze aspecten herkennen en uitdrukken? 

3. Hoe kan het product zich op basis van deze informatie aanpassen aan de 

persoon? 

In hoofdstuk 2 wordt de eerste vraag beantwoord door een ontwerp-

gerelateerde benadering, genoemd Probes. Een Probe is een pakketje 

met een fotocamera, geluidsrecorder, agenda, gekleurde pennen, stickers 

en verscheidene taken. De probe wordt in de dagelijkse omgeving van 

de gebruiker geplaatst. Door middel van speelse en creatieve taken 

onderzochten zij hun eigen beleving van slapen en ontwaken en legden 

deze vast. Toen de probes na twee weken teruggekeerden bevatten ze 

informatie over de beleving van het ontwaken, inspiratie voor nieuwe 

ontwerpen en empathie met de deelnemers. Het probe-onderzoek toonde 

de volgende relevante emotionele aspecten voor deze thesis-specifieke 

beleving: hoe laat de gebruiker gewekt moet worden; hoe belangrijk het 

voor de gebruiker is om uit bed te gaan; dat de gebruiker zich graag nog 

een keer omdraait; de hoeveelheid slaap; de emotionele stemming van 
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de gebruiker en dat mensen verschillen van elkaar, maar ook verschillen 

tussen dagen. Dit zijn de aspecten die een emotioneel intelligente wekker 

moet kunnen herkennen en uitdrukken. 

Hoofdstuk 3 richt zich op de tweede ontwerpvraag: Hoe kan een product de 

emotioneel relevante aspecten herkennen en uitdrukken? Het antwoorden 

van deze vraag leidt tot nieuwe ontwerpproposities. In veel van het huidige 

onderzoek naar affectieve interactie wordt de herkenning van emotioneel 

relevante informatie gescheiden van de uitdrukking van begrip en empathy. 

Met andere woorden, de emotioneel relevante invoer wordt gescheiden 

van de emotioneel relevante uitvoer. Deze scheiding is te begrijpen vanuit 

een onderzoekstandpunt, zodat de onderzochte fenomenen geisoleerd en 

gecontroleerd kunnen worden. Echter, vanuit een ontwerpstandpunt is de 

integratie van invoer en uitvoer interessanter. Het nadeel van de scheiding 

is namelijk, dat het de mens-productinteractie compliceert wegens de 

asymmetrie tussen de invoer van de gebruiker en de uitvoer van het product. 

De scheiding kan ook tot een overdrijving van antropomorfisme in het 

ontwerp leiden. Om dit te vermijden wordt de volgende ontwerppropositie 

gedaan: Propositie 1: In persoon-product interactie zou het communiceren 

van emotionele informatie binnen de identiteit en functionaliteit van het 

product moeten blijven. 

De informatie over de affectieve staat van de gebruiker kan uit een combinatie 

verkregen worden van de cognitieve informatie, d.w.z., wat de gebruiker 

weet en van de fysieke informatie d.w.z. wat de gebruiker doet. Dit leidt tot 

ontwerppropositie 2, die betrekking heeft op de informatie-invoer voor het 

product. Propositie 2: Ontwerp een product dat de gebruiker toestaat om 

via expressief lichamelijk handelen van de gebruiker cognitieve informatie 

aan het product te geven.

 De derde ontwerppropositie integreert de uitvoer van fysieke en cognitieve 

informatie: Propositie 3: Ontwerp een product dat door een expressie van 

zowel fysieke als cognitieve informatie begrip toont voor de gebruiker. 

Zowel propositie 2 als 3 relateren aan sturende ideeën achter ‘tastbare 

interactie’. Propositie 2 heeft betrekking op de exploitatie van de rijkheid 

aan perceptueel-motorische vaardigheden van een persoon. Propositie 3 

heeft betrekking op een ander kenmerk van ‘tastbare interactie’, namelijk 

dat de fysieke staat van de interface een gedeeltelijke representatie is van 

de digitale staat van het systeem. 

Een volledige totstandbrenging van ‘tastbare interactie’ wordt gerealiseerd 

wanneer Propositie 2, die op de invoer betrekking heeft, en Propositie 3, 

die op de uitvoer betrekking heeft, worden geïntegreerd. Daarom wordt 

een vierde propositie voorgesteld: Propositie 4: Koppel de fysieke expressie 

van cognitieve invoer (van de gebruiker) aan de fysieke expressie van de 

cognitieve uitvoer (van het product). Deze koppeling tussen de emotioneel 

relevante actie van de persoon en de terugkoppeling van het product is van 

essentie voor de ontwerpbenadering van deze thesis. 

