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Abstract 

Design reuse is an approach in which the creation of new designs is based on the 

identification of previously employed solutions and the incorporation of those into new contexts.  

This notion has been extensively studied especially by software engineers.  This research seeks to 

support the reuse of design knowledge in the Human-Computer Interaction (HCI) community in 

creating new designs as it is generally argued that reuse has the potential to reduce development 

time and costs.  Efforts to reuse design elements in HCI, often in the form of design patterns, are 

slowly emerging. 

This work seeks to facilitate the reuse of design knowledge in the form of claims.  To achieve 

this goal, the notion of claim relationships—descriptions of connections between claims that 

emerge in design—is introduced as a mechanism to facilitate reuse.  Claims relationships can be 

used to connect a collection of reusable claims so that they can be searched, understood, tailored, 

and integrated into new designs.  A method for how to use the relationships is presented to aid in 

the creation of scenarios.  Through a series of studies starting from the use of relationships to 

locate and reuse claims to the use of cards sets incorporating images and rationale for 

storyboards, the potential for relationships is demonstrated.   

These works inform the design and evaluation of a storyboarding tool called PIC-UP.  PIC-

UP is introduced as an example of how relationships can be utilized in the creation of storyboards 

made of reusable artifacts in the form of claims.  Studies of PIC-UP position the tool as one that 

enables the reuse through the use of a storyboarding guide and social navigation by collecting and 

sharing claims.  It shows potential in aiding novice and non-designers and can serve as a 

communication tool. 
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1 Introduction 

1.1 Research Statement 

Good practitioners of human-computer interaction (HCI) generally produce creative and 

innovative designs, but design approaches that combine and build upon established techniques 

and methods are often ignored.  This research approach seeks ways to capture the collective 

design knowledge of the HCI community and appropriately deliver pieces of this knowledge to 

designers—providing an opportunity to also teach the rationale behind the use of artifacts.  By 

encapsulating knowledge into reusable components, it is argued that it is potentially easier for 

designers to take advantage of these components instead of spending time and effort identifying 

new design knowledge.  Although this shows promise, we must strive to understand how to 

facilitate design knowledge reuse as well as the contribution of new reusable knowledge. 

Research into the notion of reuse and reusable components has a long history (Alexander, 

Isikawa, & Silverstein, 1979) within the software engineering domain  (Dusink & van Katwijk, 

1995) leading to early models and applications of reuse  (Biggerstaff & Perlis, 1989).  

Unfortunately, even after years of research achieving agreement on the basic unit of reusability is 

not an easy task (Gall, Jazaveri, & Klosch, 1995).  Within HCI a significant effort to research the 

role of reuse has also taken place with an emphasis on integrating reuse into the design process 

(Hughes, 2007)(Landay & Borriello, 2003)(Payne, Allgood, Chewar, Holbrook, & McCrickard, 

2003)(Sutcliffe, 2000)(Sutcliffe & Carroll, 1999) (van Duyne, Landay, & Hong, 2007) (Borchers, 

2000).  As is the case in software engineering, reuse has not yet been able to establish a strong 

footing within the HCI research community.  On the other hand, encouraging signs from industry 

are emerging. Recently, companies have started investigating and developing reuse libraries to 

aid with user interface design of their products (Yahoo! Patterns Library) by storing code and 
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rationale.  However, significant challenges regarding the collection of reusable knowledge and 

integration into the design process remain.  Efforts must focus on enabling designers to identify 

how, when, and what to reuse in the process of designing. 

A claim, a design knowledge unit encapsulating tradeoffs of artifacts, is one such form used 

to transfer reusable knowledge to designers for use in future designs.  This research proposes and 

identifies claim relationships, a set of distinct connections that exist between claims, as a 

mechanism to determining how, when, and what claims to reuse during the early stages of design.  

Claim relationships can be applied in finding and integrating claims into a design.  When used in 

conjunction with a lightweight process, they can aid in determining when the opportunity to reuse 

a claim might arise.  With appropriate tool support, the relationships can also become a gauge for 

how often pairs of claims are used together, indicating potential in not just the individual claims, 

but both claims.  Thus, this research initiative can be summarized as follows: 

In creating early, simple, and appropriate design representations, 

people should design by reuse to leverage prior work and design for reuse 

to assist future design efforts.  Critical to this end will be the notion of 

artifact relationships that encourage how, where, and what to reuse while 

increasing familiarity with both the domain and rationale—resulting in 

positive impact on a designer’s ability to reuse and contribute. 

1.2 Motivation 

Familiarizing oneself with prior work allows one to understand the design choices that were 

made in the past, leading to a greater capability to assess the successes and failures that were 

observed.  Improvements based on prior work can enable designers to potentially continue to 

maximize the successes while avoiding or mitigating identified pitfalls and lowering costs  (Bias 

& Mayhew, 2005)(Whittaker, Terveen, & Nardi, 2000).  Radical invention, work carried out as 



3 

 

novel, but not based on prior work, is also vital to making progress.  However, it is argued that 

only when designers refer to prior work and can no longer improve upon it, does it make more 

sense to consult radical invention (Whittaker, Terveen, & Nardi, 2000).  For this reason, there is a 

developing need to reuse design knowledge during the development process.   

When trying to reuse design knowledge it is not enough make it available in a repository only 

through methods such as keyword searches as that assumes the designer is familiar with what 

they should be searching for.  Instead, there is greater benefit in outlining how to retrieve the 

knowledge based on the design process being followed.  This allows designers to have a greater 

capacity to identify reusable components based on where they are in the design process.  A 

designer investigating a problem can explore the complete space without needing to know what 

keywords will bring about the right results.  Getting designers to reuse what is made available to 

them involves overcoming barriers that might inhibit reuse, such as the time taken to analyze 

choices provided.  Knowing when the opportunity to reuse might come about can further assure 

designers that their efforts can be directed toward reuse at an appropriate time.  To aid designers 

in identifying what to reuse, awareness of what other designers think about the reusable 

knowledge can be made more apparent, easing the burdens on reuse. 

While identifying how, where, and what to reuse provides practitioners with the opportunity 

to build on previous efforts, there are further benefits regarding familiarity, rationale, and their 

impact.  Having access to previously crafted and stored artifacts provides practitioners with the 

opportunity to learn about the possible options that can be considered for a design.  As a result of 

being exposed to such choices, familiarity with a particular domain will begin to increase, 

eventually making designers experts within the domain.  Being aware of the designs created in 

the past can appropriately position designers to make assessments on what future trends within 

the domain might be. Designers will also learn more regarding the reasoning behind the use of 

various artifacts.  Rationale encapsulated within the reusable knowledge can teach designers 
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under what circumstances the artifact should be used and what the possible consequences of its 

use might be.  While designers can be inspired by creative thoughts during the design process, 

such rationale can encourage designers to critically evaluate the decisions they make for their 

projects. As a result of an increase in familiarity with both the domain and the rationale, the 

designers will be positively impacted by their capability to determine what might be the highly 

reused or potential stronger solutions.  Being immersed in countless examples of artifacts that are 

highly reused can guide designers in how to craft new contributions or influence their decisions 

when searching for appropriate knowledge. 

1.3 Research Questions 

In working toward building a solution to the stated research initiative, there are three 

important questions to address.  They are the following: 

How can we increase the amount of design knowledge that is reused and 

captured for future reuse? 

Where in the development of a scenario of use can claim relationships be 

leveraged? 

How can a reuse environment help determine what design knowledge to 

reuse during the creation of a design? 

To ensure reuse becomes part of standard practice, methods for capturing, storing, and 

retrieving reusable knowledge, claims in particular, must be developed through the use of claim 

relationships.  These methods must take into account how to design both for and by reuse by 

making reusable components more accessible to designers during early deliberations that lead to 

initial designs.  
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Once a designer is able to reuse, he or she must also be able to collect the reusable 

components and articulate the details of a design.  Thus, there is a need for a design 

representation that depicts important concerns such as goals and features while seamlessly 

integrating related reusable components.  A key challenge is identifying when opportunities for 

design by and for reuse can be pointed out through relationships and taken advantage of so that 

reuse is not inhibited in the long run. 

An environment in which the representation can be constructed through reuse allows 

designers more easily to build off of each other‟s work.  While the tool needs to be tailored to 

support design by and for reuse, special attention must be paid to aiding designers in identifying 

potentially strong solutions they can utilize for their own work. 

1.4 Research Approach 

This research trajectory focuses on how to enable the reuse of claims—not on the quality of 

the designs created using claims.  Based on the initial identification of claim relationships, the 

approach taken to completing this research initiative is closely aligned with the guiding research 

questions and can be divided into three parts, each motivated by a problem.  Figure 1 illustrates 

the work for each of the research questions and the connections between them. 
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Figure 1.  The initial work leading to the three research questions related to how, where, 

and what to reuse.  The work first explored how relationships could be used to abstract, 

select, specify, and integrate claims in R1.  Since claims maps were seen as becoming 

complicated over time, this led to the exploration of how claims could be integrated into a 

storyboard.  Since using relationships to select appropriate claims requires training, this led 

to the idea of the scenario construction process in R2.  At the same time opportunities to 

reuse claims to overcome barriers in reuse were also tackled using the scenario construction 

process in R2.  Finally, since specifying claims can lead to claims of varying quality, social 

navigation was used to point to claims that might be stronger in R3. 

The first question led to the identification of a framework for how to reuse claims using 

relationships along with supporting results (Wahid, McCrickard, Chewar, & Lee, 2006).  Work 

on the second question led to the development of a process that utilizes claim relationships during 

the construction of scenarios.  The third question directed efforts towards managing which claims 
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to reuse by leveraging social navigation based on previous use.  The work on all three questions 

was integrated into a tool called PIC-UP (Wahid, Branham, Cairco, McCrickard, & Harrison, 

2009) (Wahid, McCrickard, DeGol, Elias, & Harrison, 2011).   

According to a software engineering reuse methodology, abstraction, selection, specification, 

and integration are key aspects to reuse (Krueger, 1992).  The first problem is about the lack of 

support for these aspects during the reuse of claims, preventing claims from being reused 

successfully when placed in a repository.  In response, we utilized claim relationships to support 

each of the aspects (Wahid, Allgood, Chewar, McCrickard, 2004), establishing mechanisms for 

how to reuse claims.  The relationships are used to create a network of claims within a claims 

library (Wahid, Smith, Berry, Chewar, & McCrickard, 2004).  Within the network, each 

relationship acts as a description for claims for abstraction and links to other claims to aid 

selection.  Claims can be specified in various ways with a relationship in mind when needed to be 

tailored by a designer.  Finally, claims can be integrated using relationships to form a claims map 

(Wahid & McCrickard, 2006) (Wahid, McCrickard, Chewar, & Lee, 2006).  A claims map is an 

initial design representation defined and developed to support reuse.  By enabling the reuse of 

claims, designers are given constant access to rationale, making them aware of the consequences 

of the design choices being made.  Other methods such as taxonomies are setup in the library to 

create entry points into the network (Fabian, Wahid, Bhatia, & McCrickard, 2006).  Navigating 

through a breakdown of a domain increases one‟s familiarity within the area. 

While this work demonstrated design by and for reuse could be enabled using claim 

relationships, a number of other issues that needed to be resolved emerged.  One issue was the 

need for training in how to use the relationship so that designer‟s would know what to select.  

When specifying claims, new claims of varying quality could be created.  This also meant that 

there would be a need to tackle the issue of claim quality.  Finally, while the claims maps served 

as a representation of designs, their complexity could hinder designers.  These problems led to the 

work in the second and third research questions. 
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A common way of representing a system is to construct a scenario describing the actions and 

experiences of people using the system.  This is an alternative to using a claims map that can 

make it easier to communicate designs.  Because barriers to reusing, such as having to look for a 

reusable component, always exist, it is important to try to reduce these barriers by helping 

designers understand where the reuse can take place.  For such a representation, the question is 

where a claim can be reused during its creation.  Design processes can play a large role in 

determining where a claim is needed (Rosson & Carroll, 2002) (Carroll, 2000) thereby 

articulating the need to know when the opportunity to reuse a claim may arise.  It is not enough to 

just make reusable claims available.  A decreased ability to determine when to reuse or contribute 

might potentially inhibit reuse in the long run.  Instead, opportunities for where to reuse and make 

contributions must be made more explicit.  To mitigate this problem, there is a need to utilize a 

design process that supports reuse during the creation of a scenario—specifically a storyboard.  

To make opportunities for reuse and contributions more apparent, the process of constructing a 

storyboard must leverage claim relationships.  By identifying the specific roles each relationship 

can play during the design process, one can direct a designer to assemble the scenario by utilizing 

certain relationships in particular situations  (Wahid, Branham, Cairco, McCrickard, & Harrison, 

2009) (Wahid, McCrickard, DeGol, Elias, & Harrison, 2011).  This requires identifying a 

lightweight and flexible process that points out the use of each relationship during the 

construction of the storyboard—signifying an opportunity to reuse or contribute if an appropriate 

claim cannot be found.  Such a measure can aid in reducing perceived barriers to reusing and can 

train designers in how to use the relationships to look for claims.  By encouraging more 

exploration of the available claims, the designers can continue to increase their familiarity with 

the domain.   

The lack of tool support for the creation of storyboards through reuse can ultimately prevent 

designers from building off of each other‟s work.  The third research questions focuses on 

providing an environment that facilitates reusing and contributing claims with an emphasis on 
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what to reuse.  With such an environment comes the problem of determining how strong a 

candidate claim might be since many claims might be of varying quality.  The notion of 

determining claim quality was previously raised and explored (Smith, 2005).  The greatest 

advantage of having such a tool is that it can allow designers to filter out weak solutions and 

elevate emerging ones through some mechanism.  This work results in the identification of such 

mechanisms through the use of information representing claims that are highly reused 

individually and through relationships.  Through social navigation techniques, users of the system 

can be directed to not only single claims, but pairs of claims connected by relationships that are 

used in storyboards created by others.  Such access can enable designers to consider the views 

others have on the use of certain artifacts, potentially positively impacting the choices of claims 

used and continuing to familiarize designers with the domain.   

1.5 Anticipated Impact 

This research initiative is an example of how novice designers can leverage the work of 

others while not hesitating to make knowledge contributions during scenario creation activities.  

For those who conduct research in reuse, the most important lessons come from the solutions 

developed to encourage the participation of the designers.  This leads to the following more 

specific impacts: 

 A direct impact on the designers, especially those that are new, is be the ability to 

learn to think of design tradeoffs often internalized by experienced designers.  When 

exposed to reusable claims, designers can consider the impact of design decisions 

made in the past and actively work to incorporate these ideas into new contexts, 

encouraging early and frequent analytical evaluation of their designs. 

 Access to reusable knowledge can also familiarize designers with the domain and the 

associated rationale.  A structured breakdown of the domain encourages designers to 
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reflect on what the core parts of the domain are.  Exposure to rationale instructs 

novice designers on how to justify their decisions through careful analysis and 

reflection. 

 Structured scenario creation in the form of storyboards guides designers in forming 

design problems, solutions, and scenarios of use.  Pictures of reusable design artifacts 

aid ideation by provoking creative use within new contexts while rationale  

encourages early and frequent analytical evaluations—teaching novices to balance 

both creativity and rationale together. 

 This research initiative aims to provide an example for how HCI education can 

continue to focus on fundamental and traditional issues such as design rationale and 

reuse while retaining more contemporary design concerns such as lightweight 

prototyping and creativity.  While pictures of reusable design artifacts aid ideation by 

provoking creative use within new contexts, rationale can continue to encourage 

thoughtful analysis and reflection. 

1.6 Research Overview 

Chapter 2 covers the prior and related work this research initiative is rooted in.  It first 

describes what reuse is and the types of reuse that can occur, delving deeper into what claims are 

and how they can be reused.  The principles of abstraction, selection, specification, and 

integration are introduced as a way to facilitated reuse.  Finally, the notion of relationships, the 

mechanism used in this work, is described. 

Chapter 3 focuses on what a claim relationship is and explains how they can be beneficial to 

the design process.  Each claim relationship is then defined and its utility is described. 

Chapter 4 concentrates on the first research question by demonstrating how claim 

relationships can be used to abstract, select, specify, and integrate.  The relationships can be used 



11 

 

to describe other claims, navigate to claims, create new claims, and combine claims together into 

a design representation in the form of claims map.  Studies focusing on the use of relationships 

for these purposes are presented. 

Chapter 5 describes the work associated with the second research question.  The construction 

of scenarios in the form of storyboards is presented as a suitable prototyping activity to facilitate 

reuse.  A study on reusing claims while storyboarding is presented, demonstrating that claim 

relationships naturally emerge during the process.  This then leads to work on a process to 

support the construction of storyboards using claim relationships.  An overview of study results 

related to scenario construction is provided. 

Chapter 6 covers the work regarding the third research question.  To support the identification 

of potentially highly regarded claims, it is proposed that designers be exposed to how often a 

particular claim is reused and how often it is used in conjunction with a related claim.  A 

storyboarding environment, called PIC-UP, is presented to support the construction of 

storyboards and to identify the potential strength of a claim.  A study reporting on a 2 month 

deployment of PIC-UP among a community of designers is presented.  The study specifically 

investigated the impact of the construction of scenarios and highly reused claims. 

Chapter 7 begins to look ahead and explores who else might benefit from PIC-UP.  A study 

with experts in design is presented.  They report on current practices, the potential target users for 

PIC-UP and its ability to facilitate communication among stakeholders. 

Chapter 8 is the final chapter for this research.  The chapter concludes with a discussion on 

how PIC-UP achieves the stated goals of this research by reflecting on the last two studies.  It 

then presents four new directions that can be pursued in the future to improve PIC-UP. 
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2 Background and Related Work 

This chapter covers the background work upon which much of this research is based.  A 

description of what reuse is and why it is needed is provided.  It then leads to a discussion about 

claims and why their reuse can be beneficial.  Krueger‟s work is then described as it is a basis for 

much of the work presented here.  Finally, the notion of relationships and how they have been 

used in discussed. 

2.1 Reuse 

Reuse, the idea of activities reusing previously created artifacts consisting of pieces of 

formalized components, has attracted a lot of research.  Much of this research was conducted 

within software engineering, leading to a collection representing early advances in models and 

applications of reuse (Biggerstaff & Perlis, 1989a) (Biggerstaff & Perlis, 1989b).  Dusink and van 

Katwijk (1995) maintain, in a broad survey of the research topic, the general claim regarding 

reuse, if applied properly, is that it can speed up the development process by reducing the amount 

of time and effort put into previously solved issues.  However, tackling reuse as a research agenda 

has proven to be difficult in many ways.  Gall and colleagues (1995) stated that after years of 

research the community was still not able to establish reuse as an integral part of development 

and that there was no agreement regarding the basic unit of reusability. 

One unit of reusability that has been explored within software engineering is the pattern.  

Originally proposed by Alexander et al. (1977) for the design of buildings and towns, patterns are 

reusable components encapsulating knowledge.  They include information such as context of use, 

conflicting forces, and potential solutions.  Patterns were adopted by the software engineers and 

developed a following over the years largely due to Gamma, Helm, Johnson, and Vlissides 

(1995), the Gang of Four, who proposed the reuse of patterns for software development.  These 

can now be used to describe software development problems and analysis tasks. 
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More recently a distinction was made between the traditional view of code reuse and an 

emerging trend (Ravichandran & Rothenberger, 2003).  White-box reuse involves searching for 

code components, modifying them for use, and then depositing the component for others for use.  

This type of reuse involves the use of reuse repositories—an area for which many strategies and 

searching methods are researched (Henninger, 1997).  Krueger (1992) proposed that such 

repositories must be based on the notion of abstraction, selection, specification, and integration.  

Black-box reuse, on the other hand, is a new trend that involves using components without 

modifications.  Although black-box reuse requires that developers know the functionality of the 

component and how to interface with it—typically for component-based development (CBD)—it 

reduces the need to search for and modify components. 

Research on reuse in HCI is also done, but the topic does not have the large following the 

software engineering community has to date.  The benefits of reuse on usability have been 

demonstrated (Wania, 2008), justifying efforts within this line of research.  There are a number of 

people that looked at the reuse of patterns for HCI.  Borchers (2000) argued for the use of design 

patterns to capture HCI knowledge.  He mentioned the need for the encapsulation of the 

designers‟ experiences, methods, and values into patterns.  Some have created patterns for 

specific domains.  For example, Landay and Borriello (2003) created patterns for ubiquitous 

computing.  Their goal was to apply them within a field by documenting lessons learned and 

passing them on to new designs.   

Such research efforts into the reuse of patterns provide impetus behind the argument to 

consider other forms of reusable design knowledge to benefit HCI.  Claims are a form of 

recording knowledge initially proposed by Carroll and Kellogg (1989).  Claims were even 

included as a part of a design pattern structure by Hughes (2007).  Sutcliffe proposed and 

spearheaded efforts to make claims into reusable design knowledge components, lasting well 

beyond the designs they were initially created for.  An extensive structure for claims and the idea 

of storing claims in a library was presented (Sutcliffe & Carroll, 1999)(Sutcliffe, 2000).  This 
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work is closer to the notion of white-box reuse.  This is most likely because we have not found 

any evidence of the field having an established methodology such as CBD, preventing a form of 

black-box reuse to grow within HCI. 

2.2 Claims 

Scenario-Based Design (SBD) is a design process in which scenarios, narratives describing a 

particular task, are used as a base for creating interactive designs (Rosson & Carroll, 2002).  SBD 

uses various types of scenarios to guide the design process.  An analytic evaluation process within 

SBD, called claims analysis, identifies scenario features that have usability consequences and 

stores this information in a structure called a claim.  Carroll‟s claims, used in the Task-Artifact 

Theory (Carroll, Kellogg, & Rosson, 1991), are design knowledge components which capture the 

positive and negative effects of an artifact within a usage context  (Carroll, 2000)(Carroll and 

Kellogg, 1989)(Carroll, Singley, & Rosson, 1992).  Delivered in informal natural language, 

claims address a variety of situational and interface aspects that affect the compatibility of the 

design and user models, such as user satisfaction and feeling of reward, color and object layout, 

and strength of affordances.  Claims aim to provide designers with a pure view into what makes 

an artifact live and breathe, grounded in theories and observations of user experiences.  

Carroll introduced claims as a way to capture design knowledge.  Generally, the claim 

concept has been used as a disposable knowledge unit to guide conceptualization of a design.  

However, creating claims to record such insight introduces overhead to the design process.  To 

demonstrate the model of a claim, one about the collage metaphor is presented in Figure 2.  A 

collage metaphor stems from the notion that artifacts are placed haphazardly in an unorganized 

fashion, much like a public bulletin board (Greenberg & Rounding, 2001).  
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       Organizing information items using a collage metaphor 

            + Allows users to informally post information without any regard to 

            organization  

            + Allows users to gain an understanding of an item's age/applicability 

    with  respect to the number of items that may be covering it 

   + Lack of information categorization accommodates a wide range of  

   different types of information to be placed 

   - BUT the lack of organization can hinder efforts to find a particular          

   information item 

   - BUT overlapping items may force users to move items in order to  

   fully reveal themselves 

 

Figure 2. An example of a claim showing a title, upsides, and downsides. 

 
The title or feature at the top of the claim summarizes what the claim is about.  The following 

tradeoffs describe the consequences of the feature.  One can imagine a situation where a designer 

is trying to apply an organizational technique to a public display.  The construct of the claim in 

Figure 2 would allow a designer to assess the tradeoffs of using a collage metaphor in the design 

of the system.  Along with other claims about organizational methods, the designer can choose 

the best option.  The ideas portrayed within the claim can be passed along to designers, making 

claims reusable design knowledge components.   

A developer can make use of this claim in various ways.  First, the designer can gain insight 

into what the collage metaphor is.  Since claims can be grounded in theories and observational 

studies, the designer can gauge the effects of using the feature in their own design.  One could 

think of an idea similar to the collage metaphor (without knowing what a collage metaphor is), 

but it may be hard to readily assess the effects of the design feature.  With the claim tradeoffs 

(upsides and downsides) taken into account, not only do designers gain inspiration, but also get 

the opportunity to consider whether integrating such a feature into their own design is 

appropriate.  During the evaluation phases of their work, claim tradeoffs are indications of aspects 
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of their design that should be tested.  Second, designers creating claims engage in the process of 

identifying specific design aspects that can be captured in terms of a claim.  They are encouraged 

to consider theories and conduct their own studies to assess the effects of a feature, enabling 

designers to base decisions on rationale instead of instinct.   

2.3 Abstraction, Selection, Specification, Integration 

To instantiate a reuse solution within HCI it is essential to analyze a strong solution from 

software engineering.  Krueger (1992) successfully argues his own perspective on reuse.  Many 

use this work as the de facto definition of reuse and its characteristics (Ye & Fischer, 2002) 

(Basili, Briand, & Melo, 1996) (Johnson, 1997) (Sugumaran, Tanniru, & Storey, 2000).  Krueger 

suggests any approach to reuse must, “provide natural, succinct, high-level abstractions that 

describe artifacts in terms of ‘what’ they do rather than ‘how’ they do it (Krueger, 1992).”  It is 

more important to first describe components in terms of what they mean to an overall design 

(such as a solution or alternative) instead of what the specific contribution is (a new layout 

method).  For example, it is argued that it may be more beneficial if a designer knows a certain 

component is a potential solution to a design problem rather than knowing what the solution 

described by the component is.  Our conceptualization of claim relationships, the characteristics 

describing interactions between claims, forms the basis of our approach to describe „what‟ 

components do—a topic covered in Section 4.1 

Krueger‟s broad analysis of reuse techniques demonstrates how each technique is based on 

four aspects crucial to facilitating reuse: abstraction, selection, specification, and integration.  

Abstraction is an essential feature to any reuse technique.  The essence of abstraction is a succinct 

description concealing the unimportant details and emphasizing information that is important.  

Without it, designers would be forced to meticulously peruse through assemblies of reusable 

components, prolonging the time spent looking for an appropriate component.  Selection involves 

locating, choosing, and viewing an artifact for potential reuse.  Classification or categorization 
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methods may be used to organize a reuse library for artifacts to be found and reused.  In many 

cases, general components may need to be adapted or further specified, accentuating the need for 

specification.  This is often an important step because designers may not always find exactly what 

they need and will be forced to adapt components.  Finally, components must be gathered and 

integrated into a coherent design because designers need to understand how components interact 

with each other.  Section 4 introduces how our concept of design knowledge relationships can be 

applied in terms of these four reuse aspects. 

We establish the need for the reuse aspects by asserting they map to problems in facilitating 

claims reuse.  Understanding these problems and associating them to reuse aspects allows us to 

demonstrate a software engineering approach that has the potential to help HCI knowledge reuse.  

To the best of our knowledge, we have not seen any other example of Krueger‟s vision being 

brought into HCI research.  We continue this section by presenting four requirements and 

demonstrate how they can be solved with the incorporation of reuse aspects.  

2.4 Relationships 

In his seminal book, Alexander et al. (1977) present patterns from the architecture domain 

ranging from higher-level city concerns, such as the distribution of towns, to lower-level issues, 

such as individual rooms in homes.  Each pattern identifies problems regarding these issues and 

presents a solution.  The solution itself can be comprised of other patterns.  Hence, patterns are 

linked together to point to other patterns.  Following these links within the book can lead readers 

to other patterns that they may need, creating a method for browsing through the book.  Although 

Alexander does not use relationship types, his notion is similar to the core concept of 

relationships in this work.   

Zimmer (1995) builds on Alexander‟s work by attempting to apply relationship types to 

design patterns.  He understood the notion that patterns were being linked to and even combined 

with each other without defining the nature of the association.  He subsequently categorizes his 
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relationships into three types: a pattern using another pattern, a pattern similar to another pattern, 

and a pattern combined with another pattern.   

Such structures can be stored in a digital library.  In fact, it is not uncommon for digital 

libraries to also exploit relationships to structure information.   Embly (1987) demonstrates a 

library containing abstract data types (ADT) for reuse that is structured to use automatic and user-

defined relationships among entities. The objective is to locate ADTs in the library and use them 

in software that is under development.  The structure of the relationships facilitate locating using 

automated functionality, browsing by following links, and software building related activities 

through integration, providing increased flexibility.   

Creech, Freeze, and Griss (1991) focus on how to structure and efficiently select components 

in a reuse library.  They consequently explore the use of hypertext in selecting reuse components.  

Their belief is that the appropriate use of hypertext to structure components would aid the 

selection process.  By providing a graphical view of a library, users were allowed to browse 

through the library by navigating from component to component.   

The most notable mention of relationships similar to our work can be found within the 

research done on claims.  In the past, there have been assertions that for claims to be an effective 

component of reuse, they need to be classified and organized in a library.  Previous work 

mentioned there is a need for claim relationships within such a library to help bring structure and 

organization (Sutcliffe & Carroll, 1999).  It is argued that relating claims can expose different 

levels of granularity and associating claims together can lead to the creation of new artifacts 

expressed as child claims (Sutcliffe, 2000).   

Throughout these examples of uses of relationships we see how the need for linking pieces of 

design information together and understanding the nature of the link arises.  They show how 

relationships are crucial to creating effective and usable libraries of reusable information.  

Through the application of relationships we can begin to see their benefits for developers and 

design. 
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2.5 Chapter Summary 

This chapter covered the fundamental topics for this research agenda.  Reuse, the notion of 

using previously created artifacts for design, has been studied widely as it is believed that it can 

save on time and costs.  However, after much research, there are still large questions about how to 

enable reuse and what to reuse.  Patterns are reusable components adopted by software engineers.  

Efforts within HCI have also focused on patterns reuse.  Claims, an alternative to patterns, are 

also reusable components developed within HCI.  To enable reuse, one must be able to abstract, 

select, specify, and integrate components.  The notion of relationships has been used to connect 

reusable artifacts both in books and digital libraries.   The subsequent chapters will integrate these 

ideas into an argument for how to enable the reuse of claims. 
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3 The Claims Collective 

Designers often handle many claims at the same time during design, yielding a system that 

can be seen as the sum of claims.  Through design research and innovation, we try to preserve the 

upsides of claims and alleviate the downsides as claims change and evolve, are created and 

reused.  For the set of claims to become cohesive, each claim must be able to justify its existence 

by defining a role for itself within the context of the other claims.  Although this might be carried 

out implicitly by designers, the lack of a formal method to identify such meaning diminishes a 

designer‟s capability to pass this information on to others in the future.  Just as human 

relationships change over time, this study proposes there are many claim relationships that exist 

during development that can be formalized and utilized to illustrate the role played by each claim.   

The notion of relationships is not just important to claims, but is also important across the 

broader design rationale effort.  Even when using different forms of rationale, designers are often 

subjected to large amounts they must sift through.  Thus, bringing together pieces of rationale to 

reflect a tightly coupled design discussion becomes a key challenge.  As observed in other 

instances with patterns (Alexander, Isikawa, & Silverstein, 1979) and representations such as 

IBIS for argumentation development (Conklin & Begeman, 1988)(Kunz & Rittel, 1970), 

relationships play a key role is constructing and reflecting the handling of rationale for a specific 

design instance.  

The most notable mention of relationships similar to this work can be found within the 

research done on claims.  In the past, there have been assertions that for claims to be an effective 

component of reuse, they need to be classified and organized in a library.  Previous work 

mentioned that there is a need for claim relationships within such a library to help bring structure 

and organization (Sutcliffe & Carroll, 1999) and track evolution (Payne, Allgood, Chewar, 
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Holbrook, & McCrickard, 2003).  Sutcliffe (2000) argues relating claims can expose different 

levels of granularity and associating claims together can lead to the creation of new artifacts 

expressed as child claims.   

This study proposes that recording and understanding these relationships provides deeper 

insight into the overall design process.  Why is this important? Recognizing claim relationship 

types during the design of an artifact impacts both current and future designs. It enhances the 

current process by providing a more detailed view of the design history so better decisions can be 

made during future iterations. Claim relationship types supply valuable knowledge of a claim‟s 

origin and development for its potential reuse in another context. Thus, Wahid and colleagues 

(2004)  identified claim relationships showing how pieces of HCI design knowledge can be 

linked together to describe the nature of their connection. 

Claims are well-suited for HCI because they describe the psychological effects of design 

features, giving designers the opportunity to gain insight into what the potential effects of an 

artifact could be.  In turn, the designer can consider how well it fits into their creations or inspire 

ideas about artifacts that are similar and, perhaps, more appropriate.   Designers creating claims 

engage in the process of identifying specific design aspects that can be captured in terms of a 

claim, encouraging the use of theories and studies to assess the effects of a feature.  Through the 

simple structure of a claim designers ground their decisions in rationale instead of instinct.   

Claim relationships must respond to the need for richer descriptions of their use within design 

processes (Rosson & Carroll, 2002)(Norman, 1986) and their structure.  Below a description of 

the identified claim relationships and examples of claims from actual development projects are 

provided.  The relationships are derived from and closely tied to the most fundamental processes 

emphasized by SBD.  While two of them are based on the process-related steps, the remaining 

relationships describe how a claim can interact with other claims as SBD is applied. The 
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connection to SBD makes the relationships unique to HCI, portraying a plethora of methods to 

amalgamate HCI knowledge and further the eventual goals of reuse by providing a framework. 

3.1 Postulating/Predicating Claims 

The first key relationship type between claims is the postulation/predication relationship 

apparent in the process of mediated evaluation. Design activities in SBD typically iterate through 

three processes: requirements analysis to general activity design to the specific design of features.  

Each process acts as a catalyst for the next process to solve.  Thus, there is a natural relationship 

between the problem and design solution. 

To better illustrate the postulation and predication relationships, consider a claim on 

maintaining awareness of open windows through a taskbar and another claim about relaying 

information through changing text (see Figure 6 in Section 9.1).  Imagine a case where a person is 

trying to monitor news headlines from a website.  The person‟s current method of doing this is to 

leave the browser window open so that whenever he notices it in the taskbar he is reminded to 

check the site for new headlines.  Because this might not be the best method, one can postulate 

that the second claim is a possible solution to the problem.  The second claim predicates the first 

claim, refuting it due to its inappropriateness.  This association is critical to exhibiting the 

problems and design solutions that are identified by designers during the development process. 

3.2  Executing/Evaluating Claims 

As previously mentioned, Norman (1986) presents an argument for interface design as a 

cognitive engineering discipline, where designers assist the user with progressing through stages 

of action.  Each stage falls within one of two Gulfs—the Gulf of Execution (where the user 

executes after deciding upon goals and specific action sequences) and the Gulf of Evaluation 

(where the user appraises the current state of a system).  Claims can be created to specifically fit a 
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certain Gulf.  Certainly, a given artifact may be the subject of both Gulf of Evaluation and Gulf of 

Execution claims.  It is helpful to have a relationship to describe this linkage.  Some artifacts may 

only support the user in one of the Gulfs, but may typically be used with other artifacts that 

address the opposite Gulf. 

Consider claims about recognizing taskbar items and click on taskbar items (see Figure 7 in 

Section 9.1).  These are two claims that fit into the two Gulfs.  The first claim belongs to the Gulf 

of Evaluation since it describes a situation in which the user monitors the state of the interface to 

receive the updates.  The second claim is a direct interaction method and consequently is a Gulf 

of Execution claim.  When moving from the first claim to the second, we have an execution 

relationship.  The evaluation relationship exists in the opposite direction.  Thus, we establish the 

relationship between information and the action taken. 

3.3 Generalizing/Specifying Claims 

Claims can have different scopes depending on the granularity of the artifact they describe. A 

general claim might describe psychological effects that result from the holistic design or several 

distinct portions (combinations of widgets) used in a variety of contexts. General psychological 

effects can be elaborated by claims that have a narrower scope. These claims apply to very 

specific parts of an interface (a particular button), usage instances, or user characteristics.  A 

generalizing claim is the consequence of taking a specific claim and generalizing it to apply to a 

courser artifact or usage context granularity (see Figure 8 in Section 9.1).  A specifying claim is 

the opposite, in that it is the result of narrowing the scope of a general concept. The process of 

generalizing allows one to create claims applicable to many situations.  This course of action 

permits one to take ideas from a specific problem and reuse them in a new context to solve design 

issues.   
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3.4 Translating Claims 

Existing claims may not be directly applicable to new design problems. They may describe 

problems that are similar, but not completely accurate.  Often though, existing claims provide the 

basis for the generation of new claims due to recognized similarities between the current problem 

domain and the one in which the original claim exists (see Figure 9 in Section 9.1). The 

relationship from the original claim to the new claim is called translation.  Translating claims are 

typically alternatives to each other with the same scope.  The relationship may be used to indicate 

where cross-domain reuse occurs in the development of a system. 

3.5 Fusing/Diffusing Claims 

The fusion relationship between claims is the outcome of the combination of two or more 

claims into a new fusing claim. A developer recognizes certain aspects of various claims can be 

applied together in a new and innovative way.  The result is a hybrid claim that is pieced together 

with artifacts and design rationale from each of the supplemental claims. In addition, further 

design rationale may be required due to novel application of the original artifacts.  

Similarly, a designer could break a claim into smaller claims, taking only a fraction of what 

exists in the original claim to produce a diffusing claim. This time, the designer focuses on part of 

a larger claim and elaborates on artifacts and tradeoffs that pertain to the new, smaller claim. This 

practice may result in the creation of multiple smaller claims, depending on how the original 

claim is divided (i.e. there were equal acting parts of the original claim). This relationship 

between the original super-claim and the resulting fractional claim is called diffusion.  Figure 10 

in Section 9.1 shows an example of two claims that are fused together to create a new claim. 

A result of this process may be the fusion of two claims that seem to demonstrate strong 

positive results in combination or the diffusion of a claim that exhibits distinctively different 
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results for different aspects of its makeup.  Additionally, two existing claims from completely 

different domains may be fused into a new and innovative claim. This process was noted, but not 

named by Carroll and Kellogg (1989). 

3.6  Mitigating Claims 

The strength of a claim relies on the explicitness of its upsides and downsides. Explicitly 

identifying weaknesses of a design often expedites improvement of usability—a process that 

should be repeated as new flaws are uncovered. 

A mitigation relationship is the result of a process in which a new claim is created to manage 

limitations of another claim. The method of creating mitigating claims can be repeated as many 

times as needed until designers are satisfied. After designers make improvements to an interface 

in an iteration, usability testing must validate the improvements by testing the performance of the 

mitigating claims. Thus, mitigating claims become a trace of the design improvements that are 

made over time.  Figure 11 in Section 9.1 shows an example of a claim whose second downside is 

mitigated by the second claim. 

3.7 Differentiating Claim Relationships 

Relationships capture the need to articulate the connections that are encountered as design 

knowledge is handled and utilized throughout the design process.  The notion of such 

relationships does exist within the patterns community.  When first introduced, patterns were 

connected to each other based on the notion that one pattern encapsulated or utilized another 

(Alexander, Isikawa, & Silverstein, 1979).  Efforts to better define the nature of the relationships 

within pattern languages were carried out, leading to relationship types (Zimmer, 1995) 

(Herrmann, et al., 2003).  Examples include relationships based on hierarchies, similarity, 

encapsulation, and temporal orderings (Zimmer, 1995) (Herrmann, et al., 2003).  Links in the 
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IBIS approach, such as responds-to, supports, generalize, and specialize, are used in a way that 

track conversations among stakeholders (Conklin & Begeman, 1988).  While some of the 

relationships might sound similar, their usage is not meant to facilitate reuse and is not rooted in a 

design methodology. 

As seen in the definitions, many of the claim relationships are based on structural and 

conceptual characteristics of claims.  For example mitigation focuses on targeting a specific 

downside and fusion/diffusion combines or splits tradeoffs.  While this aspect is similar to how 

the relationships for patterns are defined, one important difference is that claim relationships are 

rooted in the design process.  SBD advocates the use of claims at certain times for specific 

purposes such as identifying problems or interaction methods.  Thus, each claim relationship 

plays a role within SBD as it is being applied.  This is most apparent in the 

postulation/predication and execution/evaluation relationships as they are derived from the most 

basic activities in SBD.  Generalization/specification and fusion/diffusion provide opportunities 

for refinements, translation opens the doors to alternative choices, and mitigation focuses on 

redesign efforts.  As will be shown in chapters 4, 5, and 6, being rooted in SBD proves to be 

advantageous in determining how, where, and what to reuse using claim relationships. 

