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Abstract 

When people are stressed, they are likely to walk faster. Research indicates that walking speed is an 

indicator of pace of life, with a faster walking speed in urban areas. Based on empirical data, I 

designed and developed a prototype of an interactive carpet for encouraging users on the carpet to 

slow down and thus to relax more. I evaluated the interactive carpet with user interviews, and two 

different experiments, where one of the experiments was conducted in an exhibition environment.  

My findings indicate users feel more relaxed in the interaction when they are informed about how to 

operate the prototype, as opposed to users who are not informed before they use the prototype and 

thus have a learning phase in which they have to figure out how the prototype works. Like earlier 

research, my finding assures that the usability problem should be prioritized over improving the 

system for user experience (UX). In addition, I discuss applicability of the Activity theory framework 

to my studies and propose an extension of the activity checklist, namely to take user intention into 

account for a more holistic analysis. 

Keywords: user experience, user research, interactive artifact, activity theory, design process 

Abstrakt 

När människor är stressade, så går de ofta snabbare. Forskning pekar på gånghastighet som en 

indikator på livstempot i övrigt, med en högre gånghastighet i stadsmiljöer. Baserat på empirisk data 

så har jag designat och utvecklat en prototyp för en interaktiv matta som ska uppmuntra användare 

till att sakta ner när de går över mattan, och därmed bli mer avkopplande. Jag utvärderade den 

interaktiva mattan med användarintervjuer och två olika experiment, där ett av experimenten utfördes 

i en utställningsmiljö. Mina resultat indikerar att användare känner sig mer avkopplade i 

interaktionen när de är informerade om hur de ska använda prototypen, i kontrast till användare som 

inte har blivit informerade innan de får använda prototypen och som därmed har en inlärningsfas där 

de måste räkna ut hur prototypen fungerar. I enlighet med tidigare forskning så visar mina studier att 

användbarhetproblem bör prioriteras över att förbättra systemet med avseende på 

användarupplevelse (UX). Utöver detta så diskuterar jag applicerbarheten hos aktivitetsteori på mina 

studier och föreslår en utökning av aktivitetschecklistan, nämligen att ta hänsyn till användarens 

avsikt för en mer holistisk analys. 

Nyckelord: användarupplevelse, användarforskning, interaktiv artifakt, aktivitetsteori, designprocess 
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Designing an interactive carpet and evaluating the artifact within Activity Theory 

Introduction 

Walking speed was one of the indicators of pace of life (Levine & Norenzayan, 1999), and it 

is known that people living in cities walk faster than those in less populated areas (Bornstein & 

Bornstein, 1976). While walking fast can allow an individual to reach their destination quicker, it 

should be executed with caution.  

Ross and Portugali (2018) found that viewing videos of face paced life contexts, such as 

cities, tended to encourage risk taking behaviors among more daring individuals and preventative 

behaviors among more cautious individuals, while videos of slow paced life contexts produced the 

opposite response, with daring individuals being more careful and cautious individuals taking in 

more risk. Furthermore, faster pace of life tended to increase rates of death caused by coronary heart 

disease, and also lead to higher smoking rates (Levine & Norenzayan, 1999). However, people are 

barely aware of their own walking speeds and have difficulties experiencing slower walking speeds 

consciously. 

Walking speed can reflect an individual’s emotional state and level of stress (Montepare et al., 

1987; Franěk & Režný, 2017). Franěk (2013) suggests that participants felt more positive emotions 

in less noisy and unpopulated locations where they spontaneously slowed own. In their latest study, 

investigating effects on walking speed by priming with photographs, participants primed with the 

forests, trees, and urban greenery walked slower than ones primed with malls or the no-prime 

condition (Franěk & Režný, 2017). 

Mindful walking 

Mindful walking is a widely performed practice that focuses on mind-body-interactions. 

(Prakhinkit, Suppapitiporn, Tanaka & Suksom, 2014). Buddhist walking meditation, where a step is 

taken after each breath to be aware of the alternating intervals of contraction and relaxation involved 

with walking exercise results in reducing depression, improving functional fitness and vascular 

reactivity (Prakhinkit, Suppapitiporn, Tanaka & Suksom, 2014). Along this line, Pryss et al. (2018) 

developed a mobile application for Mindful walking to reduce stress and depression. 

Somaesthetic Design  

Somaesthetic design emphasizes to make people aware of their felt bodily experiences 

consciously (Hook et al., 2015). It is proposed by the philosopher Richard Shusterman to consider 

“our bodily movements as part of our ways of being and thinking”, “all our experiences and 

interactions with the world happened through our body” (Shusterman, 2011; Hook et al., 2015, p. 28). 

To educate our minds, it is imperative to learn how to know and better use our bodies (Shusterman, 

2011). Thus, by increasing our body awareness through participating in various types of disciplines, 

we can come to be more perceptive and aware in the real world in which we exist and behave 

(Shusterman, 2011; Hook et al., 2015). 

Activity Theory 

Throughout the years and with the development of computers, different theories have 

dominated the research field of Human Computer Interaction (HCI). Activity theory is one of them, 

which is not a greatly predictive theory but rather a general conceptual approach (Kaptelinin & Nardi, 
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1999). It is based on the idea that the human mind can only be comprehended within the context of 

human interaction with the world (Kaptelinin & Nardi, 1999). This interaction, that is, activity, is 

influenced by social and culture aspects (Kaptelinin & Nardi, 1999).  

I will mention five fundamental principles in Activity theory which are the most relevant to 

my thesis work. These five principles are (i) object-orientedness, (ii) hierarchical structure of activity, 

(iii) internalization and externalization, (iv) mediation and (v) development.  

