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Abstract 
When looking at the Internet of Things the question arises how people, places and things 
will be connected to each other in the future. One option to create interoperability between 
devices and humans for the Internet of Things is to use open web standards. Researchers 
have named this approach the Web of Things and have studied the vision by showing the 
technical feasibility and by suggesting software architectures. What has been missing so 
far is a designer’s view on the challenges of connecting the virtual and the physical world 
with web technology. This thesis therefore aims to explore how current web technologies 
can be used as design material for the Web of Things. The results indicate that new web 
technologies like push notifications work well in the context of ubiquitous computing. 
Additionally, the repertory grid method was applied to evaluate how users experience the 
Web of Things. It was found that the prototypes were perceived as easy to use, personal 
and working instantly but the participants were also clearly aware of the dependency to a 
working smartphone. 
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1. Introduction 
The Internet of Things has become more and more popular in recent years and is expected to 
grow heavily in the upcoming years (Gartner, 2013). While more and more devices are 
becoming connected to the Internet it is exciting to see how those devices will be connected 
to each other and especially how users will interact with them.  

One idea to integrate physical objects in the digital world and vice versa is to build a 
network based on the web which would be easily accessible for users but also for developers. 
Some use cases for the Web of Things (WoT) have been presented like for example a guiding 
system at a conference, public transport information or smart parking meters (Barton & 
Kindberg, 2001; Google, 2015). However, the prototypes built so far have been focused on 
demonstrating the technical feasibility and measuring performance. Before designers can 
effectively explore this area it is important to understand the potentials and constraints for 
the Web of Things additionally from a different perspective. 

In HCI, researchers have recognized the trend of the digital moving into the physical 
world. In a panel discussion at CHI 2012 (Wiberg et al., 2013) the participants highlighted 
consequently that when designing for a combination between the digital and physical world 
it is becoming of great importance to start thinking of computing as design material. 
Understanding computing as design material is essential because it determines how people 
experience the designed artifacts and eventually even how they experience the world. 

A materiality or user experience perspective on the Internet of Things has so far been 
applied in various studies in the area of discoverability with NFC, Bluetooth or QR-codes. 
(Sundström, Taylor, & O’Hara, 2011; Shin, Jung, & Chang, 2012; Meschtscherjakov, 
Gschwendtner, Tscheligi, & Sundström, 2013). I want to take this view one step further and 
look beyond the discovery process and instead look into what kind of current web 
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technologies could be used to create meaningful digital interactions within the physical 
world.  

For this thesis I have chosen Bluetooth Low Energy (BLE) beacons as the technology to 
make devices discoverable because Bluetooth is built into every modern smartphone and is 
currently named as the most promising technology for device tagging (Want, Schilit, & 
Jenson, 2015). Ready-made BLE beacons that broadcast URLs can be bought and a 
smartphone application from Google is available to discover broadcasted URLs (Google, 
2015).  

Based on the BLE beacons and the smartphone app for discovery, two prototypes were 
built to explore the materiality of current web technology for the WoT from a designer’s 
perspective. When studying material from the physical world one can touch, maybe form and 
sense it. That is however difficult when looking at computing as design material. By building 
prototypes that make the Web of Things technology graspable I aim to find out more about 
the material properties of this technology. The prototypes address certain use cases that 
people are facing today and could possibly be improved by combining the physical and digital 
world and providing context-sensitive information and interaction. The prototypes are being 
evaluated with the repertory grid method to gain insights into the material properties of the 
WoT. So, my research questions is as follows: 

“What are the material properties of the Web of Things and how do they 
influence the user experience in public spaces?” 

 
This thesis aims to make the following contributions: 

• Generate insights into how current web technologies can be used to create interactive 
experiences for the Web of Things. (Chapter 4) 

• How do users experience the materiality of the Web of Things? (Chapter 6.2) 
• Discover design-relevant information for the Web of Things. (Chapter 7) 

 
By exploring the materiality of the Web of Things I aim to contribute to a discussion about 
how to bring the web into the physical world and help to create an environment in which 
humans can communicate with devices around them easily and instantly. Not parts of this 
study are aspects that will need to be addressed in the future like security and privacy issues. 

2. Related Research 
This section aims to give an overview about the two major fields around my research 
question, which are ubiquitous computing and materiality. 

2.1 Ubiquitous Computing 
In the late 80s a group of researchers at Xerox PARC envisioned that the notion of the 
computer would change rapidly in the 21h century. The vision, called ubiquitous computing, 
expected the computer to disappear within the environment like writing has in the past 
(Weiser, 1991). Humans encounter written texts everywhere in their life and it does not take 
them a large mental effort to interact with it. In contrast to that, single desktop computers 
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were at that time completely separate from their environment and stationary (Weiser, 1991). 
This has changed over time and we nowadays have small computers in the form of 
smartphones that we carry around with us every day. However, computation only moves very 
slowly into everyday objects of the physical world and those devices mainly do not have any 
connection to each other. It remains a challenge until today to examine how passive objects 
from the physical world can become part of the Internet of Things (Want et al., 2015). One 
solution to address the interconnectivity between devices but also humans in the Internet of 
Things is the idea of connecting devices over the web. 

More than 13 years ago the HP lab (Kindberg et al., 2002) presented the Cooltown project 
which aimed to demonstrate how to connect the physical and virtual world by using the web. 
They aimed to create an underlying architecture that would be flexible, easy to learn and easy 
to develop for platform, for the more and more mobile world. The core idea was to connect 
active and digital appliances like printers and radios to the web by incorporating a web 
server. Passive devices like books and CDs would also be discoverable with a web presence by 
tagging them with beacons that broadcast a URL or passive tags (e.g. RFID). 

Some technologies to address discoverability in the Internet of Things have been explored 
over the years. One of the first hopeful approaches, RFID, has only lately been built into 
smartphones in the form of NFC. Because of its short radius it is especially useful for the use 
case of payments (Gomez, Oller, & Paradells, 2012). Another recent attempt to connect 
physical objects to the Internet in public spaces has been QR codes. But as studies have 
shown, QR codes have not become widely accepted. Only 6.2% of total mobile audience in 
the US has scanned a code in 2011 (comScore, 2011) and the usage is stagnating although the 
number of smartphones is rising (MarketingCharts, 2013).  The latest approach in this field 
is the use of Bluetooth low energy (BLE). BLE has advantages over preceding technologies 
because it is already widely built into current smartphones, has a larger radius than NFC and 
does not require positioning a camera like when using QR codes.  