3.8 Chapter Summary 

This chapter defined and described claim relationships as connections that emerge among 

claims during the design process.  While other relationships for design knowledge do exist, claim 

relationships are rooted in the fundamental design activities that take place in SBD—a factor 

differentiating them from the rest.  The subsequent chapters will describe the role of claim 

relationships in determining how, where, and what to reuse. 
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4 A Pathway to Reuse 

In an effort to explore how to facilitate reuse, the first research question in this effort is stated 

as the following: How can we increase the amount of design knowledge that is reused and 

captured for future reuse?  It is understood that for reuse to be successful, a repository must be 

able to support fundamental properties for such an activity.  Krueger defines abstraction, 

selection, specification, and integration as fundamental aspects of reuse and demonstrates how 

they are incorporated in various kinds of reuse libraries (Krueger, 1992).  The research question is 

addressed by investigating how design knowledge relationships address the need for these 

properties.  The lack of support for these aspects prevents claims from being reused successfully 

when placed in a repository such as a claims library.   

Without abstraction, users of a reuse repository are forced to see more details than necessary, 

decreasing one‟s ability to quickly identify which component might be appropriate.  In large 

repositories the lack of abstraction can make a designer‟s goal of familiarizing oneself with the 

component a time consuming process.  Once a component peaks the interest of a designer, he or 

she must be able to select the component to expose the complete details.  To enable users of a 

repository to share new components, there must be a method to specify artifacts.  The lack of 

mechanisms to contribute new components will eventually render the contents of a library stale.  

Finally, once designers collect and create the needed components, there must be a method to 

articulate how the components can be integrated together.  Without one, it will make it 

increasingly difficult to fully leverage the artifact in the final creation. 

To solve this problem, this work asserts the use of claim relationships (Wahid, Allgood, 

Chewar, & McCrickard, 2004), connections that exist between claims, as a way to enact each 

reuse aspect (Wahid, 2006).  A network of claims within a claims library can be created to 



28 

 

support abstraction and selection (Wahid, Smith, Berry, Chewar, & McCrickard, 2004).  Claims 

can be tailored to fit a design by using a relationship to specify them.  Claims maps, directed 

graphs of claims and claim relationships, serve as design representations into which claims are 

integrated (Wahid & McCrickard, 2006).  Three initial studies that investigate abstraction and 

selection, specification, and integration are summarized.  As a result of this work, one will see 

that using relationships provides us with constant access to rationale, making designers aware of 

the consequences of the design choices when navigating the network of claims.  To further aid 

designers, a taxonomy used to enter the network and serve as a vehicle to familiarizing designers 

with the domain is described (Fabian, Wahid, Bhatia, & McCrickard, 2006). 

4.1 Enacting Krueger’s Reuse Methodology 

To provide support for abstraction, selection, specification, and integration there is a need 

for “natural, succinct, high-level abstractions that describe artifacts in terms of „what‟ they do 

rather than „how‟ they do it (Krueger, 1992).”  Krueger provides examples of what possible 

solutions would have to achieve when it comes to the reuse of various kinds of components.  

Although he is far from proposing a solution with respect to claims, perhaps the example most 

relevant to this work is the reuse of source code components.  This study suggests that one-word 

descriptions of „what‟ a component is can be beneficial to the developer.  There is also a need to 

enable the developer to find the component faster than he or she can build it, requiring some form 

of classification. 

Component relationships are proposed as an instrument to serve this purpose.  Each 

relationship can be used to describe the nature of „what‟ a component does, such as present a 

solution, rather than „how‟ a component does it for an overall design through a single word.  

Claim relationships can serve as a powerful set of relationships to facilitate the reuse of claims 

rather than adopting a generic set that can be used for other components.  Because claim 

relationships are closely tied to the structure of claims and ways claims are used within the 
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context of SBD, they provide natural descriptions that enable designers to classify claims in terms 

of problems, solutions, alternatives, sequences, and combinations. 

How do we use the claim relationships to enact Krueger‟s cause?  Depending on the way 

they are used they can exhibit characteristics of each reuse aspect.  The use of certain 

relationships can help abstract claims to identify their type.  The relationships can be used to form 

a network of claims to aid selection.  When needed, a designer can create a new claim based on a 

single relationship.  Finally, claims can be integrated together using the relationships. 

4.1.1 Relationships in the Claims Library 

One important addition to the preexisting claims library (Payne, Allgood, Chewar, Holbrook, 

& McCrickard, 2003) is the use of claim relationships.  While viewing the details of claims, it 

allows users to see the title of related claims and the relationship type.  This strategy creates a 

network of claims designers can traverse through by following relationships if they find the 

related claim‟s title and relationship reflect meaning appropriate to their needs.  This type of 

network is flat and lacks any clear starting point.  For this reason, a taxonomy was created and 

claims were placed into categories related to notification systems  (Payne, Allgood, Chewar, 

Holbrook, & McCrickard, 2003).  A person entering the library first goes through the categories 

to identify a possible starting point based on a relevant topic.  Once found, they are then pointed 

to claims within the category which in turn lead to other claims through the relationships. 

4.1.2 Abstraction 

How can one avoid having to read all the claims in a claims library to find out if a claim 

belongs to the correct domain?  Although a very simple notion, through abstraction one can avoid 

continuously forcing designers to read the details of a whole claim (Krueger, 1992).  In this case, 

when looking at a claim in the library, the only data a user sees for the related claim is the claim 

title and the relationship type.  This little piece of information can be enough for one to identify 
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„what‟ a claim does rather than how it does it.  Although all relationships can be used for 

abstraction, this notion is best illustrated by the postulation/predication and execution/evaluation 

relationships. 

The rooting of the claim relationships in SBD greatly helps with abstraction.  As described, 

there are four main domains that form the basis of a design created through SBD: problem, 

design, execution, and evaluation.  During the design process, a designer using claims to create a 

system should first identify all the problem claims in the Gulf of Evaluation and the Gulf of 

Execution through the process of requirements analysis.  They should then proceed to find all the 

design claims for both the Gulfs based on the identified problems.  This overall procedure 

requires that they find the appropriate type of claim for each domain.  Unfortunately, one cannot 

always give claims a permanent label identifying its domain.  For example, the claim about the 

taskbar in Figure 11 might be a problem when it comes to maintaining awareness, but someone 

else might see it as a design solution to the problem of managing multiple tasks.  Thus, the 

process of identifying a claim‟s domain is highly context dependent.  Figure 3 illustrates how 

claims can play multiple roles and how relationships can make these distinctions apparent. 
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Figure 3. The postulation and execution relationships show distinctions between the 

domains.  Abstraction allows one to identify what role a claim can play based on the context 

created by relationships.  Claim 1 is a problem claim while claim 2 is a design claim. 

The  postulation/predication and execution/evaluation relationships, referred to as the high 

level relationships, show distinctions between the four domains.  For example, if a user looks at a 

claim‟s postulating relationships, they will be able to understand that within the current context 

the claim they are looking at is a problem claim and that the related postulating claims are design 

claims.  This same idea applies to the execution/evaluation relationships.  Designers will be able 

to understand what Gulf the claim belongs to.  Through this simple process, a designer can 

quickly begin to recognize and locate the correct type of claim that is needed as they 

simultaneously progress through their design processes (Wahid, Smith, Berry, Chewar, & 

McCrickard, 2004).   

4.1.3 Selection 

Generally, users either search or browse digital libraries (Blanford, Stelmaszewska, & Bryan-

Kinns, 2001).  A prominent application of the relationships is to use them to aid selection by 
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creating a browsing mechanism (Wahid, Smith, Berry, Chewar, & McCrickard, 2004).    This 

also strives to establish a search strategy for finding appropriate claims and alleviate the 

acquisition bottleneck.  Krueger (1992) describes the selection aspect of reuse in terms of three 

key concerns of selection: classification, retrieval, and exposition.  When selecting, a user must 

first be able to classify the components.  This is similar to understanding the type of the 

component.  Once classified, the user must retrieve the component and then expose the details of 

it.  We proceed to describe how claim relationships can be used to browse our library.   

4.1.3.1 CERVi Search Strategy 

Before claim relationships were fully integrated into the claims library, Wahid and colleagues 

(2004) created the Claims Exploration of Relationships Visualization (CERVi) tool to explore the 

selection aspect of reuse and improve browsing through the use of claim relationships.  Similar to 

how the relationships are currently implemented in the claims library, the tool allows designers to 

find claims by navigating through a network of claims connected by claim relationships.  In the 

tool‟s case, users are using a visualization of the claims library.  Users can find appropriate claims 

by analyzing related claims, providing links to other claims based on the context of the visualized 

claim (see Figure 4).   

 

Figure 4.  A search strategy supported by CERVi for claims using claim relationships. 
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The tool is designed to enhance the browsing experience and to move away from the 

traditional idea of searching for claims using a query.  During the design process, designers 

following the SBD approach typically locate relevant problem and design claims for both of 

Norman‟s Gulfs to create a well-planned design.  CERVi shows promise in allowing designers to 

identify problem and design claims and placing them correctly within the Gulf of Execution or 

the Gulf of Evaluation.  The postulation/predication and execution/evaluation relationships, or 

high level relationships, naturally form the basis of a search strategy.  They enable designers to 

navigate between problem and design domains and between the two Gulfs. The remaining 

relationships, called low level relationships, instead allow one to focus within a certain area of the 

design to find more relevant claims. The strategy for browsing supported by CERVi is to first use 

the high level relationships to find claims that may fit into the overall design and then use the low 

level relationships to find the most appropriate claim. 

4.1.3.2 Familiarizing Designers Using a Taxonomy 

The claims network in the claims library is valuable in many ways because of its ability to aid 

abstraction and selection.  However, the network lacks a clear starting point as it does not follow 

a hierarchy.  For this reason, a taxonomy for notification systems was created and placed above 

the network, giving designers the opportunity to determine what area of the network they might 

want to start looking into (Fabian, Wahid, Bhatia, & McCrickard, 2006).  The taxonomy was 

designed to provide the designers with an important set of design concerns that define the 

notification systems domain based on the interruption, reaction, and comprehension (IRC) 

framework  (McCrickard, Chewar, Somervell, & Ndiwalana, 2003).  Its net effect was 

familiarizing designers with key characteristics of notification systems (Fabian, Wahid, Bhatia, & 

McCrickard, 2006). 
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4.1.4 Specification 

Certainly the claims library cannot provide all the claims that are needed for any notification 

system design as its contents are finite.  It is likely users of the claims library may find a claim 

that is close to their needs, but not exactly appropriate for their design, forcing the designers to 

create their own claims when they see fit.  The act of adapting a reusable component to fit one‟s 

needs falls under the reuse aspect of specification (Krueger, 1992).  Thus, the third application for 

claim relationships is to use them as a specification method.  Instead of creating a completely new 

claim, it is suggested that the claim should be created by basing it on a claim that is reasonably 

close to the needs of the design.  As the new claim is being created, a relationship should be 

chosen to guide the creation.   

For example, if a designer finds a claim about the general use of color in notifications, they 

may choose to use it in their design.  Of course such a general claim may be somewhat 

appropriate, but not the best fit.  In this case, the designer may wish to use a more specific claim 

about color—a claim about using the color red to alert users.  When creating this new claim, the 

designer would in effect be creating a specifying relationship from the original claim to the new 

claim.  If this relationship is explicitly noted when creating the new claim, the designer can easily 

modify the style of the claim, add the new claim to the claims library, and assign the specifying 

relationship (along with the corresponding generalizing relationship in the opposite direction).  

This is the partial reuse of a claim for the purposes of creating new claims with the ultimate goal 

of incorporating the most appropriate claim possible into a design.   

4.1.5 Integration 

Integration is the process in which a collection of selected and specialized components are 

combined to form a system (Krueger, 1992).  The aggregate of all the claims designers collect 

from the claims library will represent the design they want to create.  All the claims must be 
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integrated such that each claim‟s role within the context of the whole design is understood, 

providing the designer with value in the combined state of all claim.  The final application of 

claim relationships is a method for integrating claims toward completing the process of reuse. 

Two collected claims can be integrated with each other when a relationship is assigned to 

connect them.  This behavior can be continued until a group of claims is linked to each other.  

The structure of claims and relationships allow us to uniquely identify benefits of integration.  

First, the subsequent group of claims permits a designer to outline high level concepts and 

strengths and weaknesses of the design being worked on.  The collection of claims formed as a 

result of selection and specification may contain general claims describing overall goals and 

specific claims which describe system features.  When integrated, the goals are explicitly 

associated through a relationship to the features that enact them.  Advantages and disadvantages 

are expressed in the tradeoffs of the claims and the relationships used to connect them.  For 

example, mitigation shows a solution to an identified problem.  The second benefit is the ability 

for such integration to demonstrate opportunities for testing and redesign.  When viewing the 

integrated claims one can gain an understanding of what is lacking.  They indicate when solutions 

to certain weaknesses do not exist through the absence of certain integrations.  This holistic view 

may even cause designers to determine groups of claims to be insufficient—a possible catalyst to 

an analytic study by experts.  A third gain in integrating claims is the ability for them to represent 

a trace of motivating factors for iterative improvements over time.  Over multiple iterations more 

claims may be selected or specified and then integrated with preexisting claims.   

A group of integrated claims is referred to as a claims map (see Figure 5).  Claims maps are 

directed graphs of claims showing how all the claims collected for a design will work together, 

representing a decomposition of the whole design  (Wahid & McCrickard, 2007) (Wahid & 

McCrickard, 2006).  The claims are connected to each other using the claim relationships.  

Although an explicit hierarchy is not necessary, it is possible for a designer to choose to do so.  
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Claims maps may be a gateway to portraying the three benefits of integration and act as a tool for 

designers to negotiate design concerns. 

4.2 Exploring the Utility of Claim Relationships 

This section explores how claims relationships and the associated methods can support design 

reuse through three small-scale exploratory investigations.  Although they are small in nature, 

they served as initial insights into the potential of relationships for inclusion within future efforts.   

The first study investigates how the framework for abstraction and selection leads to a 

reasonable understanding of claims‟ contribution to a new design.  This is done through the 

navigation enabled by the use of relationships.  The second study examines how novice student 

designers can create claims by specification, leveraging at least four of the claims relationships.  

This is an important issue to investigate due to the fact that a library‟s contents are finite and may 

not always yield what is needed.  The third study investigates the integration of claims—both new 

and reused—into a complete design by encouraging the development of claims maps by small 

groups of graduate student designers.  It focuses on the process of creating a claims map, the type 

of structure used, and its ability to allude to further testing and redesign. 

4.2.1 Exploring Abstraction and Selection 

According to Krueger (1992), adoption of the first two tenets of reuse—abstraction and 

selection—ensures that designers can appropriately abstract existing claims to new design 

problems and select the appropriate claim for each aspect of the design.  This first study probes to 

what degree designers can demonstrate not only abstraction, but also an appropriate degree of 

selection in matching claims to design problems using claims relationships (Wahid, Smith, Berry, 

Chewar, & McCrickard, 2004).  The goals were to determine the impact of claim relationships on 

finding reusable knowledge and situating the knowledge within a design, providing an initial 
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degree of confidence in the use of relationships in the abstraction and selection processes.  This 

was tested by asking designers to create an initial system design by searching for and collecting 

claims that would support a design problem (Wahid, Smith, Berry, Chewar, & McCrickard, 

2004)(Wahid, McCrickard, Chewar, & Lee, 2006).  A usable abstraction and selection approach 

should result in designers collecting appropriate claims and placing them in the correct context.   

4.2.1.1 Participants, Materials, Procedure 

Fifteen undergraduate students and six senior HCI graduate students participated in this 

study.  All of the students were exposed to claims through classes or graduate research, but were 

unfamiliar with claim relationships.  Definitions of all the relationships were provided to all of the 

students, however, the subsequent six students also received a 10 minute explanation of the 

relationships.  All the students were given a design table similar to the one shown in Figure 3 and 

descriptions of each stage of action.  Based on a given design situation, the students were asked to 

find claims from the claims library by leveraging the claim relationships and placing the claims 

into the appropriate section of a design table (see Figure 4).  Once completed, the participants 

answered survey questions regarding the use of relationships for selection and provided a 

description of the system they wanted to create. 

4.2.1.2 Results and Discussion 

The designs were analyzed syntactically by checking for where claims were placed within the 

design tables.  The number of errors made in the design table was calculated based on a 

predetermined solution set.  The same designs were also analyzed semantically through a 

qualitative assessment to check to see if the select claims sufficiently related to the given design 

situation.  This was also based on the predetermined solution set to minimize bias.   
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This initial study on the use of claim relationships for abstraction and selection brings to 

attention these important issues: 

 The syntactic analysis indicates the relationships can help some novice designers 

abstract and select claims in the claims library and place them within the correct 

context in the design.  It is important that this method of finding claims is closely 

related to the structure of the design itself—a reason for why claim relationships are 

rooted in SBD.  However, using relationships does require some initial training, 

especially when trying to understand the distinction between high and low level 

relationships. 

 The semantic analysis may indicate designers can find claims that will provide them 

with access to rationale needed for their own designs, encouraging them to consider 

the consequences of their design.  However, this may only be possible with training 

since the trained group did better than the untrained group. 

 The number of errors in stages of action may indicate the participants may be 

uncomfortable working with stages of action, especially when the relationships do 

not make a distinction between stages. 

4.2.2 Exploring Specification 

The previous study showed claim relationships facilitate navigation and identification of 

potentially applicable claims.  However, because a claims library cannot be exhaustive, one must 

also consider how one can build upon the ideas that are already found in the library.  Thus, a 

remaining question is whether relationships can support and characterize claim creation.  Having 

a standard claim creation process can define what should be done to create a claim using a 

particular relationship, potentially ensuring a stronger reusable claim.  The intention was to 
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investigate the possibility of an emerging standard claim creation process based on relationships.  

Thus, a class activity in which we asked students to create claims using given relationships was 

conducted (Wahid, McCrickard, Chewar, & Lee, 2006). 

4.2.2.1 Participants, Materials, Procedure 

Seventy-eight undergraduate HCI students took part in the study.  The students were given a 

set of 10 claims (some are in Appendix A) representing techniques for the design of a news ticker 

that relays news headlines from the corner of a desktop monitor.  In groups of 3-4, the students 

were told to create two claims based off of any two claims from the set.  Half of the groups were 

told to use the generalization/specification and translation relationships and the other half were 

told to use the fusion/diffusion and mitigation relationships.  Students were free to either create a 

claim that fit well with the system described by the claims or create a completely new claim that 

did not necessarily relate to the system.   

4.2.2.2 Results and Discussion 

In total, 52 claims were created using the various relationships.  Seven of these were excluded 

because they indicated using a different relationship from what was assigned or the relationship 

that was used to create the claim was not explicitly indicated as requested.  This exploratory study 

of specification with respect to claim relationships led to the following conclusions: 

 The process of creating a claim based on a relationship is very non-structured and 

varies widely.  None of the initially anticipated ways of creating claims were 

necessarily observed as the dominant process, indicating the relationships can be 

interpreted very differently.  Contributions that are eventually made to the claims 

library may vary greatly in how they are structured, necessitating the need for some 

form of measure of value for claims. 
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 There can be some confusion between the relationships.  For example, the 

generalization/specification and the translation relationships can lead to some 

confusion.  Generalization/specification connects claims with different scopes while 

translating works within the same scope.  At certain times, the distinction in scope 

became blurred, causing confusion in what relationship is being used.   

 Due to this variation in creation and relationship interpretation, it is hard to restrict 

the claim creation process.  Instead it may be of greater benefit to leave the 

relationships open to some degree of interpretation, making room for the creativity 

that leads to the vast range of claims.  However, there will be a need to filter claims 

that are not up to par because of a relationship interpretation that may not be 

acceptable at all. 

4.2.3 Exploring Integration 

Our previous studies revealed that claims show promise as a starting point in understanding 

abstracting, selecting, and specifying features of existing designs toward planning future designs. 

We speculate that claims maps, introduced in Section 4.1.5, provide the interface overview 

necessary to integrate the concepts in a designer‟s mind.  To explore the concept of claims maps 

we sought to observe how claims maps were created for a system (Wahid, McCrickard, Chewar, 

& Lee, 2006).  The goals were to determine how claims would be integrated together, whether the 

claims maps would outline system goals and features, and depict areas for future testing. 

4.2.3.1 Participants, Materials, Procedure 

This study was conducted with 18 graduate students who were taking a graduate level 

usability engineering course.  For the activity, the students were referred to a paper on SideShow, 

a notification system that docks to the side of the screen to provide updates on information such 
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as weather conditions, number of software bugs, and online buddies (Cadiz, Venolia, Jancke, & 

Gupta, 2002).  Prior to the study, the students were asked to individually create their own claim 

outside of class based on an aspect of SideShow.  This was done to mimic an actual design 

session in which one would collect disparate claims from a claims library and integrate them 

together.  Once they were placed in groups, they were asked to create a claims map describing the 

SideShow system.  

4.2.3.2 Results and Discussion 

It was expected that the students would create new claims or alter some of their preexisting 

claims.  Indeed, the students did so to bring other claims together.  On average, each group 

created 4 more claims to have a claims map suitable enough to represent the system.  Not all the 

claims initially created by students were used.  Figure 4 shows one of the claims maps created by 

a group.  

This exploratory study on claims maps provided important insight into the process of 

integrating claims together: 

 Claims maps that are general in scope and do not reference specific system features 

can be used as representations supporting early design phases even when the 

intricacies of a system are not yet determined. 

 The structure of the claims map can range from having a clear hierarchy (Figure 5) to 

having no hierarchy at all, but there does not seem to be a distinct reason for 

choosing one over the other.  The more the hierarchy exists, the more the 

generalization/specification relationships are used—demonstrating how structural 

concerns can rely upon relationships. 
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 Claims maps can serve to outline system goals and features through rationale—

emphasized most often through the hierarchical structures because claim 

relationships are closely tied to the SBD process.  General claims exemplifying goals 

are linked to more specific claims that describe features within the system. 

 Claims maps depict opportunities for testing and redesign.  Although many claims 

were created based on SideShow literature, many others were created during the 

integration process, initiating the need for testing of the claims.  Further redesign 

opportunities arise when designers are aware of downsides that are unaccounted for 

(through mitigation).  Significant downsides can represent potential risks to the 

design.  Determining the magnitude of certain downsides is a catalyst for further 

testing.  Thus, claims maps themselves can be used as an evaluation tool to interpret 

the state of the system. 
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Figure 5. A claims map about the SideShow system created by one of the participating 

groups.  Many claims are from literature (Cadiz, Venolia, Jancke, & Gupta, 2002) while 

others were derived using the relationships.  Questions about the validity of certain claims 

and relationships (indicated by the dashed line) and claims not mentioned in the paper, but 

created by students (shown by the dotted lines), should be answered through testing. 

4.3 Chapter Summary 

This chapter focused on demonstrating how claim relationships can be used to facilitate 

reuse—the focus on the first research question.  It introduced the notion of Krueger‟s abstraction, 

selection, specification, and integration as key elements to successfully reusing components.  To 

demonstrate how claims can be reused, claim relationships are used as high level descriptions for 

claims, the basis for a network of claims, a guide to creating new claims, and the foundation for 
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claims maps.  Thus, if one were to reuse a claim, he or she would have to pass through these four 

stages.  However, it must be stated that as a claim is being reused, a designer might seamlessly 

transition from one stage to another in no particular order depending on what he or she is trying to 

do.  Having articulated how a claim can be reused, the next chapter focuses on where a claim can 

be reused during the construction of a design. 
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5 Reuse In Context 

In designing new systems through reuse, it is important to be able to articulate how the 

separate components come together for integration (Krueger, 1992) (Wahid, McCrickard, 

Chewar, & Lee, 2006).  This chapter will explore the second research question: Where in the 

development of a scenario of use can claim relationships be leveraged?  In many cases, the goal 

of the designer is to develop a prototype, like a scenario, so that it can be handed off to others for 

development or further testing.  A key challenge in this process is being able to communicate 

what the system is meant to do while also easing the burdens of creating the prototype.  Without a 

clear method of communication, other stakeholders following the designers will not be able to 

interpret the necessary details for their own work.  Additionally, designers must focus on 

providing details that others may want and leave out details that might be not be valued by others.  

In the previous chapter claims maps were introduced as design representations to integrate 

reusable claims.  Although they demonstrate certain strengths, their size and complexity can 

eventually become burdensome to designers to maintain and hard for those following designers to 

interpret.  This necessitates a different kind of representation that can aid the designer in 

communicating and can be constructed through reusable components. 

One possible representation to create as a result of reusing components is a scenario.  

Scenarios are narratives of what people do and experience during the use of a system (Rosson & 

Carroll, 1995)(Rosson & Carroll, 2002).  A scenario describes how actors are motivated by a 

problem and are driven to carry out a task involving certain steps to reach a desired outcome, 

capturing additional elements such as goals, plans, evaluations, actions, and events (Rosson & 

Carroll, 2002).  Use cases, slightly different forms of scenarios commonly encountered within the 

software engineering community, also capture information such as exception handling  (Rosson 
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& Carroll, 2002).  Often initially captured through interviews or brainstorming sessions (Sharp, 

Rogers, & Preece, 2007), scenarios are later refined by designers as the project progresses 

(Rosson & Carroll, 2002).  Written in plain language for simplicity, they are powerful tools for 

the design and analysis of systems—making them especially useful for requirements analysis and 

user-design communication (Rosson & Carroll, 1995).  Ultimately, scenarios can indeed become 

useful tools for reuse-oriented design (Carey & Rusli, 1995). 

Having chosen scenarios as the form of representation, it is then imperative to explore how 

reuse can be encouraged during the construction of scenarios—the focus on the second question 

in this research effort.  Without this encouragement, designers will not be aware of opportunities 

for reuse, potentially increasing the work done by the designers while creating the scenario of 

use.  This chapter asserts that claim relationships are closely tied to the construction of scenarios, 

playing an integral role in determining where claims should be reused and placed within a 

scenario.  A study on the construction of scenarios in the form of storyboards using reusable 

artifacts demonstrates that claim relationships play a vital role.  This chapter outlines the work 

done toward identifying where claim relationships can be leveraged during the process of reuse.   

5.1 Construction of Scenarios 

The initial work on claims maps investigated their utility as a mechanism for integrating 

reusable claims together through their reliance on claim relationships.  While claims maps 

function well as a design representation, they also introduce two problems.  First, they bring 

about a degree of complexity that can increase as they grow larger, placing an additional burden 

on the designer.  This means that the designers might spend more time focusing on details that are 

important to them, but not necessarily to those who might follow them.  Second, while they can 

portray the structure of the overall design, they are weaker in depicting the task flow, making it 
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harder to extract scenarios.  This makes it harder to interpret what the system is actually trying to 

do as it is being used.   

Storyboards are a specific form of scenarios that can serve the goals of reuse—recently 

demonstrated by the Damask tool in which storyboarding supported the reuse of patterns (Lin & 

Landay, 2008).  Their componentized nature makes it easier to interpret scenarios in parts that 

illustrate potential opportunities for reuse.  They are less complex than claims maps, but still 

depict key system features and user task flow for a scenario.  Their reliance on imagery and 

narratives also makes it easier for one to interpret how the system functions.  However, they do 

lack any explicit mention of rationale justifying the choices that are made.  While this makes it 

harder for storyboarding activities to leverage claim relationships this also presents the 

opportunity to bring rationale to designers in new and interesting ways. 

For this reason, the combined usage of imagery and claims is seen as a possible modification 

to storyboards (McCrickard, Harrison, Wahid, & Branham, 2008).  With this goal in mind, a pilot 

study investigated the differences in using imagery and claims during a design process (Branham, 

Wahid, & McCrickard, 2007).  Designers were presented with artifact choices in the form of 

pictures, claims, and pictures combined with claims.  The results demonstrated that pictures 

invoked more creative usage of the artifacts, but a decreased capability or inclination to consider 

the true consequences of the choices.  On the other hand, claims encouraged focused thought on 

why a particular artifact could be used, but most of the thought was limited to being within the 

bounds of what the claims portrayed.  As a result of this pilot study, storyboards with claims 

emerged as a strong basis for becoming a new representation for a scenario because of its ability 

to leverage claim relationships and provoke creative thought through the attachment of claims to 

imagery. 
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5.2 Investigating Storyboards 

Using a new representation for scenarios deems it necessary to conduct a study on how the 

representation is used in design situations.  For this reason, a study was carried out to investigate 

whether claim relationships could play a role in the construction of the storyboard  (Wahid, 

Branham, Cairco, McCrickard, & Harrison, 2009).  Specific points of inquiry were the 

connections between reuse and claim relationships, creative output, and artifact contributions.   

5.2.1 Participants, Materials, Procedure 

Twenty-one graduate HCI students participated in a study in which they were asked to create 

a storyboard by reusing artifacts provided to them.  Each artifact was presented in the form of a 

card with a picture and label depicting the artifact on the front and a full claim on the back (see 

Figure 6).  Each group was given a different design problem that needed to be solved by a new 

notification system described through a storyboard.  Participants were allowed to create new 

cards if they wished.  Any new cards were retained within the pile of cards for subsequent groups 

to see and use. 
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A sliding effect is used to transition from 

one notification to another 

+ Can divert the attention of the user to 

the notification if needed 

+ Can serve as a link between 

information pieces, allowing users to 

infer relationships between information 

pieces 

- Constant use of sliding transitions can 

interrupt the user often 

 

       

Figure 6. The front of the cards have pictures illustrating the design feature along with 

labels (top left). The back describes the consequences of using the feature in the form of a 

claim (top right).  Additional examples of other cards are shown in the bottom. 

5.2.2 Results and Discussion 

The participants found the cards to be highly reusable as they were general enough to apply 

to different situations.  They chose to use a card in their storyboard if it depicted an idea they 

wanted to reflect within their scenario.  However, the idea they wanted to reflect was not 

necessarily made apparent by the card itself—many specifics regarding how the artifact was 

being used could not be articulated by the card.  Narratives for the storyboard provided some help 

in better describing what the cards were meant to do for the system being constructed.  If they 

could not find a way to represent the idea or if it was completely missing then in rare cases new 

cards were created.  It seemed that participants generally resisted creating a new card unless they 

felt it was absolutely necessary.  This demonstrates that designers feel there are barriers to 

making contributions during reuse, previously confirmed by Herring et al. (2009), but these 

barriers are not always clear. 
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When looking for possible artifacts to use in their designs, the pictures and labels on each 

card served the participants well in describing what the cards were about.  However, there were 

many cases where the participants thought that the picture did not necessarily fit what was 

actually being described by the card.  These misinterpretations served as catalysts to other ideas 

being considered, but were often discovered later when they flipped the cards over to read the 

claims.  In other cases, certain aspects of the pictures themselves inspired the designers to think of 

new creative ideas that were previously unconsidered. 

Even though the participants were unaware of claim relationships, there was clear evidence of 

the relationships emerging during the storyboarding process, demonstrating once again that they 

are deeply connected to core design steps.  The generalization/specification relationship appeared 

when participants discovered a general card about notification systems encompassed many of the 

ideas depicted in other cards about notification system types.  Translating relationships became 

apparent when clear alternatives to each other were identified and often resolved by consulting 

the claims.  The fusion relationship was used by many groups when trying to combine multiple 

cards together into a single idea or feature.  Designers that were aware of some of the downsides 

for particular features tried to mitigate them using other options.  Finally, the 

execution/evaluation relationships emerged as the students identified ways of presenting and 

interacting with information in the system.  The postulation/predication relationship was not 

observed.  This is because the participants were not required to explore the connection between 

the problem and solution within the storyboard. 

The results of this study provided the following valuable insights into how artifacts lead to 

the construction of scenarios: 

 Claim relationships reflect natural ways in which designers interact with claims.  

They play vital roles tied to decision-making (translating), creativity (fusing), detail 
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(generalization/specification), and completeness (execution/evaluation and 

mitigation) during the construction of the scenario and within the scenario itself once 

it is complete. 

 Creativity occurs most when participants present ideas that are not necessarily 

directly depicted by the cards, combine the cards in ways that lead to novel artifacts 

for the system being designed, and create new cards to illustrate completely new 

ideas. 

 Designers only think of creating cards if they cannot get by with what is already 

available to them, making it more important to point out opportunities where 

contributions would be of great value.  This is especially true when certain details 

about the system created are not being reflected by the current set of cards. 

This analysis directly leads to a lightweight design process that can articulate opportunities 

for reuse—a method for demonstrating where claims can be reused during design.. 

5.3 Scenario Construction Process 

The research thus far demonstrated that claim relationships aid reuse by supporting Krueger‟s 

reuse aspects (Wahid, Allgood, Chewar, & McCrickard, 2004)(Wahid, McCrickard, Chewar, & 

Lee, 2006)(Wahid, Smith, Berry, Chewar, & McCrickard, 2004)(Wahid & McCrickard, 2006) 

and play an important role during the construction of scenarios.  However, there is a need to 

continue to encourage reuse and contributions so that designers can both build on the work of 

others and present new ideas.  This can be achieved by identifying a process that would guide the 

construction of scenarios by leveraging claim relationships.  In the study analyzing the 

construction of storyboards (Section 5.2), certain roles were identified for the claim 

relationships—reemphasizing their close ties to SBD.  These roles are the basis for how 
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relationships should be used in the process.  The process introduced has two key goals in mind.  

The first is to demonstrate the utility of each relationship to the designers by linking them to the 

consequences they have on the construction of the scenario, providing motivation for their use.  

The second is to define each use of a relationship in the form of a question that represents an 

opportunity to either reuse by browsing using the relationship or contribute a new claim for the 

scenario.  Below, the process with questions based on each relationship is presented: 

 What is the design problem and who is this for?  The first step in the process to 

starting a new scenario is to explore the situation in which the motivating problem 

arises.  As SBD suggests, this will permit the designer to provide the reasons for why 

the design is needed.  The postulation/predication relationship should be used in this 

case.  It is also suggested that the designer consider the use of an actor in the 

scenario. 

 How will your system present information and how will users interact with it?  As 

SBD emphases, integral to thinking of what a potential solution to the problem might 

be, the designer must consider the ways in which the system will present information 

and users will interact with the information being displayed.  There must be an 

explicit link between information and the method used for interacting with it.  

Utilizing the execution/evaluation relationship in this case will allow designers to 

find pairs of claims that can fill in this gap in the design. 

 Are there alternatives to the potential choices you are making?  As the designers 

construct the scenario, they will inevitably begin to make choices regarding features 

that will be included in the system.  To ensure the designers are considering the range 

of possibilities made available to them, they should utilize the translation 
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relationship.  A key factor in deciding whether to use any other alternatives will be 

the comparison of claims. 

 Is there a novel feature you could create by combining artifacts together?  Having 

considered all the possible choices that are available, often designers are inspired by 

multiple choices at the same time and as a result try to identify ways in which they 

might be used together.  To encourage the combining of artifacts together to lead to 

novel ways of using various elements, the designers should employ the 

fusing/diffusing relationship. 

 Are there negative consequences to the artifacts you are using that are not 

acceptable?  The strength of claims lies in their ability to make explicit the tradeoffs 

of features.  Designers must be aware of the potentially negative consequences of 

using certain elements in their design.  Should the negative impact apply and be 

unacceptable, then efforts must be directed toward finding ways to minimize its 

impact.  For this reason, the designers must utilize the mitigating relationship to find 

potential solutions to negative tradeoffs. 

 Are there parts in your scenario that are too general or too specific?  Although the 

designers will be reusing many artifacts, there will be certain details that are 

inevitably not mentioned.  To better describe the usage of some of the artifacts for the 

intended scenario, these details need to be articulated by the designers.  Thus, the 

generalization/specification relationship should be used to appropriately focus the 

scope of the artifacts to match the intentions of the designers. 

These probing questions are meant to be presented to designers as they construct their 

scenario.  The first question appears at the beginning of the construction process.  Once it is 

resolved, the second question encourages the designers to start looking for ways to present and 
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interact with information.  To ensure their search is exhaustive, they are asked to consider the 

alternatives to the choices they are making and whether they can create new artifacts through 

combinations.  Once a base set of artifacts are determined, the designers make sure they are aware 

of the negative consequences that much be accounted for.  As the designers near the completion 

of the storyboard, they are asked to consider the overall level of detail.  To able to present the 

scenario to others with the appropriate level of granularity, certain aspects of the storyboard have 

to be better tailored to the intentions of the designers.  This process is ended with a reminder for 

the need to iterate, encouraging designers to revisit some of the previous questions. 

5.4 Investigating Scenario Construction 

A study investigating the impact of this process during storyboarding was carried out with a 

fully functional storyboarding tool called PIC-UP.  The following section describes the research 

questions for this investigation.  However, because this study was conducted along with work 

presented in the next chapter, the details of the study and a description of the tool are reported in 

the following chapter. 

5.4.1 Questions  

This investigation focused on three sub-questions which fall under the second research 

question laid out in the research agenda.  A description of these questions and a short overview of 

the results are provided below:  

 How does the scenario construction process impact the reuse or contributions?  As 

the construction process is primarily created to suggest where in the design process a 

claim might be reused or contributed, it is important to understand the ultimate 

impact of the process on reuse.   
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Prior to the study, it was believed the process would make a designer aware of the 

need to reuse or create a claim that will play the role described by the step of the 

scenario construction process.  Through the investigation, it was found that the 

process can motivate targeted searches with the intention of reusing, but that the 

process as a whole can also be ignored by designers who are under the assumption 

that they know what needs to be done.  It is also likely that further use of the process 

will be discontinued. 

 How does the scenario construction process impact the designers’ ability to 

articulate the reasons for why certain claims were reused, created, or rejected?  

Each step of the construction process motivates the use of a claim relationship for 

reasons such as adding a problem, interaction method, additional details, or resolving 

downsides.  Being able to articulate choices made during the design process in terms 

of the reasons provided by the construction process demonstrates whether the 

designers are learning from the process. 

Prior to conducting the study, it was believed each step in the scenario construction 

process would encourage the designer to select claims based on both its applicability 

to the design problem and its role in the design solution.  Results demonstrate claims 

can indeed be chosen based on both applicability and the role—especially more so 

for certain steps of the process.  However, applicability is a far more important 

concern than the role a claim might play. 

 How does the scenario construction process impact the method of using claim 

relationships to find a claim?  Because the construction process motivates the use of 

relationships for every step, it is important to find out whether designers choose to 
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search for claims using relationships to satisfy the step, demonstrating an 

understanding of the utility of the relationship in facilitating reuse. 

Before the investigation, it was thought that the construction process would 

encourage the designers to use the corresponding claim relationship to search for a 

claim to reuse.  Results from the study demonstrate that designers, at the very least, 

attempt to use the corresponding relationship for the step, but their success at finding 

the appropriate claim might vary.  A connection between the step and the relationship 

used cannot mathematically be identified, but the attempts made are apparent through 

feedback. 

5.5 Chapter Summary 

This chapter covered the work related to the second research question to illustrate where in 

the design process a designer has the opportunity to reuse a claim.  To investigate this, an initial 

study on the construction of scenarios was carried out.  The analysis suggests that designers 

associate claims together using relationships even when they are not aware of a formalized claim 

relationship framework.  This led to the identification of a scenario construction process based on 

claim relationships to emphasize opportunities where claims could be reused.  This process was 

evaluated within a study by focusing on three sub-questions.  The questions explored awareness 

of opportunities to reuse, the impact of the guide on choices made, and the impact of the guide on 

relationship use.  Findings indicated the process provides value for reuse if explicitly followed, 

encourages consideration of claim applicability and roles within the context of a design, and 

furthers the use of claim relationships.  The following chapter will focus on what to reuse when 

the opportunities to reuse present themselves. 
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6 Socialized Reuse 

Until this point the work has explained how and where to reuse a claim during a design effort.  

Certainly there is a need to create a tool that will be able to collect, store, and distribute the claims 

needed by the designers during the assembling of scenarios.  However, the need for such an 

environment also brings about challenges associated with maintaining the perceived value of 

claims contained within the ecosystem.  This chapter addresses the third research question: How 

can a reuse environment help determine what design knowledge to reuse during the creation of a 

design?  A piece of design knowledge, such as a claim, might be considered a strong solution not 

only because the idea is relevant to the system being designed, but also because of other factors 

such as the scope, clarity, structure, authority, and completeness.  While these factors can be 

taken into account to various degrees by designers, they eventually all contribute to how strong 

the design knowledge is perceived to be.  Thus, if the designer has the capability to determine 

what might be seen as a strong solution, then they may be able to take advantage of reuse.   

