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Summary  
 
Sketching Animations in Design and Beyond 

This thesis conducts a design investigation on the ideation, design and 
implementation of tools to sketch animations. The design investigation followed a 
research-through-design approach, where we embed the design knowledge in an 
artefact that attempts to transform the world from the current state to a preferred 
one. The contribution of this thesis is the framing and articulation of the need and 
challenges of creating animation sketching tools, the iterative design and 
evaluation of the idAnimate tool, and the reflection and lessons learned all along 
the design investigation, disseminated in the form of research publications. 
Additionally, the development of idAnimate culminated in the creation of a novel 
animation technique named transformation-by-example, based on multi-touch 
gestures. 
 
The research presented in this thesis was carried out in a series of iterative 
phases. The first one was problem elicitation, and included four on-site visits to 
companies. The visits allowed us learn about their design processes, understand 
their challenges and discover new opportunities. These gatherings involved 
interviews and workshops with designers and other stakeholders, as well as tours 
and presentations of their facilities. The field encounters were followed by a 
context-mapping study that allowed us to understand more deeply the insights and 
aspirations of designers regarding the tools to support the early stages of their 
design process. The findings provided us with the foundation for the requirements, 
as well as the inspiration for the tool(s) that were to be researched within this 
thesis. These requirements were embedded in a series of tool concepts that were 
discussed with the design practitioners from the companies. Amongst these 
requirements, the need to create dynamic visualizations in a sketch-like way 
emerged. One of the concepts addressed this, and such concept was selected for 
further research and development. The concept was named idAnimate, and it 
would function as the design artefact that facilitated the research-through-design 
approach, embedding the hypothesis, and enabling us to conduct studies to collect 
evidence and design relevant knowledge to validate claims.  
 
The second phase of the research began with formally defining the idAnimate tool. 
In its core, the concept integrates the theory and technical opportunities to facilitate 
people to articulate their ideas in order to generate, communicate and discuss 
them, without the burden of having to spend a substantial amount of time or 
money. For this purpose, idAnimate allows users to swiftly and intuitively create 
dynamic visualizations. Such dynamic visualizations may include, but are not 
limited to, storyboards, user interfaces, interaction techniques, or consumer 
journeys. The implementation of the tool originated with a prototype that embedded 
the fundamental elements of the transformation-by-example animation technique. 
The prototype was iteratively evaluated, refined and improved in collaboration with 
the designers and stakeholders involved in the project. 
 



 

The third phase of this thesis corresponds to the evaluation of the research claims, 
and the contribution to the domain of the knowledge and lessons learned 
throughout the investigation. For this purpose we carried out a number of studies. 
 
In the first one we compared in a laboratory setting our idAnimate tool with a state-
of-the-art animation sketching tool called K-Sketch. Objective and subjective 
measures were taken, helping us to understand the pros and cons of the animation 
technique. The results show that the transformation-by-example technique is 
perceived as more intuitive, playful, and faster to use than the state-of-the-art rapid 
animation techniques, even at a possible loss of quality in the outcome.  
 
The target of the second study was to have a deeper knowledge of how animation 
sketching tools can influence the design process in a positive way, and more 
specifically in creative group activities. For this purpose, we introduced idAnimate 
in a workshop to generate game concepts conducted by an existing design team at 
a multinational company. The results showed that animations can be used 
productively for real-time exploration, communication and discussion of a wide 
variety of ideas, and that animations are especially beneficial when the concepts 
under discussion are of highly dynamic nature. The results of the study also 
suggest that working with animations contributes to the group dynamics, as the 
design collaboration may become more playful, expressive and fun, than when 
working with conventional sketches. 
 
The third study, of longitudinal nature, aimed at learning how animation-sketching 
tools can be adopted not only by designers, but also by people of different ages 
and occupations. For this purpose, a research version of idAnimate was released 
freely to the general public and distributed through an application store. The 
research version had mechanisms to collect analytical data as well as to survey 
the users. The study stretched for more than one year, and in this period more 
than four thousand people downloaded the application, allowing us to collect 
information about the usage of the tool, as well as the context of use. The study 
identified five communities of practice (engineers, students, teachers, designers 
and artists), and highlighted some of the key differences regarding their use of 
animation sketching tools. Differences were established in terms of purpose of 
creating animations, location, or the number of people involved or time spent in 
doing so. Last but not least, a series of reflections and lessons learned from the 
study methodology are also provided, mostly in terms of the lack of control over the 
user population, the need for adaptive data collection tools, and the reflections on 
the validity of the results. 
 
The thesis concludes proposing a series of design guidelines and considerations 
for creators of animation-sketching tools and, suggests a collection of 
recommendations to conduct research studies using large scale deployments 
through application stores. 
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Chapter 1.  Introduction 
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1.1 Research Context:  

1.1.1  The RePar Project 

This thesis is part of a larger project called RePar, which stands for REsolving the 
PARadox in User-Centered-Design through flexible prototyping. The project is 
financed by the Dutch Ministry of Economical Affairs, and it involves Academic and 
Industrial partners. The industrial partners collaborated directly with the 
researchers providing knowledge, requirements and feedback. The partners were 
DAF Trucks, Philips Research, Océ Technologies and Rademaker. There was also 
an external advisory board, constituted by TomTom, Vodafone, Greendyno and 
Rabobank. The academic side of the project included three PhD students from two 
universities, one of whom is presenting this thesis.  
 
The larger goal of the RePar project was to investigate how the new product 
development process of companies can be improved by means of flexible 
prototyping tools and methods. The starting point of this particular subproject was 
to conduct research and development on the topic sketching tools. 

1.2 Relevance and motivation 

Throughout the course of history, cultural and technological innovation has 
transformed human societies. Mastering fire allowed us to cook, share stories and 
keep warm at night, which in turn improved our health, social relations and 
longevity [126]. With the cognitive and agricultural revolutions, we were able to 
settle down and dedicate ourselves to developing complex societies, and we 
began to investigate our surroundings waking up the awareness that settled the 
foundations for Science [60]. The transistor and integrated-circuit technologies 
heralded the Digital Revolution [19], bringing on a new era, the era of Information. 
Just after the invention of printing [33], when the world shifted from oral to written 
tradition [70], the digital world instituted a fundamental transformation of the way 
we live. Year after year computers have become faster and smaller [102].  
 
The combination of increasing power and decreasing costs has resulted in 
computers becoming ubiquitous [1]. It is no longer uncommon for a person to use 
an array of computing devices over the course of a single day. Smartphones allow 
us to communicate, read the news or watch videos. Watches and wristbands can 
sense our heart rate and our body temperature to keep track of our physical 
activities and manage our agenda and tasks. We use desktop computers for 
productivity and entertainment, tablet devices for media consumption, and even 
our cars, from the engine to the entertainment system, run on code [146]. 
Meanwhile, everyday objects and appliances are also becoming smart [90]. 
Clothes, washing machines, bicycles, home heating, lighting or security systems, 
and even our pets are joining this smart connected world of the internet of things 
[71,76,127]. And this has only just begun, as many believe that by 2020 there will 
be thousands of computers per user [61]. 
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In the smart and interconnected world, the market is undergoing continuous 
transformation [51,89] with new devices and services every day. Due to the growth 
of the technological sophistication, the task of designing products and services is 
becoming increasingly complex. In this complex technological context, it is difficult 
for a single person to master the diverse skills [3] required to design and engineer 
products. Nowadays designers have to consider how a product will looks, hot it 
behaves, how it is interconnected and interacts with services and devices in its 
environment, which security issues may occur, how it will be upgraded, and so on. 
All of this while assuring that the product is still functional, and easy to use and 
learn to avoid people being frustrated [74].  
 
These challenges are transforming design and engineering practice. One of the 
fundamental aspects of these developments is the shift from designers working 
individually, to collaborating in in multidisciplinary groups, having practitioners from 
different fields and specializations come together and collaborate in the design 
process [4]. This has led to the development of design methodologies that support 
multidisciplinary teams of designers and other stakeholders to collaborate, as well 
as methodologies that engage or focus on end users. While in Scandinavia design 
practitioners begun to engage end users in Participatory or Scandinavian Design 
[27,48,55,105], other design methodologies grounded in gaining empathy for users 
such as User-Centered-Design [2,81,84] started to become widespread. 
 
When multiple people cooperate, especially people with diverse backgrounds and 
expertise, they rely on shared objects to support and coordinate the discussion 
[25]. We call these Boundary objects, as they have the property of being 
interpreted differently across communities, but have enough immutable content to 
maintain integrity [110]. Boundary objects can be just about anything: a sketch, a 
physical prototype, a map, a sound, or even a mood board. They materialize and 
represent aspects of the design proposition in an abstract or physical form. These 
in turn allow people to develop a shared understanding of the topic under 
discussion, crossing the boundaries between the participants, allowing them to 
coordinate their perspectives and to connect their ideas [4,38,87]. Thus, they are 
an essential element of the design process. Boundary objects however need to be 
created and communicated, and this is not a trivial task. The goal is achieved by 
means of tools that allow the individuals to create and distribute such objects. 
Depending on the nature of a particular type of object or artefact to be created, 
whether it be a sketch, a user interface mock-up, or a building model, distinct tools 
may be required. Then, we consider that tools can be enablers or disablers of the 
design process [80], since for instance their availability and characteristics may 
allow or not practitioners to create certain objects when appropriate. This makes 
the design process dependent on the tools, for instance by how expensive and 
time consuming they are, or how easy it is to share and discuss the outcome.  
 
This is one of the reasons why sketching is an essential activity of the design 
process and creative activities in general[129]. The Encyclopaedia Britannica 
defines creativity as [9] the ability to make or otherwise bring into existence 
something new, whether a new solution to a problem, a new method or device, or 
a new artistic object or form. According to Csikszentmihalhyi [35], creativity 
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consists of three parts. The domain, or set of symbolic rules and procedures, the 
field, or the individuals who act as gatekeepers to the domain and decide if an idea 
or product is accepted, and the individual(s), who using the symbols of the domain 
creates something new. Thus, creativity is the process by which a symbolic domain 
in the culture is changed. We can consider sketching as one activity by which the 
creative person experiments and transforms symbols of the domain generating 
something new. The sketch also serves as the medium to represent and 
communicate the outcome of the creative activity so that the field can evaluate and 
recognize its creative contribution to the domain.  
 
Creative Design activities have been described as rational problem solving [44,46], 
as co-evolution of problem and solution [34,45,75], as wicked problem solving [21], 
or as reflective practice [104], amongst others. One aspect that all of these 
descriptions have in common is that at the core of the design activity there is an 
iterative loop of seeing, creating, experimenting, learning and trying again. 
Sketching generally facilitates this iterative loop. Then, the sketching tools enable 
the designer(s) to articulate, test, modify and discuss the proposition until the 
design process draws to a successful close.  
 
For this end, a sketch is not limited to a drawing made out of traces of pencil on a 
piece of paper, as they may be on the conventional view of Architecture or 
Engineering. In fact, a sketch can be almost anything, i.e., a drawing, an 
animation, a sound, or even a re-enactment, as long as it is quick and inexpensive 
to be made, as well as disposable [24]. Sketches in addition, due to their 
exploratory nature, have the following properties. Sketches suggest rather than 
describe, are intentionally ambiguous and provocative, and are tentative and non-
committal.  
 
In order to understand how can sketching tools can positively influence and 
support the increasingly complex and collaborative design process, this thesis 
conducts a design investigation on the ideation, design and implementation of 
sketching tools to support the early stages of the design process. The findings 
encountered along the investigation directed the research towards a subset of 
sketching tools, that is, animation sketching tools. 

1.3 Research Goals and Questions 

The RePar project framed the starting point of this research around the question of 
(1) how can design tools influence the early stages of a user-centric 
multidisciplinary design process?. The partners of the RePar project allowed us to 
engage their designers to learn about (2) what are the challenges that designers 
experience with their tools in the early stages of the design process?.  The insight 
allowed us to define (3) what application(s) may support designers when creating, 
communicating and collaborating on ideas?  
 
As part of the research-through-design approach (see details in Research 
Approach section), the knowledge acquired during the investigation of these 
research questions lead to the next steps. In our case, it was the development of a 
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tool to sketch animations (as we will see in Chapters 2, 3 and 4). This tool embeds 
the hypothesis that answers yet another set of questions, (4) whether it is possible 
to support creative (and/or collaborative) processes using animations as the design 
medium.  From the previous question the question of (5) how can tools to rapidly 
create and manipulations influence the design process in a positive way? followed 
naturally. For this purpose, we needed to understand (6) what characteristics an 
animation technique should have in order to be able to support the quick creation 
of animations in a sketch-like way? The experience gained and lessons learned 
along the way while researching these questions would eventually give us 
sufficient understanding of animation sketching tools to formulate a series of (7) 
recommendations for those designing animation sketching tools. Just as it 
happened before, the lessons learned took us on a new path, which looked into (8) 
in addition to Design, on what other contexts can animation sketching tools be of 
use? While not formally discussed or validated, in order to investigate the last 
question, we learned about using mobile Apps to conduct studies, which allowed 
us to share (9) recommendations to conduct longitudinal studies using App Stores 
as delivery platforms. 

1.4 Research Approach 

This thesis conducts a Human-Computer-Interaction (HCI) design investigation into 
the ideation, design and implementation of tools to sketch animations, in order to 
support creative activities in the early stages of the design process. The research 
follows a research-through-design approach, approach that uses the insights 
gained through the act of designing to contribute to the body of knowledge of the 
domain under study [39]. The research-through-design approach is commonly 
used in the domain of HCI, where designing and evaluating tools and systems are 
an integral part of the research process [12]. Fallman argues [49] that HCI is a 
design-oriented field of research where the design and construction of information 
and interaction technology is an essential part of the research. For this purpose, in 
research-through-design, the HCI researcher embeds the design knowledge and 
research hypothesis in an artefact or prototype of the system. This artefact or 
prototype is used in studies to generate evidence and knowledge to evaluate the 
claims of the hypothesis. The prototype is iteratively improved based on the 
findings, which also lead to the generation of new claims. The prototype ultimately 
attempts to transform the world from the current to a preferred state [53].  
 
Therefore, the contributions of the thesis include a reflection and discussion of the 
learnings resulting from the studies, as well as the tool itself. We paid special 
attention to the criteria that Zimmerman et al. describe to conduct a research-
through-design investigations [130]. The four criteria, or lenses, allow us to view 
and understand how the research-through-design approach is conducted: Process, 
Invention, Relevance and Extensibility. The Process requires documenting [11], 
not just the findings and contributions but also the rationale behind the methods. 
While in research-through-design the process must be reproducible, the 
expectation for the results to be reproduced as well is not there. Instead, the 
emphasis is on the diligent application of the methods. In addition, the research 
accounts for the Invention, which moves forward the state-of-the-art of the body of 
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knowledge. Within this thesis this is achieved by means of the produced animation 
tool. Furthermore, the work must also be relevant in its field, and be extensible so 
that new research can be done on top of the process and outcome of the one at 
hand. 
 
In this thesis, the research through design investigation was performed in a series 
of iterations, each of which evolved the research questions as well as the design of 
the prototype. As discussed in the Thesis Outline of this chapter (see below), in the 
first iteration we learned about key challenges by working with industry 
practitioners. Practitioners were visited and interviewed in the workplace and were 
also engaged in studies and workshops to gain insight into the state of early stage 
design tools, including their current limitations, dreams and aspiration. These 
insights, together with a literature review, led to the formulation of a series of 
design concepts that could be used to research how their practice could be 
improved. Using feedback from practitioners, we selected a concept that took us to 
the implementation of the design tool idAnimate. idAnimate is the prototype that 
was created in order to study the research hypothesis within a series of 
experiments and case studies. Because research-through-design is exploratory by 
nature, each iteration opened up new options and possibilities that were used to 
guide the next steps of the research. These identified options were used to refine 
and amplify the research goals, as well as to define the next steps that unfolded 
logically from the previous phase. As part of a reflective and transformative design 
process [67], the contributions of this thesis rely on the transformation of the state-
of-the-art, integration and disseminating the findings and lessons learned. 

1.5 Thesis outline 

This thesis has the following structure.  
 
Chapter 1 provides a general description of the project. It starts with an 
introduction on the topic under research to present its relevance and motivation. 
The chapter then continues presenting the research goals and questions, the 
research approach, the outline of the thesis, and a description of the context of the 
research.  
 
Chapter 2, Contextual Analysis and Claim generation reports the observational 
studies conducted within the companies that belonged to the industry consortium 
of the project. During these studies the design process of the companies was 
analysed, and practicing designers were interviewed, eliciting design relevant 
knowledge. The chapter ends with a context-mapping study that was organized as 
a follow-up to these observational studies, and in which selected practitioners from 
the companies involved provided additional insight into their daily activities, and 
tried to convert them into design proposals for new support tools.  
 
Chapter 3 focuses on the design phase. It documents the creation of four concepts 
for supporting design-related activities, each one addressing a theme of needs and 
challenges that had been identified in the previous phase. The chapter concludes 
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with the analysis of the feedback on the concepts provided by the companies, and 
the selection of a concept for further research and development.  
 
In Chapter 4 we present the design of idAnimate, the research tool created as part 
of this thesis. The chapter discusses motivation and rationale behind the tool, the 
related work, as well as the design goals and requirements. The chapter also 
includes a description of the animation technique that is at the core of idAnimate, 
its user interface and its system architecture.  
 
Chapter 5 presents two studies conducted with idAnimate to evaluate the research 
hypothesis embedded in it, and to learn from the results. The first study compared 
idAnimate with a state-of-the-art animation sketching tool called K-Sketch in a 
laboratory setting, to learn about objective and subjective aspects of using the tool, 
and quantifying the pros and cons of the animation technique. In many aspects, 
idAnimate clearly outperformed K-Sketch. The second study describes a case 
study in a game-concept generation workshop, and helped to gain more insight 
into how animation sketching tools can influence the design process in creative 
group activities. The lessons learned from the feedback for both studies were 
incorporated in the next iteration of the development of idAnimate.  
 
Chapter 6 describes a longitudinal study which aimed at learning how animation 
sketching tools can be a priceless help not only for designers, but also for people 
of different ages, professions and background. The chapter shows how, within the 
study, idAnimate was released to the general public, and for more than one year 
we collected analytical data generated by the application and survey data 
generated by users. 
 
Chapter 7 reflects on the research conducted in this thesis. It does so by 
summarizing the work done, and the lessons learned, and by explicitly highlighting 
research contributions throughout the investigation, which include design 
recommendations for animation sketching tools, and recommendations for 
conducting user studies in-the-wild through the App Store.  The chapter ends with 
final remarks and suggestions for future directions. 
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Chapter 2.  Contextual Analysis, 
Claim Generation 
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2.1 Abstract 

This chapter presents a range of activities that were conducted in order to collect 
design-relevant knowledge. This knowledge was used to set the direction to further 
research within this thesis. Such knowledge included insight in existing design 
practice, opportunities for improving their tools, and the conceptual designs for the 
tools to support creative design and communication. This was achieved with two 
studies, one to collect information at the companies’ locations, and one based on a 
participatory design session at the university. 

2.2 Introduction 

The project started with a study visiting design practitioners from the Industrial 
Consortium of the RePar project. The aim of these visits was to gain a general 
understanding about the current design process and practices of industrial design 
teams, to set the starting direction to follow within our research. 
 
The second part of the study narrowed the scope to design tools to support 
collaboration and communication. A workshop at the Technical University of 
Eindhoven (TU/e) was organized to discuss about tools and opportunities. To do 
this, designers met during the visits were asked about new opportunities of design 
tools by introducing them to a series of new prototypes we had created base on 
the learnings of the visits. Afterwards they were asked to discuss and comment on 
the tools presented to them as well as their current needs. 
 
A second study was carried out generate design concepts for tools to support 
collaboration. This was achieved with a co-design session in a context-mapping 
study, which also allowed us to elicit additional insights in the design process, and 
further informed our design about how to support design creativity and 
communication. 
 
The companies in the RePar project were deliberately chosen as being practicing 
in very distinct industrial domains, which assured that the opportunities distilled 
from these observations were not idiosyncratic.  

2.2.1  Industrial Partners 

Four (Dutch-based) companies were involved in diverse studies throughout the 
project: 
 
Company A (Océ) works on Document Management and Printing Systems. The 
collaboration was primarily with the R&D department, but interviews were also 
conducted with employees from other departments such as Sales and Marketing 
research.  
 
Company B (DAF) works in the automotive industry, more particularly producing 
trucks. Our host in this company was the Vehicle Definition group, which main task 
is to research and define the specifications of new trucks.  
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Company C (Rademaker) works in the food industry and develops industrial baking 
machinery. Our host in this company was the R&D department, which works on 
creating new food processing machines or modifying existing models.  
 
The department involved from Company D (Philips) involved was part of their 
Research Department (Philips Research), and was working on radical and 
incremental innovations within a variety of fields, including medical, lighting or 
household appliances. 

2.3 Study 1 

2.3.1  Description 

Since the general scope of the RePar project was to do research on tools and 
methods to support creativity and design communication in the early stages of the 
design process, our research began conducting an on-site study with the four 
industrial partners. A total of two weeks were spent within each company. For each 
of the companies a total of 10 to 15 practitioners were interviewed. The company 
visits were enriched with tours through their facilities such as research labs, or 
prototype building facilities.  
After the company visits were concluded, the companies were invited to a 
Demonstration Session in a Laboratory of the Eindhoven University of Technology 
(ConceptLab), where designers were probed with a series of prototypes of design 
tools. 

2.3.2  Company Visits 

Each of the company visits started with a series of interviews with members of the 
department being visited. The interviews lasted approximately 45 minutes each 
when a series of topics of interest were debated. The participants had very diverse 
backgrounds, and the semi-structured interviews focused on eliciting a general 
understanding of the day-to-day practice of the person being interviewed.  As 
Figure 1 shows, the discussed topics included the Background of the subject, the 
Nature of the Projects in which he/she was involved, the Tools and Methods 
applied, and how they Approach or Involve End Users. The focus on End Users 
was due to the fact that the RePar project that this Ph.D. work is part of, focuses 
specifically on how User-Centered-Design aspects can be addressed more 
optimally in the early stages of the design process. In addition, it is important to be 
aware that the study that is being described was conducted not only by the 
candidate of this thesis, but in cooperation with two other candidates who were 
working on User Engagement methods (Derya Ozcelick) and Virtual Reality (VR) 
user involvement tools (Jos Thalen). The questions of the interviews were adapted 
on the fly based on the responses and the interest of the subject. 
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Interview Structure 

About the Subject 

 Your Name? 

 Your Background? 

 How long have you been at this Company? 

 Your function within the company? 

 

About the projects you are involved in 

 Until now, what kind of projects have you been involved in within this Company? 

 What were your roles in these projects? 

 Which projects are you busy with now? 

 Who are your project partners (in terms of background)? 

 What is your role in the project? 

 

About Tools and Methods 

 What kind of tools do you use during your design and/or research processes?  

 Have you ever used sketching and prototyping tools (including mock-ups)? Can you specify?  

 Can you specify the stages of the projects in which you need these tools? why? 

 What are the advantages of these tools? 

 What are the shortcomings of these tools? What would you be able to do via these tools? 

 Are there any other tools that you would like to use in your process? (Please explain the 

goals/tasks that you would like to achieve via these tools) 

 

About End-users 

 During the process you carry out in your projects, what kind of information do you need 

about the end-users?  

 During the process you carry out in your projects, what kind of information do you need 

about the use-context? 

 Have you ever worked with users in your projects? How? Can you explain?  

 What kind of tools and methods do you use while communicating with end-users? (Please 

specify the purposes of the employment of these tools) 

 What are the challenges you were confronted with while communicating with end-users 

during your research processes? 

 What kind of tools and methods do you think can help you to overcome these challenges? 

 

 

Figure 1- Interview protocol used during company visit study 

Each of the companies visits concluded with a group workshop involving the 
research team and a subset of the interviewed people, as shown in Figure 2, with 
the goal of mapping their design process in a collaborative way. In the workshop 
the participants were asked to carry out an exercise where they would create a 
post-it for each of the different stages of their design process. Each of these stages 
was linked to the people and tools that were involved at that stage. The different 
stages were connected by means of arrows that illustrated the flow of the process.  
 
The participants were divided into two groups, each of which generated its own 
process map. Both groups were then asked to discuss the differences in their 
perspectives on the design process. Finally, the groups were asked to identify 
opportunities for novel design tools (Sketching, VR and User Involvement 
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Methods) that could improve and enhance some of the identified stages of the 
process.  
 

 
Figure 2 - Participants of a Design Process workshop describing the innovation process 

2.3.3  Demonstration Projects 

Four weeks after all the company visits were concluded, the individuals that had 
been interviewed within the companies were invited to attend a Demonstration 
session at the Concept Lab of the TU/e, in two groups of two sets of company 
representatives (group 1: Philips and DAF, group 2: Rademaker and Océ). In this 
session (see Figure 3), the designers were invited to observe and experience a set 
of example artefacts and demonstrative projects, in order to give them a better 
understanding of the kind of tools that we could be researching on within the 
RePar project. In order to make the prototypes as meaningful and representative 
as possible for the needs of the companies, they were related to use cases 
provided by the industrial partners. The Functional and Non-Functional findings 
from the earlier company visits (see Results section) were taking into consideration 
when ideating the prototypes. 
     
All along the workshop, the examples were presented and discussed one by one. 
Different demonstration artefacts tried to address different functional aspects. A 
follow up exchange of thoughts was included in each demonstration, ending all of it 
with final wrap up discussion. Within the ConceptLab an interactive sketching tool 
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was being developed (Sketchify [82]) that was used to create most of the 
prototypes of the Demonstration Session. Therefore, an additional goal of the 
session was to learn what features of this tool were useful for the companies, and 
find out its pitfalls or limitations. At this stage of the research we were in fact 
considering using Sketchify as the starting point or base for the tools to be 
developed. Therefore, this session also served the purpose of helping us to decide 
whether or not to follow that. 
 

 
Figure 3 - Practitioners from the Industrial Partners observing the demonstration of a 

Prototype made with Sketchify 

2.3.3.1 Tool prototypes 

For each one of the companies we provided an average of two prototypes. One of 
the prototypes built up was a proximity radar interface inside a car, which was 
coupled in real-time with a driving simulator. Changes to the interface of the 
proximity radar could be made on-the-fly, and the results would be experienced 
immediately (See Figure 4, left). Another prototype was a 2D visualization of the 
paper-flow of a large printer, which was coupled with a physical device. The 
physical device incorporated LEDs that would point out different aspects of the 
status of a printer, such as the fact that the paper tray was empty, or in which part 
of the printer a piece of paper got stuck (See Figure 4, right).  
 



 15 

For additional details on the different demonstrative prototypes developed for the 
workshop please have a look at the Appendix section of this book. 
 
 

 
Figure 4 - Tool prototypes for a proximity radar interface and a printer status display 

2.4 Results 

2.4.1  Company Visits 

2.4.1.1 Innovation Process 

All the information that we collected during the company visits was examined and 
used later on to create a report for each of the companies. 
 
In this report we specified the different stages in their innovation process (concept 
generation, prototyping, etc.), including the tools and the output of each of the 
stages (diary studies, persona and scenario building, sketches, prototypes, etc.), 
the stakeholders involved (designers, end users, engineers, management, etc.), as 
well as possibilities for new tools to enhance aspects of their process (See Figure 
5). 
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Due to confidentiality clauses, at this point we are unable to publish the details of 
these processes in this thesis. 
 

 
Figure 5 – Example of the description of the Design Process of one of the industrial partners 

(Intentionally blurred for confidentiality reasons) 

A review of the companies User-Centered-Design process by means of the tools 
and methods utilized was described using Sander’s framework of end-user-
involvement (What users Say, Do and Create). The results are hereby briefly 
outlined. For additional details, please refer to the corresponding publication [84].  
 
In order to learn what Users Say, the companies utilize Surveys and Interviews, 
where the companies gather information about the market with clients or end-
users. The Surveys and Interviews are generally accompanied by Scenarios and 
Focus Groups.  
 
To learn what Users Do, the companies use Contextual Inquiry, Probes, Shadow 
Users or carry out Usability Tests. These methods allow companies to reveal 
information about the behaviour of the users in their use context to better 
understand the environment in which the product being designed will need to 
operate.  
 
Finally, to learn what Users Make, we found that some of the companies use 
Generative Sessions, where people are invited to express ideas, thoughts and 
feelings by means of creating things with brainstorming kits and/or other content 
creation tools.  
 
In addition to the aforementioned tools and methods for user involvement, we 
found a series of challenges that the companies faced during the user engagement 
process [84]. 
 
The Company Culture plays an important role in their UCD process. Previous 
failed experiences have made management doubtful of the benefits of user 
studies. This fact combined with the strong confidentiality demands of the 
companies has led some of the companies to engage user representatives as 
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opposed to real end users, with the obvious risk involved that they may be too 
acquainted themselves with the company culture and hence no longer 
representative.  
 
One of the key findings in relation to this thesis was the problem of having Limited 
Knowledge on Tools and Methods. We found that designers often do not have the 
appropriate tools to be able to engage users in the most optimal way. First of all, 
they lack the tools that may allow them to easily build their ideas into artefacts that 
can be adequately understood by users, and hence effective in communication. 
This is due to the fact that designers need to rely on other disciplines, such as 
engineering, in order to build a prototype or sketch that can provide an experience 
that is close to what is imagined for the final product. Such artefacts would be ideal 
to have during the user involvement process, but unfortunately designers are not 
able to create them. 

2.4.1.2 Challenges and Opportunities 

The transcripts of each of the practitioners interviewed were processed into profiles 
with the following structure: 

- General information (Name, Company, Title, Background, Field of Work, 
Experience, Role and Goals) 

- User-Centered-Design (Experience, Tools and Methods, Concerns and 
Constraints) 

- Tool Opportunities/Requirements 
- Other 

 
The challenges and opportunities found in the study were grouped into overarching 
themes, which are described below (See Figure 6).  

Hardware-Software Connectivity 

Product design often requires the connectivity between software and hardware. 
We found that designers lack of simple ways to connect hardware to their screen 
simulations in order to explore ideas beyond graphical user interfaces. For 
example, we found that it would be ideal for designers to be able to seamlessly 
connect a newly created user interface seamlessly with what engineers build in 
Matlab, Simulink or Java.  

Share and Collaboration 

There are many opportunities to improve communication when designers 
collaborate co-locate, remotely, synchronous or asynchronously. In the early 
stages of the design process, when designers are generating as many concepts as 
possible, it is essential to discuss and collect critical feedback from other team 
members and stakeholders. We found that the tools and processes for this 
purpose could improve in multiple ways.  Real-time collaboration is limited since it 
is not easy to share and edit together digital material. This applies to both when co-
located or working remotely. Designers also do not have internal websites to 
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upload and share their creations, where other people can post comments or 
suggestions. In some cases it is even impossible to share a creation because the 
intended receiver does not have a tool to visualize it, and it is not possible to create 
and share a standalone executable.  

Interactivity and Programming 

Defining interactivity and programming are one of the most challenging topics for 
designers. Designers are not trained in the fashion of mechanical engineers or 
computer scientists, and they do not have the skills to write software programs to 
build complex prototypes, even though they would really benefit from it. When 
ideating, designers can create sketches, paper prototypes, but these have many 
limitations. Designers often rely on video prototypes, but creating them is time 
consuming, which means a problem in the early phases. Designers could benefit 
by improving their capabilities to illustrate and simulate complex behaviours and 
interaction within their concepts. When doing this, models become a valuable way 
to simulate and understand the implications of specific decisions in the design of 
the concept. 

Ease of Learning, Tutorials and Reference Material 

During our company visits it was repeatedly mentioned by designers that they do 
not have time to learn how to use new tools. They indicated that even if the 
learning time required for a new tool is slightly longer than the execution time of 
one the current tools, they would prefer to stick to the current tools. This was 
identified as a crucial factor for the success of any kind of new design tool. To 
satisfy these requirements, we believe that new applications should include built in 
tutorials, videos, and a substantial amount of easy to make examples. 

Process History and Change Tracking 

We also found that to be able to track changes and see a history of the design 
artefact was a common issue, since otherwise they often come to the same 
mistakes. In addition, designers often have to re-build their creations over and over 
again. This is mostly due to the fact that it is not simple nor encouraged by the 
tools to build a library of re-usable components, or to be able to easily move the 
artefacts from one tool to another. This was found to be common issue for 
designers for designers, as it has the potential of reducing substantially the amount 
of work needed to start on a new project. 

Low and High Fidelity 

We learned that during the concept generation phase designers need to keep the 
look and feel of the objects sketchy. This is to assure that it is perceived as an 
artefact used to explore ideas. As the process evolves, the level of fidelity of the 
concepts has to increase, adding more detail, and eventually moving to an 
engineering phase the concept designed. This process is not currently streamlined, 
as the concept has to be recreated over and over again with different tools across 
different stages in the process.  
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Security and Privacy 

Companies have very strict security and privacy policies due to the strong 
competition, and the fear of having other companies collect information about their 
upcoming products.  We found this to be a very important concern, so designers 
believe that the tools should explicitly address this issue in order to be successfully 
incorporated by their organizations. 
 

 
Figure 6 – Challenges and Opportunities during early stages of the design process. The 
grey box represents an area of opportunity, and the inner white boxes possible ways to 

address it 

2.4.2  Demonstration Projects 

Generally speaking, all of the prototypes presented during the session were 
described as potentially (very) useful within current projects. This was not a major 
surprise since each of the prototypes had been carefully crafted for the specific 
needs of one of their current projects. The discussion confirmed the interest from 
the companies in tools that addressed some of the opportunities revealed during 
the company visits. During the demonstration projects we also wanted to learn if 
the tool that we had used to create the demos, Sketchify, could be used to address 
some of the opportunities as well, which was indeed the case for at least one of the 
user interface designers of the companies. 
 