Despite the efforts from researchers to use the web as the interconnection between smart 
objects, until now, mainly proprietary solutions for the Internet of Things can be found like 
home automation systems or smart TVs. To build a more open network of smart objects, 
researchers have lately introduced the idea of connecting devices with the web again, now 
named as the Web of Things (WoT) (Guinard, Trifa, & Wilde, 2010). They argue that the 
Internet of Things has a strong focus on connectivity on the network level but not on the 
application level. By using the well-known and successful concepts of the web as the 
application layer they claim that it will accelerate the prevalence of the Internet of Things. 
The Web of Things architecture suggested by Guinard (2011) specifically focuses on enabling 
developers to quickly build prototypes but also offers users a direct and lightweight access to 
smart objects without the need for installing additional software.  

That the Web of Things is an important and current challenge both in research, as 
described, but also in the industry was apparent at CHI 2014. Scott Jenson, a user experience 
strategist at Google, presented a closing keynote (ACM SIGCHI, 2014) which presented the 
vision of what Jenson calls ‘The Physical Web”: “In the physical web, people, places, and 
things have webpages to provide information and mechanisms for user interaction.” (Want et 
al., 2015). In the keynote it was highlighted that using only proprietary smartphone 
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applications will not scale with the growing number of devices in the Internet of Things and 
simpler interaction possibilities are needed. 

2.2 The Materiality View 
In the last years the HCI community became increasingly aware that designing for the 
Internet of Things involves a materiality view (Wiberg et al., 2013). In one of the first papers 
addressing material studies in the context of HCI Vallgårda and Redström (2007) argue for 
understanding computational technology no longer barely as a tool but as design material. 
Computational technology is seen as a composite, which becomes a design material when 
combined with other materials. This notion is especially interesting from a ubiquitous 
computing view because physical objects are designed by enriching them with computational 
technology. 

Like material from the physical world, computational technology has properties. Such 
material properties might be flexibility, mobility, mutability or persistency (Dourish & 
Mazmanian, 2011). Properties are important because the decisions about which material to 
use for a certain design, are, amongst others, based on its properties. In contrast to  
Vallgårda and Redström (2007), for whom computational technology becomes material 
when combined with other physical materials, Dourish and Mazmanian (2011) claim that 
information itself is a material.  

A question that is strongly connected to material properties is how they influence how 
users experience the world around them. Dourish and Mazmanian (2011) present an example 
how adding information technology to photography has changed the way we think about 
photography. Digital photography has different material properties than analog 
photography, which greatly influences how people encounter photography nowadays. For 
example the post-processing part in the digital age opens up numerous opportunities to 
manipulate a picture after it was taken, which was only possible in a very limited way before. 
It has also changed the way people decide what is worth photographing. We take pictures 
from our food, which we only consider since we carry around a camera with us in our 
smartphone. So, when interacting with a material, its properties are revealed.  

As mentioned before, different materials have different properties and identifying 
material properties of a technology is also a matter of perspective (Vallgårda & Redström, 
2007). Besides looking at the Web of Things from a computer science perspective it is also 
important to generate knowledge about the designers and users perspective. I want to 
contribute to this field of research by addressing the questions raised by Fernaeus and 
Sundström (2012) around material exploration. They encourage other researchers to start 
discussing properties of certain materials in terms of making interactive artifacts and to 
evaluate what experiences and applications could emerge by the use of a certain material. It 
is important to understand the role and material properties of quickly changing technologies 
for the design process and not treat technology as a black box (Fernaeus & Sundström, 2012; 
Sundström, Taylor, & Grufberg, 2011). 

To summarize, a lot of knowledge has been collected on the technological side of 
ubiquitous computing in previous years. Ubiquitous computing has also partly been explored 
from a materiality view, especially the discovering technologies like Bluetooth, RFID and 
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QR-codes. What is missing so far, to the best of my knowledge, has been a materiality view 
on web technologies within the Web of Things field. That is why I want to explore web 
technologies as design material for ubiquitous computing. I aim to discover material 
properties of web technologies through building quick prototypes and I aim to evaluate how 
users experience the WoT prototypes. 

3. Research Methodology 
In this section I present my research approach, which consisted of prototyping as a way to 
explore the materiality and the repertory grid technique as an evaluation technique. I 
furthermore argue why it was necessary to conduct this study as a lab study.  

3.1 Prototyping 
To explore the materiality of the Web of Things I decided to build prototypes. This was 
necessary because computing technology is more difficult to explore than physical material 
because it cannot be touched and sensed in the same way as physical material. Only when 
computing technology is being built into a running system the material starts to reveal its 
properties (Sundström, Taylor, & Grufberg, 2011). 
Prototyping as a tool to envision future scenarios has been applied from the very beginning 
in ubiquitous computing. The first vision of ubiquitous computing at Xerox PARC was 
implemented with several devices of varying sizes, called tabs, pads and boards (Weiser, 
1991). By building prototypes and using them the researchers aimed to gain a better 
understanding how these technologies would be experienced.  

In HCI, prototypes are usually the result of an iterative, user-centered approach. The user-
centered approach is especially good to model user behaviors, identify problems and design 
artifacts that are efficient and easy to use (J. Nielsen, 1993). However, ubiquitous computing 
stands in contrast to common design scenarios that focus on solving problems that arise 
from the past. Designing for ubiquitous computing is more focused on designing a visionary 
future and designing for the future deals with new technologies (Bell & Dourish, 2007).  

To explore new technologies from a designers point of view the inspirational bits 
approach has been suggested (Sundström, Taylor, & Grufberg, 2011). This approach 
addresses the need for material explorations early in the design process to gain a better 
understanding about the material’s potentials and limitations. In the process of exploring the 
material’s properties several quick and dirty prototypes, called inspirational bits, are built. 
The aim of this approach is to investigate different properties of the material and show how 
those properties could become useful in a design process.  

3.2 Repertory Grid Technique 
The aim for the evaluation was to identify the material properties that people connect with 
the WoT prototypes and possibly find out about what experiences people connect with them. 
Ethnography oriented methods that explore usage over time would have been valuable but 
they would have exceeded the scope of this thesis. Additionally, unstructured or semi-
structured interviews were identified as possibly not delivering enough information because 
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of the rather limited complexity of the prototypes. Moreover unstructured interviews might 
have been too biased because the same person would have conducted the interview that built 
the prototypes. 

