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Abstract 

Distributed usability testing has the potential to be a valuable tool for agile usability 

practitioners, however it is unclear what type of usability data can be collected and which 

representations of it are useful for detecting flaws. Conducting Wizard of Oz testing in a 

distributed fashion over the web can significantly reduce the cost implications of usability 

testing as well as the time commitment necessary. This is of particular interest to agile 

methods where iterations are short and frequent and minimal upfront design is prescribed. 

Traditional usability testing can be prohibitively expensive and time consuming as it 

requires large amounts of upfront design. Moreover, the process of recruiting participants 

and bringing them on site is costly both in terms of time and financial resources. 

Distributed Wizard of Oz testing is an alternative that allows cheap and quick usability 

testing of low-fidelity prototypes over the web. 

The most important output from a usability test is the feedback regarding the system 

under test. In traditional usability testing, a human observer directly collects this data by 

studying the test user’s actions. However, when conducting a distributed usability test, 

specifically a Wizard of Oz test on a low-fidelity prototype, it is not possible for a human 

observer to collect this data. Instead the Wizard of Oz testing system must automatically 

observe the user and capture relevant usability data. This thesis evaluates multiple forms 

of automatically collected usability data as well as visual representations of it in terms of 

their efficiency and usefulness in aiding in the detection of usability flaws. It also 

presents ActiveStory Enhanced, a tool designed to support the entire agile usability 

testing process from prototyping to testing to analysis. ActiveStory Enhanced is available 

for download on CodePlex (Link [1])  
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 Introduction Chapter One:

Tool support for automated and distributed Wizard of Oz testing is currently quite 

limited, but has the potential to help mitigate some of the problems posed when 

conducting usability tests in an agile context. Furthermore, data collected from a Wizard 

of Oz usability test plays an important role in detecting usability issues in a user interface, 

however support for capturing this data as well as presenting it in a meaningful way is 

weak in existing tools. Wizard of Oz testing is a type of usability testing that is performed 

on prototypes of a system. This form of testing is of particular interest in the context of 

usability testing in agile teams, due to the short timeframes between releases, difficulty 

and cost of gathering participants and cost of execution. In this thesis, we attempt to 

address the limitations of existing prototyping and Wizard of Oz testing tools, 

particularly in the context of agile usability engineering, by developing a toolset targeted 

at that usage. In addition, we evaluate multiple representations and visualizations of data 

collected by the toolset in terms of their usefulness in aiding the detection of usability 

flaws. 

1.1 Usability and its Importance 

The ease of interacting with a software system is referred to as the usability of the 

system. The usability of an interface can be a determining factor in the success or failure 

of software. Software that is not built with usability in mind can lead to rejection of the 

software by end-users or reduction in the efficiency of users’ workflow. Usable software 

is more likely to be successful in terms of acceptance by end-users. It can also lead to 

improved efficiency and even encourage users to learn more advanced features or 

functionality of a system that may otherwise have been missed or ignored. Although the 
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importance of usability is often underestimated, it has been recognized as an important 

factor in the design process as evidenced by the increasing attention towards usability in 

both academia and industry in recent years. Many methods and processes have been 

developed and exist to help improve the usability of an interface including prototyping 

[2], [3], contextual inquiry [4], heuristic evaluation [5], [3] and usability testing 

techniques [3] like Wizard of Oz testing [6]. Particularly relevant to this thesis are 

prototyping and Wizard of Oz usability testing for reasons which are explained further 

on. 

1.2 Agile Methods, Conflicts with Usability Engineering 

Given the importance of usability in delivering high quality software, there is significant 

interest in applying usability techniques in an agile context. Agile methods are a group of 

iterative software development methodologies that have gained considerable attention 

and adoption by the industry and academia in recent years as lightweight approaches to 

development and committed to delivering quality software. eXtreme Programming [7] 

and Scrum [8] are two of the more prominent agile methods. The basic principles of agile 

methods [9], [10] include utilizing short iterations (weeks), frequent releases, increased 

communication and most importantly agility and flexibility in regards to changing 

requirements. This is in contrast to traditional methodologies in terms of the rigidity of 

requirements, relatively long iterations (many months or even years) and considerably 

less frequent communication between developers and customers.  

Notably, agile methods place emphasis on producing high-quality, working artifacts 

(code) rather than on large amounts of upfront design and documentation. This is in line 

with the core concept of agile methods which is agility and flexibility in response to 
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changes in requirements, rather than obtaining and adhering to rigid and unchanging 

requirements and design documents. Interestingly, this appears to clash with the inherent 

need of usability engineering techniques for large amounts of design and evaluation of 

prototypes prior to implementation. 

Many software project failures are caused by flawed requirement specifications or the 

cost of making changes to requirements when employing traditional methods [7]. Agile 

methods aim to mitigate these failures by attempting to provide a better match for users’ 

requirements. This is done by involving them in the process more often, obtaining more 

frequent feedback and quickly effecting the changes. In a way, this is quite similar to the 

goal of usability engineering in that they both attempt to better match users’ needs and 

expectations. The discrepancy between the two comes from the preference towards up 

front design in usability engineering, versus minimal up front design in agile methods. 

The lack of attention to usability has become a growing concern in the agile and usability 

communities (as evidenced by increasing traffic on the agile-usability Yahoo group [11]). 

1.3 Agile Usability 

In efforts to reconcile agile methods with usability engineering, many agile and usability 

expert have attempted to adapt usability engineering practices and bridge the gap between 

the two [12], [13], [14], [15]. Discount usability evaluation has emerged as a possible 

solution and compromise to the problem. Discount usability evaluation is a series of 

methods developed by Jakob Nielsen [16] designed with the idea that some evaluation is 

better than none and that scientific evaluation is too costly in most cases. Nielsen 

presented three inexpensive techniques for usability evaluation which were simplified 

thinking aloud, heuristic evaluation and scenarios. Scenarios are essentially prototypes 
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that are limited to the parts of a system that are required to perform a specific task. This is 

in contrast to designing prototypes for the entire system. 

Further research has shown that the most problematic usability issues can already be 

identified when dealing with a wireframe, sketch-like prototype (known as low-fidelity 

prototypes) [17]. These types of prototypes help the designer or a test participant focus on 

more critical aspects of the prototype such as the logic, flow and placement of interface 

elements, rather than superficial details such as color and font. Low-fidelity prototypes 

are typically sketches on paper which can’t be interacted with as is. 

 

Figure 1. Low-fidelity prototype. Image source: [18] 

 

Wizard of Oz testing is a form of usability testing designed to help test low-fidelity 

prototypes on sample users when a functional prototype is not available [6]. The goal is 
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to reveal any flaws with the prototype in terms of flow, continuity, logic and 

comprehension by having the user interact with the sketched prototypes, similar to how 

they would interact with a fully functional interface. The concept is derived from the 

story of The Wonderful Wizard of Oz [19] (its namesake), in that a designer known as the 

Wizard simulates the role of the computer system. The test participant is shown a page of 

a prototype and asked to interact with it in order to achieve a given task. Once the test 

participant chooses the interaction they want to do, the Wizard presents them with a 

different page of the prototype which shows the result of the interaction. A Wizard of Oz 

test typically involves a third person who observes the users interactions, noting any 

difficulties, spoken thoughts and facial expressions [6].  

However, like most other usability testing techniques, Wizard of Oz testing can still be 

costly and time consuming due to the amount of time, money and effort necessary for 

preparation, execution and evaluation, specifically when gathering participants, bringing 

them on-site and performing the test [20]. When applied to an agile context this could 

become an issue due to the relatively short time between iterations and releases, making 

it difficult to perform these time consuming usability tests as frequently as needed. It 

could therefore be beneficial to be able to perform these tests in a distributed fashion 

without collocating the test participants and conductors. Conducting these tests and 

observing participants in an automated fashion without the presence of a human tester 

could also help reduce the financial costs involved in performing usability tests. 

As a result of the reduced amount of upfront design and cost of evaluation for discount 

usability evaluation, it appears to be a better fit with agile principles than traditional 

forms of usability evaluation. In fact, multiple agile teams have reported success in 
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adopting low-fidelity prototyping and usability testing for the purpose of agile usability 

engineering. Cases described by Patton [13], Constantine [12], Meszaros [21], Sy [14] 

and Nielsen [15] are included in the related work section. Unfortunately existing tool 

support for usability evaluation is somewhat limited, particularly in the context of agile 

usability. 

1.4 Tool Support for Agile Usability 

Tools have the potential to play an important role in increasing the efficiency and cost 

effectiveness of any task and usability evaluation is no exception. Moreover, using tools 

specifically created with a particular task in mind can further ease the process and cater to 

the specifics of the task at hand. Currently, tool support for usability evaluation is limited 

in terms of its support for creating automated and/or distributed Wizard of Oz tests. In 

fact, while many tools are available that support creation of low-fidelity prototypes only 

some of these can produce automated prototypes and even fewer allow distributed 

execution. Tools that aid in conducting Wizard of Oz testing also exist, however they do 

not provide prototyping support or automated execution. In these tools the tester must 

manually perform the role of the Wizard.  

Indeed with the exception of the original ActiveStory by Patrick Wilson, none of these 

tools are catered to an agile usability process which includes creation of prototypes, 

automating these prototypes, running them in a distributed fashion and performing the 

role of the observer. Due to its focus on supporting executable low-fidelity prototypes, 

the original ActiveStory is rather limited in terms of its data collection and visualizations 

for the data. 
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It is worth noting that according to the common definition [22], [23], [24] [25]  a 

usability test is only considered Wizard of Oz test if the system is being simulated by a 

human. As such, in the pure sense of the term, the automated form of testing presented in 

this thesis does not qualify as Wizard of Oz testing. However, it can be argued that the 

definition refers to a prototype which does not have any underlying code written for it, 

and that the role of the computer in an automated Wizard of Oz-like test is analogous to 

that of the human wizard, since no underlying code is written. Throughout this thesis we 

refer to the concept of automated Wizard of Oz-like tests as a form of Wizard of Oz 

testing for the sake of simplicity. 

1.5 Usability Data and its Visualizations 

When a Wizard of Oz usability test is performed in a distributed fashion the tool 

providing the distributed testing takes over the important role of observing the user. 

Indeed, a usability test in which the user is not observed is not very useful for detecting 

usability flaws. Clearly it is important that the tool automatically collects the right kind of 

data which will prove useful for the usability expert when analyzing the feedback. In 

addition to merely providing raw data for analysis, the tool can provide additional 

processing, analysis and visualizations to aid the usability expert in detecting usability 

flaws. However, the question that arises is what data is most useful and which 

representations are most helpful? This thesis attempts to evaluate some of the potential 

data that can be captured and compare the visualizations and representations of that data 

in order to determine their usefulness and effectiveness in identifying usability issues. 
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1.6 Motivation Summary 

Pen and paper-based low-fidelity prototypes are currently being used by agile usability 

practitioners, in which only the portions of the interface required for the features in the 

upcoming iteration are designed and evaluated. As a result of the short iteration lengths 

prescribed by agile methods, evaluation of prototypes needs to happen as quickly as 

possible, which is facilitated in part by using Nielsen’s Discount usability evaluation 

methods [16]. Evaluation of pen and paper-based prototypes by agile teams can be done 

by conducting Wizard of Oz usability tests; however this requires collocation of test 

participants with the conductors which quickly consume the already short amount of time 

available to agile usability designers. The current tools for agile interaction design and 

usability evaluation either do not allow distributed testing or in the case of the original 

ActiveStory, focus on the design process rather than the usability evaluation process. 

Distributed Wizard of Oz testing is possible (only in the original ActiveStory as of the 

time of writing) [26], however collection and representation of data is an area which can 

be further improved in order to further support the usability expert on agile teams. There 

is also currently little published work regarding the type of data collected, the different 

possible visualizations of that data and the usefulness of the data and visualizations. 