During the session however, as the researchers showed the participants how the 
demonstrations had been created with Sketchfy, it became apparent that a 
programming mind-set was required to operate it. Sketchify allows its users to 
rapidly sketch interactions and connect together hardware and software 
prototypes, even without explicitly having to code, but it does require a substantial 
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amount of training or familiarity with programming concepts. That led us to realize 
that Sketchify does reflect the characteristics of its primary designer who was a 
computer scientist. For our research, it was however more interesting to continue 
with the direction of finding tools with a focused on simple content creation, even at 
the cost of being more limited. This was additionally reinforced by the fact that 
there are alternative design tools are available, such as Adobe Flash or Microsoft 
Sketchflow, and are also complex to use while being supported by major 
companies, and that practitioners are already familiar with. We identified overlaps 
between Sketchify and those tools, and practitioners did not see enough benefit 
Sketchify’s unique features, such as the simplified mechanism to connect Sketchify 
to hardware like Arduino or Phidgets.  
 
The learnings from the company visits and the demonstration projects, together 
with the outcome of the next study (See Study 2 section of this Chapter) were used 
to generate a series of concepts for Design Tools, which are described and 
discussed in Chapter 3 

2.5 Study 2: Context Mapping 

The previous study had revealed a series of Challenges and Opportunities with 
regards to the relationship between designers and their design tools. Addressing 
such challenges might influence the early stages of the design process. However, 
the opportunities found were still very broad due to the fact that they had been 
collected from a very large number of practitioners from different companies. Such 
variety clearly showed the diverse nature of practitioners interviewed. As a result, it 
was obvious that not all of the opportunities could be satisfied by one single design 
tool. Therefore, in order to narrow down the focus our research, we needed to 
select a theme to proceed. The selected theme was supporting co-located design 
collaboration, that is, on tools to help teams work together when they are located in 
a shared space. This was due to the fact that it was found to be one of the key 
opportunities with interest across all companies, and furthermore, the RePar 
project has a special interest in design communication and collaboration.  

2.5.1  Related work in design collaboration studies.  

Since the 80’s, the fields of Computer support for Cooperative Work [17], and 
Computer Supported Cooperative Design [16] have been studying the benefits 
when teams collaborate in shared space. The study conducted by Teasley et al. 
revealed that teams increased productivity and reduced schedules when working 
in a large space, at the same time as they increased satisfaction about their 
process [116]. Their research also revealed that the teams working in war rooms 
show a doubling in productivity due to improved coordination for work and learning, 
easy access to material such as documents hanging persistently on the wall. Tang 
[115] carried out a series of observations on teams conducting group-drawing 
activities. The studies revealed that hand gestures of participants are not only used 
to mediate interaction, such as negotiating turn-taking, but also to express ideas 
and to convey information. He observed that while creating and discussing 
drawings, much information is conveyed, some of which is not retained in the 
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sketches that are the output of the session. Bardram [10] describes collaborative 
work as a highly dynamic activity and suggests different levels of activities 
including co-ordination, co-operation and co-construction. He concludes that in 
order to be able to meaningfully support group activities, we must carefully 
examine the work activities at all three levels, and pay especially attention and 
support to the transitions between them. 
 
Gutwin and Greenberg discuss the difference between designing systems for 
individual and group work [57]. According to these authors, individuals demand 
powerful ways to interact with the workspace, while the challenge for group work is 
to maintain awareness between the participants. They propose a series of 
techniques to minimize the trade-offs between these two sets of requirements (i.e., 
provide multiple viewports, process feed through, include action indicators and 
view translations). Other authors such as Gutierrez et al. [56] have created system 
showing that it is possible to lead to improved outcomes in the design process by 
supporting design communication and rationale through having shared 
workspaces. 
  
Amongst others, the aforementioned principles have been an inspiration for 
recently developed systems. The authors of such systems have also conducted 
different forms of user studies that revealed additional requirements. An example 
of such work is the NiCe discussion room from Haller et al. [59], for which its 
authors conducted an exploratory field study with a large steel company. A series 
of interviews and workshops were carried out for determining requirements in 
terms of business modelling, mock-up evaluation or requirement specification. 
Such studies led to new requirements such as: designing to support a Diversity of 
Tasks, to make Use of Space and Accessibility, to Foster the Creation of Shared 
Content, or the Integration of Individual and Shared Workspaces. As part of the 
design of the WeSpace, a Shared Multi-Surface Collaboration System for data 
visualization, Wigdor et al. [124] carried out a series of ethnographic studies to 
analyse the current practice of research-related group meetings of astrophysicists. 
These ethnographic studies lead to the following requirements: Provide a 
Shareable Display, Allow the use of Personal Laptops, Maintain Interactivity of 
Existing Applications, Retain User Control Over Personal Data, or Provide a 
Record of the Meeting.  
 
Some other systems have followed a more technology-push approach, as their aim 
was to solve technical challenges. These systems are aligned with the Contextual 
Considerations for co-located, collaborative tables by Wallace et al. [122]. An 
example of how this requirements and considerations can come together into a 
usable system is Pictionaire, where Hartmann et al. [62] created a collaborative 
system that integrates Physical and Digital artefacts by means of interaction 
techniques such as Searching & Tagging, Physical-to-Digital Transitions, Remote 
Highlighting and Image Organization.  
 
Our approach differs from the previous studies, mainly because the aim of our 
research is not primarily to collect particular requirements, but instead to gain an 
improved insight into what motivates designers when conducting group activities, 
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into the pitfalls they encounter, and in learning their visions and aspirations for 
future systems. 

2.5.2  Materials and Methods 

NOTE: Company D (Philips) dropped out of the RePar project because no 
satisfactory agreement could be reached concerning intellectual property rights, 
and thus no longer occur in the studies beyond this point on. 

2.5.2.1 Subjects 

Fifteen participants took part in our study; five from each of the three companies 
involved. These companies are active in very different application domains: 
document management and printing systems (Company A), food processing 
equipment (Company B) and automotive (Company C). Additional information on 
the background of the designers involved is provided in table 1. 
 

Table 1 - Number of participants for each of the domains of practice 
  

Domain of Practice
Number of 
Participants

These companies 2

Interaction Designer 1

Usability Engineer 1

HMI Specialist 2

Sales Representative 1

Mechanical Engineer 2

Mechanical R&D Designer 2

Visual Designer 1

2.5.2.2 Research Method 

Context mapping is a generative research method that actively involves users and 
stakeholders in the design process through a series of exercises (see figure 7). 
The primary goal is to understand their everyday life experiences and to gain 
factual knowledge about the context of use [101,121]. Context mapping can also 
provide access to people’s visions, aspirations, fears and ideas about the future. 
We utilized this method in our study not only because we wanted to learn how 
designers hold co-located collaborative meetings, but also to understand their 
visions about the ideal way of conducting them in the future. Hence, we searched 
for insights in both current practices and future aspirations. 
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Figure 7 - Distinctive phases in the context-mapping study, as well as created outcomes. 

Our implementation of context 
mapping method had three 
distinctive phases; sensitization 
Problem Elicitation, and Co-design. 
In context mapping the sensitization 
phase is used to prepare participants 
for a group session, to help them 
“remember past experiences, 
express their memories, opinions 
and dreams”. In order to promote 
this, participants are given a set of 
exercises that help them to 
document, analyse and explore their 
context. These exercises are usually 
prepared some time before the 
session and sent to the participants 
so that they can reflect upon them in 
their own time and environment. It is 
advised that the subject of the 
sensitizing exercises should be 
broader than the topic that will be 
addressed in the follow-up session. 
 
Depending on the study the 
sensitization phase might last from 
a couple of days to a fortnight. In our study, the sensitization phase required from 
the participants to think about any kind of face-to-face collaboration, including 
informal chats during coffee breaks. In order to sensitize our participants, we 
prepared a workbook (see figure 8) where each pair of opposite pages could be 
devoted to one specific occurrence of a face-to-face collaboration. Participants 
were asked to elaborate these cases by filling the pages of the workbook. They 
were asked to write down the aim of the meeting, the people involved in the 
meeting, as well as a brief description of how the meeting went. Moreover, they 
were asked to indicate what they liked about this meeting and what they did not 
like, what they would have liked and what they would have liked to avoid. 
Participants were invited to provide a picture or a sketch of the meeting on the 
opposite page. Later on we asked them to indicate what they brought to the 
meeting (thoughts, problems, artefacts, etc.) and with what they left the meeting 
thoughts, problems, artefacts, etc.). The workbook had a fairly unstructured and 
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Figure 8 - A Sensitizing Workbook filled by a 
participant 
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sketchy look to encourage participants to write in it with an informal attitude. The 
sensitizing workbooks were sent to the participants one month before the 
workshop. They were given three weeks to complete the workbooks and they were 
asked to send the workbooks to the researchers one week before the meeting. 
 
The workshops were planned on the same day and involved the participants from 
all companies. The aim of the first workshop was to identify issues and concerns 
related to the current way of conducting co-located design-related meetings. The 
participants were divided in three groups, one per company, and were asked to 
create a series of storyboards that highlighted one or more problems or issues that 
reflected their current experience, which were subsequently discussed in a plenary 
meeting. The sensitizing workbooks that participants had filled in during the weeks 
preceding the workshops were returned for inspiration to the participants at the 
start of this workshop. 
In the second workshop each group was asked to create a product concept that 
addressed the issues raised in their storyboards. Participants were encouraged to 
make use of futuristic technologies, such as intelligent environments. To inspire 
them, a video was shown to all the members with extracts of futuristic concepts 
from science fiction movies. In addition, they were given the opportunity to 
experience three interactive working demos. The first was made by projecting an 
existing single-user tool (Photoshop) on a wall display and providing all participants 
with an individual input device (Blue-tooth stylus) that they could use in a turn-
taking fashion. The second demo was a large horizontal area for digital sketching 
that kept a historical archive. The last demo used a horizontal 52-inch multi-touch 
table with stylus and finger input, with pictures that could be resized, rotated, 
scaled with the fingers, and sketches that could be created with the help of a 
stylus.  The table could also receive pictures sent wirelessly from a smartphone. 

2.5.3  Results 

2.5.3.1 Sensitization 

A total of twelve workbook diaries were completed with an average of 5 reported 
meetings per workbook. We found the following themes of interest in the diaries: 

Absence of desired material 

During meetings, practitioners do not always have access to the desired material, 
such as images, or videos. 
 

 (S6) “I would have liked more information instead of being dependent on 
what the others bring along”.  
 
Even in cases when the relevant material was available right there in the meeting 
in the laptop of a participant, it is often too difficult and time consuming to share it 
publicly with the rest of the group. 
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 (S7) “I dislike that it is difficult to share images on a computer, we lack a 
proper sharing tool”. 
 

(S6) “I would have liked to show the old website during the meeting which 
was only visible on my laptop”.  
 
This lack of shared material may lead to making uneducated decisions. 

 “(S1) “I did not like worrying that wrong choices are made based on 
incorrect assumptions”. 

Creating, combining and transforming material 

 In a number of cases the materials used need to be combined or transformed.  
(S7) “I would have liked a light way to create and visualize our ideas, being able to 
walk around it with the stakeholders and make easy adaptations, creating a 
preview of how it will look like”. 
 It happens that more than one participant wants to provide direct input so that 
multiple participants to manipulate the material, rather than simply stare while 
others do it, which leads to loosing input and interest while waiting. 
 

 (S14) “I disliked the fact that I could not physically interact, but only verbally 
… I would have liked to be able to give input on the fly by shaping ideas”. 
 

 (S8) “I would have liked a quick drawing tool to be used by both”. 
 
We also found that it is often hard to describe an idea involving dynamic behaviour 
using only static sketches. At the end, we came to realize that the current media 
that articulate design artefacts have limitations in the amount or kind of information 
that they can convey, and practitioners are in desperate need of novel tools that 
allow them to quickly and easily express complex dynamic ideas in such settings. 
 

 (S4) “I disliked that it was hard to express my ideas because I didn’t have 
the proper medium to do so… I would have liked the availability of an 
interactive sketching tool”. 

Capturing and documenting results 

Currently, when a session is over, participants leave with a set of individual notes 
and sketches. Such notes are not shared between participants, and even if a 
person creates a summary or takes meeting minutes, some information is 
excluded, as it is restricted only to the notes that were made, affected by personal 
perception of what was being said and done. 
 

(S8) “I disliked that it was difficult to take all the information with you after 
the meeting”. 
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(S2) “I would like to avoid lots of papers which are later on not 
understandable and I would have liked a simple summary from everything 
that was discussed / sketched with comments”. 

Social 

We found that some people tend to dominate, hardly leaving any change for others 
to provide input.  
 

(S2) “I would like to avoid a decision without giving a fair chance to every 
opinion”.  
 
Decision-making is a difficult aspect of meetings. It can take large amounts of time, 
and can provoke uncomfortable situations, like someone feeling emotionally 
offended.  
 

(S8) “I’d like to avoid discussions that are not relevant, it’s always the same 
people who comment and discussions that are going nowhere”. 
 
 It also happens that the focus of the meeting gets lost as a discussion heads off in 
other directions. Participants often realize too late that they may have lost valuable 
time. 
 (S3) “I like to avoid getting stuck in an accidental though technically interesting 
topic”. 

2.5.3.2 Problem Elicitation Workshop 

Stories 

Company A described three stories.  
The first story concerned a co-design meeting where all parties involved work 
closely together, but where the entire team needs to make a sudden shift, due to 
an external factor. Suddenly, additional unforeseen material needs to be consulted 
and the challenge is to quickly get acquainted with and adapt to a new situation as 
quick as possible. 
 
The second story described a multidisciplinary meeting were participants have to 
reach a collective agreement with a potentially large impact on the final 
specifications of a design concerning large textual documents. Each member 
needs to know the details of his/her part of the design, but also needs to assess 
the interaction of their own part with the rest of the system. Such meetings pose 
frequent problems, as participants continuously get confused, and there are 
frequent clashes between proposed functionalities. In many cases the individual 
participants realize shortly after the agreement has been reached that individual 
participants realize that they have agreed on details that they were not fully aware 
of or had misinterpreted.  
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The third story dealt with meetings where practitioners in the same field, usability 
engineers for instance, come together to align their graphics and interaction 
designs across different products. Participants frequently have different opinions 
on what the best solution might be, so there is a lack of shared interests and 
shared responsibility, but in spite of that they have to come up with a shared 
agreement. The main concern expressed is that as such meetings do not take 
place frequently. The distance of time for those meetings is such that people slowly 
forget, and tend to personally reinterpret previous agreements, eventually leading 
to substantial differences in designs across projects. 
 
Company B portrayed a situation where two persons from different fields, in this 
case an engineer and a salesman, meet to discuss about a design for a client. The 
salesman has met previously with a client and has collected a request for a custom 
part. The salesman believes that the changes will be minimal, while the engineer 
thinks the opposite. The engineer tries to explain the magnitude of the 
consequences that originate from the required changes, but the salesman does not 
really understand, as he sees only the overall picture, which in his opinion does not 
appear to be so complicated. There is a lack of common understanding, there is a 
lack of material that can help them to better reach such common understanding, 
and there are external factors that oblige them to come to an agreement quickly. 
The engineer feels forced to make a decision and commits to a plan of which he is 
not even sure that it is possible to implement, as he believes that a proof-of-
concept prototype is needed for such a decision. As a side note, the participants 
who described this story were still arguing about a similar case that took place 
recently. 
 
Company C brought with them two stories.  
The first narrative from Company C was about co-design meetings where 
designers of diverse backgrounds come together to elaborate on a concept (see 
Figure 9). These meetings happened forced by the urgency of a project’s deadline 
and they do not have enough time to finish the standard distributed procedure. For 
this purpose, two or three participants would sit together behind a computer 
operated by one of them, who takes the role of the visual designer in their 
particular story. During the meeting there is an iterative process of discussion, 
refining and making changes to the design. The first problem expressed in the 
story is the inability to perform simultaneous interactions on the artefact. When a 
person that is not controlling the computer wants to propose a change, he/she has 
to rely on his verbal capabilities, as he/she can only talk but not act. There are 
continuous misinterpretations and confusions, followed by intense discussions on 
how things should look or behave, and a feeling of too much waiting for the non-
active participants to carry out the changes in the artefact being discussed.  
The second story talks about an evaluation meeting involving a multidisciplinary 
team of designers, engineers and management stakeholders. Normally they 
discuss over PowerPoint presentations, but in some cases the information they 
convey is insufficient, then the best they can do is to rely on simulations in order to 
reach an educated agreement. 
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Figure 9 - Fragments of the Storyboard by Company C describing a co-design meeting 

where one of the participants regularly has to wait for the other to perform changes on the 
artefact. 

Cross-company discussion 

In general, the companies acknowledged and recognized all the problems, even 
those that were not present in their own story(s). This includes: 

 misunderstandings between people from the same or different disciplines,  

 having different readings on the outcome of the sessions,  

 forgetting and reinterpreting the decisions made, or  

 suffering sudden unexpected changes in the agenda.  
 

Companies A and B do not conduct the kind of design meetings where two or more 
people work synchronously on a particular design case sharing the same 
computer. On the other hand, they do experience similar limitations when 
conducting brainstorms or focus groups. However, all companies expressed their 
scepticism in having tools that enable simultaneous interactions, or that bring rapid 
replication and sharing of artefacts. The key issue in this respect is the emotional 
response from participants when experiencing a loss of control and ownership of 
their creations, or of their role in the process. 

Group Design Workshop 

For this workshop, each company formed a group, and was asked to design a 
concept addressing some of the problems expressed in the storyboards. The 
groups were encouraged to make use of recent technological developments 
presented (see Phases of the Study), finishing the session with a group 
presentation and discussion. 
 
Company A created an iPad application concept to support design meetings that 
provides a shared and a private area, and that is connected to personal and 
shared multimedia libraries. The documents can be loaded during a meeting on the 
private area of the application to visualize, interact with, or sketch on them and can 
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be transferred to the shared area, which is common for all participating devices. 
The users can take private notes of the meeting that can be shared and donated to 
the archive, which also includes a history of all changes made in the shared area. 
The devices can sense what is happening outside the screen, keeping track of how 
much time each person is participating or knowing which part of the agenda the 
meeting is currently at, and uses this information to intelligently moderate the 
meeting (i.e. suggest a dominant person to become less participative, or suggest 
to move to the next item of the agenda). The application offers an in-meeting 
secret messaging channel to coordinate thoughts, and remote users can 
participate in the meeting using a similar device. Finally, the application offers a 
post-meeting twitter like mechanism to update other members of the progress of 
the agreements reached. 
 
Company B proposed a domain-specific interactive tabletop application for groups 
to create and discuss design alternatives of food processing machines, which can 
simulate a variety of different parts and parameters (speed, size, etc.), and can 
also intelligently detect conflicts such as collisions of parts. New parts can be 
created collaboratively by shaping 3D polygons with finger gestures. Existing 3D 
models, images, videos and other media can be imported into the application to 
build new parts. At the end, the system can connect to a similar system in a remote 
location where other participants can equally interact with all of the material. The 
design is illustrated on Figure 10. 
 
Company C designed a multi-user application running on a vertical display and a 
tabletop. Designers approach it to combine their work, and make changes, 
visualizing the outcome in a virtual driving simulation context.  Users can import 
multiple types of CAD and graphic files and combine the material visually. It is 
possible to make changes on the fly, but the system must offer a mechanism to 
avoid conflicts in simultaneous interactions, to prevent the session from becoming 
chaotic. The application also tracks all changes and provides a historical view. At 
any moment, the designs can be placed inside the cabin of a virtual vehicle to 
show different driving scenarios and conditions to help the stakeholders visualize 
and experience the designs under various conditions. Finally, the created concepts 
can be sent directly from the application to a real test driver in a vehicle, who is 
wearing a pair of magic goggles (augmented reality) and can provides immediate 
feedback on the concept. The design is illustrated in Figure 10. 
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Figure 10 -Design concepts generated by the companies B (left) and C (right) 

Cross company discussion 

Participants spoke freely about their concerns of having too many screens and 
devices to interact with, as it may lead people to lose attention and focus. It 
became obvious since the beginning that future systems should offer some 
mechanisms to avoid this, (S8) “Maybe the chairman can limit the activities to 
things that are only relevant for the meeting, and not your email”. Simultaneous 
editing may be interesting, but there are many concerns of how this can be 
properly supervised. (S11) “When working together, how do we prevent that it 
becomes a big mess? I am more scared for getting some kind of clash”. Others 
feared the sense of lost responsibility and authorship of the content. (S9) “I 
wouldn’t like it if everyone is making changes to my design, that’s my 
responsibility”. 
 
The topic of remote collaboration was present in all of the designs. All companies 
saw this almost as a basic requirement, and remarked that one should not focus 
merely on the interactions around the table, but must keep remote access in mind, 
as it is part of the reality of their practice.  
 
There was a general concern with privacy, especially for Company A. Even if the 
system is capable of capturing and storing everything they do, people will feel 
reluctant to interact if they do not feel as if they have sufficient control over their 
data. (S3) “Some things you want to remember just for yourself for later on”. 
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2.5.3.3 Discussion 

The study revealed a series of positive and negative considerations that are 
relevant to the design of interactive systems and spaces to support co-located 
design collaboration.  
Designers often find it difficult to access and share material during meetings. This 
may turn into frustration or even become a problem as it may lead to making 
choices based on incorrect assumptions, or may require postponing decisions.  
In the same way, designers often want to create, combine or transform material in 
a collaborative way, but they are unable to do so due to the (single-user) nature of 
the interfaces of existing tools. However, we are not so naïve to ignore the fact that 
providing multi-user functionality is also looked upon with some scepticism. 
Designers generally do not want to lose ownership of their creations, and therefore 
do not necessarily have a positive attitude towards others altering their designs; 
some of them even fear that allowing this may even lead to chaos. 
 
Designers are also concerned with how social norms and protocols might be 
facilitated or enforced by meeting-ware, and if this will respect the users’ privacy 
and will be based on their personality, cultural background, and particularities of 
the design situation. Design meetings most frequently do not consist of a single 
continuous activity, but instead of a series of sub-activities that are carried out 
dynamically over time. There is a certain belief in thinking that systems may be 
designed just for a particular type of activity, or that they may constrain the users in 
switching from one activity to another. 
 
At the same time, the dynamic nature of the meetings often makes it difficult to 
communicate the outcome of a collaborative session, as capturing and 
documenting the results and interactions is cumbersome. Designers acknowledged 
that this area offers technology many opportunities for improvement. However, 
they also see it as a challenge, as the outcome is not always something that can 
be materialized into concrete artefacts, as on occasion it may be a more subjective 
quality such as a gut feeling or a mind-set.  
Overall, there is a concern if new technologies will indeed fit into the existing work-
flow and process, meaning that one should not only consider what happens while 
they are being used, but what is required before and after doing so. We have also 
seen concerns regarding the technological saturation and sophistication of the 
environments. Designers identified the risk that more technology may distract 
individuals from the group tasks, it may lead participants to becoming immersed in 
individual activities, or the situation might become dominated by excessive 
interaction. 

2.6 Conclusion 

This chapter has presented the first two studies that were conducted to as part of 
this research.  
 
The first study allowed us to gain understanding of the current User-Centered-
Design practices in the context of industrial teams. The study revealed a number of 
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challenges and opportunities that could improve existing tools to support such 
early stages of the design process. These opportunities fall under the following 
themes: 
 

 Hardware and Software Connectivity 

 Share and Collaboration 

 Interactivity and Programming 

 Ease of Learning, Tutorials, and Reference Material 

 History and Change Tracking 

 Low and High Fidelity 

 Security and Privacy 
 
In addition, the first study allowed us to expose and get feedback of an in-house 
interactive sketching tool named Sketchify, showing what was done correctly so far 
and what could be improved. These findings showed that while Sketchify appeared 
to be a great interaction sketching tool, it was also very hard to work with for some 
of our target audience, and it might hence be very challenging to convince 
designers to use it.  We realized that we needed much lower-threshold tools that 
would more easily fit into the existing process, without requiring a major effort or 
commitment from real-world designers. Finally, the first study lead us to identify 
and more specific direction that showed promising opportunities for our, that being 
tools to support design creativity, collaboration and communication. 
 
In the second study we gained insight into the topic of tools to support design 
collaboration and communication. The diaries of the study revealed needs, wishes 
and aspirations of designers with regards to design meetings, and in the co-design 
sessions the companies generated concepts for tools to address issues they had 
described. The findings from the two studies are used in Chapter 3 to generate, 
design, discuss, and select concepts for design tools. 
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Chapter 3.  Concept Generation 
and Selection 
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3.1 Abstract 

This chapter describes the design process that was followed in order to generate 
and select the design tool concept that was to become the focus of this thesis. The 
studies presented in the previous chapter exposed a series of opportunities to 
support designers in the early stages of the design process. These opportunities 
are addressed by the conceptual design of tools that could potentially benefit the 
design practice as we have come to know it from the contextual studies. We focus 
on two main areas of interest, Communication and Creativity. A total of three 
concepts were generated. In order to generate the concepts, we designed with the 
information each of which addresses a particular area of interest. The concepts are 
discussed with designers from the three industrial partners, and a selection is 
made to conduct further research and development with it. The tool selected is a 
tablet application to sketch animations. 
 

3.2 Approach  

3.2.1  Concept Generation 

In the previous chapter we presented two studies that allowed us to gain insight 
into the current User-Centered-Design practices of a number of industrial partners 
allowing us to generate ideas for design tools. As designers ourselves, we faced 
the challenging task of synthesising the insights, challenges and opportunities 
collected into ideas for design tools. However, the opportunities found were very 
broad due to the exploratory nature of the studies, and therefore we needed to 
select an area of focus, in particular one which was aligned with our research 
interests. On the contrary, simply trying to address all challenges would have led to 
a concept with no focus and with acute featuritis.  
 
Current design and innovation processes are very complex, so complex that in fact 
they are used more as guidelines where the tasks, iterations, and people involved 
are continuously changing and adapting to the circumstances at hand. Such 
complex processes demand steady multidisciplinary interaction and collaboration 
of practitioners, including designers, marketers, engineers, researchers or end 
users. The challenges in collaborating, especially with regards to communication, 
were found to be one of the core of the needs spread across most, if not all 
practitioners. Communication and Collaboration was also very in line with the goals 
of our project and research, and furthermore, we found achievable technical 
opportunities that could address the needs found. In addition, we found that 
technological developments at the time (large multi-touch interactive tabletops and 
displays, cloud sharing, etc), would allow us to address these challenges by means 
of providing new ways for users to share with others their existing material 
(documents, images, videos, and so on), and to be able to interact with such 
material in new collaborative ways.  
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Next to Communication and Collaboration we found another issue largely 
experience amongst practitioners in the early stages of the design process. The 
issue was that it takes too much effort and commitment to create a way to visualize 
a given concept in a sufficiently small amount of time to consider it a sketch. Note 
that we are referring to Buxton’s definition of sketch [23], where something is a 
sketch if it takes little time to build, it is evocative, it suggests, explores, questions, 
proposes, provokes, is tentative and is noncommittal. We found many reasons why 
being able to articulate ideas faster was of huge interest to the companies. First, it 
is commonly accepted that the more and the faster that iterations are done in the 
early stages, the quicker that issues will be discovered, and the quicker the best 
design will be found, leading to a more successful product, and with an overall 
cheaper and shorter product development process. This is especially true in a 
multidisciplinary design process, where it is essential for the stakeholders to be 
able to create boundary objects to communicate, discuss, and iterate with. These 
needs were found across designers of all type, including having ways to rapidly 
interconnect hardware and software components, to describe interaction 
paradigms, service behaviours, create lighting designs, or even to describe the 
how a particular type dough would be transformed after going through multiple 
machines. This need for doing things faster and in a less committal way was 
motivated by two core needs. The first one was related to improving their 
capacities to collaborate and communicate. The faster they can build things, the 
faster they can share and discuss them, and eventually persuade other 
stakeholders of their ideas. Secondly, it had to do with how such improvement 
could potentially help them be more creative and in turn designers.  In chapter 1 
we discussed how creativity is the process by which a symbolic domain in the 
culture is changed, and how sketching is one of the activities that allows the 
creative practitioners to experiment with the domain and create changes in the 
culture. From this premise, we can deduct that the faster and the easier that tools 
help designers to experiment with the domain, the better for their creative and 
expressive capabilities. This, in essence, was the core value that that motivated 
practitioners to express their desire for faster and simpler tools. 
 
Due to the aforementioned reasons, we focused our designs around the topics of 
Communication, Collaboration and Creative Sketching. Initially we created two 
concepts (see details below). The first one focused on the act of sketching 
dynamic visualizations, which also addressed communication and collaboration. 
The second concept focused in sharing and collaboration by means of leveraging 
the affordances provided by new technological developments in the field of large 
interactive displays. In addition, a third concept was created mixing the ideas of the 
second concept with one of the ideas that came out of the co-design workshop of 
the second study (see previous chapter). This general goal of the concept was the 
same as the second concept, that is, provide new ways to share and collaborate 
with personal media, but in a more personal way, based on personal devices as 
opposed to large interactive shared spaces. 
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3.2.2  Concept Discussion and Selection 

Due to the limited resources in the project, it was not possible to proceed by 
developing all of the concepts. Instead of them had to be selected to represent the 
starting point of the next phases of the research. To make us make educated 
selection of one of the concepts, the industrial partners were engaged to collected 
feedback on the ideas, discuss preferences, and learn about its possible 
applications or limitations with their design team. To present the concepts to the 
practitioners we used for each one of them a narrative and a storyboard. The 
narratives allowed us to describe how the concepts can be of use to solve a given 
problem, showing also a potential context of use and actors. The storyboard 
provided a visual illustration of the narrative for improved understanding. Each 
storyboard contained a total of 12 pictures, and each picture was clarified through 
an explanatory text beneath it. The storyboards were created with the help of a 
fellow Ph.D. student, Berke Atasoy. 
 
Even though the initial plan was to collect this feedback through group workshops 
during on-site company visits, due to problems with scheduling close to the 
summer holidays, it was only possible to conduct an on-site visit with one company 
(Rademaker). The other two companies received the material and provided 
feedback through email. In order to provide some structure to the feedback, the 
companies where asked to fill in a questionnaire covering the following aspects: 
 

 Recognition - Describes whether or not the company could relate to the 
actual scenario to their own design process. 

 Opportunities - Describes the opportunities that the companies see for 
applying the concept (most likely in modified form) to their process. 

 Risks - Describes the risks that the companies see in the concept 
proposed, and the reasons for which it could fail to be adopted by them. 

 Limitations: Describes the limiting factors or issues that the companies see 
with the concept. 

 Requirements - Describes the requests (e.g., for additional functionality) or 
comments that the companies would like to add to the concept. 

 Discussion - Remarks about the concept that are not covered under the 
above headings. 

3.2.3  Participants 

Table 2 shows the people involved in the concept selection from each of the 
industrial partners. 
 

Table 2 - Particpants from each from the companies 

Company Number of participants Meeting type 

Rademaker 4  Co-located group meeting 

DAF 2 Individual emails 

Océ 5 Individual emails 



 37 

3.3 The Concepts 

We generated ideas for three design tools. One to allow designers to quickly 
express their ideas of dynamic nature, one for an augmented meeting room, and 
one to support meetings in a more personal way. Table 3 shows an overview of the 
three concepts, including the name, the technology it relies on, and its goal. 
 

Table 3 – Summary of the Three Concepts. 

Concept Technology Goals and requirements. 

Animation 
Sketching tool 

Tablet devices 

Support creative activities and 
communication by enabling designers 
to quickly create animations to 
describe interactive products, systems, 
user stories or experiences. 

Augmented 
Meeting Room 

Large Horizontal 
and Vertical 
Interactive Displays 

Support communication and 
collaborating enabling designers to 
seamlessly share, combine and 
discuss material during meetings on a 
large interactive tables and walls 

Personal device 
meeting support 
tool 

Tablet devices 

Support collaboration and 
communication in meetings by 
enabling instant sharing and 
simultaneous edit on a virtual space 
through personal devices, with the 
addition group note sharing or voting 

 

3.3.1  Concept A. A minimalistic animation sketching tool for 

personal devices 

Concept A is a software tool that runs on tablet devices, that allows its users to 
sketch images, scan paper sketches, or collect images from the Internet. Using 
hand gestures on the device while the system records their hand movements, 
users can animate the images. In this way users can very rapidly illustrate 
interactive systems and products, describing their dynamics, such as interactions 
or mechanical behaviours. The aim of this concept is to enable designers to quickly 
sketch user stories and experiences with interactive products and systems, and to 
be able to easily communicate these to other stakeholders within the project.  
 
This concept focuses on supporting creativity as well as collaboration, addressing 
the set of opportunities: Low fidelity specific, Share & Collaboration, Easiness of 
use, and (descriptive) Interactivity (For additional details on the opportunities see 
chapter 2). 
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3.3.1.1 Storyboard of Concept A 

Figure 11 shows the storyboard of Concept A, the minimalistic Animation 
Sketching Tool. 