The Repertory Grid Technique (RGT) was finally chosen as the main evaluation method 
because it offers a structured interview technique that limits the possible bias. When the RGT 
is applied in HCI it lets the participants generate constructs they connect with an innovative 
artifact (Fallman & Waterworth, 2010). The generated constructs will help to identify the 
material properties, which influence how we interact with our environment. The RGT is 
therefore a reasonable option to evaluate how users perceive the Web of Things prototypes.  
Although originally coming from the field of psychology, the RGT has been applied in many 
other contexts, including HCI (Fallman & Waterworth, 2005, 2010; Hemmert, 2013; Kwak, 
Hornbæk, Markopoulos, & Bruns Alonso, 2014). The RGT is based on Kelly’s (1955) personal 
construct theory. Kelly assumed that we attach meaning to objects, events and people by 
seeing them as bipolar poles, called personal constructs, which reflect similarity and 
difference. According to Kelly, personal constructs define how we see the world around us. 
An example personal construct when looking at people could be “long” vs. “short”. One way 
to elicit personal constructs is the Repertory Grid Technique.  

The RGT is a systematic way of eliciting constructs that describe given artifacts. First, the 
test person is shown a random set of three artifacts, called triad. The test person is then 
asked to identify two artifacts that are similar as opposed to the third and describe the 
difference with two opposing expressions. This can be for example a construct like 
“trustworthy vs. dubious”. After that the participant is asked to rate all elements that are part 
of the study based on the construct provided. For the rating a Likert scale with a scale from 5-
7 is common (Jankowicz, 2004). 

When applying the repertory grid technique, a table (or grid) is the outcome. In a 
repertory grid the artifacts that are being evaluated are arranged in columns and the bipolar 
constructs are represented by rows. The fields of the table are filled with the ratings (from 1 – 
5) for the specific element and construct. The bipolar expression on the left side of the table 
represents the rating 1 whereas the opposing expression on the right side represents the 
rating value 5. Elements that are, for example, considered as shopping oriented would be 

Figure 1. Repertory Grid 
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rated with 1 whereas others that deal only with information would be rated with 5 (see Figure 
1). 

Hassenzahl and Wessler (2000) have identified several advantages and disadvantages of 
the RGT. Firstly, the RGT allows gathering design-relevant information, which is one 
contribution this thesis aims to achieve. The RGT is also known as being efficient and it 
offers a wide variety of analysis possibilities. Lastly, a strong advantage over, for example, a 
normal interview is that the interviewer is not influencing the participant. Hereby it becomes 
possible to capture a preconception free view and it also allows capturing unexpected 
knowledge.  

The advantage of gaining an uninfluenced view can also be interpreted as a disadvantage 
because the interviewer has to rely on the participant’s words. This is especially challenging, 
as the participants tend to come up with more descriptive constructs than evaluate 
constructs. This is a problem because evaluative constructs are more valuable to identify 
material properties and design implications. However, it is possible to minimize this issue by 
asking the participants to rather think about how they experience the artifact instead of facts. 
Another disadvantage is that at least four artifacts need to be part of the evaluation. This 
problem can be avoided by including already existing artifacts. Apart from having enough 
artifacts to compare, this is also recommended to gain results that are situated.  

3.3 A Lab Study 
To address my research question I needed to evaluate how users experience the Web of 
Things prototypes. Evaluations can be conducted either in a laboratory environment or “in 
the wild” and especially in the field of mobile and ubiquitous computing, researchers have 
argued about which one the most effective is. On the one side it has been argued that there is 
no advantage in doing a field study over of a lab study for identifying usability problems for 
context-aware mobile systems (Kjeldskov, Skov, Als, & Høegh, 2004). Others argue that field 
studies deliver better results for mobile systems (C. M. Nielsen, Overgaard, Pedersen, Stage, 
& Stenild, 2006; Rogers et al., 2007). However, at least for the airport push notifications 
prototype it was not possible to do a “in the wild study” because most of the airport is not 
accessible without a ticket and furthermore asking all participants to the airport would have 
been too demanding for the study setup. To test the bus prototype in the field would have 
been reasonable from an organizational perspective. Nonetheless it was decided to evaluate 
the bus prototype in a lab environment too because of consistency reasons.  

To avoid evaluating the WoT without context and to make the evaluation not too long for 
my participants I decided to add artifacts that already existed. Measuring user experience is 
never absolute but by providing a context by adding existing artifacts it becomes possible to 
situate the Web of Things prototypes in a context and therefore capture the user experience 
in relation to existing artifacts (Fallman & Waterworth, 2010). Additionally, to simulate a 
context as good as possible I set up a scenario for the test person. I argue that presenting the 
prototypes in a lab is not the best possibility but still a valid one because I asked my study 
participants to imagine a situation that was familiar to them because all participants had 
been at a bus stop and at an airport before. 
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4. Prototyping 
As introduced earlier, the inspirational bits approach suggested by Sundström, Taylor, & 
Grufberg (2011) was applied. This section aims to give an overview of the inspirational bits 
that emerged while exploring the materiality of the Web of Things. Additionally, the ready-
made hard- and software that was used is described. 

4.1 The Physical Web App and Beacons 
Firstly, I used Bluetooth Low Energy (BLE) beacons 
that were given to me from Google. BLE beacons are 
available in many forms but for this study I used so-
called UriBeacons that are small electronic devices 
with a battery that broadcast a configurable URL.  

Secondly, a smartphone application was used, 
which is available for everyone in the Google Play 
Store or Apple App Store called ‘Physical Web’. This is 
an application that scans the environment for 
broadcasted URLs and lists the recognized ones in the 
notification center. So, every time the user wants to 

see which beacons are around they can look at their smartphone and get a list of URLs 
nearby. 

To explore what kind of web interactions could be useful I built two prototypes myself and 
used one ready-made video prototype. I will explain the prototypes in the following sections. 