(i) Object-orientedness states that every activity is aimed at something that objectively exists 

in the world, that is, an object: things and people (Kaptelinin & Nardi, 1999; Leont’ev, 1978). In this 

study, the intended purpose is to make people walk slowly and to study ways of using an artifact that 

is the interactive carpet for users objectively.  

(ii) Hierarchical structure of activity organizes activity into three levels: activity, action, and 

operation (Leont’ev, 1978). Each level accords with a motive, goal, and conditions, respectively. An 

activity consists of a chain of actions which share the same motive. Each action has a designated goal 

and a series of operations that are ordinary orders performed under a certain set of conditions given 

by the environment and the actions (Huang & Mutlu, 2012; Kaptelinin & Nardi, 1999). In this study, 

I analyzed evaluation data based on this principle. Walking slowly (activity), the motive would be 

attained by stepping down slowly on the carpet. Lighting up the lotus bulb with each step would be 

the action. Different kinds of operations are decomposed in Results (p. 12 for more details). In 

addition, mutual transformation of levels of activity occurred in the study. For example, certain 

actions can be switched to other one to develop undergoing activities. This kind of transformation is 

also addressed in Results (p. 12 for more details).         

(iii) Internalization and Externalization is described as “Internalization is the process of 

transforming external actions or perceptions into mental processes, whereas externalization is the 

process of manifesting mental processes into external actions.” (Huang, C. M. & Mutlu, B., 2012; 

Kaptelinin & Nardi, 1999, p.29) Regarding this principle, I analyzed the interaction behaviors of 

users with the process of internalization and externalization. For example, the users internalized the 

logic of the operating prototype between their stepping down movements and visual feedbacks 

during their trials. Then they reacted in various different ways as externalization. Observed behaviors 

of the users are addressed in Results (p. 12 for more details).      

(iv) Mediation describes that activities are intervened by several external and internal tools 

such as physical artifacts, various cultural backgrounds or personal social experience (Huang, C. M. 

& Mutlu, B., 2012; Kaptelinin & Nardi, 1999). In the study, walking slowly (activity) was supposed 

to be mediated by the interactive carpet, the physically digital artifact. However, some of the users 

used the carpet as mediation on different goals during their trials. It is described in Results (p. 12 for 

more details). 

(v) Development describes that the activity is consistently being improved and reshaped 

(Kaptelinin & Nardi, 1999). In my study, for example, once the users learned how to operate the 

functions of the carpet, they moved on to try different interactions. It is described in Results (p. 12 

for more details). 

Activity checklist 

The Activity Checklist is an analytical tool to test the practical application of Activity theory. 

There are two different versions of the checklist; design version and evaluate version. Both make a 

designer analyze the most important issue with the use of technology in real-life settings (Kaptelinin 

& Nardi, 1999). In other words, it is a list of items, which can be categorized into detailed questions 

in particular evaluation and design projects.  

It is categorized by four sections from different perspectives on the use of the “Target 
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technology”; (i) means and ends, (ii) environment, (iii) learning, cognition and articulation, and (iv) 

development. They are related to the fundamental five principles of Activity theory mentioned above. 

I used the Activity Checklist Evaluation version to analyze the collected data.   

First, (i) means and ends is the application for the principle of the hierarchical structure of 

activity. It is about to what extent the artifact can help users’ goals or restrict and if there are any 

influences to generate conflicts between different goals (Kaptelinin & Nardi, 1999). There are 

specific 13 items related to means and ends. In my study, I used some of the items among those, 

namely, ‘People who use the target technology’, ‘Goals and sub-goals of target actions’, ‘Criteria for 

success of achieving target goals’, ‘Decomposition of target goals into sub-goals’, ‘Potential conflicts 

between target goals and goals associated with other activities’, ‘Constraints imposed by higher-level 

goals on the choice and use of target technology’, and ‘Alternative ways to attain target goals 

through lower-level goals’.  

Second, (ii) environment implies the combination of target technology with requirements, 

tools, resources, and social rules of the environment (Kaptelinin & Nardi, 1999). It is related to the 

principle of object-orientedness and consists of 8 items. For the data analysis in this study, I used 

some of the items, such as ‘Tools, other than target technology, available to users’, ‘Spatial layout 

and temporal organization of the working environment’ and ‘Rules, norms and procedures regulating 

social interactions and coordination related to the use of target technology’.   

Third, the aspect of (iii) learning, cognition, and articulation consist of internal versus 

external components of activity and identities their mutual transformations with the target technology 

(Kaptelinin & Nardi, 1999). The principle of internalization and externalization is related to this 

section, consisting of specific 10 items. In the study in the evaluation section, I used some of the 

items, namely, ‘Components of target actions that are to be internalized’, ‘Time and effort necessary 

to master new operations’, ‘Use of target technology for simulating target actions before their actual 

implementation’, ‘Knowledge about target technology that resides in the environment and the way 

this knowledge is distributed and accessed’ and ‘Support of problem articulation and help request in 

case of breakdowns’.  

Fourth, the aspect of (iv) development describes whether there is any transformation of 

foregoing components in Activity (Kaptelinin & Nardi, 1999). The principle of development is 

related to this section. Out of 6 specific items in the development section, I used some of the items, 

namely, ‘Use of target technology at various stages of target action “Life cycles” – from goal setting 

to outcomes’, ‘New higher-level goals that became attainable after the technology had been 

implemented’, ‘Users’ attitudes toward target technology (e.g. resistance) and changes over time’, 

‘Dynamics of potential conflicts between target actions and higher-level goals’ and ‘Anticipated 

changes in the environment and the level of activity they directly influence (operations, actions, or 

activities)’. 

Research question 

Recently, interactive carpets or floors researches have been explored in different fields. 

