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Introduction
In the early phases of the design process designers question 
whether they are working on the “right” design concept, i.e., 
whether a proposed concept would meaningfully fit in the lives 
of people (Buxton, 2007). One way to answer this question is to 
discuss early design concepts with users. For that, designers need to 
externalize their design ideas and prepare concept representations 
which communicate the role that the design would have in the lives 
of people (Houde & Hill, 1997). These representations should 
communicate the attributes and benefits of the design concept 
(Veryzer, 1998) and help the user imagine using it so that s/he 
can make judgements about whether the design concept matches 
his/her needs and interests. Story-based representations are 
considered to be effective in communicating the aforementioned 
aspects of the design concept and focusing the discussion on the 
role of the new design concept in people’s everyday life (Houde 
& Hill, 1997). Among the story-based concept representations, 
storyboards are the most commonly used. Such representations 
usually consist of a sequence of sketchy pictures with captions (van 
der Lelie, 2006). However, new technologies enable designers to 
create more advanced representations, even early in the design 

process, through utilizing animations, videos, and augmented 
and virtual reality. These media allow sounds, motion and light 
effects to be included in the representations and enable a “feel” 
of experience (Stappers, Gaver, & Overbeeke, 2003; Olivier, Xu, 
Monk, & Hoey, 2009). Such advanced representations may be 
particularly helpful to communicate “dynamic” (4D) concepts, 
that is, concepts for applications (products, services) that show 
behaviour. For static (3D) designs, a (series of) still(s) might 
do, but for 4D applications, it might be important to present the 
concept “in action” and not only the steady states resulting from 
the actions. On the other hand, creating these advanced concept 
representations requires more time and effort in comparison to 
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creating classical storyboards. Then the question arises: Do 
these advanced representations help users more than the sketchy, 
static representations to understand the concept, and to envision 
its implications on their life? In this paper, we present a study 
investigating the effect of two properties of visual concept 
representations on the nature of the user feedback on early 
design concepts. 

Lim, Stolterman and Tenenberg (2008) argue that the 
material, the resolution and the scope of concept representations 
affect people’s perception of, and reaction to, the design concept. 
However, there are varying opinions about whether sketchy or 
advanced concept representations elicit better feedback. Houde 
and Hill (1997) argue that design ideas communicated through 
rough representations cannot easily be interpreted and understood 
by people who are not familiar with the design concept. On the other 
hand, van der Lelie (2006) argues that advanced representations 
would be accepted “as it is” and would inhibit critical feedback. 
Designers have the same dilemma as well (Ozcelik, Quevedo, 
Thalen, & Terken, 2011). Sketchy representations are believed to 
be better than visually refined representations in communicating 
that the design is in an early stage and any feedback is welcomed. 
At the same time, it is believed that feedback elicited through 
sketchy representations may not be reliable as the user might have 
made misinterpretations. 

In this paper we present a study comparing the nature of 
user feedback on an adaptive patient room concept presented 
through different concept representations. We compare the user 
feedback elicited through sketchy representations to the user 
feedback elicited through visually refined representations to gain 
insights about whether and how the visual properties of concept 
representations influence the users’ understanding of the concept 
and the nature of the feedback they provide. We also compare the 
user feedback elicited through a series of stills to the user feedback 
elicited through an animation to gain insights about whether and 
how demonstrating the gradual transitions of light and sound 
(which play a central role in the chosen design concept) influence 
the users’ perception of the concept and the nature of their 
feedback. We use a simple form of animation which demonstrates 
gradual transitions of light and sound through fade-in and out to 
keep the two conditions as comparable as possible.

Related Work 
Properties of concept representations have been discussed in the 
literature through the concept of fidelity. Fidelity is defined as the 
extent to which the prototype approximates to the final design 
with respect to different dimensions. Several frameworks have 
been developed to identify these dimensions (see Wiklund et 
al, 1992; Virzi et al., 1996; Nilsson & Siponen, 2006; McCurdy 
et al., 2006). These frameworks focus on the material qualities 
of prototypes and the qualities of the interaction. In recent 
frameworks (see Sauer & Sondergger, 2009; Sauer et al, 2010; 
Dahl et al., 2010) the definition of fidelity is broadened and 
defined as the approximation of the test condition to the final 
use condition, including the test environment, task scenarios and 
user characteristics. However, developments in Human Computer 
Interaction challenge even the latter approaches, as they focus 
mainly on graphical user interfaces and usability. Today, in more 
and more applications interfaces are embedded in physical objects 
and environments (Dourish, 2001) and the boundaries between 
the concept and the context have been blurred. In addition, user-
product interaction goes beyond usability. Providing meaningful 
experiences is adopted as the pledge of interaction design. In 
order to elicit feedback from users about whether or not the design 
concepts would be meaningful for their life, the users should help 
to evaluate the concepts holistically. For that, the concepts should 
be presented to them through proper representation techniques. 
It is desired that the utilized concept representations convey the 
experiential attributes of the design concept in a holistic manner 
and help users to imagine how they would experience the design 
concept in their everyday life. 

In the literature, two approaches are adopted, while 
evaluating early design concepts with users, to convey the feel 
of the experience that the design concept aims to evoke. The 
first approach proposes the use of early prototypes of the design 
concepts in real settings, accompanied by role-playing, so 
that a simulation of the desired experience, in related contexts, 
can be reached, when the ‘real experience’ cannot be enabled 
(e.g., Brandt & Grunnet, 2000; Buchenau & Suri, 2000). In 
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such approaches, the prototypes function as props facilitating 
imagination through role playing. The second approach aims 
to enable the user to experience the concept not physically but 
mentally. In this approach, storylines are used to communicate 
what people do and experience when they make use of the design 
concept (Carroll, 1995). Users are invited to sessions, they are 
shown the stories about the concept and their feedback on the 
concept is elicited through a dialogue. This approach is especially 
preferred when the concept cannot be easily prototyped and/or the 
evaluations cannot be carried out in real settings. In this research 
we are interested in the second approach. We hypothesize that 
how concept stories are externalized and communicated to users 
might play a role in how users perceive the concepts and imagine 
experiencing them, as there is no other facilitation such as the real 
setting and role-playing used in the first approach.  