De vier ontwerpproposities moeten tot een ontwerp leiden dat de hypothese, 

dat een product de affectieve staat van een persoon uit de combinatie van 
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expressief lichamelijk handelen en de cognitieve informatie kan herkennen, 

steunt. Om deze hypothese te testen wordt een concept ontworpen dat de 

vier ontwerpproposities volgt.

 

Hoofdstuk 4 documenteert het ontworpen concept. De ronde vorm van het 

ontwerp heeft twaalf schuiven die circulair verdeeld zijn en naar het 

centrale display wijzen. Dit display toont de tijd dat het alarm af zal gaan. 

Op de voorzijde van de wekker is een tweede display wat de tijd van de 

dag aangeeft. Door het bewegen van een schuif naar het alarmdisplay 

wordt de wektijd ingesteld. Als één schuif helemaal naar het midden wordt 

geschoven is de wektijd 60 minuten later dan de tijd op het moment van 

instellen. Dit bereik tussen 0 tot 60 minuten, met toename van één minuut, 

is het zelfde voor elk van de twaalf schuiven. Als er voldoende schuiven 

bewogen zijn en de gewenste alarmtijd is bereikt, kan de gebruiker de 

knoop induwen. Deze knop valt samen met het alarmdisplay. De interactie 

met de 12 schuiven staat vele manieren toe om de alarmtijd in te stellen. Het 

ontwerp is gerealiseerd in een werkend prototype dat in de experimenten 

van hoofdstuk 5 wordt getest. 

Hoofdstuk 5 beschrijft vier experimenten die zijn opgezet om de volgende 

hypothese te testen: De wekker kan de affectieve staat van een persoon 

en een niveau van urgentie herkennen uit de manier hoe deze persoon de 

alarmtijd zet. 

Het eerste experiment wordt opgezet om de affectieve staat van de persoon 

en een niveau van urgentie te operationalizeren. Om tussen affectieve 

staten te onderscheiden wordt het circumplexmodel van emotie gebruikt, 

dat affectieve staat onderscheidt op de dimensies valentie, positief/

negatief en opwinding, hoog/laag. Deze dimensies en een bijbehorend 

meetinstrument genaamd ‘SAM‘ (Zelfbeoordelings Maniken) worden gebruikt 

om filmfragmenten te valideren. De filmfragmenten zijn scènes van de film 

‘Blues Brothers’ voor hoge opwinding en positieve valentie en scènes van 

Easy ‘Rider’ om lage opwinding en positieve valentie te veroorzaken. Scènes 

uit de film ‘Koyaanisqatsi’ zijn gekozen voor hoge opwinding/negatieve 

valentie en voor lage opwinding/negatieve valentie is voor een scène van 

de Russische film ‘Stalker’ gekozen. Twee niveaus van urgentie (hoog, laag) 

zijn als tekstberichten geïntegreerd in de filmfragmenten en worden in het 

zelfde experiment gevalideerd. In de experimenten 2..3 en 4 zullen de acht 

gevalideerde filmfragmenten gebruikt worden om de proefpersonen in de 

verschillende affectieve staten te brengen. 

In experiment 2 worden twee soorten relevante parameters geïdentificeerd 

die de manier van instellen, oftewel het instelgedrag van een persoon 

beschrijven. De actieparameters beschrijven de actie van het verplaatsen 

van één schuif en de patroonparameters beschrijven het schuifjespatroon 

dat uit elke actie volgt. De patroonparameters zijn afgeleid uit esthetische 

maten en hebben betrekking op de symmetrie en de balans van het 

schuifpatroon. De parameters worden onderzocht op hun voorspellende 

kracht. De maat voor deze voorspellende kracht is de correlatie tussen 

de parameter en de waarden van valentie, opwinding en urgentie zoals 
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deze door de individuele deelnemer aan elk van de acht situaties is 

toegeschreven. De eerste resultaten van het experiment tonen een relatie 

tussen een positieve stemming (valentie) en esthetische maten (symmetrie 

en balans). Een eerste generalisatie wordt gemaakt die zegt dat een 

positieve stemming resulteert in een toename van acties die leiden tot 

symmetrische en evenwichtige patronen. Wanneer de proefpersonen 

aangeven dat zij meer opgewonden zijn, dan maakt een meerderheid van 

hen meer schuivende acties naar zich toe, ze maken snellere acties die 

leiden tot meer vloeiende patronen die minder in balans zijn. Urgentie 

resulteert vaker in een combinatie van vloeiende, maar ongebalanceerde 

en verticaal asymmetrische patronen.