 
Figure 11 – Storyboard of Concept A. A minimalistic Animation Sketching Tool 

3.3.1.2 Scenario of Concept A 

Jane, a designer from an elevator development company, has just arrived at a 
client office to discuss about a new order. The client is in the architecture and 
construction business, particularly in building skyscrapers. The client has a new 
building under construction, and is in need of a customized elevator. The building 
in question is not a conventional one, it is very tall, thin, and furthermore, it requires 
the elevator to move in a slightly curved trajectory. Moreover, when it reaches the 
basement, it should move horizontally passed the parking and the storage rooms. 
The architects explain the situation to Jane by drawing sketches on a piece of 
paper, showing the layout and dimensions of the trajectory that the elevator has to 
follow. Jane has a few ideas. They are rather difficult to describe though, as they 
require part of the engine and the mechanical pieces that are coupled to the 
elevator room, to move and change position during the curved trajectory and when 
they reach the basement. Jane first tries to sketch her ideas drawing arrows over 
the existing drawings, and tries to explain it to the architects using hand gestures. 
It turns out the architects do not fully understand her. After a few minutes, Jane 
decides to pull out her iPad and opens an interactive sketching application. She 
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takes a picture of the drawings with her built-in camera, and by touching the screen 
she cuts, separates and rearranges the different elements, making a new 
composition. Using finger gestures she defines the movement and trajectory of the 
pieces, and by touching and linking elements she defines some of the interaction 
mechanisms between the components. After a few minutes she is done and hands 
over the iPad to the architects. The architects visualize and play with the animated 
sketch for some time, after which they appear to understand the idea, which they 
like.  They realize that this solution would require them to create a small cavity in 
the horizontal tunnel of the elevator, which they consider impossible because it 
would mean breaking one of the main pillars of the building. Using his fingers, one 
of the architects proposes a change in the location of the moving pieces, but Jane 
is not entirely sure if this will be feasible. Jane sends the animated sketch to one of 
her expert colleagues in the office, and they decide to postpone the discussion 
until they have an answer. The next day Jane gets a positive reaction from her 
colleague, so she elaborates the sketch a bit more, cleans it and sends it back to 
the client for a final confirmation of the concept. The clients receive a link to the 
sketch, and open a website to visualize it. They like the concept, but they have one 
small change that they thought of. When visualizing the concept, they sketch the 
new idea on top of the animation. Jane receives the changes; she doesn’t think 
that they pose any problem, so she sends a final confirmation to the client, 
including a preliminary budget estimate. 

3.3.2  Concept B. An augmented meeting room 

Concept B aims at improving the way people share, combine and discuss material 
during meetings in order to support design communication and collaboration. The 
concept addresses this by providing a digital shared environment based on a large 
multi-touch table and interactive wall displays. The tool allows users to drop their 
images and documents from their laptops, repositories, or personal devices to the 
large displays. In the large shared displays any user can copy and modify and 
merge the shared media.  
 
This concept focuses more on collaboration and communication than on 
supporting creativity, and addresses the following themes of opportunities from 
chapter 2: Process History and Change Tracking, Share and Collaboration, 
Easiness of Use. 

3.3.2.1 Storyboard of Concept B  

Figure 12 shows the storyboard of Concept B, the augmented Meeting Room. 
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Figure 12 – Concept B Storyboard. Augmented meeting room 

3.3.2.2 Scenario of Concept B 

Michael, a visual designer from a design consultancy firm, has scheduled a 
meeting with some of his colleague designers to get some assistance on a concept 
that he has been working on. The concept is a remote controller for a TV. His 
design is finished, but since the remote is rather complicated to use, he wants to 
create a simplified, easier to use version for children and senior users. The 
meeting takes place in the new meeting room equipped with a large multi-touch 
table, and two interactive wall displays. Michael starts by explaining to the group 
the purpose of the meeting and the parameters of the new design that he needs 
help with. Michael shares the digital sketch of the remote control of which he wants 
to make a simplified version by placing a copy on the multi-touch table and the wall 
display. After describing it to the group and explaining to them the parameters of 
the design that he considers need modifications, the other participants in the 
meeting make copies for their personal use by double tapping on the shared 
sketch, and drag the newly created copies to their personal areas on their side of 
the table. In order to provide the participants with some inspiration, Michael places 
some images of existing remote controllers and TVs in the center of the table and 
on the wall displays. For about half an hour each participant works on his own 
design, some directly on the table and some on their personal device, sketching 
different ideas and alternatives. When the time is over, each participant shares his 
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or her preferred design with the others. Albert starts by dragging his design to the 
side of the table that is close to one of the wall displays. The sketch automatically 
appears projected on the wall, where it is maximized. He describes it to the rest by 
highlighting some parts with a digital yellow marker, with remarks about some of 
the most important details of his design. The rest of the participants do the same 
one after the other, and once all of them have shared their propositions, Michael 
selects the one that he likes the most. After making his choice, Michael asks the 
group to do another iteration over the selected concept. Even though he likes it, he 
thinks that the buttons are too small, and that there needs to be more space 
between them. Each participant grabs a copy of the selected concept and works 
on it for a while. In the meantime, Michael places some other images on the wall 
displays for more inspiration. When the participants are done, each one shares his 
new design. In this case, Michael is undecided because he likes part of Albert’s 
proposition and some of Diana’s. Michael then decides to go for a mix of both. For 
this purpose, he puts both sketches next to each other on the Multi-touch table, 
extracts the part that he likes of each concept, and builds a new one by combining 
and mixing the selected parts. When done, the group looks at the new design. 
They all like it and decide to call it a day. 

3.3.3  Concept C – A meeting support discussion tool based on 

personal devices 

Similarly to Concept B, Concept C also aims at helping people share and combine 
material, although in a more personal way, that is, by the use of personal tablet 
devices. In addition, this concept also aims at improving awareness of the progress 
of the design team, and to support and facilitate social processes such as making 
choices, selecting alternatives or voting within groups. Each user has an instance 
of the groupware application in their personal tablet device or laptop. Users can 
share documents with all other attendees, as well as notes and sketches. The 
application also includes features to support decision making such as anonymous 
voting. 
 
Concept C is mostly a process support tool, with an emphasis on Collaboration, on 
collaboration. The concept addresses the opportunities of Process History and 
Archive, Easiness of Use, and Share and Collaboration. (For additional details on 
the opportunities see chapter 2) 

3.3.3.1 Storyboard of Concept C 

Figure 13 shows the storyboard of Concept C, the Meeting Support Discussion 
Tool. 
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Figure 13 – Storyboard of Concept C. The Meeting support discussion tool 

3.3.3.2 Scenario of Concept C 

Kate, Mathew, Phil, Rita and John are meeting to put together and review parts of 
a new design that they have been working on for the last couple of months; a new 
dashboard for a car. All participants have brought their iPad with the meeting 
support application installed on it. All of the iPads can be interconnected through 
such software. The software has two areas, a shared and a private one. Whenever 
someone drops a sketch or a picture on the shared space, it becomes visible to all. 
The meeting starts with each participant sharing his or her part of the design to the 
common space. Mathew arranges the different pieces to form the overall design, 
the car dashboard. Kate does not really like the changes that Rita has made on her 
part, the new air conditioning control buttons are too big and look similar to the 
ones of the radio that she has been working on. She thinks that the old version that 
Rita presented a few weeks ago fits better, and furthermore, comments on the fact 
that Rita had not shared intermediate versions in between the last meeting and this 
one, which creates an unexpected situation. Kate feels that her own design is 
seriously affected by thee last changes that Rita has made on the air conditioning 
user interface; both parts do not fit well together. After raising the issue, the group 
decides to vote to decide if they like Rita’s newest changes and if Kate should 
adapt her part, or if it should be the other way around. Mathew starts a voting 
process on the software, were each of the participants can vote anonymously 
using their personal tablet, in order not to hurt anyone’s feelings. Kate’s proposal is 
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selected, and therefore Rita decides that the best alternative is to revert to the 
design she had on the previous meeting, so she goes to the old meeting section on 
her tablet software and pulls that design from the old meeting database. While 
merging the concepts a few issues appear, they realize that a certain amount of 
changes need to be done. The changes are discussed and each one agrees on his 
or her part. 
 
A few days later Phil starts to implement his changes. After a while, he realizes 
that he does not fully remember some of the details, in particular those related to 
the behaviour of the speed advice system. Phil goes back to the last meeting and 
reviews some of the annotations that were made on the artefacts. The annotations 
give some indication but he is still not able to figure out how exactly should the 
navigation system advice the driver to reduce the speed when in the presence of 
radars. He then goes through the notes and finds the moment that they were 
discussing about this particular topic. The notes give some info but these are not 
complete. Luckily, during the meeting, briefly after the relevant details had been 
discussed, he pushed the save a voice clip button on the iPad software. This 
saved what had been said in the few minutes before he made this request. By 
looking at the annotations while listening to what was being said he is able to 
reconstruct the information that he needs. A few hours later, when is he done, he 
sends a quick visual twitter to update the rest of the team. His colleagues 
appreciate it and send positive feedback. 

3.4 Discussion with the companies 

3.4.1  Rademaker 

The concept discussion meeting was carried out with four employees, two from the 
Research and Design department, one from Engineering and one from Sales. The 
participants read the material provided for one concept, after which they had a 
discussion with the researcher in the form of a semi-structured interview following 
the structure presented before. After presenting the three scenarios, a final general 
discussion took place.  

3.4.1.1 Concept A 

Scenario recognition 

The company recognizes the problem described in the scenario. Since they are a 
mechanical engineering company, they are regularly challenged with having to 
explain complex mechanical behaviours in multidisciplinary meetings or meetings 
with clients. They generally have to rely on using gestures, which they understand 
is not always guaranteed to trigger the right perception and interpretation in the 
client or colleague. “In some occasions, you want to explain something, use all 
your resources to do so, and you believe that the message is going through, but 
the other person does not really understand it. Occasionally they get frustrated”.  
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Opportunities 

Rademaker recognizes that certain types of visualizations can help to 
communicate at a more appropriate level. For such purpose, they described a 
group of possible situations or activities in which the concept could be used to 
create appropriate visualizations. 

Generating and discussing concepts internally 

The participants believe that the proposed tool can be potentially useful in 
brainstorms, when a group meets to generate new solutions or concepts. The tool 
would help them create visualizations to discuss about the mechanical and 
physical behaviour of the elements that compose a line.  The tool would also be 
useful to discuss layout issues, those about deciding how the lines can fit and be 
placed at the clients’ site. They believe the tool would have to compete against a 
whiteboard or a large sheet of paper.  

Client involvement 

With adequate preparation, employees that communicate with clients could 
prepare simple animated visualizations for that purpose. This would bring new 
possibilities to employees of the company that are unable to build such kinds of 
materials with existing tools.  
Currently, while discussing with a client, if the practitioner has an idea that he/she 
cannot explain, the meeting has to be postponed so that the practitioner can work 
on creating visualizations for a follow-up meeting. If it was possible to do that within 
minutes or seconds, and by anyone, they believe they could use their creative 
skills to impress the client, show them how good of a listener and creative solution 
maker they are, “Our clients would think: this is the company that has the ideas”. 
Currently they tell the client that they can do it, but they are unable to convince him 
on the spot. The practitioner would be making a difference instead of pointing and 
understanding the problem. Consequently, this means that in some cases they 
would be able to perform fewer interviews, but with richer content and discussion, 
reducing the iteration times of the current phase of the process. 
This would be considered a significant commercial advantage for the company.  

Limitations 

The company identified a number of possible limitations in the concept. 

Physics, mechanical constraints, parameters and intelligence 

When discussing about the physical behaviour of mechanical parts, the details of 
the simulation are paramount. Low fidelity animations can describe how things 
behave at a high level, but do not have a sufficient level of detail to establish 
optimal mechanical values, or to properly understand the impact of detailed 
changes on the complete system. Not having this functionality may lead to creating 
ideas that are not achievable in the real world. 
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Dough simulation 

The Company considers that not being able to model and simulate dough with all 
its relevant physical properties, such as how it reacts to different mechanical 
operations in the system is a limiting factor of the tool. Dough-related problems are 
considered very hard to visualize. 

Drawing and communication skills  

The sketching skills when synthesizing ideas for communication will continue to be 
a limiting factor with the tool, this is now also the case with existing tools. “If the 
original sketches are not good, will the animated ones created with the tool be 
equally bad or misleading?” The tool does not offer any mechanisms to allow 
people to draw more accurately or to help them to find the most appropriate way to 
represent the concept that needs to be communicated. 

Requirements 

The company described a set of requirements that were considered important in 
order to adopt the tool in their design process. 

Usability  

Usability is the key requirement beyond any other priority and considered the most 

important in this concept. “The tool should be very easy to use. In fact, the 
tool should be completely intuitive.” Although usability is in general a desired 

requirement for virtually any interactive product, it is crucial for this particular one. 

“If the tool is complex to operate, it would get in the way”. 

Speed 

The tool should be fast to use, this means that visualizations must be created 
within seconds, or minutes at the most. Speed and usability are the most crucial 
requirements. 

Flexibility 

It should not be necessary to decide beforehand what the user is going to create. 
The tool should not constraint the discussions to predefined templates, but should 
allow as much flexibility as possible. 

Sketchy Look 

It should be possible to give a sketchy look to the visualizations created with the 
tool. Sketchy looking artefacts are the most helpful in early stage discussions 
because they prevent people from focusing on the details and instead promote 
focusing on the core concepts.  

Saving, editing, loading, auto-saving 

Being able to easily save, load, copy and divert versions is a desired requirement. 
It would also be useful if the tool could incrementally auto-save every so often, 
allowing to roll back to previous changes.  



 46 

Risks 

The participants identified a number of risk factors that could affect the impact and 
adoption of the tool in their work. 

Usability 

If the tool is not easy enough to use, there is a high chance that this could render 
the tool useless for the company. In addition, if it looks too fancy and sophisticated, 
the user may forget what he really wants to make, and just ends up playing with 
the tool, which might be misleading. 

Limiting creativity 

Creativity limitation is a problem that participants currently experience with their 
existing tools. If they have two possible solutions, even when one idea is better 
than the other, if it is harder (or impossible) to build with their existing design tools, 

they leave it as a last resort. “Many ideas are lost this way”. They believe that 
the limitations that the tool poses could eventually lead to limitations in the kind of 
solutions that they are able to generate. 

Creating misleading and unfeasible solutions 

If the tool allows people to easily create convincing representations of concepts, 
some of which might not be feasible in real life, there is a risk that more invalid 
ideas are selected at an early stage, especially if the tool does not allow to directly 
establish the validity of such ideas depending on physical and or mechanical 
simulations.   

Discussion 

A tool that empowered practitioners to quickly create animated sketches could be 
useful and could bring additional value to the company, possibly influencing 
positively their current practice. The tool could raise the standards of the way 
practitioners communicate with clients and/or with colleagues. The tool could also 
be a valuable asset to their group creative process, as having accessibility to quick 
visualizations might help triggering more ideas from the rest of the group. Ideas, 
even bad ones or mistaken ones, when visualized to be shared and discussed with 
a group, help trigger new ideas, some of which may be valid. Achieving the result 
that the concept proposes is challenging, especially regarding the highly 
demanding requirements of usability and speed of creation. These requirements 
are critical, but the fact that the expected fidelity of the animated visualizations is 
low, looking sketchy rather than professional, makes it more feasible and easily 
achievable. In general terms, the researchers see an opportunity for such a tool to 
complement their existing tools, including pen and paper or Solidworks, to better 
support some of the activities that employees of the company carry out during 
early stages of their design process. 
 
To finalize, practitioners also described their desire for the tool to include intelligent 
physical simulation of mechanical parts or dough. Although this could be 
interesting to explore, the research team believes that introducing this elements 
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would heavily impact the usability and speed of the tool, and that it would restrict 
the flexibility of the tool to only certain domains of application. Because of the 
outstanding amount of work that this would require, and the negative impact that it 
would have on other aspects of the tool, the researchers do not consider this a 
requirement of high priority, or one that fits the scope of this concept.  

3.4.1.2 Concept B 

Scenario recognition 

The Company recognizes similar situations when a group of practitioners meet to 
review a design or carry out a brainstorm session, although in their case it is 
commonly not about how things look, but roughly about how things work or how 
things are layout. They recognize the need to reduce the limitations inherent to 
paper and pen sketching regarding the way they are shared, visualized and 
modified, and to find ways to promote more equal opportunities for participation 
and contribution. 

Opportunities 

The company recognizes a number of opportunities in which the described concept 
could be helpful. 

Extending whiteboard and pen and paper functionality 

During group discussions, whiteboards and paper and pen have certain limitations 

that prevent the discussion from being more productive. “Normal pen and paper 
are not very flexible, even if this does not have intelligence. This concept 
could help in making copies, highlighting and continuing from a particular 
selection”. 
 
The whiteboard is not perfect either, because it only allows a certain amount of 
people to interact with it, the objects are fixed to the position where they were 
drawn, and when someone wants to see what is being written he or she bumps 
with people in the way. 
 

Communicating with end users 

The presented concept could potentially be useful to discuss with clients. This is 
due to the possibility to have large amounts of images and other related material, 
easily accessible to visualize, and to the possibility of encouraging the client to 

more actively contribute to the design. “During the last client visit, we didn’t 
want to give away too much information, but we didn’t manage to get the 
message through. Such technologies could help us get that message 
through.” “If we are not really sure, we can show the idea, we can prompt 
people to do something, by giving them a copy of the idea”. 
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Promoting more equal participation 

The participants believe that this concept opens a new way for promoting more 
equal participation amongst members that attend meetings or brainstorms. “People 
could make changes, copies, etc, to existing ideas, which would help us get more 
input from the participants”. “It could promote more participation for the people and 
something might come out of that”. 

Documenting and communicating meeting decisions 

The participants explained that if the system could document the meeting by taking 
regular snapshots, notes and voice clips similarly to what concept 3 does, it would 
be very beneficial not only for those who attended to help them remember the 
details of the meeting in the future, but also to report and communicate the results 
and choices made to other members of the design team or the organization. 

Limitations 

Portability 

The proposed solution is not portable due to its size and format and therefore will 
not be suitable for some purposes like using it to discuss with end users. It would 
require the client to come to visit the Company, instead of the other way around. 
This is not always desirable or even possible, therefore limiting its possible 
applications. 

Size 

The participants express their concern about the size and dimensions of the 
interactive table. Similar to conventional meeting room tables, if it were too small, it 
would be challenging. In this case, it would be even more of a problem than for 
regular tables, as in theory more interactions would be expected on the interactive 
one. 

Requirements 

Using existing applications 

The participants said that in such an environment it would be beneficial to use their 
existing applications alongside applications specifically designed for the multi-
touch and multi-surface technology. Specifically, they would need access to their 
current CAD software, 3D model visualizers and similar tools. 

Ranking lists 

Being able to make ranking lists with different ranking items following the 
company’s standards. These lists can be used to rank concepts and discuss the 
outcomes. The results could also be stored, and be accessible for later use. This 
could help to capture the rationale behind decision-making.  
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Reminder / Goals lists 

Reminder lists would be useful to keep track of the progress of the meeting and to 
raise the awareness of the participants on a number of topics. Employees who 
were not present would be able to review the information looking through the data 
collected in the sessions.  

Recording the session 

The participants stated that it would be useful to record the session and be able to 
come back to review the important issues. It should however be possible to 
configure this feature, deciding on the parameters that control this recording.  

Risks 

The company did not identify any potential risks in this concept, besides the fact 
that providing such a high technological environment could, especially in the first 
occurrences of use, grab the practitioners’ attention on the technology itself, and 
prevent them from focusing on the work to be carried out.  

Discussion 

The participants recognized that such kind of high-tech environments offer 
potential to improve in different ways some of their internal co-located design 
activities, as well as some forms of end-user involvement.  
 
The first and most relevant quality is to encourage people to participate more. In 
addition, it helps them capture and consult the decisions and rationale made, and 
helps them to keep the meetings more focused. Considering these points the 
company has described a number of desired requirements that would make our 
tool more useful. One of the key requirements is to be able to reuse their existing 
tools within the new environment, despite of the inherit limitations of their existing 
tool that for instance do not allow simultaneous interactions. During the discussion, 
the participants were asked if such an environment could create social problems 
because of the possibilities of immediately cloning and editing the work of 
somebody else. Their response was that they do not believe that this would 
happen in their case, as they are a close team, and normally do not have 
ownership disputes. Despite this, they do recognize that there is a possibility that 
such problems could occur within the proposed concept. . The consensus in this 
point is that, despite of the possibilities that the system might offer, the presence of 
a person moderating would still be required.  

3.4.1.3 Concept C 

Scenario recognition 

The participants recognized the presented situation, although they considered that 
it seems oversimplified, as in their day-to-day experience meetings are not so 
structured, in fact they tend to be intentionally more chaotic. The participants 
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expressed that this chaos is somewhat necessary to get the wildest ideas possible. 
They do recognize the need for tools to allow people to easily share their private 
material in a shared space, and to be able to capture and consult the data 
generated during the meeting, including the changes and decisions made. 

Opportunities 

Remote collaboration 

This concept appears to be potentially useful for remote collaboration. It improves 
the interaction between people at different locations. Engineers located in different 
countries could use it to discuss while sharing media and sketching with it, which 
would be especially beneficial for big design teams. The concept would provide a 

richer interaction context with remote (end user) clients “For collecting feedback 
from remote locations would be much better than the current way to send 
questionnaires and hoping for a return”, although it would have to be used 
synchronously.  

Increase awareness 

Being able to see how things came together, seeing how they were done and 
combined with the voice and textual annotations would be very useful, keeping 
track and being aware of the details and choices made on the design, even for 
participants who did not attend the meeting. 

Limitations 

The participants from the company assure that providing a private space for each 
person has some benefits, “Sometimes you have to draw things for yourself, 
elaborate yourself the idea a little bit, sketch it to see if it is or not going to work 
before you present it to the group. Now, I present it to everyone”. They also 
expressed that providing such personal space to participants may discourage them 
to share their ideas, and would decrease the visibility and exposure of other ideas 
to the group. “…While you are sketching something, if I might be able to see it, I 
might get a fantastic idea, which can help your idea. With private space, you are 
ruling out the possibility for me or someone else interacting with your preliminary 
sketch”.  In addition, if people spend too much time on creating their own sketches 
it might be too distractive and they could end up not following the overall 
discussion. 

Requirements 

Flexible capturing policies 

The system should allow participants to decide what parts of the meeting will be 
captured and stored for later retrieval.  
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Risks 

We have realized that incorporating mechanisms to support the social might could 

pose a potential risk, as it does not promote, in fact it opposes team spirit. “If no 
one tells anything to the other it does not improve the team spirit. If the 
whole idea of a brainstorm is to share ideas, why should I have a private 
space?” A moderator should facilitate those kinds of social and decision-making 
processes. 
 
Participants saw a risk in terms of confidentiality when storing too much data of the 
meetings, but believe that this is the way that it will probably go in the future. If too 
much data is stored, people might feel less encouraged to contribute to the 
meeting. 

Discussion 

The participants recognize similar meetings where different alternatives are 
discussed. The implementation of the tool in personal devices seems to be 
considered acceptable, and there is some interest on the ability to move material 
from personal to private space. Despite this, they believe that emphasizing so 
much on the personal space can be problematic if this makes people tend to not 
share their contribution until it is finished, as many ideas would be lost this way. 
The participants liked the idea of capturing the data produced during the meeting 
and see the added value of this, but they think that such a feature should be 
somewhat configurable as otherwise it might be too intrusive in terms of privacy. 
For instance, the annotations that a person makes should not be visible by the rest 
or archived by the system unless the person decides to explicitly do so. The 
capturing mechanisms would help them build the meeting reports to increase 
awareness of their activities in the organization and management. 
 
The company also believes that this concept would be potentially useful to support 
meetings in which the participants are distributed across different locations, as it 
would allow people to see, hear and do more things than they normally can on a 
remote basis. This would bring interesting possibilities to the current interaction 
between their teams distributed across different cities or countries. 

3.4.2  Océ 

A total of five participants gave feedback on the concepts, all of them from the 
design department. Because it was not possible to meet physically, the participants 
gave individual feedback through email. They were sent the narratives and the 
storyboards, together with a short questionnaire for the concept discussion. 
Needless to say, the depth of the discussion and quantity of feedback provided 
was smaller than in the case of the company that was able to have a group 
discussion.  
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3.4.2.1 Concept A 

Scenario recognition 

The participants did not directly recognize themselves in this particular situation, 
that is, meeting with a client to generate ideas to solve a mechanical problem. 
However, they do recognize the need for a tool to easily create animated sketches 
for different forms of communication, either with clients or internally, which are not 
necessarily restricted to co-located situations.  

Opportunities 

Collecting feedback on usability tests 

The concept could be useful to increase the amount of feedback collected from 
end users during usability tests. The participants of the study did not specify why, 
but the researchers believe that this could be either because the concept could be 
used to prompt the user with more alternatives, or be used to create additional 
visual material during the post-test discussion. 

Early stage concept discussion 

It could be a potential improvement in early stage concept discussions. The 
participants did not give further details about why or how exactly, although the 
researchers believe that this is for the same reason as described in the scenario, 
because it would allow participants to visually describe more aspects of the ideas 
than they can do now. 

Improving awareness 

The concept clearly helps in improving awareness within the design team, if as a 
result of the tool, employees created more visualizations, and those where shared 
and distributed between members of the team, embracing those in remote 
locations. 

Improving decision-making 

The concept could potentially improve the decision-making process as a 
consequence of members being more aware and informed on the issues involved 
in the particular design under discussion, and if the tool could help clarify details of 
the concept during the discussions. 

End user involvement 

Visualizations are a key element in the involvement of end users. The concept 
offers potential to refine the current way of communicating with clients, as it would 
allow not only designers, but also other practitioners to easily create artefacts that 
incorporate more information than static images do, and would allow to make 
changes in real time during the discussion. 
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Limitations 

The participants did not identify any limitations of the concept, other than raising 
questions on whether or not the concept would indeed succeed in improving the 
communication between colleagues and with end users.   Details of the actual 
implementation of the concept are expected to have a significant influence on its 
adoption by their design team. 

Requirements 

Usability 

In order to achieve the desired results, the tool must be very easy to use, even for 
non-designers. This is a key requirement that the majority of participants refer to as 
being critical for the success of the concept. 

User experience 

The participants clearly stated that the tool should operate smoothly and perform 
well. Overall, the user experience must be fluid and fast enough to persuade 
practitioners to use it in the proposed context. 

Risks 

It is unclear how the desired results of the concept could be achievable, what 
would be the functionality offered, and how it would be presented to the user. The 
tool has to be simple enough to be used by non-experienced animators or 
interaction designers, but at the same time the functionality that it provides has to 
be flexible enough to allow users to describe whatever it is that they look for. 
Otherwise, adoption is judged as unlikely. Overall, if the usability and user 
experience were not good enough, in fact, outstanding, the tool could not be used, 
and more importantly, it could even be harmful. One participant also expressed 
his/her scepticism about the benefits of the tool in comparison to conventional pen 
and paper, “Scenario 1 is for me not an improvement if it's done on an iPad 
because you can also copy and cut the drawing by hand, it may even be quicker 
and easier than with the iPad.” 

Discussion 

The participants have identified different settings and situations where the concept 
could be an improvement and bring additional value to their process. Those 
include different forms of internal communications such as internal discussions of 
early stage concepts, or end user involvement. In this case the participants believe 
that the shape and form of the concept, a tablet – iPad, is adequate for different 
reasons. iPads and tablet devices are now widespread and have shown that new 
multi-touch interfaces, in some cases, have made tools accessible to 
inexperienced users who were previously unable to use them. The fact that it is 
portable also helps in making the tool more flexible and prone to be used in a wider 
variety of situations, such as visiting a client or during spontaneous meetings. The 
main risk and challenge that this concept faces is usability; the challenge is to 
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make the tool fast, pleasant and easy to use, so that even non-designers can take 
advantage of the possibilities that it offers, while keeping the tool flexible enough to 
allow users to articulate their ideas quickly without major limitations.  

3.4.2.2 Concept B 

Scenario recognition 

The participants recognized themselves in such kind of situations, where a group 
of designers meet to discuss about concepts, although they did not express the 
need for such kind of systems in addition to their current way of using beamers, 
markers and pen and paper.   

Opportunities 

One participant did not directly find any opportunities for this concept, as he doubts 
if it would help in communicating, decision-making or increasing awareness. Other 
participants thought that sharing and combining could bring additional value, but 
they are not sure if the presented concept would really encourage people to do so. 
Another participant thought that it could possibly help people communicate, 
increase awareness and assist in decision-making. Since it was not possible to 
further discuss this point with the participants because the results were collected 
by email and not through an interview, and since there is no data suitable for 
statistical analysis, it is difficult for the researchers to arrive to a conclusion other 
than the concept is at best potentially useful.  

Limitations 

For some participants, the concept seems to be just a beamer, similar to their 
current electronic whiteboard, which has digital markers that takes snapshots of 
the content and stores it. It feels like nothing new. A participant expressed that the 
“form or merging designs can happen on visual comparison, but more likely some 
kind of interaction concept is interesting or a combination of visual form with 
another interactive approach”. Therefore, it is unclear whether this way of merging 
designs is really something with added value, or if it can be simply achieved using 
pen and paper. Connecting other tools, such as interaction and visual design tools 
could be more interesting than just overlaying images.  
The participants also identified the fact that is not portable as an important 
limitation of the concept, limiting the range of situations in which it can be used. 

Requirements 

The participants did not describe any desired functionality for the concept. 

Risks 

The participants expressed that the concept could be detrimental if it is too 
complicated to use and gets in the way. 
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Discussion 

Some of the participants liked the idea for its potential to increase their capabilities 
to share, but in general the concept did not raise major expectations from the 
participants. It is unclear if it would bring anything new and useful, and there were 
doubts that it would end up improving any form of communication, collaboration or 
awareness, although some participants estimate that it could be a slight 
improvement for internal or end-user communication. 

3.4.2.3 Concept C 

Scenario recognition 

The participants recognized the scenario. They frequently have meetings of such 
kind, and they acknowledge the need for tools that better support such kind of 
collaboration. This is not surprising, as in fact it was this company who came up 
with a similar concept in the previous study. 

Opportunities 

Some participants expressed that the concept offers potential to increase 
awareness, not only during the meetings but also in the follow-up work as people 
are able to send updates outside of the meeting. The concept could also help in 
capturing and consulting the data generated during the meetings, which appears to 
be a very interesting feature for the company. A direct consequence is that the 
concept could also potentially improve their decision-making process.   

Limitations 

The scenario may be oversimplified. Participants expressed that even making the 
notes might not be as simple and easy as it looks at first sight, as it is not so easy 
to do now with conventional pen and paper. More importantly, there is a chance 
that sharing the notes of the meeting might not bring any additional value to the 

group rather than just to the individuals “This concept would help us, having a 
good notes app, including voice recordings, but we are unsure if it would 
really help us to communicate as a team, or just only individually”. 
 
Anonymous voting was not found to be a desired feature; instead it was 
considered more of a risk or limitation.  

Requirements 

New ways to review a meeting 

The participants described that it would be interesting to see different ways to 
review the information collected during a meeting, not just by browsing the notes 
and audio clips. Further work on this would be appreciated. 
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Risks 

The participants did not identify any major risks in the concept, other than the fact 
that not having open communications, especially regarding the voting part, could 
be adverse under some circumstances.  

Discussion 

The company finds the concept useful and possibly helpful, although there are 
some doubts on whether it would help the team and make meetings more 
productive or if it would just be useful as a personal note-taking app. The fact that it 
can potentially store more information and data captured during the meeting 
appears to be useful, although more mechanisms to consult and reuse that data 
would have to be investigated. Even though there appears to be opportunities for 
such tools to support social aspects such as moderating or voting, the fact that the 
concept included an anonymous voting mechanism was not well received by the 
participants. At this stage it is not clear how this issue should be approached. The 
practitioners expressed that the concept could also be used for remote forms of 
collaboration, and that it was a valuable asset that the tool runs on a portable 
machine and that you can take it along. The visual twitter was found to be an 
interesting way to encourage people to share more and provide feedback to the 
rest of the group without the obligation of having to meet face to face.  

3.4.3  DAF 

A total of two participants gave feedback on the concepts, through email filling the 
questionnaire that we provided.  

3.4.3.1 Concept A 

Even though the participants mentioned that they found this concept the most 
valuable among the three, they did not provide much feedback concerning its 
opportunities or limitations. 

Scenario recognition 

All of the participants recognize the lack of applications to sketch quick ideas 
enabling visualizations of dynamic components and interaction mechanisms. 

Opportunities 

The participants expressed that there are certain situations in which such tools and 
the artefacts created with them could be useful. These situations include meetings 
in which a designer could use it to spontaneously explain something through an 
animated sketch, or situations where a designers want to collect feedback on a 
rough concept by sharing it through email with other members of the design team 
or organization. In addition, the participants expressed that if the tool was also able 
to capture and record the result of the discussion documenting the process, its 
added value and benefits would be increased.  
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Limitations 

The participants did not identify any limitations in the concept presented in this 
thesis. 

Requirements 

Flexibility 

The tool should be flexible enough to describe all kinds of ideas, and not being 
limited by predefined templates. 

Standalone exports 

The participants described as essential the need to be able to export standalone 
versions of the design, preferably in the form of a video or an executable file.  

Version history and tracking changes 

Similar as in concept C, the participants expressed that it would be useful to 
include version history and track changes functionality. 

Risks 

The participants did not identify any risks in the concept. 

Discussion 

The concept presented was found to be very useful for the company, although the 
reasons are not described in depth. It was expressed that including certain 
functionality of other concepts, such as tracking changes or having a history with 
all of the versions would be useful, in addition to being able to export the animated 
sketches as standalone files. The participants also believed that in order to 
succeed in its adoption, the tool should be flexible and not impose any predefined 
templates.  

3.4.3.2 Concept B 

Scenario recognition 

The participants did not recognize the scenario presented. In general they do not 
conduct this kind of co-located design activities, only when strict deadlines are 
approaching and they are forced to work in small groups or pairs due to time 
constraints.  

Opportunities 

Remote collaboration 

The company found that a similar concept but oriented towards remote 
collaboration could be useful in their process, to bridge the gaps created by 
physical distance.  
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Limitations 

The participants doubt whether the current mechanism offered to combine different 

designs was possible or realistic. “…it seems quite easy to combine aspects 
from the work of several designers, but try to imagine combining handmade 
sketches. In real life this is very hard. When using a sophisticated 3D 
modelling tool such as NX, it is even harder because a single part is 
constructed of many internal references and dimensional relations. A 
product, sketch or design is modular as a whole, but very rarely it is 
possible to break it down into small interchangeable pieces”. 

