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ABSTRACT 

The research’ goal is to enrich social situations in the smart 

home through IoT artefacts. The Communicative Door was 

evaluated as social IoT artefact. In an exploratory study was 

found that the communication should be visible from a 

distance. The Communicative Door was given three 

interactive aspects: a moving screen and a horizontally 

moving and rotating door handle. The adjustments to the 

door were based on the principles of implicit interaction [10] 

and affordances [15]. In the future, this door will be able to 

recognize moods [4, 5, 6, 7] and adjust its appearance 

accordingly. In the final study, behaviours of the door were 

evaluated, ranging from ‘open’ to ‘closed’. The 

Communicative Door made people doubt whether they 

should enter a room. Furthermore, the ‘open’ behaviour was 

perceived as more welcoming than the ‘closed’ behaviour. 

However, the door can still be improved. To enhance the 

research, the Communicative Door should also be tested in a 

realistic home or work environment. 
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Social artefact, design, doors, Internet of Things, 
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INTRODUCTION 

We are entering a new era of computing. The Internet of 

Things (IoT) is no longer something of the distant future [1], 

soon many of our everyday objects will be computing 

systems communicating with each other. Our belongings will 

be sending and receiving data about us every minute to make 

our lives easier. This means that smart homes will be a large 

part of our future and many designers will be involved in 

creating products that might fit in these environments. IoT 

will connect people to anyone and anything, it will exchange 

information, make certain choices for us and invoke action 

[2]. Sensors and actuators will blend in seamlessly with our 

environment [1]. Much research has already been done in the 

field [3]. However, as designers we keep asking ourselves 

how to design for such environments? And which artefacts 

and situations lend themselves to this new technology? 

The goal of this research is to design for the smart home as 

an integrated unity of the smart products that are present and 

used within a house. The research is conducted for a ‘multi 

user’ context, which means that more than one user is 

involved, and ‘multi scenario’ context, which means that 

multiple actions and activities are performed at the same 

time. Throughout the research there was a focus on the 

possible social aspects of the house, the intent was to design 

a social system or artefact.  
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After some initial explorations with scenarios in the IOT 

Sandbox, provided by the CRIGS squad (Connecting Rich 

Interaction in Growing Systems) of the Industrial Design 

Department of the Eindhoven University of Technology, it 

became evident that conveying, interpreting and recording 

emotion is very important when it comes to influencing 

social situations. In this research a social situation is defined 

as a set of circumstances in which two or more people are 

engaged while both parties are aware of each other. Social 

situations do not include two parties who merely have each 

other in line of sight. 

With this knowledge a definition was created: A social 

system or artefact should bring people together as well as 

reduce potential conflicts when people are together. It should 

also support empathy by giving the inhabitants insight into 

the other people’s mood or state. 

Since there is a lot of expression found in doors that is only 

mechanical or bound to social convention, it came up as a 

highly potential social artefact. In many households and 

student houses an open door means that a person is available 

for conversation and a closed door means that one wants time 

for his/herself. Moreover, angry or upset people often flee to 

their rooms whilst slamming the door. If doors were designed 

to interact more with their environment, it might be 

interesting to research how this could be used to influence 

social situations. Therefore the research question is: How can 

doors be used as a social artefact? 

In this paper, two studies are presented and discussed. Both 

of them have attempted to explore the research question. The 

first is an exploratory research that was used to get a more in 

depth look of what the interaction possibilities of a door are. 

To get an overall impression of what a door meant to people 

and what happens when the door was altered with a form of 

friction. The second experiment was used to explore some 

interactions that might make the door a social artefact. 

 

RELATED WORK AND THEORY 

During this research it was assumed that in the future any 

smart object in the smart home will be able to read and, to 

some extent, interpret the inhabitants’ emotions and moods. 

There is reason to think this will be possible, because much 

research has already been done in the area. Bartlett and 

Littlewort, for example, have tried to create a face detection 

and expression recognition system that can recognize seven 

basic emotions [4]. In Emotion recognition in human-

computer interaction a neural network was constructed that 

uses facial features and speech in order to recognize emotion 

[5]. And a paper by Thrasher suggests that upper body 

posture can also be used to recognize moods [6]. Human-

robot interaction research aims to give robots and systems 

characteristics like the ability to express and perceive 

emotions [7]. 

Much research has already been done regarding methods to 

convey emotion through technology and encouraging 

(social) interaction. Some of these theories are implemented 

in the design to see if they have their desired effect as well 

when implemented in the door. For example, an approach 

that is used sometimes, to give a robot or system a certain 

personality, since interactive systems already give the 

impression that they have one, because people tend to 

prescribe personality traits to systems [8]. The research 

called Designing the Behaviour of Interactive Objects by 

Spadafora et al., has attempted to give personality traits to 

the artefact they were working with. They use five basic 

personality traits to design a personality [9]. 

The theory of implicit interaction offers potential to be useful 

in a social artefact. An interaction that happens outside the 

focused attention, meaning that it happens without the person 

even realising it, is one way in which an interaction can be 

implicit. This type of communication does not require 

explicit input or output and it is present in real life a lot [10]. 

For example, we gently pull back items that are not meant 

for sharing and we slam our doors when we get upset. The 

non-verbal communication that is used for implicit 

interaction is often used when conveying emotions and 

feelings [11]. This is why the theory of implicit interaction is 

expected to be intuitive when applied to interactive devices 

that are meant to convey emotion and the reason that implicit 

interaction was kept in mind while designing the potential 

social artefact. 

Physical motion is also a useful tool to encourage interaction 

[12], however this is not related to social interaction per se. 

Tools that help to encourage social interaction are making 

the interaction visible, making people aware of the social 

situation and creating accountability when people do not 

show social behaviour. This is called social translucence 

[13]. This method has been applied in the research Designing 

for Multi-User Interaction in the Home Environment: 

Implementing Social Translucence successfully. They have 

found that while designing a multi-user system one should 

keep in mind that this system should not judge or describe 

behaviour, should offer interaction alternatives and should be 

able to recover previous functions [14]. Their research and 

our research are comparable, because the home environment 

and multi-user scenarios are considered. The difference is 

that they have searched for a method that could be used to 

implement social translucence and we are looking at the 

consequences of implementing it. 

The use of implicit interaction and physical interaction are 

closely linked to Gibson's theory of affordances. 

Affordances are properties of an object that relate its 

potential for use by the perceiver, making them intuitive to 

use [15]. Strong and specific affordances can be one of the 

benefits of tangible interaction [16]. Another important 

feature of tangible interaction is the support of social 

interaction and collaboration [17], which is a good reason to 

add physical aspects to the design. A research called 
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Physikit: Data Engagement Through Physical Ambient 

Visualizations in the Home [18] has used tangible interaction 

to visualise data. In this paper it is used to visualise mood. 

Our paper draws much inspiration from the paper 

Approachability: How People Interpret Automatic Door 

Movement as Gesture by Ju and Takayama. The focus of that 

research lies on how interactive objects’, a door in this case, 

actions influence people’s cognitive, affective and 

behavioural response. Much of their research is also 

grounded in the theory of implicit interaction [19]. Unlike 

their research that focuses on validating a theory about how 

to pattern the design of interactive products around human 

implicit interaction, does this study focus on whether a door 

can be used as a tool to communicate information about a 

person sitting inside that room by providing an interaction 

between the user and the door. 