1.7 Research Problem 

With the potential benefits of executing automated usability studies in a distributed 

manner in the context of an agile team, it is important to know how a tool can best 

support this activity. This includes how the tool allows for creation of prototypes, how it 

conducts tests and how it observes test participants. The main goal of a usability study is 

to observe participants and determine usability issues; however in a distributed, non-
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collocated test a human observer is not present. Therefore, it is up to the tool to collect 

useful data from the distributed tests, without which the usability study would not be 

useful. It is important that the tool in question collects data from the distributed test that 

is likely to prove useful to the usability expert. This thesis evaluates usability data 

collected by a tool that allows distributed testing in terms of relevance to a usability 

expert, as well as evaluating visualizations of the data in terms of usefulness. 

1.8 Goals 

The goal of this thesis is twofold; the first is to develop a tool that supports the entire 

process of low-fidelity prototyping, Wizard of Oz usability testing and analysis of test 

results in the context of agile usability and targeted at an agile development team. This 

will be achieved by developing a tool that provides low-fidelity prototyping support on 

tablets as well as support for automating usability tests. The tool will collect usability 

data from remote test sessions and provide the usability engineer with the resulting data 

and visualizations. The second goal is to identify different possible types of data and 

evaluate various visualizations that can be gathered and presented in order to determine 

their usefulness and effectiveness in aiding a usability expert in identifying usability 

issues.  

1.9 Thesis Structure 

In the remainder of the thesis, related work in terms of literature as well as existing tool 

support will be provided. This will be followed by a discussion of the different forms of 

data that can be collected and may potentially be useful for a usability evaluation as well 

as possible visualizations of the data that could aid the process of evaluation and possibly 

improve the effectiveness of the data collected. Subsequently ActiveStory Enhanced will 
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be presented along with a discussion of some design decisions and the expected utility of 

some features. Afterwards an empirical evaluation of ActiveStory Enhanced and 

comparison with existing tools will be presented. The details of a quantitative and 

qualitative evaluation and its results will then be described. In conclusion the 

contributions of this research as well as possible future work are discussed. 
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 Related Work Chapter Two:

In this section, background work that relates to the concept of agile usability engineering 

as well as usability engineering in general will be presented. This includes a summary of 

cases which have been reported and published in which agile usability engineering has 

been applied in practice and the results of doing so. Published work by Larry 

Constantine, Jeff Patton, Gerard Meszaros, Desiree Sy and Jakob Nielsen fall under this 

description. A description of existing tools that can be used for low-fidelity prototyping 

will follow. Some of these tools are designed specifically with usability engineering in 

mind while others are more general purpose tools adapted to this use. This will be 

followed by a brief summary of existing tool support for Wizard of Oz testing.  

2.1 Practical Agile Interaction Design 

Multiple published papers report on agile teams that have attempted to integrate user 

interaction design in their process in practice in an attempt to produce more usable 

applications. These cases consist of work by Larry Constantine [12], Jeff Patton [13], 

Gerard Meszaros [21],Desiree Sy [14], Jennifer Ferreira [27], [28], [29] and Jakob 

Nielsen [15]. In some cases, the authors were initially usability professionals who then 

applied agile methodologies to their design process (such as Constantine and Sy). In other 

cases the authors were agile practitioners who integrated usability engineering into their 

practices. In both cases the resulting processes share many commonalities. This section 

will present a summary of their results. 
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2.1.1 Larry Constantine 

Initially, a usability specialist who later adopted agile methods, Larry Constantine first 

presented the concept of Usage-Centered Design (as opposed to User-Centered) in a 

paper of the same name [30]. Later, in a 2002 article titled “Process Agility and Software 

Usability: Toward Lightweight Usage-Centered Design” he detailed and described a 

process which he referred to as a simplified and streamlined variant of Usage-Centered 

Design [12]. In the article it is pointed out that in agile methods, similar to traditional 

“heavyweight” methods, usability and user interaction have been sidelined for the most 

part. He claimed this agile variant of UCD would be easier to integrate with agile 

methods and draws parallels with eXtreme Programming (XP) [7], one of the more 

predominant agile methodologies. Similar to XP, he recommends using index cards to 

provide short, concise descriptions. The process involves identifying “user roles”, 

essentially the different roles users can play in relation to the system to be developed, 

followed by refining and prioritizing these roles. These user roles are written on separate 

index cards along with a brief, general description of the role. After identifying user 

roles, the set of task cases, similar to use cases, for each user are identified, prioritized 

and described in brief on index cards. The task case index cards are then grouped together 

based on the possibility of being executed in a common situation or sequence.  Having 

organized the tasks, Constantine then recommends creating paper prototypes for each 

cluster, which is likely to be in a similar portion and context of the user interface, but 

each prototype should only be for that portion of the interface. This is followed by 

evaluating the prototype and refining it and subsequent implementation. He describe this 

process as an iterative process that is executed in successive release cycles, continuously 
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addition and refinement occurs, guiding the further expansion of the interface. The paper 

also suggests that while a Big Design Up Front (BDUF) approach is not necessary, some 

minimal up-front design for user interfaces is still a necessity in order provide a 

consistent and well-organized interface for users. 

2.1.2 Jeff Patton 

Jeff Patton describes a practical application of Constantine’s process and the experiences, 

takeaways and effects of applying that process in contrast with traditional methods and 

agile methods without Usage-Centered Design in a paper titled “Hitting the Target: 

Adding Interaction Design to Agile Software Development” [13]. Patton approaches the 

issue of usability having come from a developer background, where he first experienced 

the more traditional waterfall methods and their shortcomings and later practiced agile 

methods. While practicing agile methods he arrived at the conclusion that although they 

may be producing better code and higher quality software, users were still not satisfied 

with the end product, for the most part due to major usability issues with the products. 

Having concluded that, he attempted to find a solution and after attending talks by 

Constantine, applied his model of agile Usage-Centered Design. The paper describes a 

process that matches for the most part with that described by Constantine with some 

additions such as domain reviews and preconception purges prior to identifying roles. A 

preconception purge is basically defined as a time for everyone to let loose and clear their 

minds by expressing their thoughts on the product, thereby purging any preconceptions 

they may have. A concept similar to Wizard of Oz testing is also introduced in which 

members of the team play the roles of the system and users after creating the prototypes 

in order to provide validation. The paper mentions that the preconception purge as well as 
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use of index cards worked well and that the index cards and their arrangement on a poster 

provided a valuable model for reference. The paper points out that although they can’t 

measure the improvements of using this process in comparison to prior methods without 

usability testing, there was a significant increase in the confidence in the produced 

software, similar to the increase in confidence gained by employing Test-Driven 

Development and automated unit testing. It also helped their team develop a better 

understanding of the system and task priorities. 

2.1.3 Desiree Sy 

Sy [14] presents their usability team’s experience with adopting agile methods at 

Autodesk from the point of view of a usability expert. The paper mentions the transition 

of the development team to agile methods and the usability teams resulting need to 

transition and adapt as well. It describes the changes that were made to accommodate 

shorter cycles, the new process they used for agile user-centered design and the resulting 

design experience. In this paper, the author describes how the waterfall method worked in 

practice at Autodesk, basically designing all features of the interface upfront while non-

interface related code was being written, and feeding in the design in the middle of the 

process for implementation at which point the design team’s work would be done. It then 

describes the new interleaved process that was created with the adoption of agile methods 

and adaptation of the design team. This new process basically involved two tracks, one 

for the implementation team and the other for the design team as shown below: 
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Figure 2. Sy's Interleaved Agile Usability Process (Image Source: [14]) 

The design team creates mini-designs, essentially designs relating only to a particular 

feature or section of the interface, for the next implementation iteration. The design track 

is always ahead of the implementation track by a single iteration, feeding in the necessary 

design data for the next iteration and feedback from the previous iteration to the 

developers. Of note is the use of smaller designs, called mini-designs or design chunks, 

which represent only a portion of the interface, fit within a cycle and are built upon in 

subsequent iterations. This is similar to the agile development practice of building the 

system in small steps, a feature at a time in each cycle. In order to fit the necessary design 

development and testing within the iteration timeframes, chunks were selected in ways 

which would allow testing in isolation, were fundamental and easy to prototype in the 

early stages. Design chunks which required implementation that hasn’t been completed 

yet, relied on other designs or design chunks which provided workflow-level 

functionality were delayed to later stages. Testing was done in multiple phases and with a 

mix of design chunks and usability questions done at once to maximize output from the 

testing. Prototypes were shown to internal employees in early stages and with each 

successive iteration refined and testing elevated to participants closer to actual end users. 
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The author mentions that this new, agile process for user interface design has proven to 

be more effective and resulted in better designed software in comparison with waterfall 

user-centered design. 

2.1.4 Gerard Meszaros  

A 2006 paper [21] by Gerard Meszaros (author of the XUnit Test Patterns book) and 

Janice Aston describes the addition of some prototyping and usability evaluation to an 

agile project. This resulted in a significant improvement in end user buy-in and 

acceptance in comparison to a previous release of the product without usability testing. 

The paper details an agile project for a business in which the first release had a significant 

number of usability issues that resulted in the development team spending a significant 

amount of unplanned time and budget correcting. In the next release the team convinced 

the business to do some usability design and testing to improve the situation. This 

included creation of paper prototypes by the project manager and agile coach without 

much UI experience (since a usability expert was not on the team). Usability testing was 

then conducted in the form of Wizard of Oz testing with internal employees of the 

business as well as external users. The usability test session was conducted by having 

some members of the development team acting as the wizards, the imaginary computer 

system driving the prototype. One development team member acted as the help system, 

answering questions about what certain things in the interface meant. Other development 

team members took part by observing the test participants, taking notes and keeping track 

of questions users asked of the help provider. The Wizard of Oz testing resulted in the 

team adding features, reprioritizing features and clarifying and correcting incorrect 

assumptions they had made. The paper also describes an interesting role of the paper 
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prototypes in their process, which was guiding the iteration planning process in terms of 

which features needed to be implemented as well as providing a form of cross-checking 

of their story cards. The paper goes on to comment on multiple benefits that resulted from 

employing usability design and testing including providing guidance for iteration 

planning, tangible visions for the development team and customers as well as increased 

end user acceptance. 

2.1.5 Jennifer Ferreira 

Work by Jennifer Ferreira et al. used grounded theory to explore how usability design 

and agile development interact and coexist in actual development environments [27], 

[28], [29] . Four main points were discovered, the first of which was that all teams agreed 

that some form of up-front design is necessary, whether a comprehensive design or a 

partial one. Another point of interest was that iterations presented good opportunities for 

feedback and allowed changes in the interaction design to be effected, as well as 

providing input and feedback for the design process. A third finding was that interaction 

design was a relatively more collaborative process on agile teams, with designers 

continually involved during development. Teams of generalists were found to have open 

discussions about interaction design, whereas teams of specialists would leave interaction 

design to the design specialists. The final take-away was that interaction design in agile 

teams generally had one of two types of design strategy and one of three types of 

implementation strategy which could be mixed and matched almost freely. The two 

design strategies that appeared to be used were either comprehensive or evolutionary 

design strategies. The different types of implementation strategies that were observed 

were refining the design each cycle, looking ahead (i.e. designers were always one cycle 
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ahead of developers, like in the case of Sy) and parallel implementation (in which 

development and interaction design were completely distinct and could be done in 

parallel). Teams were observed with different pairs of these strategies, except refinement 

paired with evolutionary and looking ahead paired with comprehensive strategies. 