Visual Representations of Concept Stories

Stories have been used in the HCI domain since 1990s (Briggs 
et al., 2012); they can convey the interaction between the user 
and the design concept including inner motivations of the people 
and the context around the interaction (Quesenbery & Brooks, 
2010). They are especially valued in representing really new 
design ideas, when there is no prototype to be shown (Diederiks & 
Hoonhout, 2007; van den Hende et al., 2007). Several media are 
used in order to communicate concept stories to the potential users 
(Figure 1). Text is the most common (Haumer, Heymans, Jarke, & 
Pohl, 1999; Rolland et al., 1998). Text based representations are 
popular due to their roughness and ambiguity; however, they are 
also limited in most settings where addition of pictures or sounds 
can be more informative (Haumer et al., 1999). 

Designers have been utilizing various visual media in 
addition to text to convey their message in an effective way. 
Related literature refers to two aspects of visual representation 
of concept stories: the medium they utilize (e.g., storyboards, 
photos, videos), and the visual quality they have. Storyboard is the 
most popular medium among the visual representations of stories. 
They enable the viewer to experience the interactions through 

empathizing with the character and/or the situation, and to reflect 
on the visualized situation through his/her own everyday expertise 
(van der Lelie, 2006). Storyboards only add visual information 
to the textual representation of stories. We argue that for some 
concepts the inclusion of motion and sounds might be more 
informative. Animations or videos can be used for such cases. It 
is argued that video can be powerful in triggering intellectual and 
emotional responses from the viewer, as it engages both the visual 
and auditory senses and uses a variety of verbal, musical and visual 
codes (Mancini et al., 2010). This is supported by Little & Briggs 
(2009) who tell us using video “allows individuals to discuss their 
own experiences, express their beliefs and expectations” (p. 2). 
Although they use different media, both storyboards and videos 
aim to evoke reactions from users related to an experience that 
they did not live themselves but can identify with cognitively (van 
der Lelie, 2006; Mancini et al., 2010). We agree with the argument 
that, representations utilizing augmented and virtual reality (VR) 
enable the ‘feel’ of experience by bringing the dimension of 
reality to the representation (Olivier et al., 2009; Stappers et al., 
2003). In addition to the static, dynamic and virtual representation 
of stories, there are also representations which do not totally 
fit to one specific group but are a combination. For example, 
storyboards can be shown on a computer screen in the form of flip 
chart animations which enable the inclusion of sounds to static 
pictures. Moreover, video collages (Keller & Stappers, 2001) are 
used to create “sketchy environments” by using pictures, videos, 
animations, and sounds with the possibilities of VR, in order to 
create a sense of presence in the environment concerning the 
design concept. 

Several studies have investigated the effect of medium on 
the user feedback concerning the overall experience that will be 
enabled by the concept. Van den Hende et al. (2007) investigated 
the effect of different representations of early concept narratives 
(drawn visualization, photo realistic visualization and animation) 
on absorbing the participants in the narrative world (transportation), 
comprehension of the concept, informing participants adequately 
about the concept, and evoking the belief that the concept will 
behave in real life as told in the story. The authors concluded 

Figure 1. Sample design stories (courtesy Saskia Bakker (above) and Berke Atasoy (below)).
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that presentation format did not have a significant effect on 
any of the measures, except for transportation. Transportation 
was equally strong for drawn visualization and photo realistic 
visualization and less strong for the animation. Sellen, Massimi, 
Lottridge, Truong and Bittle (2009) investigated how the medium 
(storyboard vs. video) used to externalize design concepts affects 
the number of (positive-neutral-negative) comments on the 
concept, number of verbal references to the concept representation 
and number of utterances referring to participant’s preferences or 
traits. The authors could not find an effect of medium except for 
self-reference. Accordingly, the storyboard elicited significantly 
more self-reference than the video. Moreover, authors argued 
that “storyboards allow participants to place themselves in the 
scene more easily, but at the risk of miscomprehension” (p. 637). 
Diefenbach, Hassenzah, Eckoldt and Laschke (2010) presented 
two product concepts in four different ways: text description, 
text and pictures, text and video, text and real interaction. 
Representation format did not influence global product evaluation 
(product’s general goodness) and perceptions of the product 
character (pragmatic and hedonic quality).

The other dimension concerns the visual quality of concept 
representations. Visual quality refers to the “look” of the concept 
representation and refers to how realistic the representation looks: 
visual quality of a concept representation ranges from sketchy to 
refined. The literature reveals varying opinions about the desired 
visual quality of concept representations. Van der Lelie (2006) 
favours a sketchy look as it evokes comments and suggestions 
while visually refined representations tend to be accepted ‘as it is’ 
without leaving much room for discussion. Stappers et al. (2001) 
criticize realistic representations for putting “the objective world 
first and the user’s experience second” (p. 92). Instead of visually 
refined representations, they advise the use of more expressive 
representations “which are tuned to the user’s experience rather 
than to the natural world” (p. 109). On the other hand, Houde 
and Hill (1997) argue that sketchy concept representations might 
be difficult to interpret for people who are not familiar with the 
design concept, and the design idea communicated with such 
representations would not seem real to them. Thus higher resolution 
representations might work better for a broader audience. Van 
Klaveren (2012) brings another dimension to the discussion. She 
argues that representations to be shown to the users should be 
attractive, as the time and effort spent on these materials convey 
the message that the designer really cares about the experiences 
of the participants and their responses. These discussions reveal 
that the visual quality of concept representations focusing on 
experiential aspects of design concepts is still a debatable issue. 

The Present Study
The literature shows that the visual representations that go with 
stories presenting the design concepts differ from each other in 
two respects: their visual quality and the medium they utilize. The 
current study investigates the effect of visual quality and medium 
on (1) users’ understanding of the concept, (2) users’ ability to 

imagine using the concept in their lives (van den Hende et al., 
2007), (3) their appreciation of the design concept (Sellen et al., 
2009; Diefenbach et al., 2010), (4) and the nature of the feedback 
they provide.  

The review of the related literature showed that sketchy 
looking and visually refined representations are thought to have 
different benefits and limitations. In this study, we compare the 
sketchy and visually refined representations of concept stories 
regarding the aforementioned dimensions and aim to contribute 
to the discussion. There are several media which can be used to 
present the visual representations that go with the concept stories 
to users. In this study, we compare a sequence of stills with an 
animation, in order to understand whether or not presenting the 
gradual transition of light and sound (which play a central role in 
the chosen concept) has positive effects on the dimensions listed 
above. With this study we aim to provide insights for designers 
about the creation and use of representations in their dialogue 
with end-users, in the early phases of the design process.