If one is to look at the notion of a community of practice, in which engagement in a social 

practice is a process by which we learn (Wenger, 1998), one would find that its line of reasoning 

would apply to the work here: examples of design knowledge determined to be stronger by the 

community can possibly lead to stronger design knowledge being reused and contributed.   The 

study presented in Section 5.1 even found an instance where the design knowledge being 

contributed was influenced by the examples that were already made available to the designers  

(Wahid, Branham, Cairco, McCrickard, & Harrison, 2009). 

There are certain pitfalls if this idea is ignored.  Reusing incomplete or untested claims may 

lead designers to tread in unchartered territory, leading to a possible forced redesign down the 

road.   Designers who plan to advance their own knowledge about a certain domain will not be 
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training themselves with the appropriate knowledge.  Exposure to claims that are poorly reused 

might influence designers in ways that lead them to create and contribute claims that are of lower 

value.   In essence, the capacity for designers to learn from each other through claims that are 

determined to be better examples of design will be compromised. 

Research in reuse has considered several ways of handling the quality of the reusable 

components through both objective and subjective measures (Burton, Aragon, Bailey, Koehler, & 

Mayes, 1987).  One objective method of assessing a component‟s quality is to use metrics based 

on size or complexity.  If the component is too small, the cost of integrating it might exceed the 

usefulness of the component, lowering its quality (Caldiera & Basili, 1991) (Burton, Aragon, 

Bailey, Koehler, & Mayes, 1987).  Subjective measures include aspects such as readability, 

structure, and style (Burton, Aragon, Bailey, Koehler, & Mayes, 1987).  These different measures 

lend more weight to the argument that different factors are taken into account when determining 

what might be a strong solution. 

Efforts to maintain and gauge the quality of claims have also taken place.  Guidelines and 

structured processes for creating and storing claims are one way to maintain the structure and 

style of claims (McCrickard, Evia, Somervell, Lee, & Wahid, 2006).  While this can aid the 

quality of claims, it does impose a greater degree of rigidity to claims, increasing the amount of 

work required to create a claim.  Other methods have explored the use of the rationale‟s origin, 

author experience, user ratings, and the amount of previous reuse to quantitatively calculate the 

quality of a claim (Davis, Tang, Smith, & McCrickard, 2005).  While this method is more 

expansive, it requires that designers explicitly provide information throughout their work for the 

measure to be effective. 

An important issue to consider as designers reuse claims to build scenarios is how the weaker 

claims can be filtered out, leaving the stronger claims to be reused in future designs.  Realizing 
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the value in knowing what previous designers preferred to utilize, this effort proposes social 

navigation as a method to point designers to potentially stronger solutions by reflecting how 

much a claim is reused.  This will potentially reflect the value and strength of the claim.  This 

chapter outlines how social navigation can be utilized to help identify what can be reused within 

the context of a tool.   

6.1 Supporting Social Navigation  

Social navigation is the notion of moving through information based on traces left by others 

(Dourish & Chalmers, 1994)(Brusilovsky, Farzan, & Ahn, 2005).  It is chosen as the basis for a 

management technique because there is value in designers understanding what other designers 

have exposed themselves too.  For this to function appropriately, there are two characteristics that 

must be considered.  First, because social navigation relies on reflecting the activities of others, 

the system must be capable of storing information related to the activities that are taking place 

and display them accurately.  Second, the activity-related information being stored and reflected 

must be meaningful and perceived as a benefit to others, encouraging users to navigate to 

information others have seen. 

Within the context of this work, a valued piece of information is the strength of the claim and 

the relationships it has established.  This allows designers, often either unfamiliar with the 

domain or inexperienced, to isolate the stronger claims or groups of claims (through the weight of 

their relationships) and filter out the weaker ones.  Gathering the number of times a claim is 

reused and the number of times the same relationship is assigned between the same two claims 

can provide enough information toward gauging how valued the claim is within the ecosystem.  

The more a claim is reused, the more a designer can believe the claim provides a potentially 

strong idea.  Similarly, when the same relationship is assigned to two claims over and over again, 

the pair of claims is seen as a stronger solution within the domain. 
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For this to be successful, the information required to support the social navigation must be 

acquired in a way such that the users of the system are not burdened.  Designers engaged in the 

process of extracting claims from a library and assigning relationships to them as a scenario is 

being constructed are already interacting with the data needed to support social navigation.  

Keeping in mind that designers often resist making contributions without a perceived benefit 

during reuse (Herring, Chang, Krantzler, & Bailey, 2009), the data needed in this case is not 

explicitly asked for.  Instead, the designers‟ activities can readily provide the information, 

eliminating any additional burdens or constraints.  However, the information being collected is 

not being processed by the system, as opposed to recommender systems, and is being passed on 

to the users directly for them to consider.  A recommender system might have greater capabilities 

in processing various factors and then recommend claims to users, but how good these 

suggestions may be needs to be considered since recommendations may not be relevant to the 

storyboard being created.  This puts into question how much better a recommender system might 

be than the chosen social navigation technique.  The approach to social navigation taken here 

empowers the user to decide whether a claim is applicable to the design at hand. 

6.2 PIC-UP: A Storyboarding Tool 

With a growing collection of claims there is a need for a better way to share, collect, and 

manage.  With this goal in mind, PIC-UP was creating to facilitate reuse during storyboarding 

(see Figure 7).  PIC-UP is designed to support the activities addressed in the previous chapter and 

facilitate the issues raised in this chapter, leading to three main goals for the tool.  First, the tool 

changes the way in which designers interact with claims to facilitate greater seamless integration 

of the claims together.  Second, the browsing and searching capabilities include social navigation 

techniques to aid designers in filtering out weaker claims and identify highly reused claims and 

relationships.  Third, an environment following the previously outlined scenario construction 
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process allows designers to create imaginative storyboards and leave footprints others can trace 

through social navigation.  Below, the characteristics of PIC-UP are described. 

 

Figure 7.  PIC-UP is a storyboarding tool supporting the reuse of claims in the form of 

cards.  Cards can be found in the browse space and then placed into the storyboard space to 

create a storyboard. 

 Claims as cards.  Each feature or claim in PIC-UP is referred to as a card similar to 

the work described in Section 5.2 since it was found that this format can encourage 

both creative thought and rationale-based thinking (Wahid, Branham, McCrickard, & 

Harrison, 2010).  Cards have a label and an image on the front and associated design 

tradeoffs on the back (see 1 in Figure 7).  Users can flip cards to see both sides.  The 

images are intended to serve as mechanisms to attract attention to cards and inspire 

new ways for how they can be reused in a storyboard.  Designers are also encouraged 

to consider the impact of using the artifact by referring to the advantages and 
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disadvantages.  A storyboard is created by gathering and sequencing cards to 

illustrate a scenario of use in a series of panels. 

PIC-UP leverages collections of cards centered around targeted areas or domains.  

Just as in the study with the paper version of cards, the cards in PIC-UP also focus on 

notification systems—products built to manage dual-task situations and the 

interruptions that might occur (McCrickard, Chewar, Somervell, & Ndiwalana, 

2003).  Users are encouraged to contribute new cards to facilitate growth and sharing.  

To create card, a designer must provide a label, picture, and short description of the 

feature and its positive and negative tradeoffs.  Cards can also be edited to suit one‟s 

needs.  When a card is created or edited, it is only available to the creator.  After a 

storyboard is submitted through a finalization process the new or edited cards are 

permanently stored for others to see.  This is based on the belief that the need for a 

new card is established once it is actually integrated into a storyboard.  Storage of 

ephemeral cards meant to be temporary is avoided by requiring the finalization step.  

Instead, those cards are retained in saved user files.  PIC-UP uses two spaces in 

which cards are manipulated: browse and storyboard.  Cards are dragged from the 

browse space, containing the card collection, and dropped into the storyboard space, 

an area for storyboard assembly. 

 Browse space.  The browse space has several methods of searching and filtering 

through cards (see 2 in Figure 7).  Apart from a keyword search, users can view a 

random set of 30 cards.  This view provides initial exposure to the collection for 

possible inspiration.  The recent view displays the last 10 new cards created by the 

community so that users are aware of new additions.  Users can also view cards that 

belong to certain categories (see Section 4.1.1) related to specific kinds of 
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notification systems—giving a way to find what might be appropriate while also 

familiarizing users with the domain. 

The browse space also allows cards to be seen in a detailed view mode (Figure 8).  

This shows both the front and back of cards together and the number of times it was 

used by others.  In addition, it shows all cards that share a relationship with the 

selected card.  Clicking on a related card allows one to navigate to it—offering a 

browsing mechanism for discovery of other relevant cards to reuse.  Users can also 

choose to see cards with a certain relationship by using a relationship search. 

 

Figure 8. The detailed view shows the label, image, and design tradeoffs of a card.  It also 

shows how many times the card was used and links to related cards through relationships. 

Because of user generated content, some cards may be more useful than others 

because of language, scope, applicability, and imagery.   In anticipation of needing to 

elevate cards offering strong solutions, social navigation components were integrated.  

The top 10% & 20% view shows the most used cards, indentifying cards that emerge 

in importance over time.  These cards are color-coded with shades of green indicating 

their usage throughout PIC-UP.  The detailed view shows the number of times a card 

is used.  Similarly, the number of times a card is used with another card through a 

relationship is also shown.  Navigation to these cards and relationships is a result of 

the social markings left by others, allowing everyone to quickly filter out cards that 
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may be weaker.  Because this information is being submitted anonymously, it cannot 

be made clear whether a single person is using a claim repeatedly or whether multiple 

people are using the claim in different contexts. 

 Storyboard space.  This section provides a canvas for collected cards (see 3 in Figure 

7) so they can be sequenced to create a task flow representing the progression of the 

story.  One can then add scenario cards to write a narrative for each storyboard frame 

(see 4 in Figure 7). 

As the cards and scenario are formed, designers often realize the need for other cards 

that might not be available.  Cards included in this space can be edited to fit the 

context of the storyboard being created.  Additionally, cards can also be created in 

this space and later stored for others to see when the storyboard is finalized. 

 Storyboarding guide.  Just as DENIM  (Newman, Lin, Hong, & Landay, 2003) and 

Damask (Lin & Landay, 2008) chose to guide designers through a tailored style of 

storyboarding—from overview to finer details—PIC-UP integrates the scenario 

construction process in the form of a guide (see 5 in Figure 7).  Each of the seven 

steps in the guide probe the user with a question to consider about their design and 

offers suggestions on what can be done and which card relationship to use.   

When using the guide, the first step asks the designer to identify the problem being 

solved.  It then suggests including an actor in the narrative and suggests using the 

postulation relationship to find cards.  The postulation relationship is established 

between a card representing a problem and one offering a solution.  The other steps 

probe the designer about information presentation and interaction techniques, 

alternative solutions, combining artifacts to create new ones, negative consequences 

of certain cards, and level of scope of the cards.  The relationships associated with 
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these steps are execution and evaluation, translation, fusion and diffusion, mitigation, 

and generalization and specification.   

The last step asks to iterate and then finalize the storyboard.  When a user finalizes, 

PIC-UP gives the opportunity to establish relationships that exist between cards in 

the storyboard for others to see in the detailed view. 

The target users for this tool are designers unfamiliar with the application domain, 

inexperienced designers, and those with a vested interest in growing institutional knowledge.  

Such users can exist in academic environments for training or corporate environments focusing 

on the development of specific kinds of systems.  Assuming users have some understanding or 

basic skill in design, they may adopt this approach and tool if they feel the design process is 

flexible and the application domain of the knowledge is relevant.   

6.3 Investigating Scenario Construction and Claims Management 

Upon completion of PIC-UP development, PIC-UP was deployed to explore the effects of the 

social navigation techniques on finding claims to reuse and the scenario construction process 

introduced in the previous chapter  (Wahid, McCrickard, DeGol, Elias, & Harrison, 2011).  This 

section focuses on the details of the evaluation and reports on the results. 

6.3.1 Questions  

This evaluation focused on the sub-questions presented in Section 5.4.1 and two additional 

sub-questions regarding the work in this chapter.  The first three sub-questions about the scenario 

construction process, or guide, correspond to the second research question regarding where in a 

scenario design knowledge can be reused.  The fourth and fifth sub-questions introduced here fall 

under the third research question regarding what to reuse.  An anticipated outcome for each sub-

question was also determined, however, these are not expressed explicitly as hypotheses to test 
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for.  A recap of the previous sub-questions and a description of the two new sub-questions 

follows:  

 How does the scenario construction process impact the reuse or contributions?  As 

the construction process is primarily created to suggest where in the design process a 

claim might be reused or contributed, it is important to understand the ultimate 

impact of the process on reuse.  Going into the study, it was believe the process 

would make a designer aware of the need to reuse or create a claim that will play the 

role described by the step of the scenario construction process. 

 How does the scenario construction process impact the designers’ ability to 

articulate the reasons for why certain claims were reused, created, or rejected?  

Each step of the construction process motivates the use of a claim relationship for 

reasons such as adding a problem, interaction method, additional details, or resolving 

downsides.  Being able to articulate choices made during the design process in terms 

of the reasons provided by the construction process demonstrates whether the 

designers are learning from the process.  Prior to the study, it was believed each step 

in the scenario construction process would encourage the designer to select claims 

based on both its applicability to the design problem and its role in the design 

solution. 

 How does the scenario construction process impact the method of using claim 

relationships to find a claim?  Because the construction process motivates the use of 

relationships for every step, it is important to find out whether designers choose to 

search for claims using relationships to satisfy the step, demonstrating an 

understanding of the utility of the relationship in facilitating reuse.  Before the 
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investigation, it was thought the construction process would encourage the designers 

to use the corresponding claim relationship to search for a claim to reuse.   

 Is the information reflected meaningful enough to encourage designers to rely on the 

social navigation techniques?  To be able to gauge the utility of the social navigation 

based on claim usage, there is a need to find out whether designers see value in 

knowing that a certain claim is used more often.  This provides insight into whether 

this information can be taken into account during the search process.  It was thought 

the color coding and quantitative usage values will make the designer aware of highly 

reused claims.   

 How does viewing the usage of claims and assigned relationships by others impact 

the designers during the construction of the scenario?  When the usage information 

is seen and understood by designers, there is a need to know how this might influence 

their choice of claims.  A better picture of whether reuse can be influenced by the 

choices of others can be created by exploring this issue, toward understanding how 

strong claims are elevated and weaker ones are filtered out in the design domain.  It 

was thought that as long as a claim is applicable, highly reused claims would be 

preferred over claims that are not highly reused.  It was also believed that when 

creating new claims, novice designers might refer to the highly reused claims as 

examples. 

6.3.2 Participants 

Three specific target user groups for this tool were mentioned in Section 6.2.  This specific 

study focused on designers who are either unfamiliar with the design domain and/or relatively 

less experienced with design.  Our group of aspiring designers consisted of nineteen graduate 

students who were all taking a usability engineering course.  Some were engaged in HCI 
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research.  Their experiences with design and HCI varied widely.  Seven students said their 

previous experience was limited to HCI coursework.  Three students were exposed to HCI and 

design work through both courses and previous jobs.  Three others mentioned they did UI work 

before in work settings, but did not take any classes.  Of all that had some experience, only three 

specifically had storyboarding knowledge.  The remaining six had no previous experience. 

6.3.3 Methodology 

The concepts of claims and storyboards were introduced in the usability engineering class 

before the study was started.  The PIC-UP cards were given to the students during an in-class 

activity so that they could familiarize themselves with the concepts of scenarios, claims, and 

notification systems.  Soon after this activity, the students were given introduced to PIC-UP as a 

tool that would extend the card-based activity. 

At the beginning of the study PIC-UP contained 54 cards created by the PIC-UP team and 

others during a series of prior small-scale deployments.  There were 53 relationships established 

between the cards with some cards being more connected than others. 

Participants were asked to use PIC-UP to design three different systems in three phases 

during the study over the course of 2 months.  The time span of the study allowed for the 

participants to gain experience with the tool, provided time to contribute and reuse claims created 

by other participants, and allowed for the social data to develop and influence the construction.  

Some requirements were changed for phases to observe behaviors in PIC-UP usage.  Each phase 

asked for a storyboard containing 4-7 frames, but the frame requirement was not enforced.  As it 

is hard to capture the thoughts of the students, in addition to submitting storyboards each student 

was asked to maintain a design journal for each phase.  The journal provided a summary of the 

storyboards, a description of the steps taken to create the storyboard, and reflection on the use of 

PIC-UP.  



69 

 

All the subjects worked in pairs except for one.  Working in pairs gave participants the 

opportunity to discuss how to go about creating a storyboard as they learn from each other.  

Larger groups were intentionally avoided because it might inhibit effective use of the tool due to 

the single user nature of the tool. 

In phase 1 they were given 1.5 weeks to design a notification system to alert airline 

passengers of flight status information.  This phase gave them a chance to familiarize themselves 

with PIC-UP.  In phase 2 the students were asked to design a system to alert building occupants 

of an emergency and guide them out.  They were asked to build a storyboard during an observed 

session where they could be videotaped.  Following an hour-long design session, a semi-

structured interview was conducted to gather thoughts on the storyboard, card selection, the guide 

and relationships, card creation, and previous card usage.  This phase allowed for the observation 

of how certain artifacts can be shared within a community when solving a common problem.  In 

phase 3 the subjects were allowed to choose what to build over 1.5 weeks, but they were required 

to follow the guide in PIC-UP.  The last phase provided insight into the growth of the collection 

and the effects of structuring the design process.  After all phases, semi-structured interviews 

were done with fourteen of the students to hear final comments on the experience and longer-term 

impact the experience had on them as designers.  They were also shown one of the storyboards 

created during the study to elicit further feedback. 

The primary focus of this study was to investigate the ability to use claim relationships as 

ways to facilitate both design by and for reuse.  As claims themselves and their impact on reuse 

are not being judged, the study did not focus on changes in reuse or the quality of the designs 

produced.  One can refer to previous work to learn more about whether claims have a positive 

impact on reuse  (Sutcliffe & Carroll, 1999) (Chewar, 2005) (Payne, Allgood, Chewar, Holbrook, 

& McCrickard, 2003).  Quantitative studies on the impact of claims reuse on quality and domain 
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familiarization were also previously done (Wahid, Smith, Berry, Chewar, & McCrickard, 2004) 

(Fabian, Wahid, Bhatia, & McCrickard, 2006). 

This study was designed as a qualitative investigation since the interests lie in not just 

whether the participants reuse, but why they chose to reuse.  In this case, the motivating factors 

for reusing and creating claims were a key part of the investigation.  Therefore there was a need 

to capture all the actions, situations, and reasoning that took place in a real world setting.  These 

can serve as rich examples of situations that lead people to reuse.  For these reasons a qualitative 

study was more appropriate. 

While the goal was to observe the use of PIC-UP in a real life setting for an extended period 

of time, there was an intentional effort to avoid having multiple conditions in a controlled 

environment since that would focus on answering different kinds of questions.  Factors that are 

either expected or unexpected might be hard to control for and this might mean the effects may be 

irrelevant beyond the controlled environment.  Some examples of factors that would be hard to 

control are students talking to each other about their storyboards, storyboards being created at 

different times with different claims in the library, and the amount of time taken to create the 

storyboards.  One would not be able to control these factors for an extended period of time. 

Since several pilot studies with PIC-UP were conducted prior to this study, some ideas as to 

what might happen were naturally developed.  These anticipated outcomes, described with the 

study questions, are not formulated as hypotheses with the goal of performing hypothesis testing 

in mind.  They serve to acknowledge the research was not done without any preconceived 

notions.  The design of this study was done such that it could explore emerging behaviors related 

to the use of PIC-UP.  Without being able to fully anticipate these behaviors, it is hard to control 

for and measure them—a situation that would be imperative for hypothesis testing.  Instead, the 
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results of this study contribute an understanding of the behaviors that can, at a later point in time, 

be controlled for and measured by design toward conducting hypothesis testing. 

6.3.4 Data Collection 

Data was collected in several ways, both qualitative and quantitative, during the duration of 

the study.  Every pair of students was asked to submit a storyboard for each phase.  This showed 

the final claim that were reused and any new claims that were created.  Each student individually 

also turned in a journal describing their efforts in the phase.  They were asked to explain the 

design system, the steps taken to assemble the storyboard, the effects of the social navigation, and 

reflections about PIC-UP. 

PIC-UP also maintained log files that recorded events such as searching, progression through 

the storyboard guide, relationship navigation, card flips, and category browsing.  Each pair 

submitted their final log file along with their saved storyboard file. 

Snapshots of the database containing information such as the total number of cards, 

relationships, and their usage were maintained for each phase.  This allowed for tracking of 

changes in how often cards were reused.   

The participants were directly observed for one phase where video recordings were made.  

While storyboards, log files, and journals were collected, additional information was gathered 

through a semi-structured interview that was also recorded on tape.  At the end of the 

investigation, participants were interviewed again.  Audio recordings of the semi-structured 

interview were kept. 
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6.3.5 Analysis 

The data in the storyboards, journals, and interviews were initially analyzed based on the 

open coding technique (Strauss & Corbin, 1990).  The process involved identifying categories 

related to card selection approaches, guide usage, design learning, card creation, and 

identification of highly used artifacts.  The videos were consulted when transcripts referred back 

to events during the observed session.  Logs were mined to gain an overview of key actions and 

changes in the collection. 

Because a large portion of the collected data was qualitative, further steps were taken in the 

analysis toward answering the specific questions for this study.  To determine whether the 

collected data is relevant to the study questions and that conclusions are not being impacted by 

any bias, additional coders were consulted.  Data relevant to answering the questions were further 

analyzed by 2 objective coders and 1 subjective coder.  Both outside coders were graduate 

students familiar with reuse, claims, and storyboarding.  They were not involved with the design 

of the PIC-UP study or the running of it.  These two coders were intentionally chosen over others 

with different design backgrounds so that a baseline understanding of the concepts involved in 

this study could be maintained toward reaching agreement. 

Excerpts from interview transcripts, design journals, and the observed sessions thought to be 

relevant to the questions were compiled.  This was done by initially referring to the data that was 

categorized during the open coding.  Samples of data from the open coding categories were 

chosen from both categories that might be relevant and other categories that were not relevant to 

the study questions.  In total 124 data excerpts were collected from various categories. 

Each excerpt of data was presented to the coders in the form of a short paragraph with a 

highlighted portion to be analyzed.  The rest of the text was kept to provide context.  A coding 

scheme with 10 different codes, shown in Table 1, was also developed based on the questions for 
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the study.  Each code represented a concept, such as the impact of previous reuse or use of the 

storyboarding guide, which tied back to one of the study questions. 

Prior to the coding, both coders were familiarized with PIC-UP.  They created two 

storyboards that were in line with phase 2 and phase 3 of the study.  Once completed, both coders 

were trained using the coding scheme and sample excerpts.  All three coders coded the sample 

data to gain familiarity with how to use the coding scheme.  Rules were created and modifications 

to the scheme were made as needed.  The rules and codes were established such that only one 

code would apply to an excerpt.  All three coders then coded the collection of excerpts.  The two 

objective coders were not given any indications as to what the study questions or expected 

outcomes were until after the coding was completed.  The codes and final outcomes of the coding 

are shown in Table 1.  Inter-rater reliability measures demonstrated significant agreement (Fliess‟ 

Kappa: 0.821, Krippendorff‟s Alpha: 0.821, average pairwise Cohen‟s Kappa: 0.822, average 

pairwise percent agreement: 84.409%) among the coders. 
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Code Excerpts 
Number of 

Participants 

Study 

Questions 

1. Awareness/Impact of Previous Reuse 17 11 Q4, Q5 

2. Browsing/Using Relationships 12 8 Q3 

3. Creating/Adding New Cards and 

Relationships 
13 10 

Q1, Q5 

4. Approach to Searching for and 

Selecting Cards 
10 8 

 

5. Specific Guide Step 19 9 Q1, Q2, Q3  

6. Overall Guide Use 26 13 Q1 

7. General Approach to 

Structuring/Creating the Storyboard 
6 5 

 

8. Lessons/Thoughts on Design and 

Reuse 
18 10 

 

9. Learning About Notification Systems 3 6  

10. Other/Uncategorized 0 0  

Table 1. The codes used for analysis, the number of excerpts assigned to each code, the 

number of participants involved with providing the data, and the study questions they were 

used in to determine the conclusion. 

Once agreement was achieved, the excerpts that had at least 2 coders agree were placed into 

collections for each individual code.  Excerpts where no agreement was achieved were to be left 

out of any further analysis.  All three coders went through excerpts belonging to a single code and 

made observations regarding what the data illustrate by discussing various excerpts.  Each coder 

tried to present an interpretation of what the excerpts could mean and consulted the others as to 

whether their interpretation could be a likely one.  Notes were taken while these observations 

were being made.  Once this was completed, the study questions were presented to the coders.  

The appropriate code observations for each question were consulted and possible answers and 
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alternatives explanations were identified and agreed upon.  Table 1 shows which codes were used 

in answering the study questions. 

6.3.6 Results 

The results of the studying in which PIC-UP was deployed are presented below.  The range of 

activity that took place as a result of reuse during storyboarding is described along with the 

strengths, weaknesses, and impact of PIC-UP.   

6.3.6.1  Storyboarding Overview 

Before going into the results that answer the study questions, there is value in knowing that 

no phase caused a very big difference in the structure of the storyboards being created.  There 

were 11 storyboards produced for phase 1, and 10 for phase 2 and 3 (see Figure 9).  Overall, it 

was found that the size of the storyboards remained mostly constant.  In phase 1, the storyboards 

contained 5 to 14 total cards, averaging 6.9 cards.  The number of panels ranged from 3 to 7 with 

an average of 4.72.  In general, there were 1.46 cards per panel.  Phase 2 saw a slight increase in 

cards included.  The total number of cards ranged from 4 to 13 with a mean of 7.1.  They used 

between 4 and 7 panels, producing an overall average of 1.61 cards per panel.  In phase 3, there 

were between 4 and 13 cards reused or created with an average of 7.  On a whole there were 1.52 

cards per panel with a range of 3 to 6 and a mean of 4.6.  The total number of cards reused for 

phase 1, 2, and 3, was 76, 69, and 69 respectively.   
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Figure 9. An example of a phase 3 storyboard with 4 panels and 8 cards.  Each panel has a 

scenario card. 

A summary of the storyboard structures described and an overview of additional results 

gleaned from the period in which PIC-UP was deployed is provided in Table 2.   

 Phase 1 Phase 2 Phase 3 

Cards Per 

Storyboard 
6.9 7.1 7.0 

Panels Per 

Storyboard 
4.72 4.4 4.6 

Cards Per Panel 1.46 1.61 1.52 

Total Cards Reused 76 69 69 

Cards Created 3 6 14 

Relationships 

Created 
30 47 26 

Number of Card 

Flips 
126 115 88 

Logs with Guide 

Activity 
4 4 10 

Relationship Browse 9 59 17 

Relationship Search 46 22 81 

Table 2. An overview of the results found after PIC-UP was deployed. 

 



77 

 

The total number of cards reuse demonstrates PIC-UP is enabling design by reuse.  The 

number of new cards and relationships created indicates design for reuse.  The number of cards 

flips decreased over time—most likely due to increased familiarity with the cards.  While there 

was limited usage of the storyboarding guide, all participants used it in the final phase.  The 

relationship browse was mostly used in phase 2 as a browsing mechanism, but in phase 3 the 

relationship search played a larger role as a result of the storyboarding guide. 

6.3.6.2 Guide and Relationship Use 

Demonstrated by both the logs and the comments made during interviews, there was limited 

use of the guide in phases 1 and 2 during the study.  In phase 1 and 2 only 4 pairs showed any 

guide related activity.  When asked about this activity, most of these participants mentioned they 

only clicked on it to see what it was but did not use it.  One participant during the phase 2 

interview had the following reaction to the guide: “I looked at it to kind of just see what was 

there, but honestly I didn’t use it that much.  I just kind of did my own thing…”  He further went 

on to mention that his, “…assumption is that most people will do the guide once and then not do 

it again.”  Another student had a similar reaction to the guide after phase 1: “We really did not 

follow the guide.  We came up with our own way of attacking the situation and did it that way.”  

This same student mentioned during phase 3 that a, “…disadvantage was that the guide may only 

be useful for the first few times you use it.”  The same sentiments were echoed by others as well.  

Of all the pairs, there was only 1 pair that attempted to follow the guide in phase 1 and 2.  Such 

examples demonstrate that the guide‟s utility is not immediately apparent and that it is likely to be 

ignored when not specifically prompted to use it.  It was also mentioned that using the guide 

could feel very restricting since it dictated what should be done to build a storyboard. 

When the use of the guide was required in phase 3, the study found a different way of 

impacting reuse.  In phase 3, the logs indicated all pairs used all the steps of the guide.  The study 
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found the overall impact of the guide was to give a sense of targeted reuse.  When discussing 

overall thoughts about the guide, one participant said, “One benefit of the guide was that it 

prompted users to think about things that they may not have thought of before. For example, we 

never really considered adding additional things in our storyboard that may help explain the 

system we are designing.”   

Each step prompted them to consider reusing certain types of cards.  For example, in the first 

step a subject wrote in his journal that they, “…wanted a card that presented the problem of blind 

spots which subsequent cards would solve.”  For the second step, in which they were asked to 

consider information display methods and interaction techniques, a participant said, “Here we 

identified that we wanted to deliver the information as text with links to more information.”  In 

writing about the third step about alternatives, one participant wrote, “On our previous 

storyboards, we hadn't given must thought to alternatives (this making it a good item to include in 

the guide).” Of all the steps, we found the fourth step asking them to combine cards, led to very 

limited activity.  One participant had the following comment in their journal: “The fusion 

diffusion card [step] did not really add anything to our particular application…”  Although the 

exact reason is unclear, this may be because by the time participants got to this step, they had 

already stacked some cards together in the storyboards, symbolizing a form of fusion.  It is also 

possible that they need not see much utility in the step.  In the fifth step, where negative design 

tradeoffs are identified and resolved, a student wrote, “Originally, we had not thought of any 

possible negative outcomes until we looked through the mitigation cards.  Then we realized that 

there was a chance the user might not hear the verbal notification.”  The final step, in which they 

were asked to consider adding additional details that were being left out, allowed participants to 

think of how well they are communicating their ideas.  This was made evident by the following 

comment regarding this step: “We thought of a few specific details, but we didn't realize how 

needed they were as an explicit card until we had to arrange the cards for a storyboard.”  We 
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notice these kinds of actions were only mentioned in phase 3.  What is evident is that the 

participants are not just thinking of building a storyboard with cards that are relevant and 

applicable to the system, but are also considering the reasons for how the card might contribute to 

the structure of the storyboard.  The steps in the guide provided the reasons needed to conduct 

targeted reuse to modify and develop the storyboard. 

We find the actions taken as a result of some of these steps are indicative of a form of design 

learning that took place—especially considering they initially saw no utility in the guide and 

ignored it in earlier phases.  One participant mentioned, “…the later steps made us think about 

adding certain things.  For example, adding alternative ways of portraying information so that 

made us look for other cards.  The big one was putting cards to solve a problem with  your 

system…really looking for errors in your system.  That’s something we didn’t think about…we 

just designed the system.  So that helped.”  Another person‟s reaction was stated as the following: 

“For example, we never really considered adding additional things in our storyboard that may 

help explain the system we are designing. Instead we assumed that our system made sense to 

everyone because it made sense to us.”  These examples demonstrate that there were concepts of 

design that were not initially considered.  The guide made the participants aware of other aspects 

of the storyboard that needed to be given attention.   

Overall, there was a sense that the guide made the storyboard stronger with the application of 

certain concepts.  During the phase 2 interview, a participant said, “I think following the 

storyboard guide makes our storyboard stronger by forcing us to apply some scenario design 

concepts like the Norman's gulf of execution on the example above.”  Another participant stated, 

“…it makes the storyboard stronger.  It could have been 3 or 4 panels to give you a generalized 

view of what the system does, but by following the guidelines we wound up having 7.”  Such 

comments illustrate that at the very least the participants felt they were more empowered and that 
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their ideas were better supported in the storyboard.  Whether the guide actually resulted in an 

increase in the quality of the storyboard cannot be determined in this study. 

While positive impacts were observed, feedback on potential negative effects of the guide 

was also collected.  Participants commented on the fact that the guide was a very prescriptive 

process: “I thought it was very one pass type thing…very linear instead of cyclic.  Generally there 

is an optimization cycle in there.  It was kind of trying to get you to build the prototype before you 

design.  There are more steps before placing your first card.  It wasn’t a bad way of doing it…it 

was kind of restricting.”  Another student mentioned the guide resulted in very “cookie cutter-

like” storyboards that followed the exact same framework.  The more experienced a user becomes 

with PIC-UP, the less the chance he or she would be willing to be bound to the process in the 

guide.  Instead they might prefer a more free flow process where some of the steps in the guide 

may be followed, but in a different order when it is deemed appropriate.  This issue also brings up 

the fact that the placement of some of the steps was also questioned.  One participant suggested 

that the step to add more details appeared too late in the process because by that point already a 

large amount of work has been put into each card.  This may mean some become reluctant to go 

back and reformulate some of the cards at that point.  Finally, we found several participants that 

mentioned the guide would probably be used once or just a few times.  Decreasing use of the 

guide might indicate that once the gist of the steps in the guide was understood and internalized.  

Once that is done, the guide would not serve any other purpose.   

Relationship usage depended on the conditions of the phase.  In phase 1, logs indicated that in 

total users followed relationships 9 times and used the relationship search 46 times.  In phase 2, 

the numbers were 59 and 22 respectively, indicating a greater reliance on following relationships.  

One informant described his reaction to following relationships in the phase 2 interview: “It’s 

nice that they’re categorized by the relationship, but usually I’m just clicking on it to see what 

other cards are associated with it cause that’s not exactly what I’m looking for but close…”  In 
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phase 2, participants seemed to use relationships to browse without necessarily having a sense of 

what relationship to use.  Instead they followed relationships based on what might look 

interesting.  Thus, the full potential of relationships was not grasped.  At this point, the 

participants did not leverage the guide, and therefore were not asked to use the relationships in 

any way.  This might have led the participants to believe that relationships were merely a feature 

for browsing without any particular design value.   

However, in phase 3 relationships were followed 17 times and the relationship search was 

used 81 times.  This change in what is favored indicated the reasons for searching using 

relationships changed.  They began to see what relationships were really capable of since each 

relationship was tied to the guide—explaining the increase in the relationship searches.  This 

change in thinking was portrayed by one participant: “The guide introduces you to the power of 

the relationships. Not in a sense of finding more cards, but a power in the sense that the 

relationships help you make sure you cover all the spectrums for your storyboard. You don't want 

multiple cards when you could generalize. You don't want a postulation card without its solution 

card. You don’t want a card without using its mitigation card because this minimizes the cons of 

your storyboard.”  It is notable the role each artifact plays in completing the design is considered 

by the participants.   

For example, one participant wrote in their journal: “Step 3: Here we browsed [using] 

translation. We found the continuous notification card and used the translation to also find the 

sporadic notification.”  Since the guide step was about looking for alternatives, this event is an 

example of someone intentionally looking for a card that will play the role of „alternative‟ in the 

storyboard rather than only looking for cards that are applicable to the themes of the system being 

created.  It should also be noted that this may be induced by the guide.  When to use a certain 

relationship and find a card of a particular role is artificially dictated by the guide, although this 

thinking may last beyond this after lessons from the guide are internalized.  Once learned, the use 
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of relationships and roles would most likely be driven by problems encountered as the storyboard 

is created and not by a preset ordering of steps.   

Participants also mentioned they did not always find what they needed due to the small 

number of relationships.  Through the logs, we see all of the participants used all the 

relationships.  However, this does not mean that the relationship they were supposed to use was 

the one that led them to finding the kind of card they needed to complete the step in the guide.  

Other methods of searching also led them to find cards that played the appropriate role.  While 

the participants attempt to use the relationships in each step, ultimately, it is not always the 

method used to find the card that was needed.  In this case, the limits of the collection and 

number of relationship may have an impact.  Thus, a clear connection between the guide and the 

method used to find a card cannot be found.  However, attempts that describe targeted searches 

can be understood through journal and interview feedback.  Searches aimed to find cards to 

satisfy goals such as fixing problems, reflecting information display methods, or describing 

interaction techniques do take place.   

The number of relationships created grew over time.  The relationship count went up to 83, 

130, and 156 over the three phases.  For example, the lighted directional path card, initially 

created in phase 2, was eventually connected to 5 other cards.  There was a sharp increase in new 

relationships in phase 2, but this fell in phase 3 despite a larger number of new cards.  Perhaps 

this was due to many new relationship assignments that may not have been as strong being added.  

It is posited that the number fell in phase 3 because the participants better understood the 

concepts and only created new relationships that matched how they were defined in the guide.  

This may indicate the guide should be consulted the first time PIC-UP is used to better explain 

the relationships.  Another reason might be that adding many new cards that could not easily be 

related to the existing cards.   
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6.3.6.3 Impact of Previous Reuse 

The study wanted to see how knowing the number of times a card was previously used 

impacted reuse.  We found the participants were easily made aware of which cards were highly 

reused based on the green color coding.  One participant‟s comments regarding the use of green 

were as follows: “…my eyes are naturally drawn to the green cards because green is generally a 

positive color and I actually expressed concern with how I thought it might skew a lot of people's 

storyboards.”  A majority of the participants expressed they understood the meaning of the color.  

While it is clear that the color does increase awareness, the concern noted foreshadowed the 

larger issues raised. 

The top 10% & 20% view led participants to express different opinions.  Since this shows the 

most reused cards, it elevates those that stand the test of time.  It was believed the view and green 

cards would let designers quickly identify cards of higher perceived value.  When speaking of the 

utility of these cards, one participant who said, “Highly [reused] cards could provide a starting 

point for designers, in that those cards could contain high level ideas applicable to a wide range 

of products.”  Another student explained the benefit to him: “I used the most frequently used 

cards as a starting point for my exploration of options in the ideation stage. The most popular 

cards were usually applicable in some way to the system I was tasked to create. Also, looking 

though the cards that other users had chosen gave me an idea of how they solved the design 

challenges.”  On the other hand, we found previous use is not necessarily a key factor: “Just 

‘cause they use it a lot doesn’t necessarily mean that it’s going to fit with what you’re doing.”  A 

majority of the participants were split between whether they should reuse cards used by others 

because of these opposing issues. 

There were a lot of strong views about whether something should be used just because it was 

reused by others as we probed further into this last comment.  One respondent in our phase 2 
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interview explained it this way: “Yeah, I don’t even like allowing [previous use] to influence…I 

mean honestly I could even imagine myself being biased in the other direction…just wanting to 

use cards that haven’t been used much before so I don’t feel like I’m doing the same thing that 

everyone else did.”  Another informant gave an example of how this notion might negatively 

impact them: “While considering popular cards can be efficient, it can often hinder creativity and 

sometimes cause designers to implement the wrong type of system for a designer problem. For 

example…we immediately looked to implementing a mobile system because that card was most 

used…after thought, we realized that a mobile system would not be [appropriate].”  Even though 

the ability to reuse artifacts in new designs is not being challenged, it seems there is discomfort 

regarding a potential loss of innovation if users feel they are reusing the same solutions over and 

over again. 

Even though this discussion did take place, through the database snapshots we did find the 

claims that were initially highly reused continued to be reused more than others over the three 

phases.  Figure 10 illustrates how each card in PIC-UP was used over time.  Initially, through 

pilot deployments, some cards were used more than others.  When PIC-UP was fully deployed for 

this study, the cards that were initially popular continued to be so in more storyboards.  For 

example, the top three cards in order of usage were called continuous notifications, sporadic 

notifications, and using textual information for notification. 
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Figure 10. Each line in the graph represents a single card’s usage in PIC-UP.  Cards that 

were initially reused often during pilot studies prior to full deployment continued to be 

reused over the three phases of the study. 