Hadjakos and Schulze (2015) developed the walk able interactive floor for the purpose of learning 

Visual Programming. Zhiglova (2018) presented the smart textile interface design of Interactive 

Carpet prototype for Children on Autism Spectrum Disorder. Monastero and McGookin (2018) 

studied how users interact with an interactive public floor- projection in-situ environment related to 

users’ awareness in other’s presence and activities. However, it has not been studied or developed a 

physical interactive artifact to interact with people for the purpose of Mindful walking.  

Goal 



7 

 

The goal of this thesis to evaluate if an interactive artifact, that is designed to slow down the 

steps of users, results in increased awareness and relaxation for users. To this end, participants who 

interacted with the prototype of the interactive artifact were interviewed. 

Originally, I had planned to design and develop an interactive carpet measuring 

approximately 10x10 meters to make people walk slowly based on the concept of somaesthetic 

design in order to make them, more mindful about their walking activity, slow them down and thus 

affect their emotional state and decrease their level of stress. However, in this study, because of time 

and financial limits, I designed and developed a prototype of an interactive measuring 1x0.5 meter 

that senses the pace of the steps of users and evaluated the user feedback and degree of relaxation 

and evaluated my findings based on Activity theory. 

The design process of the prototype consisted of interface design (crafting a tufted carpet and 

a LED light bulb), circuit design (wire-framing) and system design (algorithm development and 

coding). When a person steps on the carpet, the sensors send signals to an external light bulb. The 

sensors are attached beneath the carpet (Figure 2, page. 7) at the three circle spots. Three patterns of 

visual lights are linked to the three circle spots on the carpet. The LED light bulb (Figure 1, p. 7) are 

turned on, but only if the person walks slowly enough. If, on the other hand, the user walks or steps 

too fast on the carpet, the user will not get any visual feedback. For the evaluation of the prototype, 

user interviews and two different user experiments were conducted, where one of the experiments 

was conducted in an exhibition environment. The exhibition, where the prototype was exhibited, was 

“How to 3D print a wooden home” held on May 30-31, 2018, within the + Project in Umeå, Sweden.      

Methods 

This project followed three steps, where each step was completed by different methods: 

The first step for pre-data collection was conducted by interviews and situ-observations to figure out 

the context related to walking behaviors (e.g. What makes you stop while you are walking? How do 

you perceive your walking speed?) and make use scenarios based on this data.  

The second step was building a prototype. It was divided into three aspects, Interface design 

(physical modeling), System design (algorithm & coding with C++) and Circuit design (wire 

framing).   

The last step was evaluating the prototype in an iterative design process. The prototype was 

demonstrated to users in a pilot study and in an exhibition environment. In order for usability testing, 

users were assigned to try out and conduct a semi-structured interview afterwards with video-

recording. 

Pre-data collection  

Semi- interviews. To find out which functions of an interactive carpet users wish for, semi-

interviews with targeted questions were done. The semi-interviews were conducted with 5 different 

participants to figure out the context in walking activity. Participants’ age ranged from 20 to 26 years 

old, all of them were students from Umeå University. One targeted question was, for example, “If 

you could have a magical carpet, what function would you want your carpet to have?”  

Another set of questions were aimed to find out what actually made people slowdown in “real 

life”. One question asked was, for example, “Can you take me step-by-step through the detailed 

process of how you complete your walking activity, and tell me how this process can vary?” 

(Duignan et al., 2006).  

The question “What do you think about your walking speed?” was initially answered by 

participants as situation dependent, but later they became aware that it was more habitual behavior 

and situation independent behavior. 
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The answers to the question: “Let’s assume that you stop walking on the street all of a sudden, 

then what could the reason for stopping be?” indicated that users stopped triggered by sensory 

stimulations such as visual cue, audible cue and olfactory cue. The answers to the question: “Let’s 

assume that you find something on the street. And you would like to step on it for some reasons, then 

what could it be?” indicated that users would like to step on fluffy and swollen shapes. 

It seems that users walk slowly or stop when it comes to switching focus from walking action 

to responding to external stimulation, which also is in the line with the hierarchical structure in 

Activity theory, which consists of activity, action and operation (Kaptelinin & Nardi, 1999). Based 

on the interview data, I decided to make an interactive carpet attached to sensors beneath, and give 

users a visual cue with a light to make them slow down their walking on the interactive carpet.    

Semi-trials. After manufacturing the carpet with tufted threads (the length: 1m, up to 3 steps 

possible), the task was to find out which location would be natural for visual feedback. For this, 3 

randomly recruited people walked over the carpet without getting any feedback. Initially users 

looked down on the carpet, but then they were looking straightforward on the eye level of their own 

heights during the trials.  

Based on these trials and interviews, I found out that users switched the action (walking on 

the carpet) into an unconscious operation, which changed their visual fixation and I concluded that 

the visual feedback should be placed on eye level. The finding is also in line with the   

Learning/cognition/articulation category in the Activity checklist design version (Kaptelinin & Nardi, 

1999), where the target action (walking on the carpet) is internalized after a couple of trials. 

Use Scenario 

The use scenario was created based on the semi interviews and trials. I decided to make a 

visual cue, the light, as a lotus light bulb since the lotus flower symbolizes relaxation in Eastern 

meditation. If users slow down their walking pace, the lotus blooming light turns on gradually to give 

them reinforcing feedback. In the following the use scenario is described:      

On Monday evening, she just came back home from work passing through all crowded and 

heavy traffics in the middle of the city. At the front door, she took off her shoes and felt 

thirsty, so she walked straight to the kitchen over the carpet to grab a cup of water. When 

she gazed at the sink, the Lotus light bulb located nearby was captured in her eyes. It 

didn’t turn the light on. She realized that she was still rushing and walking fast as she 

normally did at the workplace and on the street. Then she went backwards to the edge of 

the carpet and walked slowly and the lotus started to bloom gradually with each step in 

the light. 