4.2 Bus Stop Prototype 
The first prototype is a bus stop information website. This 
prototype addresses a very simple use case for the Web of 
Things. By using the knowledge of the current location and 
the current time, it is possible to present a timetable for the 
exact moment at the exact location at a certain bus stop. So, as 
soon as a user approaches a bus stop they find a URL in the 
notification center on their smartphone that provides a 
timetable with the information in how many minutes the next 
bus will leave and in which direction (see Image 2.). 
This prototype was built with Ruby and the Sinatra framework 
within three days and is based on a REST API provided by 
resrobot (Resrobot & Samtrafiken i Sverige, 2015). The API 
provides timetable data for bus stops in Umeå and it provides 
the time when the next bus leaves. The only aspect that is 
calculated after retrieving the data from the API is the time in 
how many minutes the bus leaves instead of showing the 

departure time. 
 

 

Image 1. Beacon 

Image 2. Bus Prototype 
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4.3 Airport Notifications System Prototype 
The second prototype goes one step further than the first as 
it offers interaction possibilities via push notifications. The 
idea is that a user walks into an airport and then picks up a 
URL that shows all the flights that are leaving and arriving. 
The user can then decide to receive updates for a certain 
flight with push notifications. Every time the status of the 
flight changes the user will be notified, for example when 
boarding starts or if there has been a delay. So, this 
prototype also makes use of the current location and time 
but also adds interaction in form of follow-up notifications. 

This prototype was built with Ruby on Rails and 
JavaScript within one and a half weeks. The JavaScript 
part is based on an example from the Google Chrome team 
about push notifications via web. This prototype was 
especially built to try how the new JavaScript concept of 
ServiceWorkers could enable unknown interaction 
possibilities. 

 

 
4.4 Vending Machine Video Prototype 

Due to time constraints it was not possible to build the 
third prototype that I wanted to include in the study to 
evaluate interactions with physical objects over the web. 
Therefore I chose to include a video prototype that was 
uploaded to YouTube by the user experience strategist Scott 
Jenson (Jenson, 2014). The video demonstrates how a user 
buys a snack at a vending machine via web with a 
smartphone.  
 
 

 

5. Study Setup and Procedure 
The study was conducted in the HCI-lab at Umeå University over a period of one week. Each 
session lasted from about 45 minutes up to an hour. Six participants were female, four male 
and their age ranged from 22 years to 48 years with a median average of 27 years. The 
participants had a wide variety of different educational backgrounds (e.g. design, 
management, geography and humanities). Some of the participants were also HCI students. 
All of the participants were familiar with smartphones. 

Image 3. Airport Prototype 

Image 4. Vending Machine 
Prototype 
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Before the interview the participants were informed that they could always decide to skip 
a question or abort the whole interview at any time. Additionally, they were ensured that 
their answers would be kept at a safe place and that the results would be anonymized. The 
participants were not reimbursed for their voluntary participation. Each interview was 
recorded with the approval from the participant. 

Three out of ten interviews were conducted in German and the rest in English. If possible, 
the German-speaking participants provided the elicited constructs in English. If the 
construct was expressed in German it was translated later with the help of a dictionary 
together with the participant.  

To try out the digital artifacts an Android smartphone was provided that had the 
applications that were needed for the evaluation pre-installed. A second, similar smartphone, 
was available as a backup. 

5.1 Element Familiarization 
Before eliciting the constructs with RGT the participant needs to be familiar with the 
artifacts. The bus stop prototype (E1), the airport prototype (E2) and the video of a vending 
machine controlled with a phone (E3), as described earlier, were the elements that 
represented the WoT possibilities. Apart from the prototypes that aimed to show the 
potentials of the Web of Things, some more elements were added to the evaluation to situate 
the artifacts into a context. Pictures of the following artifacts were part of the study: a kiosk 
(E4), a normal vending machine (E5), a printed timetable brochure from the local public 
transport in Umeå (E6), a poster with a QR-Code (E7), the icon of the local public transport 
app (E8) and an airport information display (E9).  
 

 
 
 

Image 5. Elements for Evaluation 
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These elements were chosen to display a variety of topics from providing barely information 
to interaction possibilities. They were also chosen because most of them are well-known 
artifacts that are in use today, in situations, in which the Web of Things could play a role in 
the future. 

A scenario was constructed to guide the participant in a real world like situation through 
the artifacts. The participant was asked to imagine that (s)/he was going to fly to Stockholm. 
To get to the airport, (s)/he was supposed to use public transport. To simulate this journey a 
mixture of photos, sounds and prototypes were combined (see images below). At the various 
steps of the journey, e.g. still at home, at a bus stop or at airport check-in, the prototypes, but 
also traditional artifacts, were presented. The user got to try out each artifact (s)/he was not 
familiar with.  

5.2 Data Gathering 
This section describes the pilot interview and the process of gathering data during the 
evaluation. 

5.2.1 Pilot Interview 
First, a pilot interview was conducted to test the feasibility and measure how much time 
would be needed. It was found that trying to elicit six constructs was a reasonable goal within 
the time frame of an hour that was identified as the maximum for the voluntary participants. 
Eliciting six constructs would also not be too demanding for the participants.  

At some point during the pilot interview it became clear that one of the elements was 
confused with another one. That led to the decision to not only have the element names on 
the index cards and pictures of prototypes nearby but instead add pictures on the index 
cards. Additionally, a larger scheme than DINA4 to arrange the index cards according to the 
opposing poles was needed as it was unclear which category the index card belonged to. 
Lastly, I realized after the interview that the participant had never scanned a QR-code before, 
which can have influenced the rating. I therefore decided that all unknown artifacts needed 
to be tried out if they were not familiar, no matter if it was a self-built prototype or an 
existing artifact. 

 

 

Image 6. Scenario Setup Image 7. Bus Prototype 
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5.2.2 Eliciting Constructs and Ratings 
First, the repertory grid technique was explained to the participants. An example, which was 
unrelated to the research topic, was used to explain the concept of the structured interview 
and rating. After the initial explanation the following scheme, which was based on Jankowicz 
(2004), was followed in each interview. 

The topic of the grid “Interacting with the physical world” was introduced to the 
participant. The artifacts, including the prototypes, were presented on index cards. It was 
made sure that the participant was familiar with each element. Additionally, the participant 
was asked to see the elements as a more general concept and not like the exact 
implementation. For example they were supposed to have their general perception of public 
transport apps in mind and not the exact one that is used in Umeå. I explained that I was 
aiming to find out how the participant thinks about the artifacts by asking structured 
questions.  