2.1.6 Helen Sharp 

Sharp et al. [31] also conducted a field study to investigate the integration of agile 

methods and UCD in an organization. They attempt to develop a framework for the 

integration of these two methods. They identify several points which can cause friction 

between the two methods including power struggles between developers and designers as 

well as differences in the amount of time needed for design work versus development 

work.  They recommend five principles for integration which are: 1. User involvement, 2. 

Collaboration and Culture – both designer and developer team members must be willing 

to work closely, 3. Prototyping – designers must give developers user feedback and 

provide them with prototypes on an appropriate basis, 4. Project Lifecycle – UCD 

practitioners should be given time to gather requirements prior to any coding, 5. Project 

Management –the integration must be in a project management framework that is not 

overly bureaucratic or prescriptive. They conclude that the two methods are indeed 

compatible so long as certain factors are taken into consideration. These factors consist 

of: the need for a balancing role to ensure equal power for each discipline on the team, 

ensuring that all members of the team are involved at key points in the project, involving 

the user in the project so that their requirement are met and managing time and resources 

in a way that resources are utilized well. 
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2.1.7 Paul McInerney and Frank Maurer 

In a case study conducted by the authors [32], three UCD specialists who were working 

on their first agile project were interviewed. The three specialists all had UCD 

specialization and prior experience in the field. They present the experiences of each of 

the specialists from multiple perspectives including understanding the user, UI design 

practices and usability evaluation. They concluded that although agile methods may not 

appear to be friendly towards UCD, all of the UCD practitioners who participated in their 

study reported positive experiences. One participant mentioned that “the resulting designs 

may or may not be better but are certainly no worse”. 

2.1.8 David Fox 

David Fox, Jonathan Sillito and Frank Maurer [33] conducted a study investigating 

whether or not agile methods and user-centered design practices can co-exist effectively. 

They conducted the study using participants who had previously combined the two 

methodologies and found that the existing Agile UCD model can be generalized into a 

common model. Amongst the common factors they found, one was that the participants 

had an initial stage for user interface design which was done prior to any coding. This 

stage generally consisted of two activities which were contextual inquiry and low fidelity 

prototyping. Low fidelity prototyping varied between participants and ranged from 

whiteboard drawings to wireframes. These prototypes were created iteratively and 

usability testing was conducted after each iteration. The initial stage lasted four weeks on 

average and only a small set of features, necessary for the first development iteration 

were completed. Following the initial stage, development would commence and follow 

an interleaving, iterative pattern similar to that described by Sy. 
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 They also found that participants generally took one of three approaches to integrating 

the two methodologies, including “Generalist”, “Specialist” and “Hybrid” approaches. In 

the Generalist approach, developers who had some informal or self-taught UCD expertise 

acted as the usability specialists. The developers would perform the initial stage usability 

design and continue from there. Using this approach meant that once developers noticed a 

usability flaw they would deal with it themselves, rather than passing it on to another 

team member. In the specialist approach, a UCD specialist would be on the team and 

would handle all usability activities and conduct the initial stage without the presence of 

the developers. The final approach, which they named the Generalist Specialist or Hybrid 

approach, involved a group member who had both formal UCD training and development 

experience. This hybrid group member would act as a bridge between the development 

team and the UCD team since the UCD team would often be distanced from the 

development aspect. The hybrid team member would work on both the UI design and 

development simultaneously. 

2.1.9 Jakob Nielsen 

In a recently published article on his website, Jakob Nielsen reports the results of study to 

determine the best practices for integration of agile methods and usability [15]. The 

results were summarized in two recommendations to help ensure good usability on 

projects employing agile methods. The first recommendation is to separate design from 

development. This is a notion similar to that described by Sy, in which the user 

experience team is a step ahead of the development team in terms of iterations. As a 

result developers are able to work on features that have already been designed and tested 

by the usability team in the previous iteration. In addition, Nielsen also concludes that a 
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“gatekeeper” role was found in the study and that this is an important role to have. The 

gatekeeper is responsible for communicating between the usability team and other teams, 

specifically the development team. This is a concept similar to the “hybrid” approach 

discovered by Fox, where a person with both usability and development training would 

act as a bridge between the two teams. Nielsen also points out that in one case a variation 

of the gatekeeper role was used, where a person would take the role of “anchor person”. 

This role is similar to the gatekeeper role with the addition of an extra responsibility 

which is to pair with new usability team members and help bring them up to speed. 

The second recommendation for ensuring good usability on agile projects was to employ 

a distributed organizational structure in which each team has its own usability 

specialist(s). This is in contrast to a centralized organizational structure where a usability 

department handles all usability tasks and the development team deals with this 

centralized department.  

2.2 Remote Usability Evaluation 

Published work on the topic of remote usability evaluation is limited. A paper by Hartson 

et al. [34] proposes various techniques for remote usability evaluation and discusses 

multiple case studies done to investigate the feasibility of remote evaluation. Different 

techniques that are mentioned include local evaluation at a remote site, remote 

questionnaires or surveys, remote control evaluation, video conferencing, instrumented 

evaluation and semi-instrumented evaluation.  

The authors describe local evaluation at a remote site as a method in which the 

developers send the artifacts or prototypes to remote evaluators who then conduct 

usability tests on users that are local to them. In essence, the evaluation is conducted at a 
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remote location from the developers, by trained usability evaluators. This usually 

involves contracting the evaluators for this service and can be costly.  

Remote questionnaires or surveys are described as augmentations to the application under 

test which prompt users for feedback based on the occurrence of certain events. Remote 

control evaluation involves the user remotely logging on to a computer at the developer’s 

site. The test user’s actions are recorded by way of screen capture on the local machine 

and audio can optionally be recorded over computer or telephone. Video conferencing is 

also mentioned as a mode of conducting usability tests remotely; however bandwidth and 

video quality are identified by the authors as limitations.  

Instrumented and semi-instrumented remote evaluation involves modifying the code of 

the application to insert metering code and logging functionality. This data is later 

transmitted to the developer over the web. The difference between instrumented and 

semi-instrumented remote evaluation is that the former captures data at all times while 

the latter relies on the user to identify critical incidents that they want to report to the 

developer, at which point data is transmitted to the developer along with context 

information. In other words, semi-instrumented remote evaluation selectively collects 

data, when triggered to do so by users. A combination of the last two methods is used in 

the tool created for this thesis with the difference that the metering functionality is 

implemented in the Wizard of Oz tool, rather than in the prototypes themselves. 

The authors also presented early results from two case studies about remote evaluation. 

The first was a case study into the use of video conferencing as a usability tool and the 

effect of doing so on the quality and quantity of data collected. The second case study 

was intended to evaluate the feasibility of semi-instrumented remote evaluation as well as 
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the quality and quantity of data obtained from this method. The authors write that video 

conferencing was feasible in terms of bandwidth and useful but also had some issues in 

terms of clarity of what the user is doing due to low video quality. The authors concluded 

that semi-instrumented remote evaluation is indeed feasible. However they also noted 

that there are issues to consider when deciding what interval of data should be packaged 

and sent to the developer once the user has identified an incident they want to report. One 

major advantage that the authors saw to semi-instrumented remote evaluation was that 

users essentially filtered out the usability data and narrowed it down to the most troubling 

and serious flaws. 

Hong et al. present a tool for remote usability testing of web sites called WebQuilt [35]. 

The tool described logs users’ progress through a website and transmits the data to a 

proxy for later consumption. Logging is done by redirecting users to a web site through a 

proxy which tracks the HTTP requests that are made by the user’s browser and logs this 

information before proceeding to relay the request to the server and the response to the 

client. In addition, the tool provides support for visualizing the paths taken by users 

through the web site. Theoretically this tool can be used for Wizard of Oz testing; thereby 

tracking a test user’s path through a series of web pages which are pages of a low-fidelity 

prototype. However, no further usability information is available. 

2.3 Existing Tool Support for Prototyping 

As in many other disciplines, tools and tool support play an essential role in an 

interaction designer's work process. In the same way that an IDE plays an important role 

in the productivity of developers, a UI designer needs a design environment for increased 

productivity in their work. For every task having and utilizing the right tools depending 
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on what needs to be done is important, otherwise the tool could impede progress rather 

than accelerate it, or reduce the quality or usefulness of its output. Intuitively, the less 

imposing and more efficient the tools, the more likely it is that the output is better and 

easier to obtain. Prototype designers and usability testing tools play a similar role to unit 

testing tools and refactoring tools in that although they aren't absolutely necessary, their 

existence and use helps improve throughput, output and quality of output. Many different 

tools are used by interaction designers, some of which are specifically developed with 

interaction design in mind (like Microsoft Expression Blend) and others which are more 

general purpose tools (like Microsoft Visio and Microsoft PowerPoint). At this time the 

only prototyping tool designed specifically with agile interaction design in mind appears 

to be the original ActiveStory. In this section, the more prominent and relevant 

prototyping tools are briefly introduced, with particular emphasis on low-fidelity 

prototyping. 
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2.3.1 Pen and Paper 

 

Figure 3. A sample movie storyboard for The Lord of the Rings. (Image source [36]) 

The most basic, simple and oldest tools for prototyping are physical pens and paper. 

Designers in software development as well as other disciplines have been using pen and 

paper for prototyping for a very long time. An architect’s quick sketch of a building, a 

director’s movie storyboard and a video game’s concept art can all be considered forms 

of pen and paper prototypes.  

The obvious advantages of pen and paper are that they’re cheap, natural, and easy to use 

and a designer can draw a sketch in a matter of minutes. Moreover, making changes is as 

easy as erasing the portion that needs to be changed and redrawing it. Also, because of 

how quickly they’re made and how little effort is necessary, no emotional attachments are 

formed allowing designs to quickly being changed and improved. In contrast, a prototype 
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that has taken endless hours of precise work and effort is not so easily discarded and may 

create a sense of reluctance towards changing it.  

Disadvantages of using pen and paper for prototyping include the fact that they are 

somewhat more difficult to share with others, since they are not in digital form. 

Furthermore, if used for testing, some users have difficulty imagining the paper prototype 

to be a future computer system, due to the less than convincing look of sketches. This fact 

does not invalidate pen and paper prototypes usefulness though. Pen and paper prototypes 

can be quickly changed on-the-fly in the middle of a test session, which is advantageous 

when compared with digital prototypes. For the purpose of low-fidelity prototyping, pen 

and paper are invaluable tools and they are best suited for those forms of prototypes. For 

higher levels of fidelity however pen and paper may not be the right tools for the job. 

 

Figure 4. Sample paper prototype (Image source [18]) 

2.3.2 Microsoft Expression Blend – SketchFlow 

With the advent of the Microsoft Windows Presentation Foundation (WPF) in the .NET 

Framework 2.0 and its growing popularity as a user interface platform, Microsoft rightly 
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saw the need for a design environment targeted towards designers. Rather than the 

traditional UI designer environment integrated in Visual Studio, Expression Blend [37] 

allows designers to focus on their own process without dealing with the developer-

oriented workflow of Visual Studio, introducing a workflow better designed for the 

creative process. This was in part made possible by the “look-less” UI concept of WPF, 

which allows developers to write code for a UI element, deferring visual look and feel to 

the designer through the use of templates and XAML (Extensible Application Markup 

Language).  

 

Figure 5. Expression Blend 3, designing a WPF application. 

However, Expression Blend in and of itself is a UI design environment rather than a 

prototyping environment and although a UI design environment could obviously also be 
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used to create prototypes, those forms of prototypes tend to be high-fidelity ones. A new 

addition to the Expression Blend environment is a tool called SketchFlow [38].  

 

Figure 6. SketchFlow, designing a snowboard store prototype. 

SketchFlow is essentially a low to medium-fidelity prototyping environment which 

leverages the “look-less” UI concept of WPF to create a wireframe look for all of the 

typical WPF user interface elements. Designers can create a prototype in much the same 

way they would create a normal design, however instead of using the usual UI element 

set, they use a series of elements that are designed to look like hand drawn sketches. A 

flow can also be specified for the prototype, allowing transition between different states 

of the prototype, through interactions such as button clicks.  