STUDIES 

To answer the research question, two studies were designed 

and conducted. The first study was a rather small and 

exploratory one, in which was searched for possible answers 

to the research question and was experimented with the test 

setup. The second and final study was designed to find 

definite answers to the research question and validate these 

answers. 

Exploratory Research 

In this study, multiple possible interactions with the door and 

different behaviours of doors were explored. The purpose of 

the test was to confirm the hypotheses we had regarding the 

interaction with doors and to explore interaction possibilities. 

The hypotheses were that the position of the door and friction 

of the door would influence social situations. 

This test was conducted with twelve participants aged 

between 18 and 23 years old, all studying Industrial Design 

at the University of Technology in Eindhoven. It took place 

in front of a small meeting room in the Laplace building of 

the TU/e. Two researchers were situated outside the room 

together with the participant. One of the researchers 

explained the test to the participant, asked them to sign the 

consent form (Appendix B), gave the participants tasks, 

asked follow up questions and made notes. Another 

researcher filmed and aided the first researcher where 

necessary. The third researcher was situated inside the 

meeting room and acted out the door’s behaviour, through 

the ‘Wizard of Oz’ principle [20]. 

The research consisted of three parts. During the first part the 

door was set to a certain position that varied for each 

participant. The tested degrees were: closed (0% open), 

slightly opened (5% open), 25% open, 50% open, 75% open, 

entirely open (Figure 1). The participant was asked to go 

inside the room to get something from the researcher, which 

resulted in the participant interacting with the door. 

 

 

 

 

 

 

 

 

Figure 1: Visualisation of the tested positions of a door. 

Once this action was performed, the participant was asked to 

leave the room again and act out the same scenario for the 

second part of the research. Except this time the door was 

closed and had a certain type of friction while opening it, 

applied by letting the third researcher lean against the door. 

The tested degrees were: no extra friction, friction, great 

friction, locked door, first friction - then no friction, first no 

friction - then friction. The participants were asked to leave 

the room one more time to act out the scenario for the third 

part, but this time the interaction with the door would have a 

certain dynamic to it. The dynamics that were tested were: 

door opens automatically, door opens in steps and door must 

be rattled before it opens. 

After each situation, the participant was asked a couple of 

questions: ‘What did you experience?’, ‘Did you feel as if 

this suggested anything?’ and ‘How do you think you would 

have reacted when this happened in a home situation?’. They 

were also asked whether they had suggestions for the 

researchers concerning the behaviours. All behaviours were 

tested at least twice and all combinations were random. 

Results and Conclusions 

This exploratory research brought forward several valuable 

insights: 

1. Many participants noted that communication while 

they were already opening the door was too late. Once 

they touched the door they were almost inside already, 

it was too late to go back or change their mind. 

2. The position of the door had the effect we expected: 

people associate an open door with someone that can be 

interrupted and wants to have a conversation whereas a 

closed door was associated with that the room should 

not be entered.  

3. The participants perceived a door with friction as being 

broken or that there was a spring attached to the door, 

since the friction was not visible. They did not expect 

the door to communicate. 

4. People disliked it when a door opened for them. It 

startled them because they did not expect this to 

happen. Some of the participants were pulled forward 

because they were already holding the doorknob. They 

disliked the interaction because it felt aggressive and 

the participant was not in control anymore. 
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Further results and data can be found in the table in appendix 

C. 

Discussion 

The exploratory research gave a lot of insights, especially on 

the test setup. These insights are discussed here: 

1. The behaviours were not exactly the same all the time, 

due to the factor of error of the researcher that operated 

the door. For example, there was almost no difference 

between the behaviours ‘the door opens quickly’ and 

‘the door opens slowly’. 

2. Some participants couldn’t grasp that the researcher 

inside was acting out as the door and that they were 

supposed to imagine that he wasn’t there. 

3. The interview questions that were asked were not 

defined enough to get comparable answers, the 

questions should be well prepared and asked strictly the 

same in the next test. 

Design 

For the execution of the second research, a communicative 

door was designed (Figure 2). The door has three movable 

parts, which actuate the designed behaviour of the door. This 

behaviour was made visible from a distance, because it was 

one of the core findings of the exploratory study. These 

aspects are designed to influence people’s social behaviour 

and communicate a degree of openness. A high degree of 

openness would me a person is open to conversation and a 

low degree of openness would mean a person would rather 

be left alone. 

The first of these three aspects is a plastic screen, made of 

akyprop, that can move upwards or downwards by a 

continuous servo motor (Figure 3). This screen makes sure 

the glass cannot be looked through if it is up, or the other way 

around if the screen is down. The thought behind this is that 

the participant will not be able to look through the glass when 

the screen is up, which would not be inviting and therefore 

communicates closedness. This is a very implicit 

communication method, because making eye contact is 

something that happens without much cognitive effort. It is 

also a social translucent method of communication, because 

it a visual means of communication that makes people aware 

of the social situation. it also creates accountability, because 

if a person decides to enter the room when the screen is up, 

the person inside the room will know that the other person 

ignored the communication and hold that person 

accountable.  

The second and third aspects are related to the door handle, 

namely to its angle and place (Figure 3). The angle of the 

door handle can rotate all the way around, therefore creating 

natural and unnatural positions. In the open behaviour, the 

door handle will be positioned with the grip pointing to the 

right, which is the normal angle, therefore welcoming the 

participant. The opposite effect could be achieved by 

positioning the door handle facing up, since it is an unnatural 

angle.  

Lastly, the door handle can be positioned in a different place, 

horizontally. The placement influences the friction of the 

door when it is pushed, resulting in a welcoming or repulsive 

experience. The hinges are on the right side, therefore when 

the door handle is placed to the left, the door would open 

normally. However, if the door handle is placed to the right, 

the participant has to push way harder to open the door. With 

this door handle placement we tried to visualise the friction 

of the door from a distance, which was a core point of 

improvement took from the exploratory study.  

The placement of the door handle is a  physical and tangible 

way of communicating and is very much grounded in the 

affordance theory. If the door is in the closed position, with 

the handle close to the hinges and turned upright the door 

doesn’t afford opening anymore. It becomes physically 

harder to open the door, even though it is still possible. It was 

designed like this, because it became evident from the 

exploratory test that people like to be able to take the 

initiative to open the door themselves. 

For further information on the design, see appendix D. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: The Communicative Door as it was set up in the final 

user study. The laptop on the left was used as hidden camera, 

to actuate the movements of the door. 

  



5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: A visualisation of the Communicative Door, in which 

the movements are indicated. 

 

Method Final Research 

In order to find the answer to the research question, one more 

study was designed and conducted, with the communicative 

door. A mixed approach was used. Qualitative data was 

gathered through observation of the participant during the 

test and by means of a short interview. Quantitative data was 

gathered with a questionnaire afterwards. The test was 

performed 24 times with a different participant each time. 

The participants were all students from the Eindhoven 

University of Technology. There were no criteria for the 

participants, which means that no selection was made for 

participants on gender or cultural background, for example. 

These factors were not in our field of interest and therefore 

the data was not gathered either. 