Niet alle esthetische parameters zijn duidelijke voorspellers van valentie, 

opwinding en urgentie, aangezien ze meer persoonafhankelijk zijn. Verder 

onderzoek is nodig om te achterhalen welke variabelen van de persoon, 

b.v. persoonlijkheid, culturele achtergrond of links- of rechtshandigheid, 

de ambiguïteit veroorzaken. 

Een belangrijk gevolg van de bevindingen voor interactieontwerpers is, 

dat er ontworpen moet worden voor symmetrisch en evenwichtige, maar 

ook voor asymmetrische en onevenwichtige acties, zodat gebruikers 

hun emotionele staat aan adaptieve producten kunnen uitdrukken. De 

resultaten van experiment 2 tonen tevens aan dat de patroonparameters 

sterkere voorspellers zijn dan de actieparameters. Dit wijst erop dat naast 

het herkennen van acties, ook het herkennen van een achterblijvend spoor 

van deze acties belangrijk is. Het resultaat van een actie, dat wil zeggen, de 

terugkoppeling, vormt daarom een belangrijk deel van de expressie. Het 

volgende hoofdstuk wijdt zich aan de koppeling tussen expressieve acties 

en terugkoppeling.

In experiment 3 wordt de oorspronkelijke hypothese getest. 

Gebruikmakend van de relevante parameters uit experiment 2, worden 

regressievergelijkingen opgezet om de waarden voor valentie, opwinding 

en het niveau van urgentie te berekenen. Deze berekende waarden worden 

met de daadwerkelijke scores vergeleken die door de deelnemers aan 

de situatie in de filmfragmenten werden toegeschreven. De hypothese 

wordt goedgekeurd als de hoeveelheid correcte voorspellingen boven het 

kansniveau (50%) uitkomt. De successcore voor de correcte identificatie van 

valentie loopt van 62.5% tot 100%, met een gemiddelde van 86.9% over alle 

deelnemers. Voor opwinding loopt dit van 50% tot 100% met een gemiddelde 

van 89.4%. Het succespercentage voor urgentie loopt ook van 50 tot 100% met 

een gemiddelde van 83.1% correcte voorspellingen. Het succespercentage 

voor de voorspelling van de totale situatie loopt van 12,5% en 100%. Van alle 

situaties (kansnivo = 12,5%) wordt 65% correct berekend. 

Om de regressievergelijkingen op hun consistentie over tijd te testen, werden 

de proefpersonen van experiment 3 verzocht om twee weken later opnieuw 

aan een experiment mee te doen. De resultaten van dit experiment 4 tonen 

aan dat de expressie van de emotionele staat van een persoon niet constant 

over tijd is. Dit maakt het moeilijker voor de wekker om zich aan de 

beleving van een persoon aan te passen. Nochtans, zou de nauwkeurigheid 

van de wekker zich kunnen verbeteren. Niet alleen omdat de wekker meer 
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kennis verkrijgt over het instelgedrag van de gebruiker, maar andersom 

ook. De gebruiker krijgt inzicht in hoe de wekker reageert en zich aanpast 

aan de verschillende manieren van instellen. De informatie voor deze 

kennis zit in de terugkoppeling die het eindpatroon van schuiven geeft in 

combinatie met het wekgeluid van de volgende ochtend. Dit is belangrijke 

terugkoppeling die de persoon-product interactie kan verbeteren. Dit 

onderwerp van terugkoppeling wordt besproken in hoofdstuk 6.

Hoofdstuk 6 documenteert een raamwerk dat kan worden gebruikt om 

de volgende twee vragen te beantwoorden: “Hoe kunnen ontwerpers 

vrijheid van interactie creëren?” en “Hoe kunnen ontwerpers de reactie 

van het product koppelen aan de actie van de gebruiker om zo begrip te 

communiceren?” Het raamwerk dat wordt voorgesteld beperkt zich niet 

alleen tot ontwerpen voor emotioneel intelligente producten maar kan ook 

voor het ontwerpen van andere interactieve producten worden gebruikt om 

intuïtieve en esthetische interactie te bewerkstelligen. 