Requirements 

Version history and tracking changes 

In the same way as in the case of concept C, the participants expressed that it 
would be useful to include version history and tracking changes functionality. 

Risks 

People have individually personalized ways of working, which are not 
standardized; imposing them to work together in a shared environment could 
potentially be harmful to the individual productivity and the overall output of the 
design process. 
 
Participants expressed that in some cases it might be beneficial to design in the 
same room, but it would probably be very hard to keep the discussion focused and 
the working procedure smooth. This also adds to the risk that such a system would 
have a negative impact in the flow of the meeting if it were not simple enough to 
use.  

Discussion 

The participants do not judge this concept as being very valuable. To begin with, 
they do not regularly conduct such kind of co-located design activities, and more 
importantly, they even doubt whether the setting or functionality offered would be 
of much benefit. In their case, such kind of activities only occur in situations where 
it is strictly necessary due to time constraints in the project deadlines, and 
everyone agrees that this is a process that comes with a lot of disadvantages.  
 
The most interesting aspect of the concept was to put it in practice to support 
discussions within teams that are geographically apart. In such meetings, the 
possibility to share material and to sketch within a common space doubtfully offers 
advantages in comparison to their current (verbal) way of discussing with remote 
colleagues.  
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3.4.3.3 Concept C 

Scenario recognition 

The participants did recognize the meetings where a group of practitioners meet to 
discuss or select between alternative design directions or solutions.  

Opportunities 

The concept was found to be useful in situations where an entire product is going 
to be redesigned at once, and where several designers work on individual modular 
entities of the product.  
 
The concept was found to be a good tool for communicative purposes that could 
help identify and correct errors in early stages. 

Limitations 

The participants found the voting functionality not necessary, since in a team 
environment with professional designers they are not normally afraid of giving and 
receiving feedback and comments.  

Requirements 

The participants did not describe any additional requirements for this concept. 

Risks 

Anonymous voting may lead to decisions based on other criteria rather than 
quality, as the people’s opinion is not discussed.   

Discussion 

The company found the concept potentially useful for improving various forms of 
communication, especially to improve awareness by keeping people informed 
outside of meetings. The functionality of being able to capture the rationale behind 
the decisions was also found to be an additional value. The company does not 
believe that supporting social processes like anonymous voting should be done 
within the tool and should be removed. In general, the company found the concept 
moderately useful but was not too enthusiastic about the possibilities that it could 
bring.  

3.5 Concept Selection 

3.5.1  Selection Criteria 

The concept selection was based on the following criteria: 
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Opportunities, Risks and Limitations 

The research opportunities, risks and limitations that the concepts posed were 
ranked as the most relevant criteria due to the research nature of the project. This 
includes the opportunities identified by the companies, as well as the opportunities 
for us to conduct research with the tool. In that sense, it is important to understand 
that one of the core goals of the tool selected is to be used as a probe to 
investigate and increase our understanding of how novel design tools can improve 
existing (User-Centered) design processes, i.e., positively affect communication or 
creativity. Next to the opportunities, we needed, for obvious reasons, to minimize 
the risks and limitations that the concept selected would pose for the companies 
and for our capacity to conduct research with it. 

Company Preferences 

In order to be able to conduct research with such tools, we need to provide an 
attractive value proposition to the companies, otherwise practitioners will not 
attempt to adopt or include such tools in their process, and thus it will not be 
possible to carry out further research.  

General Project Goals 

In addition to the research opportunities and the company’s preferences, the 
concept that better fits the overall goals of the RePar project should be favoured in 
the selection. 

Pragmatic Elements 

Other pragmatic elements were also taken into consideration such as complexity of 
the realization and implementation of the tool, or the easiness to deploy it to 
conduct the research with it.  

3.5.2  Concept Discussion 

Concept A was in general found to be the most valuable for the companies. We 
found that they see opportunities in a tool of such type for improving the concept 
generation phase of their design process, and for improving how co-located design 
meetings (i.e., brainstorms) are carried out.  This is because thanks to having the 
desired visualizations could improve awareness and help the decision-making 
when concepts are not yet clearly defined. Two companies believe that the 
concept can also help them to involve and communicate with end users in their 
process, as well as, to some extent, help in documenting the outcome of some 
meetings, i.e., by being able to create artefacts that embed the decisions made 
during the meetings.  
 
The tool was also found to pose certain risks, as the more engineering type-of 
companies are very keen on using tools that have a lot of simulation and modelling 
capabilities in them. This is because, even at very early stages, they have a need 
of knowing the exact numerical consequences of a particular design decision. 
Thus, if the tool cannot go beyond drawing and animating objects, it may mislead 
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towards solutions that are not mechanically correct. Even though it would be 
worthwhile to explore how a sketching tool could include also elements of 
simulation, such specific type of features are not in the scope of this project. 
Another interesting critique to the concept was the fact that it could be a limiter of 
creativity. If the tools promotes certain type of outcomes due to its features, it could 
keep the users in a box where it is difficult to come up with alternative but better 
ideas. This aspect in reality applies to essentially any tool in any given domain, and 
it is why it is so important for designers to not be limited to one, but to instead have 
plenty of tools to pick from, and do so depending on the need of any particular 
situation. 

 
The concept also offers opportunities for improvement, the same way it poses 
certain risks. One of the companies believes that it can be helpful to engage end 
users in such an environment, mostly because of the wow-effect and its novelty. 
They also believe it could reduce the limitations of pen and paper and promote 
equal participation. This may improve decision-making and awareness. One of the 
companies even sees such an environment enabling remote collaboration, instead 
of using it co-located to sketch collaboratively.  
 
Concept B seems very limited in terms of deployment. The hardware and facilities 
required to build such augmented meeting room is restrictive, expensive, and 
existing software is initially not supported. More importantly, it was expressed that 
they do not currently experience a need for such types of environment. Companies 
already have beamers to which they can attach laptops to display documents and 
media, and they already have digital markers which are rarely use during 
presentations. Furthermore, while combining material in a visual way may be 
useful for images, for documents with text, audio, or videos, it seems rather 
unrealistic, or even impossible. Therefore, in practice, this concept would end up 
being just a very expensive beamer which would get more in the way that it would 
than value it would provide. 
 
Concept C has some appealing aspects that are widely recognized, such as its 
capabilities to document meetings, and use that information to increase awareness 
and improved decision-making. Two of the three companies found it interesting to 
use it to support co-located design meetings, and was even thought to be of value 
for supporting remote collaboration, and even possibly to engage end users. On 
the other hand, Concept C was found to be a potential source of distraction during 
meetings. We can imagine how a tool of this type could easily get in the way and 
grab participants’ attention. The features to support social processes were also not 
very well received. They could, for instance, lead to decision making based on 
aspects different than quality, since people could vote without giving actual 
reasons. Furthermore, some people believe that attempting to mediate social 
behaviours with technology can do more harm than good. Overall there were 
doubts whether this would really help teams, or if it would otherwise just help 
individuals keep notes. 
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3.5.3  Concept Selection 

As shown in the previous section, the feedback from the companies revealed that 
Concept A, the Minimalistic Animation Sketching Tool, was found to be the most 
interesting for them in terms. The animation sketching tool was the concept 
offering a wider array of potential improvements for their processes. Such 
possibilities included improvements in the area of sketching and creative 
expression, as well as in communication and collaboration. These in turn could 
also improve awareness and decision making. Concept B and C also had some 
potential benefits, but they were perceived as more intrusive in their existing 
process, less realistic, and overall simply less useful. 
 
From our perspectives as researchers we also favoured the Concept A. While it 
would have been technically possible to materialize concept B, we realized that 
deploying it to any environment other than our laboratories would be really 
inconvenient, severely limiting our possibilities to conduct additional research with 
it. This would in turn not leave us many opportunities for contribution other than the 
system itself, which was not desirable for obvious reasons. Concept C on the other 
hand would have been way simpler to deploy, but we realised that it posed the 
same limitations as Concept B regarding its possibilities of use and to conduct 
research with. Both concepts focused on sharing material during meetings, as well 
as taking notes, with the hypothesis that this would lead to improved awareness, 
decision making and history tracking. While this was fine, we realised that the 
research capabilities of these tools did not open additional opportunities outside of 
the context of design meetings, especially when compared with the animation 
sketching tool. One of the reasons to favour Concept A was because it had a focus 
on content creation tool as opposed to content sharing. Due to the fact that it was a 
sketching tool, it would allow us to study it from a creativity perspective, to learn if 
animations could enhance some creative design activities. Researching a tool to 
create animated sketches in addition would allow us go beyond the context of 
design. With the animation sketching tool we would be able to expand our research 
experiments to other environments, i.e., education, and this fact was also taken 
into consideration. Finally, the larger context of the RePar project also influenced 
the decision towards concept A. Concept A was a better match with regards to the 
general project goals, which were more oriented towards the research and 
development low fidelity sketching tools. As a result, Concept A, the Minimalistic 
Animation Sketching Tool was selected for further development and research.  
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Chapter 4.  The Design of 
idAnimate  
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4.1 Abstract 

This chapter details the design of the idAnimate tool based on the insights 
obtained in chapter 2 and the 3. First, we describe the related work in the field of 
animation creation tools. Then, we describe the requirements of the idAnimate tool, 
including the design choices and rationale. In addition, the chapter includes a 
description of the technical architecture of the system and the specifications of the 
tool. 
 

4.2 Introduction 

The concept of idAnimate came out of a series of studies that were carried out 
within the design teams of diverse companies (see Chapter 2 and 3). The studies 
aimed more generally at gaining insight into their current design practices, learning 
about the challenges and opportunities that designers experience in the early 
stages of the design process [69,84,85]. Thanks to these studies we were able to 
generate three concepts aiming at supporting Creativity, Collaboration and 
Communication. One of these concepts was an animation sketching tool. This tool 
was selected for further development because it was deemed to be of interest for 
the partnering companies as well as for the research goals of the project. For 
additional details on how this concept was generate and was selected amongst 
other see Chapter 3 of this thesis.  
 
The choice of making an animation tool, as opposed to another type of design tool, 
was motivated by several facts. We learned that animations offered great potential 
in acting as boundary objects for communication within teams when working on 
highly dynamic products. In addition to communication, we had identified that in 
current practice designers are in need of tools that allow them to rapidly sketch 
interactive systems or user interfaces. Hence, we hypothesized that animations 
could also be used as a medium to support activities of not only communication, 
but also of creative nature such as the design and exploration of ideas, provided 
that the animation technique was fast and fluid. We had also identified a gap in the 
existing space of design tools, space with plenty of options for static sketching, or 
for creating high quality animations, but very little or no offering for animation 
sketching. In addition, the recent availability of tablets with multi-touch input 
technology made it possible to create innovative techniques to sketch animations, 
which was also inside of our research interests. 
 
We had also identified a series of risks that could harm the possibilities of the tool. 
The most concerning risk was the usability and ease of use. Because the tool aims 
at allowing a broad set of users, i.e., Designers and Stakeholders (including those 
who have no experience with authoring animations) to be able to articulate their 
ideas with animations, it is critical that this can be achieved in an intuitive and 
simple way. This was accentuated by the fact that practitioners do not have a 
substantial amount of time to invest in learning new tools and technologies.  As a 
result, a key design challenge of this concept was to make the tool sufficiently easy 
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to operate, so that a person who has never created an animation before, could do 
so intuitively with minimal instructions. 
 
Some of the industrial partners expressed their desire to include domain specific 
functionality in the tool, such as simulating mechanics. However interesting such 
requirements are, they were not taken into consideration because adding domain 
or company specific features would diminish the ability for the tool to be generic, 
and be used in a wide(er) variety of design-related situations. Therefore, the 
requirements of the tool focus on those that are generic enough to satisfy the 
needs of companies that practice in different domains.  

4.3 Related Work 

4.3.1  Related work on Producing Animations 

Similarly to Motion Pictures, Animations are composed of a set of pictures, also 
called frames, which are displayed in a particular order.  Displaying frames at 
constant intervals creates the illusion of motion. Animations are in general different 
from motion pictures in the sense that they are not a collection of still photographs, 
but instead a collection of drawn or synthesized images. An animation has a fixed 
duration, which depends on the amount of frames that it contains, as well as the 
number of frames that are displayed every second. The number of frames per 
seconds is normally fixed, hence the number of total frames determines the total 
duration of the animation. For example, an animation that has a total of 2880 
frames, showing 24 frames per second, will have a duration of 120 seconds, that 
is, two minutes.  
 
The process of producing animations can be done in many different ways. Below 
we describe the most common techniques to do so.  

4.3.1.1 Flipbook and Stop Motion 

Flipbook animations [52] are the oldest and most common animations, and are 
very similar to conventional motion pictures captured with motion cameras. A 
flipbook consists of a collection of images called frames. The images are shown as 
a continuous sequence in constant intervals of time. In order to produce a flipbook 
animation, the animator needs to produce every single frame, either by drawing of 
taking photographs of them. Figure 14 shows an example of a flipbook animation. 
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Figure 14 - Flipbook animation (Source: http://www.liaf.org.uk/wordpress/wp-
content/uploads/2012/08/flipbook.jpg) 

4.3.1.2 Procedural / Programmable animations 

Procedural animations describe the dynamism of objects over time by means of 
software programs, procedures and algorithms [97]. A procedure is a concrete set 
of instructions that a computer is able to execute. With procedural animation 
systems, the animator writes in a programming language the changes of the 
objects, and the computer interprets this program to render the frames that 
comprises the animation. Procedural animation systems allow the animator to 
define the animation with exact precision. 
 
Below we can find an example of procedure that causes the effect of flying away at 
a constant speed of a visual object. 
 

01 procedure flyAway(object:Object, delta:Time) { 

02   float xVelocity = 1; 

03   float yVelocity = 1; 

04 

05   object.x += xVelocity * delta; 

06   object.y += yVelocity * delta; 

07  } 

 
The code above is executed in multiple occasions per second, one on each time 
increment (delta time). Lines 02 and 03 define the horizontal and vertical speed (vx 
and vy). In lines 05 and 06 the object’s X and Y position are incremented based on 
the delta time and vertical and horizontal speed.   

4.3.1.3 Key Framing Animations 

The Key-framing Animation technique is a computer-supported simplification of the 
Flipbook animation technique [22] (figure 15). With Key-framing the animator 
draws a series of key-frames and at particular moments in a timeline. The 
computer software generates the missing frames by (linearly) interpolating the 
frames in between. This technique allows the animator to only draw the frames in 
which there is a significant change, while the computer fills in the gaps.   
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Figure 15 - Keyframe frame interpolation (source: 
http://www.sccg.sk/~varhanikova/fmfi/pgkzvi/kzvi4.html) 

4.3.1.4 Stop Motion (Stop Frame) 

Stop Motion (figure 16) animations are elaborated by manipulating physical objects 
making them appear as if they move on their own [117]. The animator physically 
alters the object, often made out of clay, and then takes a still picture. When a 
series of these stills are taken and shown as part of a sequence, it causes the 
illusion of movement.  
 

 
Figure 16 - Stop Frame animation of a morphing character (source: 

http://media.cmgdigital.com/shared/lt/lt_cache/thumbnail/615/img/photos/2012/09/25/84/33/
2._WDFM_BF_Gumby_morphing.jpg) 

4.3.1.5 Motion Capture 

Motion capture animations (Figure 17) are produced by recording the movement of 
actors (objects or people). Such movements are analysed and translated into a 
virtual object to make it behave in a similar way. Although being expensive, this 
technique is widely used in both the video-game and the cinematography industry. 
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Figure 17 - Capturing the motion of an actor using visual markers (source: Institute Diderot 

http://cta-diderot.brucity.be/wp-content/uploads/2013/03/OK_mocap_01_optical.jpeg) 

4.3.2  Related Work on Computer-Supported Animation 

Authoring Systems 

Animation authoring is a tedious and complex activity. The goal of idAnimate is to 
make this process easier and more accessible. In a similar fashion and over the 
years, multiple computer-supported animation systems have been developed. In 
order to understand the current state-of-the art of computer-supported animation 
systems, we hereby present a selection of related systems. 
 
Over the course of the years there have been many different approaches to 
supporting the creation of animations with the help of computers.  In 1969 Ronald 
M. Baecker presented Genesys, the first computerized animation system [7]. 
Genesys allowed the animator to draw an object, and dynamically change the 
position, orientation and shape of the visual objects with the help of a stylus. While 
Genesys was the first ever animation system, many additional animation 
techniques have been introduced since then.  
Using the flipbook metaphor, GIF animations grew very popular during the 90’s, in 
part because they can be easily distributed because all web browsers natively 
support them. In the mid 90’s Macromedia presented Flash [37] and Director, 
which popularized the key-frame technique, in which the animator creates two 
frames and the system interpolates in between. Flash is still probably at the current 
time (2014) the most used animation authoring system. However, while being 
obviously very useful in the hands of skilled animators, Flash does not explicitly 
address novice (or infrequent) users. Learning Flash is simple, but creating 
animations takes a substantial amount of time, and generally speaking, the quality 
of the outcome is unnecessarily high for the (early) phase of the design process 
that the tool idAnimate that we will propose is meant to support.  
 
Some newer systems have focused on developing techniques that feel more 
natural and intuitive to non-experienced users. Two specific examples are: a) 
articulating 3D figure animations based on 2D figure sketches [40] and b) 
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sketching the motion of a character [118]. While non-expert animators can use 
such tools, they offer interaction mechanisms that are tuned to a specific 
application, i.e., articulating the motion of a character, and are therefore not 
necessarily suitable for general-purpose animation.  
 
More interesting in view of general-purpose animating is the motion-by-example 
technique described by Moscovich [120] . This technique, in which the user can 
drag an object around the screen while the system records the location trajectory 
as a function of time, has been widely adopted in animation tools that target novice 
animators, such as K-Sketch [41],  Sketch-n-Stretch [108] , or Sketchify [82] . 
Sketchify is primarily intended for quickly creating prototypes with real-time input 
from a diversity of sensors, and therefore its interface is simply too sophisticated 
and complex for rapidly sketching animations.  
Ceylant and Capin developed a multi-touch interface for animating 3D Meshes 
[47], that produced a sense of movement in objects by deforming and reshaping 
visual objects through the fingers, which is similar to the multi-touch technique by 
Takayama and Irigarashi for manipulating the shapes of 2D characters [114]. While 
both techniques share some features with our own prototype, mostly due to the 
common use of a multi-touch interface, they are mainly intended for character 
animation, and are hence fairly specialized. To the best of our knowledge, the most 
similar existing tools to idAnimate are Toontastic [99] and Photopuppet HD [32], 
which use multi-touch gestures for creating animations. The latter tool is mostly 
intended for cartoon animation in a professional studio, as it offers many 
sophisticated and dedicated features, while Toontastic has a very specific 
application domain, i.e., storytelling for children. 
 
The tool idAnimate that we present in this chapter shares similarities with K-Sketch 
and Sketch-n-Stretch, as it extends the motion-by-example technique, which tracks 
an object’s position, to also include orientation and size. The extension to multi-
touch devices (specifically, the iPad) can potentially speed up an animation 
process, as the user can transform multiple properties at a time instead of 
sequentially (See details in The Animation Technique section). An additional 
advantage of multi-touch devices is that multiple users can potentially cooperate 
on a single animation, although the full potential of this idea is only likely to emerge 
on multi-touch surfaces that are larger in size than the iPad that we used in the 
current case study.  

4.4 idAnimate 

4.4.1  Design Rationale 

In the broadest sense, idAnimate is an animation authoring tools designed to 
support Creativity and Communication. In order to support creative processes, we 
drew inspiration from the design guidelines proposed by Shneiderman and 
Resnicks [96,107] on tools to support innovation. They assisted in mapping the 
general objective of sketch-like animations into more specific design goals that can 
also potentially be verified in subsequent observational studies. The guidelines 
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adhere to four phase framework for creating tools to support creativity: (1)Collect: 
learn from previous works stored in libraries, the Web, etc.; (2) Relate: consult with 
peers and mentors at early, middle, and late stages, (3)Create: explore, compose, 
evaluate possible solutions; and (4) Donate: disseminate the results and contribute 
to the libraries. 

Low Threshold 

In order to make the process of creating animations easily accessible to non-
experienced animators, the threshold for using the tool should be extremely low. 
This means that novice users, including those using the tool for the first time, 
should be able to create simple animations with minimal instruction. 

Speed 

The tool should allow users to rapidly create animations. Ideally, the cost of 
creating an animation should be similar to that of creating static sketches, so that 
they can be discarded easily and replaced by alternatives on the spot. 

Support Exploration  

The tool should allow users to try out different alternatives and examples. For this, 
the tool should make it easy to roll back to past situations to try other ideas. 

Flexibility and wide walls 

The tool should not limit its users to a predefined set of patterns or prescribed 
scenarios. The tool should ideally allow the majority of users to describe most 
ideas that they can think of, within the reasonable boundaries of what animations 
can describe.  

Accessibility 

The tool should be available for as many people as possible, and in as many 
situations as possible. 

Simplicity 

Besides having a low threshold, the tool should feel simple and intuitive to use 
after a prolonged period of time. Instead of providing an extensive set of highly 
configurable features, the tool should provide only those that are strictly necessary 
to achieve the desired flexible outcome. 

4.4.2  Platform selection 

In order to satisfy the aforementioned design goals, it was essential to materialize 
it in such a form that people could use in as many environments as possible (office 
desk, home, transport, meetings, etc.), to be highly connected, to be able to easily 
bring existing material to it, and for it to offer a really fast, simple and expressive 
technique to create the animations. 
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Tablet devices, in particular the iPad, offered many opportunities in this regard. 
First, the device is highly portable due to its size, weight and battery life, and 
networking capabilities. The networking capabilities allow it to rapidly access 
repositories with existing material or share the outcome, and the built-in camera 
makes it possible to instantly take a snap of a paper sketch or physical object and 
bring it into the application. Furthermore, its hardware performance allows it to run 
high demanding multimedia applications, while providing enough screen real state 
to be able to use it for content creation. The multi-touch interaction paradigm also 
offered interesting opportunities to leverage it in order to generate an intuitive 
animation technique based on direct manipulation. One of our concerns was the 
lack of precision when sketching on a multi-touch screen, but on the contrary this 
turned out to be an advantage because it would encourage the sketchy look and 
feel of the creations. Thus, the iPad was selected to host our tool. 

4.4.3  Functional Requirements 

This section formally describes the functional requirements of the idAnimate tool. 
Such requirements correspond to the list of features that the application will 
provide. 
 
1. Visual Object Creation - The user is able to create visual objects. Visual 

objects are images which can be used in an animation 
1.1. Sketch – The user can sketch objects within the animation tool. No 

external tool should be required to do this. 
1.2. Camera/Pictures – It is possible to rapidly bring physical objects or 

papers sketches into the animations. This is achieved by means of taking 
still pictures with the device camera. 

1.3. Internet Search – It is possible to search image archives on the internet, 
and to easily import images from them. 

1.4. Library of Objects – The tool provides a library/catalogue of saved and 
reusable objects.  

1.4.1. Library Packs – The tool includes preinstalled a collection of 
common library objects. The user is able to download and install 
additional library packs. 

1.4.2. Custom Packs – The user is be able to create custom packs of 
library objects within the application. The user is able to create 
custom library packs from collections of images in his/her computer 
and rapidly bring them to the library of the application. 

1.5. External tools - It is possible to use external tools, i.e., Papers [131] 
should the user prefer to do so. The tool should provide mechanisms to 
seamlessly integrate external sketching tools to create visual objects. 

 
2. Animations 

The user can animate the visual objects that compose an animation.  
2.1. Object transformation 

Animations support changes in Position, Size and Orientation over time. 
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2.2. Visual Appearances 
Visual objects may have one or more visual Appearances. A visual appearance is 
how an object looks at a particular time. For instance, an object that represents a 
light bulb may have two visual appearances, one for when turned off, and one for 
when on.  
3. Storyboards 

The user can create animated Storyboards. Animated Storyboards are 
composed of multiple animated sketches, each of which can include a 
caption, and a sequence number. 

4. Sketchy look and feel 
idAnimate encourages a sketchy look-and-feel.  By default, if the user 
creates a project with the standard tools provided, the graphics will have a 
tendency to look sketchy. 

5. Sharing 
The user can share projects created with idAnimate via multiple 
mechanisms. This includes sharing by email, and or social networks such 
as Facebook. 

5.1. Project Files 
User can share project files, which can be open for visualization and/or edition in 
other iPad devices (like sharing a word document). 

5.2. Movies 
Users can export Movies and share them through any of the sharing mechanisms. 
Movies, as opposed to project files, cannot be modified with the application, but 
they can be embedded in a Website, a Powerpoint Presentation or similar. 

5.3. idAnimate.net Public Gallery 
Users can share publicly and retrieve projects form and to the idAnimate.net online 
gallery, encouraging sharing and re-mixing.  
6. Learning 

idAnimate includes in-app functionality to help the user lean how to handle 
the tool. 

6.1. Examples 
The tool includes a collection of examples that employs different features. 

6.2. Video Tutorials 
The tool includes in-app video tutorials that shows users how to use all of the 
features available. 

4.4.4  idAnimate Architecture and Organization 

As shown in Figure 20, the documents produced with idAnimate are called 
Animated Sketches. Animated Sketches are composed of one or more visual 
elements called Animated Objects.  
 
idAnimate supports Animated Sketches as well as Animated Storyboards (see 
Figure 19 for an example). Animated Storyboards are composed of a number of 
Animated Sketches. The tool includes a project browser (see Figure 18) where the 
user can create, import, export, or share the animations (video or document).  
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Figure 18 - idAnimate project selection window 

It is possible to import visual elements from different sources into the application, 
including attachments in emails, images resulting from internet searches (Bing, 
Google or Flickr images), photographs taken with the built-in camera (if the device 
has one), or images already available in the users’ library. The tool also includes a 
simple sketching application that can be used to create new visual objects, or to 
modify existing ones. 
 

 
 
Figure 19 - On the left the idAnimate Sketch Editor. On the right, the Animated Storyboard 

editor. 
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Figure 20 – idAnimate system architecture. 

The Animation Editor is show in in Figure 21. Mark 1 shows the list of objects that 
are contained in the current animation. By modifying the order of objects in the list, 
they move in front or behind each other. Mark 2 shows the controls for adding a 
new object, editing the images associated with an object, duplicating, inspecting, 
deleting or clearing the animations of the selected object. Mark 3 shows the 
animation controls including the timeline and the play, pause, record and rewind 
buttons. Mark 4 shows the canvas where the objects are displayed and where the 
user interacts to define the animations. Mark 5 shows the inspector, which allows 
users: 1) to change between the different images that an object can display, 2) to 
manage the geometrical properties of an object that can be transformed, and 3) to 
specify when an object is visible or invisible. 
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Figure 21 - idAnimate being used to animate a game concept (Angry Birds). Mark 1 shows 
the list of objects, mark 2 shows the possible actions on an object, Mark 3 the record and 

playback controls, mark 4 the canvas and Mark 5 the object inspector. 

4.4.5  Transformation by example, the animation technique. 

The transformation-by-example technique is an extension of Moscovich’s motion-
by-example technique for multi-touch devices. In essence, it allows users to freely 
manipulate objects using a multi-touch surface while recording the changes in 
position, size and orientation over time.  

 
Figure 22 - Transforming by example a visual object 

 
Animated Sketches are composed of one or more visual elements called Animated 
Objects. An Animated Object is a region of varying position, size and orientation 
that can at any instance display one of a set of possible images, where most often 
the image reflects the state of the object concerned. This way an object can be 
moved, rotated and scaled while its visual appearance changes. 

THE IDANIMATE TOOL  

The objective of idAnimate is to allow users to rapidly 

author simple but expressive animations to support 

communication and creativity.  As the aim is to support 

creativity, discovery and innovation, we used the design 

guidelines proposed by Snheiderman [18] and Resnicks et 

al. [17] to assist us in mapping the above general objective 

into more specific design goals. 

Design goals 

Low threshold 

In order to be able to draw more people into the process of 

using animations to describe their ideas and stories, the 

threshold for using the tool must be as low as possible. This 

means that novice users, even those that are using the tool 

for the first time must be able to create simple animations 

with no or minimal instruction. 

Speed 

The tool must allow users to rapidly create animations. 

Ideally, the cost of creating an animation should be similar 

to that of creating static sketches, so that they can just as 

easily be discarded and replaced by alternatives. 

Support Exploration  

The tool must allow users to try out different alternatives 

and examples, and should make it easy to roll back to past 

situations.  

Flexibility and wide walls 

The tool must not limit its users to a predefined set of 

patterns or prescribed scenarios. The tool should ideally 

allow the majority of users to describe most ideas that they 

can think of, within the reasonable boundaries of what 

animations can describe.  

Simplicity 

Besides having a low threshold, the tool should feel simple 

and intuitive to use after a prolonged period of time. Instead 

of providing an extensive set of highly configurable 

features, the tool should provide only those that are strictly 

necessary to achieve the desired flexible outcome. 

Encourage collaboration 

The tool should allow users to easily share and discuss the 

outcome with others, hence promoting dialogue between 

participants of co-located activities. This implies that users 

should also be able to easily modify animations created by 

others.  

Fit into existing workflow 

The tool should provide mechanisms to easily exchange 

material with existing libraries or repositories. The tool 

should provide interconnectivity with existing design tools. 

Tool design 

The aforementioned design goals lead us to select tablet 

devices as the platform for the prototype, mainly due to 

their form factor, portability, and the affordances that multi-

touch devices provide. Popular multi-touch interaction 

paradigms such as resize and rotate are for instance applied 

in idAnimate to extend the existing motion-by-example 

method [13] to a more general transformation-by-example 

method (see the animation technique section  for details). 

The projects produced with the tool are called Animated 

Sketches. An Animated Sketch consists of a group of visual 

elements (objects) and their associated transformations 

(position, orientation, size) over time. Each visual element 

may have one or more images associated with it, and the 

sequence in which these images are displayed may also be 

animated over time. This way an object can be moved, 

rotated and scaled while its visual appearance (image) 

changes. 

It is possible to import visual elements from different 

sources into the application, including attachments in 

emails, images resulting from internet searches (Bing 

Figure 1 – idAnimate Screenshot being used to animate a game concept. Mark 1 shows the list of objects, mark 2 shows the possible 

actions on an object, Mark 3 the record and playback controls, mark 4 the canvas and Mark 5 the object inspector 
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4.4.5.1 Transforming through gestures 

Multi-touch gestures are the key to intuitively defining the transformations on 
Animated Objects. Commonly accepted multi-touch gestures are generally 
perceived as highly intuitive thanks to the direct manipulation of objects through 
the tip of the fingers, which effectively maps the finger movements to the geometric 
parameters that are being controlled by the system.  
Since our technique complies with common practice, it should be perceived as 
easy to learn and easy to use. As stated before, next to being engaging and 
inviting, multi-touch gestures are potentially faster, as three different 
transformations can be applied simultaneously.  
 
In order to animate an object, the user has to select it from the list of available 
objects in a scene. Using two fingers, a user can translate, rotate and scale 
simultaneously the selected object in a single action (see Figure 22). While 
recording, all of the transformations performed on the device are registered and 
time-stamped relatively to the animations start time. When the user initiates the 
record action, a three second countdown is displayed to give him time to prepare 
the position of the hand and fingers. 
In order to provide control over small objects, due to the limited size of the tablet 
display (9.7 inches in diagonal), the user does not necessarily need to touch the 
actual (selected) object, but instead he/she can interact by touching anywhere on 
the devices screen. Thus, when an object is selected, the touch interactions on the 
entire screen are mapped to the properties of the selected object. This way the 
user avoids blocking his view on the selected object, and is able to more precisely 
define the animations. However, the consequence of this design choice is that it is 
currently not possible to animate two or more objects simultaneously, which is 
something that will probably need to be reconsidered when migrating to large-sized 
multi-touch displays when operated by several users at a time.  

4.4.5.2 Synchronization and Concatenation  

Complex animations are accomplished by adding new object transformations to 
existing animations, effectively concatenating transformations. In order to 
coordinate the animations of different objects, we use the record-while-playback 
technique. The user can replay a previously created animation, and meanwhile 
new transformations can be applied on other objects. These additional 
transformations are recorded, time-stamped and synchronized with the existing 
animation. 
If a user animates an object that contained previous animations, all existing object 
transformations from the moment that he/she starts to interact are overwritten. 
Therefore the user can easily and intuitively refine or redo part of the animation of 
an object without compromising earlier parts.  
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4.4.5.3 States 

The user can dynamically change the image associated with a visual object. In 
order to change states, the animation can be replayed, and during the playback, 
the user can select the desired state from a menu, and consequently the image to 
be displayed. The changes in the state are recorded and time-stamped with the 
rest of the animation. An alternative way is to change the states not while 
recording, but while the animation is stopped, which allows for more time and 
precision. Specifically, users can navigate to a particular point on the timeline and 
select the desired state to be displayed from that time on.  
Switching states allows the user to change the visual appearance of a region, like 
changing the colour of a light from red to green, the text displayed on a screen, or 
the different expressions of a character. Flipbook animations can easily be 
constructed in this way. 

4.4.6  Technical Description 

idAnimate was implemented for iOS iPad devices [132]. Thus, it was programmed 
in the Objective-C [133] language using the Cocoa-touch development framework 
[134].  

4.4.6.1 Class Diagram 

Figure 23 shows a class diagram of the implementation of idAnimate, which shows 
the different entities as well as their relationships. Below we include a brief 
description of the elements and responsibilities of each of the entities in the 
system. 

 JQProject 

Abstract class that defines the basic elements of a project. Includes a flag to 
determine if a project has been synced with the cloud, and a timestamp of the last 
could sync. 

JQAnimatedStoryboard 

Defines an animated storyboard, including the caption, creation date, last 
modification date, and its name. It also includes a one to many relationship to the 
animated sketches that it is composed of.  