Setup of the experiment 

The experiment setup was deliberately designed in advance 

to the final study (Figure 4). The participant should walk for 

at least five meters before reaching the communicative door, 

while (s)he could not look inside yet. First, researcher 2 

would explain the experiment to the participant in the 

hallway. During the experiment, researcher 1 was controlling 

the behaviour of the door through an interface that was made 

for controlling the communicative door. Researcher 1 knew 

the participant was approaching by looking at the view from 

the hidden camera, which was directly streamed to the 

control interface via Skype. 

 

 

 

 

 

 

 

 

 

 

Figure 4: Illustrative drawing of the test setup 

Session Protocol 

The test was setup to consist of four parts, namely an 

introduction, a scenario that was acted out by the participant, 

an interview and a questionnaire. In the introduction phase, 

the participant was explained of which parts the test 

consisted, without giving too much information about the 

test to avoid biasing the participant. The participant was also 

asked for consent to participate in the test and to be filmed 

during the acting out of the scenario and interview for it to 

be transcribed and analysed. This was done through an 

informed consent form, which can be found in appendix E.  

After that, the hypothetical context was explained by the 

researchers. Through this context, the participant was asked 

to act out a scenario, which involved walking towards the 

design, an interactive door and ended with the participant 

choosing to either entering the room or not. The participant 

was explicitly asked to make this choice. Two contexts were 

used to vary the urgency to enter the room, to test if this has 

effect on the behaviour of the participant in relation to the 

interactions of the door.  

Context 1: “Imagine that your sibling is inside this room and 

you want to chat a bit/game together. You are not sure if he 

has time for you, you can judge that for yourself. Could you 

act this out for us?” 

Context 2: “Imagine you need to send a package today, but 

you forgot you need your father’s autograph for it now, 

otherwise your package will be late. You are not sure if he 

has time for you, you can judge that for yourself. Could you 

act this out for us?” 
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Table 1 - The prefixes and movements the door makes corresponding to the different behaviours.

Whilst the participant was acting out the scenario by walking 

towards the door, one of the researchers was actuating the 

behaviour of the interactive door, by means of an interface 

connected to the movements of the door. The researcher 

graded the acted out behaviour of the door after each test 

(Appendix F), since it was dependent on how well the 

researcher controlled the door and how well the actuators 

worked to move parts of the door.  

The door could behave according to four different 

behaviours, each participant was presented with one of them. 

Three of the behaviours were designed to communicate the 

openness of the imaginative person inside, namely ‘open’, 

‘middle’ and ‘closed’. The fourth was a ‘balanced’ door, to 

see what influence the door itself, without behaviour, had on 

social situations. In Table 1, the movements the door makes 

corresponding to the different behaviours are displayed. The 

door had a certain prefix for each behaviour and would 

change states to match the behaviour, when the user was 

walking towards the door. The arrows in the table represent 

such state changes. A visualisation of the state changes can 

be found in Appendix D.1. 

The scenario would end when the participant decided to enter 

or not enter the room. Directly afterwards, one of the 

researchers interviewed the participants. Three open 

questions were asked to gather insights in the thought 

process of the participant, about the communicative door. 

Interview questions: 

1. Why did you (not) enter the room? 

2. What were your thoughts about the automatic 

movements the door made? 

3. How did you interpret the movements? 

After the interview, the participants were asked to fill in a 

questionnaire. The questionnaire only contained closed 

questions based on a Likert-type scale from 1 to 5, which 

gave rich insights on how the door was perceived. The 

questions were inspired by the questionnaire questions used 

in a study about how automatic doors are perceived [19]. 

 

 

 

Questionnaire questions: 

1. How did you feel about the door? (negative 1 - positive 

5) 

2. The door seemed to intend to communicate something 

to me (1 strongly disagree - 5 strongly agree) 

3. The door seemed to think when it was communicating 

with me (1 strongly disagree - 5 strongly agree) 

4. The door was reluctant to let me enter (1 strongly 

disagree - 5 strongly agree) 

5. The door was welcoming me (1 strongly disagree - 5 

strongly agree) 

6. The door was urging me to enter (1 strongly disagree - 

5 strongly agree) 

The results of the interview and questionnaire are stated in 

the next chapter. 

RESULTS 

Results open questions and behaviour 

The behaviour of the participants was filmed and analysed 

afterwards. The results can be found below. The footage is 

not available with this paper due to privacy reasons but the 

footage is available upon request.  

In total eleven out of 24 participants indicated that they were 

doubting whether to enter the room, which gives a strong 

indication that there was a feeling of communication which 

some participants stated in the interview afterwards.  

Ten out of 24 participants would knock before entering, five 

out of ten waited for a response from the person inside which, 

they told, was influencing their decision to enter. 

When participants were able to look through the window, 

they would seek for eye contact with the person inside, or at 

least a clue whether one was busy or not. It was mentioned 

by three participants as a reason to enter the room. 

In total five out of 24 did not enter the room. These 

participants had two times a balanced situation, two times a 

closed situation and once an open situation. Of these 

situations, it was four times the sibling context and once the 

father context. The arguments for not entering the room were 

different. One participant said that the interaction was 

confusing and therefore not clear what was expected from 

  Door communicates 
openness 

Middle door Door communicates 
closeness 

Balanced door 

Door handle angle Vertical down 
→  horizontal right 

Vertical down → 
horizontal right 

Vertical down → 

Vertical up 

Horizontal right 

Door handle 

place (horizontal) 
Middle → left 
  

Middle Middle → right Left 

Open part of glass 50% → 100% 50% 50% → 0% Closed (0%) 
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him. Two people did not enter because the door had a clear 

deviant interaction than a normal door has (the door handle 

was sliding to the hinges and it pointed up which is not a 

natural position), therefore they felt unwelcome. One person 

felt that the door handle did not gave feedback (while holding 

it) and therefore was turning further than was needed (this 

was actually not deliberately designed for but an interesting 

finding). 

Furthermore, two participants decided to not enter the room, 

after a long moment of doubt. The situations these 

participants had were the closed and middle position. Both 

participants were not sure whether the person inside wanted 

them to enter or not, afterwards they explained that they 

understood the interaction and therefore became insecure to 

enter the room.  

In total there were twelve people with the father context. 

Because of the urge of the context, five participants entered 

the room, even though three of them said that they felt less 

welcome. Nevertheless, the urge was decisive. This was 

either in the closed, balanced or middle situation. With the 

open  situation, each participant entered the room without 

doubt. 

The door handle fell down in three situations. Remarkable 

was that one participant felt unwelcome because the action 

possibility of opening the door was taken away. The other 

two immediately noticed that it was not supposed to happen.  

From the middle position, which was conducted six times, 

three out of six participants felt welcome because the door 

handle moved to a horizontal position. Two participants 

noticed that the moving door handle was inviting to interact 

with the door handle but were not convinced that it meant 

that someone was welcome. 

Results questionnaire 

The decision was made to combine the questionnaires of the 

father context with the sibling context since the presentation 

of the door was the same and therefore context independent, 

the graphs can be found in Appendix G. A table has been 

made with an overview of the averages from the graphs 

(Table 2). 

  

  Open Middle Closed Balanced 

How did you feel about 

the door? 