Based on the related research the following hypotheses 
were put forward: 

1. More instances of comprehension problems will be 
observed in the sketchy looking condition than in the 
visually refined condition (Houde & Hill, 1997), and 
in the stills condition than in the animation condition 
(Sellen et al., 2009). 

2. No difference will be observed between the test 
conditions regarding the judgements of the participants 
on the appeal and hedonic quality of the concept 
(Diefenbach et al., 2010). 

3. Participants in the stills condition will more easily be 
absorbed in the narrative world (transportation) than 
the participants in the animation condition (van der 
Hende et al., 2007). 

4. Participants in the visually refined condition will believe 
more that the concept will behave in real life as described 
in the concept representation (van der Lelie, 2006). 

5. Participants in the sketchy condition will be more 
critical towards the concept than participants in the 
visually refined condition (van der Lelie, 2006). 

6. Stills will elicit more self-reference than the animation 
(Sellen et al., 2009).

Furthermore, it was hypothesized that learning styles 
of participants might affect how well people understand the 
concept through concept representations with different properties. 
Litzinger, Lee, Wise and Felder (2007) describe learning styles 
as “characteristic preferences for alternative ways for taking in 
and processing information” (p.309). In the model proposed by 
Solomon and Felder (1999) four dimensions of learning styles are 
distinguished: processing (active–reflective), perception (sensing–
intuitive), input (visual-verbal) and understanding (sequential–
global). We incorporated these styles in our study; however, we 
were only interested in the dimension of input. We hypothesized 
that personal preference for learning new information through 
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visual or verbal stimuli would affect the performance of the 
participants regarding: (1) comprehension of the concept, (2) their 
believing the concept will work in real life as presented in the 
representation, (3) their being absorbed in the narrative world, and 
(4) their judgements on the hedonic quality of the concept. We 
hypothesized that visual learners will benefit more from visually  
refined representations and animation than verbal learners. 

The Design Case

An early concept of a new product, an adaptive patient room, 
was chosen as a design case for the study. The adaptive patient 
room concept is a smart environment which adapts to the events 
happening in the patient room through the transition of light and 
sounds (Daemen et al., 2013). The concept is designed by the 
in-house research and development department of a company 
whose focus is on translating new technologies into design 
concepts that will improve people’s lives. For this study we 
collaborated with them.

Method

Materials

The concept scenario was about a patient called Jonathan who 
was staying in the hospital after his back surgery. The room that 
he was staying in was an adaptive patient room that responds to 
the events happening in the room. The scenario was obtained from 
the design team and it explained how the room adapts to different 
events happening in the room through changing the lighting 
and the sounds (Figure 2). Based on this scenario, four concept 
representations were prepared, which differ in two dimensions: 
visual quality (sketchy vs. refined) and medium (stills vs. 
animation) (Figure 2). First, five stills for the concept story were 
created. The first still showed the neutral view of the room, when 
there is no event triggering the room to adapt. The following 
stills showed the changes resulting from the events explained in 
the scenario. A sketchy looking version was sketched with pen 
and paper (Figure 2 bottom left). A visually  refined version was 
composed from CAD renderings of the patient room (Figure 2 
bottom right). Next, two animations, visually  refined and sketchy 
looking, were prepared on the basis of the stills. The gradual 
transitions of light and sounds were animated through fade in and 
out. For example, the sun rise atmosphere was animated such that 
the darker hospital room gradually became brighter as the wake up 
light was gradually lit up. This type of animation was chosen for 
the study for two reasons. Firstly, we wanted two conditions (stills 
vs. animation) to be as comparable as possible. If we had chosen 
a more advanced animation the difference between the stills and 
the animation would be too big to compare. Secondly, the concept 
incorporated transitions of light and sound and were suitable to be 
animated through fade in and out. In our representations we did 
not use any human figure even though there was a main character 
in the concept story. We thought that the human figure included 
in the representations should comply with their visual quality. 
For visually refined condition the figure should be a real-looking 

character. We were concerned that including a real-looking 
character in the representation can create a barrier for participants 
to empathize with the main character and also with the story 
(McCloud, 1994).   

Participants

The study was carried out with forty-eight participants between 20 
and 58 years of age (M = 32.48, SD = 9.39) and a high educational 
background. Requirement for participation was that they stayed 
in a hospital at least one night within the past five years. Such 
a requirement was set because patient rooms are special 
environments. The experience of staying in a patient room cannot 
be easily imagined without having actually stayed there. Not being 
familiar with the actual context of use, participants would have 
found it difficult to evaluate the concept and provide feedback. 
Participants were recruited via emails, social networking sites and 
invitation posters. They received a small fee for participation.

Procedure

A between-subjects design was applied, with twelve participants 
for each condition. Between subjects design is an experiment 
that has two or more groups of subjects each being tested by a 
different testing factor simultaneously. It is used to avoid carry 
over effects. We met with the participants individually, in a 
meeting room. First, they were welcomed and informed about 
the study. Participants were told that a group of designers were 
working on the design of a new hospital room and that they 
needed feedback on whether or not the concept would be found 
valuable by users and why. We said to the participants that since 
they were familiar with the context, their feedback on the design 
would be helpful to the designers to develop the concept further. 
After the introduction, the participants filled a questionnaire 
about learning styles. Then they were given the written scenario 
of the concept (Figure 2), with no visual aids. They were invited 
to read the scenario, as many times as they wanted, so that they 
can form a high mental image of the concept which will make 
it easier for them to digest the information communicated 
through the concept representations. As such, it will be easier 
for participants to evaluate the concept and provide elaborate 
feedback. Furthermore, asking participants in all test conditions 
to read the same written scenario of the concept, before they saw 
different representations of it, ensured us that every participant 
had the same baseline before they were confronted with different 
representations of the concept. Next, we presented them with one 
of the four concept representations. Participants receiving a series 
of stills examined it in their own pace; participants receiving an 
animation were allowed to watch it as often as desired. After 
they were confident that they understood the concept, they filled 
a questionnaire assessing the comprehension of the concept. 
Then they were given questionnaires measuring appeal and 
hedonic quality, transportation, representation informativeness 
and representation realism. Finally, we interviewed them to learn 
their opinions about the concept. The whole session lasted about 
45 minutes.
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Figure 2. The written scenario (above), sketchy stills (bottom left) and visually refined stills (bottom right).
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Measures

The study used measures around concept comprehension, appeal 
and hedonic quality, transportation, representation informativeness, 
representation realism, learning styles and qualitative feedback. 
Each of these is presented below.

