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1. Introduction  
In industrial contexts design is not a solitary process carried out by designers only. Other stakeholders 
are also involved in the process. Considering the generic phase model of design as a process of 
analysis, synthesis, appraisal and decision [Lawson 1990], designers need to communicate their ideas 
to other stakeholders, especially to end-users, at different stages of the process, in order to validate 
them and proceed within the process [Stacey and Eckert 2003]. Designers communicate their ideas 
through various media, such as verbal descriptions, sketches, renders, simulations and working 
prototypes [Ulrich and Eppinger 2008]. There are plenty of tools at the disposal of designers to create 
these media but as indicated by Houde and Hill [1997] “…what is significant is not what media or 
tools are used to create them, but how they are used by a designer to explore or demonstrate some 
aspects of the future artefact…”. Studies concerning the use of design representations usually focus on 
the information they communicate and the reactions they evoke from their audience. However, before 
they are shown to an audience there is a process where they are created by the designer and decided to 
be shown. In our research we would like to focus on this process and try to learn concerns, limitations 
and motivations of designers while they are creating and using certain types of design representations 
for certain types of communication taking place in the design process. Thus we approach design 
representations from a designer-centric point of view and explore the factors which have an influence 
on the quality of the look and the feel of representations that are created and used by designers. We 
believe that identifying these factors will provide an understanding of the current practice concerning 
design communication and reveal insights about how designers can be supported in this practice with 
future tools and methods for design communication.  
Design representations have been discussed extensively regarding what kind of reactions they evoke 
from users, especially in usability studies (e.g. [Virzi et al. 1996], [Sauer and Sonderegger 2009]). 
Rudd et al. [1996] identified the characteristics and values of low and high-fidelity prototypes and 
provided guidelines for user interface designers on when and why to utilize them in the design 
process. All these studies focused on the effect of design representations on the receiver. However, in 
our study we would like to reveal the perspective of the sender. Of course how their representations 
are perceived by the viewers is also the concern of the designers; however, it is not the only 
determinant of the choice. Our previous studies revealed that designers have conflicting concerns 
regarding the effect of visual quality of design representations on the communication with end-users. 
They believe that early design representations like sketches are too vague for users to understand the 
concept. On the other hand, detailed representations would stimulate user feedback on the details, in 
which designers are not yet interested. Thus designers do not have a clear idea about how design 
representations are perceived by their audience. However in their daily practice they choose certain 
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representations for certain audiences in specific occasions Thus there should be other factors which 
motivate designers towards a certain quality of design representation. In this research we try to reveal 
these factors through a case study which highlights the communication between designers and other 
stakeholders in the context of a specific company. The study illustrates which kind of design 
representations are preferred by designers, why they prefer to use certain representations for certain 
goals and audiences and how designers tend to use them in their practice. Through the insights 
gathered in the study we aim to contribute to the engineering of future tools and methods for design 
communication, as these insights represent the concerns of the designers who will be the users of these 
tools and methods. Thus our study concludes with requirements for the development of such tools and 
methods. 

2. Design representations 
A design process is an interdisciplinary process which requires strong collaboration between 
stakeholders. Effective communication among the stakeholders is vital for a successful collaboration. 
Design representations are the artefacts which are commonly utilized by designers in order to 
communicate their ideas with other stakeholders, throughout the design process, so that the 
stakeholders can envision the outcomes of the design before it is built.  
Visser [2006] described design as a construction of representations. According to her, design 
representations are intermediary artefacts which constitute the specifications to form the final artefact. 
These can be “mental cognitive artefacts”, such as the vague ideas and images that designers have in 
their head. In the course of the design process designers externalize these cognitive artefacts into 
external representations, such as verbal descriptions or sketches and other drawings. As they are 
discussed with other stakeholders in the design process their level of precision increases and they 
evolve to the final artefact. Similarly, Stacey and Eckert [2003] also describe the representations of 
design as mental or physical abstractions which do not reflect the whole specifications of the design 
but a chosen part of it. Thus in order to interpret these representations, to understand which aspects are 
fixed and which others can vary is important. Getting the representations right has major benefits to 
the process.  
The design representations referred to in this study are visual external artefacts, which are created and 
utilized by the designers in order to communicate and validate different aspects of the design concepts, 
especially concerning the user-product interaction, with the other stakeholders.   