JQAnimatedSketch 

Defines an animated sketch, including its caption text, the creation and last 
modification name, as well as its name, and its index if it is part of a storyboard. It 
includes a relationship to the Animated Storyboard, in case it belongs to one, and a 
one to many relationship to the active region (animated objects) that it contains.  
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JQAbstractActiveRegion 

Defines the abstract base class for active regions. Active region is the internal 
name defined for Animated Objects. The abstract class includes the name of the 
active region, the date of creation, as well as a one to many relationship of the 
images that it may contain.  

JQActiveRegion 

Defines an active region (Animated Object). It includes the initial state of the active 
region; anchor point, center state and matrix of transformation (translation, rotation 
and scale). It also defines those properties that are locked (rotation, scale and 
pan), the visibility (from and to), and its depth position in the animated sketch 
(layer).  It contains a relationship to the active region animations that it contains, 
the animated sketch that it belongs to, as well as the states. 

JQActiveRegionState 

Defines the presentation of the states over time. It includes an identification 
number of the image that each state represents, as well as the time that each state 
should be displayed. 

JQActiveRegionAnimation 

An active region animation defines the start time and duration of an animation. It 
contains a one to many relationship to the steps that an animation is composed of. 

JQActiveRegionAnimationStep 

Defines an animation step (keyframe). This includes the anchor point, the center 
the time and the transformation matrix (scale, position and rotation) of the object at 
that particular time.  

JQActiveRegionImage 

Defines an image of the active region, which is used to represent the visual 
appearance of a particular active region state. It includes the path to the image that 
is to be displayed, as well as the time at which it should be displayed.  

JQMediaLibrary 

Defines the Media Library, with a one to many relationship of the different 
categories of the Media Library. 

JQLibraryCategory 

A library category defines the different categories of active regions (animated 
objects) that can be found in the library. It defines the name of the category, i.e., 
User Interface Elements, Animals, etc. 
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JQLibraryActiveRegion 

The base class that defines an active region that belongs to the library. It includes 
the same elements of an active region (images), but not the animations, as these 
are particular for each active region in an animated sketch. 
 

 
Figure 23 – idAnimate Class Diagram. 

4.4.7  Sampling Technique 

The animation editor samples the screen touch interactions continuously in order 
to capture and define how the animated objects behave. Animations are generally 
presented at 30 frames per second, however the touch screen sensors can 
normally sample at 60Hz. While sampling at 60Hz would allow the tool to present 
60 frames per second animations which can be perceived as more smooth, it also 
produced a significant amount of additional data that needs to be captured, stored 
and later on reproduced. Furthermore, because idAnimate allows the user to 
change the timescale at which it records to improve the accuracy, it is possible to 
sample far more than 60 keyframes per second of animation. To improve 
performance, idAnimate takes a constant sampling approach, were it only takes 30 
samples per second, irrespective of the frequency of sampling sensor, and 
irrespective of the timescale that it is set to.  

4.5 Conclusion 

In this chapter we have presented the design of idAnimate, including its 
requirements, as well as its design rationale. We have also described how the 
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requirements were translated to a particular solution, and presented an overview of 
how the prototype was implemented. In the coming chapters we will describe a 
series of studies that were carried out in order to validate the design decisions of 
idAnimate, as well as to understand the implications of using the tool in diverse 
contexts. 
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Chapter 5.  Evaluations 
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This chapter is based on the publications by Quevedo-Fernandez et al. and 
idAnimate [93–95,135]. 

5.1 Abstract 

In the previous chapters an animation sketching tool named idAnimate was 
introduced. This chapter presents two case studies, which goal is to improve our 
understanding on how tools to rapidly create and manipulate animations can 
support Creativity and influence positively a design situation.  
 
The first study aimed at understanding how easy it is for new users to learn to 
produce animations with idAnimate. For this purpose, a controlled experiment was 
conducted where idAnimate was compared with a state-of-the-art rapid animation 
tool.  The experimental results showed that idAnimate is easy(er) to understand 
and learn, and that it is significantly faster for certain types of scenarios, while 
being less precise and detailed. With minimal instructions, non-animators are able 
to rapidly sketch simple scenarios which explicitly describe dynamics. 
 
In the second study idAnimate was introduced in an existing concept generation 
workshop of a multinational company, after which designers reflected on the 
changes in the process and outcome.  This allowed us to better understand what 
value can be added by a tool that allows designers to rapidly sketch animations 
during a creative design session. The results show that animations can be used 
productively for real-time exploration, communication and discussion of a wide 
variety of ideas. The case study revealed that animations can be especially 
beneficial when the concepts under discussion are highly dynamic. The 
observations also suggest that working with animations may enrich the group 
dynamics, as the design collaboration becomes more playful, expressive and fun. 

5.2 Study 1: Tool Comparison  

5.2.1  Introduction 

One of the primary design goals of idAnimate is to enable non-experienced 
animators to create animated sketches. Hence, the challenge was to make it 
possible to learn to produce animations with minimal time and instructions. 
Furthermore, it was necessary to understand how idAnimate compares to existing 
rapid animation tools in this regard, and to identify the key differences in terms of 
speed of creation, quality of the outcome, as well as the overall user experience. In 
order to address the aforementioned research questions, a controlled experiment 
was conducted. The controlled experiment compared idAnimate with K-
sketch[147].  
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5.2.2  Materials and Methods 

5.2.2.1 The Tools 

idAnimate 

For additional information about idAnimate, please visit the previous chapter which 
includes a detailed description de it. 

K-Sketch 

K-Sketch (see Figure 24)[148] is a general-purpose animation-authoring tool for 
Windows computers that works with keyboard and mouse or stylus input.  
 
K-Sketch starts with an empty canvas where objects can be drawn. Drawn objects 
are selected by outlining a loop around them while holding down the Alt key. When 
an object is selected, a manipulator (see figure 24) is displayed on top of it.  
 
The manipulator allows users to apply distinct transformations on the object, such 
as translation, scaling, rotation or skewing, or to modify the orientation of the object 
relative to the movement direction. The manipulator can be repositioned on the 
object, effectively changing the center of rotation. To record the result, the user has 
to hold down the Alt key while transforming one of the above properties, and the 
system records the changes over time [136].  
 
To record simultaneous motions of two or more objects, the user needs to rewind 
the animation, and record new motions on top of existing ones while these are 
being played. The user can add various transformations to a single object, such as 
a translation and rotation (like a spinning ball). In order to accomplish this, he has 
to first record the translation, rewind and subsequently record the rotation. By 
default, the system overwrites the old motion with the new one. Alternatively, the 
user can select the “Fix Last Motion”. This option shows a menu with the different 
alternatives for combining the existing motion with the new one. For example, if we 
first translate and then rotate an object, K-Sketch will show three different ways to 
combine them: (1) overwrite, (2) translate and rotate around the center of the 
object, or (3) translate and rotate around the initial center. The user can preview all 
three options and make a choice. Last but not least, K-sketch supports recursion or 
animating of subparts (called Move Relative). To accomplish this, the user needs 
to select a subpart of an object that is already animated, and animate it with its 
independent handler. Unlike other features, this latter one is not available in 
idAnimate.  
K-Sketch also supports flipbook animation. The user can set the animation to a 
particular moment in time and draw the changes.  
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5.2.2.2 Study Approach 

In order to allow for an explicit 
comparison, we selected two 
representative animation tasks. 
Each participant was asked to 
perform both tasks with both 
tools, randomizing the order 
across participants of which tool 
to use first. Before using each 
tool, participants were given a 
brief tutorial. The tutorials 
followed a script that was based 
on a slightly extended version of 
the car-exploding example [41] in 
the demonstration videos of K-
Sketch. During the tutorial, 
participants were allowed to ask 
clarifying questions to the 
experimenter.  
 
After the brief tutorial, the participants were shown a static image of the scene to 
create, and were explained verbally the script and details of the animation. The 
choice to use a static image instead of an actual animation was motivated by our 
objective to lead the participants towards a specific outcome, while allowing them 
freedom to decide how exactly, and with which features to achieve it. 
The participants were given a tool with a blank canvas, and were asked to sketch 
the visual objects and animate them. They were encouraged to not focus on the 
quality of the drawings. Once a participant had finished completing both tasks with 
one of the tools, he or she would be given the brief tutorial on the second tool, and 
would be asked to repeat the same tasks but using this second tool this time. 

5.2.2.3 Surveys and Interview 

After completing the tasks with one of the tools the participants were asked to fill 
out a slightly modified Usability Satisfaction Questionnaire [72] (see more details in 
the results section). Upon having completed both tasks with both tools, participants 
were asked to complete a final survey. In this third survey, they were asked to 
directly compare the two animation techniques by specifying their preference (for 
various aspects of the techniques) on a scale from -3 (idAnimate) to +3 (K-Sketch), 
including 0 as the neutral or no preference. The aspects on which to compare 
included intuitiveness and playfulness (see the Results section for more details).  
A five to fifteen-minute semi-structured interview concluded the experiment. 
Subjects were asked to characterize the differences between the two tools, starting 
from the attributes used in the comparison survey.  
The quality of the animations that were produced has not been explicitly graded by 
either the participants themselves or an external reviewer. Instead, within the 

Figure 24 - K-Sketch animation tool, showing a 
selected figure together with its manipulator. The 
different tools are at the top, while the animation 

and playback controls are at the bottom 
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comparison survey and post-session interview, participants were asked explain 
their arguments on why they would choose one or the other tool with regards to 
creating better quality animations, or creating them in less time.  

5.2.2.4 Data collection 

The participants were video-taped during the execution of the tasks, their answers 
to the questionnaires were collected on paper, and the semi-structured interviews 
were audio-recorded. As the focus of the study was on comparing both animation 
techniques, the participants were encouraged to answer mostly in terms of the 
animation techniques themselves and less in terms of the user interfaces of the 
tools (which were different, obviously). 

5.2.2.5 Subjects 

Twelve subjects participated in the study, 4 females and 8 males. The age of the 
subjects ranged from 21 to 34 years. Six participants were PhD students, another 
one was an assistant technician in an immunology laboratory, while the rest were 
bachelor, master or recently graduated students. Table 4 provides detailed 
background information on the participants. None of the participants were expert 
animators, nor did they create animations on a regular basis. Two of them had a 
background in industrial design with minimal experience in Adobe Flash, while one 
had used Adobe After Effects (video special effects software) once. One of the 
Computer Scientists had created stop-motion animations in the past, while another 
had used Flash occasionally.  
 
 
 

Table 4 - Participants of study 1 

Background Current Position Participant Count 

Computer Science PhD Candidate (3), Postmaster 
Student (1), Bachelors Student 
(1) 

5 

Bio molecular Sciences Laboratory technician (1) 1 

Pharmacy Laboratory technician (1) 1 

Industrial Design PhD Candidate (1), Bachelors 
Student (1), Masters Student 
(1), Recent Masters Graduate 
(1) 

4 

Mechanical Engineering PhD Candidate (1) 1 

5.2.2.6 The tasks 

Unlike in other fields of research, there is no agreement or standardization in the 
domain of animations regarding what constitutes a representative task for 
comparing animation techniques or systems. For the purpose of the study we 
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looked at common tasks as identified in the preliminary studies conducted by Davis 
et al. for K-Sketch (specifically, Translate, Scale, Rotate, Set Timing, and Move 
Relative), and selected two representative tasks.  

Task 1 – Angry Birds Game 

The scene is composed of three objects, an angry bird, and two rocks or blocks. 
The bird has to fly towards the first block and hit it. As a result of the collision, the 
bird flies away modifying its original trajectory, and the first block falls down. While 
falling down, the falling block hits the second block, which in turn falls down, like a 
tumbling domino. 

Task 2 – Sailing boat  

There is a boat on the sea that needs to travel from point A to point B. Point A is in 
the bottom-left corner, near to the observer. Point B is in the top-right corner of the 
screen, closer to the horizon. The boat has to travel from point A to point B. 
Because point B is further away, the boat has to become smaller as it progresses 
along the path. Since it is a boat floating on water, the boat has to rock slightly as it 
moves. Finally, the flag on the boat has to wave. See Figure 25 for more details. 

5.2.2.7 Devices 

K-Sketch runs on Windows and 
idAnimate on an iPad. To compare 
both tools in the most similar way 
possible, we used a Fujitsu-Siemens 
Stylistic ST-6012 Tablet PC equipped 
with a stylus for K-Sketch. The Tablet 
PC had buttons around the display, one 
of which was mapped to the Alt key, 
since K-Sketch requires frequent use of 
this key. For idAnimate, an iPad 2 was 
used.  

5.2.3  Results 

5.2.3.1 Task Analysis 

Data Analysis 

The time spent by each participant in each of the tasks was divided into the time 
used for drawing graphics and the time actually used for animating, both measured 
in seconds. For the purpose of the study only the time used for animating was 
considered. As the distributions of the observed times were clearly skewed, we 
used the logarithm of the observed times in the statistical analyses, as they more 
closely followed a normal distribution, which is required by traditional statistical 

Figure 25 - Scene for the sailing boat 
animation task 
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procedures such as the t-test [137]. Although the original intention was to include 
measurements of error rates, we found it too difficult to operationalize, as it was 
too hard to decide on what constituted an error and what did not. It was not 
straightforward to determine if a user was correcting an error, refining an 
animation, or just playing around. Asking them explicitly would obviously have 
disturbed their process.  

 

 
Figure 26 - Observed times for the Angry Birds and sailing Boat Tasks 

Task 1 – Angry Birds 

 All of the participants were able to complete the Angry Bird task with both tools. 
Table 5 and Figure 26 show that the animation times were very similar on average. 
Some subjects performed faster with idAnimate than with K-Sketch, while for some 
others it was just the other way around.  The participants obviously did not perform 
as a homogeneous group.  
 
Assuming unequal variance and performing a T-test, we obtained: T(21) = 1.4108 
(p=0.171326). There is hence insufficient evidence to reject the null hypothesis 
that both tools require the same time to complete the task. Figure 27 shows the 
estimated 95% confidence intervals for the untransformed average times. Note that 
the intervals are not symmetric since they were determined on the logarithm of the 
time, and then reverted to actual seconds. We observe that both intervals overlap, 
which agrees with the fact that the difference in average performance is not 
significant. 
 

Table 5 – Timing statistics for the Angry Bird Task 

Tool Min/Max Std. dev. Mean Std. Error of the Mean 

K-Sketch 147/344 69.335 243.0 20.015 

idAnimate 80/410 123.327 208.916 35.601 
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Table 6 –Timing statistics for the Boat Task 

 

 
Figure 27 - Overlapping 95% confidence intervals for the time to complete the Angry bird 
task with both tools. The X axis shows displays the idAnimate condition in 1 and the kSketch 
condition in 2. 

Task 2 – Boat Animation 

All participants were able to complete the boat animation with both tools. There 
was one exception; one participant using K-Sketch tried multiple times to merge 
two motions, but was unable to do it, and required help from the experimenter to 
do so. Table 6 shows the descriptive statistics, while the individual times are 
plotted in Figure 26. Figure 28 (right) displays the 95% confidence intervals for the 
average times, while the Figure 28 (left) shows the 95% confidence interval for the 
time difference. We observe that the average times are considerably different in 
this case, being smaller for the multi-touch tool. Assuming unequal variance we 
performed a T-test on the transformed times with the following result: T(21) = 
5.1248 (p=3.89654e-05), with |T| > 2.0748 (p=0.05), indicating a significant 
difference. Due to the size of the effect (specify Cohen’s d), and the agreement 
between the subjects, the power of the test was estimated at β = 0.999, despite the 
small number of participants. The multi-touch tool is significantly faster for this task. 

Tool Min/Max Std. dev. Mean Std. Error of the Mean 

K-Sketch 220/1126
0 

227.703 425.250 80.166 

idAnimate 59/291 63.981 145.833 18.469 
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After reverting the time back to seconds, we find a 95% confidence interval for the 
time difference from 116.5 to 404.9 seconds. 

 
Figure 28 - The figure on the left shows the 95% confidence intervals difference for the time 

to complete the Sailing Boat task. On the right, we see the non-overlapping confidence 
intervals for the time to complete the Sailing boat task. 

5.2.3.2 Analysis of Subjective Ratings 

 System usability scale 

Figure 29 shows a summary of the results of the modified Usability Satisfaction 
Questionnaire, including the mean, the standard error of the mean, and the 
questions asked. We performed non-parametric repeated measures Wilcoxon 
Signed Rank Test [125] on the observed ratings in order to identify significant 
differences (see Table 7). We observe that users have a preference for the multi-
touch technique in terms of Intuitiveness,  
 
Overall Easiness, Satisfaction, Playfulness, and Pleasantness of the interface.  
There are some trends mentioned in Table 7 that cannot be decisively concluded 
based on our limited experiment, more specifically, idAnimate tends to be preferred 
in terms of Comfort and Learnability, while K-sketch tends to be preferred in terms 
of Efficiency and Recovery from Mistakes. The observed differences for the 
subjective attributes that are not included in the table were not significant. 
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Figure 29 - System Usability Scale results, mean and SEM. 

 
Table 7 – Wilcoxon Signed Rank Test result 

Dimension Significance 
Positive / 

Negative / Ties. 
Standardized 
test statistic 

Overall Easiness 
Satisfaction 

0.046 (Yes) 1/9/2 -1.996 

Intuitiveness 0.043 (Yes) 2/8/2 -2.019 

Learnability 0.070 (No) 2/8/2 -1.813 

Playfulness 0.007 (Yes) 0/9/3 -2.687 

Comfortable 0.088 (No) 2/5/5 -1.709 

(SUS) Usability Survey (Lower is better)
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Simplicity 0.117 (No) 1/7/4 -1.567 

Pleasantness of the 
interface 

0.026 (Yes) 1/9/2 -2.228 

Recover from Mistakes 0.454 (No) 6/3//3 .749 

Efficiency 0.796 (No) 3/4/4 .258 

 

Comparison Questionnaire 

The comparison questionnaire asked users to indicate which tool they preferred 
according to a number of aspects. If they selected -3 that would mean they had a 
strong preference for idAnimate for such an aspect, while +3 would imply a similar 
preference for K-Sketch. The 0 was considered as neutral or without any particular 
preference for any of the tools.  As shown in Figure 30, idAnimate was preferred 
over K-Sketch on all attributes except one, i.e., Precision. All participants but one 
would use the multi-touch technique to animate something rapidly, but when 
judging precision there was no clear agreement. Eight out of the twelve users 
would select K-Sketch for animating something with precision, two would select 
idAnimate, and two did not have a preference.  See Figure 30 and Table 8 for 
additional details.  
 

Figure 30 - Results from the comparison questionnaire between idAnimate (on the negative 
side) and K-sketch (on the positive side). The figure shows the Mean, and Standard error 

 
Table 8 T-Tests of the results of the Comparison Survey 

Aspect Mean 
Difference 

Significance 
95% confidence 

interval (min/max) 

Animate Precisely 0.667 0.255 (No) -.555/1.888 
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Animate Rapidly -1.666 0.009 (Yes) -2.826/-0.506 

Easiness -1.750 0.000 (Yes) -2.522/-.9778 

Intuitiveness -1.916 0.000 (Yes) -2.704/-1.128 

Playfulness -2.000 0.000 (Yes) -2.605/-1.394 

Pleasant 
Experience 

-1.33 0.020 (Yes) -2.067/-.599 

User Satisfaction -1.25 0.009 (Yes) 
 
-2.112/-.387 

5.2.4  Discussion 

5.2.4.1 Speed versus Accuracy 

The quantitative data allows us to conclude that the multi-touch technique 
(idAnimate) is significantly faster than K-Sketch in case of the Boat animation, but 
not in case of the Angry Birds animation. This is due to the fact that the latter task 
mainly required users to synchronize the animations of different objects, while the 
required animations for each object individually were rather basic. In most cases, 
users only moved the bird, and barely changed its orientation as it flew through the 
air. Most subjects used only a single rotation of the boxes to make them fall down. 
Therefore, this task did not reveal differences in performance between both 
animation techniques. The observed differences in animation times can be 
attributed largely to the differences in user interfaces, and to how easily objects 
could be selected.  
 
The sailing boat task, on the other hand, discriminated very well between the two 
tools. In this task, at least three parameters of the boat had to be animated, 
including the location, the orientation and the size. In this task participants 
performed significantly faster with the multi-touch animation tool. This was due to 
the fact that it was possible to animate these three parameters simultaneously, as 
opposed to having to change these parameters individually and in succession. This 
task posed different challenges for both techniques.  
With the multi-touch tool users had to act out a complex movement with one hand, 
and they would not always get it right the first time. In fact they would normally 
perform an initial attempt just to see how it looked, and then refine it on a second 
or third attempt. Using a single hand to move, scale and rotate an object 
simultaneously in a controlled way is quite difficult, and very often the accuracy 
suffered, which had an evident influence on the quality of the output.  This was 
described in the following way by one of the participants during the interview: 

“It’s definitely a downside of the iPad app, you have to do everything in one 
go… …three things at a time can be quite challenging.”  
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“With idAnimate you can do it more fluently, but you have to practice your 
movements… … to act out something with your fingers is something new 

and you have to get used to it”. 

“idAnimate felt easier to drag things, especially to make the boat. The multi-
touch was easier even though it didn’t create the exact result that I wanted 

because it was less precise” 

Despite this drawback, the technique proved to be sufficiently accurate for “quick 
and dirty” animations.  
Participants were slower with K-Sketch but in general more accurate. We found 
two factors that influence this trade-off. First, the stylus is simply more accurate 
than the finger, as the finger gets in the way, is thicker, and essentially provides 
less fine control, both for sketching and for animating. But also the animation 
technique itself had an effect. With K-Sketch the user animates each property 
successively, building the animations step by step. Consequently, the user has 
more precise control over each of the independent gestures. 

“The quality was certainly higher with the second application (K-Sketch), 
because of the pen especially, and because of the complexity of the 

movements” 

“With K-Sketch you have all the gestures, like the resize, the scale or the 
rotation separately, and you can control them also independently, and that 

also gives you a little bit more control” 

“Your expressive power with K-Sketch is finer. You can combine the 
movements better, you can make more movements at a time, and be more 

precise, but especially because you can do it step-by-step”. 

 
But this can also backfire. When animating a particular property, it was not 
possible to observe the animation of the previous property, implying that users had 
to act blindly. To assist in such a task, K-Sketch displays the trajectory of the 
previous motion path that gets filled up as the time goes by, showing the time-
varying position of the object. This was often found hard to interpret. Additionally, 
when a user had completed the animation of a particular property, he had to merge 
it with the previous one by selecting an option from a number of alternatives, with 
different centres of rotation, for example. Users often felt unsure about which 
option matched their expectations best. As more and more motion paths and 
transformations were applied, the process became more and more difficult to 
predict. Some novices found it overwhelming, especially those without a design-
related background. Furthermore, in some cases the expected choice was not 
even there, and participants had to undo and try again because they could not 
figure out what went wrong.  
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“The frustrating part of K-Sketch is that when you want to combine 
animations, the more you make the more scenarios you get, and that is a bit 

confusing” 

K-Sketch also offers the possibility to animate a subpart of an animation. This 
feature was found really useful, and most participants used it to animate the flag on 
the boat. With idAnimate most participants used the flipbook technique instead of 
animating the flag as an independent object. However, sub-animating with K-
Sketch was sometimes also found confusing, due to the fact that the larger 
animation moves continuously as you animate the subpart, and you do not follow it 
with the stylus, but instead it remains in the same place where you began 
animation as if the object was not actually moving.   

“With the pen there is a moment that you are animating and the object 
continues moving and this is a little bit chaotic.”  

5.2.4.2 Intuitiveness and Playfulness  

Certainly, animation sketching tools are all about making animations quickly, and 
about minimizing the trade-off between quality and speed. The threshold for 
embarking on the task and the simplicity to achieve it, how funny and engaging the 
overall experience is, are also important. This can be particularly influential in 
certain contexts, such as using animations to facilitate workshops or brainstorms, 
and for certain users such as children, seniors, or non-animators in general. 
 
Participants found the multi-touch technique to be significantly more intuitive and 
easy to use. This was because the underlying conceptual model was easy to 
understand and very direct, which was the result of the mapping between the multi-
touch gestures and the properties of the objects. Such mapping resembles object 
manipulation in the physical world. By manipulating objects with their own hands, 
users are able prepare a plan of actions right away to achieve a desired result.  

“With the multi-touch tool you make the entire movement, it’s easier, as you 
do not have to think, you just let yourself go”.  

 
Furthermore, the multi-touch tool was significantly more playful and more fun. In 
fact, it was so playful, that three out of the twelve participants created additional 
content in the animations, such as flying birds around the boat, or making the 
floating buoy move as if it was actually floating. 

“I animated the floating buoy with idAnimate because it was attractive, it was 
like a game; it facilitated the act.”  

“idAnimate felt easier, more fun. More like a game. You can start to do silly 
things with your own fingers, while the other one feels more professional”.  
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We believe that this perception of playfulness was due to the combination of how 
tactile and physical the multi-touch interface feels, together with the simplicity of 
the technique, plus its immediate feedback and the attractive graphical design of 
the tool.  
 
In the case of K-Sketch, users had to decompose their actions into a series of 
steps that the system supported in order to carry out their goal. They had to think 
ahead which motion path they were going to apply, which transformation would 
follow, how they would be combined, etc. This required more cognitive effort, and 
relied on a good understanding of the underlying conceptual model. This model 
was difficult to understand and operate by some of the users.  

“The interaction style of K-Sketch was more complex, less direct or so… …I 
had to think more often with it.” 

However, for experienced users this may actually be an advantage. If you are able 
to plan the actions based on this decoupling of transformations, the technique 
provides more control.  

5.2.4.3 Different contexts 

In summary, we argue that the preference for either tool depends on the context. 
idAnimate is most suited in case animations must be created and discarded 
quickly, if the details are not important, and has the potential to be extended to a 
situation where multiple people work simultaneously on a single animation. K-
Sketch is better suited for individual activities, where the level of detail and control 
required is more substantial (although still significantly below that required of 
professional animation tools). Both techniques can support novice users with 
minimal instruction, although idAnimate appears to have a lower threshold since its 
underlying conceptual model is easier to understand.  

“I would pick the second one (K-Sketch) if I had to make an application for a 
corporate setting or something like that… …For a brainstorm the iPad 

application is more convenient. You just draw it and move it.”  

5.2.5  Conclusion 

In the presented study we learned that users are able to learn how to author 
animations rapidly and productively using idAnimate after receiving minimal 
instructions. The study has also enlightened our understanding on what trade-offs 
and differences that a multi-touch animating system poses when compared to 
system that does not rely on multi-touch. The experiment supports the conclusion 
that the multi-touch animation sketching system (idAnimate) is perceived as 
significantly more intuitive, playful and easier to learn. Additionally, we have 
observed that idAnimate may be significantly faster in cases where the user has to 
apply multiple simultaneous transformations on objects, and that in comparison to 
K-Sketch it generates animations with lower precision. 
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5.3 Study 2: Towards Understanding the Potential of 
Sketching Animated Visualizations in Generative 
Workshops 

5.3.1  Introduction 

The aim of the presented study is to increase our understanding of how animation 
sketching tools can positively influence a design situation. Within this study we 
were particularly interested in early stage (conceptual design) creative activities 
that are conducted in groups. The study was carried out in collaboration with the 
Design and Research department of one of our industrial partners. The company 
facilitated the introduction of idAnimate in a concept design workshop, were 
participants were able to utilize idAnimate at their wish, and at the end they 
reflected on the changes in comparison to similar previous workshops. 

5.3.2  Background 

In the early stages of the design process when ideas are still vague and undefined, 
multidisciplinary design teams often work together on interpreting and expanding 
the original design brief. At such a stage, where an abundance of alternative ideas 
is pursued, a fluid exchange of information between the different stakeholders is 
essential [29]. External design representations are frequently created and shared 
by stakeholders in order to support such discussions. Dix et al. [42] argue that 
these externalizations serve four distinct purposes; (1) informational, in the sense 
of passing ideas between members of a team, (2) formational, by clarifying a 
shared idea for the recipient, (3) transformational, by helping a team to discover 
alternatives, and (4) transcendental, by assisting the reasoning from concrete to 
more abstract. External representations are hence of crucial importance in 
collaborative design, as they support creativity, expression, communication, and 
facilitate shared understanding, awareness, and decision- making. 
 
Bailey et al. [8] showed that “designers often struggle to explore and communicate 
behavioural design ideas in the early design process”, and to do so they try to 
avoid any formal notation, authoring tool or prototyping applications, as they 
require too much investment in time and money. Thus, Sketches are by far the 
most frequently used externalizations in current design practice [92,113], 
especially in co-located group sessions where participants need to collaboratively 
create, communicate and discuss ideas within the limited amount of time available 
for such sessions. However, sketches do not necessarily constitute the most 
optimal representation, and on occasions they can lead to misunderstandings. 
Observers may create (possibly false) meaning, based on their (mis)interpretation 
of the static artefacts [109] . When discussing concepts that are inherently 
dynamic, as it is common in interaction or game design, such limitations become 
apparent quite easily. When they arise, there is a tendency to work around the 
limitations of sketches by using body gestures, or by drawing arrows to 
compensate for the lack of motion and dynamism in the static visualizations [63]. 
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Observations of industrial design team activities have indeed revealed that there 
are many instances in which sketches are perceived as limiting [85]. This often 
leads to situations where meetings need to be interrupted or stopped to create or 
gather additional material. Thus, frequent occasions arise where the gap between 
sketches (whether on paper or digital) and the interactive experiences that they 
intend to represent is simply too wide to bridge easily [24]. Several authors have 
therefore concluded that designers are in need of tools that enable them to quickly 
build more complex externalizations [82]. 
 
Animations have the potential to more explicitly illustrate the course of actions and 
reactions that constitute an inherently dynamic situation, and consequently have 
the potential to improve the aforementioned problem. A number of different 
animation-authoring tools exist today, such as Adobe Flash, paper cut-out movies 
or Html/JavaScript. Within contexts such as generative workshops, these 
animation tools have two important limitations: 1) only expert animators can use 
them effectively to exchange ideas, as the functionality is extensive but also 
specialized, and 2) they are insufficiently sketch-like, in the sense that they imply 
an effort and commitment to detail that is simply not realistic at the stage of 
conceptual design. 
 
In conclusion, we hypothesize that in certain design contexts such as game design 
workshops, there are opportunities for novel tools that support designers and other 
stakeholders to create animations and interactive prototypes in a sketch-like and 
intuitive way. Such animations can sensibly complement static visualizations, and 
therefore have the potential to improve the generative design process as a whole.  
 
In order to investigate this hypothesis in more detail, we used a prototype of 
idAnimate in a qualitative study within a realistic design context (i.e., with high 
external validity, as compared to the previous laboratory study where we aimed for 
high internal validity). 

5.3.3  Related Work 

A variety of tools and methods are already in use for a long time in generative 
workshops. They stimulate the creativity of the participants, as they provide a 
framework to activate and structure the creative process. Brandt et al. [18] have 
discussed their experience over the years on how drama and props, one specific 
approach to engaging users in the design process, has led to fruitful results in 
collaborative design meetings. Sanders [100] propose to use generative tools and 
techniques to more actively engage users and other stakeholders in generative 
workshops. Haesen et al. [58] created a technique to collaboratively build 
storyboards in a way that all team members, despite of their background, can 
understand the design ideas and decisions. Such tools and techniques stimulate 
participants to create artefacts and to tell the stories of their creations. The process 
is believed to help people to reveal the tacit knowledge and latent needs that have 
not identified explicitly in the original text of the design brief. Examples include 
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creating mood boards for envisioned experiences, creating storyboards for eliciting 
past experiences, or assembling collages to describe feelings. Sleeswijk Vissert et 
al. [121] also explain how, within the context mapping method, they utilize 
generative tools such as drawing, building collages, mind-maps, flowcharts or 
models to elicit latent knowledge from their participants.  
 
We acknowledge the added value of such tools in helping participants to think, 
express and reflect on their past or envisioned experiences and feelings. However, 
we also observe that the tools mentioned are either paper-based, so that they are 
subject to the inherent limitations of static representations, or rely on bodily 
expression, as in the case of drama, so that they are quite fleeting (i.e., not easily 
documented or repeated) and also fairly unfamiliar for most people. We therefore 
claim that there is room for computer-supported tools as they can complement 
existing tools and methods by giving participants new (and more low-threshold) 
ways of expressing themselves, such as by creating animations, and sharing the 
outcome. We think that idAnimate can also complement methods like DEMAIS [8], 
i.e., paper-based storyboarding methods that can express actions in multimedia 
application using a visual language, by offering the ability to create dynamic 
visualizations that are able to convey additional information. 

5.3.4  Research Approach  

One of the main purposes of the research presented in this case study is to 
provide evidence for our claim that the rapid creation and manipulation of 
animations can indeed facilitate generative tasks in cooperative workshops. 
Otherwise stated, we are interested in developing a better understanding of how 
animated sketches can influence both the creative process and its outcome. Our 
research was guided by the following questions:  
 
1) Can animations be used in generative workshops?  
2) If so, for what purpose? (Communication, exploration, etc.),  
3) What is their effect on conveying ideas within a group and on the group 

dynamics in general? 
 
We hence aimed to understand how animated sketches affect the way participants 
generate, explore, communicate and discuss ideas, as well as communicate their 
end results.  
 
In order to seek answers to such questions, we negotiated an opportunity to 
introduce the idAnimate tool within a game-design workshop of an industrial 
company. The selection of a workshop in game-design was done mainly because 
games are in general highly interactive and dynamic, and thus, such workshops 
have the potential to be more easily enhanced by the use of animated 
visualizations. The workshop was conducted by a multidisciplinary group of 
designers that formed the in-house design team of a multi-national company.  The 
workshop was part of their regular workflow, as they conduct a similar workshop 
every 6 to 8 weeks to generate concepts and ideas on a topic of interest to the 
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company. This allowed us not only to observe how the tool was influencing the 
workshop, but also gave participants a reference which they could relate to in order 
to compare both situations. The adopted opportunistic approach of course also had 
consequences, in the sense that the situation was less controlled than in a 
laboratory experiment. However, as the case study was intended more for 
inspiration than for validation, the higher external validity of the adopted context 
was deemed crucial. 