Concept comprehension

A questionnaire was composed to assess comprehension of the 
concept containing 24 statements about the concept, half true and 
half false (adapted from van den Hende et al., 2007). They were 
asked to rate each statement as false or true depending on their 
understanding of the concept (e.g., some of the light atmospheres 
are created automatically by the room and some others can be 
controlled by Jonathan (true/false)), resulting in a score between 
“0” and “24”.

Appeal and hedonic quality

The semantic differential developed by Hassenzahl et al. (2000) 
was used to measure whether the visual quality and/or the medium 
of the concept representations had an effect on the judgements 
regarding perceived hedonic quality (HQ) and appeal of the 
concept. We employed four items of the scale concerning hedonic 
quality and seven items concerning appeal as the other items were 
not applicable for the chosen concept (Appendix). Cronbach’s 
alphas for the scales of hedonic quality and appeal were .74 and 
.85, respectively, showing that the internal consistency of the 
scales is satisfactory.

Transportation

The scale of transportation was developed by Green and 
Brock (2000) and employed within the study of van den 
Hende et al. (2007). The scale of transportation consists of 
three subscales: imagery (the degree to which the participant 
can actually imagine the things explained through the concept 
representation), transportation (the degree to which the 
participant can be immersed in the story) and attention (whether 
or not the participant feels distracted while s/he is reading the 
story) (Appendix). Cronbach’s alphas for imagery (.80) and 
transportation (.67) were satisfactory, whereas that of attention 
(.41) was too low to be accepted. Thus only the data for imagery 
and transportation were analysed further.    

Representation informativeness

The scale of representation informativeness adapted from van 
den Hende et al. (2007) was used to measure whether the concept 
representation was found informative enough to make a judgement 
on the concept. The scale consists of three 7-point Likert-type 
items (see Appendix). Cronbach’s alpha for representation 
informativeness scale was .80.

Representation realism

A one-item scale from van den Hende et al. (2007) was used to 
measure how certain participants were that the concept will behave 
in real life as described in the concept representation (Appendix).

Learning styles

The Index of Learning Styles (ILS) Questionnaire by Solomon 
and Felder (1999) was used to measure the learning preferences 
of participants (e.g., When I think about what I did yesterday, 
I am most likely to get; a) Pictures; b) Words). Although it is 
not a validated scale, previous research (e.g., Litzinger et al., 
2007, Liversay et al., 2002, Zywno, 2003) indicated that it is 
a suitable and statistically acceptable tool for characterizing 
learning preferences. 

Qualitative feedback

Semi-structured interviews were conducted to elicit feedback 
and suggestions about the concept. The interviews were carried 
out after the questionnaires. Participants’ past experiences in a 
patient room, their positive and negative feedbacks on the new 
concept and their suggestions towards improving the concept 
were inquired during the interviews. We recorded the interviews 
and transcribed them.  

Results

Results of Quantitative Measures

The quantitative measures were applied in order to investigate 
whether the visual quality of the concept representations and 
whether they were animated or not had an effect on how well 
the users understand the concept, how well they can imagine 
using these concepts in their lives, and their  judgments about the 
hedonic quality of the concept. ANCOVA analyses were conducted 
with test conditions as independent measures and the judgments 
of participants on each measure of interest as dependent variable. 
The learning styles of the participants were used as covariates in 
these analyses. Covariates are described as independent variables 
which are not part of the main experimental manipulation but 
might have an influence on the dependent variable (Field, 2005). 
In this study, we hypothesized that preference of participants for 
learning new information through visual or verbal stimuli would 
affect their  judgments on the measures of interest. However, the 
analyses did not show any effect of learning styles on any of the 
measures. The results of ANCOVA analyses for each measure are 
reported below. 

Comprehension

All participants scored a high number of correct answers (M = 20.4 
out of 24 statements, SD = 2.0, minimum score = 16, maximum 
score = 24). The result of ANCOVA analysis showed that visual 
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quality (F1,40 = .052, p = .82, β = .056), medium (F1,40 = .33, 
p = .57, β = .09) and the interaction of visual quality and medium 
(F1,40 = .67, p = .42, β = .13 ) did not have any significant effect on 
the measure of comprehension.

Hedonic Quality and Appeal

The result of ANCOVA analysis indicated that participants in 
all conditions associated the concept with high hedonic quality 
(Mtotal = 5.9 on a 7-point scale, SD = .7) and they also found the 
concept appealing (Mtotal = 5.8 on a 7-point scale, SD = .6). There 
was no statistically significant effect of visual quality (F1,40 = 1.17, 
p = .29, β = .18) or medium (F1,40 = .66, p = .42, β = .12) on the  
judgments of hedonic quality. Visual quality (F1,40 = 1.25, p = .27, 
β = .19) and medium (F1,40 = .00, p = .95, β = .05) did not show 
any effect on the  judgments of appeal as well. 

Transportation

Participants in all groups scored high for the measure of imagery 
(Mtotal = 5.4, SD = .9) and also for the measure of transportation 
(Mtotal = 5.7, SD = .8) ANCOVA analysis indicated that visual 
quality (F1,40 = 2.80, p = .10, β = .37) and medium (F1,40 = .91, 
p = .34, β = .15) did not have a significant effect on imagery. 
The effect of visual quality (F(1,40) = .79, p = .38, β = .14) and 
medium (F1,40 = .34, p = .56, β = .09) on transportation was also 
not significant. 

Representation Informativeness

Participants found the concept representations highly informative 
in all conditions (Mtotal = 5.5, SD = .9) According to ANCOVA 
analysis there was no significant effect of visual quality (F1,40 = .75, 
p = .39, β = .13) or medium (F1,40 = .02, p = .88, β = .05) on the 
judgments regarding how informative the representation was. 