3.3 3.3 3.3 3.0 

The door seemed to 

intend to communicate 

something to me 

3.7 4.5 4.2 1.5 

The door seemed to 

think when it 

communicated with me 

2.2 1.7 2.8 1.0 

The door was reluctant 

to let me enter 

2.5 2.8 3.8 2.0 

The door was 

welcoming me 

4.3 3.3 2.2 2.5 

The door was urging me 

to tenter 

2.2 2 1.5 1.8 

Table 2 - Overview of the average outcomes of the different 

questionnaire questions. 

Open situation 

What can be seen in these graphs is that the door’s 

appearance was neutral (3.3), there is a slight sense of 

communication (3.7) and about whether the door could think 

when it communicative was slightly negative (2.2). We 

cannot clearly say that people felt that the door was reluctant 

to let them enter (2.5). Furthermore, the door was not 

perceived as urging (2.2). However, as can be seen in the 

graphs, people did feel welcomed by the door (4.3) (Figure 

5). 

 

Figure 5 - Results of the statement “The door was welcoming 

me”. 

Middle situation 

With the middle position, people did not feel positive, nor 

negative about the door (3.3). There is a strong indication 

that the door was communicating something to the 

participants (4.5). Nevertheless, they did not feel as if the 

door was thinking while it communicated (1.7). As can be 

seen in the graph, whether the door was reluctant to enter or 

not is divided (Figure 6). Which means that some 

participants perceived the door as hesitant. The participants 

did not perceive the door as urging (2). Whether the door was 

welcoming is also no clear deviation. The average lies on 3.3 

which means that participants did not feel welcome or 

unwelcome but had a neutral attitude. 
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Figure 6 - The results of the statement “the door was reluctant 

to let me enter” 

Closed situation 

Just as the middle position, the participants did not feel 

positive or negative regarding the door. Nevertheless they 

felt like the door was indicating something to them (4.2). The 

people felt neutral about whether the door seemed to think 

when it communicated with someone. Participants agreed 

that the door felt reluctant to let them enter (3.8). As can be 

seen in the graph, the participants disagreed that they were 

welcomed by the door (Figure 7). Finally, they did not feel 

as if the door was urging them to enter (1.5). 

 

Figure 7 - The result of the statement “The door was 

welcoming me” 

Balanced situation 

As can be seen in the graphs, the participants did not feel 

positive or negative about the door (3.0), they did not feel as 

if the door was communicating something to them (1.5). 

They all agreed that the door did not seem to think when it 

communicated (1.0). The participants did not really feel that 

the door was reluctant to let them enter (2.0). The 

participants slightly disagreed that the door was welcoming 

them ( 2.5). Lastly, the door was not perceived as being 

urging (1.8). 

DISCUSSION 

Interpretation of results 

Looking at the results of the final test almost all participants 

were deliberately thinking about whether they would enter 

the room or not, half of the participants also told us that they 

were trying to grasp what the door was communicating. This 

means that at least they understood that the door was 

communicating, which can also be seen in the results of the 

questionnaire where the statement “the door seemed to 

intend to communicate something to me” is rated above three 

as an average and therefore participants agreed with this 

statement. This also means that the way they approached the 

door is affected by the door. 

However, it cannot be concluded that the door has functioned 

as a social artefact. Participants only rarely changed their 

behaviour after viewing the door and most participants did 

not immediately understand the mood the door was trying to 

communicate. There were also some flaws in the design and 

research that revealed themselves later including a too small 

test group, that will be discussed later on. 

Yet, even though most people indicated that they did not 

immediately understand what the door communicated, 

usually after they were asked about it they would give an 

indication of what they thought the communication meant 

which was usually close to the intended behaviour. This can 

be seen in the questionnaire as well: In the open situation the 

participants actually felt welcomed by the door and in the 

closed situation the participants felt less welcome. Usually 

people did not act on their hunch, because they were 

uncertain, curious or they felt that the scenario forced them 

in. 

This leads us to believe that, with some changes and 

improvements, there still is possibility for the 

communicative door to become a social artefact. 

Final research 

Just as in the exploratory research, a researcher had to steer 

the interaction and therefore the interaction was not the same 

for each participant. The researcher who steered the 

interaction wrote down the pitfalls of each interaction and 

rated how smooth it went (Appendix F). Sometimes the door 

handle would rotate clockwise, other times counter 

clockwise. Also the moment it started to move differs for 

each participant. Furthermore, as in the exploratory research 

some friction was supposed to be added. However, the added 

friction was not consequently executed during the research. 

Therefore, this might influence the accuracy of the results. 

As can be read in the analysis, the door handle dropped down 

three times. This was not supposed to happen but because the 

attachment point was made unstable it happened. For the 

result of the test it does matter because people felt different 

regarding the door since they felt that it was not supposed to 

happen. If this research would be conducted again, it would 

be wise to make sure that the door handle is attached to the 

door in a stable way. 

Another thing that was unfortunate was that the servo motor 

that lifted the akyprop screen had too little power and 

therefore worked the one time and did not work the other 
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time, after five participants was decided that the screen 

would not move but be set in a specific position by hand. 

Either fully down, fully up or exactly in the middle, 

depending on the situation.  

Besides these problems, the door could have looked less like 

a prototype and more like a real door. For example, some 

electrical wires were visible for the participants because 

otherwise they got stuck. In further research the door would 

be more credible when this was all hidden in order not to 

break the illusion of the participants. 

One observation during the user test was that participants 

thought the door would be opened from the left instead of 

from the right because the hinges were on the left. Therefore 

they did not understand the idea of the “closed situation” 

because they thought that the door just shifted on how to 

open. When they found out where the hinges were, by 

pushing the door, they understood what the intended 

communication was. Therefore, in future research the hinges 

should be visible from the outside to understand how the 

door turns and therefore that the door would become difficult 

to open when the handle slides to the hinges. The ones that 

build the door realised this too late, because they had gotten 

used to the way the door moved. 

Another question that can be asked is why the brother and 

father contexts were chosen. Since this project was focused 

on the home environment, the purpose of this context was to 

get the participants in the correct mind-set. It might be 

interesting to also test what happens when people just 

approach the door without a context to see whether that 

would differ their attitude towards the door since many 

people stated that they entered the room because of the urge 

of the situation. Furthermore, for future work, it is suggested 

to also test this concept in an office environment where it is 

more important whether someone is approachable than in a 

home environment. And since there is a slight indication that 

the door communicates something this might smoothen the 

interaction in office spaces. 

The short questionnaire at the end of the research could also 

be adapted, it was derived from the paper written by Ju and 

Takayama. Looking back there was a lot of confusion about 

the question “the door was reluctant to let me enter”. 

Participants did not understand what this meant and after 

explanation was noticed that participants still did not fully 

understand what was meant with this question. Therefore is 

suggested to rephrase this question when repeating this 

research.  

For this research a choice was made to add some 

visualisation of information about a person in the room in the 

form of three factors (screen, rotating handle and the door 

knob changing position) because from the first test appeared 

that the participants found the friction useful but only when 

they could see it from a distance instead of being surprised 

when they opened the door. Since there are some indications 

that this door communicated something, it would be 

interesting to also test other forms of communication. For 

example when there is no movement in the door, a 

disappearing handle (which slides in the door) or that the 

handle falls off when the room should not be entered. 