Prototyping  

In this study, it was not able to make an exact prototype which fits the use scenario because of 

time and financial limits as mentioned above. So the length of the prototype carpet is short, 

approximately 1 meter with 3 foot spots. The design process of the prototype consisted of three 

design aspects; Interface design (Physical modeling), Circuit design (Wire framing) and System 

design (Algorithm & Coding). 

Interface design   

 Sensors Signals 
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Function Detecting walking movement- 

pressure 

Giving visual feedback to users  

Interface A Tufted Carpet A Lotus light Bulb 

Materials Tuft / conductive threads 

Fabric sensors / Arduino 

Wooden / Acryl Boards 

LED Lights / Cables / Cottons 

Table 1. The sensors and signals for each of the categories: function, interface, materials, relevant to 

the interface design 

The design and crafting of the lotus light bulb started with making a wooden prototype of the 

light bulb and then cutting 3mm acryl plates into form of lotus leaves for better 3D depth perception.  

             

                
Fig 1. Final Lotus bulb light interface    Fig 2. Tufted carpet (appx. 1x 0.5 meter)  

Circuit design 

Tufted carpet. The tufted carpet was manufactured by a tuft sewing machine. 3 fabric 

sensors (3cm x 1.5cm) which can detect pressure were installed inside of a cover sheet connected 

with conductive threads to the breadboard and Arduino (Figure 3-4). Then the tufted carpet was put 

on top of it. Since the surface to detect pressure was limited, it required to be marked for users to 

inform which spot should be stepped on as affordance. Additionally, in order to broaden the surface 

to be detected, we put some wooden boards between the sensor and the carpet (Figure 5).  

     
Fig 3. Wireframe, Arduino     Fig 4. Sensors in coversheet    Fig 5. Coversheet carpet  

 

Lotus bulb. 13 LED lights bulbs were set inside of the lotus frame. The reason to install 13 

lights is to show users the obvious different visual feedback depending on stepping down at each 

spot. The three spots on the carpet are electronically linked to three different light groups were each 

of them has a different number of LED lights, that can lit up. In particular, Group 1 lit up 5 LED 

lights, Group 2 lit up 9 LED lights, and Group 3 lit up 13 LED lights (Figure 6). In order to 

electronically connect the bulb and carpet, three cables functions for ground, input, and resistance. 

System design   

S1 
S2 

S3 
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System design was programmed for the purpose of making people walk slowly on the carpet. 

It has three different sensor spots on the carpet, called S1, S2 and S3 (Figure 6), and three different 

light grouping for the visual feedback, called F1, F2 and F3 (Figure 6). The basic logic is based on 

the time-interval delay function, which means the light will turn on only if users step on 2 different 

spots with 2 seconds time interval in between. 

 
 

Fig 6. Logic between stepping down on spots and getting the light feedback 

For example, if users step on S1, S2, and S3 on the carpet without any pause in between, they 

cannot see any light feedback (except F1 default light feedback). To inform the user what feedback 

would follow once they step on the carpet, F1 turns on as soon as S1 detects user’s pressure. When 

the user steps on S1, then moves the other foot on S2 after 2 seconds, they can see F2. If the time 

interval between S1 and S2 was less than 2 seconds, nothing happened. It worked the same way with 

S2 and S3, and F2 and F3, respectively.  
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Fig 7. Algorithm of the coding system between input and output 

Fig 7 is the algorithm in the coding system for stepping on spots S1, S2 or S3 and turning on 

the responding lights F1, F2 or F3 respectively. Each sensor has its own thresholds in the Figure 6, ‘p’ 

means threshold; it needed to be set for each pressure sensors in the coding system under 

consideration of the weight of the tufted carpet.   

Evaluation: Usability Test in Pilot-study  

Setting 

The pilot-study took place in a corridor at the Sliperiet on the Art campus. Users were asked 

to try out the prototype. I stayed out of the corridor for 3 minutes while they were trying out in order 

to make users feel relax and free to try it out. A video camera was installed behind the user to record 

their interaction with the prototype. Only back view videotaping was allowed because of ethical 

considerations. 

Participants and measurement 

In this study, a total of 12 users took part. 8 users were full-time workers from the Sliperiet, 4 

students were from Umeå University. The workers were asked to participate in the study randomly 

on that day. The students were scheduled a few days in advance. Their ages ranged from 21 to 45. I 

collected qualitative data through in situ observation via video-recordings and interviews questions 

via audio-recordings.  

Procedure 

 Each user was first informed to try out the prototype for 3-5 minutes alone in the corridor 

without any hint about how to operate it. After they agreed on the ethical consent form about video-

recording, they were also asked to take off their shoes on the carpet. Then I left him/her alone and 

stood out of the corridor for 3-5 minutes.  
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After trying it out, each user was interviewed by semi-structured questions for 10-15 minutes. 

Then they were compensated by me with “a big hug”. The total duration of a testing session was 

around 15-20 minutes. 

 
Fig 8.The prototype setting in Pilot-study  

 

Results: Pilot Study 

Activity checklist  

I applied Activity checklist – Evaluation version (Kaptelinin & Nardi, 1999) to analyze the 

data. Below is a table which shows the four different sections based on Activity checklist: (i) Means/ 

Ends, (ii) Environment, (iii) Learning/Cognition/Articulation, and (iv) Development on the left 

column. The right column shows the analyses of the users’ activity with the prototype in the pilot-

study.      