In explaining how cards are selected, there are a number of factors to take into account: 

applicability, previous reuse, and strength of relationships.  As illustrated by the description of the 

tension, cards are chosen because they are applicable to the system being created and not just 

because other used them.  After all, a card that is not even relevant would not be able to fit into 

the storyboard.  Yet, if the same cards are being reused over and over again for different 
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storyboards then it may also be because of stronger wording, completeness, and scoping to fit 

many different contexts.  Additionally, we did not find any evidence of anyone taking into 

account the strength of the relationships that exists between cards.  Thus, when looking at the 

three factors that might determine whether a claim is reused one can see that applicability is by 

far the most important concern.  Previous reuse, and, by extension, the social navigation, is a 

secondary factor that lets users identify potential claims to look at, but it is not a determining 

factor.  The strength of the relationships established between claims is a tertiary factor that does 

not have much impact on the decision process, but they continue to serve as a mechanism to 

facilitate further browsing to aid in determining what can be reused. 

6.3.6.4 Creating Cards 

Card creation was also looked at closely as it is a large part of reuse and sharing.  The number 

of cards grew to 57, 63, and 77 in phases 1, 2, and 3 respectively.  All the participants created a 

card at some point.  A participant explained there was one sole reason for trying to create a card: 

“…the fact that we couldn't find a card with the right kind of [tradeoffs] for what we had in 

mind.”  Creating a card was an activity done as a last resort after a potentially exhaustive search 

for an appropriate card.  In phase 1 this was further emphasized after another participant wrote 

the following with respect to two cards called in route notification and information kiosk:  “These 

cards were created because, after extensive searching, we were unable to locate pre-made cards 

that represented these ideas.” 

There are some interesting behaviors that were observed when creating a card.  When 

deciding to make a new card, we found that some participants who put a lot of effort considered 

many different factors.  There is a lot of value in looking closely at one particular example of a 

pair creating a card.  During phase 2, in support of their building evacuation procedures, a pair 

determined they needed a visual alarm.  They first discussed what the label for the card should be.  
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At first they considered calling it visual alarm, but though that would be too broad.  They later 

settled on calling the card flashing light as visual alarm.  They proceeded to go online and do a 

search for a picture that might be a good example.  When looking at various images, they 

considered the type of alarm and the color of the visual alarm.  Once the picture was chosen, they 

proceeded to write the claim.  They debated what the advantages of such an artifact would be, 

considered whether it would divert attention from a task, whether diversions would be an 

advantage, and potential negative effects.  They noted that they saw other cards that were not that 

well thought out and therefore wanted to add more.  One participant explicitly mentioned that 

they have to think beyond their own scenario and consider how it might be used in other 

situations.  In determining the wording of some of the tradeoffs, they decided to use the term 

primary task since it was also mentioned in other cards.   

In looking at what took place, one will notice the pair considered the impact of the scope of 

the card and tried to reflect the scope through the name.  To facilitate reusability, they added 

tradeoffs that were not just related to their own scenario, but to other potential ones as well.  This 

may also mean that this kind of activity can encourage a form of design thinking focused around 

the assessment of artifacts in terms of tradeoffs.  In talking about this card, one of the students in 

the pair said, “we took our time in creating our card, making sure that it contained the kind of 

information that would help us in this specific instance, but also making the [tradeoffs] broad 

enough so that others could use it in the future. We also included a fair number of [tradeoffs]… 

since we came across some cards that were lacking…”  It is interesting that they referred to other 

cards to determine their strengths and weaknesses.  For example, they identified appropriate 

terms that matched other cards to maintain consistency.   

In another instance, a different pair in the observed session during phase 2 decided to use a 

card they created in phase 1.  When deciding to do so, one of the partners said, “Hey if we keep 

using this, this will eventually go up and…get green status.”  Like the previous example, this 
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example also demonstrates that novice designers may strive to balance how generic or specific a 

card is to maintain its applicability—often intertwined with a sense of ownership for their cards. 

The exposure to the social navigation and the top 10% & 20% views might have led participants 

to realize some of the characteristics that facilitate reusability of the cards since that led them to 

cards that were reused more often.  It may be said that these are examples of participants learning 

from characteristics, such as wording and scoping, of stronger cards through exposure to them.  

However, it cannot definitively be said that stronger cards are always being referred to when 

creating new cards and it is certainly not the case that all the participants always created cards 

that would turn out to be highly reusable.  It must also be mentioned that one should be cautious 

about new cards since the utility of PIC-UP might rely heavily on the number of new cards being 

contributed and, particularly, on the quality of those cards. 

6.3.7 Conclusions 

The results gleaned from the study of PIC-UP provide the necessary information to answer 

the study questions determined prior to the investigation.  Below are the conclusions that can be 

derived for each question.   

 How does the scenario construction process impact the reuse or contributions?  The 

possible outcomes could have been that the guide would be followed all the time, 

followed and later discontinued, or completely ignored.  Based on 9 out of 26 

excerpts from 4 participants coded as 6 (Overall Guide Use) and the log data, the 

analysis found that the guide is usually ignored by users of PIC-UP if unprompted.  

This is primarily due to the fact that the users feel they are generally aware of what 

they need to do to create the storyboard.  When looking at 15 of 19 excerpts from 9 

participants coded as 5 (Specific Guide Step) and 5 out of 14 excerpts from 4 

participants coded as 3 (Creating/Adding New Cards and Relationships), we find in 
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phase 3 the guide motivated the designers to design by and for reuse—making them 

aware of an opportunity to reuse or create a card.  It is believed, however, that the use 

of the guide would discontinue once the user is already familiar with the steps of the 

guide.  The guide itself has to fight preconceived notions designers might have about 

prescriptive processes and might clash with their ideas about design process. 

 How does the scenario construction process impact the designers’ ability to 

articulate the reasons for why certain claims were reused, created, or rejected?  

Possible outcomes of the study were observations demonstrating the designers only 

selected claims based on applicability or both applicability and the role it could play.  

The results demonstrated that both applicability and role were considered when 

making choices.  This conclusion was made by referring to 15 out of 19 excerpts 

from 9 participants coded as 5 (Specific Guide Step).  It was found that applicability 

was the most important consideration that had to be made.  It is apparent through 

descriptions in the journals that certain steps in the guide got participants to be aware 

of the role a potential candidate claim must play.  However, only if a claim was 

applicable, was its role then taken into account when integrating it into the 

storyboard.  Additionally, there were instances where participants indicated they had 

not thought of doing certain steps before they had seen the guide.  This is 

encouraging as it might mean they see value in understanding the different roles that 

claims could play in constructing the storyboard and are learning more about design.  

For example, the mitigation step was not previously considered by many, but it 

proved to be an important role for a claim to play, further motivating design by reuse 

by focusing thought on where in the process a claim should be reused. 

 How does the scenario construction process impact the method of using claim 

relationships to find a claim?  A possible outcome of the study was to find a 
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connection between the steps followed in the guide and the relationships used to find 

claims to reuse.  Results from the study demonstrate that designers, at the very least, 

attempt to use the corresponding relationship for the step, but their success at finding 

the appropriate claim might vary.  This was found by looking at 10 of 19 excerpts 

from 6 participants that fell under code 5 (Specific Guide Step).  A connection 

between the step and the relationships used was not identified.  This is primarily 

because the actions taken to find a claim that is both applicable and a fit for the 

intended role might involve not just the use of the intended relationship, but also 

other search methods since it was not always possible to find the right card just by 

following a single relationship.  During the analysis 15 of 19 excerpts from 9 

participants in code 5 (Specific Guide Step) did demonstrate targeted searches for a 

certain kind of claim to satisfy the step were taking place.  While the scenario 

construction process encourages the use of relationships to find a reusable claim, the 

size of the claim collection and the number of existing relationships may not always 

provide the best choices.  This limitation was suggested by 1 of 12 excerpts from 1 

participant in code 2 (Browsing/Using Relationships).  For this reason, other searches 

take place.  If searching is unsuccessful, then the possibility of creating a card may be 

raised.  

 Is the information reflected meaningful enough to encourage designers to rely on the 

social navigation techniques?  In answering this question, instances where designers 

see value in knowing which cards are highly reused are important to identify.  The 

analysis looked at 15 of 19 excerpts from 11 participants in code 1 

(Awareness/Impact of Previous Reuse) and found participants were generally aware 

of which cards are highly reused.  This was primarily due to their familiarity with 

green cards and the use of the top 10% & 20% view in PIC-UP.  The top 10% & 20% 
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view was commonly used because it provided an overview of cards that had a higher 

chance of applying to the design problem at hand, demonstrating that social 

navigation does offer value during the search process.  Although many were familiar 

with how to find out how many times a claim was reused, they did not seek this 

information out explicitly.   

 How does viewing the usage of claims and assigned relationships by others impact 

the designers during the construction of the scenario?  One possible outcome would 

be evidence showing stronger claims are used more often than others.  When looking 

purely at the number of times claims were used, many of the claims that were 

initially highly reused continued to be reused over time.  These claims placed 

themselves within the top 10% & 20% view and many remained there.  However, the 

feedback illustrates the tensions that can exist when reusing claims that are highly 

reused—many resisting the notion of reusing claims simply because they were reused 

by others.  During the analysis 8 out of 17 excerpts from 6 participants in code 1 

(Awareness/Impact of Previous Reuse) led to this conclusion.  There was no evidence 

of the strength of the claim relationships existing between two claims being taken 

into account when making a decision about whether something should be reused.  

This illustrates claims are not reused because of previous reuse, but primarily because 

of applicability.  Previous reuse, and by extension, the social navigation, may only be 

secondary factors that might play a role in determining the appropriate card. 

Another impact of viewing the usage of claims can be observed when creating new 

claims.  Through the interviews, it was apparent that the participants knew which 

claims were the stronger claims.  Over time, they understood how to word their 

claims when creating new ones.  While it cannot definitively be said that the 

participants always viewed stronger claims as examples when creating new claims, 
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there is some evidence in 6 out of 13 excerpts from 2 participants in code 3 

(Creating/Adding New Cards and Relationships) to suggest they did understand the 

characteristics of the stronger claims (language, scope, format, etc.) and those that 

chose to put the effort into creating highly reusable claims incorporated these 

characteristics.  Thus, it may be said that, for novice designers, highly reused claims 

may have beneficial learning effects for the time when they decide to design for reuse 

when creating new claims. 

6.3.8 Further Results on PIC-UP 

Apart from answering the specific study questions in this investigation, other interesting 

behaviors were observed.  Here, a description of some of the other issues that emerged during the 

study is reported. 

6.3.8.1 Construction Approaches 

When focusing on how participants chose cards to reuse during storyboarding, two 

approaches emerged: taking a card-first approach and creating a scenario out of what is available 

or a scenario-first approach where a predetermined scenario drives the selection and creation or 

cards.  This was illustrated when a participant posed a choice during the observed sessions: “How 

do you want to start…by looking at the cards first or by writing down some ideas?”  In response 

her partner said, “I was going to say we discuss some stuff and try to come up with some vague 

idea for what our system is.”   

The study found a majority of the storyboards followed the scenario-first approach.  During 

the observed sessions an average of 4 minutes were spent determining the scenario.  The pairs 

would agree on the basic ideas for the design by discussing possibilities.  One student described 

the initial brainstorming: “We would typically do pen and paper prototyping first and do a rough 
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sketch and do a stick figure drawing and that’s when we would hash out stuff and spend time on 

the system.”  Another pair chose to record ideas in PIC-UP during phase 2: “My partner and I 

started by thinking about the design of an emergency notification system and then by writing the 

scenario cards for our design. This helped us clarify our ideas and identify what could be 

improved. This also helped us choose all the different cards to illustrate our scenarios.”  Students 

then proceeded to choose cards by mapping them to the scenario.  

When inquiring about taking a card-first approach, respondents generally agreed it did not 

seem to be the ideal approach: “I remember flipping through the cards and trying to apply 

different scenarios to the cards, it was very inefficient because I was matching a scenario to a 

card instead of the card to a scenario.”  This approach was rarely used.  We found some 

examples in phase 1, but only one example in phase 2.  This contrasts the previous work with the 

physical cards for which a card-first approach was chosen more often (Wahid, Branham, Cairco, 

McCrickard, & Harrison, 2009).  PIC-UP, with its larger collection of cards, might be instigating 

such a change, but since a scenario driven approach is what traditional storyboarding would 

advocate, it is an encouraging sign. 

6.3.8.2  Inspiring New Ideas for Reuse 

PIC-UP can inspire new thoughts while following a scenario-first approach.  In looking for 

artifacts to reuse, a participant explained plans often changed; e.g., “We came across other cards 

that, while not what we were searching for, turned out to be applicable to our project, and we 

altered our envisioned system to reflect the new ideas that we had generated based on the cards.”  

The images often played a key role in attracting attention and inspiring certain ideas during the 

search, but it is often checked by referring to the design tradeoffs.  A student explained this by 

saying: “The image I think just helps us to catch our attention at first cause there were cases…we 

flip through the [tradeoffs], maybe the image might semi-work, but when we saw the [tradeoffs] 
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we’re like ‘ok no this isn’t the type’ so ultimately it really would probably be the [tradeoffs].  The 

image we can always alter.”   

Reuse of cards can be highly dependent on how relevant their tradeoffs are.  This is 

prominent when designers are faced with choices: “When we were trying to decide which card to 

use when there were two similar cards we flipped each card over and compared the [tradeoffs] 

on the back.  After comparing the two, we decided on which one was more what we had 

envisioned for the system, and then chose to add that one to the system.”  Participants flipped 

cards 126, 115, and 88 times in phases 1, 2, and 3 respectively.  Participants acknowledge this is 

an important activity, but it might be that it decreased due to users becoming more familiar with 

cards over time—indicating a greater familiarity with the application domain and the associated 

rationale. 

6.3.8.3  Searching for Cards 

Based on journal entries, the study found card-first approaches preferred to use the random 

view.  The view was not used as much in the scenario-first approach.  Often when looking for a 

very specific kind of feature related to notification systems (such as an alert method) participants 

referred to the category view since cards were organized by type.  The final interviews found this 

served to illustrate core concerns of notification systems, better familiarizing users with the class 

of systems.   

Interesting issues came up when looking more closely at the recent and top 10% & 20% 

views.  The recent view, showing the 10 newest cards, played an important role in phase 2.  Since 

everyone was working on the same problem, designing a system for building evacuations, new 

cards had the chance of being relevant to other storyboards.  An example of a card shared and 

reused within the community was the lighted directional path card.  The artifact was about using 

lights along a path to guide people during an emergency.  The picture showed emergency lights 
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along the aisle in an airplane.  Many individuals had thought of similar ideas and when one 

person looked at the recent view and saw that it was already made, he reacted by saying, 

“Someone made that for us! Sweet.”  As others used it, the card broke the threshold and acquired 

a green status, placing it in the top 10% & 20% view.  This example shows reuse can directly 

benefit efforts to solve a problem.  However, this also illustrates the recent view may only be 

useful when everyone works on the same problem. 

6.4 Chapter Summary 

To aid designers in identifying potentially stronger solutions to use in their designs, this 

chapter discussed how designers can rely on the activities of others to determine what can be 

reused in an effort to answer the third research question.  In particular, social navigation can point 

designers toward claims that are used more often or pairs of claims with established relationships.  

In an effort to study how claims can be managed and used in a process to construct scenario, PIC-

UP was created.  PIC-UP facilitates the creation of storyboards by enabling the reuse of claims in 

the form of cards containing both imagery and design tradeoffs.  An investigation deployed PIC-

UP for 2 months and explored the impact of the scenario construction process and social 

navigation in a community of novice designers through five sub-questions.  The questions 

explored awareness of opportunities to reuse, the impact of the guide on choices made, the impact 

of the guide on relationship use, awareness of social footprints for card usage, and the impacts of 

social navigation on design.  The study found that the scenario construction process, while 

potentially ignored, can trigger novice designers to design by reuse by conducting targeted 

searches for artifacts to reuse.  If artifacts are not found, the opportunities can cause new artifacts 

to be creating, encouraging design for reuse.  Exposure to social navigation allowed users to 

identify highly reused claims.  Even though many were reluctant to reuse claims because they 

were used by others, artifacts that were highly reused continued to be used more often.  Highly 
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reused claims also served to make users aware of how new claims may be written and scoped to 

increase reusability. 
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7 Further Investigations of PIC-UP 

The previous chapter‟s study of PIC-UP with graduate students focused on how the tool 

could serve a community of novice designers over a period of time.  Since there were some 

notable positive impacts of PIC-UP, the need to explore who else this tool could tailor to arose.  

A second interview-based exploratory study was conducted with experts to address how they 

might envision using PIC-UP  (Wahid, McCrickard, DeGol, Elias, & Harrison, 2011).  This study 

serves to bring to light directions for where PIC-UP may be headed in the future.  The nature of 

the study and results are described in this section. 

7.1 Participants 

Seven informants were recruited for the investigation from both academia and industry.  The 

participants consisted of a user experience (UX) researcher, a UX designer, a UX manager, 2 

university professors (one of whom spent significant time as a designer in industry), a director of 

a usability consulting group at a university, and a researcher at a large corporation. 

7.2 Methodology 

The one-hour sessions were carried out via phone and screen sharing.  Audio recordings were 

made.  The session first started with a semi-structured interview about their background and 

existing design practices.  They were then asked to read instructions and follow a sample task 

taking them through designing a notification system for museum visitors in PIC-UP.  The task 

was designed to illustrate all the system features.  Their actions were observed through screen 

sharing.  Once completed, they were interviewed about their storyboarding practices and 

reactions to the tool.  
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7.3 Analysis 

The interview data and notes taken while the task was carried out were analyzed based on the 

open coding technique (Strauss & Corbin, 1990).  Categories related to existing practices, 

background, experience levels, existing tools, and reactions to PIC-UP were identified. 

7.4 Results 

The reports on the findings from the interviews are discussed in this section.  An overview of 

the current practices is provided first.  Results on who might use PIC-UP and how it can facilitate 

communication are reported. 

7.4.1 Current Practices 

There was a need to gain a sense of how designers initially start their work on design.  The 

professor who had a background in industry explained designers, “start with sketching the stories 

of people, generally with scenarios and the construction of people and places and [them] doing 

something…”  In brainstorming sessions, it was mentioned a whole team might use whiteboards 

or post-it notes to record ideas and storyboard during design charettes.   

The UX manager explained his approach to problems in new areas: “Over time a series of 

different sessions of design research and just talking and looking at… best practices.”  The 

director said she would try to find out what had been done before.  When discussing tools, 

informants mentioned prototypes could be pitched using Illustrator, Omnigraffle, Dreamweaver, 

Flash, and PowerPoint. 

When discussing reuse, five informants mentioned some form took place in their work.  This 

could appear as styles, templates, and practices to maintain consistency.  The UX researcher 

specifically advocated sharing designs and practices.  A professor explained that there is no 
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creativity without some kind of reuse.  On the flip side, the researcher mentioned reuse was not 

an option because research demanded novelty. 

7.4.2 Use Based on Expertise 

It was encouraging to find PIC-UP may offer value to users of different expertise levels in 

varying roles.  It was believed experts would use PIC-UP after the initial problem exploration 

since it is a solution-oriented system.  Participants believed it has the potential to make 

brainstorming more comprehensive.  The UX manager described the impact of having a 

storyboard at this stage of the design process: “The idea of having an artifact to respond 

to…makes a huge difference for brainstorming.”  He added that the storyboard, “might be a 

deliverable for an initial brainstorming phase where we might work through…a round of 

revisions and think about some of the pros and cons.”  PIC-UP may be a resource during 

brainstorming.  For example, the UX designer mentioned: “I think it would be a good resource 

for discovering methods of interaction or usability that I hadn’t necessarily thought of. It’s just a 

good way of exploring ideas or opportunities.”  Similar thoughts were also expressed by the UX 

manager: “If we had an easy way to view a lot of prior work…it might help us by putting it in one 

visual field, to be able to review ideas…and say does this apply and be more comprehensive 

about the brainstorming.”  Such comments may indicate experts might use PIC-UP in the 

appropriate design phase in addition to existing practices—most of its utility being in facilitating 

brainstorming. 

Reasons for using PIC-UP might change for the less experienced.  The UX designer 

suggested, “…for somebody less familiar with design, this could be their step one…a non-

designer could start more from the ground up with a tool like this.”  It was found that for some 

non-designers such as developers, managers, or clients, the sketching that comes so easily to 

experts can be an obstacle. The UX researcher explained the problem this way: “A lot of the 
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designers…they always start with sketching and that’s a really uncomfortable place to start for 

somebody that’s not comfortable with sketching.” Although one cannot confirm, perhaps this 

same obstacle may exist in DENIM (Newman, Lin, Hong, & Landay, 2003) and SILK (Landay & 

Myers, 1995) since they emphasize sketching too.  Additionally, PIC-UP may offer a way to 

synthesize initial concepts.  One person stated, “…this could help those people who weren’t so 

familiar with UI concepts and design and things like that and give them a starting place and a 

method for illustrating their ideas.”  In putting these ideas together, the UX researcher noted, 

“because it is a storyboard, it necessitates thinking about workflow which is something that can 

get lost a lot…especially with somebody who isn’t thinking about design all the time.” For 

novices or non-designers, PIC-UP may reduce initial hurdles by offering the utility of generic 

images and a way to communicate design concepts.   

Design teams with mixed levels of expertise might leverage PIC-UP too.  For them it can 

serve as a record of work: “This seems like a way to keep a collaborative team up to date…about 

what happened in a design session.”  Groups might also have to identify what the best practices 

are for a new class of systems.  For this situation, the UX manager explained, “this tool is a way 

to rapidly move towards a solution that builds in some awareness of what you’ve already done to 

analyze the problem, but also…on best practices in that area. So if you are unfamiliar…this tool 

seems like a resource to turn to…” This strategy of learning from other work is useful for both the 

experienced and inexperienced designers working with unfamiliar systems. 

7.4.3 Communicating Through Storyboards 

Some interviewees mentioned communication gaps can exist during design.  It was found that 

PIC-UP might be able to aid with the communication in certain situations.  One of the professors 

mentioned: “What I want to know every time I see a designer argue for a choice is show me the 

user centered evidence that supports that choice.”  This may be facilitated by the explicit 
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tradeoffs in each card.  Another way PIC-UP may be used in an organization was explained by 

the UX researcher: “We could sort of build cards based on the needs of our own 

organization…because right now, that information lives in people’s heads, and if it lives in 

people’s heads, then it looks a little bit differently in the other person’s head, which means 

there’s not a common enough understanding even though there definitely should be.”  She 

continued by saying: “The notification examples you’ve put together here sort of represent what 

we as a department have talked about wanting to do for a long time, which is creating a UI 

pattern library.”  It seems the reasoning for design choices and the sharing of these ideas can play 

an important role—potentially placing greater importance on PIC-UP‟s use of design tradeoffs 

and its reuse capabilities.   

7.5 Conclusions 

This study focused on collecting additional insight about the potential value of PIC-UP from 

experts in the field.  The current practices of designers illustrate that there is room for reuse of 

design practices, storyboards, and brainstorming sessions.  Based on the feedback, PIC-UP may 

tailor to designers of different expertise levels.  Novices may be able to easily describe 

communicate early design ideas while experts may utilize it for brainstorming sessions.  

Additionally, PIC-UP may be utilized as a tool to facilitate communication in group 

brainstorming sessions or with other stakeholders in a project or organization. 

7.6 Chapter Summary 

While the utility of PIC-UP was established among novice designers, further implications of 

PIC-UP were explored to gain a better understanding of what it may become in the future.  A 

study with experts opens doors to new areas of investigation among practitioners.  The study in 

this chapter found PIC-UP may tailor in different ways to designers of different expertise levels.  

It may become a brainstorming tool for experts, a first step to understanding design for novices, 
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and a tool to create design records for mixed expertise teams.  PIC-UP also shows potential in 

facilitating communication within a team and with stakeholders outside of the immediate team. 
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8 Research Conclusions 

8.1 Summary 

This research pursues the goal of facilitating the reuse of design knowledge.  It focuses on 

claims as a unit of knowledge and claim relationships as a mechanism to promote reuse.  This 

research initiative was summarized in the following statement: 

In creating early, simple, and appropriate design representations, 

people should design by reuse to leverage prior work and design for reuse 

to assist future design efforts.  Critical to this end will be the notion of 

artifact relationships that encourage how, where, and what to reuse while 

increasing familiarity with both the domain and rationale—resulting in 

positive impact on a designer’s ability to reuse and contribute. 

The completed work demonstrates how design by and for reuse using claims is enabled by the 

claim relationships along with other tools and techniques.  To illustrate how to reuse claims, 

claim relationships can be utilized to abstract, select, specify, and integrate claims—key tenets to 

facilitating reuse.  Embedding claim relationships within a scenario construction process 

explicitly portrays where claims might be reused during scenario creation—demonstrated through 

storyboarding.  Claim relationships can help direct designers to what might be reused, but 

evidence shows ultimately applicability and techniques such as social navigation play a greater 

role in determining what to reuse.  Using these methods to access and reuse claims can increase a 

designer‟s understanding of the domain and the associated rationale.  Through tools like PIC-UP, 

one can positively impact a designer‟s ability to reuse components and make contributions to a 

growing collection of artifacts. 
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8.2 Discussion 

To facilitate the reuse of design knowledge in the form of claims, claim relationships were 

introduced (Wahid, Allgood, Chewar, & McCrickard, 2004).  They emerged from the processes 

embedded within scenario-based design and are well-suited to interact with the nature of claims.  

To facilitate design by and for reuse, claim relationships needed to demonstrate they could 

achieve Krueger‟s reuse aspects.  When used to create a network of claims, the relationships are 

used to abstract, select (Wahid, Smith, Berry, Chewar, & McCrickard, 2004), specify (Wahid, 

McCrickard, Chewar, & Lee, 2006), and integrate claims (Wahid & McCrickard, 2006) (Wahid, 

2006).  Once this design by and for reuse is enabled, designers must determine where in a 

scenario a claim can be reused  (Wahid, Branham, Cairco, McCrickard, & Harrison, 2009) and 

what claims can be integrated.  The scenario construction process based on relationships 

highlights opportunities to design by and for reuse (Wahid, McCrickard, DeGol, Elias, & 

Harrison, 2011).  The social navigation techniques aid in determining what claims might be used 

(Wahid, McCrickard, DeGol, Elias, & Harrison, 2011).   

Ultimately, PIC-UP is one example of how all of these concepts are combined—putting 

together the strategies that encourage how, where, and what to reuse to support design by reuse 

and for reuse.  These ideas could have been used to create a different tool with an emphasis on a 

different kind of artifact, such as a pattern, and representation, such as a wireframe.  For these 

kinds of tools the activity of prototyping, in whatever form it may be, can be used to encourage 

reuse.  Consequently, the integration of prototyping and reuse in new tools may have beneficial 

effects in areas such as design learning, communicating, considerations of design novelty and/or 

optimization, and software development processes.  Those in academia may consider this to be an 

example of how to support design training.  Practitioners within industry may find interest in 

creating such tools to enhance debate within their own team and communication with those 
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outside of the immediate development team.  However, both parties must be careful in 

maintaining the ideas of abstraction, selection, specification, and integration in any other tool 

intended to support reuse.   

Taking a step back, one can see the work leading to PIC-UP does position it as a tool to 

support design by reuse to leverage prior work and design for reuse to assist future design 

efforts.  The ease with which claims were reused in every storyboard highlight PIC-UP‟s ability 

to provide simple access to a collection of claims, which, as shown by the earlier studies, can lead 

to greater familiarity with an application domain and associated rationale (Fabian, Wahid, 

Bhatia, & McCrickard, 2006).  The representation form and the construction process can guide 

designers in forming design problems, solutions, and scenarios of use while reusing claims.  With 

their specific instantiation in PIC-UP in the form of cards, claims may provoke creative thinking 

and encourage designers to explicitly consider the impact of design decisions through tradeoffs as 

illustrated by additional results.   

Certain pitfalls may also exist within PIC-UP and other tools that are headed in this direction.  

In trying to facilitate design by and for reuse, one must understand that quality is an issue that has 

to be dealt with.  Just as good ideas may propagate, lesser ideas may also spread throughout a 

collection.  A further concern, beyond the scope of this work, is the quality of the overall 

storyboards being created.  Prescribing a process to create a storyboard or any other 

representation can only go so far.  Instead, efforts must be placed into growing the capacity of a 

new designer over a longer period of time so that the person will understand when to take a 

design step.  While this may also be aided with the use of social navigation, ultimately how 

scalable this might be is still unknown at this stage.  Issues related to the use of the top 10% & 

20% or other search methods may emerge with a significantly large collection of artifacts. 
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Looking forward, the nature of such tools—especially PIC-UP with its underlying reliance on 

claims, the integration of elements such as the guide and relationships, an emphasis on scenarios, 

and storyboards—potentially positions them as one that can encourage design learning and 

thinking.  For PIC-UP, the results provided examples of novices taking new actions as a result of 

the storyboarding guide and exhibiting a form of design thinking in creating new cards.  PIC-UP 

may have the capacity to serve as an example that focuses both on fundamental HCI issues while 

retaining more of the contemporary design concerns such as lightweight prototyping and 

creativity.  It is heartening that some reports from the novice participants stated they found use 

for PIC-UP and storyboarding in their own research and jobs because it changed the way they 

were thinking about design.  As it was noted by an expert, PIC-UP may be able to reinforce 

lessons of workflow.  It also focuses thoughts on the potential users and encourages early 

consideration of the problems to be solved—effects observed as a result of the guide and the use 

of claim relationships.  While it is true the guide and relationships might prescribe a process 

during storyboarding, student designers or those working in organizations in non-designer roles 

could find some value in at least initially following some of the suggestions.  Even if one cannot 

find a certain card using a recommended relationship in a step, the actions taken are considered to 

be better than inaction since they indicate the overall structure of the design is being taken into 

account—leading to reuse not for the sake of having a solution, but also to satisfy tradeoffs, 

discrepancies in the scenario, and overall task flow.   

Based on the last two studies, it is believed the concept of PIC-UP—or something like it—

may offer the potential to tailor to three user groups.  First, as both studies outlined, the tool may 

be beneficial to novices and non-designers.  The interviews with academics indicate they may be 

enthusiastic about exposing students to interaction, workflow concepts, and solutions that can be 

reused.  Tools like PIC-UP could provide students a chance to utilize technology and interact with 

it the way designers might.  Non-designers such as developers, managers, and clients who might 
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be involved with a design project might find ways to express their thinking.  This could aid 

practitioners in establishing better communication during design discussions and eliciting 

feedback from other stakeholders about the ideas being considered.  Second, this work could aid 

diverse practitioner groups that may be unfamiliar with a certain class of systems.  As the 

interviews with experts pointed out, when tackling a new kind of system, research must be done 

to understand what kinds of systems already exist.  PIC-UP might facilitate group brainstorming 

sessions for practitioners in UX teams by inspiring ideas when starting a new project—especially 

for areas in which they have not worked.  However, it should be acknowledged that expert 

practitioners might resist fully adopting PIC-UP as they might prefer their existing storyboarding 

methods and the flexibility of determining their own storyboarding characteristics such as 

imagery.  However, if the concepts behind PIC-UP were to be integrated into a different tool, 

such as OmniGraffle or Axure, this might encourage them to adopt a reusable collection of 

artifacts that could aid brainstorming.  Third, an organization with a vested interest in collecting 

and sharing design practices may take advantage of PIC-UP‟s reuse and sharing capabilities.  

There may be many different product groups working on various kinds of software with their own 

standards, but if the organization wishes to project common standards, PIC-UP could play a role.  

Such an effort could help to evangelize practices across an organization so that everyone could 

begin to understand and follow a shared understanding of design standards.  This may also aid 

new designers join the product groups and become familiar with what the organization wishes to 

do.  The types of artifacts, class of systems, imagery, and rationale will need to be tailored to the 

information needs and standards an organization wants to project.  Patterns or some other form of 

rationale may even be used. 

This approach to storyboarding is novel in that it embeds claims into the process—thereby 

advancing the stated goal of facilitating the reuse of design knowledge.  PIC-UP demonstrates 

that reuse and storyboarding are not at odds with each other.  Instead, they can both function 
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together hand-in-hand.  However, unlike SILK (Landay & Myers, 1995) and DENIM (Newman, 

Lin, Hong, & Landay, 2003), the tool focused not on sketching, but reuse.  The advantage of 

reusing existing solutions for a storyboard is that it is being done within the context of a design—

similar to some of the sentiments in Damask (Lin & Landay, 2008).  This approach is in sharp 

contrast with isolated instances of reuse that might occur with design pattern libraries, such as the 

Yahoo! Patterns Library, where a prototype is not being constructed at the same time.  

Additionally, tools like Axure and Visio, providing access to widget libraries to create prototypes 

in the form of wireframes, do not necessarily encourage explicit design tradeoff consideration.  It 

should also be noted the tools generally available do not focus on the use of narratives for 

context.  These differences uniquely position PIC-UP in the array of storyboarding tools currently 

available.  As portrayed, collections of artifacts can be beneficial to certain situations, but it 

should also be acknowledged that tensions can always arise.  However, it is the opinion of this 

research work that the very presence of tension between creativity and reuse is an advantage as it 

promotes debate about the utility and viability of the artifacts in question.   

It is also important to comment on the product created by PIC-UP—the storyboard consisting 

of a series of generic images, tradeoffs, and a narrative.  It is true that this is not a traditional 

storyboard since it is forgoing sketching—a valuable characteristic of traditional storyboarding 

(Buxton, 2007).  In fact, it even has some characteristics of wireframing as it does use high-

fidelity images to represent ideas embedded within the storyboard.  However, as demonstrated by 

the results of both of the studies, being able to state there is potential utility in constructing this 

kind of storyboard for design thinking and communication is a compelling argument.  It tries to 

retain the significant characteristics of traditional storyboards (Truong, Hayes, & Abowd, 2006).  

Elements such as the motivation, problem, key features and design tradeoffs, and the associated 

scenario—all contained within a PIC-UP storyboard—show potential in jumpstarting 

conversations about the very nature of a product.  It serves as a method to deliver ideas to others, 
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such as clients or team members, early in the design process.  Furthermore, it shows potential in 

bridging the divide between the experts and inexperienced—allowing novices to build solutions 

containing the basic elements of design while overcoming potential obstacles and enabling 

experts to quickly pitch ideas to a non-designer audience.   

8.3 Future Work 

Certainly more work can be done in the pursuit of facilitate the reuse of design knowledge.  

The last study done with experts provides a glimpse into future directions for PIC-UP.  It would 

be wise to further investigate some of the potential uses for PIC-UP.  Its use as a brainstorming 

aid could provide valuable insight into the true utility of the artifacts being collected.  This 

research demonstrates the value of cards to individuals or pairs, but their value may really be 

tested in ongoing brainstorming sessions with larger groups.  Brainstorming might start with an 

initial search for ideas that are relevant to the design problem at hand.  Can a live collection of 

cards continue to inspire over time or would it become stale?  Expert designers are sure to delve 

deeply into design issues too.  They are sure to go beyond some of the tradeoffs that are included 

in the cards.  How would the cards keep up with deeper and more specific discussions of design?  

Can the cards keep up with continuous challenges or do they get ignored?  This could be a test of 

how well this kind of artifact could adapt to potentially heated design environments. 

Since the social navigation aspects of this work may lead to a new direction in trying to 

support reuse, there is also value in understanding the impact of this.  How people navigate 

through information might have an impact of what kinds of storyboards are being created.  

Knowing which cards were viewed and/or used by others may impact how a scenario is 

constructed.  At the same time, exposure to all of the scenarios may trigger different navigation 

habits based on how effectively certain claims were used in the scenario.  Is there a relationship 

between the social navigation and the scenarios?  Closer analysis may provide greater insight into 
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how trends within a community might impact an individual or vice versa.  There is an opportunity 

to construct a theory that can tie social navigation and scenario construction within the context of 

design reuse. 

Another promising research trajectory is the pursuit of helping those who have design needs, 

but are unable to express those needs.  Many clients or customers consult designers when looking 

to create a new product or updating existing material.  However, without knowing some of the 

basic concepts of design, it may be hard for a non-designer to communicate what is required.  

This of course puts a lot of responsibility on the designer who is in charge of eliciting knowledge 

needed from them to inform a design.  Could PIC-UP better facilitate communication between a 

non-designer and expert by creating a different kind of representation?  This involves identifying 

how a non-designer communicates and what their communication needs are.  In turn, this could 

then inform how a representation could function for them and how associated mechanisms, such 

as an improved guide, could teach them to explore design.  However, it is also necessary to find 

out in what ways exposure to a tool like PIC-UP would help and hurt the expert trying to gather 

information.  While it might give a non-designer more ways of talking about design, this might 

also incorrectly make them focus on the wrong aspects of design, making it harder for the 

designers to gather the information they want. 

One direction PIC-UP should focus on in the future from the perspective of the representation 

is the integration of sketching.  If supported, this can greatly increase adoption among 

practitioners.  Sketching would allow for the representation to better conform to the norms of 

storyboarding and ease the use of actors instead of limiting them to the narratives.  Additionally, 

this may bring a new dimension to the process of creating cards.  One investigative direction to 

pursue is to identify the differences between high-fidelity images, like the ones currently in use, 

and low-fidelity sketches that could be drawn by users of PIC-UP, in facilitating reuse.  High 

fidelity images can often serve as generic triggers to concepts (as is currently intended) to ease 
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reuse, but low-fidelity sketches may focus details on certain aspects more and eliminate other 

unneeded details.  When sketched by a community of designers, low-fidelity images may increase 

creativity, but at the same time make it harder to identify generic concepts for reuse due to 

variability in how things are drawn. 

The deployment of PIC-UP and use of novices demonstrated PIC-UP can be used by a 

community.  Future iterations of the tool can work toward building an active community of 

practice in which reuse is both encouraged and debated.  For such a community to function, the 

anonymous nature of PIC-UP should be replaced by mechanisms to establish identity, ownership, 

and leadership.  Cards associated with identities of users can allow everyone to understand who 

might be contributing strong ideas to the collection.  This can develop a sense of ownership for 

those who are successful in creating good cards.  Additional discussions on how the cards can be 

used by sharing whole storyboards and who uses them can foster leadership within the 

community and encourage learning for newcomers.  This can further contribute to measure of 

quality for the cards.  Part of the way to making reuse more successful is to establish the 

fundamentals of a community that can learn to sustain a collection while gaining value from the 

artifacts and the designs created. 
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Appendix A. Claim Relationship Examples 

The following are examples of claims for each claim relationship introduced as the 

foundation of this research work. 

      Maintaining awareness of open windows through a taskbar 

            + Allows users to recognize that a window is currently open 

            + Enables users to access information at their own will 

            - Does not provide a count of the number of windows that are open 

            - Requires that the user know that taskbar items are associated to 

            windows 

 

      Relaying information through changing text 

            + Allows more information to be displayed in limited space 

            + Constantly updates user on the current status of information 

            - The amount of text visible at any point in time may be too little for a 

            user to understand the message 

            - The rate of the change in text may be too fast, not allowing users to 

            read or see 

Figure 11. Two claims that have a postulation and predication relationship between them. 
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      Recognition of taskbar items for information delivery 

            + Spacing between taskbar items allows identification of a single  

            piece of information 

            + Flashing taskbar items allow users to quickly recognize the taskbar 

            - Flashing taskbar items can cause unwanted interruptions 

 

      Clicking on a taskbar item to switch active windows 

            + Aids in the switching primary tasks 

            + Can increase comprehension  

            - Causes a greater primary task interruption due to reallocation of  

            attention to new primary task 

            - Previous active window may completely disappear 

Figure 12. A Gulf of Evaluation claim and a Gulf of Execution claim. 

      Relaying information through changing text 

            + Allows more information to be displayed in limited space 

            + Constantly updates user on the current status of information 

            - The amount of text visible at any point in time may be too little for a  

            user to understand the message 

            - The rate of the change in text may be too fast, not allowing users to  

            read or see 

 

      Cycling banner for relaying text in desktop secondary displays 

            + Allows more information to be displayed through cycling in a  

            limited amount of space on the desktop 

            - Transitions between information may be too distracting due to  

            secondary displays being in view most of the time 

Figure 13. An example of a general and specific claim. 
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      Use of fading between information transitions 

            + Decreases interruptions caused by dynamic information changing 

            - Transitions between information may be too distracting if  

            transitions are too fast 

 

      Using scrolling to display new information  

            + Allows the same amount of space to be used to show more  

             information 

            - The speed of the scrolling may be too fast, hindering reading 

            - Transitions between information may be too distracting 

Figure 14. An example of two claims with a translation relationship. 