The process of eliciting constructs started with 
presenting a set of three randomly chosen elements, 
called triads, to the participant. To minimize influencing 
the participant a script calculated the triads. The 
participant was then asked which two of the elements 
were the same in some way and different from the third.  
In the next step the participant had to describe what the 
two elements had in common as opposed to the third. 
Afterwards I checked if I understood the construct 
correctly and, if necessary, I tried to remind the 
participant to rather think about how they experience 
the element instead of stating well-known facts. 
Additionally, I applied the laddering technique to elicit 
better or new constructs by asking “How?” or “In what 

way?” (Jankowicz, 2004). The construct was written 
down, with the one pole that was describing the two 
elements on the top, and the opposing pole in the 

bottom of the scheme. The participant then rated the elements by positioning the index cards 
of the three given elements on a five-step scale. The participant arranged the index cards 
according to how good the poles were describing the element. After rating the first three 
elements, the participant positioned the other six elements on the five-step scale as well.  

This process was repeated until six constructs were elicited. In the end, one predefined 
construct was provided “easy to use – painful to use” for which the participants had to rate 
the elements. 

The major difference to the process suggested by Jankowicz (2004) was that I did not let 
the participant fill in the ratings in a grid. Instead I used a printed scale with the opposing 
poles on the top and the bottom and the elements were written on index cards. By doing it 
that way the user could rearrange the elements easily and but more importantly, it made sure 
that the participant was not confused by the rating numbers which is a common problem 
when using the grid technique (Jankowicz, 2004). I avoided this issue by using a visual 

Image 8. Rating of Artifacts 
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representation that is also implemented in the GridSuite software (Fromm, n.d.). Herby, the 
participant did not have to think about the rating numbers. I transformed the ratings from 
my participants into a grid after the interview. 

For some participants it was quite easy to suggest constructs whereas others thought for a 
long time before suggesting an idea. However, in the end all participants were able to provide 
six own constructs and ratings of the elements. So, in the end I collected 60 bipolar 
constructs and based on those constructs all elements were rated. 

6. Data Analysis 
After the interviews according to the repertory grid technique the results are several separate 
repertory grids. These grids are similar in the way that they all share the same elements (E1 – 
E9), the same rating scale (1 – 5) and one similar construct (“easy to use” – “painful to use”). 
However, all other constructs differ from grid to grid. One option to analyze the results is to 
look into each person’s repertory grid and look at the constructs they offered and the ratings. 
This is a reasonable approach if the goal is to learn something about the different views 
people have on the elements. For this thesis, however, the focus lies not on the differences 
between people but on the elements and their design potentials. To gain insights about the 
elements from a design perspective it is necessary to group the different constructs from all 
grids. 

6.1 Multi-grid Analysis 
When looking from a broader perspective, there are two different ways of grouping 
constructs from different grids. On the one hand constructs can be grouped with content 
analysis in which constructs are clustered based on their meaning. For example constructs 
like “not needed – necessary” and “bothers me – saves time” could be grouped together. That 
approach, however, does not take the ratings into account (Jankowicz, 2004). Additionally, 
grouping constructs based on semantics can be misleading as for instance a seemingly clear 
construct like “young – old” can be interpreted very differently depending on how old the 
participant is. In contrast to this statistically blind method another approach can be chosen 
which is based purely on the ratings and is therefore semantically blind (Fallman & 
Waterworth, 2005). This approach applies statistical methods to cluster the constructs based 
on the ratings. When applying statistical methods it becomes possible to discover relations 
between constructs that would not be obvious when analyzing them based on their meaning.  

For this thesis the statistical approach was chosen as the way to analyze the group of 
repertory grids. One of the major advantages of choosing the statistical approach is that it is 
predominantly free from biases. This is important because the major advantage of the 
repertory grid technique, which is capturing preconception free views, was preserved. It was 
furthermore identified as potentially valuable to keep the ratings.  

6.1.1 Clustering 
A common way of analyzing multiple grids in the HCI field is to combine all constructs into a 
single, large grid (Fallman & Waterworth, 2010; Hemmert, 2013). However, 60 different 
constructs in one grid is too much data to make sense of. To identify patterns it is necessary 
to group the constructs into clusters. Unfortunately, the software WebGrid (“Rep 5,” n.d.), 
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that was used for clustering in similar work to mine (Fallman & Waterworth, 2010; 
Hemmert, 2013), was not available while working on this thesis. Instead, the freely available 
OpenRepGrid software was used, which is an open source package for repertory grid analysis 
based on the statistical R software (The R Foundation, n.d.) and has also been used by 
Hemmert (2013) for the analysis part.  

For hierarchical cluster analysis one has to choose a distance calculation method (metric) 
and a clustering method (linkage criteria). As the distance method, the Euclidian distance 
option was chosen which is common for repertory grids (Jankowicz, 2004). For clustering, 
the Ward method was chosen because it aims to minimize the differences within clusters 
(Murtagh & Legendre, 2014). The clustering method in OpenRepGrid also takes into account 
that the bipolar constructs might be more similar to each other when being reversed. This 
means that initially all constructs are included twice, in the original and reversed form, and 
the one that guarantees optimal clustering is kept in the end. This is akin to the FOCUS 
algorithm (Jankowicz &  Thomas, 1982). 

The result of the clustering method is a dendrogram, which is a hierarchical, visual 
representation of the clusters that emerged. The dendrogram can be found in the appendix. 
Based on the dendrogram, it was decided to break up clusters so that 12 clusters emerged. 
This decision was based on the one hand on the goal of having about 10 overall constructs for 
the final analysis but also, on the other hand, based on what seemed reasonable from a 
semantic point of view. As the first two clusters that emerged were very small (two and three 
constructs) and did not resemble any common semantic meaning they were excluded from 
further analysis. Additionally, one construct from another cluster was removed because it did 
not fit at all semantically. To name the emerged clusters one or two labels from constructs 
within that cluster were chosen as the overall cluster name. For the final analysis I therefore 
had 10 clustered groups of constructs together with the construct that was provided by me 
(“easy to use” – “painful to use”). 

The next step was to calculate a rating for every cluster to create the new, overall grid. The 
rating was calculated as the arithmetic median because the median, as opposed the mean 
average, de-emphasizes extreme values in the group (Fallman & Waterworth, 2005). 

6.2 Analysis Result 
After calculating the overall grid one gets an overview about the personal constructs 
participants perceive when looking at the given artifacts. Because the repertory grid 
technique is about gathering an uninfluenced opinion, some constructs can be more useful 
and others less useful for identifying material properties and user experiences. To identify in 
what ways the emerged constructs can support design decisions they are categorized 
according to Hassenzahl & Wessler, (2000). 