3. Study  
The study was carried out in collaboration with an in-house design team of a company that produces 
professional products. Thus it is a case study which examines the use of design representations in a 
specific design team. Nine designers participated in the study with four different roles: two product 
designers, three interaction designers, three visual designers and one usability engineer. Product 
designers are responsible for the design of 3D components of the products. They are also seen as 
partners in the managerial meetings concerning brand image and the vision for new product 
development processes. Interaction designers are responsible for the feel of the products. They design 
the man-machine interface. Like product designers they also take part in managerial meetings about 
the vision of new product development processes. Visual designers are responsible mainly for the 
visual design of graphical user interfaces (GUI), but also for packaging and labelling. They work in 
close cooperation with interaction designers. Usability engineers are the user experts in the company 
who are responsible for enhancing the usability of the products. They support the work of designers by 
bringing the view of the user into discussions. They also perform user studies with end-users. The 
experience of the designers ranged from two years to ten years.  
Face to face interviews were the main data collection method used in the study. Workbooks were 
given to the participants one week before the interview sessions, to make them think about their design 
process, the communication in the process and the tools and methods they utilize. The interviews were 
carried out in the company. They were semi structured and were questioning the design process in the 
company, the involved stakeholders, communication among the stakeholders and the design 
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representations used for communicating the design concepts. The interviews lasted between half an 
hour and forty-five minutes.  
After the study, the interviews were analyzed through verbal analysis by the first author [Chi 1997]. 
Interviews were transcribed and segmented according to the topics they revealed. Reasoning chains 
were included in the segments, as the reasoning of designers was very important for the study. The 
segments were coded based on the main questions of the study. The following categories were used 
for the coding: the design process, user involvement in the design process, design representations used 
for eliciting end-user feedback, design representations used for communicating with internal 
stakeholders. In the analysis, the interviews of the designers with different roles were considered 
separately in order to discover the differences among these roles. 

4. Findings 
The findings of the study will be examined under four headings: the design process of the company, 
the involvement of users in the design process, the design representations used within the design 
process and the factors which affect the choice of the design representations. 

4.1 The design process 

The design process of the company was represented by the designers as a process of four main phases: 
the analysis phase, the design phase, the validation phase and the detailing & transfer phase. Although 
these phases look sequential, the process is quite iterative. Table 1 shows the active involvement of 
different designers in the design process along these phases.   

Table 1. Involvement of designers in different design phases 

Analysis Phase Design Phase Validation Phase Detailing & Transfer 
phase 

Usability Engineers 
Product Designers 

Interaction Designers 

Product Designers 
Interaction Designers 

Visual Designers 

Usability Engineers 
 

Product Designers 
Interaction Designers 

Visual Designers 

4.1.1 Analysis phase 

The analysis phase starts when the design team gets their assignment from the company Headquarters 
(HQ), in terms of requirements and specifications. In this phase designers try to get an understanding 
of the aim of the design process and work on developing a design vision to address this aim. 
Moreover, they try to get an understanding of the design problems and identify opportunities to 
address them. Two types of design communication take place in this phase: communication with HQ 
in order to set a design vision and communication with end-users and experts to explore the design 
space and identify opportunities. Designers indicated that in order to start hands on designing, 
requirements given by HQ are not enough and they need a clear vision. Thus usually product designers 
and interaction designers make proposals to the HQ to establish an agreed vision. After the vision is 
established designers carry out a research process to explore the problem space and to identify 
opportunities. Visiting the customers’ offices, reports about the customer visits made in the past and 
conversations with colleagues, who have a wide knowledge about the market, are the main sources of 
information in this phase.  

4.1.2 Design phase  

This is the phase where designers begin hands-on concept generation. Here the main tool of designers 
is pen/paper sketching, as it is accessible and fast. The speed of sketching is very important for 
designers in this phase. Since they think quite fast about new ideas, they would like to put them on 
paper in parallel with their thinking speed, before the ideas fade away. In this phase the designers 
communicate design ideas with their designer colleagues mainly in collaborative brainstorm sessions. 
Pen/paper sketching is preferred as a communication medium for these sessions as well, as it is fast 
and accessible for everybody. Moreover, designers believe that sketches have room for personal 
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interpretation and thus stimulate divergent thinking. Once designers have a short list of promising 
concepts, they would like to validate them with their colleagues, usability engineers and experts who 
are knowledgeable about the users. Users are not involved in the process at this stage, as it is believed 
that the possible representations are too vague to be shown to users. This generation-validation process 
can iterate several times until the designers are comfortable with their concepts.  