      Mouse-over changes color of clickable text 

            + Allows user to understand they may click on the text 

            - May imply that less information is shown, leaving most of the  

            information to be shown after a click 

 

      Red highlighting for urgent or important information 

            + Allows users to quickly recognize urgent information, drawing the  

             user’s focus 

            - Requires a systems ability to determine what information is  

            considered urgent 

 

      Mouse-over changes color of clickable text to red showing inaccessible     

      information 

            + Allows users to understand whether  they should click on the text 

            - Forces user to mouse-over the text in order to gain the information  

            regarding the status 

Figure 15. The first two claims are fused together to create the third claim.  The third claim 

can be diffused into the first two claims. 
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      Cycling banner for relaying text in desktop secondary displays 

            + Allows more information to be displayed through cycling in a  

             limited amount of space on the desktop 

            - Transitions between information may be too distracting due to  

            secondary displays being in view most of the time 

 

      Use of fading between information transitions 

            + Decreases interruptions caused by dynamic information changing 

            - Transitions between information may be too distracting if  

            transitions are too fast 

Figure 16. The downside of the first claim is mitigated by the second claim. 
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Appendix B. IRB Material 

The following are documents related to the IRB.  Approval letters and consent forms are 

provided for protocol 07-193. 
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Appendix C. PIC-UP Data Analysis 

The following is the analysis done by the subjective coder of the data that was collected 

during the PIC-UP study. 

 
Previous experience 

 Took classes about design (P3)(P2)(P9)(P8)(P14)(P18)(P17)(P1)(P19)(P11) 

o Did an evaluation for class (P14) 

o GUI programming type class (P17) 

o Did SBD for a project, did storyboarding (P1) 

o Did storyboarding in intro to HCI (P19) 

 Did design work at a job (P3)(P2)(P6)(P10)(P11)(P13) 

o Leads software development (P6) 

o Did some storyboarding at an internship (P10) 

o Did some web design with client (P11) 

o Did a little UI work (P13) 

 No previous experience (P4)(P5)(P7)(P12)(P16)(P15) 

o Did some mockups (P5) 

o  

Scenario-first approach 

 “I started by thinking of the design and writing a scenario for this design.  This helped me identify 

the user and the needs for a notification system like this…I then transformed the scenario in a few 

different scenario cards.” (P1 W1 J) 

 “I chose the cards in my story board by browsing all the different notification cards to intially 

gather ideas for a system. I have an initial system in mind but wanted to see how some of the 

aspects of it might be put into card form.” (P3 W1 J) 

 “As soon as we saw these cards, we thought they fit a common mental model of the activity and 

were an appropriate representation of the activity.” (P4 W1 J) 

 “We actually followed techniques identified by Truong, Hayes, and Abowd in “Storyboarding: an 

empirical determination of best practices and effective guidelines.”  We first came up with five 

short sentences describing a step in the storyboard and then found images that matched.” (P6 W1 

J) 

  “We first thought out our users, their activites, such as being in the airport or en route, and the 

kinds of features that the user would have with them always.” (P10 W1 J) 

 “The cards were chosen based on their relevance to the basic system concept that we had devised.” 

(P11 W1 J) 

 “We then thought of a scenario where a passanger may need flight information when outside and 

then inside the airport, and then used the cards on file that would facilitate this scenario.” (P13 W1 

J) 

 “Before we began choosing the cards (or even looking through the cards) we had an idea of what 

the scenario would involve. With a general scenario in mind, we looked through the cards to see if 

we could get some specific ideas.” (P13 W1 J) 

 “We initially determined what we wanted to create, some assumptions, and how we wanted the 

system to provide information to the passangers.” (P14 W1 J) 
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 “We chose the cards by a combination of having ideas in our head and finding cards to fit those 

ideas.” (P3 W2 J) 

 “We developed a scenario and discussed the tradeoffs of including certain technological aspects 

(ie. What kind of alarm should go off? Which way is best to direct people out of the building?).” 

(P8 W2 J) 

 “We didn't use the storyboarding guide, but we did start on brainstorming different scenarios that 

users may find themselves in, suc has being in a hallway, or being in a room, or hard of hearing.” 

(P10 W2 J) 

 “To choose the cards we wanted to include in our storyboard we first developed a scenerio in 

which we wanted our system to function. We decided on a scenario where an undisclosed 

emergency occurs and an individual on the second or third floor needs to evacuate the building. 

Next we decided on how we wanted to notify the personnel. We decided that we wanted multi-

notification systems to take advantage of the strengths and limitations of different modality 

alarms. We then looked for cards that matched our scenario and mental image of the alarm.” (P14 

W2 J) 

 “We chose the cards we included in our storyboard by mapping them to the scenario we were 

writing and by following the storyboarding guide in PIC-UP.” (P17 W2 J) 

 “My partner and I started by thinking about the design of an emergency notification system and 

then by writing the scenario cards for our design. This helped us clarify our ideas and identify 

what could be improved. This also helped us choose all the different cards to illustrate our 

scenarios.” (P1 W2 J) 

 “We went through the process of choosing cards by first writing scenarios of different "stages" 

and then seeing what cards would fit into our scenarios.” (P19 W2 J) 

 “Before we choose any card, we already have a gross prototype of our system in mind, such as 

main functionalities, information display, and device.” (P16 W2 J) 

 “My own steps consist of defining the actual problem. After the problem is defined, think of basic 

system functionality. Outline the basic use cases before storyboarding is even considered. Think of 

current platforms that would best suite the solution to the given problem. After this, start 

storyboarding.” (P2 W3 J) 

 “…if I were to create my own storyboarding system, I would first write out a scenario, and 

subsequently draw illustrations for the stages that I could identify in the scenario that I wrote.” 

(P11 W3 J) 

 “How do you want to start…by looking at the cards first or by writing down some ideas?” “…I 

was going to say we discuss some stuff and try to come up with some vague idea for what our 

system is.” (P11 P10 W2 S 0:00) 

 Making scenarios cards at the beginning to determine the scenario (P1 P19 W2 S) 

 “We would typically do a pen and paper prototyping first and do a rough sketch and do a stick 

figure drawing and that‟s when we would hash out stuff and spend time on the sytem.  We‟d also 

do the scenario cards and we know what goes next in the system and talk about pros and cons.” 

(P4 P5 P S) 

 “I remember flipping throught he cards and trying to apply different scenarios to the cards, it was 

very inefficient because iw as matching a scenario to a card instead of the card to a scenario.” (P4 

P5 P S) 

 Comparing to card version 

o Talking about card version: “I loved that.  I liked it cuase you could just take them and 

put them here and in my hand and I could order them and this would be better than that 

and keep playing around and moving them.  Id ont‟ have a lap on picup.” (P9 P8 P S) 
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 Time spent on determining initial ideas/scenario 

o 2:09 (P3 P2 W2 S) 

o [00:01:32.18] "it could be little LEDs that line the top of the hallways...so then like in an 

emergency they light up and pulse in the direction you go..." (P3 P2 W2 S) 

o [00:01:50.05] "...but do you want to have some form of notification system?" (P3 P2 W2 

S) 

o 4:15 (P5 P4 W2 S) 

o “…could have an LCD with a green arrow pointing one way…” (P5 P4 W2 S 2:25) 

o “I‟m not worried about cost or actually being able to implement this…” (P5 P4 W2 S 

3:32) 

o Added their previous kiosk claim. “Hey if we keep using this, this will eventually go up 

and…get  green status.” (P5 P4 W2 S 34:59) 

o 9:56 Writing down ideas on paper (P6 P7 W2 S) 

o 0:00 Immediate start (P9 P8 W2 S) 

o 0:48 Immediate start although discussing scenario ideas (P11 P10 W2 S) 

o 1:19 Immediate start although working alone (P12 W2 S) 

o 11:10 (P13 P14 W2 S) 

o 2:27 Wrote down ideas on note (P18 P17 W2 S) 

o 3:55 Made scenario cards first to write down scenario (P1 P19 W2 S) 

o 4:20 (P16 P15 W2 S) 

Card-first approach  

 Looked for cards for certain kinds, like display or alert. (P8 W1 J) 

 “The dynamic and shared display cards were chosen by clicking random and then ideas popping 

into our heads.  We saw these cards and decided that they would be the perfect starting place for 

our airport storyboard.” (P9 W1 J) 

 “I had already figured out the concept after looking at the top 20 and some random sets a couple of 

times.” (P12 W2 S 31:46) 

 

Things done before storyboarding 

 

 Determined things on paper first (P7 W1 J) 

 “Originally, we planned to write this down, however, due to the lack of paper, we simply 

vocalized it and kept it in mind as we created the storyboard.” (P11 W2 J) 

 “One thing I noticed when we began working on this storyboard is that we began talking about 

system requirements and functions from the onset as opposed to thinking about an actual scenario, 

like we did the first time. In this respect, it wasn't the scenario that led our design thinking, but our 

understanding of the system requirements and limitations.” (P13 W2 J) 

Selecting cards 

 Looking for cards during session  

o Categories (P2 P3 W2 S) 

 Some pick “bigger” cards first and then go more into details.   

o “We first picked out our notification system, as this is central to the assignment. We then 

found the textual information card as this is how we wanted our system to represent the 

data. Finally we saw the sliding transitions card and thought it fit well for the types of 

displays users would interact with.” (P2 W1 J) 

 Suggesting a card 
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o “I dunno, I think I would sell it through the advatange and disadtanges.  These are the 

adtangeas an these areteh downsides, but it may not apply.  I think that makes sense.  

Basically show them the description and say look it‟s cealrly good.” (P11 P10 P S) 

o  

 “I chose the cards in my story board by browsing all the different notification cards to intially 

gather ideas for a system. I have an initial system in mind but wanted to see how some of the 

aspects of it might be put into card form.” (P3 W1 J) 

 “As soon as we saw these cards, we thought they fit a common mental model of the activity and 

were an appropriate representation of the activity.” (P4 W1 J) 

 “To select cards, we used the search bar to look up cards that contained the aspect we wanted to 

incorporate.  Another helpful feature we used for this activity (that we didn‟t realize existed for the 

first one) was the browse by category feature.” (P8 W2 J) 

 “We used browsing, by looking at the top 10%, 20% & random, and searching for relevant 

keyterms like "siren " and "alarm", to browse for interesting key terms.” (P10 W2 J) 

 “While we weren't sure sometimes how/when were cards linked, we saw it as another opportunity 

for browsing. We didn't necessarily consider both a card and its linked cards together, we 

considered all cards separately.” (P10 W2 J) 

 “We initially created an idea for what our system would be like, and then used both the browsing 

and searching functions to try and find cards that matched with the system we had previously 

envisioned.” (P11 W2 J) 

 “However, we came across other cards that, while not what we were searching for, turned out to 

be applicable to our project, and we altered our envisioned system to reflect the new ideas that we 

had generated based on the cards.” (P11 W2 J) 

 “I began with the system concept in mind and selected cards that represented system elements that 

I had already identified.” (P12 W2 J) 

 “One method we used often was browsing the cards by "Category." I also think that categorizing 

the cards may have facilitated reuse in our case because we were tasked with the same design as 

the rest of the class.” (P13 W2 J) 

 “Ultimately, we chose cards that were a good fit based on the title of the card and the claims on 

the back. We didn't worry too much if the picture didn't match the image we intended for our 

system/design.” (P13 W2 J) 

 “We went through the process of choosing cards by first writing scenarios of different "stages" 

and then seeing what cards would fit into our scenarios.” (P19 W2 J) 

 “For all of the other cards we pretty much had an idea of what we wanted and then browsed the 

cards until we found ones that fit what we were looking for.” (P15 W2 J) 

 “When we were trying to decided which card to use when there were two similar cards we flipped 

each card over and compared the claims on the back.  After comparing the two, we decided on 

which one was more what we had envisioned for the system, and then chose to add that one to the 

system.” (P15 W2 J) 

 “Usually, we would look into the top10% and top20% first as these cards would have high 

possibility with the function for our system. If we can‟t find them, we would choose to browse in 

different category to find our card.” (P16 W2 J) 

 “We browsed the cards using the top 20% and some of the relationship categories. We used our 

previous knowledge of pic-up to identify some of the cards we used in the past.” (P2 W3 J) 

 “Before we start we get like a really general idea of what we want to do…we want to have that 

screen and we want to have the directional path…so then we start browsing cards…that‟s why we 

liked the random function cause we just see what fits our idea, but doing that shows us things that 

we hadn‟t thought of.” (P2 P3 W2 S 1:06:41) 
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 “I think we start with the idea of what we want and then if we find something that matches the 

idea we use it and if not we go find out own thing.” (P5 P4 W2 S 1:00:00)  

 They found the lighted path card.  They are surprised someone created it for them.  “Someone 

made that for us! Sweet.” (P6 P7 W2 S 12:04) 

 “We first define the story and then we look for pictures.” (P6 P7 W2 S 43:32) 

 Already knew about cards that were there.  “I feel like we had a pretty clear cut idea of what we 

wanted to find, but if we didn‟t‟ know I would even like the random one better thant he top 

10…cause we were like searching for things that we knew would be there.” (P9 P8 W2 S 53:23) 

 Suggested idea of public display.  Knew about some cards there.  “Yeah, I like the idea of public 

displays…in fact I think there‟s a card for that so let‟s get that right now.” (P11 P10 W2 S 0:46) 

 “A lot of the times the features of that system weren‟t things that I originally thought of, but were 

more like „oh that seems like it would be an interesting addition, let‟s drag that in‟” (P11 P10 W2 

S 58:42) 

 “Yeah, it was our first time witht eh paper cards.  It did make a difference.  Maybe we had 20 

cards on a small desk and it‟s hard to organize.  Our initial process was kind of coming up with an 

idea and going throught he cards one by one and throwing away ones that didn‟t and then the 

reminaing ones mad ethe system.  We didn‟t‟ do that in picup because tha‟ts not an option.  I think 

the digital system shows a lot fo benefit, instead of going through evertyghin and noarrowing it 

down, you can look at relationships to find what is appluycatable.  It was the first time we were 

coming up with idea on our own so that may also influence.” (P14 P S) 

  

 Comparing cards to choose 

o “Noticed that they have 2 alarm cards with different pictures.  Comparing the claims for 

them.  Talking about putting them together for now.  Saying that a lot of the claim from 

one could fit in the other.  Going to edit one of the alarm claims.  Copying the claim from 

one card and then going to put it in the other card.   pasted the other claim in it.” (P9 P8 

W2 S 5:28) 

Storyboarding guide steps 

 Guide might have impact on whether they follow a scenario-first approach.  “The first few steps in 

the storyboarding guide helped me think about how to start the storyboarding design, and led me 

to the idea of first writing a scenario first, then the scenario cards and only after that the cards.” 

(P1 W1 J) 

 “The storyboarding guide got me to think about what people will be using the system.” (P3 W1 J) 

 “We started with the first step, identifying the target user and the need for this system.  For 

example, we chose the idea of a simple SMS based notification based on our conception of our 

target user, who we determined to be an "average person".” (P11 W1 J) 

 “We follow the first, second and the last steps displayed in the storyboarding guide.” (P16 W1 J) 

 “We tried to folllow as much as we could the steps in the storyboard guide.” (P17 W1 J) 

 “Are generating our initial ideas about how the system should work, we used the steps to help 

strength our storyboard.” (P18 W1 J) 

 “I followed the storyboarding guide by first identifying the potential users of the system.” (P12 

W2 J) 

 “First, I had to dcide what information I was going to convey to system users, then what means 

would be most suitable for that application.” (P12 W2 J) 

 “Throughout the process I explored alternative solutions by using the relationship feature of PIC-

UP.” (P12 W2 J) 
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 “I think that PIC-UP does nothing to help the creaters understand the customer or do anything to 

require or promt the designer to understand the customer. I think therefore that PIC-UP should 

initially prompt users to think about the user and maybe write a sentence or two about the user.” 

(P14 W2 J) 

 “To do this PIC-UP could present these guidelines either at the start of the storyboard process or 

throughout to remind user to think of these guidelines. There even could be a side bar which is 

always there reminding users of these guidelines.” (P14 W2 J) 

 “We folllowed most of the steps in the storyboard guide. The question "What is the problem you 

are trying to solve?" we answered "Create a notification system" and it helped us choosing the 

Card # 24. We can related some of the steps in the storyboard guide to Norman's gulf of execution, 

and the question we answered above is used to defined the first step (setting system goals). I think 

following the storyboard guide makes our storyboard stronger by forcing us ti apply some scenario 

design concepts like the Norman's gulf of execution on the exampe above.” (P17 W2 J) 

 “Following the storyboard guide helped make our storyboard stronger. Using the guide helped us 

add cards such as the “Interrupting a Primary Task, Information Exhibit, and Continous 

Notifications.” (P18 W2 J) 

 “This time, we followed several steps from storyboarding guide. First, from the first guide, we 

came up with three kinds of perspective users of our system. For each user, we think about certain 

scenarios that they might encounter.” (P16 W2 J) 

 Followed the guide (P18 P17 W2 S) 

 Post  study thoughts on guide 

o “For me due to the nature of the assignment, I felt more constrained, let‟s think about this 

or this.  I guess the way I was going about designing was about thinking about pros and 

cons, how do you start and end, that is all prework.  That was for getting an overall feel 

for the system.” (P4 P5 P S) 

o “I thoguth it was very one pass type thing.  Very linear instead of cyclic.  Generally there 

is an optimization cycle in there.  It was kind of trying to get you to buld the prototype 

before you design.  Ther aare more steps before placing your first card.  it wasn‟t a bad 

way of doing it, it was kind of restricting.” (P12 P S) 

o “Ther are aspects of that guide that we just initially used, but definitely the later steps 

made us think about adding certain things.  For example, adding alternative ways of 

portraying information so that made us look for other cafrds.  The big one was putting 

cards to sovle a problem with your system.” (P14 P S) 

o “…but it didn‟t change the design, it just helped us communicate the design more.” (P7 

P6 P S) 

 When followed guide 

o “This go around on pic-up we really focused on the guide to storyboarding and felt like 

we created a complete storyboard.” (P3 W3 J) 

o “Using the relationships and making sure especially to mitigate our problems led us to 

creating a storyboard we really liked. Using this relationships also led us to create cards 

for the first time. Once we finally understood the relationships by using the guide we 

were able to create our own cards for the purpose of fusion, execution, and postulation. 

These steps were useful for the design because it allowed our storyboard to be stronger in 

the details to make sure it focused on how the story fits the user and now how to story 

just describes the system.” (P3 W3 J) 

o “The guide introduces you to the power of the relationships. Not in a sense of finding 

more cards but a power in the sense that the relationships help you make sure you cover 

all the spectrums for your storyboard. You don't want multiple cards when you could 

generalize. You don't want a postulation card without its "solution" card. You don‟t want 
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a card without using it mitigation card because this minimizes the cons of your 

storyboard. Using the guide and current process really helps the user think about all the 

different things you need to consider when creating a storyboard.” (P3 W3 J) 

o “How will the user perceive and interpret the information from the system? How will the 

user use the system and what will be the execution methods. What are the problems and 

what tools exist to solve those problems. You then consider the risks (cons) and make 

sure you do risk mitigation or in the sense of PIC-UP use the mitigation relationships. My 

previous work experience followed this same pattern and the storyboarding guide in PIC-

UP was a step by step guide to get the user to follow a design framework.” (P3 W3 J) 

o “The PIC-UP guide is useful to new users, but once a designere is familiar with the 

software, the guide is ignored.” (P4 W3 J) 

o “I think it's very useful to explicitly state the problem and users.  Thinking about the 

users was a positive change from the approach Serdar and I took on the previous 

assignments where we followed Truong's guidelines.” (P6 W3 J) 

o “For example especially for this homework me and my partner reallly paid attention to 

the storyboard guide and I believe that we made more professional work than our 

previous works.” (P7 W3 J) 

o “When i compare my process with the storyboard mine requires more plan at the 

beginning of the design process and I think it helps you to be more organized such as 

before start creating solutions listing all solutions and trying to find alternative solutions 

in early stages.” (P7 W3 J) 

o “This helped to guide our thinking process and although I'm not sure if it would have 

made it easier for individual work, it definitely facilated the partnership between us.” (P9 

W3 J) 

o “Similar to Kapelinin's checklist meant to augment and support other design processes, 

the guide is meant to support the designers to make sure the solution is complete. Given 

my interpretation, the order isn't nearly as important as the idea that it gets mentioned or 

reminded in the first place.” (P10 W3 J) 

o “I feel that it would be much more useful, practical, and efficient to have a design process 

prior to the beginning of storyboarding the concept.” (P12 W3 J) 

o “First different people have different processes for storyboarding, thus there is no one 

way. Designers pick the method that is best for the situation at hand. I think that this is a 

benefit, in that it allows variability in processes, so that storyboards can be created in a 

way that is specific to the situational constriants.” (P14 W3 J) 

o “One benefit of the guide was that is prompted users to think about things that they may 

not have thought of before. For example, we never really considered adding additional 

things in our storyboard that may help explain the system we are designing. Instead we 

assumed that our system made sense to everyone because it made sense to us.  Being 

prompted to think about this information lead us to add an additional card specifying 

information that may be important to the design of the system. Another benefit of using 

the guide was that is allowed us (as designers and users) to see how different 

relationships played a key role in the storyboarding process. For example, we got to see 

how mitagation relationships could be used to improve a storyboard. Subsequently, we 

will probably use this function for future storyboards.” (P14 W3 J) 

o “What is benefitial is that after all steps you end up with a very concise storyboard. To 

me, one of the problems when doing the other homework assignments was that it was 

really easy to miss something, ignore negative claims and have problems that are not 

entirely solved by the storyboard. By following the guide, I think it is pretty easy to have 

a more complete solution for the problem.” (P1 W3 J) 
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o “This process of storyboarding is useful in the way it forces the designer to consider 

certain important relationships in the system.” (P19 W3 J) 

o “PIC-UP uses a top-down method to organize seven guides currently with customer-

centric method. Generally speaking, they are not harmful in the process of 

storyboarding.” (P16 W3 J) 

o “It makes the storyboarding stronger.  The storyboard could have easily been three or 

four panels to give you a generalized view of what the system does, but by following the 

guide it helped to make..so we wind up having seven…and it kind of cuts back on the 

words that you have to put in your scenario…” (P18 P17 W2 S 42:32) 

o “It kind of like follows steps of scenario-based design …the first step is what system are 

you building, who is the user…and then you go through information design and how the 

user is going to interact, so it‟s a guide of scenario-based design. (P18 P17 W2 S 43:43) 

o “By using the guide we added the interrupting a primary task, the use of information 

exhibit, and continuous notification…adding these three it kinda just makes it 

stronger…it cuts down on some of the writing, some of the explanation [in the scenario].” 

(P18 P17 W2 S 44:59) 

o  

 Possible negative impact of guide 

o “These are a lot of benefits but I do think one harmful thing is that the storyboards I have 

created so far from PIC-UP seem to be very cookie cutter and follow the exact same 

framework. It is difficult to tell if this is due to only creating notification systems so far 

this semester or if using a system where you have "previously created" cards causes this.” 

(P3 W3 J) 

o “I think the most "harm" any unnecessary step created was just take a few minutes of our 

time. And because we don't all have the same storyboard, who's to say that a step we 

might have skipped wasn‟t useful for someone else?” (P13 W3 J) 

o “A harm that the guide created was that it held us to design the system according to some 

specific method. Using the storyboard guide I felt less free to add additional information 

that I may have wanted, and felt more obligated to follow the guide to a t, because I 

assumed this was the best way to design a storyboard. However, in retrospect, I don‟t 

think this is the case. There are multiple ways to design a storyboard, and I think that 

each has its own benefits and disadvantages.” (P14 W3 J) 

o “Another disadvantage was that the guide may only be useful for the first few times you 

use it. Beyond this point, the user should be familiar enough with the system, to design 

the storyboard as they see fit.” (P14 W3 J) 

o “However, I believe that in the previous assignments, not having to follow the storyboard 

allowed for a more unique system.  In each homework, we end up doing a different 

process that ends up with a different result and I believe that the storyboard made in this 

assignment wasn't as good as the previous assignments.  By having a structured way to 

think about a process, we are forced into thinking up ways to implement a solution by 

"scanning though" the available cards and seeing what fits.” (P19 W3 J) 

o  

 Changes to guide 

o “We would take the first step out of Pic-Up and place it as a "pre-design step."” (P5 W3 

J) 

o “Reducing the number and merging the steps would also reduce frustration levels of 

some designers, such as our group, who have a good understanding of the system they are 

developing (reference class design activities; our group was able to successfully identify 
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problems and design modifications to existing systems such as Moodle without being 

explicitly prompted).” (P5 W3 J) 

o Wants an iteration step (P2 W3 J) 

o Wants to have brainstorming before storyboarding (P8 W3 J) 

o Would leave out fusion/diffusion step (P8 W3 J) 

o “My steps would first include thinking about what the problem is, then creating a user 

and a solution.  This is different from the guide already used in PIC-UP because PIC-UP 

asks you to first think of your user group.” (P9 W3 J) 

o “…if I were to create my own storyboarding system, I would first write out a scenario, 

and subsequently draw illustrations for the stages that I could identify in the scenario that 

I wrote.” (P11 W3 J) 

o “My process would involve first doing a pencil/paper brainstorming. Since this is so early 

in the design process, ideas may more freely pop up.” (P10 W3 J) 

o “The steps of generalization, missing details, and alternatives seemed to be questions that 

should be asked during the review of a design and not necessarily during the initial 

design.” (P12 W3 J) 

 Guide step 1 (postulation/predication) 

o “We then selected browse by postulation and prediction. We double clicked cards to see 

the relationship and related card(s). Here we found interrupting a primary task and use of 

audio and added it to our system.” (P2 W3 J) 

o “These components of the step were useful in that we needed to do them before 

beginning our storyboard.  However, they were so intuitive and obvious that they might 

be better suited for pre-storyboarding steps, since we did them before even opening Pic-

Up.  The third step, trying to find cards, was frustrating in that we felt constrained 

regarding how to search for cards.  We eventually created our own card.” (P5 W3 J) 

o “For the postulation relationship, we wanted a card that presented the problem of blind 

spots which subsequent cards would solve.  I think we took this too literally, though, and 

ended up creating a card depicting someone changing lanes with a car in the blind spot.  

The intent was to begin the "story" showing the danger of changing lanes when a car is in 

the blind spot, but the problem with this card arrises when attempting to provide claims. 

There are no upsides to changing lanes when a car is in the blind spot, only downsides 

which the rest of the story attempts to address.” (P6 W3 J) 

o “I also thought it was useful to think of a postulation relationship for the first card.  

Essentially, I interpreted this as setting up the problem being solved in the storyboard.” 

(P6 W3 J) 

o “Before we loaded PIC-up, we had already discussed the first two steps of the guide 

(thinking about the user and why the system is needed).” (P8 W3 J) 

o “For the first step, we were at first confused as to how the concept of the 

postulation/prediction relationship tied in with the PIC-UP cards; as the cards generally 

represent possible solutions, we found the idea of creating a card to represent a problem 

to be counter-intuitive.  We eventually interpreted this as that I should create a card that 

represented a solution, but a sub-optimal solution that our scenario would be intended to 

improve upon.” (P11 W3 J) 

o “The first step was to identify the problem, the users, and the need for the solution to the 

problem. I identified early adopters of Apple products as the intended users and the 

solution being required because of the unpredictable demand and availabilities of the 

product.” (P12 W3 J) 

o “Ultimately, the cards with postulation/predication relationship didn't align well with our 

problem, so we used a card that didn't seem to have an exact relationship.” (P13 W3 J) 
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o “I think this first step is important in getting the user to think about the actual problem, 

but i don't know how appropriate it is to limit the user in guiding him/her to use a 

postulation/predication card when a card with a different kind of relationship might be 

more appropriate.” (P13 W3 J) 

o “This step had an impact on the storybord design because it reminds us to have the final 

users in minds, it kind of have us recall the principles of activity design (user centered 

design) .” (P17 W3 J) 

 Guide step 2 (execution/evaluation) 

o “Here we identified that we wanted to deliver the information as text with links to more 

information. We then browsed by execution and evaluation and found the interaction 

techniques of touch, mouse, and keyboard.” (P2 W3 J) 

o “We had previously considered these issues before beginning the storyboard, so did not 

do them here.  We again attempted to search for an execution/evaluation card, and (again 

feeling frustrated) created our own.” (P5 W3 J) 

o “I think interaction between the user and the system and  displaying information are 

another important aspects of design processes.” (P7 W3 J) 

o “This step was benificial in that it deals with information design, which is a logical step 

in a storyboarding process, at least following the way this information has been presented 

in class. However, it should be stated that this was a step we would have don‟t at this 

point in the process anyway, thus the guide was not useful.” (P14 W3 J) 

 Guide step 3 (translation) 

o “We found the continuous notification card and used the translation to also find the 

sporadic notification. This step was not extremely useful to us.” (P2 W3 J) 

o “On our previous storyboards, we hadn‟t given much thought to alternatives (thus making 

it a good item to include in the guide.)” (P8 W3 J) 

o “This step did help us put our cards into perspective better by categorizing the 

voice/heads up display as alternatives to the main technology, the secondary display. This 

step also helped define the 3
rd

 panel.” (P10 W3 J) 

o “The impact of this step wasn't a result of looking for an alternative, but rather a way of 

supplementing the visual notification.” (P13 W3 J) 

 Guide step 4 (fusion/diffusion) 

o “The fusion diffusion card did not really add anything to our particular application, but 

we did attempt to browse using these categories. We did not discover any useful 

relationships that were established.” (P2 W3 J) 

o “We searched through the fusion/difusion cards and potential claims, and did not see a 

way to create new artifacts.  We therefore did not find this step useful for our 

storyboard.” (P5 W3 J) 

o “However, in the next step, we realized that the audible alarm and flashing light could 

actually be fused together into one card, so we created a new card that shows a small 

speaker (tweeter) in the area of a side mirror and a red flashing light in the mirror.” (P6 

W3 J) 

o “The guide prompted us to search for fusion/diffusion relationship card, which we found 

“interrupting a primary task” in.  It was a feature that we had considered using before, but 

saw with a new perspective having the relationship suggested by the guide.” (P8 W3 J) 

o “We next went to the step of fusion and decided that we should have icons that could be 

displayed in combination with the system, to give the user visual feedback.  Using the 

relationship to glance through cards was very helpful for this step because we had not 

previously thought to add in icons to our visual display.” (P9 W3 J) 
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o “For this step, we felt we had most of our solution already outlined, so we didn't think we 

needed to combine technologies or artifacts to create something novel.” (P10 W3 J) 

 Guide step 5 (mitigation) 

o “This step made us think about some mitigations especially about interrupting a primary 

task. Here we wanted a vibration for our mobile device. This card did not exist so we 

created it. This step may lead to the most creations.” (P2 W3 J) 

o “For the next step, the major downside we see in the system is the possibility that the 

audible alarm might panic the driver causing her to over-correct and possibly make the 

situation worse.  To mitigate that downside, we created a card for volume control.” (P6 

W3 J) 

o “To complete this stage we discussed about our design solution and  we decided that we 

have two negative consequences which could cause over-correcting and panicing.” (P7 

W3 J) 

o “We may have come up with that feature randomly at a later time in an iteraction, but the 

guide helped us think of it during the initial design phase.” (P8 W3 J) 

o “Originally, we had not thought of any possible negative outcomes until we looked 

through the mitigation cards.  Then we realized that there was a chance the user might not 

hear the verbal notification.  It was very helpful here to use the cards because we were 

able to mitigate an issue that we did not even think was an issue at the beginning.” (P9 

W3 J) 

o “However, we found that the cards we had added as part of step 3 already helped to 

mitigate some of the downsides of our initially selected card, and therefore we concluded 

that we had already achieved the goal of this step to a sufficient degree.” (P11 W3 J) 

o “This was the first time that Neil and I didn't see eye to eye as to whether or not we 

should include a particular card, but we ended up using it anyway because of a particular 

claim that the lighted directional paths could take into account traffic information. We 

had differing views about what the "lighted directional paths" meant (i.e. that it didn't 

exactly encapsulate a heads-up display). I did think this step was important since we may 

not always think of the consequences of initial designs.” (P13 W3 J) 

o “This step was one of the most useful as it is a step we did not previously do. For 

example, in our last storyboard we did not think about putting information to contradict 

negative effects of our design.” (P14 W3 J) 

o “The next step required us to mitigate any negatives in our system.  We then flipped 

through ever card we currently had and observed the positive and negative aspects of 

each.   We realized that we would need to provide a card to convey more information 

since icons would alone not provide enough information.  So we added the final card at 

this point to provide more information when the user selects an icon, which also is an 

execution step for the earlier step.” (P19 W3 J) 

 Guide step 6 (generalization/specification) 

o “This step did not help us find any new cards or create any new cards.” (P2 W3 J) 

o “The generalization step, I think, came too late in the process.  

Generalization/Specification could be applied to each card independently.” (P6 W3 J) 

o “We were very happy to have the generalization relationship cards because we had 

searched for a voice notification card in the very beginning of our process and could not 

locate one.  We thought we would have to design our own and then we came across it 

under the relationship category.” (P9 W3 J) 

o “We found that it was missing a stage explaining where the system retrieved the data 

from, and what it did after notifying the user.” (P11 W3 J) 
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o “We thought of a few specific details, but we didn't realize how needed they were as an 

explicit card until we had to arrange the cards for a storyboard.” (P10 W3 J) 

o “One detail missing from the sotryboard as I had it is that it did not specify the device the 

system was meant to be used on, the iPhone.” (P12 W3 J) 

o “This step was also very useful as it is not something we had previously thought of or 

included in our storyboards. The relationships identified in this step were also very 

helpful in determing additional information we needed to add.” (P14 W3 J) 

 Guide is usually ignored (P8 W1 J) 

o “I read through the guide, but did not really look at it much when completing the story.” 

(P2 W1 J) 

o “We didn't formally follow the steps, but in retrospect we did follow the correct steps.” 

(P4 W1 J) 

o “We did not explicitly follow any of the guidelines.  Rather, we used intuition and 

previous experience to create a scenario based on the assignment.” (P5 W1 J) 

o “We actually followed techniques identified by Truong, Hayes, and Abowd in 

“Storyboarding: an empirical determination of best practices and effective guidelines.”  

We first came up with five short sentences describing a step in the storyboard and then 

found images that matched.” (P6 W1 J) 

o “We followed a basic project approach to the storyboarding assignment while keeping in 

mind the best practices identififed in the Truong, Hayes, & Abowd paper.” (P12 W1 J) 

o “We really did not follow the guide. We came up with our own way of attacking the 

situation and did it that way.” (P14 W1 J) 

o “When I was creating my storyboard, I start off with thinking about the current methods 

of obtaining flight information.” (P19 W1 J) 

o “We didn't really use the storyboarding guide at all this time because we felt as though 

we were comfortable enough with the process from doing it the last time.  We did; 

however, use it for troubleshooting when something had gone wrong with the 

relationships.” (P9 W2 J) 

o “We really did not use the storyboarding guide provided by the PIC-UP system. Instead 

we decided on our own method of contructing a storyboard, and did so accordingly.” 

(P14 W2 J) 

o “I don‟t think we read the storyboarding guide this time.” (P1 W2 J) 

o “I looked at it to kind of just see what was there, but honestly I didn‟t use it that much.  I 

just kind of did my own thing…you know what I‟m going to look through cards and 

build a story the way I want to.” (P3 P2 W2 S 1:14:09) 

o Process followed when ignored 

 “We also iterated through our storyboard several times.  The first time we 

wanted to get out the main points like having a display and also using text 

messages.  We then went back and added to each part to make it more robust 

and we ended up also adding the third part of the internet/secondary display.” 

(P15 W1 J) 

 “Instead, we each created a scenario before coming to the design session.  We 

then discussed our respective scenarios; in this case, they were very similar, so 

we integrated aspects of both scenarios by examining the claims and rationale 

behind each aspect of the scenarios.” (P5 W2 J) 

 “Danielle and I had a pretty good idea of what we wanted to include before we 

began since this is such a common system.  Therefore, we utilized the "Browse 

by Category" function, as well as the search function.” (P9 W2 J) 
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 “We did not lok at or follow any of the guides suggestions; rather we just 

approached the process using the skills we had learned in class and our previous 

experience in brainstorming.” (P8 W2 J) 

 “In lieu of following the storyboarding guide, we simply followed our own 

procedure.  This was due to the fact that we felt that we already had a farily solid 

grasp on the concept of storyboarding, and how we wanted to approach the 

design problem.” (P11 W2 J) 

 “It started with us considering first the goal of our system, and for whom it was 

intended. This included the kind of environment where it would be used as well, 

which provided the backdrop for our storyboard. From there we immediately 

started thinking of system requirements, functions, and limitations, which 

allowed us to narrow down the different potential notification systems that 

would be efficient in this case.” (P13 W2 J) 

 “Once we had the basic scenario layed out on the storyboard, we went back and 

tried to make the system more robust so that more users could be informed of 

the emergency, so we then went back and added features.” (P15 W2 J) 

Impact of previous reuse 

 No impact. (P6 W1 J) 

o “A cards status (Top 10% or 20%) did not effect our thought process or ultimate decision 

to use or not to use a card.” (P4 W2 J) 

o “Certain cards used more often didn't impact any of our choices. During the design 

process actually we paid attention to the what card we need for our process(looking by 

backside).” (P7 W2 J) 

o “We didn't follow the guidelines in the storyboarding guide, although looking at our 

storyboard I wish we had.  I believe the Truong approach (or at least our implementation 

of it) was unsuccesful in this instance.” (P6 W2 J) 

o “The number of times a single card or pair of cards was reused will never impact my 

choices.  Just because it has been used a lot, does not mean that it is an appropriate card 

for the situation, and it leaves little room for creative storyboarding.” (P9 W2 J) 

o “For instance, if the auditory alarm was in the top 20% and people picked it because it 

was used that often, then it would continue to stay in the top 20% (or even move to the 

top 10%) and no one would give the other cards a chance.  The frequently reused cards 

because more reused and the infrequently used cards become less and less used.” (P9 W2 

J) 

o “We did not consider the reuse of highly used cards and actually didn't realize that 

roughly half of the cards were in the top 10-20 percent.” (P19 W2 J) 

o “For us, we didn't really look at how many times a card was used in order to make a 

decision fo include a card or not.  We had decided on the general features of the system, 

and then tried to located the cards from there.” (P15 W2 J) 

 “I really don't know if the number of times a card was used would be useful for a quick design like 

this, but I think it can become useful when you have a problem introduced by a card and you want 

to know how other people or even yourself have solved the problem.” (P1 W1 J) 

 “We did not focus on how many times a card or a pair of cards were used.  Rather, we moved 

through the storyboard in as logical and sequential a fashion as we could.” (P5 W1 J) 

 “We used the top 10/top 20 feature only as a browsing feature.” (P10 W1 J) 

 “Because the “Use of Touch to Interact” was a card that was reused often we knew that we were 

correct in using a touchscreen mobile phone as the form of interaction in our system.” (P18 W1 J) 
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 “Because the card was reused often it helped us see that using text to convey information is used 

often in notification systems so we should use it in ours.” (P18 W1 J) 

 “I found that many of those cards are a part of many systems today, and understood why they were 

relevant in storyboarding.  I ended up using highly reused cards for half of my system, and I felt 

that it was a good choice because these reused cards would be able to cover a large audience.” 

(P19 W1 J) 

 “Then we browsed the most used cards and found any others we may have wanted. We found 

most of our cards using this strategy.” (P2 W2 J) 

 “The concept of most used cards did not really enter into my choicemaking. The only reason it had 

any effect on me is because I used the top 20% to browse cards. I found that many of the cards we 

wanted to use fell into this category.” (P2 W2 J) 

 “We were not heavilty influenced by the top cards, as only 2 of the 6 cards were in the top 20%.  

We had an idea of what type of card we were looking for, and did not need to use the top 10 or 

20% as a starting point.  This may be a good feature for first-time users of PIC-UP or novice 

storyboarders.” (P8 W2 J) 

 “This time around we were less driven by the cards that had been used more often since we were 

using the Category method to browse for cards.” (P13 W2 J) 

 “Another reason I think we didn't rely on the Top 10% or 20% was that at this point we had 

worked on two distinctly different assignments (HW1 and HW2), and that included in those "Top" 

cards we would find cards that were frequently used in a previous assignment that weren't very 

useful or helpful in this one.” (P13 W2 J) 

 “While considering popular cards can be efficient, it can often hinder creativity and sometimes 

cause designers to implement the wrong type of system for a designer problem. For example, with 

the given design problem we immediately looked to implementing a mobile system because that 

card was most used and notification systems are now being used on mobile devices more often. 