Representation Realism  

The result of ANCOVA analysis indicated that the participants 
who were confronted with refined representations had a stronger 
belief that the concept would behave the same in real life as it 
was shown in the representation (M = 5.5, SD = 1.2) than the 
participants who were confronted with sketchy representations 
(M = 4.8, SD = 1.6). The difference was significant (F1,40 = 4.28, 
p = .04, β = .52). Medium did not show a significant effect on 
representation realism (F1,40 = 1.46, p = .23, β = .22). 

Results of Qualitative Measures

Interviews were conducted in order to find out whether the 
properties of concept representations affect the quality of the 
feedback and suggestions provided by the users. The interviews 
were transcribed by the first author. The analysis was conducted 
according to the verbal analysis method described by Chi (1997). 

Accordingly, the qualitative data were examined for emerging 
patterns. A coding scheme was developed to capture these patterns 
and the codings were analyzed quantitatively to determine whether 
there are significant differences between test conditions.

To examine the emerging patterns in the data, the 
transcriptions were segmented as follows: Each comment 
(feedback, remark, suggestion) about a part of the concept (wake 
up light, relax light, doctor light, night light and/or adaptive 
patient room as a whole) constituted a single segment. If such a 
comment contained multiple judgements, the separate judgements 
were treated as separate segments. If a judgement contained 
multiple argumentations, each argumentation was treated as a 
single segment, unless they formed a chain of reasoning, in which 
case the whole chain was treated as one segment. The chain of 
reasoning was included in the segment because the reasoning 
behind the comments of participants was as important as the 
subsequent feedback or the suggestion. Such segmentation led to 
a relatively big grain size. The example below illustrates how the 
segmentation was done:

Q: In the future if you need to stay in the hospital again, would 
you want to stay in a room which is described like here?

A: (1)Yes, I think that would be nice. Because it is less disturbing 
when the nurse comes in the morning, opens the curtains, or 
it was even like that they first came with breakfast, they rushed 
with breakfast, if you wake up ok it is time to wake up get into 
the rhythm (2) and also that you know when the doctor is coming 
because otherwise you are kind of waiting and suddenly he is there. 
And I think it is nice that you have some time to adapt to it, the 
light is changing gradually and then you say something is going to 
happen. (3) It is quite boring in the hospital room so it is nice that 
something is happening. (4) And with the light at night, I did not 
realize that the light is on when the nurse is coming. I thought it 
would be on all the time so it is not going on and off and wakes you 
up. But I think it is also nice that you do not have to put some light 
next to your bed when you want to go to bathroom, because there 
is light all the time. (5) But especially the relax atmosphere...ok 
you can change the light and go into sleep for example and it also 
becomes for the other patients that ok this person wants to relax. 
(6) And I doubt whether that would have worked for me, because 
I was in the room with more people, but (7) I would appreciate it. 
You can create a cocoon with dimmed lights and the other people 
as well.

Qualitative data are usually voluminous, and as such, 
researchers tend to find it overwhelming to analyze the entire 
data and it is common practice in the field to code a sample (Chi, 
1997). To reach a coding scheme we also coded a sample of 
our entire data. We used two of the three general heuristics for 
data reduction: choosing a sub-set on the basis of “non-content” 
criterion and random sampling. We choose two random interviews 
from each test condition (in total eight interviews out of forty 
eight) and analyzed them through open coding. This analysis 
resulted in the coding scheme shown in Figure 3. 
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Interrater Reliability

Having built the coding scheme, another set of eight transcriptions 
were coded by two independent researchers according to the 
established scheme. Inter-rater reliability was assessed using 
the Kappa statistic and found to be substantial (Kappa = 0.746, 
p < .0.001). 

Analysis

Reaching a high score for inter-rater reliability, the remaining 
thirty two transcripts were coded by only one of the raters 
according to the aforementioned scheme. The rater did not know 
which transcript belong to which condition. In order to investigate 
whether the distribution of participants’ comments across the 
categories in the scheme differs between conditions, the number 
of comments per participant were counted for each category. 
Between-subjects ANOVA tests were conducted for each category 
with visual quality and medium as independent variables and 
the number of comments per participant as dependent variable. 
Qualitative analysis incorporated the concerns of the participants 
about the concept, and the quality of the feedback/suggestion they 
provided (whether or not and how they elaborated their feedback/
suggestions on the concept itself).  Learning styles were not 
included as covariates in these analyses because there was no a 
priori reason to expect that the quality of the feedback obtained 
from the participants will be affected by their preference to learn 
new information through visual or verbal stimuli. 

Misconceptions and Concerns

Although the analysis of quantitative measures, mentioned earlier, 
indicated that participants belonging to all conditions had a high 
level of concept comprehension, qualitative analysis revealed 
that some participants misunderstood some parts of the concept. 
However, in accordance with quantitative measures, the number 
of misconceptions per test group was low and there was no 
significant effect of visual quality or medium on the distribution 
of misconceptions. 

In their feedback, participants pointed out two kinds of 
concerns: concerns about the realization of the concept and 
concerns about the appreciation of the concept. The quotes below 
exemplify these categories respectively. 

So I am really thinking of how this control works, if I want to 
change the mood in the room. What does the patient need to do 
actually to achieve it? It also depends on what he is capable of, I 
think in the hospitals there are different patients. I can imagine you 
need to help some patients. (Participant C3)

The wake up light…I do not know…I need to experience that. I do 
not know what it is like to wake up with gradually increasing lights 
instead of an alarm clock. I really have no real, clear ideas about 
it. (Participant A11)

With respect to concerns, ANOVA results indicated that 
participants who received sketchy representations were more 
concerned about whether they would really appreciate such 
a concept in real life circumstances (M = 1.4 quotes) than 
participants who received visually refined representations 
(M = .6 quotes) (F1,44 = 6.06, p = .018, β = .67). The former did not 
make clear cut decisions. Instead, they elaborated the situations 
and stated in which conditions they would appreciate the concept 
and in which conditions they would not like it: 

This one (the relax atmosphere) I like a lot but how much choices 
do I have is important for me. If I do not have enough choices I 
would not use it. It also depends on the room. If the room is dark 
it is good to use these kinds of things but if the room has enough 
light, you do not have to use them. But in the Netherlands they will 
help us. (Participant B9) 

There was no significant effect of medium on the 
distribution of concerns.

Feedback

Participants provided two kinds of feedback. Some participants 
provided their opinions and clearly explained the underlying 
reason. Such feedback was labelled elaborate feedback. The 
quotes below illustrate elaborate feedback.