(i) Means/ Ends 

 Means / Ends Pilot-study 

 People who use the target technology  Full-time workers at Sliperiet, Students     

 Goals and sub-goals of target actions - Walk slowly over on the carpet 

- Light up the lotus bulb with each step    

 Criteria for success of achieving target 

goals 

Lighting up the lotus bulb in order  

 Decomposition of target goals  

into sub-goals 

1. Step on the 1st spot on the carpet  

2. Look at the 1st lotus light turning on 

3. After 2 seconds, step on the 2nd spot on the 

carpet, staying the previous step slightly on 

1st spot 

4. Look at the 2nd lotus light turning on 

5. After 2 seconds, move the step from the 1st 

spot to the 3rd spot, staying the previous step 

slightly on 2nd spot 

6. Look at the 3rd lotus full blossom turning 

on 

 Potential conflicts between target goals - Step on the 1st and 3rd spots at the same 
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and goals associated with other activities time *(1) 

- Stay / jump with two feet on the same spot 

- Step on spots less than 2 seconds time-

interval between them  

 Constraints imposed by higher-level 

goals on the choice and use of target 

technology 

- Fail to figure out the time delay function 

with feedback between steps  

- Fail to figure out the interactive relation 

 between the carpet and lotus*(2) 

 Alternative ways to attain target goals 

through lower-level goals 

- Press the spot with hands or knees 

- Try out on the wrong side 

 

(ii) Environment 

 Environment Pilot-study 

 Spatial layout and temporal organization 

of the working environment 

- Located the carpet in the middle of corridor, 

put the lotus bulb on the sofa in front of it 

- To begin with, users started to try it out 

facing straight to the lotus, but after while 

some of them did it from the side*(3)  

 

 

(iii) Learning/Cognition/Articulation 

 Learning / Cognition / Articulation Pilot-study 

 Components of target actions that are to 

be internalized 

- Stepping on the circle area causes lighting up 

the lotus 

- Exact spot in the circle area triggers to light 

up    

- Waiting for a while by stepping the spot 

before on the other one in order to turn on the 

light 

 Time and effort necessary to master new 

operations 

- Finding exact triggering spot in the circle  

- Waiting for a while by stepping on the spot 

before the other in order to turn on the 

light*(4) 

 Use of target technology for simulating 

target actions before their actual 

implementation 

- Pressing the circle area with hands 

- Tapping or rubbing with a feet on the 1st 

circle 

- Walking with short and quick steps through 

the carpet facing straight afterwards doing it 

against the lotus*(5)  

 

(iv) Development 

 Development Pilot-study 

 Use of target technology at various stages 

of target action ”Life cycles” – from goal 

setting to outcomes 

1. Find the exact spot in the circle area  

2. Check out if it is the right spot depending 

on the light turning on 

3. Trying out from the 1st, 2nd, and 3rd spot in 

order (But some of them tried it out with 
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random order.) 

 New higher-level goals that became 

attainable after the technology had been 

implemented 

- Try to find out what else feedback can be 

possible with stepping on different spots 

combination*(1) 

 Users’ attitudes toward target technology 

(e.g. resistance) and changes over time 

From the interview data, Fun, Curiosity, 

Confused, Feel like a child again, Safe, Soft, 

Warm, Comfortable, and Dizzy. Users, who 

have fun and curious feeling in the initial 

phase, said getting bored after they could not 

find any different feedback. Two of 

participants said becoming more relaxed 

afterwards.    

 Dynamics of potential conflicts between 

target actions and higher-level goals  

In the initial phase the target action is figuring 

out how it operates. After the success, the 

higher-level goal changed into finding what 

else feedback they can get especially with 

different combination of stepping on the spots.  

 Anticipated changes in the environment 

and the level of activity they directly 

influence (operations, actions, or 

activities) 

When action is turning on the light for them, 

operation becomes pressing the spot. But 

when user failed to light it up (which 

breakdown happens), the action is switched by 

pressing the spot, and operation becomes 

finding the trigger point on the carpet.   

Table 2. The results of the user test in the pilot-study, regarding the categories. The * mark indicates 

detailed explanation in interview data (p.14).  

Detailed Interview data related to the activity checklist is described below.  

*(1): One of users said, “When I step on S1 spot, the F1 lotus light turned on. And I tried out 

with S2 spot, the F2 lotus, more lights turned on. So I was wondering what if I step on two spots at 

the same time, I assumed that the numbers of lights would be combined or something.”  

*(2): User 09 seems not able to recognize the lotus light feedback, only fixing her vision at 

the carpet during the trial in the initial phase. In the post-interview, she said, “I’ve never expected 

anything from the lotus. And I still cannot find any relation between the lotus light bulb and walking 

on the carpet.” On the other hand, User 03 said ”I have tried yoga and meditation a lot, especially the 

lotus flower makes me safe and calm down.” 

*(3): User 02 said, “the setting itself gives me to try it out facing straight to the lotus, since it 

is kind of long narrow corridor” 

*(4): Two of them said, “When the light didn’t turn on, I thought it was system error. Since 

the F1 one turned on right after stepping on but the F2 was not.”  

*(5): User 01 said “At first, I saw the light turning on when stepping on, but I tried it the 

opposite direction against the lotus since I wanted to know if there is any other function (as a 

feedback) like sound or something.”  

 

Post-Interview 

The questions used in the post-interview were as follows:  
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1. Can you describe how you feel about it?  

2. Do you think it makes you slow down with body movement?  

3. Did you find any challenges during the trial?  

4. Is there anything you want to comment in order to improve it (After 

informing about the concept of prototype behind)?  

 

When asked to describe the feeling about the trial with the prototype during the interview, 8 

users considered that it was fun, curious, safe, soft, warm, and comfortable:  

User 02: “I feel like I become a child again because I was curious and had a fun.”  