4.1.3 Validation phase  

This is the phase where the concepts generated in the previous phase are validated with end-users 
through formal usability tests carried out by usability engineers. The design concepts are 
communicated to end-users through professionally prepared prototypes. It is important that these 
prototypes are prepared such that they allow end-users to experience them similar to how they would 
experience the end-product, in terms of use, functionality and look and feel. In the cases that a 
working prototype is not available, full scale wooden mock-ups or rapid prototyped casings are used to 
simulate the look. Clickable demos are built to simulate the graphical user interface (GUI) and a 
Wizard of Oz technique is utilized to simulate the functionality. These usability tests are carried out by 
usability engineers and broadcasted live to a meeting room so that designers can observe the session. 
The usability tests catch quite some attention from the members of the project as it is the first time that 
different parts of a concept come together.  

4.1.4 Detailing & transfer phase  

The aim of this phase is to detail and transfer the concept to the engineering team. In this phase 
designers are preparing their concepts to communicate them with engineers who will further develop 
the concepts for manufacturing. Product designers hand their concepts to mechanical engineers and 
interaction designers together with visual designers hand their concepts to software engineers.  
Detailed and accurate representations are used for the communication in order not to leave any room 
for personal interpretations. CAD files for the design of hardware and pixel accurate drawings and 
clickable demos for the design of interaction and the interface are chosen for this purpose. Text files 
accompany the representations in order to prevent misunderstandings.   

4.2 User involvement in the design process 

Active user involvement takes place in two phases: the analysis phase and the validation phase. Users 
are not actively involved in the design phase. In the analysis phase usability engineers elicit user 
insights through visiting customer sites. In those visits they observe users in their daily work practice 
and they also ask questions to the users. These visits are carried out three to four times a year.  
Designers can also join these visits. Most of the designers really like to carry out these visits. One of 
the designers explained the reason for this enthusiasm with the following words: “I am very much 
convinced that you see a lot more if you are there, at a customer, just seeing what they are doing there 
and not just what they say. So I am really looking forward to do that.” These visits are documented in 
structured reports to communicate the results with designers who are not involved in these visits. 
Designers believe that each visit made to a customer site contributes to the general knowledge of the 
design team about their customers and the users. 
Usability testing, done in the validation phase, is the second occasion where the potential users are 
involved in the process. It is indicated that these tests contribute both to the validation of the concepts 
and to the general knowledge of the designers about how users perceive and use their products. 
Usability tests are always carried out by usability engineers. These tests are broadcasted live to a 
meeting room so that interested designers can observe the test. Designers are very keen to observe the 
usability tests as they believe that reading a report afterwards or watching a highlighted video does not 
inform them as much as observing usability tests. The results of the usability tests are communicated 
with designers who were not able to observe the session through reports and high-lighted videos.  
Although users are actively involved only in the aforementioned two phases, the designers think that 
users are involved all through the process. They also keep on mentioning that they find the user 
involvement quite important.  However, what they refer to is quite an indirect involvement. They 
believe that they have a good understanding of their user profiles and always keep the users in mind 



DESIGN INFORMATION AND KNOWLEDGE 1539

while designing. In the design phase they conduct informal early concept validations with their 
colleagues, mostly usability engineers, who have a good knowledge about the user group. When it was 
asked why they prefer talking with colleagues rather than talking with potential end-users, they 
indicated that in that stage concepts are represented by rough sketches and/or mock-ups and they are 
rather hesitant to show these rough representations to the users. It is believed that sketches need an 
interpretation process and end-users are not able to make these interpretations. On the other hand the 
usability engineers have more confidence in end-users than the designers, as a usability engineer said 
“I noticed that it is sometimes expected [by the designer] to be difficult for users to imagine how it 
would be using a real touch screen. But it is not a problem. They can quite easily see through that it is 
paper and it does not limit them in giving feedback.”  

4.3 Design representations used by the design team 

The study revealed that several design representations are used within the process. In this study we are 
primarily interested in the design representations which are used for early validations in the design 
process. We will discuss these representations under two headings: the design representations used for 
communicating with end-users and the design representations used for communicating with internal 
stakeholders. 