5.3.5  The Case Study  

Exploring how a creativity support tool can influence a creative group activity is a 
difficult task. According to Resnick et al. [96], there are no clear methodologies or 
procedures for how to uniquely and perfectly determine whether or not a tool 
assists in fostering creativity. In addition, at the time of conducting the study we 
were not aware of the ongoing draft of the survey to determine the Creativity 
Support Index (CSI) [26], and the process to Quantify the Creativity Support of 
Digital Tools had not been published yet[28]. Nonetheless, Hewett et al. [65] 
suggests that even though measuring performance and other quantitative 
measures is useful, it is also important to collect qualitative data to reveal 
unexpected user needs and subjective appreciation. Such subjective impressions 
reveal why users do things in addition to what they do. Hewett argues that 
communication and creativity happen within a social context, so that it is important 
to also look at these aspects during the case study. We therefore gave priority to 
conducting a study “in the wild”, where we could probe users, in this particular case 
designers, with respect to the influence of the tool. Our understanding of a study 
“in the wild” is one in which a new system is introduced in a real world setting and 
activity, and it is up to the subjects to decide if and how to incorporate the 
introduced system. This way we evaluate the technology in-situ, in its real context, 
emphasizing the possibilities of the technologies to disrupt and influence actual 
real world practice. Experiencing a new tool in a known setting also means that it is 
easier to reflect on its added value, as a reference is available in earlier 
experiences. While not being the primary purpose, users in such a setting are also 
likely to uncover the major usability and functionality aspects of the tool, as well as 
generate suggestions for new or modified features. This can be very relevant 
information for the redesign of the tool, and can avoid extensive formal testing with 
an inadequate prototype. No quantitative measures were collected in the reported 
study, also because such measures had already been collected in the first study 
presented in this chapter [95]. 

5.3.6  Materials and Methods 

5.3.6.1 Subjects 

The case study was conducted in collaboration with members of the design and 
research department of a Printing and Document Management systems 
multinational company based in The Netherlands. A total of 12 practitioners 
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participated in the case study, including product, interaction and visual designers, 
usability engineers, etc. (see Table 9). Four of the participants were students doing 
an internship, and the rest were company staff with at least two years of design 
experience. 
 

Table 9 - Participants of Study 2. 

Background Quantity 

Visual Designer 4 

Interaction Designer 1 

Interaction Modeller 2 

Usability Engineer 2 

Model Maker 2 

Product Designer 1 

5.3.6.2 Existing Practices and Experiences 

The design department concerned conducts a workshop every 6 to 8 weeks to 
generate concepts and ideas on a topic of interest to the company. In this 
particular session, the aim of the workshop was to generate (serious) game 
concepts. The assignment was open, so that groups could create any game of any 
time as long as it was in any way related to the company brand or business. 
Examples of such games could be games for novice users to learn to operate new 
products.  
The materials and tools used in previous workshops included large paper sheets, 
pens and pencils of different colours, post-its, glue and scissors. Participants would 
start by sketching different alternatives, and once an agreement on a concept was 
reached, they would illustrate it using a paper-cut-outs video. Paper-cut-outs 
videos are produced by using a fixed camera aimed at a surface on which 
participants move paper cut outs with their hands. The advantage of this technique 
is that it allows the making of a representative artefact within the limited time 
available for the workshop. However, the participants expressed that such 
technique also has a number of unwanted limitations.   
 
First, the idea to be illustrated needs to be largely defined in advance, i.e., before 
the start of the actual recording, leaving very little room for exploration once the 
recording has started. Secondly, the technique is prone to errors being committed, 
and more importantly, recovering from such errors is almost impossible without 
ruining the outcome. On the same line, and because of the time and effort 
involved, small changes or adaptations are rarely applied. In fact, whenever a 
change needed to be applied, the usual practice was to create a completely new 
movie. Finally, the technique is also very limited regarding the kind of visualizations 
that may be produced, due to the involvement of static paper artefacts. The fidelity 
of the outcome is also low, as a considerable amount of visual clutter may be 
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created by the hands of the participants getting in the way (e.g., by blocking the 
view on relevant objects from the camera). 

5.3.6.3 Changes Introduced in their existing practice 

The 12 participants split into 3 groups of 4 people with mixed backgrounds. Each 
group had two or more tablets (iPads) with idAnimate installed. In this session 
participants were asked to consider idAnimate to describe the concepts, although 
they were not obliged to do so. They were free to use other means if they so 
preferred, or to select the stage in which to use the tool (to generate, discuss, or to 
just illustrate the concepts in the end). Next to idAnimate, there was ample 
brainstorming material available, such as large sheets of paper, coloured pens and 
post-its. 

5.3.6.4 The Workshop Session 

The session lasted for two hours. Afterwards, each group presented their concept 
to the other groups. The participants were observed and partially recorded during 
the workshop. After the presentation of the concepts, an in-depth group discussion 
took place with all participants. To reveal unexpected user needs and subjective 
appreciation, the participants were asked to provide feedback on their experience 
in the workshop, and to describe in which way introducing the tool had influenced 
those experiences, i.e., in comparison to earlier workshops. In order to provide 
participants with a structured framework to describe their experiences, the PLayful 
EXperiences (PLEX) cards were used [73]. A deck of PLEX cards is composed of 
22 individual cards, each of which describes a category of an experience. 
Examples of such categories are: Discovery: finding something new or unknown, 
Humour: Fun, joy, amusement, jokes, gags, or Exploration: Investigating an object 
or situation. Each participant was given a full deck of 22 PLEX cards and was 
asked to select three that were considered the most meaningful for their recent 
experience. Out of the 22 cards in each deck only two cards represent negative 
experiences (suffering and cruelty). This means that participants had less chance 
to pick a negative category than a positive one, which could theoretically lead 
participants to describe mainly the positives aspects of their experience. However, 
after selecting the three cards each participant was asked to share their thoughts 
and comments with the other people, who were asked to react, engaging in a 
group discussion about the selected experience category. As a result, for any 
category (whether positive or negative), even if only selected by a single 
participant, all participants could react to it, providing plenty of opportunities to 
highlight negative impressions too. 

5.3.7  Results 

The results are divided in three parts. First we describe the games that each of the 
groups created, then the observations collected during the workshop, and 
subsequently we describe the insights collected during the group discussion. 
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5.3.7.1 Game Concepts 

Group A created a game that to raise awareness to preserve the forest, by planting 
trees and trying to stop a woodcutter from cutting them (see Figure 31). The game 
provided a 3D sense of depth thanks to using a background in perspective, and 
characters of varying sizes.  
 

 
Figure 31 - Participant of Group A presenting their game concept to the larger group 

Group B created a game that mimicked a desktop-class software user-interface, 
where the challenge was to keep a printer with enough paper on its tray while the 
users randomly scheduled documents to print.  
 
Group C created Angry Steve, a 2D game with front perspective where a series of 
tasks were to be executed by rapidly by Angry Steve avoiding a collapse in the 
workflow (see Figure 32). 
 

 
Figure 32 - Participant from Group C describing the Angry Steve game concept to the rest of 

the participants 
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5.3.7.2 Observations 

Since it was the first encounter for most participants with the new tool, they initially 
spent an average of 5 to 10 minutes exploring the possibilities of the software, after 
a brief demonstration by the researchers. Afterwards, they started working on the 
design brief.  
 
All groups carried out a sequence of similar steps. First, they generated a small set 
of possible ideas using existing games or videos for inspiration. Subsequently, 
alternatives were discussed and a selection for a particular but only roughly 
sketched game concept was made. Finally, there was a period of refining the 
details of the selected concept trough group discussion, and ultimately the final 
concept was presented.  
 
All of the participants were able to use the tool after the explorative phase, 
although some occasional questions were asked to the observing researchers 

about the usage of the tool, such as “how can I import an image from a 
website?”.  

Multiple Approaches 

Even though all groups followed a similar process divided in diverging, converging 
and refining the design alternatives, each of the groups followed a particular 
approach to accomplish the process.  
 
Group A used the animation application throughout their entire process. To get 
inspired the participants first discussed verbally about existing games. They then 
browsed the visual material in the built-in library of idAnimate, which included 
images of objects, places and people. After browsing the gallery together for a few 
minutes, participants quickly decided for a game concept, and proceeded to 
illustrate it using an animation. The participants sat down together on the same 
side of the table from where they could see and touch the iPad. They immediately 
started playing by moving the objects around the screen, making brief animations 
and sketching new objects. Since the participants used only one tablet, their 
approach was to pass it around, keeping everyone engaged in the activity. A 
participant would sketch something, try out an animation, and then the group would 
comment on it. Afterwards another participant would take the tablet, sketch or 
animate something different in order to influence the discussion with the group. 
The entire session continued this way, trying something out, discussing and 
refining it in a continuous iteration loop passing the tablet around, until the time the 
workshop was over. This process was described by one of the participants during 
the concluding discussion in the following way: 

 “It was like working together on the same animation and then telling each 
other what we wanted to do and then make choices”. 
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Group B followed a different approach; they began by browsing existing games for 
inspiration. The participants used large sheets of paper to discuss the alternatives, 
made a selection, and refined the concept. Once the concept was defined in detail, 
two of the participants used their laptops to create the graphics for the game. They 
preferred to use their regular tools for building this material, mainly Adobe 
Photoshop and Illustrator. Shortly before the end of the workshop the material was 
imported into idAnimate where the animation of the chosen game concept was 
created. The tool was hence only used by this group to communicate the final 
concept, rather than to explore or discuss its content. 
 
Group C followed an approach that was somewhat in between the extremes 
displayed by the other two groups. During the divergence phase (generating 
concepts) the group divided into two individuals and a subgroup of two participants 
(1, 1, 2). One individual sketched on paper, the others used the iPad. Several 
concepts were discussed, out of which two were selected. The group was still 
unsure of which one to pick, as they felt they were unable to make an informed 
decision based on the material they had so far, which was mainly static sketches. 
They decided to further illustrate the ideas with idAnimate, seeing the dynamics 
more clearly. A participant from this group described this process in the following 
way:  

“We had a quick image of a pinball game, and then you can draw the ball 
and do something like that, and you have a kind of pinball game already. So 

we decided not to use this one, and continue with Angry Steve (the 
alternative game concept)".  

Once the selection was made, the latter group also used idAnimate to illustrate and 
refine their concept. When a new element was introduced, the team would discuss 
about it and decide to adopt the appropriate changes. There was mainly one 
person building the animation, while the others looked on and made suggestions, 
often illustrating alternatives on the second iPad or sketching them on paper. 

5.3.7.3 Describing Experiences 

Participants described their experiences within the framework provided by the 
PLEX cards. 

Exploration and discovery 

The exploration and discovery cards were the most frequently picked. We found 
that participants did so for two different reasons. The first reason was discovering 
and exploring the idAnimate tool itself. This was due to the fact that most of them 
had never seen or used the tool prior to the workshop. Participants declared that 
they had discovered the tool, but also a new way of working made possible by the 
freedom that the tool provided: 
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 “You start out with a big white canvas, with just a few tools. It’s just up to 
you, really, that’s what it says. And that gives you the freedom for designing 

your own design process”.   

Secondly, participants reported that the tool helped them to discover more relevant 
details of an idea through acting out and discussing the content in a different way:   

“Discovering more about the content we were making, you make it part by 
part and then you realize, oh yeah, we should do that as well. You come out 

with new things”.  

“… first you don’t know the scenario and you have to investigate something 
about it, so you can do it by discussing or just playing with it. Just by playing 

with it you already find some new things”.  

When asked about the differences between triggering ideas through static 
sketches and animated ones, participants expressed that there is an added value, 
but found it difficult to explicitly describe the implications. 

 “… the dynamics are stronger. The added value of that is huge”. 

Expression 

Participants discussed about the possibilities that the tool offers them in terms of 
expressing their ideas, and how ideas represented through an animated sketch 
may carry more meaning: 

  “It comes to life just by pressing two frames … …Its only two frames, but 
the impact on the entire animation was huge…”.  

Ideas are not isolated pieces of knowledge, but they should be tied together into a 
vision. Such visions are usually shared as a story that the creative thinker has 
conceived, and which implicitly reveals his understanding of the needs and details 
identified in the design brief or concept, as well as the claims, the solution and 
rationale behind it. Participants expressed how being able to create sketchy 
looking animated visualizations so easily had helped them to articulate their vision, 
expressing and describing their stories. 

 “…it helps to express what you actually mean, it helps to create the story or 
something like that. So it was more about the content, it helps to find our 

way in what we actually wanted to do. At the start I didn’t have a clue what 
we were going to do, then some ideas came as you started to play with it. It 

helps to express the meaning, the ideas”. 

Participants discussed how their current tools can sometimes limit their creativity, 
by not being able to build what they imagine, which sometimes forces them to opt 
for what the current tools allow them to do quickly. Participants also manifested 
how having a way to rapidly sketching animations had helped them to generate 
wild ideas expanding their expression capabilities, and further reducing their 
existing limitations.  
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“We had like eight ideas, crazy from shooters to strategy games. The tool 
offers possibilities to show those ideas. Maybe you are not as creative or not 

as complex with your ideas if the tool isn't capable of doing those things.”  

Participants also referred to this aspect when discussing about the Fantasy card:  

“Yeah, you can do all sort of crazy stuff with it, except for the screen, it’s 
limitless. You can make people walk on their heads if you want to, and it’s 
very easy.”. “…It helped to display, to show what you have in mind. That's 

the fantasy of the tool it allows you to have. You are not restricted.” 

 

Fellowship / Group Dynamics / Humour 

Through the fellowship card participants discussed about the changes introduced 
in the dynamics of the group as a result of the new tool. Animated visualizations 
were described as somehow more fun to do, and more fun to discuss, which 
created an atmosphere of closeness and entertainment, contributing to group 
bonding. 

 “It's the first experience working with this in the group, I don't know if this will 
happen in every group and every project, but, presenting things more 

dynamic than just a drawing, that's the aspect that makes it, that helps this 
fellowship…the tool is more fun and it works. In a different way, it brings a 

different group dynamics.”  

 

 “It somehow helped that we were using one iPad and that we were showing 
step by step after each other. Sometimes if you are drawing together you 
make your own drawings and then you have to share them, this way you 

mention your ideas and then we show it together”.  

 

“We had a lot of fun, probably also because of the gaming aspect, but it was 
fun to do”.  

Sensation / Stimulating senses/ Playfulness / Captivation  

Participants expressed how the playfulness of the tool and the interaction 
paradigm of the touch screen created a different sensation while building the 
artefacts. Participants found that the tool was immersive, making you forget your 
surroundings and letting you to focus on the creative work in a playful way, and 
how this slightly altered their feelings and motivation for working during the 
session. 
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 “We really had the idea that we were working and that everybody was 
trying. The touch was different; working with the touch interface is different 

than drawing. Yeah, it touches you forgetting ones surroundings”.  

Suffering 

Not all experiences were positive. Participants also used the suffering card to 
express the lack of desired functionality, usability problems, or some moments 
when they felt frustrated. The size of an iPad is perfect to pass it around and to 
have a small number of people visualizing simultaneously, but creating content is 
different than displaying it. It was mentioned that the size of the screen was 
sometimes smaller than desired, especially when sketching small details or when 
defining animations that required some degree of precision. Participants also 
mentioned that sketching on paper is still a better experience than sketching on a 
screen, even when using a stylus, especially for those who are very skilled in 
drawing. Even though the tool could take pictures of the paper sketches with the 
built-in camera of the device and turn them into objects within the animation, this 
was not used nor discussed by anybody.  
 
The participants mentioned that they frequently became irritated because there 
was no undo operation and it was not possible to copy and paste images. 
Furthermore, it was not even possible to duplicate an object, which was considered 
to be a key feature by all groups. Participants also argued for letting the end user 
create a custom library of visual objects and animations to be able to reuse work of 
a previous project in a new project. Regarding the mechanism for creating 
animations, some participants found it irritating to have to replay over and over an 
animation just to make a simple change, since the version of the prototype used 
did not offer the possibility to advance to a specific moment in time in the animation 
and to proceed from there, or even the possibility to stop an animation in the 
middle of the playback. 

 “We recorded like 30 seconds and we wanted to see what was going on. 
And I clicked on play, and I couldn't stop it… …and that’s part of suffering, 

especially when you are using it in a real project like this”. 

5.3.8  Discussion 

5.3.8.1 Using animations as part of the reflective conversation 

Schön [104] defines “design as a kind of experimentation that consists in a 
reflective conversation with the materials of a design situation”. This means that 
the designers use a visual medium, sketches for instance, to visualize the current 
state of the design seeing what is there, in order to subsequently determine the 
next step that alters the design to what is imagined and should be there. This is 
carried out iteratively in a continuous process of reflective conversation. We 
consider the medium then as a catalyst that enables such reflection through the 
process of expressing, visualizing and thinking on a particular design aspect.  



 108 

By manipulating animations, the participants of our study found it possible to 
explore, reflect on, and refine a wide range of possible concepts. Participants also 
pointed that, by using animations instead of static visualizations, some limitations 
of such reflective conversation were reduced, expanding their possibilities of 
expression. This was achieved by starting out with a simple animated sketch, and 
by making stepwise changes, grow slowly their concept towards a final design in a 
number of iterations. Participants described that when following such a process, 
they would incrementally discover more about the content that they were making, 
more about the story they were telling, and would slowly become aware of more 
details of their solution. Participants also described how using animations makes 
the artefact more vivid, come to life, which often triggered new thoughts. Our 
interpretation of this evidence is that it shows that an animated visualization can 
indeed play a valuable role in supporting creative design activities. It also shows 
that for certain design cases such as game design, or more generally those design 
problems that require expressing dynamic phenomena, animations can positively 
complement sketches for ideation, discovery and expression. However, in order to 
effectively facilitate this reflective conversation fluently, practitioners need to be 
provided with the right animation tools, that is, tools that do not get in the way, and 
consequently can facilitate and support the mental state of flow [35].  

5.3.8.2 Collaboration and group dynamics 

Collaboration is a social process, and as such is affected by people’s feelings. 
Even though these kinds of brainstorms are usually perceived as fun activities, this 
particular session was found to be surprisingly funny, partially because of the 
game component, but partially also because of the tool and the animations. The 
element of fun, together with the playfulness of the tool created a positive social 
atmosphere. While one participant was creating something new, others were 
looking on, and frequently laughing. This encouraged the collaboration between 
the participants, affecting how much people were willing to share their ideas, and 
how much they were encouraged to raise comments and provide feedback on the 
input of others. Obviously, this observation may also have been affected by the 
fact that participants had fun while discovering and playing with a new kind of tool, 
which produced a somewhat unfamiliar new kind of visualization. This effect may 
decrease as participants become more familiar with the tool. 
Even though most of the participants did not have previous experience with 
authoring animations, they are used to working in a design related context, which 
most likely positively influenced their attitude towards engaging with new tools. 
Studies with other target groups could produce different results. 

5.3.8.3 Fostering group creativity with idAnimate  

We argue that the idAnimate prototype, while being far from perfect, was able to 
show convincingly that animations can indeed support creative processes in a 
positive way. In order to more explicitly substantiate this statement, we revisit the 
design goals that we mentioned earlier. 
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First, it should be possible to conduct exploratory search, meaning that the design 
tools should make it easy to try out different alternatives and be able to roll back to 
a previous version if an alternative is not desirable. In our case study, participants 
described how they were able to easily create different animations describing their 
ideas, and make variations exploring the space of solutions. Even more 
importantly, the technique was rapid enough that it allowed the group to maintain a 
fluent dialogue and discussion while exploring such solutions. This enabled the 
participants to effectively shape a highly dynamic (videogame) concept in a group 
without having to (heavily) rely on the imagination of the other members to 
understand the proposals, thus, avoiding misunderstandings, and preserving the 
conceptual integrity.  
 
Secondly, a tool should allow novice users to easily get started, while not limiting 
the capabilities, supporting a wide range of explorations of different nature. This 
has been rephrased as having low threshold, wide walls and high ceiling. The 
users found that the threshold of idAnimate was low enough to be able to use it 
almost instantly. In a very short time and in a quite intuitive way, the participants 
developed sufficient understanding of the possibilities that the animation technique 
offered. They found it easy to determine which interactions had to be carried out to 
perform the desired changes in the content. The flexibility of the animation 
technique allowed users to create very different kinds of games, one in 3D 
perspective, another one in 2D side perspective, and a third one mimicking a 
desktop application’s user interface (See Figure 31 and  Figure 32). 
 
Even though there were elements in the tool that made participants ache suffer, 
mainly due to some essential functionalities were missing and because of minor 
usability issues, the participants were able to achieve results following multiple 
approaches. Each group followed observed a different approach and process, 
while one group was passing the tablet around to achieve their design, another 
group was using tablets and paper sketches simultaneously. The third group made 
all of the visual material outside the application and imported it at the end. Thus, 
the tool did not impose a particular workflow, or style, but instead blended 
adequately with their existing practice.  
 
Limiting the functionality of the tool made the underlying conceptual model easily 
understandable by participants, while still maintaining a feeling that there were not 
too many limitations. This made it possible for them to easily achieve their goal, 
instead of spending a long time figuring out how to take advantage of the many 
features that a more complex animation tool could have offered, thus not disrupting 
their creative flow. 
 
The design principles also state that creativity support tools should support 
collaboration. This is especially crucial in the case of our case study, as the 
intended purpose was not only to see whether the tool could be used individually, 
but also in a group. Collaboration was supported in different ways. To begin with, 
the form factor of the tablet device allows to be easily passed around between 
participants.  It is also sufficiently visible to others in the nearby area to follow what 
is being created. This form factor and the way it tends to be laid out on the table 
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ensure that the device is perceived as inviting for others to interact with. The touch-
based interaction also helps in this respect. It is also easy to connect the video 
output of the device to a larger display, for instance to show the output to a broader 
audience or to record it. This way, groups with multiple participants can be on 
independent personal devices, and easily move within seconds from a personal to 
a shared visualization.  

5.3.9  Conclusion 

The second study presented in this chapter aspired to validate the claim that tools 
to rapidly create and manipulate animations can influence the design process in a 
positive way. For this purpose, a group of designers participated in a in a concept 
generation workshop. We learned how are able to conduct a reflective 
conversation enabling exploratory search and refinement of concepts by sketching 
animations individually and in groups. Animations were capable of catering group’s 
creativity and to enhance their capabilities of expression and communication. The 
stimulating feeling of playfully animating an image by touching it also positively 
influence the session. In addition, the results suggest that using animations can 
improve the group dynamics as well as the mood due to the fact of visualizing the 
ideas in a livelier way. Finally, we observed how the animation tool allowed each 
group to work in its own fashion, being a complementing their creative process as 
opposed to imposing a new one. Overall the results showed that animations can 
be used productively for real-time exploration, communication and discussion of a 
wide variety of ideas and that they may be especially beneficial when the concepts 
under discussion are highly dynamic. 
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Chapter 6.  Sketching 
Animations – An online study 
into alternative uses 
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6.1 Abstract 

This chapter presents a study of longitudinal nature, aimed at learning how 
animation sketching tools can be of use not only to designers, but to people with 
different ages and occupations. For this purpose, a research version of idAnimate 
was released freely to the general public and distributed through an application 
store. The research version had mechanisms to collect analytical data as well as to 
survey the users. The study stretched for more than one year, and in this period 
more than four thousand people downloaded the application, allowing us to collect 
information about the usage of the tool, as well as the context of use. The study 
identified five communities of practice (engineers, students, teachers, designers 
and artists), and highlighted some of the key differences regarding their use of 
animation sketching tools. Differences were established in terms of purpose of 
creating animations, location, or the number of people involved or time spent in 
doing so. Last but not least, a series of reflections and lessons learned from the 
study methodology are also provided, mostly in terms of the lack of control over the 
user population, the need for adaptive data collection tools, and the reflections on 
the validity of the results. 

6.2 Exploratory Study 

In this chapter we present a longitudinal study with the purpose of learning how 
animation sketching tools can be utilized not only by designers, but also by people 
of different ages and backgrounds. There were several motivations for conducting 
a study of this nature. First of all, we wanted to validate the findings from the 
previous controlled experiments in a broader context. Secondly, we aimed to 
discover new scenarios of use and new aspects of the tool, to help us identify 
future opportunities for research and development. Hence, the study was meant for 
both exploration and validation. 
 
In terms of communities of practice, our initial assumptions were that there should 
be distinctions between different groups of users. Thus, the study was expected to 
reveal a collection of these. In order to accomplish access to a broad range of 
participants, we deployed idAnimate using an existing distribution platform called 
the Apple App Store [31]. This allowed us to reach a diverse set of people with 
different ages, backgrounds and active in different disciplines, all across the planet. 
Interestingly enough, the participants were not recruited, but instead the tool was 
offered for free, and it could be downloaded voluntarily by the participants. In 
exchange for using the tool free of charge, the users were encouraged to provide 
feedback about their use. The study ran for close to 19 months, starting on March 
14th 2013, ending on October 10th 2014 (at least for the purpose of this report). 

6.3 Preliminary Research questions 

As previously mentioned, the initial assumption of the study was that users with 
different backgrounds would use the tool having different goals in mind and in 
different ways. Hence, we posed the following initial research questions: 
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 Are animation sketching tools interesting for different communities of 
practice? If so, for which ones? 

 Are animation sketching tools used for similar purposes by different 
communities of practice? Are they used for creative expression? For 
concept exploration? For communication of ideas? Or for other purposes? 

 On average, how long does it take for users to create animated sketches? 

 Where is the tool being used? At work? At home? At school? 

 Are the users using the tool by themselves? Or in pairs? Or in larger 
groups of people?  

 How likely is it that an animation will be shared with others? 

 What is the purpose of exporting animations? To share them by email? 
Use them in presentations? To archive them? 

 Do users in different groups create the same amount of animations? 

 Do users create single animations or do they compile them into animated 
storyboards? 

 What is the likelihood of drawing the elements in an animation as opposed 
to using elements from the built-in library? 

6.4 Materials and Methods 

6.4.1  idAnimate, the research probe 

In order to conduct the study we developed a rapid animation sketching tool for 
iPad devices called idAnimate [94]. The choice for this particular type of device, a  
multi-touch tablet, was influenced by the fact that multi-touch input devices allow 
for a more intuitive manipulation of visual objects, which empowered a novel 
animation technique named transformation-by-example [95]. For additional 
information on the application please refer to Chapters 4 and 5 of this thesis. 
 
The application was distributed to the participants via the Apple iOS App Store 
[31], with a custom EULA and Use Terms and Agreement for participating in a 
research experiment. Additionally, the application included an introductory video 
which explained the purpose of the application and the research goals of the study.  

6.4.2  Duration of the study 

The study ran for close to 19-months, starting on March 14th 2013, until   October 
10th 2014, when the latest samples of data were collected. During this time two 
maintenance updates where published with minor bug-fixes and operating system 
maintenance upgrades.  

6.4.3  Participants 

Participants were not recruited directly. Anyone who downloaded the application 
and accepted the user terms and agreements was (potentially) a subject in the 
study. Because the application was rated 4+, children 4 years old and above could 
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participate in the study, as long as their parents downloaded the application for 
them. The App Store mandates that parental permission must be granted to 
children under 16 in order to use an application. Hence, children under 16 had 
explicit permission from their parents to participate in the study. 

6.4.4  Data Collection Mechanisms 

Three different methods for data collection where utilized.  

6.4.4.1 Experience Sampling 

Experience sampling [36] is a technique to systematically gather participants’ 
reports upon periodical occurrences of events. Whenever an event of interest 
occurred in the participant’s application, such as sharing an animation, the 
participant would be presented with a small survey. This way we were able to ask 
questions to the participants at the right moment, that is, within the context of the 
activity, as opposed to at a later stage where participants are more likely to be 
susceptible to memory biases [106]. 
 
The experience sampling data collection was facilitated through the use of 
Tempest [14]. Tempest is an experience sampling platform that allows to create a 
collection of questionnaires which can be triggered at particular moments in time 
[13], e.g., after editing an animation for more than two minutes. Figure 33 shows 
an example of how Tempest was embedded in idAnimate.  
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Figure 33 - Tempest Experience Sampling platform was used to collect feedback on how 

the users were utilizing idAnimate 

A total of seven questionnaires were created, giving particular importance to the 
first one that was presented upon the first launch of the app requesting for 
personal information. It is important to mention that it was possible to submit the 
surveys without filling out any information. For the purpose of the study, the users 
that did not include any information about their background were removed from the 
analysis of the data.  
 
The following surveys were included:  

 Personal information: Questions regarding Age, Gender, Animating 
Experience, purpose of use (personal, professional or educational), as well 
as the background (Designer, Artist, Engineer, Teacher, Student, or other). 

 Animated Sketch Editor: Purpose of editing an animation, Amount of 
people involved in the task, Location (home, school, or work), Reason for 
using idAnimate vs other tools. 

 Animated Sketch Player: Purpose of watching the animation (to 
remember, get inspired, someone else sent it to me, to show it to 
someone) 

 Storyboard Editor: Purpose for working on a storyboard, amount of 
people present, reason for using this particular tool 
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 Storyboard player: Purpose for watching it (to remember, get inspired, 
someone else sent it to me, to show it to someone) 

 Movie Export: Purpose of exporting (for presenting, archiving, sharing), 
number of people who will watch it (Just me, a couple of people, more than 
two or three) 

 Share by email: Reason for sending the animation, number of people who 
will receive it. 

 
The Personal Information survey was only presented during the first launch of the 
application, and it was mandatory to complete it in order to use the application. The 
rest of the surveys were optional. After 6 seconds of appearing on the screen, a 
“Dismiss” button would appear on the top right that users could select to avoid 
submitting a response. The Animated Sketch Editor, Player and Storyboard Editor 
and Player surveys were not shown unless the user had spent more than a certain 
amount of time in the corresponding screens, in order to ensure that a survey was 
only presented if the user had carried out a meaningful interaction.  

6.4.4.2 Analytics 

Application Analytics are used to collect events that occur within the application. 
When an event occurs, the event information is sent via the internet to the 
analytics platform where it can be collected by the researcher later on. There are 
multiple analytics platforms freely available online. For our experiment we used 
Flurry, part of the Yahoo Mobile Developer Suite [128]. Flurry allowed us collect a 
series of pre-defined metrics such as session length, but also to define custom 
events such as number of animations created. The following custom events were 
collected: 
 

- Animation Created 
- Animation Edited 
- Storyboard Created 
- Animation Edited inside a Storyboard 
- Sketch Drawn 
- Library of objects Browsed 
- Graphics Inserted in Animated Sketch 
- Online Gallery browsed 
- Object pack imported from Library 
- Display a survey (Experience Sampling Survey) 
- Survey Sent 
- Survey Dismissed 
- Animated Sketch Sent by email 
- Movie Exported 
- Movie Sent By Email 
- Object in Library Edited 
- Animated Sketch Downloaded from Online Gallery 
- Project Uploaded to Online Gallery 
- Library pack downloaded from Online Gallery 
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6.4.4.3 Research Artefacts 

Users were encouraged but not obliged to share their creations to a private 
research archive. Upon the users’ request, the project, being an animated sketch 
or an animated storyboard, would be uploaded to a private research archive. 

6.4.5  Cross Referencing Data 

Since the aim of the study was to gain understanding of how different communities 
of practice put into work animation sketching tools, it was necessary to be able to 
filter the data based on the background of the participant. It was possible to do so 
because participants were expected to specify background information in the 
Personal Information survey. It was however necessary to cross-reference the data 
between the three different data collection systems. In order to do so, the 
application generated a unique number upon the first launch, which was attached 
to every survey (experience sampling), application event (analytics), and research 
artefact. With such an identifier and additional programming scripts, we were able 
to group the data based on background (designers, engineers, students, etc).  

6.5 Results 

This section presents a summary of the information collected. An interpretation and 
discussion of the results is presented in the subsequent discussion section.  

6.5.1  Downloads 

Within the period between the 14th of March 2013 and the 10th of October 2014 the 
application was downloaded a total of 4608 times. In general terms, the application 
was downloaded from all over corners of the world. Table 10 shows the top 
countries. 
 

Table 10 - Top  locations of downloads of idAnimate during the study 

Country Download Count 

United States 1147 

Russia 1131 

United Kingdom 406 

Australia 183 

Netherlands 178 

Spain 146 

Canada 110 

Philippines 91 

Germany 70 

France 61 
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6.5.2  Tool Usage 

As Table 11 shows, idAnimate was used an average of 272.58 times per week (σ 
= 79.313), including all users from all locations that week. Figure 34 shows how 
the weekly usage varied over the time of the study, with its highest peak (494 
sessions) in the second week of May of 2013, and the lowest in the last week of 
August 2014. The data shows that the trend is to have users decrease their activity 
during the summer and Christmas periods, and increase in the spring and autumn.  
 
 

 
Figure 34 - Sessions per week across de duration of the study 

 
Table 11- Descriptive statistics for the overall Sessions per week 

 N Minimum Maximum Mean Std. 
Deviation 

Sessions per Week 83 147 496 272.58 79.317 

Valid N (list wise) 83     

6.5.3  Session Length 

The session Length describes the duration of a particular instance of utilizing the 
application, or in other words, the amount of time that the user spends with the 
application each time it is being used. Figure 35 shows the distribution of the 
session length in intervals. We can observe that the majority of users (25.9%) 
spend 3 to 10 minutes. The cumulative distribution in the same figure shows that 
63% of the users spend more than 1 minute, up to more than 30 minutes. Such 
numbers are not unusual, since it is known that the attention span of users in 
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mobile and tablet applications are rather short due to the context in which they are 
employed. In 2014 Statista.com revealed that the tablet applications with larger 
average session length are music applications, with an average of 8.9 minutes, 
while social networking applications have the shorter average with 2.8 minutes per 
session [111]. Unfortunately, due to a limitation in the setup of the study, we were 
unable to measure the dependence of the average session length on the 
background of the users. 
 