Advanced features such as behaviors also allow designers to specify interactions such as 

dragging and dropping, animations and selection. All of this is done without writing a 
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single line of code. After designing a prototype, the prototype can be viewed in a 

specialized prototype viewer that allows the user to interact with the prototype, leave 

notes and draw annotations on it, which can be saved and emailed to the designer for 

reviewing purposes. An interesting side-effect and advantage of using actual WPF 

elements with a wireframe style applied to them is that a design can easily be transitioned 

into a higher level of fidelity and even switched over to a production design, simply by 

changing the styling back to the default WPF style (or a custom designed style). In this 

way a designer could potentially save time by simply transitioning an approved prototype 

design forward and reuse it. In essence it provides added value by permitting direct reuse. 

At the moment Expression Blend – SketchFlow is the only tool that provides this 

potential for reuse. 

While SketchFlow provides for (arguably) low-fidelity prototyping and automated 

Wizard of Oz testing, it does not allow distributed testing. Distributed viewing and 

testing of the prototype is only possible with prototypes for Silverlight web applications 

(previously known as WPF/E), which are somewhat more limited than desktop WPF. 

Also SketchFlow does not collect any usability data or telemetry other than comments 

and annotations. 

2.3.3 ActiveStory 

Designed by Patrick Wilson for the purpose of his Master’s thesis in the Agile Software 

Engineering lab at the University of Calgary, the original ActiveStory was a tool targeted 

specifically towards agile interaction designers [26]. After surveying agile interaction 

designers on their requirements for a prototyping tool, he derived that a natural 

experience similar to that of drawing on pen and paper was necessary. Therefore, one of 
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the main goals of ActiveStory was to support prototype design using a pen and paper 

metaphor. Another goal of the tool, as derived from the survey was the need for a 

distributed and automated Wizard of Oz testing tool that permitted interaction with the 

prototype.  

 

Figure 7. ActiveStory Original, designing a folder browser prototype with an 

imported wireframe image. 

Based on these goals the ActiveStory tool was developed which allowed designers to 

draw their prototypes similar to drawing on paper (particularly if using a tablet PC). The 

metaphor used for organizing pages of the prototype is a flipchart, where the designer can 

flip the page to draw a new page of the prototype. Pages of the prototype can be linked to 

other pages by adding interaction hotspots to the drawings. Once prototype design is 

complete they can be exported to a built-in web server that hosted the Wizard of Oz 

testing portion of the tool.  
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Wizard of Oz testing is achieved by showing the user the image related to a specific page 

and using JavaScript code to detect clicks on interaction hotspots, which would redirect 

to the appropriate page of the prototype. Users can leave comments by right clicking and 

typing in a comments box and the amount of time spent on each page is also measured. In 

addition, the user’s mouse movements were recorded and sent back along with the 

previously mentioned data to the server. Tracking user’s mouse movements allowed 

drawing of mouse trails over pages of the prototype, the idea being that a user’s mouse 

movements tend to indicate where the user is looking a theory which is both intuitive and 

has been shown in research [39]. 

Due to implementation limitations imposed by Java, the original ActiveStory’s pen-based 

drawing was not quite as natural as drawing on paper, as a result of a noticeable delay in 

drawing, imprecision of the strokes and a large eraser. The flipchart metaphor also 

proved to be somewhat difficult to comprehend and presented a problem in navigating 

pages as well as getting a feel for the overall layout and the bigger picture [26]. Also, 

while providing a metaphor is a good way of reducing the learning curve, matching it 

exactly may not always be a good idea on computer systems. ActiveStory suffered from a 

strict adherence to its metaphor which resulted in a lack of undo/redo capabilities and 

other conveniences one would expect in a digital environment [26]. Further, the data 

collected by the Wizard of Oz portion, while apparently useful, was not the main focus of 

the study, as such it was left in its most basic form without any analysis or visualizations 

to help support it. 
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2.3.4 SILK 

SILK (Sketching Interfaces Like Krazy) [40], [41] was an early prototyping tool 

developed by James Landay in 1996 which allowed designers to draw on pages and link 

them together using a storyboard concept to represent the flow of pages. It also 

incorporated widget recognition, meaning that if a designer draws a shape similar to a 

button (or other widget), SILK would recognize it and allow interacting with it when the 

prototype is run. SILK prototypes do not support Wizard of Oz testing easily: the tool 

does not collect any data when run and cannot be run in a distributed way. 

 

Figure 8. SILK storyboard creator. (Image source [42]) 

2.3.5 DENIM 

DENIM [43] is a prototyping tool targeted at web designers which similar to SILK allows 

drawing on a canvas. Unlike SILK, DENIM provides some pre-designed widgets that can 

be stamped onto the canvas and interacted with, including textboxes and combo boxes. It 

helps give the designer a better sense of the flow of pages using a concept similar to a 

website map. In essence, whenever a button links to another page, a line is drawn from 

the source page to the target page. When the canvas is zoomed out, the designer 

essentially sees a website map. Although you can simply draw on the canvas, it is 

somewhat unintuitive and has a learning curve before understanding how to use the 
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interface of the program. Prototypes are exported to Java applications which allow 

interaction and Wizard of Oz style testing, however no usability data is collected and it 

does not support distributed testing. 

 

Figure 9. DENIM prototype creation. (Image source: [44]) 

2.3.6 Serena Prototype Composer 

Although a prototyping application, mockups created in Serena Prototype Composer [45] 

are high-fidelity prototypes that require a considerable amount of upfront work to create 

and involve a great deal of specification and design work. Freehand drawing is also not 

supported. Serena Prototype Composer would not be a very likely candidate for creating 

low-fidelity prototypes, although it can generate complex medium-fidelity and high-

fidelity ones. Prototypes can be simulated, but not in a stand-alone fashion (prototypes 

are only runnable inside Serena), consequently ruling out any support for distributed 

testing and collection of usability data. 
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Figure 10. Serena prototype composer, specifying the flow of components in a 

prototype. (Image source: [45]) 

2.3.7 Balsamiq Mockups 

Balsamiq Mockups [46] is a web application that provides low-fidelity UI prototyping 

support along with an extensive toolbox of existing controls that can be dragged and 

dropped onto a canvas. This makes it easy to quickly create multiple prototype pages 

without having to manually redraw each control on every page; in essence it allows for 

reuse. It does not allow freehand drawing on the canvas however, which limits the 

creative power and expression of the designer. Prototypes can be exported to Adobe Flex 

applications which can run in a distributed fashion; however no usability data is 
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collected. It also lacks a concept of pages and navigation, which limits prototypes to a 

single page of an interface. 

 

Figure 11. Creating a prototype in Balsamiq Mockups. 

2.3.8 Microsoft PowerPoint 

A well-known and widely used digital slide presentation application included in 

Microsoft Office, Microsoft PowerPoint [47] is sometimes used for prototyping purposes 

due to the familiarity with the environment and the relative ease of adding hotspots and 

links to different slides in the presentation as well as adding animations. Although it is 

very easy to package the slides and distribute them, it is not possible to run the in a 

distributed way. Furthermore, owing to the fact that the intended purpose of PowerPoint 
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is not prototyping and usability evaluation, no usability is collected when the 

prototype/slides are run. 

2.3.9 Microsoft Visio 

Another widely-used member of the Microsoft Office family of products, Microsoft Visio 

[48] is a tool targeted at engineers that allows creation of diagrams of many different 

kinds ranging from UML diagrams to network administration diagrams. One type of 

diagram that is provided by Visio is a user interface diagram, which provides a toolbox of 

typical user interface controls that can be dragged and dropped onto the usual Visio 

canvas. Links can also be created from one page to another using hotspots. These 

diagrams can then be exported to static HTML pages which allow interaction with the 

diagram in a distributed way. However, as Visio is a general purpose diagramming 

application and not intended specifically for user interface testing, no usability data is 

collected from the HTML prototypes. 

2.3.10 Intuitect 

Intuitect [49] is not an actual standalone application; rather it is a plug-in for Microsoft 

Visio that generates dynamic HTML pages instead of the standard static pages generated 

by Visio. The pages generated do not contain any client-side or server-side code however 

which could be used to collect usability data. As such, prototypes generated by the 

Intuitect plug-in do not collect any usability data. 

2.3.11 AxureRP 

This prototyping tool [50] also generates HTML pages that are interactive, however with 

considerably more complex interactions than those provided in other HTML-based 
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prototyping tools. It allows creation of low, medium and high-fidelity prototypes and 

allows specifying some basic logic. It does not allow for freehand drawing however and 

seems more appropriate for medium and high-fidelity prototype design. Exported 

prototypes do not collect any form of usability data, although they can be viewed in a 

distributed fashion due to the use of HTML. 

 

Figure 12. Prototype creation using Axure RP (Image source: [51]) 
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Figure 13. Axure RP browser-based prototype viewer. 

2.3.12 WoZPro 

WoZPro [52] is a prototyping tool that allows freehand drawing of prototypes on a 

canvas, in a similar fashion to that of ActiveStory. It introduces the ability to create 

master pages, which automatically update any pages that are based on it, if it is edited. 

This in turn helps the designer in reusing common parts of the prototype across different 

views of it. WoZPro does not allow any form of interaction although it does allow 

specifying a page flow which can be navigated when the prototype is run. Prototypes are 

run within the tool and therefore are not standalone and cannot be viewed in a distributed 

way. No form of usability data is collected when prototypes are run. 
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Figure 14. Creating a prototype using WoZPro. (Image source: [52]) 

 

Figure 15. Specifying page flow in WoZPro (Image source: [52]) 
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2.4 Existing Tool Support for Usability Testing 

There are few tools available to support usability testing in the form of Wizard of Oz tests 

at this time and even fewer are commercial and readily available products. At the time of 

this writing the only existing Wizard of Oz testing tool that gathers participant telemetry 

data appears to be the original ActiveStory. The following section presents a brief 

description of existing tool support for Wizard of Oz testing. 

 

2.4.1 Wizard of Oz Testing 

First used by Kelley [23], [22] in a test for natural language computer applications, this 

method has coined the “Oz Paradigm” [22] and has since been utilized in multiple fields 

including natural language applications, particularly in automotive settings [53]. The 

most basic form of Wizard of Oz testing is to perform it in a completely manual way. 

Similar to the ending events from the novel “The Wonderful Wizard of Oz” [19] from 

which this method takes its name, a person essentially plays the role of a puppeteer. 

Applied to usability testing, this means that a person, the “Wizard” is in charge of 

simulating the role of the computer and business logic behind a mocked up user interface. 

Test participants are shown pages of a prototype (typically a pen and paper one) and 

asked to interact with it in order to perform a given task. The participant points to or 

describes an interaction they would like to perform and the Wizard simulates the 

execution of that interaction, typically by showing another page of the prototype. Usually 

this is performed in the presence of a third person who observes the participants 

interactions, emotions and thought process. This allows the observer to obtain a good 

objective view of the usability of the proposed interface. 
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2.4.2 OzLab 

OzLab [54] is a Wizard of Oz testing tool developed only for research purposes by 

Pettersson. OzLab sets up a full-fledged Wizard of Oz system, in which a test participant 

is situated in one room and an observer and wizard are situated in another room behind a 

one-way mirror. The test participant interacts with a prototype they see on a computer 

monitor and the wizard manually manipulates the prototype according to the user’s 

interaction in much the same way as they would using a pen and paper prototype. The 

fact that the interface is manually manipulated allows for emulation of complex behaviors 

without the overhead that would be necessary to create a working prototype. However, 

this also poses an ethical issue that was brought up by Pettersson [55], in that the wizard 

is essentially deceiving the test participant into thinking they are interacting with a real 

system, with some form of logic implemented. 