4.3.1 The design representations used for communicating with end-users in the early validation phase 

Designers have varying opinions about and preferences for design representations which are used in 
communication with end-users in order to elicit feedback. Here we will discuss the opinions, beliefs 
and the preferences of each designer group concerning different aspects of design (Table 2). 
The concepts are validated with end-users after some concept development has been done. These 
validations concern not the usefulness but the usability of the concepts. Usability engineers are the 
people who conduct these validations with users by using the representations provided by the 
designers. They believe that in the early phases using low fidelity prototypes elicit quite useful 
feedback, as users “are not afraid to give critical feedback because they can see that the concept can 
still be changed.” They think “fancy” prototypes hinder user feedback because such prototypes 
stimulate feedback on the details, such as the colour and the shape. However, they also add that if the 
details are important for user understanding and behaviour, then they should be represented. 
Product designers think in parallel with usability engineers and in the early phases they prefer the use 
of 1/1 wooden mock-ups for the purpose of eliciting user feedback on the look and feel of the 
hardware. One of the product designers said “The users should think that they are invited to discuss 
what they see. They must feel confident that they are allowed to discuss. If something is looking like 
really finished, people do not think that their ideas are appreciated. If they do not like something, they 
do not simply tell”. The mock-ups are used to elicit feedback about the visibility and reach of the 
screens and controls, and also about the dimensions. However, the designers also added that thanks to 
the advances of rapid prototyping, nowadays, it is less work to get their parts rapid prototyped than to 
build wooden mock-ups. Thus recently they started to use rapid prototypes much more than the 
wooden mock-ups.  
Interaction designers prefer representations which are quick to build and which do not carry any 
distracting details. In order to elicit feedback on the feel of the interaction with GUI, they prefer the 
use of pen/paper prototypes together with Wizard of Oz technique or Power Point demos. PowerPoint 
demos are slideshows of screenshots of the GUI which are ordered according to a use scenario so the 
user can walk through the interface within the designed scenario. They are specially preferred if there 
is a limited time to prepare a more elaborate prototype. However they have a disadvantage. They 
require the facilitation of the usability engineer (e.g. when you press that button, you go that page) so 
they cannot be left for the free use of the users. If the behaviour of the user wants to be observed and if 
there is enough time to build a prototype, then clickable demos are preferred. They are more final than 
paper prototypes and Power Point demos, and animations can also be incorporated in them.  
Visual designers are the only designers in the team who think that sketchy representations would 
absolutely not work in eliciting feedback from end-users. They think that for the graphical design of 
the interface the colours, the shapes, contrast, and the animations are very important. They do not 
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think that these things can be represented in a sketchy manner. They think these sketchy 
representations can be used for in-team validation but users cannot understand these sketches: “Most 
people have problems to understand something on the basis of sketches. Maybe it is something for 
creative people. So to talk with users I would choose a realistic look”.  

Table 2. A summary of the design representations used for communicating different design 
aspects with users in the early validation phase 

Look and feel of the 
hardware 

Interaction with GUI Look of GUI 

1/1 wooden mock-ups, 
1/1 rapid prototypes 

Paper prototypes, 
PowerPoint demos, 

Clickable demos 

Detailed digital sketches 

4.3.2 The design representations used for communicating with internal stakeholders 

Communication with internal stakeholders is done for three main reasons: to persuade, to discuss and 
to collaborate.  The goal depends on the role of the designer and the role of the stakeholder (Table 3).  
Product designers are mainly in communication with project leaders, product managers, mechanical 
engineers and other designers. Communication with project leaders and product managers takes place 
for two purposes: to establish the design brief and to discuss the design solutions. The first type of 
communication is mostly about the brand image and the vision. The aim of the designers is to attract 
attention and to persuade. They use stories supported with sketches. They think that the quality of 
sketches is very important. Although the sketches used here represent a global idea, designers pay 
attention to make them look nice, in the words of one of the designers “seductive” (Figure 1). One of 
the designers explained the importance of nice looking sketches as follows: “What you have to realize, 
is that the selling part is very important. It is very easy to discard an idea so what you need is to 
motivate the solution. Motivation is the most important part. The second thing is that by making a 
sketch like this, you sort of lift the attention. If you make a very quick sketch, people might think the 
idea is not well thought through.” Designers also use renders and 1/5 rapid prototyped models for the 
same purpose (Figure 1). The second type of communication is for discussing the design solutions. 
Sketchy representations such as pen/paper sketches and 1/1 wooden mock-ups are preferred for this 
purpose. Designers believe that high quality representations invite for a decision so the designer can 
only get “yes” or “no” and cannot access the underlying reasons. On the other hand sketchy 
representations are ambiguous and invite for discussion. Moreover, these discussions support the 
feeling of shared ownership of the design. 
Product designers also communicate with fellow designers and mechanical engineers during the 
process. The communication with fellow designers is mainly for collaboration. They prefer quick 
pen/paper sketches as a medium for this type of communication, as it is quick, accessible and 
stimulates further ideas. When the design is ready, mechanical engineers take over the concept and 
prepare it for manufacturing. However designers start communicating with mechanical engineers early 
in the design process in order to reach the right product with little iteration. CAD platform is the main 
medium for this communication, as it is a common language which allows exchange of data and 
collaboration.  