  

 16 

6.2.1 Design Principles 
This category, design principles, is named somehow misleading as this category collects 
constructs that reflect design decisions. This category can be seen as a collection of 
constructs that are rather descriptive than evaluative. As explained before, in the grid below, 
the expression on the left symbolizes the rating 1 whereas the opposite expression is rated 
with 5 as a maximum. The WoT prototypes are positioned in the first three columns of the 
table. 

“Real-world interaction” – “dependent on device/energy” 
The majority of all the participants (7/10) mentioned a construct that belonged to this group. 
Although real-world interaction could be also a more evaluative description, most of the 
constructs provided focused on the fact that they needed a working and charged own device 
to be able to use it. As one interviewee mentioned, this plays an important role for example at 
the airport. Especially on long trips the phone might run out of battery and not be useable 
anymore as a ticket or for other interactions like push notifications.  

 
“Consume, cost” – “information, free” 

This category was also mentioned by almost all participants (8/10). This is obviously a 
matter of how the artifacts were chosen. One third of the artifacts were consumer oriented 
and the others were mainly about providing information. The public transport app was, from 
some people, recognized as a combination because it also possible to buy a ticket with it. 

 
“Physical, passive” – “virtual, up-to-date” 

Another rather large category (8/10) describes whether the artifacts are perceived as rather 
physical or virtual. Closely connected to that is the more evaluative description of passive 
versus up-to-date. The bus stop and airport prototypes were clearly rated as virtual and up-
to-date. This is surprising in a way because the prototypes are supposed to connect the 
virtual and physical world. The participants did not notice this intention and rated the WoT 
as virtual as a public transport app, which is, from my perspective, more virtual as it has only 

Figure 2. Design principles 
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limited abilities to recognize the physical space around it. The WoT prototypes are aware of 
the location in the physical world, but the participants did not seem to be aware of this or 
had the focus on the passive – up-to-date construct, although 3 participants explicitly called 
it physical – virtual. 

6.2.2 Quality of Interaction 
Quality of interaction describes the constructs people use to describe usability-focused 
aspects of the interaction and are mostly of evaluative nature. 

“Easy to use” - “painful to use” 
This was the only provided construct and therefore rated by all participants. I added this 
construct because I considered it valuable to know how users perceive the usability for the 
WoT in comparison with the other artifacts. It was also included as a backup if clustering the 
data from all different grids would not have worked out, which was not the case. It was 
therefore included in the analysis as all the other constructs. 

The bus and airport prototypes were rated together with the kiosk as the most easy to use. 
Only the brochure was rated as rather painful to use. The vending machine with the phone 
and the one with coins were placed in between. This can be explained with comments from 
the participants from the interview who complained about vending machines being not very 
reliable, the need for the right coins or being afraid of pushing the wrong button. This 
impression seems to have been transferred on the vending machine using the phone too 
although there is no need for coins and as one interviewee stated, using a phone for a 
vending machine would be clearly easier if one was in a foreign country with a different 
currency. 
 

“Stuck at a place, interactive” – “mobile, static” 
This group is rather small (four constructs) but it expresses an interesting contrast. One the 
one hand some of the artifacts where identified as bound to a certain location whereas others 
can be taken along. Interestingly, artifacts that were identified as dependent on location were 
similar to those that were seen as interactive (as opposed to static).  

The more consume oriented artifacts like the kiosk and the vending machines were clearly 
identified as stuck at a place and interactive. In contrast, the QR-code, the public transport 
app and the timetable brochure were identified as clearly mobile but static. This could be 

Figure 3. Quality of interaction 
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interpreted as the lack of direct interaction with a person or physical object. This would also 
explain why the WoT prototypes were positioned somewhere in between. The airport 
prototype was positioned in the middle which could show that the participants where aware 
that the service was limited to a location, the airport, but could also taken along within the 
airport and be hereby mobile. It also has a stronger interactive part than the public transport 
app or QR-codes because it calls for action with push notifications. The bus prototype was 
seen more static, which can be explained as it does not interact with the user and just 
presents information.  

6.2.3 Quality of Presentation 
Quality of presentation deals with how people perceive the self-descriptiveness. Constructs 
belonging to this category deal with how good the information is presented and they are 
mostly of evaluative nature. 

“Obvious what to find, fast” – “mysterious, more effort” 
This is a group of 5 constructs that focus on how the information is presented. This category 
seems to be describing a situation where the benefit of using an artifact or the information 
presented is obvious in contrast to unclear. Artifacts that are known for a long time, like a 
timetable brochure, kiosk and the vending machine with coins were rated as obvious and 
fast. Surprisingly also the WoT video prototype vending machine was rated as obvious and 
fast. This could be explained by the fact that although a phone is needed as a tool to interact 
with the vending machine, it is always instantly visible what is on offer. This stands in 
contrast to the other WoT, which tend to stay more in the virtual world and have 
consequently been rated in between obvious and mysterious (bus) or even rather mysterious 
(airport). The QR-code was rated as the most mysterious one. This indicates that it might be 
desirable to clearly state what benefits the user gets when using the artifact as early as 
possible. 

“General, requires effort” – “personal, works instantly” 
Five constructs form this middle-sized category. The category seems to express the fact that 
general information or interaction takes more effort to understand as opposed to 
personalized artifacts. The brochure, public transport app and kiosk were identified as being 
rather general and requiring effort whereas the WoT prototypes were identified as very 
personal and working instantly. This shows that the participants recognized the designer’s 

Figure 4. Quality of presentation 
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goal to provide easily accessible, relevant and personalized information that is meaningful at 
that very moment at that specific place. 

6.2.4 Hedonic Quality 
The last category includes constructs that describe the hedonic quality. They are mostly 
evaluative and concern non-task-related qualities. This category is about how users perceive 
aspects of the prototypes that go beyond usability and utility. 

“Relaxed, I decide” – “serious, I’m being influenced” 
This rather large group of 7 constructs is the first one that describes how users experience the 
artifacts overall. This group is similar to the more descriptive construct “consume, cost” – 
“information, free”.  So the more consume oriented artifacts like the vending machines and 
kiosk, but also the QR-code, are connected with a relaxed situation in which the user has the 
power to make decisions.  In contrast to that, the bus prototype and the airport information 
display were connected more with a serious situation in which they are being influenced. The 
airport prototype was the most serious and influential which can be explained because by 
contacting the participant directly with push notifications s(he) is influenced more and the 
information is perceived as even more serious.  
 