 

Figure 16. Conducting a Wizard of Oz test using mini-OzLab (Image source: [54]) 

The extensive set-up that is required for this tool as well as the need for a Wizard to 

manually emulate the system make this a costly and time-consuming option not likely to 

be used by agile teams, particularly smaller ones. No usability data is automatically 

collected either necessitating the need for an observer, further increasing the cost of 
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execution for this tool. OzLab is not commercially available and does not appear to be 

freely available either. 

2.4.3 Neimo 

Developed by Coutaz [56] for research purposes, Neimo is similar to OzLab in that the 

system is manually manipulated and the testing is done in a full scale usability lab, but it 

contributes three interesting additions to the concept. First, it introduces the concept of 

multiple wizards, which can be useful if the system is difficult to emulate by one wizard 

alone. As an example the paper describes a system which allows voice manipulation, in 

which one wizard handles voice input, another handles emulation of the business logic 

and an observer can simultaneously enter annotations into the Neimo tool. Secondly, 

participant telemetry including mouse movements and clicks as well as voice and video 

are recorded and synchronized, all of which can be reviewed at a later time. Another 

concept that is introduced is multi-modality, in essence the ability to handle multiple 

simultaneous input actions. 

 

Figure 17. Wizard of Oz testing using Neimo, conductor's view. (Image source: [56]) 
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While the automated collection and synchronization of usability data is supported, the 

need for a full-scale usability lab, similar to OzLab, renders this tool an expensive choice. 

Also, like OzLab, the need for manual emulation significantly increases the cost of 

execution and time consumption of the process. Neimo does not appear to be 

commercially or freely available. 

2.4.4 Morae 

Morae is one of the few commercially available tools for usability testing, developed by 

TechSmith [57]. Morae unlike the other tools mentioned does not require a full usability 

lab to perform tests as it uses commodity hardware for the purpose of recording audio, 

video and screen captures. It provides an entire suite of usability test administration tools 

including surveys, calculation of usability metrics and recording audio and video. 

However, Morae has no built-in support for prototyping or automated Wizard of Oz 

testing, meaning the test either needs to be conducted on a working prototype or interface 

or another tool is needed to perform the Wizard of Oz functionality. 
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Figure 18. Morae observer view. 

2.5 Summary 

In this section published work on methods for practicing agile interaction design were 

presented. In addition, published research work on remote usability evaluation was 

briefly described. This was followed by a survey of existing tools and literature related to 

prototyping user interfaces and Wizard of Oz testing, with a focus on low-fidelity 

prototypes and distributed testing. Notably, all of the tools and research presented for 

designing and evaluating low-fidelity prototypes lack support for the entire process, with 

the exception of the original ActiveStory. In some cases only prototyping is supported, in 

others only evaluation. Also, some lack support for distributed testing, while others do 

not provide automated Wizard of Oz testing.   
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 Tool Requirements Chapter Three:

One of the two goals of this thesis was to develop a tool that supports the entire agile 

usability process including low-fidelity prototyping, Wizard of Oz testing and analysis of 

test results. In order to develop a tool that would be useful for agile usability practitioners 

it was necessary to gather input about the requirements by consulting people who had 

experience in both agile methods and usability. This chapter discusses the tool 

requirements that were uncovered. 

3.1 Gathering Requirements 

In gathering requirements for the ActiveStory Enhanced tool for this thesis, results from a 

survey that was conducted previously by Patrick Wilson were used as a basis [26]. That 

survey was conducted for the purpose of gathering requirements for the original 

ActiveStory. Web survey participants were recruited from the agile-usability Yahoo! 

Group [11] which has a significant membership of agile and usability practitioners. A 

number of interaction designers were also selected for interview-based survey. The 

survey was aimed at establishing what kind of tool agile usability practitioners would 

find useful and practical. 

In addition some supplementary requirements for the tool were obtained from analyzing 

the results of the evaluation done on the original ActiveStory tool. That qualitative 

evaluation was done by Wilson for his Master’s thesis and involved interviewing 

participants who had used the tool for a period of time. The results of the survey and 

evaluation are summarized and followed by a description of the requirements that were 

extracted in the next section. 
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3.2 Requirements Gathered from Survey 

Based on the survey that was conducted in the agile-usability Yahoo! Group and the 

interview-based surveys, Wilson was able to identify several requirements for his tool. 

These requirements were extracted with the target usage scenario in mind, which was an 

integrated agile and usability team. As such, these requirements served as an appropriate 

basis on which to establish the requirements for the tool being developed for this thesis. 

The requirements based on Wilson’s work are presented in the listed below and briefly 

described in this section. 

 Easy to Use 

 Pen and paper metaphor preservation 

 Fast creation and testing of prototypes 

 Design Flexibility  

 Interactive Prototypes 

 Remote, Distributed Testing 

 Data Collection from Distributed Tests 

3.2.1 Easy to Use 

Participants in the survey indicated that in order for the tool to be practical it would need 

to be easy to use and as intuitive as possible. The tool would need to be as easy and quick 

to pick up and use as a pen and paper, since those are the default tools they would use. 

Participants mentioned that they used pen and paper because it was simple and 

convenient to sketch interfaces with. They pointed out that the drawback to using pen and 

paper prototype was that it would not be interactive.  
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3.2.2 Pen and Paper Metaphor 

Another requirement that was specified by participants was the need to preserve the pen 

and paper metaphor. The rationale behind this requirement is similar to that of the ease of 

use requirement, whereby participants find it important to keep the process as similar as 

possible to the usual pen and paper process. 

3.2.3 Fast Creation and Testing 

It was deemed important by participants that the process of creating a prototype and 

subsequent testing of it should be quick and easy. The reasoning behind this is that when 

using a pen and paper prototype, the process of creation is as quick as it takes the 

designer to draw the prototype. Furthermore, testing is as simple as placing the paper 

prototype in front of the user. A practical tool would need to provide a similarly quick 

and easy process from creation to testing. The advantage provided by using a digital 

prototype rather than a paper one is the potential for automated administration of tests 

and interactivity. 

3.2.4 Design Flexibility 

Flexibility was another issue of concern for participants when considering using a tool for 

prototyping. Some participants mentioned that many available tools limit creativity and 

impose a specific style, UI framework or other limitations upon the designer. Participants 

indicated that they require flexibility in the tool in terms of the design process. 

3.2.5 Interactive Prototypes 

Prototype interactivity is another of the requirements that were extracted from the 

participants’ response. Participants wanted to be able to interact with the prototype to get 
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a better feel for it. They also wanted to automate the process of Wizard of Oz testing by 

removing the need for a person to act as the “wizard”, instead delegating that task to the 

tool. 

3.2.6 Remote, Distributed Testing 

Recruiting participants and bringing them on location is a difficulty with pen and paper 

prototyping and Wizard of Oz testing that was brought up by some participants. This 

difficulty is amplified when utilizing short iterations as prescribed by agile methods as 

they are costly and time consuming procedures. Participants requested the ability to 

conduct distributed usability tests over the web, to help mitigate the cost of administering 

tests. 

3.2.7 Data Collection from Distributed Tests 

In order to make use and sense of the distributed Wizard of Oz tests it is necessary to 

collect some data from the remote user’s session and provide reports to the usability 

tester. Without this data a distributed Wizard of Oz test does not provide any feedback 

with which to evaluate the prototype. It is unclear what types of data can be collected 

from a distributed test that are useful for evaluating prototypes. It is also unclear which 

representations of this data are helpful in making decisions about the usability of a 

prototype. This issue is the focus of the second goal of this thesis, as mentioned 

previously. 
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3.3 Requirements Extracted from Evaluation of Original ActiveStory 

The qualitative evaluation of the original ActiveStory, performed by Wilson, uncovered 

several issues and points of interest. This section provides some of the details of the 

evaluation and requirements extracted from analyzing the results.  

3.3.1 Evaluation Summary 

The qualitative evaluation involved interviews with several participants who had used the 

tool for a period of time for a project. Participants consisted of both students and industry 

members, with seven undergraduate students, one web developer and one web graphic 

artist. The seven students were divided into two groups for a course project in web-based 

systems. Students were familiarized with agile methods and usability concepts and 

instructed to use these concepts in their projects. For the first iteration of the project 

students were told to use pen and paper prototypes. From the second iteration onwards 

they were introduced to the original ActiveStory tool and given the choice to use either 

pen and paper or the tool. At the end of the term, students were interviewed by Patrick 

Wilson and their responses were analyzed and presented in his thesis [26]. 

The two industry members were also given the tool and asked to create a project similar 

in scope to that of their usual work. The web developer chose to create a travel blog and 

the graphic artist created a basic site with multiple pages. They were later interviewed 

and their feedback was recorded. 

Several issues with usability of the tool were mentioned. One of the points that were 

made in the feedback was that the icons used in the tool were not entirely clear. This 

made it somewhat difficult to use the interface initially. Additionally, the buttons were 
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difficult to work with on a tablet PC due to their placement on the sides. When using a 

tablet PC the user’s arm would cover parts of the interface where buttons were located.  

 

Figure 19. ActiveStory Original Design Tool UI - Buttons along the side would be 

obscured by the user's arm on Tablet PCs 

Another issue that caused some difficulty in working with the tool was the lack of undo 

functionality. This was noted as a problematic issue both when drawing and erasing. 

Mistakes in drawing were not undoable and required the use of the eraser. However, 

participants indicated that the eraser had its own issue in that it was a large, fixed-size 

eraser that was difficult to use accurately. Furthermore, multiple participants noted that 

they had difficulty understanding the flipchart metaphor used in the original ActiveStory 

(see Figure 19 above). In particular, they had trouble navigating the pages and also 

getting an idea of the bigger overall picture and organizing the prototype. 
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One participant indicated that it would be useful to be able to designate a template page 

which other pages would be based on. The rationale they provided was that there are 

often consistent and common skeleton layouts for the majority of a prototype. 

3.3.2 Extracted Requirements 

Based on the feedback from Wilson’s qualitative evaluation of the original ActiveStory 

we derived several additional requirements for the tool. The first of these requirements 

was to ensure we accommodated both desktop PCs and tablet PCs in the design of the 

tool, the differences being the angle of the screen (vertical vs. nearly horizontal) and the 

partial obstruction of the screen on tablet PCs. 

The next requirement was to provide the user with the conveniences of a digital drawing 

experience, something that was missing from the original ActiveStory due to its strict 

adherence to the pen and paper metaphor. This means that support for standard operations 

like copy, paste, undo, redo and page duplication was necessary. It also meant that the 

user should be allowed to have greater control over the pen tip and eraser, in terms of 

shape, size and even angle. While these factors are indeed possible to manipulate on pen 

and paper, it is somewhat more difficult compared to doing so when using digital 

drawing tools. 

The final requirement that was extracted was the need to provide a metaphor which was 

simpler to understand and also provided a good overall view of the prototype. A good 

overview of the prototype can help the designer in comprehending the bigger picture. 

Based on the focus of this thesis which is evaluating visualizations for automatically 

collected data from usability tests, an additional requirement is defined. The tool should 
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have support for visualizing and analyzing the different usability data that is collected in 

a meaningful way. 

3.4 Summary 

This chapter covered the extraction of requirements for the tool developed for this thesis, 

based on a web survey and findings from the evaluation of the original ActiveStory. As 

discussed previously, one of the problems with testing pen and paper prototypes using 

Wizard of Oz testing is the inherent need for the test subjects to be brought on site. 