After thought, we realized that a mobile system would not be the most effective implementation 

for this type of system.” (P18 W2 J) 

 “For both my partner and I, we didn‟t really care about how many times a card had been used. The 

problem with that is that for this to make sense, we have to assume everyone else that is using 

PIC-UP is designing an emergency system, which will not be true in a real-world environment.” 

(P1 W2 J) 

 “In a tool like PIC-UP I still sometimes wonder how useful the the top 10% and 20% option is. I 

think right now it is extremely useful but only because all of us are only creating notification 

systems. I think in a system like PIC-UP if it was a free for all tool and you created storyboards for 

many different situations than I think the top 10and 20% would not be as useful.” (P3 W3 J) 

 “This could increase usability since learning on one system would transfer to another system.  

However, this could also be detrimental, since it might also mean that design flaws become 

standardized.  There needs to be a balance between reuse and standardization, and innovation.” 

(P5 W3 J) 

 “The "pattern" approach to design helps save time, money, and exploration of things that have 

already been explored (if it's not broke, don't fix it).  With that said (and here's where the caution 

comes in), I believe that careless use of reusable design knowledge can turn into monotonous 

design and the same solutions.” (P9 W3 J) 

 “However, the buttons with the Top 10% and Top 20% push the boundaries of simple knowledge-

sharing and border on suggestability.  A designer might think they should use a certain modality, 

device, or simply design the way that everyone else does, just because a certain card was used a 

lot.” (P9 W3 J) 
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 “Just cause they use it a lot doesn‟t necessarily mean that it‟s going to fit with what you‟re doing.” 

“I don‟t trust our classmates.” “Neither do I.” (P9 P8 W2 S 48:23) 

 Card might have become irrelevant or was popular in the past, but we can not tell that.  “Maybe 5 

people used that card now, but no one else since then.” (P9 P8 W2 S 50:18) 

 Talking about number of previous reuses. “Yeah, I don‟t even like allowing that to influence …I 

feel like it‟s just…I mean honestly I could even imagine myself being biased in the other 

direction…just wanting to use cards that haven‟t been used much before so I don‟t feel like I‟m 

doing the same thing that everyone else did.” (P11 P10 W2 S 1:06:31) 

 Talking about notification systems card.  “…at least I would hypothesize, the generality of a card 

would be directly proportional to how often it‟s used.” (P11 P10 W2 S 1:07:48) 

 “The last one I hit the top 20 and every card I needed was right there pretty much.  I think I used 

one other card out of the random times I would look through the other stuff.  This one, I don‟t 

think quite as many people have done the [storyboard] yet so it wasn‟t quite as relevant.  

Definitely a neat feature though.” (P12 W2 S 27:55) 

 “So I could see what other people were doing…and I figured out what their solution to the 

problem was.  I didn‟t want tocopy that, but I definitely could use parts of it.  I definitely thinkt he 

people that do the problem last will have the advantage on making a good product.” (P12 W2 S 

29:53) 

 “You can see what type of solution they‟ve generated with the user generated cards.  You get an 

idea of what their solution was and when you can see three other peoples solution to the problem 

you can try to figure out an even better solution.” (P12 W2 S 30:54) 

 “The fact that they‟re being used frequently just generates…grabs our attention to see what other 

people are using, but ultimately I think it‟s really left up to the claims” (P13 P14 W2 S 1:11:38) 

 “I think we see it in opposite ways.  You see it as top 10 percent so I wont‟t use it.  I see it has top 

10 so people use it and makes it less creative.  It‟s not creative to go with something just becoase 

others used it.” (P9 P8 P S) 

 “That remind me, it was about the freuqnecy of the card rues.  I would always avoid frequent ones 

cuase htat would eman they were clichés but maybe that‟s me.” (P11 P10 P S) 

  

 Pairs of previous usage 

o 2 cards being use together doesn‟t impact decision (P6 P7 W2 S 53:34) 

o “Kinda helps you with your confidence level too almost…I saw that we already had use 

of information exhibit [and] public display used together before we saw that it was used 

together before…so it helps to show that we were headed in the right direction.” (P18 

P17 W2 S 47:08) 

o  

 Ways to share knowledge 

o “I think the best way to share this idea of reusable design knowledge is through research 

papers, and applications written by students like us.” (P2 W3 J) 

o “It would also be useful if other designers could see whole storyboards so that they could 

see a card in use and gauge from that context whether it would be successful in 

conveying their own design in their storyboard.” (P6 W3 J) 

o “However, it would be beneficial if the cards were reviewed by experts who could 

examine cards and eliminate those that were unuseful, misleading, or duplicates.” (P6 W3 

J) 

o “Using with this kind of digital programs makes easy to share knowledge in the 

community such as without being co-located you can share you desing  process, 

solutions, artifacts.” (P7 W3 J) 
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o Wants a claims wiki moderated by designers (P8 W3 J) 

o “Perhaps cards could be rated by certain people instead of ranked in terms of use.  

Obvious tradeoffs here are the addition of extra information that may be hard to process 

and a bias toward certain people‟s opinions…” (P8 W3 J) 

o “I feel that a database of patterns, or even general ideas or principles would be a good 

way to achieve this; in that vein, I would say PIC-UP is on the right track.  I personally 

liked the "new" button, as it allowed me  to see what other people have been creating.” 

(P11 W3 J) 

o “Searching helps designers find specific cards and show relevant cards from other 

designers, for when ideas are already made about how the system should work. Browsing 

supports brainstorming for possible ideas. This was especially true for us, since we used 

"random" & "new" to look at cards.” (P10 W3 J) 

o “In an educational environment, it may be desireable to limit collaboration between 

students to test individual's skills and knowledge. However, in a performance-centered 

workplace environment, collaboration and knowledge sharing are important enablers.” 

(P12 W3 J) 

o “After experimenting more with PIC-UP, it became apparent that a need exists for 

someone to oversee/revise the information that gets added to the tool.” (P13 W3 J) 

o “I think at this point, buttons line New and Top 10%/20% create awareness of cards that 

have been used, but it doesn't necessarily drive use in the future. This will be especially 

the case (as I've noted before) when the tool has been in use/practice for a long time and 

has been used for different kinds of projects.” (P13 W3 J) 

o “blogs could be used to communicate information, or ask questions. This would allow for 

timely response and people in different locations to share and communicate about a 

subject matter.” (P14 W3 J) 

o “We should share the the artifacts and the styles mostly used. But this should be related 

to a problems and the type of users.” (P17 W3 J) 

o “Well, the whole idea of having different relationships between cards and saving 

relationships added by other designers seem to be a nice way of sharing design 

knowledge. However, it seems to me that even those relationships are inherent to the 

product you're designing. For instance, knowing that a 'lighted directional path' is a 

mitigation for 'using graphical information for notification' may be useful in the case of 

an emergency system, but not for this design.” (P1 W3 J) 

o “It could also be beneficial to not only allow users to see how others have linked the 

cards, but to also allow them to see what others have created in the past (as in the whole 

storyboard; I do realize that in this context it would not be a good idea since everyone has 

the same assignment.)” (P15 W3 J) 

 Benefit of highly reused cards 

o “Highly reused cards could provide a starting point for designers, in that those cards 

could contain high level ideas applicable to a wide range of products.” (P5 W2 J) 

o “The Top 10% and Top 20% categories were useful for us when we were searching for a 

worthwile card to use.  This may be because of the fact that several groups of students 

were making storyboards for the same problem scenario and it is likely that some cards 

would be used often.  Thus, when searching for popular cards, it is likely that some of the 

popular ones relate in some way to our scenario.” (P6 W2 J) 

o “It could be useful if all teams works on similar kinds of problems, like health care in 

hospitals, or web design for disabled, where there are certain technologies that lend itself 

to specific target problems.” (P10 W2 J) 
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o “I used the most frequently used cards as a starting point for my exploration of options in 

the ideation stage. The most popular cards were usually applicable in some way to the 

system I was tasked to create. Also, looking though the cards that other users had chosen 

gave me an idea of how they solved the design challenges associated with the system.” 

(P12 W2 J) 

o “When a card was used or resused repeatedly with a single card, we would atleast look at 

the claims to see how applicable the card was to our storyboard. I feel that the cards that 

were highly reused, however were rather general and were used to save time rather than 

the cards providing the best representation of the idea that the designers initially had.” 

(P14 W2 J) 

o “Usually, we would look into the top10% and top20% first as these cards would have 

high possibility with the function for our system. If we can‟t find them, we would choose 

to browse in different category to find our card. For example, we easily found out lighted 

directional path board for our escape indicator usage in TOP10% and TOP20% card pool; 

we found out the video and visual notification methods under the category with the same 

name.” (P16 W2 J) 

o “There is one card that are highly used for this storyboard which is "lighted directional 

path. " When we first find out this card, we drag it into our storyboard without any 

hesitance. The reason we use it is because the function of this card is very related to the 

system we design this time.” (P16 W2 J) 

o “I like the idea of creating a catalog of card, but I would like to see a catalog of cards that 

I created.  Like I mentioned earlier, I would be more likely to re-use cards that I created.” 

(P4 W3 J) 

o “Buttons like New and Top 10% & 20% are also good ways to share information. It 

allows designers to easily locate new cards and identify the cards that may be of most use 

to them. However, I have started to shy away from these functions for various reasons. 

First, I prefer to not use cards that everyone else is using. I want to create a unique system 

and storyboard. Secondly, I have found other methods, such as searching by relationship, 

that are more useful.” (P14 W3 J) 

o Talking about knowing which other cards were used and if it impacts decisions. 

“Probably, that basically my home while I‟m thinking about the system…I‟m looking at 

what everyone else used, thinking of what else I want to use from outside knowledge.” 

(P12 W2 S 40:23) 

o  

 Impact of green color 

o “I also discussed this with Shahtab about how my eyes are naturally drawn to the green 

cards because green is generally a positive color and I actually expressed concern with 

how I thought it might skew a lot of people's storyboards.” (P3 W2 J) 

o “It would be interesting if the community could also rate or review different interaction 

and design methods. This is essentially being done with the combination of the colors to 

indicate what interactions are used the most and the claims on the back of the cards, but 

an assumption is being made that just because an interaction or concept is being used a 

lot that it is a good method.” (P18 W3 J) 

o “I wasn‟t really paying attention to the color of the card and then when we clicked on 

what‟s most used we said „oh we pretty much are using these.‟…so it makes sense that 

they‟re the most used, but I don‟t know that necessarily I was considering how often they 

were used when I grabbed them.” (P3 P2 W2 S 1:17 16) 

 Using previously created own card 
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o “Finally, the sixth card, information kiosk, is a reuse of one we created for the first 

assignment.  While we originally created the kiosk to be specifcially for use in an airport 

environment (per the claims), in this case we are using the kiosk as an information station 

located a safe distance from the building.” (P5 W2 J) 

o Added their previous kiosk claim. “Hey if we keep using this, this will eventually go up 

and…get  green status.” (P5 P4 W2 S 34:59) 

o “…the kiosk card that we had created from last scenario that we did…I think it instantly 

probably came to us…oh like duh that‟s an easy one…we‟ve already made it, it fits with 

what we need.  We found it right away.” “We knew what we were looking for.”  “We 

thought it fit the scenario really well.”(P5 P4 W2 S 1:00:26) 

 Quality of card 

o Knew a card wasn‟t as fleshed out as the other cards because it was user generated and it 

didn‟t have any relationships. (P12 W2 S 36:47) 

 Filtering cards out 

o “Well a lot of that is…I came up with the concept of the system…I knew a couple of 

cards that I would need to use right off the bat so I knew exactly what I was looking for 

there.  They happened to be in the top 20…” (P12 W2 S 37:54) 

o Would rely more on top 20 if there were even more cards. “I mean it would take a lot 

more time to go through the random ones.  I‟d go for the top 20…” (P12 W2 S 39:32) 

o Saying that if there were 2000 cards and 1500 were useless then they‟re probably use the 

categories more.  Over time the top 20 would have more misses than hits because it won‟t 

be as applicable to a project, but now with only 60 cards and everyone working on same 

project it is applicable. (P13 P14 W2 S 1:13:39) 

 

Creating cards 

 “We also created two new cards, "In Route Notification" and "Information Kiosk."  These cards 

were created because, after extensive searching, we were unable to locate pre-made cards that 

represented these ideas.” (P5 W1 J) 

 “The third card, the wall mount LCD display, and the fourth card, lighted directional parth, are 

ones we created.” (P5 W2 J) 

 “However, we ran into a bit of trouble trying to create our own card for the first card (the alarm). 

We combined the two cards instead, and edited the claims on the back to better suit our design.” 

(P8 W2 J) 

 This was one of the things that led us to create a card of our own: the fact that we couldn't find a 

card with the right kind of claims for what we had in mind. We took our time in creating our card, 

making sure that it contained the kind of information that would help us in this specific instance, 

but also making the claims broad enough so that others could use it in the future. We also included 

a fair number of claims (4 positive, 4 negative) since we came across some cards that were lacking 

in claims and we didn't want users in the future to run into that problem with our card. We 

browsed the internet to find the picture that we thought would best represent our card. (P13 W2 J) 

 “In one instance we decided to create a new card. We did this because we had not previously 

created a card and wanted the experience of doing so, and because we did not fell that any card 

provided fit exactly what we had in mind. To create a card we first pulled up a card and selected a 

picture from online that fit our mental image. We than brainstormed some claims. We choose to 

aid 3 positives and 3 negative claims in order to allow future users easier understand of the 

meaning and possible uses of the card.” (P14 W2 J) 
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 “We decided to create the emergency phone card because we were looking to include some way 

for users to connect to emergency personel, and we couldn't seem to find an appropriate card.” 

(P15 W2 J) 

 Created lighted directional path “Lighted path and then it can be applied to evacuation…” (P5 P4 

W2 S 19:25) 

 “I think it‟s not even necessarily that something‟s not specific enough.  I think it‟s that it‟s specific 

in the wrong way” “Yeah for that given context.” “Right or we‟ve got…we‟re looking for X and 

we kind of found Y so it‟s kind of in the general realm, but it‟s not exactly what we‟re looking 

for.” (P5 P4 W2 S 1:07:15) 

 “I think it depends too on like I guess what the intent for making new cards are…if you know 

you‟re going to be making it for you or for your use only you kind know how detailed you want to 

get it, but if you know you‟re creating a card for potentially a broader audience then you keep it 

more general.  The ones we made have been pretty context specific.” “We‟re getting better I 

think.” (P5 P4 W2 S 1:08:14) 

 Talking about creating claims after seeing other claims that are also general. Askign about how 

they debated what the name of the lighted directitonal path card should be.  “I really haven‟t 

thought about other accessing.” “I guess this time we tried to keep it more general, but you want it 

specific enough for…” (P5 P4 W2 S 1:09:34) 

 “I guess at least I think I was much more open to creating cards and I wantd my idea there isntaed 

of going through picup looking for cards.  Joyner was much more on looking for cards that might 

work.  I kinda depepended on who wanted to win that fight that day.” (P14 P S) 

 “It‟s not that we don‟t want ot create cards, when we really need to.  It‟s not that big a deal, the 

thing is the cards are not that detailed so you can use that are similar to your idea to represent what 

you‟re tyring to achieve.  I guess it‟s a big advantage of the system and you can be specific in the 

scenario cards, youdon‟t need to be specific in the cards itself.” (P1 P19 P S) 

 “There‟s one thing, once you create a new card it will add it to the pool.  Maybe they don‟t want 

other people to use the card.  maybe they have some consideration. They should provide a way to 

have an option to show whether they want to share it or not.” (P16 P S) 

  

 Example of whole process of making a highly reusable card 

o Creating a card now.  Talkigna bout what they could call the card.  Could be visual alarm.  

Like the ambulance lights.  Saying visual alarm is too broad.  Settles on use of flashing 

light as visual alarm.  Looking for a picture online.  Found apicture.  Asking if red is a 

good color to use for this. Now adding the claim.  Talking about the positives of using 

something like this.  Asking if it would divert attention from task.  Talkgin about whether 

the fact that it doesn‟t sotp a task is an advantage or not.  Says they saw other cards that 

weren‟t that great so why not go ahead and write that.  saying that they have to think 

outside their scenario and think more general since other may use this for something else.  

Discussing the negatives.  They are using the primary task term since it‟s consistent with 

the other card terminology.  Saying they should come up with one more negative.   (good 

example of learning from other cards).  They are saying this is an awesome card.  Saved 

the card. (P13 P14 W2 S 27:54) 

o “I think we put a substantial amount of effort into it, at least by the few other cards that 

we looked at that we assume were developed by other students.  It almost seems like a lot 

of the other cards were developed for their own purposes without consideration of other 

people possibly using the card and it wasn‟t specific enough, the claim specifically, able 

to me used.  So we wanted to develop a card that could be used by future groups.  

Specifically we wanted our claims to be good and substantial and that‟s really where I 
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thought that the best aspect of our card was that it has three pluses, three minuses…were 

encompassing of some of the advantages and disadvantages of the system a lot more than 

we saw in other cards” (P13 P14 W2 S 1:08:16) 

o “When we put that much emphasis on the claim it obviously kind of indicates that claims 

are important to us.” (P13 P14 W2 S 1:09:09) 

o ” It also helps that we know that this tool is…one of the purposes is collaboration and 

future use by other people cause if it were just for me and our use then we probably 

wouldn‟t go into that much detail about how it can be generalized.” (P13 P14 W2 S 

1:09:50) 

  

 Reusing previously created card 

o “Finally, the sixth card, information kiosk, is a reuse of one we created for the first 

assignment.  While we originally created the kiosk to be specifcially for use in an airport 

environment (per the claims), in this case we are using the kiosk as an information station 

located a safe distance from the building.” (P5 W2 J) 

o Added their previous kiosk claim. “Hey if we keep using this, this will eventually go up 

and…get  green status.” (P5 P4 W2 S 34:59) 

o “…the kiosk card that we had created from last scenario that we did…I think it instantly 

probably came to us…oh like duh that‟s an easy one…we‟ve already made it, it fits with 

what we need.  We found it right away.” “We knew what we were looking for.”  “We 

thought it fit the scenario really well.”(P5 P4 W2 S 1:00:26) 

 

Using relationships 

  “We used the related cards to identified cards to enhance the specificity of storyboard's card 

selection.” (P12 W1 J) 

 “Relationship cards that focus on execution and evaluation are easy to use because they focus on 

the basis of what implements a system. They are usually the most important part of scenario-based 

design because they focus on how the user will interact with the created system.” (P18 W1 J)  

 “Once we figured out the “what” then we could focus more on the “how”.” (P18 W1 J) 

 “We also found some difficulty in the relationships provided, since some of the cards serve the 

same purpose, but just provide additional support for it, such as the ambient display & audio cue. 

Both notify, but in different ways. We tried our best this time to link as well as we could to 

relevant relationships.” (P10 W2 J) 

 “The relationships between cards could also be exemplified with these type of characteristics. I 

was mistaken before with associating the cards with just interactions and functionalities but I 

realize that the cards could go in directions beyond that.” (P18 W2 J) 

 “Using the relationships and making sure especially to mitigate our problems led us to creating a 

storyboard we really liked. Using this relationships also led us to create cards for the first time. 

Once we finally understood the relationships by using the guide we were able to create our own 

cards for the purpose of fusion, execution, and postulation. These steps were useful for the design 

because it allowed our storyboard to be stronger in the details to make sure it focused on how the 

story fits the user and now how to story just describes the system.” (P3 W3 J) 

 “I would probably change some of the relationships and try to generalize the relationships 

themselves. That long list of relationships and the way they are worded would not exist in my 

system.” (P3 W3 J) 

 “Well, the whole idea of having different relationships between cards and saving relationships 

added by other designers seem to be a nice way of sharing design knowledge. However, it seems 

to me that even those relationships are inherent to the product you're designing. For instance, 
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knowing that a 'lighted directional path' is a mitigation for 'using graphical information for 

notification' may be useful in the case of an emergency system, but not for this design.” (P1 W3 J) 

 “It was kind of interesting feature, but I don‟t think it was stressed enough.  It was one of the 

powerful things that you could find another card baed on existing card, that‟s powerful for design 

especially since there are so many card, you might find something kinda like what you need, but 

you don‟t go thorugh all cards.  Enoucraging during the actually system design is important, you 

need you say its‟ unified, not just there‟s this and this and this.  the relationships make most sense 

between cards and the abstract, I dunno about within your own system.” (P12 P S) 

 “I definitely think they‟re useful and they help strengthen the storyboard, it kinda makes it easier 

caus you can create your sb through relationships.” (P18 P S) 

  

 Creating relationships 

o “Could we use relationships to group all these into one notification?” “Oh yeah we can 

do that.” (P6 P7 W2 S 10:39) 

o “I guess we had the two cards grouped together…just to clarify that „oh we mean this is 

one card‟.” (P9 P8 W2 S 54:19) 

o “I think that‟s when we used them the most the last time too…just explaining why cards 

are on top of each other…so you know why they‟re together.  I don‟t think it‟s 100% 

necessary when going from stack to stack just cause your scenario kind of explains 

that…I kind of like the relationships.” (P9 P8 W2 S 54:32) 

o When asked if they had reason to create relationships: “Yes, actually because we kind of 

used it.  Last time we didn‟t really use relationships.  When we got to that point in the 

final…ok finalize.  We didn‟t‟ really create any new relationships, but this time I think 

from my perspective the fact that I used relationships and I think they were somewhat 

helpful in seeing other cards…I think they kind of facilitated by desire to create another 

one.” (P13 P14 W2 S 1:14:59) 

o “Sometimes it was hard to think of a relationship.  Seomthing they‟re just there they 

didn‟t have anything to do with each other.” (P9 P8 P S) 

o Talking about creating relationships during finalization: “They need to think about it 

before hand, especially if you want it to make sense.  I don‟t see a way of doing it earlier 

so having it at the end is the solution that you have.  It makes it an added step by feel but 

it should be well integrated, but I din‟t know how you‟d make it better.” (P12 P S) 

o “If people don‟t‟ use relationsups then they don‟t feel like they need to create them.” 

(P14 P S) 

o “It almost seemed like an extra task to do.  It iddnt‟ make me think more about the sb or 

go back or change things.  It just was an extra exercise” (P14 P S) 

o  

 Not enough relationships assigned 

o “I felt that the emphasis on relationships did not exhibit its full potential, as most cards 

seemed to not yet have relationship data stored.  Perhaps when more do, the relationship 

suggestions in the storyboarding guide will seem more useful.  As it stood, it felt like I 

was on my own with coming up with relationships between cards.” (P11 W3 J) 

 Browsing using relationships 

o “While we weren't sure sometimes how/when were cards linked, we saw it as another 

opportunity for browsing. We didn't necessarily consider both a card and its linked cards 

together, we considered all cards separately.” (P10 W2 J) 

o “As an example, we found the “using graphics information for notification” card (found 

in panel 3 of our storyboard) by examining the relationship from the “accessing more 
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information related to notification” card, which we had found by searching for the very 

general term “public”.” (P11 W2 J) 

o “Disappointingly, however, the use of relationships in such a way proved to be the 

exception rather than the norm.  While I feel that relationships between cards are a good 

idea and a good way to locate new cards, the data seemed too partial to work in many 

cases.” (P11 W2 J) 

o Opened the lighted path card to figure out if something goes with that.  followed the 

graphical card using a relation.  Eventually found the exit card.  Added the exit card (P3 

P2 W2 S) 

o “The relationships were a good way to browse, but I don‟t know that we found that many 

new cards through the relationships (P2 P3 W2 J 1:07:59) 

o “I don‟t think we used it…the last time we were trying to relationship search too and we 

went through I think all the relationships and said „well none of these are the cards we 

want‟ so we just created…” (P5 P4 W2 S 1:05:33) 

o Talking about detailed view and related cards. “We didn‟t even try to click on other 

cards…I guess you can follow those…I guess I‟m not totally familiar with the 

relationships as I should be…we‟ll have to get that concept.” (P6 P7 W2 S 49:00) 

o Talking about when to use relationships. “I think it‟s just when we‟re kind of floating 

around ideas so you know we see a card and say „oh that fits well into our scenario, let‟s 

have a look at it, let me double click it‟ and then after we‟re looking at it we see the 

relationship cards and looking at those…we would [if] any of these cards apply.” (P11 

P10 W2 S 1:13:23) 

o “It‟s nice that they‟re categorized by the relationship, but usually I‟m just clicking on it to 

see what other cards are associated with it cause that‟s not exactly what I‟m looking for 

but close…if there were more cards and you were getting swamped by the number of 

cards then I would definitely use the relationship type to sort things out.  Actually I really 

like the relationships.  It‟s a good way of organizing.” (P12 W2 S 35:48) 

o “We figured based on the relationship these other cards might have something to do with 

the system we‟re trying to build.  Especially since the relationships are kind of broken 

down into different types of relationships it helped us to see you know if this is 

something we‟re using for this alarm then since it related to this other card that might 

have some other information that we might want to use.” (P13 P14 W2 S 1:06:34) 

 Couldn’t find the right relationship 

o “Some of the relationships were a little difficult to map out. Specifically, we tried to map 

out sporadic notificaitons with audio/vibrate-relevant cards as an "is a part of" 

relatnionship, but we tried a best guess at this relationship.” (P10 W1 J) 

o “Sometimes it was hard to think of a relationship.  Seomthing they‟re just there they 

didn‟t have anything to do with each other.” (P9 P8 P S) 

o  

 Wants to have relationship to physical artifacts (P2 P3 W2 S 1:16:20) 

 

Looking for cards 

 Looking at notification systems cards. “I don‟t understand this card.” (P3 P2 W2 S) 

 Looking at top 10/20. “Heh, we‟re pretty much using most of these…” (P3 P2 W2 S) 

 “Let‟s do random again, that was kind of cool.” (P3 P2 W2 S) 

 Had thought of using LEDs lights.  Later found the lighted directional path. “Dude we found the 

directional path…that‟s all we need.” 

 “I think it‟s good to follow the browse by category at first and see all notification system cards…” 

(P3 P2 W2 S 1:07:40) 
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Putting storyboard together 

 Grouping some cards together.  Comparing sporadic and continuous claims.  Saying they want 

both of them.  One is triggered by an emergency.  Brad is saying the first notification is always 

going ot be sporadic.  Saying the first panel is getting too big.  (P2 P3 W2 J) 

 “Could we use relationships to group all these into one notification?” “Oh yeah we can do that.” 

(P6 P7 W2 S 10:39) 

  

 

Reflection/General thoughts 

 “Using the scenario cards we could easily develop and describe a system that could be presented 

in a professional environment. It is a very quick way to prototype that would provide a good 

alternative to prototyping methods like pencil and paper.” (P2 W2 J) 

 “It is my belief that an outside reader, given the storyboard with all scenario captions expanded to 

their bull size, would most likely be able to glean some level of understanding of the system 

portrayed by the storyboard.” (P11 W2 J) 

 “While we didn‟t adhere par<cularly strongly to Truong‟s “significant aspects of storyboarding”, 

we did, in a sense, apply his “guidelines for storyboard crea<on”, men<oned later in the same 

paper. Of the three he notes, we did try to “get crea<ve with the story”; as men<oned previously, 

this was first stage in our process of crea<ng the storyboard. To a lesser degree, we also a`emp<ng 

“understanding the storyboard consumers”, though we did not place a huge amount of emphasis 

on this. For example, we realized part of the way through crea<ng  the storyboard  that deaf users 

wouldn‟t be able to  hear the auditory  alarm we  had specified, so we  added  a  prominent  visual  

cue  to  the system as well. Finally, we did not perform the “create the ar<facts” stage, as it was  

naturally already done for us. (Though the  ar<facts from  PIC--‐ UP  were non--‐ specific, as 

opposed to  the more project--‐ specific  storyboarding  panels  that  Truong et al describe.)” (P11 

W2 J) 

 “I think PIC-UP is useful in communicating behaviors and understand behaviors as it provides a 

means for users and viewers to graphically communicate the flow of information and the process 

of using the designed system.” (P14 W2 J) 

 “From my use of PIC-UP and looking at my own storyboards, I feel that PIC-UP communicated 

behaviors much better than say paper and pencil would, because it allows for a clearer 

represenatation of ideas, and provides cards in a specific order.” (P14 W2 J) 

 “I think that PIC-UP does nothing to help the creaters understand the customer or do anything to 

require or promt the designer to understand the customer. I think therefore that PIC-UP should 

initially prompt users to think about the user and maybe write a sentence or two about the user.” 

(P14 W2 J) 

 “There has been a debate over whether PIC-UP would be classified a information design tool or an 

activity design tool. At the risk of sounding too much like a conformist, I would say that it could 

be classified as both; which is why it is a strong tool to use.” (P18 W2 J) 

 “It was very easy to showcase these implementations using the PIC-UP storyboard. The pictures 

on the cards help signify the mental models and metaphors that are relevant to a design solution.” 

(P18 W2 J) 

 “While I had mention in the previous journal that the one thing from activity design that PIC-UP 

doesn‟t address is the physical and social characteristics of the environment where the system will 

be used, the ability to create new cards make this possible.” (P18 W2 J) 

 “The harmful effects are that sometimes, the cards are technology focused. Depending on how the 

card was written, the card could focus too much on a technology rather than a higher level idea.” 

(P10 W3 J) 

 Compared to regular storyboard 

o “I feel that the system results in storyboards that are far more constrained--the only way 

in which they describe the scenario is via their scenario cards.  Personally, I believe that 
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this goes counter to what I perceive the purpose of a storyboard to be : to illustrate and 

supplement a design scenario.” (P11 W3 J) 

o “For example, due to the generic nature of the photos on the cards, several, such as 

“Portrayal of Time”, don‟t seem to apply, as the user has no control over the content of 

the storyboard‟s pictures. In fact, I would assert that only two of those five aspects that 

apply to a PIC--‐ UP created storyboard are “inclusion of text” and “number of frames”.” 

(P11 W2 J)  

o “Nonetheless, the storyboard created doesn‟t seem ot follow the principles of a 

“traditional” storyboard.” (P11 W2 J)  

o  

 Design learning 

o “I think we applied the concept of activity design rather well, since our first thoughts 

involved users & activities.” (P10 W1 J) 

o Our process mimiced that of scenario-based design to the degree necessary to complete 

the assignment (no need for anything beyond activity-design). (P12 W1 J) 

o “As for coming up with a design itself, we tried to think of it from the perspective of the 

problem, instead of thinking that we had solutions to offer. For example, we considered 

what could be a problem for the passenger and from there we thought of design ideas to 

address the problem.” (P13 W1 J) 

o “I believe the most interesting part of using a tool such as pic-up is that it allows us to 

think about activity design and prototyping, by using the cards, and also about 

information design, by thinking how the system will react to the actions and selecting the 

right cards.” (P1 W2 J) 

o “We modularized our ideas into steps and thought of the environment before, during, and 

after the use of our system.  We thought of the claims of a card to get ideas about the 

different "steps" in our system to see how it would affect that stage.” (P19 W2 J) 

o “We thought deeply into the process of interpretating our "steps" so that everyone would 

be able to get the same understanding out of it without having to think, just quick 

interpretation to quickly and safely evacuate.  “ (P19 W2 J) 

o “I think with picup there is a specific process, almost rules to follow, at least suggestions 

to do those that I didn‟t think about.  It‟s more structured.  Usually I start doing 

seommthing and I just write down what I think, it‟s good ot be prompted instead of 

relying on random things that might come.” (P9 P8 P S) 

o “I didn‟t know how to create scenarios.  We‟ve done 4 picup storyboards and that now I 

can come up with scenario that are useful to people so that has definitely changed.” (P14 

P S) 

o “I guess the big thing from this and the class and using picup is that design is more 

structure than I previously thought. Typically I would start off at the end with eval but 

now I start with the beginning and see the steps to see.  It see ¾ of it is the initial design 

and proottpying and I didn‟t know there was technology like picup that allows you to do 

sb on a comp.  a lot o know about sb is about paper and pencil.  It changed my view on 

how sb is done.” (P14 P S) 

o Talking about design journals: “Higher level, actually thinking what would activity 

centered design have to do wit this, what would they think about it, or how would they 

change it instaedf of thinking I sat down and I tried to do this and didn‟t work.  We 

didn‟t‟ think of the theory.  It seemed more useful when I thought about it that way 

instead of just a hw.” (P9 P8 P S) 

o “It hink for me it helped me think more closely about the beginning stages of design, 

spending time on raw creativity and rwrite ideas, and narrow down different 

technolgoeis.” (P11 P10 P S) 

o “Now, after doing more deisgn, I think more about whether the interactions are ok, what 

information will be displayed, thining more about the gulf of eval and exe.  Thinking 

more about the user.  Trying to get into the mind of the user than just creating an 

application first.” (P18 P S) 

o  

 Learning about notification systems 
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o “I think for me when we first did the storyboarding activity in class with the physical 

cards, I guess it made me realize how many different types of notification systems there 

are…” “It‟s about the same for me.  It‟s one of those things where you always knew what 

it was but if someone just asked you on the spot to define it you would have been like 

duh.” (P2 P3 W2 S 1:04:48) 

o “This just really helps you I think dig further into it.” (P5 P4 W2 S 57:44) 

o Did not design with cost or implementation taken into account. “I‟m designing based on 

kind of an ideal or a quasi ideal…hey this would be a really great system to do…not 

necessarily…hey do we actually have this technology to do it.  So, I don‟t necessarily 

feel like I know about real notification systems.” (P5 P4 W2 S 58:21) 

o Already knew about NS from previous classes and said: “I think what the system helped 

to do if anything was to remind me of the different possibilities out there, not necessarily 

teach me about notification systems.” (P13 P14 W2 S 1:02:19) 

o “Yes, the storyboard gives an idea of what a notification encompasses.” “I think it‟s a 

mix of all the things…looking at this you might have some idea you have not thought 

about previously.” (P18 P17 W2 S 37:39) 

o “I think it puts in perspective the things that you already use.  Before learning about 

notification systems I didn‟t really consider my phone…like the vibration and the sound 

and the push notification…you know I never really thought about what that meant.” (P18 

P17 W2 S 38:31) 

 Reuse 

o “More importantly, even if you sit down and think up the basic system you would like to 

storyboard, using reusable artifacts only enhances the development of the system by 

presenting concepts to the designers.” (P2 W2 J) 

o “It allows users to not only come up with their own ideas and then use this tool to 

communicate their ideas, but it can also give users ideas if they are having problems 

coming up with their own ideas.” (P15 W2 J) 

o “One of the biggest weaknesses of the system is that the usefulness and reusability of the 

cards is dependent on how general or specific the card was written as.” (P10 W3 J) 

o “Additionally, freeing up designer time that would otherwise be spent on problems that 

have already been adequetly solved allows designers to spend their time solving more 

challenging issues.” (P12 W3 J) 

o “It‟s nice to have reuse ofr broad thigns like notification systems or mobile phone 

interface and just have big ideas when you‟re doing something when you‟re just starting 

out before you get…it helps to think about other ways and you can reuse the broad 

things, the more specific cards get not as not useful, I think the broad ideas are most.” (P9 

P8 P S) 

o “For reuse, I‟m not a fan of it.  I like the idea of the categories.  Reuse I think perpetuates 

thing that get used often.” (P9 P8 P S) 

o “I like the fact that it presents you with your solutions.  It has a large set of solutions, 

that‟s the best thing about picup.  It would help if we were using a larger screen too so we 

could see more.  The collaboration, seeing what other people use is also helpful, it‟s 

similar to cultural or histirocal knowledge.  Certains places use the same solutiosn.  You 

build that kind of base.” (P12 P S) 

o “reuse is an important part of innovation, a lot of r&d is in it, you don‟t wan to forget 

about it and reinvent the wheel each time.  However too much reuse means you‟re not 

being innovative so it‟s a balancing act.  Picup does well, it shows top 10/20, but it shows 

not the solution, but what tools they used to get to a solution.  You can approach things in 

a similar way.  It helps innovation, with constrainst you can get creative within the box.” 

(P12 P S) 
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o “I guess in term sof general design, or maybe just with sb, I think my initial was it‟s good 

to come up with fresh orginial ideas and for sbs have fresh pictures, but the more I did sb 

and I used it for another class, I was wishing that ic ould use an exiswting design to put in 

my sb so i didn‟t have ot recreate it.  When we initially did out sb there wasn‟t a big 

history since we were first, but as we did more I appreciated the exisint gcards, probably 

the ones we made too, cause we like them, it was easy to reuse those, but as I was doing 

another one for another class, I appreciated ieveryone‟s contributions, I was more open to 

consider someone else‟s design (P4 P5 P S) 

o “Yeah picup tis the system that opened my eyes.  I think it‟s a huge component.  If I had 

to summarize things that I‟ve taken away, it‟s reuse is at the top of that list.  It‟s 

especially something to use in the future.  Especially if it‟s in a larger company.  Another 

thing is if I ever thought of it I initiailly thought it was limited, reusing similar cards, it 

would narrow your ideas but I didn‟t find that a problem, there is so much in the scenario 

and the claims and cards you don‟t run into that problem.” (P14 P S) 

o “I guess as we used picup we tended to see if it existed before we went ahead.  We tended 

to use those more than create our own.  With picup reuse is valuable in that sense. “ (P19 

FP P S) 

o  

 Creativity vs. reuse 

o “I think with you can shape the creativity and interpret the card creativeily by using your 

own scenario.” (P4 P5 P S) 

o “I think we see it in opposite ways.  You see it as top 10 percent so I wont‟t use it.  I see 

it has top 10 so people use it and makes it less creative.  It‟s not creative to go with 

something just becoase others used it.” (P9 P8 P S) 

o “I think it some ways it hinders creativity.  Because of marketing and trying to make a 

profit many times designers might go with what works.” (P18 P S) 

o “I depends on how you use picup.  If you use it as a seach tool then it‟s not creative.  If 

you use it along your thinking then maybe you‟ll be able to be more creative and in some 

cases yo‟ll make things yourself.” (P1 P19 P S) 

o  

 Image vs claims 

o “I generally…read the title, look at the picture for a quick idea of maybe what the card is 

trying to get a across…” (P2 P3 W2 S 1:09:12) 

o “Before flipping the cards over you sort of get a general idea.  When you actually flip the 

card over you get a very detailed…oh this is exactly what the card means…here are the 

positives and negatives…the positives fit the things we need…the negatives are maybe 

things we need to find some cards to make up for…the biggest things for flipping the 

card over is seeing the difference between two cards…you can say continuous actually 

means this and sporadic actually means this.” (P3 P2 W2 S 1:09:39)  

o “I think if you‟re not flipping the card over you need to be careful with how you‟re using 

the card because the pictures, although they give you a general idea, they might lead you 

to think that that card might be used only in a specific way when the card might actually 

represent something more general. (P3 P2 W2 S 1:10:31) 

o “The first time around with this I think we definitely searched through some of the 

existing cards and…you find something and think „oh that‟s close, it‟s really close to 

what I want‟ so in that case if you don‟t know what you want it can definitely spark some 

ideas cause if it‟s not exactly what you want…then nevermind.” (P5 P4 W2 S 1:01:54) 
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o “I look at the pictures more than the claims because the claims are…usually very high 

level, very general, and kind of common sense…but I look at the picture and try to get 

some ideas.” (P5 P4 W2 S 1:02:44) 

o “I guess I‟m not sure that the claims that you see for each picture…I‟m not sure that 

those add anything other than common knowledge.” (P6 P7 W2 S 45:17) 

o “The titles definitely drew you in.” (P9 P8 W2 S 43:59) 

o “The image I think just helps us to catch our attention at first cause there were cases 

…we flip through the claims, maybe the image might semi-work, but when we saw the 

claim we‟re like „ok no this isn‟t the type‟ so ultimately it really would probably be the 

claims.  The image we can always alter.” (P13 P14 W2 S 1:05:00) 

o “Yeah I think the purpose of the image, cause there are so many cards, it gives us our first 

and easier estimation of if the card is applicable for what we‟re designing, but he claims 

are really…the most important information that I think would really apply.  Especially 

obviously building multiple cards, you want some of the negatives on one card to balance 

out some of the positives on the other…so the claims definitely come in as more useful, 

but for a quick pass the image is just the quickest and easiest to make an interpretation 

from.” (P13 P14 W2 S 1:05:17) 

o   

 Inpiration from cards 

o “We did not gain much inspiration from the cards, mostly because we already had a solid 

idea of how we wanted to design the system.  If we were less sure of our design ideas, or 

were working with design constraints (i.e. specifications, money, feasibility) then we 

might have browsed through the cards to find some inspiration.” (P5 W2 J) 

o “Because we began thinking of the system we wanted to design before we even started 

looking at the cards, the cards didn't really provide any avenue for ideation either.” (P13 

W2 J) 

o “Second, I agree with your use of pictures and your viewpoint that it allows for quick 

identification and ideation.” (P14 W2 J) 

o “However, I disagree with that statement that this increasing creativity. At least from my 

experience, the pictures and even the claims end up leading us down a path that we may 

not have wanted to initially follow.” (P14 W2 J) 

 Benefit of tool 

o “I think Pic-Up is fairly effective as a high level prototyping tool.  I think it may be more 

effective than a pattern-based tool because it allows for both generality (with the cards) 

and more specificity (with the corresponding scenarios)” (P5 W2 J) 

o “I like this better than using pencil and paper storyboards because you can get the ideas 

out just as quickly, but with the electrionic story board you can also see what other 

people have used/created to generate ideas.” (P15 W2 J) 

o “For example, when we were creating the parking system in class, there were certain 

features that we wanted to include in multiple frames, so when we were writing out our 

scenarios, we had to pass the cards back and forth.  If we had done it on the computer, it 

would have been a lot easier to present insead of passing the cards around when others 

were presenting.” (P15 W2 J) 

o “It was interesting, I think I had more fun using it by myself than isuign it with someone.  