“Dubious, risky” – “trustworthy, useful” 
Half of the participants suggested a construct belonging to this category. This category seems 
to describe how much the participants think the artifact will deliver the expected outcome 
and if the outcome will be up-to-date and herby useful. Interestingly the vending machine 
controlled with a phone was rated as the most dubious and risky artifact, followed by the 
timetable brochure. One way to explain this could be the fact that the prototype was just 
presented as a video. Additionally the normal vending machine with coins and the airport 
prototype were seen only as something in between dubious and trustworthy. I assume that 
the airport prototype is seen as slightly dubious is due to the fairly new technology, sending 
push notifications via web, with which the participants were not familiar and therefore 

Figure 5. Hedonic quality 
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possibly trusted less. Moreover, flight updates are very important information and there 
could be a fear of missing updates because the phone is not working the way it should be. 

 
“Spontaneous, not necessary” – “planned, important” 

This small category consists of four constructs that have similar ratings but slightly different 
semantic meanings. One could try to summarize this construct on the one hand with 
spontaneous and not necessary versus planned and important. It is from the semantic 
meaning but also from the ratings overall closely related to the earlier described construct 
“relaxed, I decide” versus “serious, being influenced”. 

 
“Not needed” – “necessary” 

This category is the smallest and consists together with only one other construct (“bothers 
me – “saves time”). Nevertheless it was included because the ratings were very similar and 
this category added an interesting view on the artifacts that has not been included in other 
categories. Somehow surprisingly the bus and airport prototypes were rated as absolutely 
necessary and time saving, together with all other artifacts except the QR-code and using a 
vending machine with a phone. This can mean that users see a large benefit in using the bus 
and airport prototypes. That using the vending machine with a phone was seen as “not 
needed” or “bothers me” could be understood in the way that people could be unsure about 
handling payment data over the phone and would prefer to use coins instead. Another 
possible explanation could be that the user experience in the study was considerably different 
from the other prototypes because it was just presented in a video and the participants were 
more skeptical about the concept for that reason. 
 
After having described the results based on the clustered personal constructs the following 
discussion section will examine how the results can help to answer the research question.  

7. Discussion 
Fernaeus and Sundström (2012) asked other researchers to explore specific materials by, 
amongst others, identifying properties. It is being discussed what material properties were 
found and how they possibly influence our experience of the world around us. This section 
ends with a description of the study’s limitations. 

7.1 Material Properties 
The repertory grid method was applied to identify people’s subjective experiences with 
innovative artifacts (Fallman & Waterworth, 2005). Based on the found personal constructs 
it is summarized and discussed in this section which personal constructs are shared among 
the WoT prototypes and could therefore be interpreted as material properties that 
characterize web technology as design material. 

7.1.1 Design Principles 
It became clear that the participants were well aware of being dependent on the battery life of 
their smartphone when interacting with the WoT. This is especially challenging for a 
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designer because for the Web of Things the environment needs to be scanned, which 
influences power consumption. If the discovery of things is done through BLE it is necessary 
to convince users to switch Bluetooth on in the first place and keep it on. The Physical Web 
project initiated by Google approaches this challenge partly by scanning the environment 
only when the smartphone screen is on (“Physical Web Introduction,” 2015). However, this 
also needs to be clearly communicated to the users in the future. To summarize, for the WoT 
success it seems to be essential to look for ways to save the smartphone’s battery life. It is as 
important to communicate the effort to save battery to the user so that they are willing to 
activate for example Bluetooth as default.  

Another topic that was mentioned in the design principles category was physical, passive 
versus virtual, up-to-date interactions. As mentioned before, the participants perceived the 
bus stop and airport prototypes as completely virtual. That is somehow comprehensible, 
because the interaction perceived from the user happens on the screen. However, it seems to 
be important for the mental model of the user to understand that different locations will have 
different URLs. If users are aware of this is unclear because in the conducted study the 
participants did not change locations.  

7.1.2 Quality of Interaction 
The first design implication for the quality of interaction is the most obvious; the WoT should 
be easy to use. There is not much more to add, except that the hedonic construct “dubious, 
risky – trustworthy, useful” was the most similar to this one. Therefore one can assume that 
for users, easy to use applications are also mostly also experienced as more trustworthy and 
useful. 

The other construct of this category, “Stuck at a place, interactive – mobile, static” is an 
interesting aspect to think about when designing. Especially within the field of WoT new web 
technologies like ServiceWorker and push notifications have proved to applicable to bridge 
the gap and create experiences that are mobile and interactive at the same time, like the 
airport prototype.  

7.1.3 Quality of Presentation 
Concerning the quality of presentation one opportunity is to build novel WoT applications is 
to design them to be personal and to work instantly. However, there will most certainly be 
other opportunities, which have not been explored in this study. 
Another important challenge to think about when designing for the WoT is how to make it 
more obvious that there are possibilities to interact with the physical world. The beacons 
should be positioned somewhere where they are visible. Also, an explanation on a sign about 
what to find could minimize the mysteriousness. Additionally, when user scans for URLs it is 
important to add meaningful metadata to a URL that explains what to expect.  

7.1.4 Hedonic Quality 
The last category deals with hedonic quality. One aspect that was identified was the contrast 
between a more relaxed situation in which the user is in charge of decisions and the more 
serious situation in which the user is being influenced. The airport prototype was seen as 
highly serious and influential whereas the vending machine WoT video was connected with a 
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relaxed situation in which the user was in control. Depending on the product one wants to 
design it might be worth thinking about which of the poles one wants to address.  
Another challenging topic to think about when designing WoT artifacts could be how to make 
them more trustworthy and useful. The study has shown that in serious situations, like at the 
airport, users are less likely to trust the application completely. Additionally, it also seems to 
be less likely that users adopt the WoT possibilities if they have other options that have 
proved to be reliable before, like using coins for a vending machine or using an airport 
information display. On the contrary, if a person is waiting for a bus, which is a situation that 
is in most cases less serious than at an airport, the timetable on the phone was received as 
useful and trustworthy. I assume that this is true in particular for bus stops that do not have 
an electronic display and therefore no other option as comfortable and reliable. Overall, the 
results for trustworthiness and usefulness lead to the assumption that WoT applications 
make most sense in situations that are not very critical and also they should aim at offering 
services that were not possible before. 
To summarize, some shared material properties could be identified. The WoT prototypes 
were described as dependent on energy/device, virtual, up-to-date, working instantly and 
easy to use. Getting back to the research question, it now needs to be discussed how these 
properties influence how users experience the artifacts and therefore the world. 

