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Abstract 
In this paper we report on the early developments and 
future plans of a study that aims to shed light on: (1) the 
material choices designers make when creating tangible 
user interfaces (TUIs), (2) how people characterise these 
materials, and (3) how these materials affect the way we 
experience TUIs. To achieve these goals we designed a 
study that involves a number of phases and methods, 
including surveying the range of materials used in TUIs, 
gathering accounts of how people characterise a selection 
of these materials and finally evaluating a wider range of 
materials based on these established characteristics. In the 
following we present our research approach and discuss 
the methodologies we will use throughout this study. We 
conclude by presenting our vision on how these phases will 
culminate in a better understanding of the material choices 
of TUIs and how this can be used to inform future designs. 
Finally, we present this work-in-progress to expose our 
methodological decisions to the wider DIS community, as 
we anticipate and welcome expert opinion and feedback on 
our approach and vision we have for this study.  
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Figure 1: A selection of examples from our 
material survey. 
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Background 
A key goal of our research is to survey the range of 
materials used in TUIs and to explore the design 
rationale for incorporating such materials. The study of 
materials has been predicted and explored for some 
time now in HCI subfields such as ambient [18], 
ubiquitous [20] and tangible computing [9]. Hornecker 
and Buur [8] focused on expanding the design space 
for tangible interaction to interweave physical materials 
and social experiences. While the focus in these areas 
has sometimes been on studying digital materials, our 
attention is specifically focused on the use of physical 
materials, such as wood, plastic, metal etc. and how 
these are integrated into user-interfaces. Previous 
research has studied many different aspects of 
materials. Tholander and colleagues explored the 
notion of agency in relation to the emerging properties 
of materials and showed how interaction design is often 
driven by the characteristics of materials [23]. Schmid 
and colleagues also identified the important role 
materials play in the design of TUIs by proposing an 
inverted design process that places materials at the 
forefront of the design cycle [21].  

Work has also been conducted that explores people's 
experience of materials. Jung and colleagues [11] 
adopted a  ‘material probe’ approach, whereby people 
were asked to play with and tell stories about a 
selection of different materials, before imagining ways 
they differ or compare to digital artefacts. This study 
also highlighted the potential benefits of a design 
approach from a materials perspective. Similarly Döring 
and colleagues [2] explored a materials-centred 
approach to tangible interaction based on studies 
conducted with a soap-bubble user interface. The study 
explored the constraints and ability to promote  

engagement of the interface. Though conducted within 
a narrow scope (i.e. one type of material) this study 
provokes the concept of examining the perceived 
qualities of a much wider range of TUI materials - 
something the study presented here aims to achieve.  

The Study Phases  
The study that we present here has three main phases, 
each of which will employ different methodologies. 
Phase one involves carrying out a large-scale literature 
review to establish a list of materials used across a 
broad range of TUIs. Phase two will involve conducting 
an adapted RepGrid study to elicit the characteristics 
participants apply to a selection of materials 
established in phase one. Finally, phase three will 
involve a crowd-sourced study, which will evaluate all 
the materials identified in phase one against the 
characteristics elicited in phase two to establish a 
better understanding of how people perceive these 
materials. We are currently in the process of 
completing phase one where we have collected over 
one hundred examples of TUIs by searching 
international conferences and periodicals that publish 
the most articles related to this topic. We also 
conducted a comprehensive online search for examples 
of work outside of academic publications, in particular 
for artworks. At this point the materials we have 
identified include: cardboard, polyester, rubber, wood, 
plastic and sand to name but a few (see a selection of 
examples in Fig 1, 2 & 3). Phase two will be conducted 
over the coming weeks and once this is complete we 
will commence phase three, where we will utilize 
Amazon’s Mechanical Turk1 service to gather responses 
from over five-hundred participants on how they rate 
                                                   

1 See https://www.mturk.com/ 

 

Figure 2: A selection of examples from our 
material survey. 

Provocations & Works in Progress DIS 2017, June 10–14, 2017, Edinburgh, UK

56



 

materials against established characteristics. As the 
next phase is about to commence, in the following we 
present the background and study design of this phase 
(RepGrid study), highlighting the rationale for choosing 
this method and how we intend to apply it. We sum up 
by presenting our vision of the next part of the study 
and how we intend to collate the findings of all three 
phases.   