Additionally, a human must manually play the role of the Wizard, which can be a 

difficult task. This is reflected in tool requirements that were gathered from agile 

usability practitioners which can be summarized as:  

 Ease of use 

 Preserving the pen and paper metaphor 

 Fast creation and testing of prototypes 

 Design flexibility 

 Prototype interactivity 

 Remote, distributed testing 

 Data collection from distributed tests 

 Support for analyzing and visualizing usability data 

 Improved support for Tablet PC use 

 Support for common digital drawing conveniences (undo, copy, paste, etc.) 

 More intuitive metaphor for organizing pages and understanding the bigger 

picture 
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 Usability Data, Visualizations and Analysis Chapter Four:

The most important output of usability testing is the data that was captured from 

observing it. The effectiveness of the usability test depends on the quality of information 

and feedback obtained from observing the test participant. In the case of distributed 

testing where usability data is collected automatically, it is equally important to provide 

the feedback in a readily understandable form for the usability expert to consume. 

However, there is an important tradeoff between the depth of the usability test and 

feedback versus how lightweight the process is. This chapter describes the different 

candidates for the forms of usability data, visualizations and analysis techniques that 

were considered. This is followed by the choices that were made regarding which of 

these candidates should be implemented in ActiveStory Enhanced and evaluated, keeping 

in mind the agile focus of the tool and the context of agile usability. 

4.1 Usability Data and Visualization Candidates 

In addressing the research problem for this thesis it was necessary to determine which 

forms of usability data the tool should collect from the distributed test and which 

representations to offer to the usability designer. This involved some exploration and 

research to identify existing forms of data used by similar tools as well as the types of 

information that are collected in physical, collocated usability tests by human observers. 

Possible representations and visualizations of the collected data were also investigated 

based on similar tools and other new visualizations were also proposed. The following 

section provides a brief description of the different data and visualizations that were 

found. The forms of data and visualizations used in our tool, selected based on the needs 

and conditions of the agile usability context, are presented in section 4.2. 
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4.1.1 Usability Data 

The first step and most basic form of feedback that is considered is raw usability data. 

Raw usability data is the data that is collected as-is from the test environment, without 

any further processing. Such data may or may not be useful in detecting usability flaws as 

is and may need a form of visualization to be comprehensible. Clearly without collecting 

the raw usability data, later steps such as visualization and analysis are not possible. The 

following are different types of data that were investigated and could potentially be 

gathered. 

4.1.1.1 User’s Screen and Interactions 

Seeing what is happening on a user’s screen is of vital importance as it informs the tester 

as to what the user is doing, what parts of the prototype they visited and even to some 

extent the thought process of the participant. It is obviously useful for the tester to know 

how the user was interacting with the prototype at any given time as it forms the basis of 

further analysis of the participant’s actions and reactions.  

This type of data can be collected in two ways. The first way, used by the original 

ActiveStory [26], is to gather the important parts of the interactions such as the 

movement of the mouse, mouse events such as clicks, page transitions (moving from 

page to page in the prototype) as well as time spent on pages. In this way, the amount of 

data to be transferred is greatly reduced in comparison to capturing the entire screen 

repeatedly while still conveying the same information, as it is possible to recreate the 

participant’s experience with the data collected. It is important to note that this technique 

relies on the ability to capture application events such as clicks and mouse movement. 
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The second way, which is used by Neimo [56] and Morae [57], is to capture the user’s 

screen in the form of an image (or stream of images) and transmit the data to the server. 

This method of data collection has multiple drawbacks, including large size of data and 

the high quantity of data to be sent to the server. It can also have some performance side-

effects for the participant as the system is constantly capturing images of the entire screen 

and transmitting them. Additionally, there are some privacy concerns, as everything that 

is happening on the user’s computer is captured.  On the other hand this technique is 

useful in situations where it is not possible or difficult to capture events such as clicks 

and mouse movements from the operating system, making the first technique unusable. It 

can also provide a higher degree of accuracy in situations where it is not possible to 

capture these events as frequently as is necessary to re-create the situation. 

4.1.1.2 Eye Movement 

Although not very easy for human observers to observe in traditional collocated usability 

tests, eye movement can be useful because they can give the usability expert an idea of 

where or which part of the prototype the user is looking at. This information can be 

helpful for tasks such as finding the right location for a particular UI element and 

checking the visibility of elements [58], [59], [60], [61].  

Three different methods can be used to obtain this data, the first of which is recording a 

video of the test participant. Video obtained from this technique when used alone can be 

difficult to analyze, particularly if the video quality is low. This technique can require a 

large amount of data to be transferred and it is also difficult for a usability expert to 

manually map the user’s eye movement to a location on-screen. For this reason, this 
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technique is usually augmented with some form of computer assistance, which is the 

second technique for obtaining this data.  

The second technique involves using eye-tracking algorithms in combination with the 

video footage to automatically derive the on-screen location which the user is looking at. 

This technique has the advantage of being the most of accurate of the three methods. 

Additionally, the processing can be done on-the-fly on the participant’s machine, 

dramatically reducing the amount of data that needs to be transferred, although this 

processing can also be done after the fact using captured video. The drawback to using 

this technique is that the application would need to know of particular details pertaining 

to the test participant’s environment, such as the location of the monitor relative to the 

user’s eye height, the distance from the screen and the location of the prototype on the 

user’s monitor. The issue of participant privacy also arises, as video footage of the 

participant would need to be recorded, something that test participants might be 

uncomfortable with. While possible in a full-scale usability lab, this option is not feasible 

in low cost, distributed, over-the-web testing scenarios as is relevant to the goals of this 

thesis. 

The final method utilizes an interesting observation made by Chen et al. [39] which is 

summarized in the fact that in most cases, a user’s mouse movements correspond with the 

location on the screen which they are looking at. In essence, most users tend to move the 

mouse cursor to the location on screen which they are looking at and considering. This 

means that a user’s eye movement can be approximated with acceptable accuracy [39] by 

tracking the user’s mouse movement.  By this logic a very lightweight and cheap method 

of following the user’s eye movements is to follow the user’s mouse. This is easily 
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achieved in distributed environments and the amount of data collected is reasonably small 

enough to easily be able to transmit over the web. 

One of the drawbacks of this technique is that the amount of correlation between the eye 

movements and mouse movements are dependent on the type of application. For example 

a word processing application is less likely to have this correlation than an application 

that relies more on the mouse, such as web browsing. Another disadvantage compared 

with the other techniques is that this correlation varies between different people. Some 

people have a tendency to move the mouse to the location they’re looking at, while others 

tend to move the mouse only when they’ve decided what they want to do. As such the 

accuracy of this technique varies with the psychology of each of the users. This technique 

is employed in the original ActiveStory to obtain mouse position data [26]. 

4.1.1.3 Spoken Thoughts 

One of the concepts often employed in usability testing is known as the “think aloud 

protocol” [3]. Essentially the participant is asked to think audibly, expressing their 

thoughts as they interact with the system in the form of spoken thoughts, in other words 

providing audio commentary on their interactions. These spoken thoughts tend to help the 

observer understand the thought process and logic behind the participant’s actions and 

reactions. 

The most obvious method for collecting this data is to record the participants voice using 

a microphone, which are increasingly commonplace for computer users nowadays. This 

would come with the added advantage of capturing some of the participant’s audible 

emotions. However, it can be very time consuming for the expert to consume the useful 
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feedback that can be derived from audio recordings. It also poses an issue of privacy as 

the user is constantly being recorded, although to a lesser degree than video capturing. 

An alternative solution which could provide the same feedback more effectively is to 

transcribe the user’s speech into text. In essence, a portion of the analysis work is being 

offloaded to the test participants (more specifically their machines). This is particularly 

useful for lightweight approaches such as agile methods where time and resources are 

limited. Instead of the usability expert spending large amounts of time manually 

transcribing, each user’s machine is transcribing on-the-fly. In this way it takes only a 

few extra seconds for the users, but drastically reduces the time needed by the usability 

expert to analyze the data from hours to minutes as they would no longer need to 

manually transcribe the audio. This textual representation of the user’s spoken thoughts 

has an additional advantage in that it allows for searching of the text and generally 

quicker consumption of the data by the usability expert.  

The main drawback to this method is the inaccuracy of current transcription technology, 

particularly if speech training is not done. Also, a disadvantage compared to the first 

method is that audible emotions would not be captured; however this is not a significant 

problem due to the infrequency and subtlety of audible emotions and difficulty in 

recognizing them. Transcription can be done using any of the widely available text-to-

speech facilities, such as the Speech Recognition technology built-in to Microsoft 

Windows operating systems.  

4.1.1.4 Explicit Comments 

Comments made explicitly by participants can be very useful as they can give a clear idea 

of what the user is thinking and their degree of satisfaction. Further, they are most likely 
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to be written in the cases of most interest to test participants, such as cases of 

considerable frustration or satisfaction. Comments can be left in multiple ways, including 

typing comments into a special comments area, or allowing the participant to annotate the 

prototype with digital ink or text and sending that back to the server. They could also be 

left in audio form, but rather than recording the entire test session, the participant selects 

when to record audio. 

 This technique would alleviate privacy concerns and provide more concise and targeted 

feedback. It also removes the pressure and anxiety that could be induced by recording 

video or audio allowing the user to behave more naturally. A major drawback to utilizing 

explicit comments is that it relies on test participants to be proactive in providing 

feedback, something that varies between different people. 

An alternate to leaving explicit written feedback is using abstractions such as stars or 

smiley faces (emoticons) to indicate the user’s feelings about a part of the prototype. A 

similar technique is being utilized by Microsoft in order to ‘allow users to easily provide 

feedback about the beta release of the Microsoft Office 2010 system (dubbed the “Send-

a-smile” system) [62]. An interesting advantage to using this technique is that a 

substantial portion of computer users are already familiar with smileys, having used them 

in chat programs or elsewhere on the web and they also don’t take much time to send, 

removing the potential reluctance towards providing written feedback; in essence it is 

quick and painless for the participant. Once again, this approach relies on the user being 

proactive in providing feedback, but can help encourage more feedback. Another 

disadvantage to this method is that some participants may not be familiar with smileys 
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and emoticons, which could result in no feedback being provided if used alone. Therefore 

it would be advisable to use this method in combination with text-based comments. 

4.1.1.5 Emotions, Reactions and Facial Expressions 

The emotions a user shows when interacting with an interface, as well the reactions to 

particular events can give an observing usability expert some indication of the user’s 

expectations and feelings towards an interface, interactions or the placement of items on 

the interface. For example, if a user appears surprised or shocked at seeing a command in 

a menu, it is likely that they were not expecting to see it there. If they appear surprised 

and happy after trying a new interaction, it probably indicates that the interaction is a 

good one to use for that particular task. A frustrated look while looking for an option in a 

menu or otherwise interacting with the system is a good indication of bad placement of 

the menu item or incorrect or annoying interactions. 

This form of feedback data can be collected in multiple ways including recording video 

of the test participant, recording audio from the test participant, allowing participants to 

leave feedback comments or allowing the participant to leave other simpler forms of 

feedback. Some of these methods limit the range of emotions and facial expressions that 

can be captured.  

While recording video is the most obvious way of obtaining this data either using 

commodity hardware such as webcams or professional cameras, it is somewhat difficult 

to analyze. On the other hand it provides the most information about the users’ emotions 

and facial expressions. Recorded audio can capture stronger emotions, but is limited in 

terms of capturing more subtle emotions and facial expressions. 
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Another option is to allow participants to optionally leave feedback, whether in the form 

of text or emoticons. Emoticons are simply graphical representations of emotions, 

commonly used in messaging applications. Emoticons are also referred to as smileys. 

This method of feedback relies on the participant being proactive in providing feedback. 

However, depending on the context of the usability test and the level of detail required by 

the usability designers this amount of feedback may suffice. An example of such a case is 

discount usability testing in an agile context, where the objective isn’t necessarily to do 

an in depth usability study. Rather the objective is to make sure there aren’t any glaring 

issues. This is a good case of the tradeoff between the depth of the study and the time 

spent on analyzing the study and upfront design. 