User 06: “I did not want to stand out of the carpet, since it was so soft and comfort.” 

(Actually, she had been standing on the carpet all the time during the trial, even interviewed on it.) 

User 03: “I was so curious that I even uncovered the carpet to see what’s beneath.”   

However, 3 users mentioned the negative experience such as being confused:  

User 08: “I am feeling a bit dizzy.”  

When asked if it makes them walk or slow down, 10 users said it made them walk or move 

faster than they normally do:  

User 05: “I wanted to know what else feedback is available, so I walked faster than I do 

normally, I think.”  

User 02: “When the light did not turn on, I jumped up and down on the spots”   

However, 6 out of 12 users succeed to attain the target action during the trial, which they 

walked with 2 seconds time-interval between the steps and completed to turn all lights on in order.  

When asked if there was any challenge during the trial,  

User 08: “It was difficult to search for the exact spot on the carpet and look at the lotus 

simultaneously.”  

User 07: “I had no idea if I did it in right or wrong way, since there was no signal for it” 

After they were informed about the concept of the prototype behind, all out of 12 users 

mentioned that they had never expected the evaluation is related to walking behavior.  

User 01: “Since it has only 3 steps, I felt like it is a video-game or puzzles.”  

User 08: “The length of the carpet did not give me any hint with walking behavior”  

About the delay function between the steps in order to make them slow down, some of users 

perceived it as a system error, breakdown.   

User 04: “Ahhh! That was on purpose! When the lights did not turn on, I assumed that it was 

a system error, like electrical connection problems. Since I pressed the 1st one, it turned on right 

away.” 

Discussion: Pilot Study 

1. Users were likely to rather walk or move faster to figure out how the carpet and light bulb 

works and what else feedback can be possible during the trial. 

2. They perceived the time delay function of feedback (on purpose) as a system error. Since it 

was designed that the S1 responds to turn on the F1 right away in order to give users affordance 

which means a visual cue would come along as a feedback. Then I programmed the time-delay 

function between the 1st step and the 2nd step, the 2nd and 3rd steps for 2 seconds. This logic of 

operation made users confused.     

3. The length of the carpet (shorts, 3 steps) gave them unintentional affordance playing 

around by stepping on the spots rather than walking behavior.  

4. They felt difficult to switch their focus back and forth between the carpet and the lotus 
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which means the transformation between action and operation happened most of the time during the 

trial. For example, when the action is turning on the light for them, operation becomes pressing the 

spot. But when the users failed to light it up (breakdown), the action is switched by pressing the spot, 

and the operation becomes finding the trigger point on the carpet. 

5. There was no support available during the trial in case of breakdown, which made some of 

the users confused. The feedback only reinforced them to do the right thing without any penalty. 

Additionally, in terms of the users’ attitudes during testing, some of them strongly tended to find 

which way is right or wrong to try it out.     

Fixed limitations as an iterative design process  

In order to avoid users feel confused and make sure of the target action, I made a wooden 

sign written, “Walk slowly” standing near to the prototype in the exhibition environment. In order to 

make users feel more relaxed, a fade-in light effect was added in the lotus light bulb. In terms of 

available tools in case of breakdown, I had been standing nearby the prototype all along.   

Evaluation: Usability test in experiment environment 

Setting 

The final study took place in + Project Expo at Sliperiet on the Art campus. I stayed nearby 

the prototype around the corner out of the users’ sights. Video-recording was not allowed because of 

ethical considerations in the Expo. Instead, a few of the users tried out thinking out-loud protocol 

during the trial. Audio-recording was conducted for interviews afterwards.   

Participants and measurement 

In this study, users were 12 conference visitors of + Project Expo. The visitors voluntarily 

came to try out the prototype. I collected qualitative data through in situ observation and interviews 

questions via audio-recordings.  

Procedure  

Each user was first informed of the goal of testing and evaluating the prototype. They were 

also asked to take off their shoes on the carpet. After trying it out, they were asked to agree to the 

ethical consent form about audio-recording for the interviews. Then they answered semi-structured 

questions for 5 minutes. The total duration of a testing session was around 7- 10 minutes. 
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Fig 9. The prototype setting in the exhibition environment at the + Project Expo 2018 

Results: Exhibition Environment 

Activity Checklist  

The data analysis in the categories of Means/Ends and development were the same as in the 

pilot-study. I focused on the categories of Environment and Learning/Cognition/Articulation to 

analyze data from the exhibition environment (see Table 3).  

(ii) Environment 

 Environment Exhibition 

 Tools, other than target technology,  

available to users 

- Guide them when being asked the questions 

(mostly at the breakdown phase) 

 Spatial layout and temporal organization 

of the working environment 

- Located the carpet around the corner in the 

dark area, put the lotus bulb on the table for 

eye level of height (approx. 1.2m) in front of it 

 Rules, norms and procedures regulating 

social interactions and coordination 

related to the use of target technology 

- Exposed the user’s trial to other potential 

users 

- Required to take off their shoes while 

looking around the exhibition 

 

(iii) Learning/Cognition/Articulation 

 Learning / Cognition / Articulation Exhibition 

 Knowledge about target technology that 

resides in the environment and the way 

this knowledge is distributed and 

accessed 

- Learn how to operate it by watching other 

users’ trials before trying 

 Support of problem articulation and help 

request in case of breakdowns 

- Former user taught voluntarily how to 

operate it and rules to current user 

- I guided them whenever being asked 

Table 3. The results of the user test in the exhibition + Project, regarding the categories, (ii) 

Environment and (iii) Learning/Cognition/Articulation.  