 
Figure 1. A seductive sketch (left) and a render (right) used to convince by product designer 
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Table 3. A summary of the design representations used for communicating with internal 
stakeholders  

Roles Representations Purpose Stakeholders 
Product Designers Stories, “seductive” 

sketches, renders, , 1/5 
rapid prototypes 

To attract attention 
To persuade 

Project leader 
Product manager 

Sketchy representations 
like pen/paper sketches, 
1/1 wooden dummies 

To discuss 
To create a feeling of 

shared ownership 
CAD files To collaborate Mechanical engineers 

Quick pen/paper sketches To collaborate Fellow designers 
Interaction Designers Digital sketches, 

clickable demos 
To persuade Project leader 

Software architects 
Pen/paper sketches, paper 

prototypes, sketchy 
interactive prototypes 

(like Power Point demos 
and demos prepared in 
Microsoft Sketch Flow) 

To discuss 

Pen/paper sketches To collaborate, to co-
create 

Visual designers 

Visual Designers Pen/paper sketches, 
digital sketches 

To collaborate, to co-
create 

Interaction designer 

Mood boards To collaborate Fellow visual 
designers 

In the early phases interaction designers are mainly in dialogue with project leaders, software 
architects and visual designers. The aim of the communication with project leaders and software 
architects is either to persuade them about the vision, or to discuss the concepts. If the communication 
involves persuasion they use nice looking representations like digital sketches or clickable demos. If 
the aim is to discuss, they prefer pen/paper sketches. Two of the designers tend to sketch their 
concepts during the meetings (Figure 2) in order to help non-designers to follow the story, so that they 
can think along with the designer, interfere and contribute to the concept, which leads to a shared 
ownership and eases the collaboration. On the other hand, the third interaction designer uses Microsoft 
Sketch Flow to create sketchy interactive prototypes (Figure 2). He says that his sketching abilities are 
not very good thus he prefers not to use pen/paper sketches in these meetings.  
The communication between interaction designers and visual designers is for collaboration. They 
think that pen/paper sketches are the most suitable medium for this kind of communication. The aim 
of this process is to understand each other and to generate a joint idea about the design direction. Thus 
in this process they not only sketch to show their ideas but also to show how they interpret ideas of 
each other. 

 
Figure 2. A hand sketch made in a meeting (left), a digital sketch made with Microsoft Sketch 

Flow (middle) and a screen shot from a clickable demo by interaction designers (right) 
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In the early phases of the design process visual designers are in a dialogue with interaction designers 
and fellow visual designers. Both dialogues are for collaboration. In a new design project the dialogue 
with interaction designers starts with long and iterative ideation sessions. The sessions start with co-
sketching using pen and paper; in the later iterations digital sketches are also used. Visual designers 
think that bringing digital versions of the sketches to these ideation meetings is also important because 
these sketches give more realistic information about the placement and sizes of the icons (Figure 3). 
Early dialogue among visual designers also aims for collaboration, mainly regarding the visual styles 
and metaphors used in the interfaces. They do brainstorms and mood board studies together (Figure 3).  