I like creating new cards, it felt like I was thinking outside the box and creating new 

interactions and making cards for these new itneactions.  Hopefully down the road if 

some new interaction comes out I can go to the card and say I thought of that first.” (P18 

P S) 
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o “This sort of thing as a prototoypighn toolf or activity design is great.  It‟s great for 

communicating how your perceive what activities you want in the sofgtware.  Especially 

int hebegiining when it‟s nebulous.  It‟s cool if you have this or that.” (P7 P6 P S) 

o  

 Harm of tool 

o “The harmful aspects of the current process consist of:  using the same cards over and 

over because they exist and the creater may be too lazy to design a new card;  the 

storyboard creator may use cards that are "over-simplified" and don't give enough detail 

about the scenario; the creator could also get too specific with the card selection and give 

the viewer too much information; creating relationships is easy, but I think it lacks 

usefullness.” (P4 W3 J) 

 Use of scenario/narrative 

o “The scenarios are a helpful way to explain the information design of the system.  

However, it seemed more difficult to explicitly portray the way users would interact with 

the system, as well as how the system would change in response to these interactions.” 

(P5 W2 J) 

o “What we should have done is concentrate on providing the occupant information about 

best escape path and left the notification system to a separate story… o if we were 

presenting this storyboard to a customer, we would talk about all of the information that 

they would be receiving, but wouldn't provide them any story to suggest how they would 

be using that information… What we should have done, and what I hope we will do next 

time, is concentrate on establishing a story and then selecting or creating artefacts (cards) 

that illustrate the story.” (P6 W2 J) 

o “I think that to a degree PIC-UP provides context, in that it specifically states a scenario 

in which the system is used. However, I think that PIC-UP should allow, or even require, 

additional (more) information about the context of the situation.” (P14 W2 J) 

 Storyboarding in general 

o “Story boarding is a very quick, easy way to complete prototyping method that can be 

utilized to develop an overall, or high-evel concept map of an idea, or design.  It can 

clearly communicate an idea/process to the stakeholders without signinficant cost.” (P4 

W2 J) 

o “If a SB gets overly complicated, a viewer may find it difficult to follow.  The 4-7 cards 

seems to be an easy format that provides the viewer with enough information for a first-

look.  As the prototype develops, additional cards could be added to provide the viewers 

with additional information, or each card could become a sb theme to develop more detail 

within each step.” (P4 W2 J) 

o “I don‟t‟ know if it encouraged me or discouraged me to use it.  It‟s different type of 

thing and it‟s also hard that you only have specific ards, it‟s not like I can use it for other 

things, but hten I‟ve have to make everyting and that‟s not efficient.” (P9 P8 P S) 

o “The importance of sb has become much more clear to me.  Obviously sbing it our design 

fleshed out a lot of details that we had not thought of.” (P14 P S) 

o  

 Structure of storyboard 

o “Truong says that implicit indicators of time should be used, but our storyboard does not 

provide any indication of time except perhaps that everything is happening 

simultaneously.” (P6 W2 J) 

o “Creating multiple storyboards for the same assignment may help get a better picture of 

all possible circumstances.” (P8 W2 J) 
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o “The only downside I see to storyboarding in PIC-UP (that you wouldn't find in paper 

prototyping, for instance) is that the images don't really flow in a story-telling manner. 

Now that I think of it, I don't think that we ever thought about that when we were creating 

our storyboard. I've worked on a few paper storyboards previously, and each time I try to 

tell a story (you might see the same person show up on different card of the storyboard).” 

(P13 W2 J) 

 Use of claims 

o “For example, if two contradicting claims were noticed by the program, it could alert the 

designer, who may not be aware of the issue (or even aware that you can click on the 

cards to turn them over and see the claims!) (P8 W2 J) 

 Social aspect 

o “These issues also bring up the social aspect of design. PIC-UP allows for some social 

clues due to the top 10 and top 20 options. However, since there is no option for two 

people to work at the same problem simultaneously and share workspaces, the social 

aspect is limited (although this makes since for homework problems, it would be nice for 

PIC-UP to have that feature if it were to become a serious design tool.” (P12 W2 J) 

 Showing storyboarding to others 

o “Therefore I think that PIC-UP should provide a means of visually displaying just the 

storyboards created, that way it is easier for designers to show (and evaluate) their 

storyboards by users and customers.” (P14 W2 J) 

o “I feel that PIC-UP does not abide by this theory, in that it does not allow for much 

variability to create a storyboard for a specific group who will view it. Instead PIC-UP is 

very generic, which is good from a users standpoint, in that it makes it easier to interact 

with, but doesn‟t allow designers to vary the design based on who the storyboard is for. I 

know that you can create your own cards and such, but it is impractical to assume that 

everyone will create from scratch their own cards to allow for a more individual 

storyboard.” (P14 W2 J) 

o “Another big advantage of storyboarding in general and this specific type with cards and 

claims used in PIC-UP is that they describe a scenario and show how you would solve the 

problems presented in the scenario, making it easy to understand even if you‟re not a 

designer. This is an improvement over tools like DENIM or SketchWizard which provide 

tools for sketching the interface but can be confusing for others as they show interface 

screens in an abstract way.” (P1 W2 J) 

o “In the end, I think our storyboard would convey our ideas to just about anyone since it 

remains vague enough to fill in the blanks with just about any sort of device or 

technology.  This would allow for a basic foundation for any sort of engineer or 

developer to being working on the specifics and begin designing actual prototypes to be 

tested with users.” (P19 W2 J) 

o “No, no they wouldn‟t be able to get any of that.” “We need to describe very well every 

story card I think.” “Yeah I think we need more text…I think we probably should have 

made some new cards” (P6 P7 W2 S 39:56) 

o “I not sure what the relation between the second set and third set is.  Maybe this is the 

secondary display.” (P4 P5 P S) 

o “Some features seem redundant.  The gps could give you detailed info.   it‟s definitely too 

much.” (P9 P8 P S) 

o “Reading het narrative makes sense, don‟t know if it would have to use gps, it could use 

cell towers for location.” (P12 P S) 
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o “The narrative is pretty well designed.  They definitely captured enough ways of 

interrupting.  My fist thought is going to the business model.” (P12 P S) 

o “I guess, first we never really included is the reasoning for why the system was created.  

It has motivation for the system.” (P14 P S) 

o “It starts off by what the system does, what‟s unique, motivation, and goes through 

quickly a scanrio of what might occur.  They‟re not too long.  They get the point across. “ 

(P14 P S) 

o Looked at guide while looking at sb (P7 P6 P S) 

Longer term impact outside pic-up 

 “I have actually started using storyboards to communicate design ideas at my company.  I thought 

about using PIC-UP for these storyboards, but then I realized another downside to these web-

based tools.  Namely, the inability to protect proprietory data.” (P6 W3 J) 

 “I would defieniytl use storyboarxing as my tool of choise due to picup.” (P12 P S) 

 “I didn‟t actually creat it, eric did.  But the basis was yeah we needed a sb and we needed to go 

through the different interactions that the user would go through.” (P18 P S) 

 “I guess it‟s one of those where you‟re solving…basically the whole system is solving the 

downside of that particular card.  if I‟m just lokoing to evaluate this system then it might not be 

needed.” (P18 P S) 

 Shows how the storyboard and provoke thinking about the system.  “Something to think about is 

what if you‟re in an area where thre is no cell connection, what would you do then? I guess you‟d 

have to refer back to the radio with ath problem, which is the problem to begin with.” (P1 P19 P 

S) 

 “I‟m using picup for my thesis, soemthign about iphone application. My prof said you need 

prototypes and scenarios, after using picup, I started using it for my design specification and these 

thigns and when I was presenting the information about the thesis the prof really liked it, when he 

said you need to change something, the reuse was a good advantage.” (P7 P6 P S) 

 “The customer, for this project it was still early on and we‟re still helping and communicatin ghtat 

we understand the conpcet and what to solve, but the storyboards helped and explain the high level 

activities that we try to bring ot them in software and also provides a concise visual way of how 

they perceive the story and easy for them to comment on and understand the prototype.  Yeah I did 

this in word, I had the little pictures and the synopsis per se, I can‟t use picup cause of 

commericial sensitive things.  I wasn‟t sure if there was someway to export these things in a 

format should would be easy to include in powerpoint.” (P7 P6 P S) 
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The following are the codes used by the subjective coder and two objective coders during the 

analysis of the PIC-UP data.  The codes and rules were presented in this form to all coders. 

 

1. Awareness/Impact of previous reuse 

Snippet mentions the Top 10/20 or Green Cards.  Mostly W2, W3, P.  (This is a snippet that only 

focuses on the top 10/20.  It describes intentional use of this feature.) 

 

2. Browsing/Using relationships 

Snippet mentions browsing or general use of relationships.  Does not include anything specific to the 

storyboarding guide.  Mostly W1, W2, P.  Little chance it is W3 since it is not while using the guide. 

 

3. Creating/adding new cards and relationships 

Snippet mentions creating new cards or adding relationships.  May also include mention of linking 

cards together.  Generally could be W1, W2, W3, P. 

 

4. Approach to searching for and selecting cards 

Snippet mentions ways used to look for a card.  Might mention creating a scenario first or having 

previous ideas and then looking for cards to fit that.  Also mentions using the category or keyword or 

random.  Snippet might mention motivation for looking for a card or what led them to look for a card.  

Mostly might be W1, W2, P 

 

5. Describing a specific guide step.  (This is above 6, 2) 

Snippet focuses on a single guide step.  Will usually mention the relationship that comes into play.  Mostly 

W3, perhaps a couple W1, W2. 

 

6. Overall guide use (This is above 2) 

Snippet is about overall impact or use of the guide.  Might discuss thoughts on why it was good or bad.  

Might also mention why the guide was ignored.  Also might include talk of more than 1 guide step.  

Mostly W3, P. 

 

7. General approach to structuring/creating the storyboard.   

This is different from 4.  The snippet mentions they identified a problem, or requirements, or system 

concepts.  They also might mention they followed the Truong approach.  They did not use the guide.  

Snippet does not mention how they found the cards. Will be W1, W2. 

 

8. Lessons/thoughts about design and reuse  

Snippet talks about general idea of reuse, storyboard, the tool, prototyping, scenarios, or identifying 

problems and the users in the storyboard.  These are usually high level reflections or things learned 

through the experience.  Snippet could be about what the tool and reuse is good and bad for. 

 

9. Learning about notification systems 

Anything related to becoming more familiar with the idea of notification systems and what they are 

about. 

 

10. Other/Uncategorized 
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The following are the excerpts used for the coding work and the codes that were assigned by 

each coder during the analysis. 

Me C 1 C2 Snippet 

2 2 2 

(AL W2 J) Given some ideas of the scenarios we came up with, we browsed for cards 
that could aid in such a system. Compared to last time, we did this card-browsing 
phase much sooner. The reason may be to try something different, or that we were 
not given paper or an easy to access notepad application to jot down our ideas.  We 
also found some difficulty in the relationships provided, since some of the cards 
serve the same purpose, but just provide additional support for it, such as the 
ambient display & audio cue. Both notify, but in different ways. We tried our best 
this time to link as well as we could to relevant relationships. 

3 3 3 

(AL W2 J) Given some ideas of the scenarios we came up with, we browsed for cards 
that could aid in such a system. Compared to last time, we did this card-browsing 
phase much sooner. The reason may be to try something different, or that we were 
not given paper or an easy to access notepad application to jot down our ideas.  We 
also found some difficulty in the relationships provided, since some of the cards 
serve the same purpose, but just provide additional support for it, such as the 
ambient display & audio cue. Both notify, but in different ways. We tried our best 
this time to link as well as we could to relevant relationships. 

1 1 1 

(AL W2 J) It didn’t really impact our choices. We used the Top 10%/20% as 
abrowsing mechanism, but when we came up with ideas, we starteds earching for 
key words for exactly what we were looking for. We also used random feature to 
also browse. Given variety of cards that could be used between homework 1, an 
airport notification system, and this one, an evacuation system, both are different 
applications with potentially diferent technologies used, so I didn't think that 
common cards used often in both applications in our class would be useful. It could 
be useful if all teams works on similar kinds of problems, like health care in hospitals, 
or web design for disabled, where there are certain technologies that lend itself to 
specific target problems. 

4 1 1 

(AL W2 J) We used browsing, by looking at the top 10%, 20% & random, and 
searching for relevant keyterms like "siren " and "alarm", to browse for interesting 
key terms. A new method we used for browsing was clicking on related cards, if 
there were any in the detailed view of the card. While we weren't sure sometimes 
how/when were cards linked, we saw it as another opportunity for browsing. We 
didn't necessarily consider both a card and its linked cards together, we considered 
all cards separately. 

2 2 2 

(AL W2 J) We used browsing, by looking at the top 10%, 20% & random, and 
searching for relevant keyterms like "siren " and "alarm", to browse for interesting 
key terms. A new method we used for browsing was clicking on related cards, if 
there were any in the detailed view of the card. While we weren't sure sometimes 
how/when were cards linked, we saw it as another opportunity for browsing. We 
didn't necessarily consider both a card and its linked cards together, we considered 
all cards separately. 
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2 2 2 

(AL W2 J) We used browsing, by looking at the top 10%, 20% & random, and 
searching for relevant keyterms like "siren " and "alarm", to browse for interesting 
key terms. A new method we used for browsing was clicking on related cards, if 
there were any in the detailed view of the card. While we weren't sure sometimes 
how/when were cards linked, we saw it as another opportunity for browsing. We 
didn't necessarily consider both a card and its linked cards together, we considered 
all cards separately. 

6 6 6 

(AL W3 J) Similar to Kapelinin's checklist meant to augment and support other design 
processes, the guide is meant to support the designers to make sure the solution is 
complete. Given my interpretation, the order isn't nearly as important as the idea 
that it gets mentioned or reminded in the first place. By setting it as a guide, 
different designers can use PICUP with diferent design styles and processes and still 
have it becoem a flexible, powerful tool. Too literal of a interpretation will constrain 
designers to only this process, and order would be extremely more important.  

5 5 5 

(AL W3 J) Step 6 (Generalization/Specification). We thought of a few specific details, 
but we didn't realize how needed they were as an explicit card until we had to 
arrange the cards for a storyboard. Cards like the use of cell phone internet and 
automatic re-routing would work best here, because they show what kinds of 
information is used, processed, and shown to the user. However, for this specific 
exercise, we came up with these cards after completing the guide because we 
realized that our storyboard was disjoint without the information. 

9 9 9 

(BW JB W2 S 1:04:48) Did you learn more about notification systems using this 
system? 
-I think for me when we first did the storyboarding activity in class with the physical 
cards, I guess it made me realize how many different types of notification systems 
there are… 
-It’s about the same for me.  It’s one of those things where you always knew what it 
was but if someone just asked you on the spot to define it you would have been like 
uhh. 

4 4 4 

(BW JB W2 S 1:06:41) How did you decide what card to reuse? 
-I think we did the same thing for the first.  Before we started we get a general idea 
of what we want to do.  We want to have the screen and the directional path.  We 
then just browse cards and that’s why we like the random card function casue we 
just see what fits our idea, but doing that shows us things that we hadn't thought of.  
Like the flashing like was something we found.  We have a general idea but then find 
more.  We definitealy grab more than we thought we would need.  We go through 
as many as we can and  then later filter them out.  It’s good to follow the cateogies 
at first and see allt he notficaition systems cards and then the random got us a lot 
more.  The relationships were a good way to browse but I dunno if we found a lot of 
new acards.  A lot of the cards I like dthe most were not green.  I would have liked to 
see more relationships to more of the physical things instead of abstract concepts.  
Like to flashing light or directional path. 
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5 5 5 

(BW W3 J) Step 2: Here we identified that we wanted to deliver the information as 
text with links to more information. We then browsed by execution and evaluation 
and found the interaction techniques of touch, mouse, and keyboard. We 
implemented these which further defined our system in a way we had not 
considered. This step in particular makes users define interaction techniques in their 
systems. 

5 5 5 

(BW W3 J) Step 3: Here we browsed translation. We found the continuous 
notification card and used the translation to also find the sporadic notification. This 
step was not extremely useful to us. 

5 5 5 

(BW W3 J) Step 4: The fusion diffusion card did not really add anything to our 
particular application, but we did attempt to browse using these categories. We did 
not discover any useful relationships that were established. 

5 5 5 

(BW W3 J) Step 5: This step made us think about some mitigations especially about 
interrupting a primary task. Here we wanted a vibration for our mobile device. This 
card did not exist so we created it. This step may lead to the most creations. 

1 1 1 

(BW W3 J) We also wanted more final updates to be sent to the user via email. After 
deciding on this basic system design we opened up pic-up. We browsed the cards 
using the top 20% and some of the relationship categories. We used our previous 
knowledge of pic-up to identify some of the cards we used in the past. In this way 
we picked out the notification system card, interrupting a primary task, and using a 
mobile device. We then looked for an email notification card. We could not find one 
so we decided to create a new one. We created the notifical via e-mail card because 
of this, and used the tooltips to help write the description.  

5 5 5 

(BW W3 J) We did this step by step and worked as we read, so we did not skip ahead 
in the guide then move back. We would read the questions on the card and consider 
the answers for our notification system, such as, "we need this system to help sports 
fans monitor multiple games at home and on the go." We then browsed the cards 
based on the relationship listed on that step of the guide. We clicked on a few of the 
cards and browsed the particular relationship. The first card used 
postulation/predication. Using this we came up with using static information with 
the email card as well as use of audio to notify. We then viewed the next step and 
picked out using touch, mouse, and keyboard as execution methods.  

6 6 6 

(CM P S) After using the storyboarding guide last time, how do you feel about 
providing structure during design? 
-I thoguth it was very one pass type thing.  Very linear instead of cyclic.  Generally 
there is an optimization cycle in there.  It was kind of trying to get you to buld the 
prototype before you design.  Ther aare more steps before placing your first card.  it 
wasn’t a bad way of doing it, it was kind of restricting.   
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8 8 8 

(CM P S) What about the relationship between creativity and reuse? 
-I did my research paper on innovation management…reuse is an important part of 
innovation, a lot of r&d is in it.  You don’t wan to forget about it and reinvent the 
wheel each time.  However too much reuse means you’re not being innovative so 
it’s a balancing act.  Picup does well, it shows top 10/20, but it shows not the 
solution, but what tools they used to get to a solution.  You can approach things in a 
similar way.  It helps innovation, with constrainst you can get creative within the 
box.   

2 2 4 

(CM P S) What do you think about the relationships?  How did that change over 
time? 
It was kind of interesting feature, but I don’t think it was stressed enough.  It was 
one of the powerful things..that you could find another card based on an existing 
card...that’s powerful for design especially since there are so many cards.  You might 
find something kinda like what you need, but you don’t go thorugh all cards.  
Encouraging during the actually system design is important...you need you say it's 
unified, not just there’s this and this and this.  The relationships make most sense 
between cards and the abstract...I dunno about within your own system.  There 
might be different relationships within the storyboard.  They might not be covered 
with the existing relationships.  You might have some other way of specifying the 
relationship. 

7 7 7 

(CM W1 J) We followed a basic project approach to the storyboarding assignment 
while keeping in mind the best practices identififed in the Truong, Hayes, & Abowd 
paper. Our first step we to identify the deliverables, the constraints imposed by the 
assignment description, and the targeted users. We then developed system 
concepts that would satisfy the requirements. After taking into account the context 
of the proposed system, specifically that airports have preexisting flight status 
displays serving users inside the airport, we decided that a smartphone app was the 
best system concept tp fulfill the design requirements.  

4 4 4 

(CM W2 J) I began with the system concept in mind and selected cards that 
represented system elements that I had already identified. I knew I wanted an 
audible alarm and found the appropriate card in the top 20. I knew I needed some 
sort of display and an information design and I found the LCD display card while 
looking through the random card assortments. I also the blinking lights card and 
knew that I needed a way to direct evacuees after they left their rooms. I searched 
for the graphical display card by finding the continuous information display card and 
following the relationship to the card I wanted. 

6 6 6 

(CM W2 J) I followed the storyboarding guide by first identifying the potential users 
of the system. Thus, I decided I was designing the system to serve as a campus alert 
system, a setting with many large buildings that may have occupants unfamiliar with 
most of the building. I then decided what the information layout would be. First, I 
had to dcide what information I was going to convey to system users, then what 
means would be most suitable for that application. Throughout the process I 
explored alternative solutions by using the relationship feature of PIC-UP. I 
examined the claims for the most important cards to idnetify potential problems 
with the chosen cards. I then constructed the narrative to fit the cards I had chosen 
and arranged. 
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7 7 7 

(CM W2 J) I followed the storyboarding guide by first identifying the potential users 
of the system. Thus, I decided I was designing the system to serve as a campus alert 
system, a setting with many large buildings that may have occupants unfamiliar with 
most of the building. I then decided what the information layout would be. First, I 
had to dcide what information I was going to convey to system users, then what 
means would be most suitable for that application. Throughout the process I 
explored alternative solutions by using the relationship feature of PIC-UP. I 
examined the claims for the most important cards to idnetify potential problems 
with the chosen cards. I then constructed the narrative to fit the cards I had chosen 
and arranged. 

2 2 2 

(CM W2 J) I followed the storyboarding guide by first identifying the potential users 
of the system. Thus, I decided I was designing the system to serve as a campus alert 
system, a setting with many large buildings that may have occupants unfamiliar with 
most of the building. I then decided what the information layout would be. First, I 
had to dcide what information I was going to convey to system users, then what 
means would be most suitable for that application. Throughout the process I 
explored alternative solutions by using the relationship feature of PIC-UP. I 
examined the claims for the most important cards to idnetify potential problems 
with the chosen cards. I then constructed the narrative to fit the cards I had chosen 
and arranged. 

1 1 1 

(CM W2 S 27:55) Are you aware of what claims are the most highly reused? 
The last one (storyboard from phase 1) I hit the top 20 and every card I needed was 
right there pretty much.  I think I used one other card out of the random times I 
would look through the other stuff.  This one (phase 2), I don’t think quite as many 
people have done the *storyboard+ yet so it wasn’t quite as relevant.  Definitely a 
neat feature though.  So I could see what other people were doing…and I figured out 
what their solution to the problem was.  I didn’t want tocopy that, but I definitely 
could use parts of it.  I definitely thinkt he people that do the problem last will have 
the advantage on making a good product. 

1 8 1 

(CM W2 S 27:55) Are you aware of what claims are the most highly reused? 
The last one (storyboard from phase 1) I hit the top 20 and every card I needed was 
right there pretty much.  I think I used one other card out of the random times I 
would look through the other stuff.  This one (phase 2), I don’t think quite as many 
people have done the *storyboard+ yet so it wasn’t quite as relevant.  Definitely a 
neat feature though.  So I could see what other people were doing…and I figured out 
what their solution to the problem was.  I didn’t want tocopy that, but I definitely 
could use parts of it.  I definitely thinkt he people that do the problem last will have 
the advantage on making a good product. 

1 1 1 

(CM W2 S 40:23) Interviewee is talking about the impact of knowing which other 
cards were previously used and if it impacts decisions: “Probably, that's [top 10/20] 
basically my home while I’m thinking about the system…I’m looking at what 
everyone else used, thinking of what else I want to use from outside knowledge.” 
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4 4 4 

(DS W2 J) To select cards, we used the search bar to look up cards that contained the 
aspect we wanted to incorporate.  Another helpful feature we used for this activity 
(that we didn't realize existed for the first one) was the browse by category  feature.   
However, we ran into a bit of trouble trying to create our own card for the first card.  
We combined the two cards instead, and edited the claims on the back to better suit 
our design. 

4 4 4 

(DS W2 J) To select cards, we used the search bar to look up cards that contained the 
aspect we wanted to incorporate.  Another helpful feature we used for this activity 
(that we didn't realize existed for the first one) was the browse by category  feature.   
However, we ran into a bit of trouble trying to create our own card for the first card.  
We combined the two cards instead, and edited the claims on the back to better suit 
our design. 

5 5 5 

(DS W3 J) Finding alternatives to our proposed system was the theme of the next 
step in the guide.  On our previous storyboards, we hadn't given must thought to 
alternatives (this making it a good item to include in the guide).  We found the "use 
of icons for notification" card by searching the translation relationship.  By using 
icons (such as green arrows pointing to the direction to follow on the map), the 
language barrier (described as a claim for the "voice notification" card) problem 
would be mitigated. 

1 8 1 

(DT AL W2 S 1:06:31) Are you aware of what claims are the most highly reused? 
-Yeah, I don’t even like allowing that to influence …I feel like it’s just…I mean 
honestly I could even imagine myself being biased in the other direction…just 
wanting to use cards that haven’t been used much before so I don’t feel like I’m 
doing the same thing that everyone else did. 

2 2 2 

(DT AL W2 S 1:13:23) When would you use relationships? 
-I think it’s just when we’re kind of floating around ideas so you know we see a card 
and say ‘oh that fits well into our scenario, let’s have a look at it, let me double click 
it’ and then after we’re looking at it we see the relationship cards and looking at 
those…we would see *if+ any of these cards apply 

5 5 5 

(DT W1 J) Describe how you followed the guide. 
We started with the first step, identifying the target user and the need for this 
system.  For example, we chose the idea of a simple SMS based notification based 
on our conception of our target user, who we determined to be an "average 
person".  This decision impacted our choice for how the system "presents" 
information, as noted in the second step; the information would natually be 
displayed textually, in whatever manner the user's cellphone generally displays such 
information.  However, we did not specifically look for cards with an evaluation or 
execution relationship, as most cards seemed to lack such data, and it was fairly easy 
to choose a card that did such a thing without such an aid. 
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5 5 5 

(DT W3 J) Describe how you followed the guide. 
For the first step, we were at first confused as to how the concept of the 
postulation/prediction relationship tied in with the PIC-UP cards; as the cards 
generally represent possible solutions, we found the idea of creating a card to 
represent a problem to be counter-intuitive.  We eventually interpreted this as that I 
should create a card that represented a solution, but a sub-optimal solution that our 
scenario would be intended to improve upon.  As such, we created the "Conveying 
information via regular radio broadcasts" card, which was designed to show the 
currently-existing, less-than-ideal means by which users might currently be notified. 

3 3 3 

(DT W3 J) Describe how you followed the guide.For the first step, we were at first 
confused as to how the concept of the postulation/prediction relationship tied in 
with the PIC-UP cards; as the cards generally represent possible solutions, we found 
the idea of creating a card to represent a problem to be counter-intuitive.  We 
eventually interpreted this as that I should create a card that represented a solution, 
but a sub-optimal solution that our scenario would be intended to improve upon.  As 
such, we created the "Conveying information via regular radio broadcasts" card, 
which was designed to show the currently-existing, less-than-ideal means by which 
users might currently be notified. 

2 2 2 

(DT W3 J) I felt that the emphasis on relationships did not exhibit its full potential, as 
most cards seemed to not yet have relationship data stored.  Perhaps when more 
do, the relationship suggestions in the storyboarding guide will seem more useful.  
As it stood, it felt like I was on my own with coming up with relationships between 
cards. 

5 5 5 

(DT W3 J) Next, as suggested by the stage (guide step), we examined potential ways 
to mitigate downsides to the particular cards we had chosen.  However, we found 
that the cards we had added as part of step 3 already helped to mitigate some of the 
downsides of our initially selected card, and therefore we concluded that we had 
already achieved the goal of this step to a sufficient degree. 

6 6 6 

(EF W2 J) We followed most of the steps in the storyboard guide. The question 
"What is the problem you are trying to solve?" we answered "Create a notification 
system" and it helped us choosing the Card # 24. We can related some of the steps 
in the storyboard guide to Norman's gulf of execution, and the question we 
answered above is used to defined the first step (setting system goals). I think 
following the storyboard guide makes our storyboard stronger by forcing us to apply 
some scenario design concepts like the Norman's gulf of execution on the exampe 
above. 

5 5 6 
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some scenario design concepts like the Norman's gulf of execution on the exampe 
above. 
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6 6 6 

(FB W1 J) The first few steps in the storyboarding guide helped me think about how 
to start the storyboarding design, and led me to the idea of first writing a scenario 
first, then the scenario cards and only after that the cards. However, a few steps of 
the storyboarding guide were confusing, like the step "Can you combine choices 
together to create new artifacts?" because for some reason I couldn't see any 
relationships between different cards when I was in the full view using any 
browser/OS combination (IE, Chrome, Safari and Firefox on Windows or Mac when 
possible). I was only able to change relationships between the cards when I was 
finalizing the design. 

8 8 8 

(FB W2 J) I believe the most interesting part of using a tool such as pic-up is that it 
allows us to think about activity design and prototyping, by using the cards, and also 
about information design, by thinking how the system will react to the actions and 
selecting the right cards. 

2 2 2 

(FB W3 J) Well, the whole idea of having different relationships between cards and 
saving relationships added by other designers seem to be a nice way of sharing 
design knowledge. However, it seems to me that even those relationships are 
inherent to the product you're designing. For instance, knowing that a 'lighted 
directional path' is a mitigation for 'using graphical information for notification' may 
be useful in the case of an emergency system, but not for this design. 

6 6 6 

(GW EF W2 42:32) How did the storyboarding guide influence you and the 
storyboard?It makes the storyboard stronger.  It could have been 3 or 4 panels to 
give you a generalized view of what the system does, but by folliwng the guidelines 
we wound up having 7.  It cuts back on the words you have to put in yoru scenario.  
Using both the display and the info exhibit, I could just use one card and write a 
really long scenario card.  But using both kind of cut back on not having the use that 
many words.  What I think iabout the guide is, it kind a like follows the steps of 
scenario based design.  It looks at requirements and then information design and 
interaction.  It’s a guide for sbd and you’re storyboarding at the same time.   

9 9 9 

(GW EF W2 S 38:31) Did you learn more about notification systems using this 
system?   
I think it puts in perspective the things that you already use.  Before learning about 
notification systems I didn’t really consider my phone…like the vibration and the 
sound and the push notification…you know I never really thought about what that 
meant. 

7 7 7 

(GW W2 J) They [guide steps] are usually the most important part of scenario-based 
design because they focus on how the user will interact with the created system. 
Using a generalization card can help form your scenario. For example, we knew that 
we want to figure out a way to have the user interact with dynamic information so 
that created card was the first one in our storyboard. Once we figured out the 
“what” then we could focus more on the “how”. The “what” or generalization of 
what the system is trying to do should always be one of the first panels of a design 
storyboard.  
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1 1 1 

(HX W2 J) Before we choose any card, we already have a gross prototype of our 
system in mind, such as main functionalities, information display, and device. In this 
storyboard, as our system has a certain procedure to perform, we start our card 
browsing by following these steps. Usually, we would look into the top10% and 
top20% first as these cards would have high possibility with the function for our 
system. If we can’t find them, we would choose to browse in different category to 
find our card. For example, we easily found out lighted directional path board for 
our escape indicator usage in TOP10% and TOP20% card pool; we found out the 
video and visual notification methods under the category with the same name. If we 
can't find the card we expected by both of the above ways. We then try to search 
them by key words.  

6 6 6 

(JB BW W2 S 1:14:09) How did the storyboarding guide influence you and the 
storyboard? 
-Yeah last time, I’m assuming it said the same thing.  I think it’s a good general guide 
but I guess once you’ve done it a couple times you have an idea. 
-I would prefer the first time be like a popup and see it the first time and get rid of.  
I’d rather later have the screen space with that there.  Trying not to browse and put 
the stuff in the sb. 
-My assumption is that most people will do the guide once and then not do it again. 
-Maybe it could pop over like the cateogories. 
-I like how the category slides out and goes back in. 
-I looked at it *guide+ to kind of just see what was there, but honestly I didn’t use it 
that much.  I just kind of did my own thing…you know what I’m going to look 
through cards and build a story the way I want to. For someone who has never done 
a storyboard before would want this.  This should be a tutorial in the beginning.  Or 
the slider. 

6 6 6 
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what I’m going to look through cards and build a story the way I want to. For 
someone who has never done a storyboard before would want this.  This should be 
a tutorial in the beginning.  Or the slider. 
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4 4 7 

(JB W1 J) I chose the cards in my story board by browsing all the different 
notification cards to intially gather ideas for a system. I have an initial system in 
mind but wanted to see how some of the aspects of it might be put into card form. I 
chose the handheld card because so many people can access the information over 
the internet on their phone manually why not let them use their phones are 
automatic notifications for airport information. 

6 6 6 

(JB W1 J) The storyboarding guide got me to think about what people will be using 
the system. I tried to relate the different cards in a combination format to display 
relationships and groups of ideas. The scenario based design is what drove te cards I 
used. Especially the mobile phone ideas. I thought of the scenarios where users 
might want more personal information notifications. The scenario involved users 
having an app they can subscribe with to informaations about their flight, account, 
and seat information. 

1 1 1 

(JB W2 J) I also discussed this with Shahtab about how my eyes are naturally drawn 
to the green cards because green is generally a positive color and I actually 
expressed concern with how I thought it might skew a lot of people's storyboards. I 
would like to see more white cards when I am browsing, the green cards seem to be 
green because they are most of what is classified. 

6 6 6 

(JB W2 J) This go around on pic-up we really focused on the guide to storyboarding 
and felt like we created a complete storyboard. Using the relationships and making 
sure especially to mitigate our problems led us to creating a storyboard we really 
liked. Using this relationships also led us to create cards for the first time. Once we 
finally understood the relationships by using the guide we were able to create our 
own cards for the purpose of fusion, execution, and postulation. These steps were 
useful for the design because it allowed our storyboard to be stronger in the details 
to make sure it focused on how the story fits the user and now how to story just 
describes the system. 

6 6 6 

(JB W2 J) This go around on pic-up we really focused on the guide to storyboarding 
and felt like we created a complete storyboard. Using the relationships and making 
sure especially to mitigate our problems led us to creating a storyboard we really 
liked. Using this relationships also led us to create cards for the first time. Once we 
finally understood the relationships by using the guide we were able to create our 
own cards for the purpose of fusion, execution, and postulation. These steps were 
useful for the design because it allowed our storyboard to be stronger in the details 
to make sure it focused on how the story fits the user and now how to story just 
describes the system. 

7 7 7 

(JB W3 J) In my work experience you start with thinking about who your user is and 
what are the use cases? How will the user perceive and interpret the information 
from the system? How will the user use the system and what will be the execution 
methods. What are the problems and what tools exist to solve those problems. You 
then consider the risks (cons) and make sure you do risk mitigation or in the sense of 
PIC-UP use the mitigation relationships. My previous work experience followed this 
same pattern and the storyboarding guide in PIC-UP was a step by step guide to get 
the user to follow a design framework.  
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6 6 6 

(JB W3 J) The current process for storyboarding that is based specifically on the 
guide has a few great benefits that I didn't realize untill this assignment. The guide 
introduces you to the power of the relationships. Not in a sense of finding more 
cards but a power in the sense that the relationships help you make sure you cover 
all the spectrums for your storyboard. You don't want multiple cards when you could 
generalize. You don't want a postulation card without its "solution" card. You don’t 
want a card without using it mitigation card because this minimizes the cons of your 
storyboard. Using the guide and current process really helps the user think about all 
the different things you need to consider when creating a storyboard. These are a lot 
of benefits but I do think one harmful thing is that the storyboards I have created so 
far from PIC-UP seem to be very cookie cutter and follow the exact same framework.  

6 6 6 
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want a card without using it mitigation card because this minimizes the cons of your 
storyboard. Using the guide and current process really helps the user think about all 
the different things you need to consider when creating a storyboard. These are a lot 
of benefits but I do think one harmful thing is that the storyboards I have created so 
far from PIC-UP seem to be very cookie cutter and follow the exact same framework.  

8 8 7 

(JC LK P S) After using the storyboarding guide last time, how do you feel about 
providing structure during design? 
For me due to the nature of the assignment, I felt more constrained, let’s think 
about this or this.  I guess the way I was going about designing was about thinking 
about pros and cons, how do you start and end, that is all prework.  That was for 
getting an overall feel for the system.  So first deisgning and then gong to the 
computer.  And then it says have you thought of the pros and cons yeah I hope so.  I 
guess I felt I didn’t like it personally.  Again I was already thinking of those things, if 
you picked a card and it wasn’t the best then why did you pick it 

8 8 10 

(JC LK P S) Do you feel there are any changes in the way you think about design? 
-I guess in terms of general design, or maybe just with storyboarding, I think my 
initial thought was it’s good to come up with fresh orginial ideas and for storyboards 
to have fresh pictures, but the more I did storyboarding and I used it for another 
class, I was wishing that I could use an existing design to put in my sb so i didn’t have 
to recreate it.  When we initially did our storyboard there wasn’t a big history since 
we were first, but as we did more I appreciated the existing cards...probably the 
ones we made too...cause we like them...it was easy to reuse those, but as I was 
doing another one for another class, I appreciated everyone’s contributions.  I was 
more open to consider someone else’s design. 
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4 4 4 

(JC W1 J) Slides 65, 2, 22 and 12 were used from available cards because they met 
our needs perfectly.  As soon as we saw these cards, we thought they fit a common 
mental model of the activity and were an appropriate representation of the activity.  
We created the third and fifth cards because we did not feel any of the existing cards 
met our needs.   

1 1 1 

(JC W2 J) A cards status (Top 10% or 20%) did not effect our thought process or 
ultimate decision to use or not to use a card.  Creating a new card is quite easy, so 
we did not feel compelled to use an exisitng card.  If we could not both agree on an 
exisitng card, we would automatically do an internet search and find one that we 
both agreed upon.  It would be nice to create  a card and have it used, but it would 
not influence my repeated use of the card.   

6 6 6 

(JC W3 J) As a designers, we know what we wanted and didn't spend mch time 
looking through the catalog.  Existing cards may alter a designers thought process 
and take them in an unintended direction., or they may give the designer new ideas.   
The PIC-UP guide is useful to new users, but once a designere is familiar with the 
software, the guide is ignored.  It would be nice to be able to minimize the 
instructions, or "hide" them in order to create more work space on the screen.   

2 2 2 

(JK DS P S) Are there parts of the experience that you wished you were more clear 
about?  Needed more help? 
-I voiced all my opinions in the anything you want to say section.   
-We struggled with the relationships at first, but then we figured it out.  Especially in 
the last assignment.  That was a result of more discussion and knowing why things 
are related.  Maybe more of an explaination of why they are related.  If we had 
examples then it would help.  
-If you could create your own relationships...I think we were struggling to find the 
right one.  Some of them were hard to make them apply.  We thought 'does this 
mean that?'  You might think we meant soemthign else. That’s a better way to 
understand the storyboard. The broad terms might help other people to see them.  
Maybe just the option.  Some of them fit.  Not all of them. 
-Sometimes it was hard to think of a relationship.  Sometimes they’re just there and 
they didn’t have anything to do with each other. 
-We didn’t feel forced to add them, but it created some furstation thinking there is 
nothing that fits this.  Maybe at least we try to get them connected to one thing. 
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2 3 2 
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nothing that fits this.  Maybe at least we try to get them connected to one thing. 