Figure 3. Coding scheme used for the qualitative analysis.
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I kind of like it that Jonathan kind of gets a warning before the 
doctor actually comes so that he can prepare himself maybe wake 
up a little because he can be sleeping in bed. And it is practical as 
well because the doctor will have some more light to examine the 
patient. And that is exactly how I imagined it to be.(Participant A4)

That is good [doctor light informing the patient in advance] 
because you never know when the doctor is coming. In case you 
have visitors you can send the visitors. I definitely like it that you 
know that (when the doctor is coming). For example, if you know 
in ten minutes time he will come in, you can say to your visitors 
leave me alone now. (Participant B2) 

In other cases participants provided an opinion about the 
concept but did not mention any motivation behind their opinion 
or did not elaborate their motivation. Such feedback was labelled 
non-elaborate feedback. The quotes below illustrate non-elaborate 
feedback.

I like the fact that not the whole room is illuminated but just that 
part the doctor needs, I like that. (Participant B7)

But for the nurse stuff, the light goes on when she comes, I think it 
is nice, it is more relaxing. (Participant D2)

ANOVA results indicated that participants who were 
confronted with sketchy representations gave more elaborate 
feedback (M = 3.8 quotes) than participants who were confronted 
with refined visuals (M = 2.5 quotes) (F1,40 = 4.60, p = .04, 
β = .55). Also, participants who were confronted with sketchy 
representations gave less non-elaborate feedback (M= 1.3 quotes) 
than participants who were confronted with refined visuals 
(M = 3.1 quotes) (F1,40 = 16.41, p = .00, β = .97). There was no 
statistically significant effect of medium on the distribution of 
elaborate and non-elaborate feedback. 

Further analysis of the data indicated that there is a 
difference regarding the content of the elaborate feedback. 
Some participants elaborated their feedback by giving examples 
from their past experiences, while other participants reasoned 
their feedback by considering more general factors, referring to 
different user groups and different circumstances. The first quote 
below illustrates the former kind of elaborate feedback while the 
second one exemplifies the latter. 

I gave birth at 5 am in the morning. Then the nurse brought the 
baby to me for breast feeding, it was very dark and it was very 
difficult for me to wake up because I was also very tired. So if 
there were light which simulates the sunrise then I would not feel 
that awkward may be. It was in October, it was dark, the weather 
is gloomy, and I had pain so I remember that day very depressive. 
(Participant C5)

And with relax atmosphere…I really like the fact that the walls 
can change color because I believe that the color of walls are very 
influential on the mood of the person who are inside the room. So 
if you can change them it would be a nice possibility to beneficially 
influence the mood of the patient. (Participant B12)

ANOVA results indicated that participants who received 
sketchy representations talked more about their past experiences 
(M = 1.7 quotes) than participants who received refined 

representations (M = .87 quotes) (F1,40 = 6.94, p = .01, β = .73). There 
was no statistically significant effect of medium on the distribution 
of elaborate feedback containing references to past experiences.

Suggestions

The analysis of suggestions revealed that some participants made 
suggestions and explained their suggestions with clear reasoning, 
while others made suggestions but did not indicate or elaborate 
their motivation. The first group of suggestions was labelled 
elaborate suggestions while the second group was labelled 
non-elaborate suggestions. The first quote below illustrates 
elaborate suggestions while the second quote illustrates non-
elaborate suggestions.

It [the nurse light at night] should not be on and off that you are 
disturbed by it. A small dimmed light that you can get out of the 
bed to the toilet and the nurse can walk by and knows which beds 
are occupied...You do not need to light up the room and awake 
everyone. I would rather it to be on all the time. Maybe it can be 
less bright when you are sleeping and it gets brighter when you 
wake up and going to bathroom.(Participant A1)

For example, you have to eat inside the hospital room, maybe 
another scheme for the eating concept. Because you create for the 
relaxing, it can also be for the eating. (Participant D2)

The results of ANOVAs showed that participants who 
received sketchy representations provided more elaborate 
suggestions (M = 3.4 quotes) than the participants who received 
refined representations (M = 1.6 quotes) (F1,40 = 7.25, p = .01, 
β = .75). Also, participants who received sketchy representations 
provided less non-elaborate suggestions (M = 1.2 quotes) than 
participants who received refined representations (M = 1.9 
quotes) (F1,40 = 3.97, p = .05, β = .50). The effect of medium was 
not significant. 

The analysis also revealed a difference in the content 
of elaborate suggestions. Some participants motivated their 
suggestions with their past experiences, like the first quote below, 
while some others explained their suggestions with more general 
reasoning, like the second quote below.

There might be times that I even do not want the day light, how am 
I going to cope with it? May be I can also control the blackouts. 
When I was in the hospital there were many times that did not want 
the sun shine in the room. I was under anesthesia and wanted to 
sleep. So I think there should be blackouts. (Participant C6)

A hospital room is generally not so nice so you can do something 
that makes it look better so you can add to the experience of the 
pleasantness. (Participant B1) 

ANOVA results showed that participants who received 
sketchy representations referred more to their past experiences 
while motivating their suggestions (M = 1 quote), than participants 
who received refined representations (M = .3 quotes) (F1,40 = 3.98, 
p = .05, β = .50). The effect of medium was not significant.
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Conclusions and Discussion
This study investigated the effect of the properties of visual 
concept representations on the users’ comprehension of the 
concept, their ability to envision a future context where they use 
the concept, their emotional responses towards the concept and on 
the quality of feedback and suggestions they provide. A concept 
for an adaptive patient room was chosen as a case. We manipulated 
the visual quality (sketchy vs. refined) and the medium (a series of 
stills vs. an animation) of the concept representations and we used 
both quantitative and qualitative measures to explore whether 
these properties have an effect on dimensions of interest. Neither 
visual quality nor medium had a significant effect on most of the 
quantitative measures we incorporated. We observed a significant 
effect of visual quality only on judgements of representation 
realism: participants who received visually refined representations 
believed more strongly that the concept will behave the same in 
real life as it was shown in the representation than participants 
who received sketchy representations. 