7.2 User Experience 
Dourish and Mazmanian (2011) claim that “representational properties associated with 
digital media affects aspects of the interactional experience and, in turn, how we encounter 
the world through the computer”. By applying the repertory grid method it was possible to 
identify personal constructs that people connect with the given artifacts. My study has shown 
that people are well aware of different material properties and are able to express how the 
properties influence them.  

Just like the example with photography, introduced in the related research section, the 
representation of information is changing from analogue to digital. This influences how users 
perceive the artifacts and eventually how they experience the world. A printed timetable 
brochure has been for example described as a passive, real-world artifact that offers obvious 
information. Additionally, it was perceived that extracting information requires a lot of effort 
because of the general, not personalized information representation. While a public 
transport smartphone app has the clearly expressed disadvantages of being dependent on the 
energy of a device, it does not take full advantage of being virtual and relevant for the user. 
The information presented is still perceived as general, passive and not personal. One 
interviewee explicitly stated that the app is really just a digital version of the brochure and 
another interviewee assumed that the app might not be updated more often than the printed 
brochure. Additionally, the app is also seen as somewhere in between “obvious what to find, 
fast” and “mysterious, more effort” which can be explained as information overload.  

To conclude, the expectation of how information should be presented nowadays has 
changed. Information is expected to be personal and instantly available and the WoT 
prototypes offered one way to do so. 
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7.2 Prototyping 
Fernaeus and Sundström (2012) encouraged other researchers to explore what experiences 
can be triggered with specific materials and what applications could be built. Two prototypes 
were designed and developed that represent possible applications for the Web of Things. 
Some parts of the inspirational bits approach for exploring materiality did not apply for this 
thesis because this thesis was not written in a team. Consequently, one idea of the 
inspirational bits approach, talking to and teaching team members, did not come into play.  

However, there are some findings that are worth noting that give answers to the question 
about possibilities and limitations of the studied material (Fernaeus & Sundström, 2012). 
Firstly, the technology needed to prototype with beacons is very simple to use and is 
accessible not only for developers. Apps that scan the environment for beacons are available 
for everyone in the according stores for Android and iPhone and they are easy to use. The 
only thing that needs to be configured is the URL that is being saved on the beacon. This is 
done through pushing a button on the beacon and then saving a custom URL on the beacon 
with the app. Prototypes can be built very fast with current web technologies, especially when 
building mash-ups with already available REST APIs. Additionally, push notifications over 
the web have proved to be a promising feature to interact with the user. It is currently only 
implemented in the latest Chrome version but should be available as an open web standard 
in the near future (W3C, 2015). 

7.3 Limitations 
This study was limited, in terms of the number of participants and but also in terms of their 
age. A group of people that did not grow up with technology would most certainly rate the 
artifacts differently. The choice of artifacts and prototypes was also limited to a travel 
scenario. The prototypes built and the elements that were added have influenced the results 
and it is unclear if adding or changing one element would change the outcome of this study 
significantly. However, through positioning the WoT prototypes within a group of existing 
artifacts it was made possible to evaluate the prototypes in a context. Additionally, using a 
video to show an interactive WoT prototype was not optimal and has most likely influenced 
the result. 

Another possible weakness of the study was that the participants were asked to keep a 
broader concept of the presented elements in mind, for example a public transport app in 
general and not exactly the local bus app. From comments during the interview it became 
clear that this was not always kept in mind, which might have influenced the results. 

Evaluating the prototypes in a lab environment might have had a negative impact on the 
results too. It was for example unexpected that none of the participants identified the 
dependency on mobile Internet or Bluetooth. This is most likely due to the study setup and 
procedure. If participants would have used their own phones at the bus stop or at the airport 
they might have realized that. In the lab environment the mobile phone was connected to the 
wireless network and the participants were not aware of the Internet connection. 

Concerning the repertory grid method it was a good choice to capture an uninfluenced 
view. However, it was not possible to direct the participant to certain answers so only parts of 
the results could help to identify material properties. Other feedback was more vague or 
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different between the prototypes and is better seen as design implications than as material 
properties.  

8. Conclusion and Future Research 
To summarize, in this study some material properties could be identified that were shared 
among the WoT prototypes. The WoT prototypes were overall described as dependent, 
virtual, up-to-date, personal, working instantly and easy to use.  
Other personal constructs that were identified in the repertory grid study were not applicable 
to all Web of Things prototypes. They can instead be seen as inspirations for design 
implications.  

First, some challenges for design were identified. It was shown that users are aware of the 
dependency on a working and charged smartphone. That is especially critical because when 
using the BLE technology users might be reluctant to leave Bluetooth on because of the fear 
of draining the battery. It was also identified that it is important to explain the user the 
connection to the physical world, on the one hand on the smartphone by filling metadata for 
a URL and on the other hand in the physical worlds with, for example, signs. By doing so the 
WoT should become less mysterious for the user. 

Secondly, it will be interesting for designers to explore the contrast between interactive 
and “stuck at a place” artifacts versus mobile and static. Push notifications via web, built into 
the airport prototype, has proved to be one possibility but there are more options to explore. 

Lastly, it was shown that WoT applications might be most successful in situations that are 
not very critical. Also one might want to aim to develop services that are not already being 
provided in a similar way today. For example for the vending machine it was shown that the 
WoT prototype was rated as not needed, very dubious and risky. 

8.1 Future Research 
In this study only a small number of prototypes could be built and evaluated. To see if the 
results are only valid for the presented case or if they can be interpreted as more general 
insights further studies need to be conducted with more WoT prototypes.  

It was not possible based on this study to draw well-supported conclusions about WoT 
artifacts that let people interact with objects from the physical world over the web because 
the prototypes that were developed for this study stayed rather in the virtual world. More 
research needs to be conducted to explore situations in which users can interact with 
artifacts from the physical world over the web.  

Moreover, to the best of my knowledge, there have not been any other studies that aimed 
to identify material properties by applying the repertory grid method. Further studies need to 
validate that the repertory grid method is an appropriate method to identify material 
properties. 
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