 
Figure 3. A pen/paper sketch (left), a digital sketch (middle) and a sketch made in a brainstorm 

(right) by visual designers 

4.4 Factors affecting the preference of designers for design representations 

According to the findings, there are six factors which affect the preference of designers for design 
representations in their communication with other stakeholders: the phase of the design process, role 
of the designer, the audience of the designer, the goal of the communication, Since the other factors 
have already been discussed in the previous sections, this section will focus only on the effect of the 
time needed for preparing the design representation and the skills of the designer. 
Speed is an important factor which affects the preference for a certain design representations. Speed 
can sometimes overrule other concerns. Designers appreciate building the representations with little 
effort in a short time. For example, although product designers think that prototypes which look 
finished would create a threshold for eliciting end-user feedback, they tend to prefer 1/1 rapidly 
prototyped models to 1/1 wooden mock-ups because they can be created faster with less effort. 
Similarly interaction designers also think that sketchy looking representations are better for 
stimulating the dialogue, however, they tend to switch to digital sketching and building Power Point 
demos pretty early in the process, as they can create quick new representations via editing old ones. 
When we asked why they prefer building PowerPoint demos one of the interaction designers replied: 
“In a lot of cases it was because this material was already available and a lot of stuff is reused.  To 
sketch indeed would cost me more time”.  
Last but not least, the individual skills of designers are very important determinants of which kind of 
representations designers tend to use in their communication with other stakeholders. Based on their 
skills, designers tend to use different representations for the same audience and purpose. For example 
one of the product designers uses “seductive sketches” in the meetings with managerial stakeholders to 
persuade them, while the other product designer prefers renders and 1/5 rapid prototypes because he 
cannot make “seductive” digital sketches. Two of the interaction designers prefer to sketch in the 
meetings with managerial stakeholders, as they believe pen/paper sketches would stimulate the 
dialogue in these meetings. However one of the designers also added that it is because she is not very 
good at making graphics so she prefers sketching, writing down some words and drawing arrows. The 
other designer also said: “Visually I am not strong. My strength is in the logic”. The third interaction 
designer prefers sketchy prototypes created with Microsoft Sketch Flow, for discussion, as he thinks 
his hand writing and his free sketching skills are quite bad. 
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5. Conclusions 
This study revealed insights into the concerns, the limitations and the motivations of designers which 
make them create and use certain types of design representations for communicating their design ideas 
with stakeholders, especially early in the design process. Although our findings represent the current 
practice in a specific company we believe that they reveal some insights for the development of future 
tools and methods concerning design communication. We conclude our paper with a discussion about 
the requirements that are derived from this case study. 
First of all, the study showed that, although the designers acknowledge the added value of end-user 
involvement in the design process, the active user involvement only takes place at the beginning, for 
insights gathering, and towards the end of the process, for validation. The sketchiness of the design 
representations generated in the early phases of the design process seems to have an influence on this 
pattern. Although some of the designers state that to elicit reliable feedback from end-users they would 
prefer sketchy representations, in practice most of the designers are not so willing to adapt that 
approach. Especially the designers working on the look and feel GUI believe that users cannot 
understand the concept through these early and mostly pen/paper sketches. We believe that if 
designers can have simple but clear, readable sketches in the early phases of the design process they 
would be more willing to show them to end-user to elicit feedback. Thus development of tools for 
sketching interactions which enable creation of such sketches and are compatible with individual 
working styles of the designers would contribute to eliciting early end-user feedback. 
The study also showed that there are several factors which affect the designer’s choice of certain 
representations in different communicative settings. These factors were discussed in the previous 
section; however, here we would like to stress three of them, which we think are quite important for 
the development of design tools and methods for design communication. First of all, the role of the 
designer is an important determinant of the choice of design representations. Due to their roles 
designers deal with different design problems, they have different questions and they communicate 
with different stakeholders, even in the same design team. Thus in the development of tools and 
methods for design communication requires a careful establishment of the role of the designer. 
Generalizations should be avoided because “the designer” does not exist. If the design tools are 
developed for a wider group of designers representing different roles, the needs of each group should 
be taken into consideration. For example, a design tool which is developed for the design of graphical 
user interfaces requires the incorporation of the needs of both interaction designers and the visual 
designers, as they intensely collaborate on this design domain. It should allow the design and the 
simulation of the interaction easily, without detailed graphics; however, when necessary it should 
allow incorporating the graphical designs into the system. 
Secondly, time is very important for designers. They usually work under time pressure and this affects 
their choice of design representations. They tend to go for different quality of representations only 
because they can use existing materials that they created before. This attitude promotes digital 
representations, as they can be created by simply editing existing materials. It suggests that tools for 
design communication should not be considered in isolation from design tools. The development of 
tools for design communication requires considering cooperation with the design tools, so that 
designers can use the materials that they have created while designing for their communication 
purposes as well. The compatibility of these two genres of tools should be given specific attention.   
Last but not least, the skills of individual designers also have an effect on what kinds of 
representations they tend to use for communication purposes. The study showed that even the 
designers with the same role might prefer different representations due to their designer skills. Thus 
the development of tools for design communication requires considering individual skills of designers 
and allowing them to adapt the tools to their skills. Moreover, since it requires some effort to change 
the working style of a designer, the efforts of method development should also focus on enabling 
designers to reach their communication goals with the representations that they are able to create. In 
other words, not only the development of different tools for different purposes of communication but 
also the development of methods which support the use of different design representations for the 
same communication purpose should be provided. 
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6. Limitations and future work 
We conducted the present study with the in-house design team of a company. Although this approach 
gave us the opportunity to investigate the concerns of the designers working in different roles in the 
same domain for the same company, it also restricted us with the perspective of one in-house design 
team. However, we believe that some of the results can be generalized beyond this one design team. 
The study showed that time pressure, different designer roles and different designer skills have an 
effect on the preference of the designers for different design representations. Designers did not relate 
these issues to the procedures of the company they are working for. Thus we do not think that these 
issues, especially the time pressure and the individual skills, are specific to the designers working for 
this company but they are more related to how designers work in general. On the other hand, the 
findings concerning the different roles of the designers and the collaboration between these roles may 
be specific to this company. Thus they still need to be supported with further studies.    
Henderson [1999] makes it clear that communication depends on both the use of appropriate 
representations and the ability of the receiver to construct meaning from those representations. This 
study reflects the designers’ view on the use of design representations for design communication. 
Designers shared with us their beliefs, based on their experience and intuitions, about what kind of 
effect design representations evoke on the audience of the designer. Future research will concentrate 
on the other side of the communication and investigate mainly the effect of early design 
representations on the feedback elicited from end-users. We are planning to address this issue with 
empirical studies in which we will compare different types of design representations, accompanied by 
different methods.    