From the results of qualitative analysis we argue that 
the visual quality of concept representations had an effect 
on the concerns of participants and on the quality of feedback 
and suggestions they provided, while the manipulation of the 
medium did not. The study revealed that the visual quality of the 
concept representations had a significant effect on the concerns 
of participants about whether they would appreciate the concept 
in their own contexts. Participants who were shown sketchy 
representations questioned this aspect more than the participants 
who received visually refined representations. In the study sketchy 
representations were found to elicit more elaborate feedback and 
suggestions in comparison to refined representations. Moreover, 
participants who received sketchy representations tended 
to elaborate their feedback and suggestions by giving more 
reference to their past experiences than the participants who saw 
refined representations. 

Implications of Quantitative Measures

The results for quantitative measures supported the results of 
previous work. Like Diefenbach et al. (2010), we could not find any 
effect of animation and visual quality on the judgments of appeal 
and hedonic quality. The results for comprehension, imagery and 
representation informativeness were in accordance with Van den 
Hende et al. (2007). However in that study the authors observed 
a significant effect of the chosen medium on the transportation 
which was not observed in this study. Since in both studies the 
manipulations of the medium were comparable, a possible 
explanation may relate to the context that each study concerned. 
Our study was related to a hospital context and we carried out the 
study with participants who stayed in the hospital. For most of the 
participants the period they stayed in the hospital was a significant 
experience in their lives which might have positively contributed 
to the transportation, regardless of the properties of the concept 
representations. In our study we observed that the participants who 
were shown visually refined representations believed more in the 
applicability of the concept. This finding supports the claim of Van 

Der Lelie (2006) who argues that visually refined representations 
tend to be accepted ‘as it is’ and people do not question them so 
much. Finally, the learning styles of the participants did not show 
any effect on any of the measures incorporated in the study. It 
might be related to the design case used in the study. The case 
was depicting a hospital room which responds to the happenings 
in the room with changes of light and sounds. Participants, who 
have already stayed in the hospital themselves, might have found 
the events depicted in the story and the concept easy to understand 
and imagine regardless of their being visual and verbal learners. 
For more complex concepts learning styles of participants might 
still make a difference. 

Based upon the results of the quantitative measures design 
researchers can be recommended to use concept representations 
which are easier and quicker for them to create, as there is no 
indication that more refined visual representations and animation 
enhance the comprehension of users, their being able to imagine 
using the concept in their daily life, and their emotional responses 
to the concept. However, if it is desirable that participants do not 
question whether the concept can technically be realized or not, 
or if the look of the concept is the focus of research, the use of 
visually refined representations is more appropriate. 

Implications of Qualitative Measures

The study revealed that when people are confronted with sketchy 
representations, they do not make clear cut judgments on whether 
they appreciate the concept or not. Instead, they tend to elaborate 
in which circumstances they would like it and in which other 
circumstances they would not like it. In the study we also found 
that people who are exposed to sketchy representations tend to 
elaborate their feedback and suggestions with clear reasoning. 
Buxton (2007) defines sketches as ambiguous representations 
whose value derives from the fact that they can be interpreted 
in different ways and new relations can be seen within them. 
Our study revealed that this ambiguity motivates people to 
question more and prevents them from making clear cut decisions 
without elaboration. In their study Sellen et al. (2009) found that 
storyboards elicit more self-reference than videos. In our study 
we did not observe such a difference between a series of stills 
and an animated representation of the concept. An explanation 
for this can be the manipulation of the medium in the respective 
studies. Participants in the study of Sellen et al. (2009) might have 
found the video representation too concrete to identify themselves 
with the main character and the story. The animations we used 
were more abstract representations in comparison to videos 
and they might not have formed a barrier for participants to get 
empathized with the main character and the story. However, we 
observed that sketchy representations elicit more feedback and 
suggestions revealing past experiences of people than refined 
representations. McCloud (1994) suggests an explanation of such 
an effect. While discussing the visual quality in comics, McCloud 
states that the more cartoon-like the face of a cartoon character 
is, “the more people it could said to describe” (p. 31). The same 
argument might also be valid for concept representations. Refined 
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representations of the adaptive patient room showed a particular 
hospital room which was furnished with a certain style. However, 
the sketchy representations were rather generic and it could stand 
for more hospital rooms than the refined representations. Thus 
sketchy looking representations might have been more effective 
in reminding people of the hospital room they stayed in and 
stimulated them to talk about what they experienced there. In fact, 
during the study, when we showed the sketchy representation, 
we heard from several participants that the room they stayed in 
looked like the room shown in the representation. 

These findings raised the following question: Whether 
or not, and why, elaborate feedback from users and feedback 
revealing their past experiences are regarded useful by designers, 
in the early phases of the design process? To gain insights 
concerning these questions we did a follow-up study with designers 
of the adaptive patient room (Ozcelik Buskermolen, Terken J., & 
Eggen, 2012). There were four designers working on the case. 
We first gave them a set of unprocessed user quotes. In the set 
there were equal numbers of quotes in each feedback/suggestion 
category (non-elaborate, elaborate, and elaborate based on past 
experiences). The designers were asked to rate the usefulness of 
each quote on a five-point scale and to provide his/her motivation 
for regarding the feedback useful. Later, a workshop was 
organized with these designers through which designers discussed 
which user feedback/suggestions were useful for them and why. 
The results showed that designers found the quotes classified as 
non-elaborate feedback/suggestions of little use (M = 2.81 and 
2.43 respectively). However, elaborate feedback/suggestions, 
and feedback/suggestions based on past experiences were found 
useful by the designers (M = 3.8, 3.85, 3.63 and 3.8 respectively). 
The results of the workshop showed that in the early concept 
evaluations the designers would like to elicit three types of 
information: what is good and bad about the concept and why, 
what is the ideal experience that would be expected from such 
a concept, and the past experiences of end-users. The designers 
said that early user feedback reveals whether they are designing 
the right thing or not and what are the issues to be improved. 
Knowing the motivations behind the feedback is crucial to 
interpret the feedback and to decide how the concept should be 
improved. The designers extensively discussed the importance of 
learning about past experiences of end-users. They believed that 
previous experiences reveal specific issues that are not easy for 
designers to imagine. Knowing previous experiences of people 
helps designers to understand the motivations behind people’s 
opinions. Thus designers have a deeper understanding and more 
ground to base the concept improvements on. The participants 
said that personal stories of users are used in discussions within 
the team. They help to provide examples and illustrate situations.