Post-Interview  
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The post-interview questions were as follows:  

1. Can you describe how you feel about it?  

2. Is there any interesting thing you want to share about this trial?  

When asked to describe the feeling about the trial with the prototype during the interview, 10 

users considered that it was fun, harmonizing, and relaxing: 

User 17: “I feel like it’s very harmonizing.” 

User 20: “I like the light gradually turning on, it makes me relaxed.” 

However, 2 users expressed negative experience:   

User 14: “I feel like this walking path is unnatural. I could see the circle and thought it’s the 

trigger point. But it’s too narrow. ” 

User 23: “Actually, I felt a bit bothered to take off my shoes here in public.” 

I skipped the question “Do you think it makes you slow down with body movement?”, since 

they were informed about the goal of the testing and evaluating and asked me whenever they faced 

breakdowns. By observing them, 12 out of 12 users succeeded to attain the target action during the 

trial, which they walked with 2 seconds time-interval between the steps and completed to turn all 

lights on in order.  

The users were asked if there was anything interesting they found with this prototype,  

User 20: “As I told you, the lights gradually turned on. So I thought it was related with how 

much I pressed the spot to the intensity of lights.” 

Discussion: Exhibition Environment 

1. Some of other potential users did not try it out but just looked around others’ trying out. I 

asked them to try out, then one of them said, “I saw other people doing already, it is okay.”  

Based on the pilot-study, most of the users said they were motivated to try it out by curiosity 

about how it works. However, in the exhibition environment, potential users learned how it works by 

watching other users’ activities; there is no motive for them, which means Activity cannot even be 

started in the initial phase.  

2. Technical limitations caused users experiencing unnatural walking with the prototype. As 

User 14 mentioned, the certain surface of detecting pressure caused users to walk unnaturally.   

3. A user internalized certain feedback function related to their input and externalized his 

response differently even though it was not intended. During the trial, it was observed that User 20 

tried his feet near to the spot with different distance. In the interview, User 20 said he internalized 

that the fade-in effect of feedback is related to the intensity of pressure input. However, it was 

programmed only in the initial phase regardless of the intensity of input. 

Discussion: General 

In the following I compare the results of the pilot-study and the study in the exhibition 

environment (referred to as Expo study). In terms of attaining the target goal in the interaction, 6 out 

of 12 users succeeded in turning on all the lights during the trial in the pilot-study, while all of the 

users (12 out of 12) attained the target action during the Expo study. The users in the Expo study 

reported that they walked slowly and felt relax during the trial, however, the users in the pilot-study 

reported they were likely to walk faster than their normal pace and only two out of them said they 

felt calm and relaxed.   

Moreover, one of the users in my study showed the evidence in user testing to be in line with 

the approach-avoidance behavior described by Mehrabian and Russell (1974), which suggests that 

individual responses to an environment are caused by either approach or avoidance behavior. In the 

pilot-study, one of the users stayed on the carpet even after the trial while participating in the post-
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interview. For further studies involving the observation method in User testing should check that 

approach-avoidance behavior can be an indicator of users’ preferences.   

These results can be attributed to the different conditions that the users had during the two 

studies. In the pilot-study, the users had to figure out how to operate the prototype, which might have 

led them to take extra time to learn, causing stress. However, in the Expo study, the users were 

already informed of how to operate the prototype before taking part in the study, so focus might have 

been on bodily experience than on learning how to operate the prototype. The results might also have 

been influenced by the fade-in light function which might have made the users feel relaxed in the 

Expo environment.   

Regarding the environment, the pilot-study supported the users with more privacy since they 

were alone in the room, whereas the Expo study was in an open and public area, which might have 

made test participants care about the surrounding people. Based on the verbal interview data, pilot-

study participant motivation could have been the curiosity to interact with and figure out the 

prototype. However, since the users in Expo were exposed to see other people trying the prototype 

out before their own trials, it already gave them a hint how to start and interact with the prototype. 

Thus, users might have been motivated to figure out how it feels by to interact with the prototype, 

rather than focusing on how it works. Future studies might investigate whether the “surprise effect” 

(for example, putting the carpet in the middle of an exhibition environment) shows any effect on the 

user experience. 

Regarding the applicability of Activity theory to the evaluation of the prototype, it was 

interesting to see how differently people internalize the logic between their actions and feedback, and 

externalize in it their own way. I, however, think that one cannot draw conclusions about what 

happens in the user’s mind with regard to internalization and externalization by simple observations 

only. I propose to consider and take into account the user’s actual intention. In order to find out the 

users’ intention related to certain actions, experiments should be combined with verbal interviews in 

which the users’ intentions are asked for and taken into account when assessing internalization and 

externalization. For example, in the situ-observation in the Expo study, one of the users moved his 

feet up and down near to the spot with varying different distances. In the interview, it became clear 

that he thought, that the fade-in light effect of the feedback was related to the intensity of the 

pressure input, while in reality, it was not. Future studies may extend the activity checklist with 

verbal interviews to find out the users’ intentions’ behind their actions, so that one can get a more 

holistic analysis. 

Limitations 

There are several limitations of my work, first of all, in terms of technical issues. For example, 

the length of carpet could not carry the affordance about walking activity at all, because it was so 

short and there were only three steps possible on it. Additionally, the surfaces of pressure were 

narrow and small; it made users feel and walk unnaturally.  

A second limitation was that the only feedback in the study was a visual one. There are lots of 

alternatives for feedback, such as visual-auditory cues or haptic feedbacks, warm temperature 

sensory on the tufted carpet. All these feedbacks or combinations thereof could maybe have been 

easily recognizable for the users in initial phase and lead to other or clearer results. However, due to 

technical constraints including a noisy exhibition environment, only a visual cue was applied in this 

study. In a future study, alternative feedbacks and corresponding user experience can be tested.     