 
Figure 35 – Session duration of participants utilizing the app 

6.5.4  Frequency of Use 

About half of the participants used the application once a week (47%), while 31% 
used it 2 to 3 times, 13% 4 to 6 times, and the rest 6 or more, as shown in Figure 
36. Just as in the case of the session length, we were unable to determine how this 
distribution varies with the background of the participants.  
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Figure 36 - Number of times that the user opens the application per week 

In terms of user retention, 14.39% of the users continued to use the application 
after 1 month of having used it for the first time.  

6.5.5  Analytics Events 

Table 11 shows the occurrence of events that took place in the application, and 
that were collected using the Flurry Analytics platform [128]. 
We can observe that the most common event is Drawing a Sketch (Draw_Sketch), 
with a total of 39.332 occurrences. The Browse Library event corresponds to those 
moments when users opened the Library of objects which can be used within the 
animation tool. The Library was opened 11.094 times, but only 4.055 visual objects 
were actually inserted from the library into the animation 
(Insert_Graphics_In_Sketch). 
 
A total of 10.943 animations were edited, of which 6.221 were newly created. This 
means that more than half of the animations that participants worked on were new. 
In addition, a total of 1,610 new storyboards were created, with a total of 4.994 
animations being edited as part of a Storyboard, implying that the average 
storyboard contained around 3. Since there were a total of 39.332 cases when 
sketches were drawn, and a total of 15.973 animations where edited (standalone 
or as part of a storyboard), an average of 2.46 sketches happened to be drawn per 
animation. Similarly, an average of 0.23 library objects where imported per 
animation. In short, users drew or sketched their own images 10 times more 
frequently than they imported them.  
  
The online gallery of animations in which animations could be shared with the 
community was not used intensively as the data shows, since it was only opened 
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687 times (Online_Gallery_Open). Despite this lack of contribution to the 
community, 544 Library Packs where downloaded (collections of images that can 
be accessed in the Library), and 370 projects were downloaded, including both 
Animations and Storyboards.  
 
A total of 538 movies were exported, 24 of which were sent by email. 
 
Displaying a survey was the second most frequent event, as this event was 
recorded whenever any of the surveys available was displayed with the experience 
sampling tool. Notice that 10.441 of those surveys (74%) were actually sent, and 
only 4.263 were dismissed. In addition, out of the 10.441 surveys sent, 8.381 
(80%) contained responses and 2.030 contained no data. 
 

Table 12 - Occurrence of analytic events recorded using the Flurry tool 

Event Name Total 
Occurrences 

Daily 
Average 

Unique 
users daily 

average 

Draw_Sketch 39,332 68.28 9.48 

Survey_Displayed 14,069 24.43 9.11 

Browse_Library 11,094 19.26 5.41 

Survey_Sent 10,441 18.13 7.5 

Animation_Edit 10,943 19 8.98 

Import_Object_From_Library 6,622 11.5 2.74 

Animation_Created 6,221 10.8 6.86 

Animation_In_Storyboard_Edit 4,994 8.67 2.59 

Survey_Dismissed 4,263 7.4 3.14 

Insert_Graphics_In_Sketch 4,055 7.04 1.79 

Edit_Object_In_Library 1,888 3.28 1.42 

Browse_Library_From_Project_Browser 1,443 2.51 1.84 

Storyboard_Created 1,610 2.8 2.36 

Online_Gallery_Open 687 1.19 1.1 

Movie_Exported 538 0.93 0.44 

Online_Gallery_Project_Upload 14 0.02 0.03 

Animated_Sketch_Sent_By_Email 129 0.22 0.15 

Movie_Sent_By_Email 24 0.04 0.03 

Online_Gallery_Library_Pack_Download 544 0.94 0.32 

Online_Gallery_Animation_Download 370 0.64 0.3 
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6.5.6  Population 

6.5.6.1 Participant Background 

The mandatory personal information survey included a question related to the 
background of the participant. To avoid misclassification, we filtered out the 
participants who claimed to be Designers, Teachers or Engineers and who also 
said to be under 18 years of age. It is important to notice that even though the 
personal information survey was mandatory, like in the rest of the surveys, it was 
not mandatory to fill in all the questions due to a limitation in Tempest [14], the 
experience sampling system that was used.  
 
As Figure 37 and Table 13 show, there were 4477 participants who passed our 
filtering criteria, consisting of 320 (7%) Designers, 1945 (43%) Students, 156 (4%) 
Teachers, 852 (18%) Artists, 218 (5%) Engineers, and 1013 (23%) with other 
backgrounds. Some of the participants that selected the Other category included 
professions such as Researcher, Music Therapist, Marketing, Manager, Dancer, 
Photographer, Veterinarian, Youtuber, Secretary, Maxillofacial Surgeon, 
Psychologist, IT Professional or Communications Advisor amongst others.  
 

Table 13 - Background of the participants of the study 

Background Designer Student Teacher Artist Engineer Other 

Amount 320 1945 156 852 218 1013 

 
 
 

 
Figure 37 - Background of the participants in the study 

0

500

1000

1500

2000

2500

Designer Student Teacher Artist Engineer Other

Amount



 123 

 

6.5.6.2 Age 

We found that 29% of the participants of the study were between 18 and 45 years 
old, 23% were teenagers between 14 and 18 years old, 7% were older than 45, 
and 41% were children under 14, as shown in Figure 38. 
 

 
Figure 38 - Age of the participants 

6.5.6.3 Gender 

As Figure 39 and Table 14 show, 34% of the participants of the study were Female 
while 66% were male. In all cases, with the exception of the Teachers, there is a 
significantly higher percentage of Males. 
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Figure 39 - Gender of the users 

Table 14 - Gender of the participants for each of the backgrounds 

Gender Designers Students Teachers Artists Engineers Other 

Female 61 667 92 260 24 100 

Male 245 1191 76 472 184 197 

6.5.6.4 Animation Experience 

Regarding the animation experience, participants expressed, as shown in figure 
40, that 44% of them had no prior experience, 41% of them were beginners, 11% 
experienced, and 5% experts.  
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Figure 40 - Animation Experience of the participants 

Table 15 shows the animation experience acro  ss the different backgrounds. It is 
important to understand that participants were able to make a selection specifying 
their experience in the survey if they did not want to. Because of this we see that, 
for instance, despite of having a total of 1013 participants who selected Other as 
background, only 205 of those provided their animation experience level.  
 

Table 15 - Animation Experience per Background of participants 

Experience None Beginner Experienced Expert 

Designers 66 102 45 22 

Students 818 722 152 53 

Teachers 62 52 16 3 

Artist 269 267 98 27 

Engineer 66 62 7 9 

Other 102 61 12 12 

 
The distribution of the animation experience level is very similar across the 
different disciplines with the exception of designers. Figure 41 shows the average 
experience per group (assigning values of 0 (none), 1 (beginner), 2(experienced) 
and 3(expert)), with a confidence interval on the average estimated using the non-
parametric empirical likelihood [83].  Not surprisingly, when we compare designers 
with the rest of the groups, designers are likely to be more experienced than the 
other disciplines.   
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Figure 41 - Average animating experience for the different groups. Experience level: 0 

None, 1 Beginner, 2 Experienced, 3 Expert. Groups: D designers, S students, T teachers, A 
artists, E engineers, O others. 

6.5.7  Creating Animations 

Over the course of the experiment there were a total of 7036 (91.4%) sessions 
where users created or edited 1 or 2 animated sketches, and 671 (8.7%) sessions 
where users created or edited 3 to 9. We found that each month users created or 
edited animated sketches an average 0.53 times per session (σ = 0.645). (See 
Figure 42) 
 
Once in every three instances when a user had spent more than 2 minutes on 
editing an animation, an optional survey to elicit information about purpose and 
context of the animation edit would be presented (see Data Collection 
Mechanisms, Experience sample section of this chapter). 
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Figure 42 - Animations created per session 

6.5.7.1 Animation Creation Duration 

The following data shows the average amount of time spent per animation for the 
duration of the study (see Figure 43, Figure 44, and Table 16). 

We found that the average time spent creating or editing an animation was 5.1 
minutes (std of .52 minutes). Unfortunately, due to some limitations in the data 
collection mechanisms, we are unable to view this information separately for each 
of the different groups. 
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Figure 43 - Average amount of time spent per animation in minutes for the duration of the 

study. 

 
Figure 44 - Cumulative histogram of the average amount of time spent creating an 

animation 
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Table 16 - Animation Creation Duration Statistics 

 N Minimum Maximum Mean Std. 
Deviation 

Animation 
Duration 

20 4.08 6.02 5.1460 .52387 

Valid N (listwise) 20     

 

6.5.7.2 Number of people involved in working on an animation 

(individuals vs groups) 

Within this survey, we asked participants to tell how many people were present at 
the time of creating the animation. As reflected in Table 16 and Figure 45 and 
Figure 46, the results show that in general people use the animation tool on their 
own, and that in some cases they use it in company. However, when comparing 
designers, engineers and teachers with the rest of the groups, we found that all 
three of them are significantly more prone to use the tool in groups than the rest. In 
addition, designers were also found to be the only group where it is more likely for 
the groups to be larger than 2 persons, instead of exactly 2 persons. 
 

 
Figure 45 - Difference between working individually or in groups in animations for between 

all groups and Teachers and Designers 

0% 20% 40% 60% 80% 100%
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Figure 46 - Probability and confidence intervals of having multiple persons working in one 

animation. D designers, T teachers, E engineers, S students, A artirst, O other. 

 
Table 17 - Amount of people working with an animated sketch 

Background 1 person 2 people 3 or more 

Designers 63 16 21 

Students 635 59 41 

Teachers 32 14 5 

Artists 194 34 23 

Engineers 49 15 9 

Other 118 21 17 

6.5.7.3 Location 

Participants were asked to provide the location where at they were utilizing 
idAnimate, including Home, Work or at School. Despite the fact that we had 
removed from the data those participants who had described themselves as 
Engineers, Teachers or Designers who were less than 18 years of age, we still 
found across all disciplines results showing that some people use it at school, who 
were most likely university students of the respective fields. 
 
As Figure 47 and Table 18 shows, participants use the tool mostly at home. 
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Figure 47 - Location of Use for all categories 

Table 18 - Location of participants when creating or editing an animation 

 
At home At school At work 

Designers 59 7 24 

Students 564 93 47 

Teachers 25 21 7 

Artists 186 28 23 

Engineers 47 13 11 

Other 136 16 11 

 
When looking at particular groups, we found two major differences. Designers are 
significantly more likely to use the application at work (See Table 19), while 
teachers are significantly more likely to use the application at school (See Figure 
48). 
 
Table 19 - Designers creating animations at work vs other location, in comparison with the 

rest of the groups 

Designers vs rest at Work 

 Other Work 

Designers 66 24 

Rest 1129 99 
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Figure 48 - Confidence interval difference for Designers and the rest of categories of using 

the tool at Work or not at work 

Figure 48 shows Designer against the Rest, comparing the location At work with 
Anywhere Else. On the X axis, the Rest are plotted in 1, and Designers in 2. In the 
Y axis, Not At Work is plotted in 0, and At Work in 1. 

6.5.7.4 Purpose of creating an animation 

In this survey the participants were asked to describe the purpose for which they 
had worked on an animation. There were four main possible responses, Creative 
Expression, Communication (Show something to someone), Creative Exploration 
(Trying out ideas), and Changes to Creations of Others. To filter out those cases 
when the participants were learning and exploring the tool itself, a fifth option was 
made available called I just was just playing around. Such instances have been 
removed from the results of the study even though they showed up with a slightly 
higher frequency than Creative Exploration. In addition there was the option of 
Other, which did now show any particular trends.   
 
Figure 49 shows that participants most frequently worked with animations for 
creative exploration (44%), followed by communication (30%), creative expression 
(19%), and changes to creations of others (7%).   
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Figure 49 - Purpose of working with animations 

Table 20 shows the frequencies of purposes for the different groups present in the 
study. We found no major differences between the groups, except for the case of 
Teachers, who were less likely to use the tool for communication (see more details 
on the Discussion section of this chapter).  
 

Table 20 - Purpose of working in animations of the different groups 

Purpose Creative 
Expression 

Communication Creative 
Exploration 

Changes to 
creations 
of others 

Designer 15 11 41 2 

Student 107 152 233 26 

Teacher 8 1 14 5 

Artist 38 70 82 17 

Engineer 4 20 18 6 

Other 15 34 39 11 

Total 187 288 427 67 
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Figure 50 - Ratios of the purpose of use when creating animations for each of the groups of 

users of the study 

Figure 51 shows the empirical likelihood (EL) confidence intervals for using the tool 
for creative exploration (1) or for another use (2).  In the X axis, we see the 
different groups including (1) Designers, (2) Students, (3) Teachers, (4) Artists, (5) 
Engineers and (6) Others. 
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Figure 51 - Confidence Intervals (EL) for using the tool for Creative Exploration (1) vs any 

other use (2). The groups are (1) Designers, (2) Students, (3) Teachers, (4) Artists, (5) 
Engineers, and (6) Other 

When calculating the confidence interval difference between designers and the 
rest, we observe that designers use the tool significantly more for creative 
exploration than any other group, except for teachers. In the case of teachers, the 
confidence interval is larger because there are fewer samples, and hence the lack 
of significance. 
 
  (2) - (1): CI = [-0.26,-0.019] 
  (3) - (1): CI = [-0.31,0.12] (NS) 
  (4) - (1): CI = [-0.33,-0.063] 
  (5) - (1): CI = [-0.39,-0.036] 
  (6) - (1): CI = [-0.35,-0.047] 
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6.5.8  Research Artefacts 

A total of 489 research artefacts where collected, 432 of which were animated 
sketches, and 57 were animated storyboards. The large majority of research 
artefacts were shared by children, and there was no professional related data. 
Many of the artefacts were experiments. We found many stories of very diverse 
topics, including as Love, Life, Pets, Videogames, Magic or even Deaths and 
Robberies. Figure 52 shows one animated storyboard and four animated sketches. 
For additional examples, please check the Appendix section of this thesis. 
 

 

  

  
Figure 52 – Samples of the research artifacts collected. Above one Animated Storyboard. 

Below four animated sketches. 



 137 

6.6 Discussion 

6.6.1  Usage 

One of the main concerns of the study was the possibility that nobody would 
download the application either due to a lack of interest, or simply for not being 
appealing or appearing unattractive. In addition, there were a vast number of 
alternative animation authoring applications freely available that despite of 
implementing different animation techniques, would reduce the visibility of 
idAnimate in the App Store. However, this was not the case as we saw in the 
results section, since more than 4600 people downloaded idAnimate. 
If an application is not immediately simple to use or if it takes too much time to 
achieve the desired initial results, users quickly throw it away [68,119]. This is 
especially in the Tablet and Mobile Application space, where users tend to spend a 
very short amount of time engaged. Because of it, we were afraid that the 
introductory video explaining the purpose of the study would have a negative 
effect, and that understanding the basics of the animation technique would 
introduce a barrier to new users due to the fact that most of the people are familiar 
to animating by means of Keyframes or Flipbook, which makes them expect 
animation tools to operate in such a way. It was essential to convey the way the 
animation technique works quickly, reason for which we included a sample 
animation in the tool which explained how to animate with idAnimate. We found 
that our efforts to make it easy to get started with idAnimate did pay off to a certain 
extent. As the analytics showed, a section of the users kept coming back to the 
application, and a large part of the users were using the tool in sessions of more 
than 3 minutes, some even up to 30 minutes (see Figure 35). 
 
The application usage data collected revealed an answer to one of our research 
questions. In average, how long does it take for a user to sketch an animation? 
It turns out that, as seen in the Analytics part of the Results section of this chapter, 
the answer is simple: 5 minutes in the case of idAnimate (Figure 44). This is in line 
with our initial hypothesis that users would spend somewhere in between 3 to 10 
minutes. Such an amount of time is enough to draw a collection of simple objects 
and add motions to them, to express a simple dynamic idea in a sketch-like way. A 
higher amount of time would mean that users are not sketching per se because it 
would miss the properties of Quick, Timely, Disposable and Inexpensive [24]. This 
is also confirmed by the fact that people worked more on new animated sketches 
than reopening existing ones. 
 
Unfortunately, we did not collect the average duration of the animations created, or 
the ratio of animation duration versus animation creation time. Furthermore, due to 
a limitation in the data collection mechanisms, we could not collect the average 
duration of the animations separately for each of the communities of practice. 
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6.6.2  Communities 

By looking at the background of the people who downloaded the application, we 
can answer the research question Are animation sketching tools interesting for 
different communities of practice? If so, for which ones? 
 
One of the assumption of the study was that animation sketching tools would 
appeal to Designers, Engineers and Students. The main screenshot of the 
application on the App Store showed an Angry Birds inspired animation, which we 
believe influenced the reason why children rapidly became the largest group 
participating in the study.  
 
We realized that participants who described themselves as artists appeared more 
frequently than other professions, followed by designers and engineers (Table 13 
and Figure 37). Although quite a few people pictured themselves as other 
professions (Researcher, Music Therapist, Marketing, Manager, Dancer, 
Photographer, Veterinarian, etc.), there was not a substantial amount of users with 
such backgrounds. However, even though we initially did not have a category for 
teachers, while monitoring the results we noticed that a substantial number of 
participants were defining themselves as teachers or educators. For this reason, 
and thanks to the versatility of Tempest [7], the experience sampling tool utilized, 
we were able to add to the Personal Information survey an additional choice for 
teachers. Previous to this, teachers had to select the Other category, and explicitly 
write Teacher in their profession.  
 
Based on these results we can identify the following groups having an interest in 
animation sketching tools: Students, Artists, Designers, Engineers and Teachers. 
Other groups may also be interested, but they did not appear in relevant numbers 
in the study. These results confirm our initial hypothesis that animation sketching 
tools can be of interest in the professional domains of Design and Engineering, as 
well as Education. In the next section (purpose of use) we will attempt to gain 
understanding into the reasons behind the interest of each of the mentioned 
communities.  
 
In terms of expertise animating, we found that most of the participants in the study 
had no previous experience or were beginners, as both combined represented 
85% of the studied population. These results seem logical as the tool presents 
itself as recommended for non-experienced animators, and due to the fact that a 
large portion of the participants were children. The distribution of experience was 
similar in most of the backgrounds of the participants, with the exception of 
designers (and artists, but to a lesser extent). 
 
In the case of designers, we found that a larger percentage of them saw 
themselves as experienced or expert animators (26%). This is logical as designers 
are more likely to be skilled since animating tends to be a common ability amongst 
designers. However, it is interesting to see that even experienced animators have 
a need or interest in exploring new animation sketching tools, regardless the fact 
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that they probably already have a set of highly functional animation tools at their 
disposal, as well as the skills to take advantage of their use. The fact that both 
experienced and non-experienced designers show an interested in idAnimate, sets 
the foundation towards supporting one of the claims of this thesis, which states that 
animation sketching tools have the potential to enhance design practice by 
allowing designers to rapidly articulate dynamic ideas in a sketch-like way. In the 
following section this claim will be further discussed. 

6.6.3  Purpose of Use 

The aim of our study was not just to learn about who is interested in animation 
sketching tools, but to also understand why, and in what context and for which 
activity. We can obtain some insight into this by looking at the answers that the 
participants provided when asked about the Purpose of animating, the Location, 
and the Number of People that where involved in doing so. In this section we also 
look back at the preliminary research questions: Where is the tool being used? At 
work? At home? At school? Are the users using the tool alone? In pairs? Or in 
larger groups of people?  
 
When looking into the Purpose of use Figure 49, Table 20) we see that the general 
trend that applies to all categories reveals that the most common reason for 
creating an animation is for Creative Exploration. This provides evidence to the 
hypothesis embedded in the idAnimate tool which states that, with a simple 
enough sketch-like animation technique, it is possible to support creative design-
related activities by means of creating animations. The person uses an animation 
as the design material to explore variations generating ideas and considering 
alternative solutions. This also confirms the findings of the study presented in the 
previous chapter. In such study a group of designers conducted a concept 
generation session using animations as a medium to support creativity. We 
discussed how our observations lead us to conclude that it is possible to have a 
reflective conversation (as defined by Schön [103]) creating, seeing, imagining and 
iterating on a design idea with idAnimate by means of working with animations in a 
sketch-like way.  

6.6.3.1 Education 

A surprising fact was that Teachers were found to be using idAnimate for 
communicating significantly less than any other group (Table 20), that is, only in 
3% of the occasions. Our initial hypothesis was the opposite; Teachers would 
utilize animations mostly for communication purposes, more particularly, to convey 
information to their students. However, when looking closer at the results in the 
teachers group, we found that teachers were the group which was more likely to be 
working on animations in order to make changes or review animations made by 
others (Figure 50). In addition to this, teachers (as well as designers) were found to 
be using the application in groups of more than 1 person significantly more than 
the other groups. Finally, when looking at students we can observe that they use 
the application largely for communication (29% of the times). Our interpretation of 
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this results is the following: Teachers are not using idAnimate to create animations 
themselves to support their lectures, but on the contrary, it is the students who are 
creating the animations. The fact that teachers work on animations to make 
changes in those of others suggests that students are making assignments, and 
the teacher is reviewing and correcting them afterwards. While this claim is difficult 
to validate as we did not pose this question directly to teachers, we can at least 
argue that the interpretation is plausible. 
 
Even though the use case of having teachers ask students to create animations as 
an assignment never occurred to us during the design of idAnimate, it really makes 
a lot of sense. Education is currently in an adaptation process to the new digital era 
[15,77], where it is becoming increasingly difficult to engage and gain interest in 
the coming generation of children, often referred to as the digital natives [91]. As 
research shows, a key phase of the learning process is to practice and experiment 
the domain [112] which is being studied. In the classical educational system 
students normally experiment and practice the domain with pen and paper 
exercises, except when real world experimentation is possible, which is not always 
the case. While experimenting with pen and paper is valid in many cases, some 
domains can benefit from having materials that can express concepts more lively 
and dynamically than paper, such as animation sketches. An example of this would 
be those students learning about biological processes such as a plant life cycle or 
the migration routes of birds. Such concepts are dynamic by nature, so not only 
can they be better represented by means of animations, but we believe that the act 
of creating such dynamic visualizations can be more engaging and therefore, lead 
to an enhancement of the learning activity.   
 
The existing research on the use of animations for educational purposes has 
uncovered some of the advantages and disadvantages of using such medium for 
communication between teachers and students [50,98], such as an increased 
conceptual understanding, and more accurate conception of the processes being 
learned. Additional research has proposed design guidelines to make the 
animations more effective [88]. Our results suggest the possibility of inverting the 
process, allowing students to learn while making animations. Hence, specific 
studies would need to be carried out to further investigate the pros and cons of 
such a scenario. Our initial intuition is that supporting the actual learning process of 
students providing them with material that allows them to play and experiment in 
an agile manner with concepts of dynamic nature must translate into benefits, in 
particular in the application, synthesis and evaluation levels [66]. 

6.6.3.2 Design and Engineering 

Designers are the group that largely inspired us to develop the idAnimate tool, as 
mentioned in the previous chapters of this thesis. One of the initial hypotheses was 
that Designers would utilize idAnimate to support their creative process and 
communication, and that this can lead to an enhancement of the early stages of 
the design process. The case study based on a design workshop showed in the 
previous chapter helped us understand how this could be possible.  
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The results found in this longitudinal study reveal three interesting facts in this 
regard. First, (1) Designers were found to be using idAnimate significantly more 
than the rest for creative exploration (Figure 50 and Figure 51). Next, (2) designers 
are significantly more likely to use the tool in groups of more than 1 person, and 
finally (3) designers use the tool significantly more at work than the rest of the 
groups. Supporting the creative process is shown in the data as designers 
explicitly stated that they were using the tool for creative exploration. In addition, 
the fact that designers used the tool significantly more in groups and at work than 
any other segment of participants of the study, is a confirmation that animation 
sketching tools support collaborative creative tasks, such as co-located concept 
generation, discussion and communication.  
 
While we can confirm the claim that it is possible to support creative design 
processes by means of animation sketching tools, we are unable to confirm nor 
deny the fact that such tools do in fact enhance the early stages of the design 
process. This is due to the fact that we do not have the evidence showing that the 
process itself constitutes an improvement, either by reducing the duration of the 
iterations, or by improving the quality of the outcome. In order to confirm such 
claim, it would be required to measure precisely the duration and quality of the 
outcome of multiple design processes with support and without support (control 
condition) of animation sketching tools. In other words, to validate such claim we 
would need to carry out a longitudinal controlled experiment which, for obvious 
reasons, was impossible to do within the scope of the research presented in this 
thesis.  
 
Regarding engineers, previous to obtaining the results, our hypothesis was that 
engineers would use the tool in a similar way as designers, that is, mostly for 
creative exploration, and with a higher chance to do it in groups. To our surprise 
this was not the case. We found that even though engineers where amongst the 
group that was more likely to use it in groups, they adopted it primarily for the 
purpose of communicating, rather than creative exploration. This is probably 
related to the way engineers work as opposed to designers. Designers work in 
groups on collaborative design activities, while engineers tend to create more 
individually before discussing the results with others. It is interesting to see 
however that animation sketching tools can facilitate both types of workflows, one 
in which the ideation is in a group, and another where the animation in used to 
communicate instead of design. Thanks to these findings more specific sketching 
tools could be created to better satisfy an array of situations.  

6.7 Reflections on the Methodology 

In this section we discuss the challenges experienced when conducting an in-the-
wild longitudinal study using the Apple App Store [31] as a research delivery 
platform.   
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6.7.1  Lack of control over the population 

During the course of the study we had no, or very little, control over the group of 
users that chose to participate. One of its consequences was that despite that we 
were looking forward to engage primarily professional practitioners, a very large 
portion of the participants recruited were children. This did not turn out to be an 
issue as it allowed us to gain insight in the educational context, and fortunately we 
also obtained a sufficiently large number of professional users joining the study. 
We argue, as presented in the Discussion section of this document that such 
interest from children was due to the way that the application was presented by 
means of the look and feel of the user interface, as well as the content of the 
screenshots that were visible when searching and downloading the application. 
Therefore, we believe that when conducting a study of such open nature, it is 
critical to ensure that the application looks and feels in such a way that it attracts 
the community of users that you are aiming for. As trivial as this may seem, it does 
require the researchers to pay additional thoughts to how the user interface is 
designed, and how the application is showcased.  
 
Due to the exploratory nature of the study and the lack of control over the 
population, we could only address indirectly the question of how the tool was 
beneficial for other communities than designers, and for what purpose they were 
using it. Therefore, while such open nature was necessary to discover what 
communities of practice had interest in animation sketching tools, it also meant that 
we had to cope with the obvious limitations. Hence, it would be expected that other 
studies more directed and tuned for specific groups of people would bring 
additional insight into the aforementioned questions. Therefore, we believe that it 
would be worthwhile conducting future studies targeting specifically each of the 
groups found.  

6.7.2  Adaptation mechanism 

Participants are outside of the area of control or influence, therefore it is difficult to 
steer the tasks and feedback in a desired direction. This has the benefits that the 
researcher is more likely to find unexpected results, which is indeed one of the 
aims of an exploratory study. However, the following situation occurs. The 
exploratory nature of the study requires the questions and data collection 
mechanisms to be as open as possible. On the other hand, as findings start to 
appear, the researchers will want to explore investigating in a particular direction. 
At that point, it becomes evident that there is a need to adapt the data collection 
mechanism to make them more concrete. We suggest two ways to deal with this.  
 
The first proposal is to carry out the study in two phases. The nature of the first one 
will be completely exploratory to determine research directions. A second phase 
will follow concentrating on further researching the individual directions discovered 
in the previous phase. While being the most straightforward, this solution causes 
the trade-off that it requires researchers to update or re-design the study, with 
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obvious consequences such as the delay of the results, the need to re-deploy the 
research tool, and the substantial amount of effort required. 
  
The second proposition relies on having highly flexible data collection mechanisms 
that enable the researcher to rapidly alter the sampling and surveying methods 
without having to re-build and re-distribute the research probe or application used. 
This demands additional work in the study preparation phase, but allows 
researchers to adapt the study in a more natural way as the exploration starts 
yielding results. 
 
In our study we had some adaptation possibilities thanks to the use of Tempest, 
allowing us for instance to add an additional category in the background section for 
teachers in the personal information survey. However, we were not interested in 
assembling specific surveys for specific backgrounds. Furthermore, after we 
deployed the app we had no possibility to modify the analytics code, for instance to 
submit the duration of each storyboard created, unless we submitted a new 
version. While the Apple App Store allows us to update the application and deploy 
a new version to users with relative ease, it is the users if and when they want to 
update the application. Furthermore, we did not have the resources to be 
continuously adding or removing code to the application, and we felt that such 
process was too slow and not sufficiently adaptive for our needs.  

6.7.3  Data: Quantity, Quality and Validity 

We detected that we were collecting large amounts of data very quickly due to the 
amount of people participating in the study. This is a great advantage at first, as it 
makes it relatively simple to perform statistical quantitative analysis. However, the 
qualitative data can easily become unmanageable, as other researchers have 
already pointed out [20]. Also, when targeting essentially any country in the planet, 
the problem of language appears. If the software is not translated into many 
languages participants might not even understand the questions in the first place. 
Similarly, the researcher will also not understand the answers, and might not have 
the resources to be able to translate it, which makes the analysis that much more 
difficult. This brings us to the issue of the validity of the responses. 
 
In a nutshell, it is hard to tell if the data submitted by the users was real, or if for 
instance, they were simply looking for the shortest path to get rid of the screen that 
was getting in the way of what they were doing. We found that the subjective data 
contained some nonsensical information. Such included rudeness, and other type 
of noise. At first, we were expecting that people would answer with interesting 
cultural insights similarly to how it occurs with cultural and experiential probes 
[54,86], but for the most part this was not the case. Such answers also lead us to 
doubt the validity of the responses. Are the participants being honest in any way? 
How can we prove that any of the answers are legitimate? In other type of studies 
there is normally an evaluator. While the evaluator may have some negative 
effects [64], it also guarantees that the experiment is taken seriously, or at least 
he/she can know which subjects to discard because of a lack of such. However, 
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when the users are comfortably sitting at their home or offices thousands of 
kilometres away from the research team, they might not feel as obliged to answer 
in an honest way. In order to deal with this, we introduced a mechanism to dismiss 
the surveys, by showing a Close button after a few seconds of showing the users. 
As presented in the results, a percentage of the surveys were submitted, which we 
believe helped increase the quality of the answers, as well as reduce the noise.  
 
Finally, we also did not build any mechanism to directly contact or interview our 
users, for issues like inquiring users to validate assumptions, or to ask for concrete 
feedback. At first we truly missed this feature, as it would have substantially 
increased our research capabilities, and improved the quality of our results, and 
provided additional insights [20,43,78]. However, due to the large number of 
participants, it would have been difficult to make a selection, let alone contact them 
individually. 

6.7.4  Keeping the application up to date 

It is important to be aware that it will be necessary to update the application 
regularly. Mobile and tablet operating system have at least one major update each 
year. The application code will need to be adapted to this, and an update will need 
to be published, which also takes time, and may cause the experiment to be put to 
a pause. It is important to keep this in consideration during the development 
phase, but more importantly, to time the experiment so that one of such major 
updates will not occur in the middle of the experiment. Researchers may anticipate 
this by adapting the code to the new version before it is released, which is possible 
due to the fact that the companies that own the mobile platforms always release 
beta versions of the upcoming operating systems so that developers can adapt 
before the actual release.  
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Chapter 7.  Conclusions 
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7.1 Abstract 

In this chapter we present a summary of the research that we conducted including 
the work done and its contributions, closing remarks, and future directions.  

7.2 Introduction 

With the rise of the microprocessor and computer networks, product design has 
become increasingly complex, and the amount of cost and effort required to 
research and develop new ideas has grown substantially. In addition, companies 
often find that after having spent large amount of resources on developing a 
product, it does not always meet the expectations of the users or the market. It is 
generally accepted that designers may address this challenge by trying to 
iteratively evaluate as many of their ideas and as early as possible in the process. 
This would allow them to generate, experiment with, reject or accept a more 
diverse set of options within the total space of solutions for a given design 
challenge.  
 
In recent years, improved design thinking supported by User-Centered-Design 
methods and rapid prototyping tools have substantially improved the designer’s 
ability to cope with such situations. While User-Centered-Design helps designers 
to gain empathy and insights into the mind of the users, rapid prototyping tools 
help them to test the design hypothesis earlier in the process.  
 
While designers are very skilled at ideating novel concepts, they often struggle to 
find ways to communicate them effectively. One of the reasons for this is that they 
lack the right tools and means to do so. This is particularly true in the early stages 
of the design process, when the amount of effort to externalize the idea must be 
minimal. For instance, when designing the cabin of a car, a dashboard designer 
would ideally like to have fully working physical models of all of the alternative 
cabin ideas. Ideally, those models should be updated on a daily basis as the 
design evolves. This idealistic situation is not currently feasible, therefore 
designers must find ways to build only the essential elements needed to convey 
the information of the design. From the point of view of research and development 
of tools to support the process of externalization of ideas, the challenge lies in 
finding out ways to articulate the vision and thoughts of the designer into an 
artefact that embodies all the relevant aspects to properly assess the intended 
experience. One of the starting points and assumptions of this challenge is that it is 
not always sufficient to use a paper sketch of the idea, especially when the 
concept is highly interactive or dynamic, since, as discussed in the previous 
chapters, paper sketches have difficulties in conveying time dependent 
phenomena as well as the dynamics of a system. 
 