8 8 10 

(JK DS P S) How did your design journal reflection change over time?-I didn’t 
answer the questions right the first time, I got 0 the first time, and I didn’t think to 
incorporate class things.  Toward the end I thought of more about what was in class 
and not just storyboarding.-I’m trying not to say my answer changed to get to more 
points.-It’s just a different way of looking at this.  I wasn’t *initially+ thinking of it at 
that higher level.-As the semester went on, we made more connections and bring up 
those concepts faster.  But yea so I think that helped and just seeing this kind of can 
apply, it’s not just a homework.  -Higher level, actually thinking what would activity 
centered design have to do with this, what would they think about it, or how would 
they change it instaedf of thinking I sat down and I tried to do this and didn’t work.  
We didn’t’ think of the theory.  It seemed more useful when I thought about it that 
way instead of just a homework. 

1 1 1 

(JK DS P S) What about the relationship between creativity and reuse? 
I think we see it in opposite ways.  You see it as top 10 percent so I wont’t use it.  I 
see it as top 10 so people use it and makes it less creative.  It’s not creative to go 
with something just becoase others used it. 
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8 8 3 

(JK DS P S) What are your general thoughts on storyboarding? 
-I don’t’ know if it encouraged me or discouraged me to use it.  It’s a different type 
of thing and it’s also hard that you only have specific cards.  It’s not like I can use it 
for other things, but then I’d have to make everyting and that’s not efficient.  When I 
think about how it could be used, with the database needing to be built up...maybe 
if we had a company that had this consulting so you work from a set of things...you’d 
have to a huge user generated thing and who knows if they’re right.   
-I like pen and paper...the concept part I actually do now.  I would think of ideas and 
write them now. 

1 8 1 

(JK DS W2 S 48:23) Are you aware of what claims are the most highly reused? 
-We looked at the top 10 and 20 last time.  I think the categories  were better.  It 
was easier to search for words that fit.  Just cause they use it a lot doesn’t 
necessarily mean that it’s going to fit with what you’re doing. 
-I don’t trust our classmates.   
-Neither do I. 
-We hadn’t noticed the categories.  I think if that was near the search it might be 
good.   
-Just cause someone else used something it might not be the right answer.  Maybe 
others had in mind that there is a shooter in the building, maybe they had a different 
scenario.  That could be a reason.  Maybe there are different ways of solving it.  
Maybe of the two cards that were similar maybe one was used more than the other.  
Maybe they’re influenced with the picture and they want to use it cause it’s 
pretty.Maybe the number of times might not be a good reflection.  Maybe they used 
it but then no one used it since a certain time.  It’s still pretty early on.  The more 
people use it the more representative the top 10 would be. 
-I think the opposite.  Maybe 5 people use it but then maybe the rest only use the 
top ten and those use the same thing.  Maybe at first everyone should use it without 
a top 10 or 20 and then see later what would happen if you have that…if you’d have 
to have the same activity. 
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1 1 1 

(JK DS W2 S 48:23) Are you aware of what claims are the most highly reused?-We 
looked at the top 10 and 20 last time.  I think the categories  were better.  It was 
easier to search for words that fit.  Just cause they use it a lot doesn’t necessarily 
mean that it’s going to fit with what you’re doing.-I don’t trust our classmates.  -
Neither do I.-We hadn’t noticed the categories.  I think if that was near the search it 
might be good.  Just cause someone else used something it might not be the right 
answer.  Maybe others had in mind that there is a shooter in the building, maybe 
they had a different scenario.  That could be a reason.  Maybe there are different 
ways of solving it.  Maybe of the two cards that were similar maybe one was used 
more than the other.  Maybe they’re influenced with the picture and they want to 
use it cause it’s pretty.  Maybe the number of times might not be a good reflection.  
Maybe they used it but then no one used it since a certain time.  It’s still pretty early 
on.  The more people use it the more representative the top 10 would be.-I think the 
opposite.  Maybe 5 people use it but then maybe the rest only use the top ten and 
those use the same thing.  Maybe at first everyone should use it without a top 10 or 
20 and then see later what would happen if you have that…if you’d have to have the 
same activity. 

1 1 1 

(JK DS W2 S 48:23) Are you aware of what claims are the most highly reused? 
-We looked at the top 10 and 20 last time.  I think the categories  were better.  It 
was easier to search for words that fit.  Just cause they use it a lot doesn’t 
necessarily mean that it’s going to fit with what you’re doing. 
-I don’t trust our classmates.   
-Neither do I. 
-We hadn’t noticed the categories.  I think if that was near the search it might be 
good.   
Just cause someone else used something it might not be the right answer.  Maybe 
others had in mind that there is a shooter in the building, maybe they had a different 
scenario.  That could be a reason.  Maybe there are different ways of solving it.  
Maybe of the two cards that were similar maybe one was used more than the other.  
Maybe they’re influenced with the picture and they want to use it cause it’s pretty.  
Maybe the number of times might not be a good reflection.  Maybe they used it but 
then no one used it since a certain time.  It’s still pretty early on.  The more people 
use it the more representative the top 10 would be. 
-I think the opposite.  Maybe 5 people use it but then maybe the rest only use the 
top ten and those use the same thing.  Maybe at first everyone should use it without 
a top 10 or 20 and then see later what would happen if you have that…if you’d have 
to have the same activity. 
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3 3 10 

(JK DS W2 S 54:19) Why did you add relationships?-I guess we had the two cards 
grouped together…just to clarify that ‘oh we mean this is one card’.-I think that’s 
when we used them the most the last time too…just explaining why cards are on top 
of each other…so you know why they’re together.  I don’t think it’s 100% necessary 
when going from stack to stack just cause your scenario kind of explains that…I kind 
of like the relationships. 

1 1 1 

(JK W2 J) DS and I spoke a lot about this during our interview session because I 
believe we both had pretty strong feelings about it.  The number of times a single 
card or pair of cards was reused will never impact my choices.  Just because it has 
been used a lot, does not mean that it is an appropriate card for the situation, and it 
leaves little room for creative storyboarding.  Also, as DS mentioned, the rest of the 
class using PIC-UP might not put "correct" choices and therefore, the frequency of 
usage is essentially meaningless.  Another thing that bothered me about the 
frequently used cards is that once you get going, it'll get out of control.  For instance, 
if the auditory alarm was in the top 20% and people picked it because it was used 
that often, then it would continue to stay in the top 20% (or even move to the top 
10%) and no one would give the other cards a chance.  The frequently reused cards 
because more reused and the infrequently used cards become less and less used.  

5 5 5 

(JK W3 J) Originally, we had not thought of any possible negative outcomes until we 
looked through the mitigation cards [for that step].  Then we realized that there was 
a chance the user might not hear the verbal notification.  It was very helpful here to 
use the cards because we were able to mitigate an issue that we did not even think 
was an issue at the beginning.  To mitigate this issue, we decided to use continuous 
visual notification in the device, so if the user misses something, he/she can look 
down at the handheld display and get a "recap" of what the automated voice had 
directed.   

2 2 2 

(JK W3 J) The detail that needed to be included in our storyboard was that we were 
using voice notification (a more specific version of the general auditory notification), 
so we utilized that card from the generalization set. We were very happy to have the 
generalization relationship cards because we had searched for a voice notification 
card in the very beginning of our process and could not locate one.  We thought we 
would have to design our own and then we came across it under the relationship 
category. 
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9 9 9 

(JP NR W2 S 1:02:19) Did you learn more about notification systems using this 
system? 
-In terms of notification systems I guess in this activity I picked up more from the 
storyboards.  I think what the system helped to do if anything was to remind me of 
the different possibilities out there, not necessarily teach me about notification 
systems. 
-Yeah I agree, but we've been semi trained in designing.  For someone that doesn't 
have training I can see that this could teach them and make them look at it more 
analytically. 

3 3 3 

(JP NR W2 S 27:54 SESSION NOTES) Creating a card now.  Talking about what they 
could call the card...could be called visual alarm since it is like the ambulance lights.  
Now saying  visual alarm is too broad.  Settles on saying use of flashing light as visual 
alarm.  Now looking for a picture online.  Found a picture.  Asking if red is a good 
color to use for this. Now adding the claim.  Talking about the positives of using 
something like this.  Asking if it would divert attention from task.  Talking about 
whether the fact that it doesn’t stop a task is an advantage or not.  Saying they saw 
other cards that weren’t that great so why not go ahead and write that.  Saying that 
they have to think outside their scenario and think more general since other may use 
this for something else.  Discussing the negatives.  They are using the primary task 
term since it’s consistent with the other card terminology.  Saying they should come 
up with one more negative.  They are saying this is an awesome card.  Saved the 
card. ---Comments on creating this card---(JP NR W2 S 1:08:16) I think we put a 
substantial amount of effort into it, at least by the few other cards that we looked at 
that we assume were developed by other students.  It almost seems like a lot of the 
other cards were developed for their own purposes without consideration of other 
people possibly using the card and it wasn’t specific enough, the claim specifically, 
able to me used.  So we wanted to develop a card that could be used by future 
groups.  Specifically we wanted our claims to be good and substantial and that’s 
really where I thought that the best aspect of our card was that it has three pluses, 
three minuses…were encompassing of some of the advantages and disadvantages of 
the system a lot more than we saw in other cards. 
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3 3 3 

(JP NR W2 S 27:54 SESSION NOTES) Creating a card now.  Talking about what they 
could call the card...could be called visual alarm since it is like the ambulance lights.  
Now saying  visual alarm is too broad.  Settles on saying use of flashing light as visual 
alarm.  Now looking for a picture online.  Found a picture.  Asking if red is a good 
color to use for this. Now adding the claim.  Talking about the positives of using 
something like this.  Asking if it would divert attention from task.  Talking about 
whether the fact that it doesn’t stop a task is an advantage or not.  Saying they saw 
other cards that weren’t that great so why not go ahead and write that.  Saying that 
they have to think outside their scenario and think more general since other may use 
this for something else.  Discussing the negatives.  They are using the primary task 
term since it’s consistent with the other card terminology.  Saying they should come 
up with one more negative.  They are saying this is an awesome card.  Saved the 
card.  
---Comments on creating this card--- 
(JP NR W2 S 1:08:16) I think we put a substantial amount of effort into it, at least by 
the few other cards that we looked at that we assume were developed by other 
students.  It almost seems like a lot of the other cards were developed for their own 
purposes without consideration of other people possibly using the card and it wasn’t 
specific enough, the claim specifically, able to me used.  So we wanted to develop a 
card that could be used by future groups.  Specifically we wanted our claims to be 
good and substantial and that’s really where I thought that the best aspect of our 
card was that it has three pluses, three minuses…were encompassing of some of the 
advantages and disadvantages of the system a lot more than we saw in other cards. 

7 7 7 

(JP W1 J) As for coming up with a design itself, we tried to think of it from the 
perspective of the problem, instead of thinking that we had solutions to offer. For 
example, we considered what could be a problem for the passenger and from there 
we thought of design ideas to address the problem. 

4 4 4 

(JP W2 J) This time around we were a little more familiar with PIC-UP, especially 
since we learned some additional features we didn't take into account the first time 
around. As a result, we were more inclined to browse for cards in ways other than 
just using the top 10% or 20%. One method we used often was browsing the cards 
by "Category." I also think that categorizing the cards may have facilitated reuse in 
our case because we were tasked with the same design as the rest of the class. As a 
result, we may have been looking at the same categories as some of our classmates, 
and therefore been exposed to the same cards they might have used. For example, 
since we were designing a kind of emergency notification system, I can only imagine 
that many of us browsed to the "alarms" category to look for cards. 
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3 3 4 

(JP W2 J) This was one of the things that led us to create a card of our own: the fact 
that we couldn't find a card with the right kind of claims for what we had in mind. 
We took our time in creating our card, making sure that it contained the kind of 
information that would help us in this specific instance, but also making the claims 
broad enough so that others could use it in the future. We also included a fair 
number of claims (4 positive, 4 negative) since we came across some cards that were 
lacking in claims and we didn't want users in the future to run into that problem with 
our card. We browsed the internet to find the picture that we thought would best 
represent our card.  

3 3 3 

(JP W2 J) This was one of the things that led us to create a card of our own: the fact 
that we couldn't find a card with the right kind of claims for what we had in mind. 
We took our time in creating our card, making sure that it contained the kind of 
information that would help us in this specific instance, but also making the claims 
broad enough so that others could use it in the future. We also included a fair 
number of claims (4 positive, 4 negative) since we came across some cards that were 
lacking in claims and we didn't want users in the future to run into that problem with 
our card. We browsed the internet to find the picture that we thought would best 
represent our card.  

4 4 4 

(JP W2 J) Ultimately, we chose cards that were a good fit based on the title of the 
card and the claims on the back. We didn't worry too much if the picture didn't 
match the image we intended for our system/design. This was one of the things that 
led us to create a card of our own: the fact that we couldn't find a card with the right 
kind of claims for what we had in mind. We took our time in creating our card, 
making sure that it contained the kind of information that would help us in this 
specific instance, but also making the claims broad enough so that others could use 
it in the future. We also included a fair number of claims (4 positive, 4 negative) 
since we came across some cards that were lacking in claims and we didn't want 
users in the future to run into that problem with our card. We browsed the internet 
to find the picture that we thought would best represent our card. 

5 5 5 

(JP W3 J) For this card, we wanted to find claims that indicated either what the 
system was doing or how the system was interacting with the user. While this card 
did have relationships to other cards, none of the relationships included a 
translation relationship specifically, so we followed the same method as in the 
previous step, and simply used the drop-down menu at the top and browsed by 
"tranlsation" relationship. Using this step we found the "use of audio to notify" card. 
I think with this card the focus was more on the title than the claims, but the claims 
did describe what we were looking for. The impact of this step wasn't a result of 
looking for an alternative, but rather a way of supplementing the visual notification.  
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5 5 5 

(JP W3 J) For this card, we wanted to find claims that indicated either what the 
system was doing or how the system was interacting with the user. While this card 
did have relationships to other cards, none of the relationships included a 
translation relationship specifically, so we followed the same method as in the 
previous step, and simply used the drop-down menu at the top and browsed by 
"tranlsation" relationship. Using this step we found the "use of audio to notify" card. 
I think with this card the focus was more on the title than the claims, but the claims 
did describe what we were looking for. The impact of this step wasn't a result of 
looking for an alternative, but rather a way of supplementing the visual notification.  

5 5 5 

(JP W3 J) We got our idea for a heads-up display using lighted directional paths by 
following the next step in the guide and browsing for "mitigation" cards. This was 
the first time that Neil and I didn't see eye to eye as to whether or not we should 
include a particular card, but we ended up using it anyway because of a particular 
claim that the lighted directional paths could take into account traffic information. 
We had differing views about what the "lighted directional paths" meant (i.e. that it 
didn't exactly encapsulate a heads-up display). I did think this step was important 
since we may not always think of the consequences of initial designs.  

4 4 4 

(KT W2 J) When we were trying to decided which card to use when there were two 
similar cards we flipped each card over and compared the claims on the back.  After 
comparing the two, we decided on which one was more what we had envisioned for 
the system, and then chose to add that one to the system.  For the scrolling 
notification system we noticed that it could distract users if it was contiually 
scrolling, so we decieded for our system that it would only be active in the case of an 
emergency, unlike the similar system that Virginia Tech uses in the classroom 
displays (where the time is displayed in non-emergencys) 

3 3 10 

(LK JC W2 S 1:07:15) Can you describe how you went about creating cards? 
-I think it’s not even necessarily that something’s not specific enough.  I think it’s 
that it’s specific in the wrong way. 
-Yeah for that given context.  
-Right or we’ve got…we’re looking for X and we kind of found Y so it’s kind of in the 
general realm, but it’s not exactly what we’re looking for. 
-I think it depends too on like I guess what the intent for making new cards are…if 
you know you’re going to be making it for you or for your use only you kind know 
how detailed you want to get it, but if you know you’re creating a card for 
potentially a broader audience then you keep it more general.  The ones we made 
have been pretty context specific. 
-We’re getting better I think. (LK JC W2 S 1:08:14) 
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3 3 3 

(LK JC W2 S 1:07:15) Can you describe how you went about creating cards?-I think 
it’s not even necessarily that something’s not specific enough.  I think it’s that it’s 
specific in the wrong way.-Yeah for that given context. -Right or we’ve got…we’re 
looking for X and we kind of found Y so it’s kind of in the general realm, but it’s not 
exactly what we’re looking for.-I think it depends too on like I guess what the intent 
for making new cards are…if you know you’re going to be making it for you or for 
your use only you kind know how detailed you want to get it, but if you know you’re 
creating a card for potentially a broader audience then you keep it more general.  
The ones we made have been pretty context specific.-We’re getting better I think. 
(LK JC W2 S 1:08:14) 

3 3 3 

(LK W1 J) We also created two new cards, "In Route Notification" and "Information 
Kiosk."  These cards were created because, after extensive searching, we were 
unable to locate pre-made cards that represented these ideas. 

7 7 7 

(LK W1 J) We did not explicitly follow any of the guidelines.  Rather, we used 
intuition and previous experience to create a scenario based on the assignment.  We 
then searched through the cards to discover which cards were applicable to our 
design, and created cards when we could not find appropriate ones already in the 
system.  I think the cards were useful for scenario-based design (SBD).  Since SBD is 
based on claims, the cards and the included claims were useful to focus ideas and 
create discussion.  However, the relationships function of the storyboard was not 
very useful; the relationships displayed did not help us choose different cards or find 
cards. 

8 8 10 

(LK W2 J) I think Pic-Up is fairly effective as a high level prototyping tool.  I think it 
may be more effective than a pattern-based tool because it allows for both 
generality (with the cards) and more specificity (with the corresponding scenarios). 

6 5 6 

(LK W3 J) The first step requires considering the problem we are trying to solve.  We 
followed this step by first thinking about who our user would be (ambulance 
drivers), and why we need the system (to minimize time ambulance patients are in 
transit due to re-routing).  These components of the step were useful in that we 
needed to do them before beginning our storyboard.  However, they were so 
intuitive and obvious that they might be better suited for pre-storyboarding steps, 
since we did them before even opening Pic-Up.  The third step, trying to find cards, 
was frustrating in that we felt constrained regarding how to search for cards.  We 
eventually created our own card. 
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3 3 3 

(MJ SA W2 S 10:39) After having collected a few cards for notification methods in 
the storyboarding space and some silence, the pair say: 
-Could we use relationships to group all these into one notification? 
-Oh yeah we can do that. 

1 1 1 
(MJ SA W2 S 12:04) They found the lighted path card in the top 10/20.  They are 
surprised someone created it for them.  "Someone made that for us! Sweet.”  

2 2 2 

(MJ SA W2 S 49:00) We didn’t even try to click on other cards…I guess you can follow 
those…I guess I’m not totally familiar with the relationships as I should be…we’ll 
have to get that concept.” (MJ SA W2 S 49:00) 

8 8 8 

(MJ W2 J) I have actually started using storyboards to communicate design ideas at 
my company.  I thought about using PIC-UP for these storyboards, but then I realized 
another downside to these web-based tools.  Namely, the inability to protect 
proprietory data. 

1 1 4 

(MJ W2 J) The Top 10% and Top 20% categories were useful for us when we were 
searching for a worthwile card to use.  This may be because of the fact that several 
groups of students were making storyboards for the same problem scenario and it is 
likely that some cards would be used often.  Thus, when searching for popular cards, 
it is likely that some of the popular ones relate in some way to our scenario. 

5 5 5 

(MJ W3 J) For the next step, the major downside we see in the system is the 
possibility that the audible alarm might panic the driver causing her to over-correct 
and possibly make the situation worse.  To mitigate that downside, we created a 
card for volume control.  The user will be able to set the desired level of alarm.  One 
possible downside of this solution is that the audible alarm could be muted, but at 
least the flashing light will still be present.  

3 3 3 

(MJ W3 J) For the postulation relationship, we wanted a card that presented the 
problem of blind spots which subsequent cards would solve.  I think we took this too 
literally, though, and ended up creating a card depicting someone changing lanes 
with a car in the blind spot.  The intent was to begin the "story" showing the danger 
of changing lanes when a car is in the blind spot, but the problem with this card 
arrises when attempting to provide claims. There are no upsides to changing lanes 
when a car is in the blind spot, only downsides which the rest of the story attempts 
to address.  However, PIC-UP would not let us create a claim without an upside, so 
we made up something silly like "The bigger car wins", which is stupid. 
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3 3 3 

(MJ W3 J) However, in the next step, we realized that the audible alarm and flashing 
light could actually be fused together into one card, so we created a new card that 
shows a small speaker (tweeter) in the area of a side mirror and a red flashing light 
in the mirror.  By combining the two cards into one, I believe we made our 
storyboard more concise and less abstract.  Concise is good, but I'm a little 
concerned that the speaker and red light in the picture may be too litteral, causing 
potential storyboard consumers to be distracted by the appearance of the speaker 
and light instead of focusing on the intent of the notification system. 

6 6 2 

(MJ W3 J) The generalization step, I think, came too late in the process.  
Generalization/Specification could be applied to each card independently.  Actually, 
a lot of these relationships could be applied to each card independently.  The 
problem with these two at the end is that we had already put a large amout of work 
into each card.  I might encourage someone to consider generalization/specification 
when creating each card, instead of waiting until the end of the process. 

6 6 6 

(NR P S) After using the storyboarding guide last time, how do you feel about 
providing structure during design?There are aspects of that guide that we just 
initially used, but definitely the later steps made us think about adding certain 
things.  For example, adding alternative ways of portraying information so that made 
us look for other cafrds.  The big one was putting cards to sovle a problem with your 
system.  Really looking for errors in your system.  That’s something we didn’t’ think 
about.  We just designed the system.  So that helped.I don’t want to say that if I was 
using picup that I would use it.  I took the gist of it and would apply that stuff next 
time I use it.  It’s good initially.The fist time we saw it we didn’t use it and forgot 
about it.  There would be nenfit in saying they should use it the fisrt time. We didn’t 
see a way of getting rid of the guide since it took space up.  That was kind of the 
problem when you don’t think you need them.  But the guide brought good 
questions when we were designing. 
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8 6 8 

(NR P S) After using the storyboarding guide last time, how do you feel about 
providing structure during design? 
There are aspects of that guide that we just initially used, but definitely the later 
steps made us think about adding certain things.  For example, adding alternative 
ways of portraying information so that made us look for other cafrds.  The big one 
was putting cards to sovle a problem with your system.  Really looking for errors in 
your system.  That’s something we didn’t’ think about.  We just designed the system.  
So that helped.  I don’t want to say that if I was using picup that I would use it.  I 
took the gist of it and would apply that stuff next time I use it.  It’s good initially.  The 
fist time we saw it we didn’t use it and forgot about it.  There would be nenfit in 
saying they should use it the fisrt time. We didn’t see a way of getting rid of the 
guide since it took space up.  That was kind of the problem when you don’t think you 
need them.  But the guide brought good questions when we were designing. 

6 6 6 

(NR P S) After using the storyboarding guide last time, how do you feel about 
providing structure during design? 
There are aspects of that guide that we just initially used, but definitely the later 
steps made us think about adding certain things.  For example, adding alternative 
ways of portraying information so that made us look for other cafrds.  The big one 
was putting cards to sovle a problem with your system.  Really looking for errors in 
your system.  That’s something we didn’t’ think about.  We just designed the system.  
So that helped. 
I don’t want to say that if I was using picup that I would use it.  I took the gist of it 
and would apply that stuff next time I use it.  It’s good initially. 
The fist time we saw it we didn’t use it and forgot about it.  There would be benefit 
in saying they should use it the fisrt time. We didn’t see a way of getting rid of the 
guide since it took space up.  That was kind of the problem when you don’t think you 
need them.  But the guide brought good questions when we were designing. 

8 8 8 

(NR P S) Do you feel there are any changes in the way you think about design? -I 
guess the big thing from this and the class and using picup is that design is more 
structured than I previously thought. Typically I would start off at the end with 
evaluation but now I start with the beginning and see the steps.  I see ¾ of it is the 
initial design and prototpying and I didn’t know there was technology like picup that 
allows you to do a storyboard on a computer.  A lot I know about storyboarding is 
about paper and pencil.  It changed my view on how storyboarding is done. 
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8 8 8 

(NR P S) What are your general thoughts on reuse? 
-I hadn’t thought about it before.  Previously my experience was with paper and 
pencil so I didn’t have a lot of experience.  Didn’t think of using reuse.  Yeah picup is 
the system that opened my eyes.  I think it’s a huge component.  If I had to 
summarize things that I’ve taken away, it’s reuse is at the top of that list.  It’s 
especially something to use in the future.  Especially if it’s in a larger company.  
Another thing is if I ever thought of it I initiailly thought it was limited...reusing 
similar cards...it would narrow your ideas, but I didn’t find that a problem.  There is 
so much in the scenario and the claims and cards you don’t run into that problem. 

8 8 7 

(NR P S) What are your general thoughts on storyboarding? 
-I guess with picup it changed my views about the abilities you include in a 
storyboard.  There is a big chunk missing.  I didn’t know how to create scenarios.  
We’ve done 4 picup storyboards and now I can come up with scenarios that are 
useful to people so that has definitely changed.  Also with picup you focus on reuse 
and I never thought of it especially looking at paper and pencil...there is less 
opportunity for reuse.  Using picup I got to see that it can be extremely useful.  For 
the homework we used and reused a lot that other people used, on top of that the 
relationships that was another dimension for searching and coming up with cards. 

8 8 8 

(NR P S) What are your general thoughts on storyboarding? 
-I guess with picup it changed my views about the abilities you include in a 
storyboard.  There is a big chunk missing.  I didn’t know how to create scenarios.  
We’ve done 4 picup storyboards and now I can come up with scenarios that are 
useful to people so that has definitely changed.  Also with picup you focus on reuse 
and I never thought of it especially looking at paper and pencil...there is less 
opportunity for reuse.  Using picup I got to see that it can be extremely useful.  For 
the homework we used and reused a lot that other people used, on top of that the 
relationships that was another dimension for searching and coming up with cards. 
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6 6 7 

(NR W1 J) We really did not follow the guide. We came up with our own way of 
attacking the situation and did it that way. We made only a few assumptions when 
completing the task. We tried to think of information we would like when at the 
airport and used that information to shape our design. We assumed that the person 
had a cell phone (with internet capabilities), that the information the passenger 
wanted would be the same information that we would want, and about how vigilant 
they would be in the situation. With respect to SBD, we decided on a few 
assumptions and created scenarios based on those assumption, and looked for 
pictures related to those scenarios. We tried to make the system as compatable with 
the average user as possible. We also tried to include scenerios that were somewhat 
related to other tasks that the passengers would have performed before.  

8 8 10 

(NR W2 J) I feel that PIC-UP does not abide by this theory, in that it does not allow 
for much variability to create a storyboard for a specific group who will view it. 
Instead PIC-UP is very generic, which is good from a users standpoint, in that it 
makes it easier to interact with, but doesn’t allow designers to vary the design based 
on who the storyboard is for. I know that you can create your own cards and such, 
but it is impractical to assume that everyone will create from scratch their own cards 
to allow for a more individual storyboard. 

6 6 6 

(NR W2 J) We really did not use the storyboarding guide provided by the PIC-UP 
system. Instead we decided on our own method of contructing a storyboard, and did 
so accordingly. We did however, use the relatioships promt presented at the end of 
the storyboard process. We used the relationships because we found them useful 
when constructing our storyboard. We found that when constructing our 
relationships, patterns emmerged where two or more cards related to the same 
other one or two cards. 

6 6 6 

(NR W3 J) A harm that the guide created was that it held us to design the system 
according to some specific method. Using the storyboard guide I felt less free to add 
additional information that I may have wanted, and felt more obligated to follow the 
guide to a t, because I assumed this was the best way to design a storyboard. 
However, in retrospect, I don’t think this is the case. There are multiple ways to 
design a storyboard, and I think that each has its own benefits and disadvantages. 

6 6 6 

(NR W3 J) Another disadvantage was that the guide may only be useful for the first 
few times you use it. Beyond this point, the user should be familiar enough with the 
system, to design the storyboard as they see fit. 



193 

 

5 5 5 

(NR W3 J) Just like before, we searched by relationship for execuation and 
evaluation and selected a card that best fit how we wanted to present information 
to the user. We selected the Continuous Notification Card and wrote a scenario for 
it. This step was benificial in that it deals with information design, which is a logical 
step in a storyboarding process, at least following the way this information has been 
presented in class. However, it should be stated that this was a step we would have 
don’t at this point in the process anyway, thus the guide was not useful. 

5 6 5 

(NR W3 J) Just like before, we searched by relationship for execuation and 
evaluation and selected a card that best fit how we wanted to present information 
to the user. We selected the Continuous Notification Card and wrote a scenario for 
it. This step was benificial in that it deals with information design, which is a logical 
step in a storyboarding process, at least following the way this information has been 
presented in class. However, it should be stated that this was a step we would have 
don’t at this point in the process anyway, thus the guide was not useful. 

6 6 6 

(NR W3 J) One benefit of the guide was that is prompted users to think about things 
that they may not have thought of before. For example, we never really considered 
adding additional things in our storyboard that may help explain the system we are 
designing. Instead we assumed that our system made sense to everyone because it 
made sense to us.  Being prompted to think about this information lead us to add an 
additional card specifying information that may be important to the design of the 
system. Another benefit of using the guide was that is allowed us (as designers and 
users) to see how different relationships played a key role in the storyboarding 
process. For example, we got to see how mitagation relationships could be used to 
improve a storyboard. Subsequently, we will probably use this function for future 
storyboards. 

5 5 5 

(NR W3 J) The guide instructed us to use a card with a mitigation relationship. So we 
searched by mitigation and found a card that solved some of our negative 
consequences. We thought that the card saying light directional path was a novel 
way to solve these problems, specifically using heads up displays.  As with the other 
cards, we selected this card based first off of the picture and title of the card and 
secondly by looking at the claims on the back of the card, which we looked at by 
right clicking on the card and selecting flip card. We then wrote a scenario for the 
new card. This step was one of the most useful as it is a step we did not previously 
do. For example, in our last storyboard we did not think about putting information 
to contradict negative effects of our design. 
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8 8 3 

(RW FB P S) What are your general thoughts on reuse? 
-I guess as we used picup we tended to see if it existed before we went ahead.  We 
tended to use those more than create our own.  With picup reuse is valuable in that 
sense.   
-Yeah as sometimes we were thinking about using or doing something and then we 
come across some card that was doing something similar to what we wanted and 
when end up using that card it has advantages over our idea...maybe because it’s 
easier.   
-It did seem easier to reuse a card than to make a new one too. 

8 8 8 

(RW W2 J) In the end, I think our storyboard would convey our ideas to just about 
anyone since it remains vague enough to fill in the blanks with just about any sort of 
device or technology.  This would allow for a basic foundation for any sort of 
engineer or developer to being working on the specifics and begin designing actual 
prototypes to be tested with users. 

6 6 7 

(RW W3 J) However, I believe that in the previous assignments, not having to follow 
the storyboard allowed for a more unique system.  In each homework, we end up 
doing a different process that ends up with a different result and I believe that the 
storyboard made in this assignment wasn't as good as the previous assignments.  By 
having a structured way to think about a process, we are forced into thinking up 
ways to implement a solution by "scanning though" the available cards and seeing 
what fits. 

5 4 4 

(RW W3 J) The next step required us to mitigate any negatives in our system.  We 
then flipped through every card we currently had and observed the positive and 
negative aspects of each.   We realized that we would need to provide a card to 
convey more information since icons would alone not provide enough information.  
So we added the final card at this point to provide more information when the user 
selects an icon, which also is an execution step for the earlier step.   
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8 8 10 

(SA MJ P S) Do you feel there are any changes in the way you think about design? 
-I’ve actually used storyboarding for a project for work and it was successful, the 
customer really liked it.  This sort of thing as a prototyping tool for activity design is 
great.  It’s great for communicating how you perceive what activities you want in the 
software.  Especially in t he begiining when it’s nebulous.  It’s cool if you have this or 
that.  If there’s eomthign missing.  The customer, for this project...it was still early on 
and we’re still helping and communicating that we understand the conpcet and 
what to solve, but the storyboards helped and explain the high level activities that 
we try to bring to them in software and also provides a concise visual way of how 
they perceive the story and easy for them to comment on and understand the 
prototype.  Yeah I did this in word, I had the little pictures and the synopsis per se, I 
can’t use picup cause of commericial sensitive things.  I wasn’t sure if there was 
some way to export these things in a format should would be easy to include in 
powerpoint. 

8 8 10 

(SA MJ P S) I’m using picup for my thesis which is something about iphone 
applications. My prof said you need prototypes and scenarios, after using picup, I 
started using it for my design specification and these things and when I was 
presenting the information about the thesis the prof really liked it.  When he said 
you need to change something, the reuse was a good advantage. 

6 6 6 

(SA W3 J) I don't think there is anyhing harmful in the process of storyboard.Unlike, 
for me it has many benefits. For example especially for this homework me and my 
partner reallly paid attention to the storyboard guide and I believe that we made 
more professional work than our previous works. Reviewing all the design process 
and trying to find out downsides of your  design was really helpful. In our design, if 
we didn't use storyboard guide ,most probably we wouldn't have our volume control 
for alarm sound and it would cause problems in terms of drivers such as panicking. 
Also the storyboard guide is forcing you to know why you're designing this system or 
who your users are so by addressing this problems it helps designer to be more 
specific about the design product and help designers to be more focused. 
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6 6 6 

(SA W3 J) I don't think there is anyhing harmful in the process of storyboard.Unlike, 
for me it has many benefits.For example especially for this homework me and my 
partner reallly paid attention to the storyboard guide and I believe that we made 
more professional work than our previous works. Reviewing all the design process 
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we didn't use storyboard guide ,most probably we wouldn't have our volume control 
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Also the storyboard guide is forcing you to know why you're designing this system or 
who your users are so by addressing this problems it helps designer to be more 
specific about the design product and help designers to be more focused. 
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The following are the agreement calculations based on the coding.  ReCal3, available at 

http://dfreelon.org/utils/recalfront/recal3/, was used to perform these calculations. 

 

ReCal 0.1 Alpha for 3+ Coders 

results for file "cal3.csv" 
 

File size:  876 bytes  

N coders:  3  

N cases:  124  

N decisions: 372 

 

Average Pairwise Percent Agreement 

Average 

pairwise 

percent 

agr. 

Pairwise 

pct. agr.  

cols 1 & 

3 

Pairwise 

pct. agr.  

cols 1 & 

2 

Pairwise 

pct. agr.  

cols 2 & 

3 

84.409% 82.258% 92.742% 78.226% 

 

Fleiss' Kappa 

Fleiss' 

Kappa 

Observed 

Agreement 

Expected 

Agreement 

0.821 0.844 0.129 

 

Average Pairwise Cohen's Kappa 

Average 

pairwise 

CK 

Pairwise 

CK  

cols 1 & 

3 

Pairwise 

CK  

cols 1 & 

2 

Pairwise 

CK  

cols 2 & 

3 

0.822 0.798 0.916 0.752 

 

Krippendorff's Alpha (nominal) 

Krippendorff's Alpha N Decisions Σcocc*** Σcnc(nc - 1)*** 

0.821 372 314 17482 

***These figures are drawn from Krippendorff (2007, case C.) 

 

http://repository.upenn.edu/asc_papers/43/
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The following are the notes of observations made for each code based on the excerpts that 

were categorized under the code.  These observations were then used to inform the conclusions of 

the PIC-UP study. 

1. Awareness/Impact of Previous Reuse: Imperfect measure of impact of reuse.  The 

descriptions are indirect measure of reuse.  Felt like there should have been better 

description of that code.  Some people don‟t want to be impacted by previous 

systems.  The just wanted to be innovative.  There‟s a tension between innovation 

and reuse.  Perceived tension.  Couple statements were made about the fact that it 

was the same problem.  Some noted that it would have an impact on whether that top 

10/20 would be useful or not.  Some also said that just because somebody created it 

doesn‟t mean it fits into what you want to do.  It‟s not that I don‟t want to be 

influenced, it‟s just that it might not be the right one.  Some people found it to be a 

good shortcut to finding cards. 

2. Browsing/Using Relationships: Training issues with relationships.  They were not 

initially familiar.  Initially used it as a way to just run into cards.  After phase 3 they 

knew more.  Some people were not aware…they used them, but they weren‟t aware 

of how they were related.  They just used the fact that they were related.  Some were 

not…didn‟t really grasp the meaning behind relationships.  They just saw them as 

simple links.  Some say so early on, but then later on they figured it out cause of the 

guide.  Maybe more of an explanation is needed.  Someone said the relationships 

were sparse.  There weren‟t enough.  Maybe if there were more cards they might 

have understood relationships better.  There are a few in phase 3 saying they 

understand them more.  They make general statements, but don‟t say much about 

how they really helped.  Doesn‟t really stick out as to whether they really 

intentionally used the relationships. 
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3. Creating/Adding New Cards and Relationships: The guide did make them 

consider creating cards.  They were aware of the chance to create a card.  They 

exhausted search, but also guide got them to create something. Talking about how 

they created claims only after they exhausted their search.  It was a last resort.  Also 

creating claims that are reusable.  Worrying about them being too specific and 

making others reuse their claims.  Some people put effort into creating claims 

because some other claims they say weren‟t high quality. 

4. Approach to Searching for and Selecting Cards: They found good use of browsing 

by category.  They had an idea of the concept or what they wanted before searching 

for cards.  Some say using the label, upsides, downsides, and one said they relied 

more on the label than the picture.  Some seem to use, browse  and just look for ideas 

and some have ideas in mind and then try to match the idea.  Couple things on 

flipping cards. 

5. Specific Guide Step: They talk about relationships a lot more here than anything 

else.  It‟s more explicit in the guide.  Sometimes useful, sometimes not.  Some of the 

steps are easy to grasp.  Alternate solutions or mitigating problems.  Some saw use in 

that…doing things that they didn‟t consider doing before.  Made them look for a 

certain kind of card.  Now you‟re in mitigation so look for this.  Some say oh we 

didn‟t consider this potential downside.  So we‟re mitigating it.  Some say this step 

was not useful.  Like quote 19.  Some steps made them browse for a certain kind of 

card. 

6. Overall Guide Use: Guide provides a lot of structure.  It might teach them some 

things they didn‟t consider.  People appreciated the guide.  Some liked the quality of 

the results of the storyboard after having the guide.  There appears to be that it might 
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be useful in the beginning, but later it‟s not useful.  Might teach them a few things.  

Some forgot about the guide.  Some find it too constricting or linear.  I dunno if there 

is a relationship between their experience and the guide.  Yeah, they‟ll not use to 

guide later.  Just do it once.  Beyond that they should be familiar with the system.  So 

this goes back to using this as a learning tool or something for novices.  Guide 

seemed sort of cookie cutter like.  Inhibited creativity.  Some saying they didn‟t use 

the guide.   

7. General Approach to Structuring/Creating the Storyboard: It just goes with the 

one where…maybe the card selection code where they envision the system first and 

have ideas of what they want.  That‟s also supported by things in this category.  

Coming up with that vision is done here.  What things they wanted to convey is said 

here.  I was confused sometimes whether I should go with 4 or 7.  Thinking about the 

problem, user.  Trying to figure out the what of what to design.  Some guy mentions 

Truong. 

8. Lessons/Thoughts on Design and Reuse: Not challenging the idea of reuse.  Had 

some impact on them in terms of storyboard adoption.  Taught them more about the 

structure of design. Think of pic-up as high level prototyping.  Let‟s you 

communicate design ideas.  There was some chance in practice.  Increased 

appreciation for reuse.  Their negative comments are more about the tool and not 

reuse itself.  They used it in this class or used it at work.  Learning about the power of 

reuse.  Not challenging reuse, but not necessarily use the tool itself they gained a 

sense of how to design. 

9. Learning About Notification Systems: I would expect consistency between 8 and 9.  

They did learn about notification systems. 