Furthermore, after this research it cannot be concluded which 

of these three factors are decisive for a person to understand 

the interaction. For further research it would be interesting to 

find out which of the factors was most important for 

participants to enter and whether some interactions were 

perhaps unnecessary.  

When this is known, and it is proved that the communication 

works. The research could be conducted in a real home 

environment where for example several families would test 

this door for a week and see whether their social behaviour 

changes. Only then the door should probably already be 

connected to a system where the mood of the person inside 

the room is known. 

Finally, the amount of participants was too little to make bold 

statements about each situation. For next time it would be 

wise to repeat this research with more participant per 

situation. 

CONCLUSION 

During this experiment two studies were conducted in order 

to answer the research question: ‘How can a door be a used 

as a social artefact?’. Social artefact is defined as an item that 

should bring people together as well as reduce potential 

conflicts when people are together. It should also support 

empathy by giving the inhabitants insight into the other 

people’s mood or state. 

From the first study it was concluded that in order to make 

the door communicate effectively it was important to 

visualise the communication methods. It was also concluded 

that the initiative in opening the door should lie with the users 

themselves.  

In the second study these findings were turned into a design 

that relies on the principles of implicit interaction and 

affordance. It cannot be concluded, that these changes made 

the door a social artefact, because no significant change in 

social behaviour was found and because the research had 

some flaws regarding its execution. However, there was 

some indication that there is still a possibility for the 

communicative door to become a social artefact with the 

methods we used. Especially because behaviour of the 

participants was affected, they felt as if they were 

communicated to and there was some indication that they did 

understand the communication. This is why further research 

in this area would be a good possibility. 
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APPENDICES 

Appendix  A – Individual Reflections 

Sanne Beijer (s151201) 

We started this course by exploring with the IoT Sandbox, to envision how different conflicts in a home environment could 

occur. The first part of the semester I took the organising role, planning and structuring meetings with the entire B2.2 squad. 

Working with the Sandbox, creating scenarios and acting out gave me insights in a new way of relating with the context. In the 

future I will use scenarios and acting out more often for exploration purposes. The whole project was a great learning experience 

of doing academic research and writing a scientific paper. Doors are so normal that it seemed strange at first to design for such 

a product. Later on I became really excited by the opportunities of a door. I felt that during the process, we floated between 

forgetting to design and focusing on theory or forgetting theory and wanting to design something. After some coach meetings 

became clear what our vision would be and how to stop floating and start testing. 

Due to the different characters from each group member we had a rough start which decreased motivation. I learned to give 

space, listen, be honest and encourage group members. In the end, after some intense discussions, we knew how to work 

together and from that moment on the group work went smoothly. 

Throughout the entire project, I was responsible for making pictures and videos, for example for deliverables and keeping track 

of our progress. This really improved my creativity and aesthetics competency. Furthermore, equipping the house with 

cardboard furniture and making lo-fi prototypes for our concepts was good for my lo-fi prototyping skills, which was one of 

my PDP goals. I learned how to visualise a concept using cheap and simple materials. I also wanted to develop my high-fi 

prototyping skills and decided to help building the door. I designed and made the doorpost, made some mistakes with 

measurements and learned how to think in solutions by fixing it immediately. Furthermore, I got some useful skills by working 

in vertigo with my group mates. This satisfies my PDP goal to make at least one prototype. 

We focused on creating a social artefact in a home environment, which started with emphasizing with the family living in the 

IoT Sandbox and followed with designing for a home environment. We had to take into account the behaviour of the door and 

the influence it had on users. This contributed to my User and society competency, which is most important for my vision: 

bringing people together throughout design. I learned how to add a certain behaviour to a door that should increase social 

interaction. 

Furthermore, I did a bit of soldering and programming for the IoT Sandbox on the piezo sensors. For next year I would advise 

myself to really program something from scratch to also train abstract thinking. For the final paper I made graphs, compared 

them and wrote the results and discussion. Together, this improved my design and research processes and skills in math, data 

& computing and technology & realization.  

To conclude, I really enjoyed this research project. I developed many new skills, learned more about team work and gained 

new insights on how to start design research processes. 

 

Loïs Lentz (s156075) 

Collaboration and Contribution 

In the first few week collaboration was difficult, because we had no clear definition of the squad goal and we all had different 

visions. However, the group was very supportive of each other, which led to better collaboration later on and taught me the 

value of being supportive. 

I took on the role of the leader, which was quite though, because the research method used in CRIGS consists of much 

exploratory research and I experienced that it does not suit me. However, I learned through this approach new design methods, 

to be flexible and to deal with feelings of failure.  

During coach meetings we were often told that we needed to take (what felt to me like) a step back. This made me feel as if I 

had steered my group in the wrong direction. It taught me to keep going on after some disappointments, because later on we 

had direction and the process became smooth. I could have been more calm in this situation, which is something I could still 

improve on. 

Deliverables I have worked on were the hardware for the prototype, the storyboard  and the editing of the movie. I also worked 

on the IOT sandbox: I made furniture and I soldiered multiple sensors. 

Competence 
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Because of the long exploratory phase, I have learned about creating and using characters and creating/acting out scenarios. 

Hereby improving my skills regarding Creativity and Aesthetics and becoming more comfortable with exploring before making 

actual choices.  

During both user tests I have implemented my skills in User and Society by taking responsibility for instructing and 

interviewing the participants. 

By being involved in deciding which sensors and actuators should be used for the house and placing them in the house itself 

my competence of Technology and Realization has been improved and my understanding of them grew. I am still reluctant to 

take on big programming tasks though. This is why one of my next personal goals will involve programming. 

The professional skill I practiced most during this project is Collaborating, since all B2 students decided to cooperate when 

working on the house. During our squad-meetings, we divided tasks and improved our Planning and Organizing skills. 

Sometimes I felt I unheard during meetings and this frustrated me. I can still practice being calmer during these meetings, 

planning them more carefully might also help.  

Since I was responsible for the theoretical background of our paper my skills in Dealing with Scientific information has also 

increased. I could improve on my usage of objective sources earlier on, like using papers and experts more. 

I have improved Design and Research Processes by going through a process with a lot of exploration and choices only made 

in a later stadium. This made me uncomfortable at first, but later on it made me more willing to be more flexible when it comes 

to my design process, but it also taught me that I like structured processes better.  

PDP 

One of my goals was to improve my academic writing, in which I succeeded. By working on the report the entire semester I 

learned to give feedback on academic writing and I have incorporated more references in my work than ever.  

One of the goals I failed to achieve was working with data on the house. I let more experienced programmers do it. This 

happened, because am reasonably unexperienced with code and I did not dare risking slowing down the entire squad by 

claiming I could code for the house. I see that this was a mistake. I am studying here to learn and I should have taken my 

chance. 