In conclusion, based on the results of the present study, 
sketchy representations can be recommended to designers 
when they want to elicit not only the judgements of users about 
the concept but also the motivations behind these judgements. 
Sketchy representations can also be advised if designers want to 
elicit users’ retrospective stories related to the context of interest. 
Such stories would help designers to enrich their understanding 

about the users and the use contexts. However, if designers want 
to obtain clear cut judgements like whether or not users appreciate 
the concept and if they are not interested in the motivation behind 
these judgements, visually refined representations would be a 
better option. 

Limitations and Future Work 

The current study concerned a particular type of product (an 
adaptive patient room), a particular phase within the design 
process (early concept phase) and a specific question: is this a 
good idea to proceed? The result of the study should be interpreted 
within that frame. The fact that the manipulation of the visual 
quality of the concept representations has an effect on the gathered 
feedback and the manipulation of the medium did not, might be 
related to the specific design case we chose. As the concept was 
related to light and sound changes within a room setting, seeing 
the end results might have been enough for the participants as they 
could have guessed how the transition from A to B might happen. 
However, it is possible that in other cases the transitions might be 
more important. In those cases the chosen medium might make a 
difference, as well. Thus in the future, the current results should 
be supplemented with results from other cases. Furthermore, in 
this study we compared a series of stills with an animation. In the 
animation we showed the gradual transitions of lights and sounds 
through fade in and out. It was a rather simple animation that may 
not be representative for the full range of possible animations. 
However, we chose this kind of animation to have an animated 
representation of the concept which is as comparable as possible 
to a series of stills presenting the design concept. Our results 
should be viewed from this perspective. We acknowledge that a 
more advanced animation might give different results. Moreover, 
further studies should also consider other types of media, such as 
video and VR, as such advanced representations might contribute 
comprehension and transportation more than a fade in and out 
animation. The text accompanying the concept representations 
might have had an influence on the effect of the medium, as 
well, especially concerning the transportation. For the future 
studies it should be investigated whether such an effect exits. 
Finally, large amount of the data was rated by the first author of 
the paper. However, a possible observer-expectancy effect was 
minimized as the rater did not know which transcript belonged to 
which condition.

Our study showed that sketchy looking representations 
work better in eliciting elaborate feedback and suggestions 
which also refer to the past experiences of the participants. 
Based on this finding we recommend designers to use such kind 
of representations while they are showing their early concepts 
to end-users. However, it might not always be easy to prepare 
such representations for designers. Our previous studies show 
that designers may prefer to prepare nice looking representations 
by using materials already existing in their archives, like renders 
and pictures or they may prefer to create certain representations 
(e.g., sketches or 2D digital presentations) based on their skills 
and not so much based on considerations concerning the type 
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of feedback such representations elicit (Ozcelik Buskemolen 
& Terken, 2012). Thus in addition to studies about the effect 
of concept representations on the early user designer dialogue, 
there should also be studies about methods and techniques that 
designers can utilize during their dialogue with users. Such 
methods and techniques should empower designers in eliciting 
the user feedback and suggestions they need, as it might not be 
only about the qualities of concept representations but also about 
how these representations are used in the dialogue with users 
(Briggs et al., 2012; Houde & Hill, 1997).   
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Appendix
The questionnaire used in the study is shown below. The scales that the items belong to are indicated above the related items to help the 
reader identify which item belongs to which scale. It should be noted that this information was not visible to the participants.  

 

A: Could you please evaluate the Adaptive Patient Room, you have just explored, by indicating the appropriate level 
from 1 to 7, for each item represented below?

Appeal:

1.  Unpleasant 1    2    3    4    5    6    7 Pleasant
2. Bad 1    2    3    4    5    6    7 Good
3. Rejecting 1    2    3    4    5    6    7 Inviting
4. Unaesthetic 1    2    3    4    5    6    7 Aesthetic
5. Unattractive 1    2    3    4    5    6    7 Attractive
6. Discouraging 1    2    3    4    5    6    7 Motivating
7. Undesirable 1    2    3    4    5    6    7 Desirable

Hedonic Quality:

8.  Boring 1    2    3    4    5    6    7 Interesting
9. Dull 1    2    3    4    5    6    7 Exciting

10. Ordinary 1    2    3    4    5    6    7 Original
11. Conservative 1    2    3    4    5    6    7 Innovative

B: Please indicate your opinion related to the following statements by using the scale below them.  
(1=Not at all, 7= very much)

Transportation (Imagery):

1. While reading the story with the accompanied visuals, I had a vivid image of Jonathan 
waking up in the morning in an adaptive patient room.

2. While reading the story with the accompanied visuals, I had a vivid image of Jonathan 
enjoying the relax atmosphere.

3. While reading the story with the accompanied visuals, I had a vivid image of the room 
adjusting the lighting when a doctor comes to visit Jonathan.

4. While reading the story with the accompanied visuals, I had a vivid image of the room 
adjusting the lighting when a nurse comes to check Jonathan at night.  

5. While reading the story with the accompanied visuals, I had a clear image of staying in 
the described patient room.

Transportation (Transportation):

6. While reading the story with the accompanied visuals, I could easily picture the patient 
room and events taking place in it.

7. After the story ended, I found it difficult to put it out of my mind.
8. I could picture myself in the scenes of the events described in the story.
9. While I was reading and looking at the visuals, I wanted to learn more about the patient 

room.
10. I was enjoying reading the story with the accompanied visuals.
11. While I was reading the story with the accompanied visuals, I found myself thinking of 

other occasions when the lighting conditions in the room could adapt.

 
(continued on next page)
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(continued from previous page)

Transportation (Attention):

12. While I was reading the story with the accompanied visuals, I was distracted by activity 
going in the room around me.

13. While I was reading the story with the accompanied visuals, I was completely involved 
in the story.

14. While I was reading the story with the accompanied visuals, I found my mind wandering 
about other things

Representation Informativeness:

15. According to what you learn from the concept description, to what extent do you feel you 
are able to evaluate the adaptive patient room?

16. The explanation is clear, it enables me to estimate if I would enjoy staying in such a 
patient room.

17. The explanation is clear, it enables me to evaluate if such a patient room contributes to 
my healing process and mood.

Representation Realism:

18. Please indicate how certain you are that the adaptive patient room will perform the same 
in real life as in the narrative.
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