Animations clearly portray additional information when compared to static 
illustrations; hence they offer the potential to support designers in communicating 
some of their design ideas. The research presented in this thesis articulates the 
aforementioned problem, and investigates the use of a tool to sketch in order to 
address it. The research then looks beyond the use of animations in design, to 
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investigate on the possibilities of creating animated sketches in other contexts or 
user groups.  

7.3 Work Summary 

In this thesis we investigated the design and development of tools for creating and 
communicating ideas. The contributions of this thesis belong to the domain of 
Human-Computer-Interaction and Creativity Support tools.  This research began 
with a very simple question: Can we contribute to the current state of (sketch-
related) creativity support tools?  
 
The research kicked off with a two-month visitation to four industrial partners, half a 
month per company, where design practitioners were engaged in helping us to 
gain understanding on the issues that they experience in their daily practice. The 
company visits were followed with a context mapping study. The findings from 
these studies included a review of the User-Centered-Design process of four 
multinational companies. This review included a description of the process stages, 
and for each the people involved, tools, end user involvement and outcome. The 
findings revealed a series of needs, challenges and opportunities which were 
analysed and discussed with the companies. Based on these insight as well as the 
outcome of a co-design session with the companies, we were able to formulate a 
series of concepts for tools to support the activities of the early stages of their 
design process. Each of the concepts was focused on one or more of the 
overarching themes of opportunities found in the studies, including collaboration, 
supporting ideation, and/or communication. Eventually one of the concepts was 
selected, which led to the design of idAnimate, a tool to create animations in a 
sketch-like way. Soon afterwards we conducted a series of iterations to improve 
the tool and its intuitive animation authoring technique, which led to a final 
prototype, and ultimately to a published product.  
 
The tool was used to conduct research in three studies, understanding its potential 
improvements and limitations in a variety of aspects. In the first study, we 
compared idAnimate with a state of the art animation sketching tool called K-
Sketch. This allowed us to learn about the pros and cons of the animation 
technique developed, and how this can make a difference to its users regarding 
speed of creation, quality of the outcome, easiness of use, and so on. In the 
second study, we learned, with the help of industry designers, how idAnimate may 
be used to support designers ideating and communicating design ideas in the 
context of a collaborative concept generation workshop. In the last study, we 
released idAnimate to the general public and learned about the context of use of 
rapid animation sketching tools, deepening our understanding of the communities 
of practice that can benefit from such tools and why. 
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7.4 Contributions / Research conclusions 

7.4.1  Opportunities for tools to support the early stages of the 

design process. 

In chapter 2, Contextual Analysis and Claim Generation, we presented two studies, 
(a) the visits to four industrial companies’ partners of the project, and (b) a context-
mapping study to further understand the dreams, needs and aspirations regarding 
design tools of the practitioners. The results of these studies provided design 
relevant knowledge and a collection of challenges and opportunities from 
practitioners. These opportunities were used to inform and inspire the design of 
tools to be developed within this research.  
 
We learned that the innovation process of our partners is very complex, involving 
multidisciplinary collaboration of practitioners with different backgrounds, often 
including: marketers, designers, engineers, researchers, external providers, or 
managers, amongst others. Furthermore, while there is a division of phases and 
structured processes, the wicked nature of the innovation activities at hand lead to 
substantial deviations and improvisations. Thus, the processes tend to be regarded 
more as a set of guidelines where the tasks, iterations, and people involved are 
continuously changing and adapting to the circumstances at hand. Despite the 
complexity of the environment and the vast differences between the companies 
and practitioners, we were able to distil a series of cross-company, high level 
opportunities for improvement. The opportunities were grouped into overarching 
themes; from which we were able to derive more specific requirements. The 
themes are summarized below. 
 
Challenges in Sharing and Collaboration were found to pose frequent issues and 
nuances across all companies. This was due to the challenges of having teams 
working remotely, by not having common digital materials, or simply because the 
lack of simple ways to share and discuss their creations in order to collect 
feedback. We discovered that there are a wide range of opportunities to improve 
communication, whether co-located, remotely, synchronous or asynchronously 
within the existing process of the companies. We also found that sharing and 
collaboration are key aspects of the early stages of the design process. In this 
phase, when designers are generating as many concepts as possible, it is 
essential to discuss and provide critical feedback within the team and other 
stakeholders. Designers indicated that their tools and processes could improve in 
multiple ways. For instance, there is the fact that the teams are not always located 
in the same physical space, and it is not easy or seamless to collaborate remotely. 
When looking at how two people collaborate sitting next to each other in 
comparison to how otherwise they would over Skype or Webex, we can easily 
identify essential differences. Practitioners are generally not able to easily share 
what is on their screen, or to be able to interact with the design material 
simultaneously, as they would with pen and paper. 
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It is important to point out that these interviews took place between the end of 2009 
and the beginning of 2010. Since then we have seen a huge increase in the 
commercial display of sharing and collaboration applications. A substantial part of 
these developments have been heavily fuelled by the innovations in Cloud 
Computing [5,6], which has helped to de-couple the physicality of data and the 
access to it, significantly increasing its accessibility. Whether is it using a corporate 
cloud or an external service such as Dropbox, Microsoft Lync, Google Docs or 
private Wikis, the recent developments in the fields of remote collaboration and 
files and information sharing have been fascinating. However, due to the strict 
security and confidentiality needs of such organizations, not all of them are willing 
to quickly adapt to embrace the benefits that new technologies and platforms bring. 
Another relevant development is that 2016 is the year when the Virtual Reality 
industry is taking off. Recent technological developments in Virtual Reality with 
devices such as the Oculus Rift [149], HTC-Vive [150] or the Microsoft Hololens 
[151] may change how we work remotely. We believe that such improvements will 
enable real interactive tele-presence, which in coordination with Cloud technology 
will push the current limitations that companies experience in the collaboration and 
sharing domain to levels hard to imagine. 
 
Ease of learning. Every day a new design tool or method lands in the 
marketplace. Even though many of them could help designers improve how they 
carry out their tasks, the amount of learning time required to become productive 
with them is generally high. Most professional designers are very busy people, and 
they have a tendency to be involved in multiple time-consuming projects, which 
leaves them very little time for any additional learning or experimentation with the 
continuous flow of new developments. Therefore, and despite the potential 
benefits, it turns out that companies follow a rather conservative approach with 
regards to introducing new tools and methods. To do so, a tool must not only prove 
its added value, but it is also of mandatory importance to be very easy to get 
started with it, being simple, accessible, and to provide comprehensive learning 
material along with it to guide the user through its learning curve. 
 
Programming, Interaction and Hardware-Software connectivity is one of the 
most challenging topics for designers. Designers are not trained in the fashion of 
mechanical engineers or computer scientists, and they do not have the skills to 
write software programs to build complex prototypes, even though they would 
really benefit from it. When ideating, designers can create sketches, paper 
prototypes, or Powerpoint presentations [152] for instance, which have obvious 
limitations. Alternatively, designers can build a flash animation or video prototypes, 
but doing so consumes a substantial amount of time which contradicts the needs 
of the sketch-like phases of the early design process. In recent years a broad 
collection of wireframing and rapid prototyping tools have reached the market, 
such as Balsamiq [153], Axure [154], Visio [155], Adobe Fireworks, etc. These 
tools tend to work for one specific type of product (i.e., websites and/or GUIs), and 
furthermore, they offer recipes for known components and interaction techniques, 
so the more novel and different the concept is, the less likely that such tools will be 
able to support them. Furthermore, designing products that go beyond the screen 
and that offer interactions with the physical world is burdensome, and requires 
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another pile of advance skills. In the coming age of the internet of things (IoT), this 
is becoming more and more relevant. To address this challenge, standardized 
circuit boards components such as Arduino [156] and its shields, the Raspberry Pi 
[138], or Lego Mindstorms [157] are fulfilling the promise of supporting designers 
(and even children) better and better in this endeavour, partly thanks to being 
supported by an active community. While this is definitely improving the situation, a 
plenty of room for improvement not only for rapidly building prototypes of physical 
gadgets, but also for the capacity to connect them in a meaningful way with other 
components of the system, such as a smartphone or a website.  
 
Remembering the History of a design and Tracking its Changes throughout 
the process was also found to be one of the common themes that practitioners 
experienced across all of the companies. Large multinational companies work on 
many products at the same time and in multiple departments. The design rationale 
behind certain decisions is not always made explicit, nor kept in a resource which 
can be consulted later on when old decisions need to be revisited. This falls into 
mistakes that happen recurrently even within the same organization, despite the 
fact that a particular solution to a problem may already have been discovered at 
some point. This can also be true within the same project. Projects may last from a 
few months to years, and it is not strange to discover that decisions made within a 
given project may be challenged at a later stage. The people involved in the 
original decisions may not always remember the rationale behind it, or have no 
way of finding out. Designers expressed their wishes on having better ways to 
learn from previous mistakes or to correct decisions, to be able to consult the 
design rationale, and to be able to see how an entire product evolved from its roots 
in the early stages all the way to the end of its life.  
 
Finally, we have the theme of the Transition between Low and High Fidelity. In 
the early stages of the design process designers use low fidelity artefacts such as 
paper sketches, wireframes, or low-fi prototypes for ideation and communication 
purposes. These are used due to the simplicity and speed of creation next to its 
expressive capabilities.  As the process continues, such artefacts are used for 
guiding the creation of high fidelity artefacts, which can include high fidelity 
prototypes or even final products. We found that there is a broken link between the 
worlds. Low fidelity artefacts are used to feed the specification documents or used 
visually to engineer the high-fidelity artefacts. Hence, at a certain point, low fidelity 
artefacts freeze in the project, and from that point on all of the iterations take place 
using the high-fidelity artefacts instead. However, new issues are discovered in the 
project later on, and things need to be adjusted or re-designed. Going back to the 
drawing board is very difficult at such late stages of the design process, and 
furthermore, the low fidelity artefacts are certainly outdated at that stage. The ideal 
situation would be one where there is a seamless transition between low fidelity 
and high fidelity. Changes in the high-fidelity artefact would be linked to the low 
fidelity one, keeping both updated continuously. This would make it simple, at any 
stage of the process, to revisit the low fidelity artefact, making changes to it, which 
would automatically be reflected on the high fidelity one.  



 151 

7.4.2  idAnimate: A tool for sketching animations and 

storyboards 

idAnimate was to designed support Creativity, Collaboration and Communication. 
The design of the tool was informed with the challenges and opportunities found in 
the previous studies, and was inspired by the themes of Easy of Learning, 
describing Interaction, and Sharing and Collaboration. The goal of the tool was to 
allow its users to quickly articulate their ideas using animations. The design of the 
tool as well as the tool itself represents a substantial part of the research 
contributions of this thesis, being this a Research through Design thesis. The tool 
embeds the research hypothesis and enables us to conduct experiments and case 
studies, in order to contribute to the domain of knowledge with the results and 
lessons learned. Ultimately, it attempts to transform the current world to a preferred 
state. 
 

 
Figure 53 - idAnimate animating a Gas Station scenario 

7.4.2.1 Tool goal and general description 

idAnimate (shown in Figure 53) is a tool for the rapid creation and manipulation of 
animations. idAnimate addresses themes of requirements related to supporting 
Creativity and Communication, by means of allowing its users to create Low 
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Fidelity animated artefacts that may describe Dynamic or Interactive Concepts. For 
this purpose, it was also essential to pay special attention to its Easiness of Use. In 
the widest sense, idAnimate is an animation authoring tool designed to support 
creativity, discovery and innovation, in order to support its users in articulating and 
externalizing the ideas in their heads, including but not limited to, the interaction 
between a user and a product, the behaviour of a service, or the content of a story. 
Figure 54 shows how idAnimate can be used to complement existing design tools 
in the early stages of the design process. The effort required to build design 
artefacts grows as the complexity of the artefacts and the tools used to create 
them increase in successive phases of the design process. idAnimate addressed 
the design activities between sketching on paper and building wireframes and 
mock-ups, where the designer can describe with very little effort and time the 
concept, its behaviour and its dynamics, by means of animated sketches. Enabling 
such an activity can help designers to carry out more micro-iterations before 
committing to prototyping particular solution. 
  

 
Figure 54 - idAnimate in relation to existing design tools 

 
idAnimate stands upon the current the state of the art in rapid animation tools, with 
the addition of embracing the benefits of new multi-touch based tablet devices 
(iPads). The novelty of idAnimate lies in the simplicity of its animation technique, 
and how it can enable new unexperienced users, even children, to rapidly and 
intuitively create animations or storyboards. Since the aim was to create a tool that 
can support creativity, discovery and innovation, we drew inspiration from the 
design guidelines proposed by Shneiderman  and Resnicks [79]  (Low Threshold, 
Speed, Support exploration, Flexibility and Wide Walls, and Simplicity).  
 
In order to achieve this, idAnimate introduces a novel animation technique which 
extends the mouse based motion-by-example animation technique, to a more 
general transformation-by-example for multi-touch devices. In a nutshell, with 
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transformation-by-example on a multi-touch display, the user can intuitively 
manipulate objects with the fingers, while the system records the trajectories and 
transformations, and uses them to track key frames and build animations. The 
objects are animated pictures that users can either draw or import from various 
sources. 

7.4.2.2 Comparing idAnimate with the state-of-the-art animation 

tools 

idAnimate was compared in a laboratory study with K-Sketch, a state-of-the-art tool 
for rapid animation authoring (see chapter 5 for additional details). The study [95] 
concluded that the transformation by example animation technique of idAnimate is 
significantly faster for creating animations where multiple transformations are 
applied to objects, while having slightly lower precision in some cases. The study 
concluded that idAnimate is perceived as significantly more intuitive, playful and 
easier to learn. The study also revealed that each animation technique is likely to 
be better suited for different scenarios. idAnimate appears to be best when 
animations must be created and discarded quickly and the details are not 
important, and idAnimate also showed that it could be suited for situations where 
multiple people could work simultaneously on the same animation.  

7.4.2.3 Facilitating concept exploration and communication using 

animations as design material 

In order to further investigate our claim that tools to rapidly create and manipulate 
animations can influence the design process in a positive way, we conducted a 
case study within a workshop of a multidisciplinary group of designers. In addition, 
this study also allowed to reflect on how idAnimate had addressed those 
opportunities that it was designed to support. From the set of opportunities 
revealed during the first studies with designers, idAnimate was meant to address 
the ones of Ease of Learning, Describing Interaction, and Sharing and 
Collaboration. 
 
The group of designers formed the in-house design team of a multi-national 
company selected from the industrial partners.  The workshop was part of their 
regular workflow, since they conduct a similar workshop every 6 to 8 weeks where 
for two hours each group generates ideas for a given topic, after which such ideas 
are presented and discussed in groups. 
 
The study was guided by the need to uplift our understanding of how animations 
can be used and what their effect would be when collaborating in generative 
workshops. During the workshop, we observed how a large group of designers 
was able to learn to use the tool within minutes. We learned how users had a 
reflective conversation enabling exploratory search and refinement of the idea 
through the act of animating, not only on their own but also in small groups. Even 
in the context of a group it was able to cater the group’s creativity and expand their 
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capabilities of expression and communication. This was positively influenced by 
the stimulating feeling of playfully animating an image by touching it and moving it 
with the fingers. The results also suggest that using animations brings new light to 
the group dynamics and the general mood by portraying ideas in a livelier way. 
Additionally, we observed how each group used the tool in a slightly different 
fashion, letting it complement or enhance their preferred way of working, as 
opposed to being forced into a particular process. Overall, the results showed that 
animations can be used productively for real-time exploration, communication and 
discussion of a wide variety of ideas and that they may be especially beneficial 
when the concepts under discussion are highly dynamic.  
 

7.4.2.4 Gaining additional understanding of using animations in a 

broader context 

The two studies revealed some of the benefits and drawbacks of idAnimate. The 
lessons learned and feedback received also helped us to refine the animation 
technique, the interface of the application, and to add important features like 
providing additional ways to bring existing images into an animation. At this point 
the tool was mature enough to be used in a longitudinal study with the purpose of 
learning how animation sketching tools can be utilized not only by designers, but 
also by people of different ages and backgrounds. The study had two main 
purposes: exploration and validation. We wanted to discover new scenarios where 
animation sketching could be of use in a broader and non-controlled environment, 
while validating some of the findings from the previous experiments.  
 
The study was conducted in the wild, allowing anyone to download idAnimate via 
the Apple App Store for free in exchange of providing feedback. The tool was 
downloaded by more than 4600 people with a user retention of nearly 15%. We 
identified five communities of practice with an interest in the application: Students, 
Teachers, Engineers, Artists and Designers. Most participants did not have 
experience in animating, although we did find that designers claimed to be 
significantly more experienced animators than the rest of the groups.  
 
Designers were found to use the tool significantly more for creative exploration, 
even though this was also the most frequent type of use amongst all groups, 
except engineers, for whom it was communication. This provides additional 
evidence for the hypothesis that with a simple enough sketching-like animation 
technique, it is possible to support creative processes using animations as the 
design material, confirming the findings of the collaborative workshop study. This 
was supported by the discovery that the average amount of time that users had 
spent on each animation was between 4.8 and 6.02 minutes, with an average of 
5.1 minutes. This matched out our expectations about the time that a user should 
spend on creating an animated-sketch, while  still being able to consider it as a 
sketch [24].  
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Within the context of education, the results hint at teachers having a higher 
tendency to use the application for making changes in the creations of others that 
the other groups. Furthermore, Teachers, together with Designers and Engineers 
were found to be significantly more prone to use the app in groups that individually. 
It is plausible that teachers were having students do assignments by creating 
animations. In addition, due to the fact that over 64% of the people in the study 
turned out to be under 18 years of age, we believe that conducting further studies 
to understand how animation sketching tools could provide benefits in the context 
of education would be worth the effort.  
 
We also found a key difference between designers and engineers. While both were 
within the group that was more likely to use the application in groups, we found 
that engineers have a higher tendency to use it for communication, as opposed to 
designers, who have a higher tendency to use it for creative exploration. This 
shows how in one case animations can be used to foster group creativity, while in 
the other case, animations can be created on the stop and just in time to 
communicate an existing idea. Understanding the requirements of both scenarios 
is important in order to be able to design better animation sketching tools in the 
future. 
 
Ultimately, and more generally, the longitudinal study confirms the interest of the 
general public in animation sketching tools. If we can make it dramatically easier 
and faster for people to create animations, we believe that it could have a profound 
impact in many situations, some of which came to light in the study.  

7.5 Reflections on idAnimate  

7.5.1  Expressive capabilities of idAnimate 

Over the course of this research we have had the opportunity to see a large variety 
of user creations made with idAnimate. idAnimate was conceived with the goal of 
allowing non experienced animators to create expressive animations in a very 
limited amount of time. While the results of our studies show that this primary goal 
was certainly achieved, we also learned that idAnimate may suite some scenarios 
better than others.   
 
idAnimate was intentionally designed to create low fidelity sketchy looking 
animations. This low fidelity corresponded to the look and feel of what was drawn 
with the built-in sketch-pad, as well as to the motions of the animations. The 
default sketch-pad stencil was a thick blue pen, which results in drawings that look 
like if they were made with an edding marker or a crayon. In addition, the motion in 
the animations are created using the natural movement of the hands and fingers, 
which causes a certain degree of error and randomness. Such randomness results 
naturally from the lack of perfection in the movement of a person’s hand. The 
combination of the blue crayon looking sketches and the very unprecise motions 
results in childish looking animations. In fact, animations created with idAnimate 
almost always look as if they had been created by a 10 year old kid. To understand 
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this look and feel let’s compare a conventional sketch made by a child with one 
made by a designer. Both drawings have a rough aspect and lack details. Both will 
have unfinished and irregular lines, that end in non-matching joints. However, the 
sketch of the designer will generally use only the grey colour for shapes and 
shades, and will be made of many thin lines. On the other hand, the shapes in the 
sketch made by a child will generally be made out of a few thick lines, and the 
shades will be very colourful.  
 
We realise that this has interesting consequences. First of all, it attracts children 
amongst anyone else. We argued in Chapter 6 that the larger user group of our 
longitudinal study were children, and that we believed that one of the reasons for 
this this was due to how the tool was presented and advertised in the App Store. 
When looking at the research artefacts we saw a similar trend. Indeed, idAnimate 
has shown to be a good tool for children to create animations, comics and 
storyboards. We believe that this is because of the following reasons. The first 
being the way the user interface is organized, and how it draws the user to create 
an empty storyboard to reveal 5 canvases to caption and animate. Also, the 
combination of the crayon-ish sketchpad, the built-in camera snapshots, and the 
bundled library of objects allowed children to easily and very rapidly make actors, 
pops and places, with a sufficient level of detail for their needs. If on top of that we 
add to the possibility of adding basic motions and visual appearance changes, we 
find a formula that has proven to be very appealing for children to express their 
thoughts.  
  
On the other hand, we realised that in professional contexts the sketch effect was 
probably too strong, even for our industrial partners. We realise now that this one 
of the reasons why idAnimate was more likely perceived as a kind of toy tool by 
professionals. For example, in the context of mechanical design and engineering 
where precision is a key attribute, it is not hard to imagine an engineer being 
reluctant in sharing their ideas in the form of a childish looking, and very unprecise 
animation. Because of this, we now understand that for idAnimate to better fit the 
professional context, it would need to implement a sketch-pad that produces more 
designer looking sketches (thinner lines, shades, etc.), and provide mechanisms to 
polish the handmade animations making them look more precise and with reduced 
randomness.   
 
We also learned that despite the look and field, idAnimate has proven to be a great 
tool for sketching the behaviour of highly dynamic concepts. The choice of limiting 
the animation tool Translating, Rotating and Scaling objects, with the addition of 
changing visual appearance, has proven to be sufficient to provide extensive 
expression capabilities.  We witnessed how people were able to articulate game 
concepts, user interfaces, and scenarios and storyboards amongst other things. 
Thus, we believe that it is not necessary to add additional features like morphing or 
sub-animating. Doing so would not necessarily increase the expressive capabilities 
of the tool, but could instead compromise simplicity of the user interface, and the 
balance between easiness of use and features available.  
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7.5.2  idAnimate in the landscape of Animation Sketching and 

Creativity Support tools. 

idAnimate stands in a bit of a strange place with regards to other animation tools, 
as well as other sketching and creativity support tools. Hence its unique character. 
This is due to the fact that there are not many sketching tools to foster creativity 
using animated sketches as the design material. 
 
Generally speaking, any tool that adheres to the guidelines for tools to support 
innovation from Resnick and Shneiderman [107] can be considered as a creativity 
support tool. In fact, any tool that allows the user to experiment with the rules of a 
given domain and make a changes and improvements to it should be considered 
as a tool that supports creativity. Because of this, the space of creativity support 
tools is virtually infinite. Therefore it makes more sense to discuss idAnimate in 
relation to the tools that focus on sketching, that is, in tools to quickly build low 
fidelity artefacts of any kind.  
 
When looking at the segment of tools to support creativity by means of sketching, 
we see a thriving landscape in multiple domains. In fact, there is a current trend in 
creating tools that allow users to move between low and high fidelity seamlessly. 
This allows the user to work in a sketch-like way with low fidelity artefacts during 
the exploration and experimentation phases. The user can then take the artefact to 
a high fidelity environment and work on the details, all the way up to making the 
artefact production ready. Examples of this are SketchUp [139] and Thinkerpad 
[140]. Both allow users to start with a very simple 3D model editor, moving all the 
way up to adding detail and even printing it in a 3D printer. More and more tools in 
the domain of user interface design are also following this approach. Axure [154] 
for example allows its users to go from sketching wireframes to creating the 
animations and specifications of a design. Even hardware sketching and 
prototyping platforms like the Raspberry Pi [138] and Arduino[156] allow its users 
to rapidly build sketches of gadgets and move from there to prototypes or 
production.  
 
Unlike the aforementioned tools, idAnimate is domain agnostic, and aims at 
supporting creativity of any given domain by means of allowing its users to 
articulate early design ideas using animations as the design medium. This has the 
obvious limitation that it is not capable of moving from a low to a high fidelity 
environment in any specific domain. It would be interesting however to be able to 
move the creations of idAnimate to other high fidelity animations tools. In any case, 
because idAnimate is an animation creation tool, it makes more sense to discuss 
where it stands in comparison to other animation creation tools.  
 
 Since the development of idAnimate started multitude of additional two 
dimensions general purpose animation tools have appeared. Examples of these 
are AnimateMate [141] and Pencil [142]. However these animation tools defer from 
idAnimate in purpose and goal. They are desktop tools designed to generate 
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precise and high fidelity animations, hence they are really Flash or Adobe Animate 
[143] competitors. They can create very highly detailed 2D animations, and export 
them in production ready formats to be used in websites or videos, but they do not 
focus on sketching. Similarly we have found a really large amount of new flipbook 
based animation tools, but these bring no innovation in terms of the technique 
animations. As we discussed in Chapter 4, the flipbook animation technique is 
capable of creating animations of virtually anything, but at the cost of the animator 
having to draw each of the frames. This process takes too long to really compete 
or be compared with tools to rapidly sketch animations. Therefore, to our 
knowledge the space of tools to swiftly sketch animations remains as it was in the 
beginning of the creation of idAnimate. That means that there are essentially only 
two tools: K-Sketch[144] and idAnimate. Interestingly enough both tools came out 
of academic research and are non-profit. 
 
Within our studies we learned that idAnimate was particularly good in supporting 
children in storytelling. Interestingly enough we have seen quite a bit of 
development in this field. The most substantial is toon Toontastic [99], animation 
tool with a focus on children storytelling. This tool has grown to the point that 
Launchpadtoys [145], the company behind it, was acquired by Google. Toontastic 
was then revamped and was re-launched with major improvements and with an 
even larger collection of actors, settings and props. As a result Toontastic has 
become widely used by children all over the planet and has built a large community 
of children and educators using it.  
 

7.6 Lessons learned and recommendations from 
conducting in-the-wild longitudinal studies using the 
App Stores as a delivery platform 

Conducting an in-the-wild longitudinal study offers a lot of opportunities, but also 
faces many challenges. We learned right away that if the application is moderately 
successful, the collected data grows swiftly. Hence, we strongly recommend to 
have clearly specified the research goals, and define a clear procedure to find 
using the right data collection mechanism. Employing a system like Tempest 
where the questions can be easily tweaked and adapted is heavily recommended. 
Otherwise, you can end up in a situation where you have loads of data, only to 
realize months later during the analysis phase that some essential information is 
missing. However, if the study has an exploratory nature, and it is not possible to 
define exactly what is required before analysing the data, then the best approach is 
to collect as much as possible. It is important to notice that post-experiment 
discussions are not as easy to arrange, despite the fact that they often provide the 
most useful information in laboratory controlled studies like usability studies. That 
means that the researcher will not have a chance to go over any inconsistencies 
found in the results with the subjects of the study, or to argue about qualitative 
matters.  When dealing with qualitative data, we learned that it is difficult to obtain 
high quality data with simple questionnaires. This may change depending on the 
specifics of the target group of the study, but even then, so much of this data is 
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produced that, unlike quantitative data which can be processed with statistical 
methods, it rapidly becomes unmanageable. Hence, in general terms, we suggest 
to focus on quantitative studies as opposed to qualitative ones. Should the 
research really require qualitative data, then we suggest to find a way to contact 
directly a subset of selected users, and reward them for doing a focused interview 
or questionnaire.  
 
We must understand that even if our application is actually a research probe, it still 
has to compete in the marketplace with a whole bunch of existing applications. 
Notice that many applications never get downloaded due to the low visibility, and 
overlap in functionality with other apps. If the application does not look great at first 
glance, very likely it will not look appealing for the target audience and may never 
be used in the first place. Hence it is very important to pay special attention to the 
look and feel, how it is presented, and how it appeals to your target audience. 
Even though it was not a problem, in our case we attracted a larger number of 
children than initially intended, due to the fact that the application was about 
drawing and animating, and because it looked very sketchy and childish. 
Researchers tend to think of design as an afterthought, and that can have a very 
negative impact in the marketing needed to attract the population you are trying to 
do research with. 
The language, translations and localization must also be considered. While it is 
possible to specify in what countries to release the application in the App Stores, 
most of the researchers will want to target as many users as possible, so they will 
release the application worldwide. If this is the case, it is important to have 
available translations for most common languages. On the other hand, most of the 
researchers will not be ready to process qualitative questionnaires in Arabic, 
Chinese, Italian, Spanish or German. Therefore, in order to avoid excessive noise 
in the data, it could be worthwhile to consider allowing users that speak languages 
that differ from the language of the researchers, to continue using the application, 
but not to be triggered to introduce language sensible data. 
Last but not least, it is important to be aware that it will be necessary to update the 
application regularly. Generally speaking, there is at least one major release of 
mobile and tablet operating systems per year, to which the applications need to be 
adapted. So it is important to time the release of the application so that a major 
update does not land in the middle of the experiment, putting this to a stop, or 
requiring the researchers to spend effort on patching, and waiting for the update to 
the published. 

7.7 Design recommendations for creating animation 
sketching tools 

Over the course of this research we have learned that animation sketching tools 
can provide benefits in an array of contexts and scenarios. Here we present a 
collection of recommendations resulting of the lessons learned and experienced 
collected throughout this research. 
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 The designer must start by understanding the users and the context of 
use. There are numerous ways to create animated sketches, but some 
ways will better fit in a specific scenario. Is the application aimed at 
children? Is it for designers collaborating in a workshop?  Is the application 
designed for automotive engineers? Gain empathy on the users, learn 
what has most value for them and put most effort into the features that 
support this. 

 The tool must favour speed over quality. Animation sketching tools are all 
about creating animations quickly. Hence, when choosing a technique for 
creating the animations, favour speed over quality. For this purpose, 
always keep in mind that there already exist many high-fidelity animation 
and simulation tools which you do not want to compete with. 

 The tool must ensure that the animation technique is simple to understand 
and fast to execute. As an example, writing a mathematical formula that 
describes movement can be done very quickly, but it is very hard to 
execute when compared to a technique with direct manipulation such as 
transformation-by-example.  

 The tool must provide the minimum number of tools that that can generate 
the largest amount of possible animations (wide walls, high ceiling). 
Therefore, it is essential to find the right balance between minimizing 
features and maximizing creative expression. 

 Encourage sketchy looking outcomes, but adapt it to the target population. 
A sketch is a sketch, and needs to look like a sketch, otherwise it will be 
confused with something with higher fidelity. Encourage this by making the 
tools purposely create sketchy looking graphics without intentionally 
reducing the quality of the outcome. However take special attention to 
matching the level of sketchiness with the target users of the application. 
For instance, if the outcome looks so sketchy that it looks childish, it will be 
less likely to be adopted by professionals. 

 The tool must do its best effort to fit into existing workflows. For this 
purpose the tool must include many ways to Import images and media into 
the application, as well as many was as possible to Export the animations. 
This will in turn make it easy and accessible for people to utilize it. 

 Provide examples and templates relevant to the target group. Is this 
animation sketching tool ideal for describing automotive processes? Show 
it to the users, and in many ways. Prepare templates that show how to 
sketch the behaviour of a transmission, the reach of an airbag, or the 
interface of the distance sensor. 
 

7.8 Concluding remarks and future directions 

This thesis presented the research conducted in the field of creativity support tools 
and human computer interaction. Following a research-through-design approach, 
the journey began by talking to our users, and trying to understand their problems 
and aspirations. This is how we learned about the challenges that designers 
experience in their daily work, and what their dreams and aspirations were. After a 
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series of design iterations, a concept for a design tool was defined, an application 
for sketching animations on tablet devices. This application was made possible by 
solving complex technical challenges, while embracing the benefits of recent 
technological developments, i.e., multi-touch devices. The tool, idAnimate, allowed 
us to learn about trade-offs between novel animation techniques, and to broaden 
our understanding of how we could enhance collaborative ideation processes by 
means of animation sketching.  We then took the idea and opened it for the rest of 
the people, exploring how other audience could use it, and learning from them, 
setting new directions and goals all together. 
Through this journey we have seen how animation sketching tools can enable 
children to tell stories, support designers brainstorming ideas for games, or seen 
participants create animations in a matter of seconds. We have discovered 
requirements and recommendations for creating animation sketching tools, and 
generalized guidelines and suggestions for future developments. We have 
experienced the process of conducting research in the wild on large distribution 
platforms, and have discussed and exchanged the lessons and limitations learned. 
 
We propose some future directions that seem worthwhile to explore in order to 
continue this line of research. Regarding idAnimate, its design needs to be 
revisited in order to identify further simplifications and refinements. The user 
interface is still far from being self-explanatory, and can be difficult to get started 
with. Some basic features are still missing like support for audio, i.e., adding 
recordings while animating or importing sounds from various sources into the 
sketch.  
 
Inspired by the data collected and the results in the studies, we believe that 
researching in the direction of using animations with children could produce 
promising results. One line of research would be to look into using animations to 
support children in storytelling. The other is to dive deeper into the use of rapid 
animation-authoring tools in education. Starting by finding out which phases of the 
learning process can possibly be re-enforced by learning and creating topics with 
animations, and finding out which set of features animation sketching tools need to 
provide in order to support this. 
 
Similarly, our evidence shows that it would be valuable to continue a line of 
research focused on the impact of animation sketching tools in the workplace, 
particularly in the domains of Design and Engineering. By diving deeper with 
longitudinal studies embedded in the design processes of companies, we may find 
further evidence to back the claim that the quality of the outcome can be 
increased, as well as the time to market be reduced by improving the tools used in 
the early stages of the design process. In particular those tools need to support 
creativity and need to allow designers to engage end users earlier in the process. 
Since we have learned that the context of engineering differs that from the context 
of design, it would be valuable to explore the differences between the two, 
understanding what tools and features can both contexts benefit from in order to 
better support each of the practices.  
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Samples of the research artefacts collected during idAnimate’s longitudinal 
study. 
 
Below we present a set of artefacts collected during the longitudinal study. Each 
page shows one or more storyboards, as well as a number of stills from animated 
sketches. All images are independent from each other, and each one represents a 
unique project. 
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