 

Cas Verploegen (s159658) 

Integration of expertise areas 

In this project, I worked on developing almost all areas of expertise. Technology & Realization and Math, Data & computing 

were most of the time combined, when working with the IOT Sandbox for example. I worked on putting sensors in the house, 

which involved soldering, coding and structuring tasks. Furthermore, our prototype (the Communicative Door) was actuated 

through motor and mechanisms. Designing these mechanisms was particularly a hard challenge, resulting in parts of the 

prototype falling apart sometimes. Regarding my development in the Creativity & Aesthetics area of expertise, I got introduced 

to several new creativity techniques. Examples of these techniques are: using the IOT Sandbox, designing for characters, 

thinking of possible scenarios and even acting out scenarios ourselves. In the beginning, I had a slightly hard time grasping and 

working with these techniques, since it was on a rather abstract level of thinking. Later on, when it became more clear and 

defined to me (when we also started filming the acted out scenarios), the ideas started flowing. The project consisted of working 

with users and thinking about the societal aspects a lot, which all came together in the final user study. One of the societal 

aspects was influencing social situations in home or work environments, since it means people will have richer social situations 

and therefore could possibly live together closer.  

Furthermore, this was the first time I was extensively involved in doing academic research and writing a scientific paper. I 

noticed that it largely improved my professional writing skills and I am now better able to use external papers in my own 

projects. 

Team and individual 

The collaboration process in the project was a rather formal and pleasant one, in my experience. We all worked hard to achieve 

valuable progress each week, which was presented to the coaches for feedback. I think we all strengthened and took care of 

each other. In the beginning we set individual goals for the project together, we all kept an eye on everyone’s development and 

divided tasks to go into certain directions, according to the set goals. After the midterm, we evaluated and adjusted the 

individual goals to keep them aligned with the project goals.  

Especially in the first few weeks, I found myself a bit holding back in the group meetings, due to my lack of understanding of 

the squad goals and a design research project. We discussed this with the team and came to the idea of explicitly defining 

project goals and tasks for ourselves, which was of huge help to me.  

My main individual contributions to the deliverables are listed below. 
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- Hard- and software of the prototype 

- Demo Day posters 

- Visuals of the door (to explain the behaviours and the according interactions) 

- IoT Sandbox: Processing code for the IR sensors, visualizing whether doors are open or closed in the house, cardboard 

furniture 

Regarding the development of my skills as defined in my PDP goals, I did a good job. I managed to achieve all four goals I set, 

namely working with and using ‘Meaningful Data’ (in the house, in the user studies), ‘User Involvement’ in the user studies 

and in the exploration phase (small interviews) and ‘Look and Feel’ in the visuals I created, that came together in the Demo 

Day posters I made and in the paper. Lastly, I largely developed my skills regarding my goal ‘Design through Research’, in a 

slightly unexpected way. I was namely researching through design instead of the other way around, which spanned the entire 

project. Furthermore, I now got valuable experience with writing a scientific paper. 
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Appendix B – Consent Form Exploratory Study 

  

Toestemmingsverklaringformulier (informed consent form)  
Titel onderzoek:  

Verantwoordelijke onderzoeker:  

In te vullen door de deelnemer 

Ik verklaar op een voor mij duidelijke wijze te zijn ingelicht over de aard, methode, doel en [indien aanwezig] de risico’s en 
belasting van het onderzoek. Ik weet dat de gegevens en resultaten van het onderzoek alleen anoniem en vertrouwelijk aan 
derden bekend gemaakt zullen worden. Mijn vragen zijn naar tevredenheid beantwoord. 

[indien van toepassing] Ik begrijp dat film-, foto, en videomateriaal of bewerking daarvan uitsluitend voor analyse en/of 
wetenschappelijke presentaties zal worden gebruikt. 

Ik stem geheel vrijwillig in met deelname aan dit onderzoek. Ik behoud me daarbij het recht voor om op elk moment zonder 
opgaaf van redenen mijn deelname aan dit onderzoek te beëindigen. 

Naam deelnemer: ………………………………………………………………………….. 

Datum: …………… Handtekening deelnemer: …...…………………………………. 

  

  

In te vullen door de uitvoerende onderzoeker  

Ik heb een mondelinge en schriftelijke toelichting gegeven op het onderzoek. Ik zal resterende vragen over het onderzoek 
naar vermogen beantwoorden. De deelnemer zal van een eventuele voortijdige beëindiging van deelname aan dit 
onderzoek geen nadelige gevolgen ondervinden.  

Naam onderzoeker: …………………………………………………………………………………..…………..  

Datum: …………… Handtekening onderzoeker: ...…………………………………. 
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Appendix C – Results Exploratory Study 

  

Participant No extra 
friction 

Friction Great friction Door cannot 
open 

First friction 
- no friction 

no friction - 
friction 

1 
  

No issue or 
remarks 

          

2 
  

    It was clear that 
the door wouldn’t 
open and that the 
person inside did 
not want to be 
disturbed. Maybe 
it would be clear 
in context. It was 
not really clear 
what the function 
should be. 

      

3 
  

      Not sufficient, 
another way of 
communicating 
would be nicer. 
It  annoyed the 
participant a little. 

    

4 
  

        You are being 
held against 
by the door. 
The 
participant 
gives a 
confused 
reaction 
because there 
was no 
expectation of 
the door 
being held. It 
gives an 
undesirable 
impression. 

  

5 
  

  It does not feel 
different than 
normal. The 
participant only 
had to push 
harder than 
normal. At home 
the participant 
only would be 
surprised. It 
seemed as if a 
spring was 
attached to the 
door so that it 
closed 
automatically. It 
suggests nothing, 
only whether the 
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door opens 
easier/less easy. 

6 
  

          Force gives the 
idea that one is 
not allowed to 
come in. As the 
participant said: 
“Do not come 
in”. Participant 
closes the door 
and gets the 
feeling that she is 
not welcome. 
Eventually the 
room is not 
entered! At 
home the room 
would be 
entered, there 
would be asked if 
everything is 
okay but since it 
is more 
comfortable the 
room is entered. 

7 
  

    Participant says: 
“Can I really come 
in?”. It is 
contradictory 
because the room 
can be entered 
while it is 
prefered not to 
come in. 
Observation: 
Knock and then 
wait for answer 
from person 
sitting inside 
whether one can 
come in. 
Participant: “If 
you do not want 
me to come in, 
then I will leave 
again”. 

      

8 
  

No one in the 
room, 
distracted 
because the 
researchers 
were behind 
the door. 
Participant 
was too 
scared to 
open the 
door. 
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9 
  

  Not a sufficient 
suggestion, first 
impression was 
that there was a 
spring attached on 
the door. “If it 
suggests 
something then it 
had to do 
something with 
the time the 
participant wants 
to enter, this is 
not sufficient”. 
Although the 
room could be 
entered because 
the door opened a 
little.  
  
At home this, 
where the doors 
are known, there 
might be a 
suggestion 
experienced 
because then the 
door behaves 
different than 
normal. Then, 
when giving more 
friction, is 
suggested to 
come back a 
different time. 

        

10 
  

      Knocks, presses 
hard. Friction 
means that one is 
not welcome here. 
When the 
message is not 
urgent, the door 
would not be 
opened. Only 
when one really is 
in a hurry.  
  
A closed door is 
always a nice sign 
to indicate 
whether someone 
is busy. It would 
be nice to have 
some indication 
on the outside on 
how someone 
feels. 
Nevertheless, the 
initiative should be 

    



18 

 

with the user, not 
the one in the 
room. 