Het hoofdstuk begint met een analyse van een mechanisch product, namelijk 

een schaar, om zes aspecten van actie en functie te identificeren en te 

illustreren. Deze aspecten zijn tijd, plaats, richting, modaliteit, dynamiek 

en expressie. Voor de schaar, zijn de actie van de gebruiker en de functie 

van het product verenigd op elk van deze zes aspecten en lijken daarom op 

een natuurlijke manier gekoppeld. Dit is in tegenstelling met interactieve 

systemen waar de actie en de functie vaak niet verenigd zijn op deze 

aspecten. Deze gebroken koppelingen resulteren vaak in niet-intuïtieve 

interactie. 

Om intuïtieve interactie in elektronische producten te herstellen heeft de 

gebruiker informatie nodig om zijn acties naar de voorgenomen functie 

te leiden. Deze informatie is terugkoppeling (feedback) en voorwaartse 

koppeling (feedforward) en drie verschillende soorten informatie worden 

onderscheiden: functioneel, toegevoegd en inherent. 

Functionele terugkoppeling wordt gedefinieerd als informatie die door het 

systeem wordt geproduceerd om zijn functie uit te oefenen, b.v. geluid, licht 

of beweging. Aangezien een product een veelvoud van functionaliteiten en 

eigenschappen kan hebben, heeft de functionele terugkoppeling betrekking 

op de behoeften, de bedoelingen en de wensen van de gebruiker. Het is het 

effect in de wereld dat de gebruiker wil bereiken. 

De toegevoegde terugkoppeling verwijst naar informatie die niet uit de actie 

zelf komt, maar vanuit een extra toegevoegde bron. In productontwerpen 

wordt deze soort van terugkoppeling gewoonlijk toegevoegd om de 

gebruiker over de interne staat van het systeem te informeren door middel 

van licht emitterende dioden (LED), beeldschermpjes en toegevoegde 

geluiden. 

Inherente terugkoppeling is informatie die het natuurlijke gevolg is van het 

doen van een actie. Het is terugkoppeling die het directe gevolg is van de 

handeling. 

Alvorens de actie van de gebruiker plaatsvindt biedt het product reeds 

informatie aan, die feedforward oftewel voorwaartse koppeling wordt 

genoemd. Dezelfde indeling van inherent, toegevoegd en functioneel is 
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ook van toepassing op feedforward. Inherente feedforward, is net als 

inherente terugkoppeling gerelateerd aan de actiemogelijkheden van 

het product en de perceptueel-motorische vaardigheden van de persoon. 

Het is de informatie die duidelijk maakt welk soort actie mogelijk is en 

hoe deze actie kan worden uitgevoerd. Inherente feedforward kan als 

interpretatie van het concept affordance worden bekeken, d.w.z. waar 

het de actiemogelijkheid van het bedieningselement betreft, ongeacht 

de functie van het product. Toegevoegde feedforward is informatie die 

de gebruiker van een extra toegevoegde bron ontvangt om hem over de 

actiemogelijkheden te informeren, of het doel van de actiemogelijkheden. 

Voorbeelden zijn aanwijzingen op een beeldscherm of lexicale of grafische 

etiketten die het doel van de actiemogelijkheid vermelden. Functionele 

feedforward gaat verder dan de actiemogelijkheden en hun specifieke doel 

en informeert de gebruiker over het meer algemene doel van een product 

en zijn functionele eigenschappen. 

De inherente, toegevoegde en functionele informatie zijn de elementen die 

actie en functie kunnen verbinden door koppelingen op de zes aspecten 

te maken; tijd, plaats, richting, modaliteit, dynamica en expressie. Het 

voorgestelde raamwerk ‘Interactie Frogger’ illustreert deze verschillende 

koppelingsmogelijkheden. Op basis van dit raamwerk wordt een suggestie 

gedaan voor een meer ‘tastbare interactie’ benadering voor het ontwerpen 

van productinteractie. Deze benadering poogt zowel de actiemogelijkheden, 

als de gerelateerde inherente terugkoppeling en feedforward te verrijken 

om zo rijkere koppelingen tussen actie en functie toe te staan.

Stephan Wensveen, 2005 
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