Acknowledgement 
The authors gratefully acknowledge the support of the Innovation-Oriented Research Programme ‘Integral 
Product Creation and Realization (IOP IPCR)’ of the Netherlands Ministry of Economic Affairs, Agriculture and 
Innovation. 

References 
Chi, M.T.H.: Quantifying qualitative analysis of verbal data: A practical guide. The Journal of Learning 
Science, 6(3), 1997,  pp. 271- 315.  
Henderson, K.: On Line and On paper. Cambridge, MA: MIT Press, 1999. 
Houde,S., Hill., C.: What do the prototypes protoyope? In: Helander, M.G., Landauer, T.K., Prabhu, P.V. (eds.) 
Handbook of human computer interaction, 2nd ed., pp. 367-381. Elsevier Science, Amsterdam, 1997. 
Lawson, B.: How designers think: The design process demystified. Butterworth Architecture, Oxford, UK, 1990.  
Rudd, J., Stern, K., Isensee, S. Low- versus high-fidelity prototyping debate. Interactions, 1996, pp.76-85.  
Sauer, J., Sonderegger, A. The influence of prototype fidelity and aesthetics of design in usability tests: Effects 
on user behaviour, subjective evaluation and emotions. Applied ergonomics, 40(4), 2009, pp. 670-677.     
Stacey, M., Eckert, C.: Againts Ambiguity. Computer Supported Collaborative Work,12, 2003, pp.153-184.  
Ulrich,K.T., Eppinger, S.S.:Product design and development. McGraw-Hill, New York, 2008.  
Virzi, R., Sokolov, J.L., Karis, D. Usability problem identification using both low- and high-fidelity prototypes. 
In proceedings CHI’96,1996, pp. 236-243.  
Visser, W.: The cognitive artifacts of designing. Lawrence Erlbaum Associates. Mahwah, New Jersey, 2006. 
 
M.Sc. Derya Ozcelik Buskermolen 
Eindhoven University of Technology 
5612 AZ Eindhoven, Netherlands 
Telephone: +31 40 247 5228 
Telefax: +31 40 247 3285 
Email: d.ozcelik@tue.nl 