11 
  

Knocks, comes 
is, no one 
there. 
Observation: 
Listens before 
he enters the 
door. 

          

12 
  

        Suggestion 
might be that 
someone is 
busy. In a 
home 
situation this 
is a clear and 
natural signal. 
“Please not 
now” 

  

  

  

Participant Opens automatically Opens in steps First rattle, then open 
1 
  

    There was no real 
communication, except that the 
room should not be entered. 
Communication could be with 
lights or by means of darkening 
the door. The fact that the test 
leader pushed against the door 
was a sign that one should not 
enter. 

2 
  

  It was slightly more inviting. When 
the door is already being opened, it 
is actually too late to suggest or 
communicate something. No 
different reaction in real life. 

  

3 
  

It is easy when an appointment was made. 
When one is used to an automatic door, it 
is easy that less social interaction is 
necessary. In a home situation, the 
interaction is managed for you. 

    

4 
  

It is really strange when the door opens 
automatically. Participant starts laughing 
immediately. It feels unnatural. It does not 
really suggest to come in or do not come 
in. When one is opening the door, it is 
already too late. Wants to know before if it 
is okay to enter, not during interaction. 
Bedroom will be different because it is no 
public space. Nice when one can look 
through the glass to see what the person 
inside is doing. 

    

5 
  

    Participant cursed. Why? Maybe 
I should not come in. There is a 
lot of doubt. It might suggest 
that one is busy. Not clear what 
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the person inside wants. This 
might be in a home situation 
where parents are discussing 
things others may not hear. 

6 
  

Seems aggressive but really wants one to 
come in. A board with “automatic door” 
would be nice. Observation: Participant is 
scared of the behavior, she jumps. It 
suggest invitation, but the first reaction is 
scared.  
  
Difficult to imagine this in home situation 
but when used to this behavior, the 
participant thinks she becomes less scared. 
Remark: Knocking always works! 
  

    

7 
  

  “Oké, then I won’t come in”. 
Suggests doubt. It is a good 
message but the person inside does 
not know if a social interaction is 
desired. The participant would have 
asked what was wrong and whether 
he should come by later. The 
participant also remarks that “the 
person inside thinks it is fine if I 
come in, but is not sure whether he 
is okay with it”.  
  
In home situation would be asked if 
one has to come back later, “The 
person inside does not know what 
to do with me”. 
  
Remark: Door entirely open is 
different than a little bit closed.  

  

8 
  

No suggestion, no added value. The color 
of the door could be changed or a message 
on the door. It has to be clear from meters 
away. 

    

9 
  

  There was a clear message because 
it is different from what doors can 
do. It is not meant as “keep out” 
function because it is not abruptly. 
Home situation: One does not want 
me to enter. 

  

10 “The work is done for me instead of me 
doing the work”. It  gives too much 
openness which makes it awkward and 
also a intervention with the privacy of the 
person inside. It feels like the ‘point of no 
return’ idea. Takes away the initiative of 
the participant. 

    

11 
  

    Immediately clear that Cas is 
inside. There is suddenly a 
connection. It might mean that 
something is wrong with the 
door. Observation: No real 
reaction, mild happening but 
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might lead to humorous 
situations.  
  
He felt that the door was teasing 
him, As if the person inside did it 
on purpose. If the door would 
open automatically would it be 
more funny but it felt like 
something was stuck under the 
door.  
  
Door open would be inviting, 
when it is closed one should 
knock, when it is locked other 
stuff is happening. It is a big part 
of social interaction but the 
participant does not know if 
adding this would mean more 
value. Something can also be 
done through speech. 

12 Participant does not knock, door feels 
lighter. It opened easier. Suggestion is a 
signal of “hé come in!”.  
  
Participant does not know it making 
something lighter is useful, adding more 
friction will be clearer. 

    

  

  

Participant Closed Very 
little 
open 

25% open 50% open 75% open entirely open 

1 
  

    When door is 
closed there 
would be a 
knock. If the 
door is open it is 
easier to come 
in and therefore 
less awkward. 

      

2 
  

Participant 
knocks 

          

3 
  

        Participant entered 
the room without 
knock, Tells that if 
he did not know the 
test leader, he 
would knock. If the 
door was closed: 
knock otherwise just 
come in.  

  

4 
  

      Knock dependent on 
whether the person 
inside is familiar or not. 

    

5   No 
issue 
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6 
  

          Knock, even if 
the door is 
open. On the 
side of the wall 
when the door 
is open. It is 
more inviting 
than closed. 

7 
  

    Knock and lean 
against door. 
Only the head 
goes through 
the hole and 
when there is an 
answer, walk 
inside. 

      

8 
  

Knock and wait 
for an answer. 
There was no 
answer and 
therefore did 
not want to 
come in. 

          

9 
  

        Walks inside, is in a 
hurry and therefore 
does not knock. 

  

10 
  

      Participant pushed door 
further open, participant 
does not like doors half 
open because then it not 
clear what is 
communicated. Open 
door: enter / closed door: 
stay away.  
When entering, first 
knock but on an open 
door one does not knock 
therefore awkward. 

    

11 
  

          Leaning against 
door ‘hey Cas’ 

12 
  

  Don’t 
knock, 
just 
ask. 
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Appendix D – Design 

Appendix D.1 - Visualization of the state changes 
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Appendix D.2 - Technical details 

Used materials 

- Arduino Uno 

- 3 continuous rotation servo motors 

- 5V/2A power supply 

- Keyboard 

 

- Door (wood/cardboard) from Praxis 

- Hinges 

- Wooden parts (door handle, rails, mechanisms) 

- Rope (mechanisms) 

- Perspex (glass/window) 

- Akyprop screen 

  

Appendix D.3 - Arduino code 

 

// Include the servo library to control the servo motors 

#include <Servo.h> 

  

// Initialize the different servos by naming them 

Servo servoScreen; 

Servo servoDoorknob; 

Servo servoRails; 

  

// Initialize the 'values' array in which the servo speeds are stored 

// Data received from processing will be stored in this array, which will then be used to control the servo speeds 

int values[] = {95, 95, 95}; 

  

void setup() { 

  // Assign the right pin to the right servo motor 

  servoScreen.attach(9); // Screen 

  servoDoorknob.attach(10); // Doorknob 

  servoRails.attach(11); // Rails 

  

  // Begin the serial communication, to start communicating with the processing program at a baud rate of 9600 

  Serial.begin(9600); 

} 

  

void loop() { 

  // If processing is sending data, read this data 

  if (Serial.available()) { 

    // The processing data is send in packages of 3 values, containing the 3 servo speeds 

    // The data packages are split by the following 'for' loop and the individual servo speed of each servo will be stored as integers in the 

'values' array 

    for (int i = 0; i < 3; i++) { 

      String value = Serial.readStringUntil(','); 

      if (value != "") { 

        values[i] = value.toInt(); 

      } 

    } 

  } 

  // The received values are written to the individual servo motors, which will start rotating at the right speed 

  servoScreen.write(values[0]); //screen 

  servoDoorknob.write(values[1]); //doorknob 

  servoRails.write(values[2]); //rails 

} 
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Appendix D.4 - Processing code 

 

import processing.serial.*; // Import the serial library 

  

Serial port; // Name the serial port to refer to it later on 

  

// Initialize string variables that contain the speed of the servo motors. 