The Repertory Grid Technique 
The goal of phase two is to elicit the characteristics 
participants apply to a selection of materials. To this 
end we decided to employ the RepGrid technique. The 
RepGrid is a proven method to empirically elicit and 
evaluate people’s subjective experiences and meaning 
structures they apply to objects or events under 
investigation (cf. [4]). The RepGrid technique was first 
employed in the field of clinical psychology. There has 
been growing interest in adopting this technique as a 
method of analysing design-related concepts. 
Cunningham et al. [1] used the RepGrid technique 
within the field of sound design. People’s personal 
constructs of different sound clips were accessed by 
employing RepGrid data collection and analysis 
techniques to great effect. Similarly, Hassenzahl et al. 
[6] used the RepGrid method within the field of web 
design. Specifically, the technique was used to analyse 
‘user-perceived “character” of web site designs’. The 
research concluded that the RepGrid can be employed 
as a useful tool for revealing issues with usability, 
graphic design and functionality within the web design 
field. When designing our RepGrid study we decided to 
base this on an adapted procedure developed by Hogan 
and Hornecker [7], as we were interested in gathering 
rich design relevant insight. Hogan and Hornecker’s 
adaptation blends the RepGrid with a focus group 

session so that multiple participants can be evaluated 
at a time. This method addresses some of the 
limitations of the traditional RepGrid technique, such as 
the time required to interview multiple participants, and 
the cognitive demand the method places on both the 
interviewer and the interviewee. In our study design we 
extend this adaptation to allow for study of more than 3 
elements, which was presented in the original 
adaptation [7].  

Procedure 
In the following we present the procedure of the key 
stages of our RepGrid study, these include: element 
selection, element familiarization, and construct 
elicitation.   

Stage #1: Element Selection: The materials included in 
this study will be identified through a literature review 
of TUIs collected from various sources. From this list we 
will select twelve that represent the range of material in 
our collection. These materials will be chosen based on 
their varying physical properties. 

Stage #2: Element Familiarization: We will then invite 
twelve volunteers to participate in the RepGrid study. 
These participants will first become familiar with the 
materials. The twelve materials will be presented in 
three groups of four, with each group placed on a 
different workstation (see Fig. 4). Working in groups of 
four, participants will move between the workstations in 
a round-robin style process, taking turns to interact 
with and discuss each group of materials for approx. 15 
minutes. In order to encourage participants to engage 
with the elements, prompt cards will be placed at each 
workstation. These cards will display questions such as 
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‘What does the material remind you of?’ and ‘What are 
the physical characteristics of the material?’  

Stage #3: Construct Elicitation: Within a focus group 
session, participants will be asked identify a similarity 
between two or more materials of their choosing, and a 
contrast between these materials and at least one 
other. For example, one participant may identify three 
materials as being ‘soft’, and another as being ‘hard’. 
Constructs will only be recorded if consensus is reached 
within the group. This process will continue until no 
original constructs can be identified. 

Data Collection & Analysis 
Data will be collected in four ways during this study - 
(1) transcriptions of the Rep Grid filled out by the 
researcher on the whiteboard, (2) audio and video 
recordings of the session, (3) transcripts of group 
discussions and (4) field notes taken during the 
session. The data obtained from the RepGrid will 
provide the characteristics for use in the next phase of 
the study, while the video and audio recordings and 
group discussion transcripts will collect rich qualitative 
data that will provide greater clarity on participant 
design choices when working with these materials 
during the planned workshop study. As in the approach 
developed in [7], much of the data analysis for this 
study will be completed during the Constructs 
Elicitation phase, where participants refine and agree 
upon the personal constructs to include. The audio 
transcripts, video recordings and field notes taken 
during the study will be qualitatively analysed. 
Participant explanations, reasoning and discussions 
around identifying and determining personal constructs 
will be systematically analysed, explored and reflected 
upon, in order to develop a strong understanding of 

what exactly was meant by each construct, and to 
remove all ambiguity. This will provide a more rounded 
and in depth knowledge of construct meaning as 
applied to all investigated materials during phase three 
of the study.  

Future Plans 
Following the completion of the phase two of this study, 
the focus of our research will move towards conducting 
a large-scale analysis of all materials used in the design 
and implementation of TUIs. The qualitative data 
collected from phase two of the study will be used to 
form categories for a crowd-sourced study that 
implements a Semantic Differential study methodology. 
Using the Mechanical Turk service provided by Amazon, 
we will gather data on how people assign personal 
constructs to a full list of TUI materials from hundreds 
of participants. This will contribute towards a well-
founded understanding of the TUI materials space as a 
whole. In order to complete this study, participants 
must be previously familiar with the materials being 
evaluated, as they will more than likely not have a 
sample to hand. Therefore, how the materials are 
presented through the survey will greatly impact the 
validity of the results obtained. Images of the material 
in its raw form along with examples of its common uses 
and objects made from it will be presented. The body of 
knowledge that will be generated from this research 
has the potential to act as a useful tool for design 
analysis. One such use we envision our findings being 
employed for is in the analysis of participant material 
choices during a TUI design workshop. An alternative 
use would be as an initial material selection tool for use 
during prototyping stages for designers. The benefits 
and possibilities of these potential uses would be a key 
area for discussion at DIS with fellow researchers.  

 

Figure 4. Layout of the Element 
Familiarization of phase 2. 
Participants interact with all four 
elements at each workstation before 
moving to next one. 
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