4.1.2 Visualizing Usability Data 

Data in raw form can be difficult to consume and interpret. Although some forms of raw 

data like text are comprehensible to the usability expert, other forms of data like mouse 

coordinates aren’t likely to prove useful as-is. In order for the raw data to be useful, 

additional processing is necessary, such as presenting a visualization or performing 

analysis. Although many visualizations may exist for different data, some visualizations 

are more effective in helping understand the underlying data. One of the goals of this 

thesis is to evaluate different possible visualizations, which led to this investigation. The 

following are some of the visualizations that could be used to represent the raw data 

described in the previous section. 

4.1.2.1 Heat Map 

A heat map is a type of visualization that can be used to represent user’s eye movements 

[58]. It is basically an image of the prototype page overlayed with colors of varying 
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intensity to indicate the amount of time a user looked at each part of that page. This 

visualization is particularly useful for identifying the most viewed areas of web pages, 

information that can be used for ad placement. Heat maps have a drawback in that they 

obscure the underlying image, making it somewhat difficult to comprehend what the user 

was looking at, rather than just where the user was looking. The following is an example 

of a heat map from an eye-tracking study conducted by Jakob Nielsen [58]: 

 

Figure 20. Sample heat map for a web page. (Image source: [58]) 
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4.1.2.2 Mouse Trails 

An interesting way of visualizing the data related to the participant’s mouse movements 

and interactions as well as their eye movements is to re-create the scenario using mouse 

trails. Essentially what this means is to show a page of the prototype, then draw a line 

(trail) showing where the mouse moved on that page, as well as some form of indication 

that the mouse was clicked.  

This can be helpful in that it shows where the mouse was traveling and likely what the 

participant was looking at (as mentioned previously). For example if a user is moving the 

mouse back and forth over a menu bar they may be having trouble identifying the next 

correct action to take to achieve their task.  

In order to give the usability expert a better idea of what actually happened, it may be 

useful to show a mouse cursor actually moving across the screen rather than static lines. 

It may also help to indicate the speed at which the participant’s mouse was moving and 

reflect this in the live movement of the simulated mouse cursor, or by showing lines of 

varying width in a static representation. A similar technique is presented by Arroyo et al. 

and implemented in their MouseTrack tool which is designed for tracking users’ mouse 

movements on web pages. In their paper they present multiple variations of static 

visualizations for mouse movement [63].  
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Figure 21. Mouse trails concept (Image source: [63]) 

4.1.2.3 Live Playback 

As an expansion to the concept of showing (live) mouse trails it would probably be useful 

to allow the usability expert to view a live playback of the entire sequence of events that 

a participant went through during their usability test session. This is a valuable in that it 

simulates the participant’s entire experience with the prototype, without the need for 

large data transfers of video footage.  

4.1.2.4 Aggregate Mouse Trails 

A visualization that may prove useful for usability experts reviewing the usability data 

collected from a Wizard of Oz test is an aggregation of the mouse trails of several (or all) 

users for a given page. In short this means rendering a given page of a prototype with 

mouse trails for all users who visited that page drawn on it. The idea behind this is that if 

a particular area of the page is misleading for many users, there will be a concentration of 
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mouse trails and clicks in that area which will appear in the visualization as a cluster of 

lines and clicks. If such clusters are noticed in unexpected places it is likely a good idea 

to investigate the reasons behind the clustering and possible confusion caused by that 

portion of the prototype page. Of course, clusters of movement and clicks will also 

appear around the correct interaction. 

 

Figure 22. Aggregated mouse trails concept. 

4.1.2.5 Statistic Charts  

Charts displaying statistics such as click counts, page visits, time spent on a page, as well 

as their averages for each page of the prototype can help the reviewing usability expert 

identify trouble spots. For example the expert may notice at a glance that a certain page 

has an unexpectedly high rate of clicks or users spent an unexpectedly high amount of 

time on a page; it may be that there is some usability issue that is preventing users from 

easily continuing their task as expected. Charts can also assist in optimizing the flow of 
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the interface for the purpose of completing a task. For example if the objective of the 

designers is for users to be able to perform a particular task in under three clicks, a chart 

displaying the number of clicks for each user on a page or the average number of clicks 

per visit for that page would give the designers guidance towards achieving the objective. 

 

Figure 23. Example Time Statistics Chart 

4.1.2.6 Page Flow 

Presenting the flow of pages for users in a diagram similar to a flow chart could be a 

useful visualization. In essence, a diagram with the sequence of pages that a user visits 

could be drawn and compared with other users, possibly by overlaying the diagrams for 

multiple users. Unexpected deviations from the majority of participants page flows could 

be a sign of some confusion for a particular user. Conversely, unexpected deviations of 

the majority of participants from the flow that is expected by the designer can also be a 

worrying indication of a usability issue. This technique is presented by Hong et al. and 

used in WebQuilt [35] to track users’ progress through websites. 
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Figure 24. Page flow diagram comparing two users page flows 

4.1.2.7 Text-based Visualizations for Comments 

Aside from showing participants comments for each page of the prototype, other well-

known text visualizations can be used to further augment the usefulness of the data. 

Visualizations such as word frequency graphs and elastic tag maps can help reviewers 

notice patterns in comments and get an idea of the common themes of the comments and 

feedback left by participants [64], [65]. This is even more useful if user’s spoken 

thoughts are transcribed as the amount of text to sift through would be many times more 

than voluntary comments. Figure 25 illustrates an example of a text-based visualization 

based on the elastic tag map idea. 



85 

 

Figure 25. Text-based visualization of XNA SpriteBatch API documentation. (Image 

source: [66]) 

4.1.2.8 Visualizations of Emoticons 

Emoticons (or emotion icons) are widely used on the web for expressing emotions and 

facial expressions. Ways of visualizing emoticons can include simple, per-user, per-page 

display of the icons, or aggregated mood icons showing an approximation of the 

aggregate mood of multiple users for a particular page or even a mood chart. Aggregate 

mood is simply defined as the overall sum of the emoticons for each page, with varying 

positive values for positive emotions and negative values for negative emotions. A page 

with a low aggregate mood is likely an area that should be reconsidered by the designer. 

A chart showing the frequency of each type of emoticon for each page would make it 

easy to quickly notice pages which are liked or disliked most. Another way would be to 
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allow participants to “stamp” emoticons anywhere onto the prototype and allowing the 

designer to view these stamped on emoticons on the different screens of the prototype. 

4.1.3 Analysis 

Automated or computer-assisted analysis can provide further assistance to a usability 

expert in the process of finding usability issues based on the data collected from Wizard 

of Oz tests. Analysis can help narrow down the points of interest that should be further 

investigated by the expert. The following section enumerates three different types of 

analysis that could be done on the raw usability data mentioned previously. 

4.1.3.1 Expected Path Analysis 

Expected path analysis, as its name implies, involves a designer specifying an expected 

path (or page flow) through the prototype for a particular task, after which the analyzer 

determines test instances which do or don’t (depending on the designer’s choice) match 

that path. In essence, this form of analysis can be used to find all users whose page flow 

didn’t match an expected path through the prototype. This would probably imply that the 

user got lost or ran into some usability issue that is worth investigating, particularly if 

multiple users appear to have strayed from the expected path. 

4.1.3.2 Heuristic Evaluation 

Heuristic evaluation is a common form of usability evaluation that is done by comparing 

a prototype or interface with a set of pre-established heuristics. These heuristics are 

intended to provide a form of guideline for usable interfaces. In theory a prototype that 

complies with certain heuristics is more likely to be usable than one that doesn’t [3]. An 

example of a usability heuristic is that a menu should not have more than a certain 
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number of levels of depth. Using the data and statistics collected as well as other meta-

information about the prototype it could be possible to perform a heuristic evaluation on 

it and provide an automatically generated heuristic evaluation report for the usability 

expert. As mentioned previously, Morae provides support for performing computer 

assisted heuristic evaluation [57]. 

4.1.3.3 Text Search 

Another form of analysis that is quite common nowadays on the web is searching through 

text, in this case the comments or transcribed thoughts of the test participants. This would 

be particularly useful if the reviewer has a particular word in mind that they’d like to find 

throughout the users’ comments. For example, if the reviewer wants to know how 

common a complaint about a particular portion of the prototype is they could try 

searching for relevant text in all of the comments. Of course the effectiveness of this form 

of analysis is dependent on the amount of text-based data that is available. 

4.1.3.4 Statistical Analysis 

Given the possible statistics that can be collected from usability tests such as page hit 

counts, click counts and time spent on pages, it is possible to perform different types of 

statistical analysis to extract further information. In its simplest form this could be finding 

the pages with values higher than a threshold specified by the designer (such as a 

maximum of three clicks per user per page). More complicated statistical analysis could 

also be carried out including the probability that a user takes a specific path through the 

system, although the usefulness of such in-depth analysis is questionable. 
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4.2 Usability Data and Visualizations in an Agile Context 

Due to the lightweight nature of agile methods and particularly discount usability testing 

in an agile setting, it is often more important to keep the process lightweight so as to 

avoid large amounts of time and resources spent on upfront design. Since this thesis is 

focused on usability in an agile environment, some decisions were made regarding the 

choice of usability data and visualizations and their appropriateness in relation to the 

requirements of our tool, ActiveStory Enhanced, and its agile context. This section 

provides an explanation of the choices that were made and the motives behind the 

choices. An evaluation of the various forms of usability data, visualizations and analysis 

methods was conducted in order to validate these choices and determine their efficiency 

and usefulness in aiding in the detection of usability flaws. The results of the evaluation 

are presented in chapter seven.  

4.2.1 Usability Data 

The raw usability data that is collected by the tool from Wizard of Oz tests provides the 

basis for the tool’s visualizations and analysis capabilities. This in turn affects the 

usefulness of the tool in helping detect usability flaws in prototypes. As such it was 

important to get the right balance in the tradeoff between keeping the process lightweight 

and the level of detail of the usability data. The following presents the rationale behind 

the choices of which raw usability data to collect in ActiveStory Enhanced, based on their 

relevance to agile usability. 

4.2.1.1 User’s Screen and Interactions 

This form of raw usability data was considered to be essential for providing the designer 

with an idea of how the user interacted with the prototype. It helps create a platform for 
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further understanding and evaluation of the test session. In ActiveStory Enhanced, similar 

to the original ActiveStory, we opted to limit this raw data to particular events such as 

page transitions, mouse clicks and time spent on pages rather than capturing video of the 

users screen throughout the whole test session. This decision was made given the need to 

support distributed testing over the Web in order to reduce the costs and time needed to 

gather participants when applying discount usability testing to agile settings. As a result 

of the need to support Web-based testing, it was necessary to avoid large data transfers as 

they would be time consuming for participants and could also be expensive in terms of 

bandwidth. Instead only the minimum amount of data necessary to recreate the 

participants experience is collected. 

4.2.1.2 Eye Movement 

Collecting data about test participants eye movements can help provide the usability 

expert with information about what parts of the prototype the test participant was looking 

at. This can help in spotting possible confusion between visual elements of the prototype 

amongst other things. Since we had already decided to capture mouse clicks in 

ActiveStory Enhanced in order to recreate the participants’ progression through the 

prototype, it was logical to further extend that data with data about the user’s mouse 

movements. As mentioned in the Related Work chapter, this data can be used to allow the 

tool to approximate the participants’ eye movements in a significant percent of cases, 

depending on the prototype and participant under test. We conjectured that this 

approximation would most likely be sufficient for the purpose of lightweight usability 

testing as is relevant to agility. Furthermore, setting up a full usability lab for the purpose 

of eye tracking would be contrary to the goal of distributed, Web-based testing as a cost 



90 

and time reduction measure. Alternatively, the process of eye tracking could be delegated 

to participants’ machines, but this would require all participants to have a webcam and 

consenting to being recorded which could limit the number of willing and capable 

participants. 