// The initial values of the servo motors are 95, since this results in the servos standing still. 

String servoScreen = "95"; 

String servoDoorknob = "95"; 

String servoRails = "95"; 

  

// In the 'values' variable the value of each servo speed is present, seperated by commas. 

// This variable is sent to Arduino as a package containing the speed of each servo. 

// The commas ensure that the Arduino is able to distinguish the different values. 

String values = servoScreen + "," + servoDoorknob + "," + servoRails + ","; 

  

// A visual interface was made to tell users which keys to press to get certain movements. 

// The following variables are used to easily position all text elements. 

int textY1 = 680; 

int textY2 = 800; 

int textX = 340; 

int textGap = 70; 

int textGap2 = 40; 

  

void setup() { 

  // Create the visual interface, the interface will span an entire laptop screen 

  size(1902, 991); 

  background(70, 150, 170); 

  fill(0); 

  textSize(90); 

  text("Key controls", textY1, 180); 

  

  textSize(50); 

  text("w", textY1, textX); 

  text("doorknob clockwise", textY2, textX); 

  text("s", textY1, textX + textGap); 

  text("doorknob anticlockwise", textY2, textX + textGap); 

  text("a", textY1, textX + 2 * textGap + textGap2); 

  text("doorknob left", textY2, textX + 2 * textGap + textGap2); 

  text("d", textY1, textX + 3 * textGap + textGap2); 

  text("doorknob right", textY2, textX + 3 * textGap + textGap2); 

  text("i", textY1, textX + 4 * textGap + 2 * textGap2); 

  text("screen up", textY2, textX + 4 * textGap + 2 * textGap2); 

  text("k", textY1, textX + 5 * textGap + 2 * textGap2); 

  text("screen down", textY2, textX + 5 * textGap + 2 * textGap2); 

  

  // Initialize the serial port to send data to the Arduino, at a baud rate of 9600 

  port = new Serial(this, Serial.list()[0], 9600); 

} 

  

void draw() { 

  // Delay the processing program slightly, to make it less intensive to run the program 

  delay(10); 

} 

  

// Check if a key is pressed (on the keyboard) 

void keyPressed() { 

  // Check which key is pressed on the keyboard and perform a certain action 

  // The action that is performed writes a servo speed to the desired servo, which is later send to Arduino 

  switch (key) { 

    // The 'w' and 's' keys control the angle of the door handle 
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  case 'w': 

    servoDoorknob = "110"; 

    break; 

  case 's': 

    servoDoorknob = "70"; 

    break; 

  

    // The 'a' and 'd' keys control the place of the door handle 

  case 'a': 

    servoRails = "10"; 

    break; 

  case 'd': 

    servoRails = "170"; 

    break; 

  

    // The 'i' and 'k' keys control the position of the akyprop screen 

  case 'i': 

    servoScreen = "180"; 

    break; 

  case 'k': 

    servoScreen = "0"; 

    break; 

  } 

  

  // All servo speeds are compiled in the 'values' variable and send to the Arduino through serial communication 

  // The 'println' ensures that the values are also displayed in the serial monitor of the processing program, 

  // which can be used to debug the code and check whether the program is sending the right values to the Arduino 

  values = servoScreen + "," + servoDoorknob + "," + servoRails + ","; 

  port.write(values); 

  println(values); 

} 

  

// Check if a key is released (on the keyboard) 

void keyReleased() { 

  // Since the key is released again, the servo should stop rotating. 

  // A value of 95 is written to each servo speed variable to make them stand still 

  servoScreen = "95"; 

  servoDoorknob = "95"; 

  servoRails = "95"; 

  

  // All servo speeds are compiled in the 'values' variable and send to the Arduino through serial communication 

  // The 'println' ensures that the values are also displayed in the serial monitor of the processing program, 

  // which can be used to debug the code and check whether the program is sending the right values to the Arduino 

  values = servoScreen + "," + servoDoorknob + "," + servoRails + ","; 

  port.write(values); 

  println(values); 

} 
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Appendix E – Consent Form Final Study 

 

 

User Test Consent form  

Interaction of doors 

Student Researchers: Cas Verploegen, Loïs Lentz, Sanne Beijer 

Purpose:  

In this User test we want to know more about the aesthetics and the interaction of our product for our B2.2 
research project. This User test consists of a context roleplay and some interview questions that will give us 
more insight for the product development. We intend to film the user test.   

The result will be published in our report but your information will remain anonymous, short clips of the film 
may be shown on the final demo day.  

Declaration of Consent:  

By signing this document I am indicating my consent to the researchers to use the collected data, as stated 
above. Furthermore do I have a clear understanding that my participation in this research is voluntary. I have the 
right to refuse to participate or withdraw from the research at any point in time. I agree to provide written and 
verbal feedback throughout the research. I understand that all the data collected from my participation will be 
anonymized and used for the design project and all the documentation concerning it and I agree it to be used in 
such a way.  

Participant’s Signature    Researchers Signatures  

Date: _____/________/_______  

Name:  

__________________________  

Signature:  

_________________________  

In case of enquiry, do not hesitate to contact Sanne Beijer (s.g.beijer@student.tue.nl).  
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Appendix F – Graphs Final Study 

Open situation 
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Middle situation 
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Closed situation 
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Balanced situation 
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Appendix G – Data Final Study (including estimated interaction quality) 

  

Participant Context Situation Entered the room? Interaction quality (1-5) 

1 Sibling Open yes  3 

2 Father Open yes  3 

3 Sibling Closed / 3 

4 Father Closed yes 2 

5 Sibling Balanced yes not applicable 

6 Father Balanced yes not applicable 

7 Sibling Middle yes 5 

8 Father Middle yes 5 

9 Sibling Open yes 5 

10 Father Open no 4 

11 Sibling Closed no 4 

12 Father Closed yes 4 

13 Sibling Balanced no not applicable 

14 Father Balanced yes not applicable 

15 Sibling Middle yes 3 

16 Father Middle yes 1 

17 Sibling Open yes 5 

18 Father Open yes 5 

19 Sibling Closed no 2 

20 Father Closed yes 5 

21 Sibling Balanced no not applicable 

22 Father Balanced yes not applicable 

23 Sibling Middle / 5 

24 Father Middle yes 4 
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Appendix H – Individual Contribution of each Group Member 

 

E.M.A. Lentz 

Make character (Paula, IOT Sandbox), Make furniture (IOT Sandbox), Soldering (IOT Sandbox), build prototype, write 

introduction, be instructor and interviewer during both user test, and related work, create storyboard, edit video Demo Day. 

C.M.R. Verploegen 

Programming (IOT Sandbox, prototype), make furniture (IOT Sandbox), building prototype, Soldering (IOT Sandbox), Write 

method, control the behaviour of the door, Design and make posters for Demo Day. 

S.G. Beijer 

Programming (IOT Sandbox), create character (Frank Jansen, IOT Sandbox), make furniture (IOT Sandbox), building 

prototype, Soldering (IOT Sandbox), Making photos and provide video material, analyse data (Exploratory and final test), write 

results, discussion, provide text for posters Demo Day. 