Even though time estimation is not an objective measurement, for the pilot study, I tried to 

make a user estimate 60 seconds in order to be able to draw conclusions about his stress level, but 

since the user felt more stressed by this, I gave up on attempts to measure stress levels of users. Thus 
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a third limitation of the study is that the study lacked a verification of the hypothesis with 

quantitative methods. In further research, to verify the relaxation effects, quantitative methods, such 

as heartbeat measurement can be used.  

Regarding the methods, potential influence on interaction with the carpet could have analyzed 

with different hypothesis, for example, pace-of-life hypothesis (Levin & Norenzayan, 1999) or self-

regulation hypothesis (Bandura, 1991 as cited in Güss et al, 2018), situation-specific-patience-

behavior hypothesis (Mischel & Shoda, 1995). 

Fourth, the study has a lack of users’ personal background information to test the hypothesis 

more satisfactorily. According to pace-of-life hypothesis, which is that city people are walking faster 

than people in unpopulated areas, could not be verified enough with this study. Most of users in this 

study work or live in Umeå, except one user from Copenhagen, Denmark in Expo environment, who 

tried the interaction trial for the longest time. In future studies, users can be recruited from various 

cities varying from unpopulated areas to cities with lots of population, such as Seoul, Korea. 

Fifth, this study was limited in user group sampling. Self-regulation refers to the ability to 

control behavior, thoughts and emotions to attain certain goals (Bandura, 1991 as cited in Güss et al, 

2018). Related to cross cultural differences in self-regulation, Germans and westerners express anger 

and negative emotions more often than those in Eastern Cultures (Trommsdorff, 2012 as cited in 

Güss et al., 2018). In this study, most of the users were Europeans, except one user Asian background. 

She verbally reported that she felt relaxed in the initial phase during the trial. However, the number 

of users was limited to draw significant conclusion. For future studies, it can be tested with different 

ethnic groups.   

Sixth, the study was conducted in specific situation and context. Güss et al. (2018) conducted 

the study that patience would vary among situation with situation-specific patience behavior 

hypothesis. The study was conducted in two different situations, in a pilot-study and exhibition 

environment. Since this study was part of the project for Expo 2018, I had to choose the exhibition 

situation as real-world settings beside the pilot-study in the corridor. Therefore, the interaction could 

be only valid in the certain fixed situation and context. In future studies, the setting can be broadly 

conducted in real setting, such as the middle of square which is the place lots of people walk fast, a 

big office building lobby.  

Lastly, a significant limitation is related to the complexity to investigate movement-based 

interaction in the physical world. Everybody has different body shapes, heights, and habitual 

behaviors. In future studies, technical issues should be well prepared and taken into consideration 

before the actual prototype process begins 

Implications 

Some of the users who participated in the studies suggested the alternative application of 

having the interactive carpet as a floor navigator at airports or as rhythmical video game such as 

“Just Dance” in Wii. However, an ambition for my future work is to improve and incorporate the 

prototype as an actual application into the home environment, that is, movement-based interaction in 

the Internet of Things. 

This prototype can help pave the way to future interactive floors in the field of mindfulness. 

The current study found based on verbal reports that the carpet allowed users to participate in 

mindful walking, thus lowering their stress levels. Future infrastructure can incorporate interactive 

flooring not only for helping in rehabilitation, for instance, but also for promoting relaxation. 

Conclusion 
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The current study indicates and conforms to user experience evaluations, which is that  

fixing usability problems should be prioritized over improving the system (Law, E. L. C. & Sun, X, 

2012). For example, in the Expo study, even though I improved the visual feedback pattern with the 

fade-in lights in order to make the users feel more relaxed, once the users struggled with finding the 

sensor spots (usability problem), it made them move faster. 

With the whole process of concept design, actual prototyping and evaluating it, I gained 

deeper insights into the design process. Specifically, the use of an iterative design process has 

enabled me to investigate the context of actual human behaviors such as visual fixation during the 

activity, etc. and to incorporate these findings into the actual artifact.  

This study has explored how to design and develop a prototype of an interactive carpet for 

mindful walking by evaluating it within Activity theory. The prototype allowed individuals to feel 

calm. For further studies, some of limitations in the study can be improved to get more concrete 

findings.   
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Appendix 

Consent Form 

I participate in a research project conducted by Yeji Hong from Umeå University. I understand that 

the project is designed to gather information about “lotuSlowly” Interactive carpet. I will be one of 

approximately a number of people being interviewed and video-recorded for this research. 

1. I may withdraw and discontinue participation at any time without penalty. If I decline to 

participate or withdraw from the study, no one will be told. 

2. If I feel uncomfortable in any way during the sessions, I have the right to decline to answer any 

question or to end the study. 

3. Participation involves being surveyed by a thesis candidate from Umeå University. The 

experiment and interview will last approximately 15- 20 minutes, although there is no time limit. 

4. I understand that the researcher will not identify me by name in any reports using information 

obtained from this survey, and that my confidentiality as a user in this study will remain secure. 

Subsequent uses of records and data will be subject to standard data use policies which protect the 

anonymity of individuals and institutions. 

5. I understand that this research study has been reviewed and approved by the department head and 

coordinator of Cognitive Science and the thesis course at Umeå University. For research problems or 

questions regarding subjects, the department head and coordinator may be contacted through 

[suna@cs.umu.se; linnea.karlsson@umu.se]. 
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6. I have read and understand the explanation provided to me. I have had all my questions answered 

to my satisfaction, and I agree to participate in this study. 

7. I have been given a copy of this consent form. 

____________________________ ________________________ 

My Signature Date 

____________________________ ________________________ 

My Printed Name Signature of the Investigator 

For further information, please contact: Yeji Hong at cineh3@gmail.com 
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