4.2.1.3 Spoken Thoughts 

Recording or transcribing the spoken thoughts of participants could help the usability 

expert get a sense of what the user is thinking and the logic behind their actions. This 

could be done in a distributed, over the web setting, either by recording audio or using 

text-to-speech technology to transcribe the audio. We expect that the data obtained would 

prove useful without incurring a significant increase in cost or time, aligning itself well 

with a lightweight usability approach.  

Although this was deemed a useful form of raw data to collect, due to current limitations 

of the underlying Silverlight technology it was not possible to record audio from 

participants. Silverlight technology also lacks support for text-to-speech capabilities, 

which rendered the option of transcribing on-the-fly unfeasible. Even though this data 

could be valuable to the designer, it would pose the issue of privacy as well as accuracy 

in the case of on-the-fly transcription. We opted to rely on explicit comments and 

feedback from the user in ActiveStory Enhanced. 

4.2.1.4 Explicit Comments 

Comments made explicitly by participants can serve as a good alternative to 

automatically capturing spoken thoughts. They are also particularly useful in that they 

can provide a filtered form of feedback touching on the areas of most interest in terms of 
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usability. It should be noted that the effectiveness of this data depends on the participants 

being proactive in providing feedback.  

In ActiveStory Enhanced we decided to capture this form of raw data as we think it 

would be appropriate for lightweight usability evaluation, in that the amount of text 

feedback to read through would be greatly reduced and hopefully filtered down to the 

essence of the participants' feedback. User comments are collected in ActiveStory 

Enhanced by allowing the user to type into a special comments area. Alternatively, we 

could have supported annotation using digital ink or text in a similar manner to the 

original ActiveStory. However, this may have introduced an additional learning curve for 

participants when using the Wizard of Oz interface. As such we opted to use a 

specifically labeled area for the purpose of collecting comments. 

4.2.1.5 Emotions, Reactions and Facial Expressions 

Capturing data about the emotions, reactions and facial expressions of participants could 

potentially help in identifying areas of interest in a prototype. Recording video of 

participants would allow capturing this data; however the tradeoff between level of detail 

and a lightweight, agile approach had to be considered. Providing video footage would 

entail large amounts of time being spent watching the footage to derive the information of 

interest (emotions, etc.). Alternative methods for collecting this data albeit with limited 

detail were therefore looked at, such as audio recording, leaving comments and use of 

emoticons. Recording audio was ruled out for similar reasons to those mentioned in the 

spoken thoughts section, i.e. privacy concerns and technological limitations.  

Capturing feedback in the form of text-based comments was already decided upon, as 

mentioned in the previous section; therefore we elected to augment that data by providing 



92 

support for emoticons (visual representations of emotions) in ActiveStory Enhanced. In 

this way we would be capturing at least some form of emotional feedback and facial 

expressions. This would be in line with the discount usability testing notion of 

“something is better than nothing”. Furthermore, it would not incur any additional cost or 

time consumption for the participant or usability evaluator. 

       

Figure 26. Examples of common emoticons (left to right: Happy, Sad, Confused, 

Frustrated)  

4.2.2 Visualizations and Data Analysis 

Visualization and data analysis can aid people in better understanding the underlying 

data, resulting in more effective use of it. In this section the choices that were made 

regarding the types of visualizations and data analysis functionality in ActiveStory 

Enhanced are presented, along with the rationale behind the choices. 

4.2.2.1 Mouse Trails 

One way of visualizing the data collected on the user’s screen, interactions with the 

prototype and at the same time an approximation of their eye movements, is to do so 

using mouse trails. Mouse trails are essentially lines that trace the movement of the user’s 

mouse across the prototype, with graphical representations of mouse clicks. In 

ActiveStory Enhanced we chose to show the user’s mouse movements across each page 

with a line of varying width. The width of the line corresponds to the speed of the mouse, 

thick lines being slow movement. We think this visualization will be the most useful and 

provides quick at-a-glance feedback. 
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4.2.2.2 Live Playback 

In order to further aid in the understanding of a participants’ actions, an animated mouse 

cursor could be used to recreate the test session, traversing all the pages of the prototype 

that were visited by the participant. This visualization essentially provides an 

approximation of video capture of the user’s screen, by simulating the users’ movements 

and interactions in a fluid and continuous animation. This visualization is provided in 

ActiveStory Enhanced including varying speeds of the mouse cursor based on the 

participant’s speed of movement. We think this visualization can be specifically useful in 

cases where a test session has been previously identified as an interesting case. 

4.2.2.3 Aggregate Mouse Trails 

Further expanding on the concept of mouse trails, aggregate mouse trails is a 

visualization that allows the usability expert to view mouse movements from all test 

participants for any given page of a prototype. We expect that this view could be used to 

detect participant confusion when navigating an interface. For example, confusion 

between two buttons would probably show up in the form of a cluster of lines in an 

unexpected location, in this case around the button that is causing the confusion. This 

visualization is present in ActiveStory Enhanced along with dots representing mouse 

clicks to help convey further information to the usability tester. Similarly to the mouse 

trails visualization, lines depicting mouse movements are drawn with varying width 

corresponding to the speed of mouse movement. 

4.2.2.4 Statistic Charts 

Given the raw data that is collected it is possible to derive certain statistics that may of 

interest to a usability expert. Such statistics include click counts, hit counts, time spent 
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and emoticon statistics. Click counts can be defined as the number of times a user clicks 

while on a given page of the prototype. The average number of clicks per visit (hit) for 

each page is calculated by ActiveStory Enhanced. The average number of clicks per user 

for each page is calculated and displayed in a chart by ActiveStory Enhanced. We 

hypothesize that the click count metrics may be of use if an abnormally high or low value 

is observed, which may indicate a problem in finding the right places to click. 

Hit count is defined as the number of visits per page. This is a statistic that we think is 

more likely to be useful in website prototypes or navigation-heavy ones. In short, pages 

with no its might indicate trouble finding that content, whereas pages with unexpectedly 

high hit counts may have other implications. Like the other metrics, this one is visualized 

in the form of a chart in ActiveStory Enhanced. 

 The average time spent by a user per visit (hit) to a page as well as the average time 

spent on a page per user is another set of statistics that are calculated. In theory, a high 

amount of average time spent on a page would indicate a possible usability flaw; however 

there is no hard evidence to support this. 

It is worth mentioning that these statistics would not be valid in a typical agile usability 

context, due to the low number of participants. Nonetheless, we expect that the ease of 

recruiting participants due to distributed testing support would allow for a relatively 

higher number of participants than is usual for agile usability tests, potentially to the 

point that these statistics would be valid and worthwhile to investigate.  

4.2.2.5 Page Flow Diagram 

A page flow diagram is a visualization that can help the usability designer get an idea of 

the bigger picture at a glance. It is essentially a flow chart that shows the path of each 
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user through the prototype system. Unfortunately, due to time restrictions we were unable 

to include this visualization in ActiveStory Enhanced. We believe that this visualization 

would be an effective one, therefore it was included in the evaluation of different 

visualizations, although the diagrams were created manually for that purpose. 

4.2.2.6 Expected Path Analysis 

Expected path analysis is an alternative to page flow diagrams that is utilized by 

ActiveStory Enhanced. It attempts to support the essence of the utility of the page flow 

diagram, which is finding unexpected deviations in the flow of users’ progression 

through the prototype. It does this by allowing the usability expert to search through test 

instances for cases that deviate from a given, expected, path. If search results turn up a 

significant number of deviations, we theorize that there may be a usability issue worth 

investigating. Of course, use of this form of analysis requires that the person doing the 

test analysis has a significant level of knowledge about the prototype under test. This, 

however, is a valid assumption to make in the context of an agile team, where the number 

of team members is limited and therefore most members conducting the usability test will 

presumably have a fair level of knowledge about the prototype. 

4.2.2.7 Visualizations for Text-based Comments 

Many different forms of visualizations for text-based data exist which can help in 

extracting the common themes in the text [64], [65]. But, these forms of visualizations 

rely heavily on large amounts of text and are most effective when used with high 

volumes of data. Given the choice to rely on explicit text-based comments which depend 

on the user to be proactive in providing feedback, we inferred that the amount of 

available text would be insufficient for effective use of this type of visualization. This is 
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supported by the evaluation done by Patrick Wilson for the original ActiveStory, where 

comments were only left in one instance by test participants [26]. 

4.2.2.8 Text Search 

A similar argument to that of visualizations for text can be made about text search. Text 

search is only effective if there is a large amount of text to work with. Although we do 

not think this form of analysis will be effective in the context of this thesis and given the 

small amount of text-based data, we nonetheless included this functionality in 

ActiveStory Enhanced for the sake of convenience. 

4.2.2.9 Visualizations of Emoticons 

Since one of the types of raw data that is collected by ActiveStory Enhanced is emoticons 

(also known as smileys), we thought it would be appropriate to include a visual 

representation of this data. For ActiveStory Enhanced we opted to use a chart showing 

the number of emoticons used by participants on each page. The reason for this choice 

instead of some form of aggregate mood was that aggregate mood would be considerably 

inaccurate with small amounts of data. Keeping in mind that leaving emoticon feedback 

is optional and user-initiated, it can be expected that the dataset for emoticons will be 

relatively small even in cases where a significant number of people participate in the 

usability test (as is speculated in the Statistic Charts section). 

4.2.2.10 Heuristic Evaluation 

Heuristic evaluation is one type of data analysis that was not incorporated into 

ActiveStory Enhanced, mainly due to the various types of interfaces that could be 

prototyped using ActiveStory Enhanced. Different types of interfaces could be 
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prototyped with ActiveStory including desktop applications, websites, mobile 

applications and many others, each of which have varying heuristics to compare against. 

Finding a common set of heuristics across all the different types of potential prototypes 

was a task that was outside the scope of this thesis. Nevertheless, automatically 

performing heuristic evaluation on prototypes could prove useful to usability experts, 

particularly for the purpose of discount usability evaluation. 

4.3 Summary 

In this chapter a description of various candidates for usability data that can be collected 

in a distributed test, as well as visualizations and analysis techniques for evaluating the 

data were presented. These candidates were then considered in the context of agile 

usability. This included choices that were made for usability data that would be collected 

by the tool. Rationale behind choices made regarding which visualizations and analysis 

techniques would be supported by the tool and evaluated for the thesis were also 

described.   
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 ActiveStory Enhanced Chapter Five:

ActiveStory Enhanced (ASE) is the name for a set of tools designed to help agile teams 

create prototypes, perform Wizard of Oz usability tests and review usability data in an 

affordable and quick way in line with agile practices. ActiveStory Enhanced is an open 

source project and is available for download from CodePlex (Link: [1]). It is loosely 

based on Patrick Wilson’s ActiveStory [26]although there is no shared source code. 

ActiveStory Enhanced borrows some concepts from ActiveStory and improves upon 

them as well as providing some functionality that was not available in the original 

ActiveStory. Improvements include but are not limited to live mouse trails, a wider range 

of visualizations and usability data and support for common digital drawing functionality 

such as copying, pasting, undoing and duplicating pages. The toolset was designed to 

allow designer’s to sketch user interface prototypes in a freehand way and easily prepare 

the prototype for usability evaluation by users that may not necessarily be collocated with 

the test conductors. The toolset provides a reporting tool that offers different forms of 

usability data and visualizations for it as well as some analysis functionality. This 

reporting tool is one of the two main focuses of this thesis. This section provides descriptions 

of each of the tools in the ActiveStory Enhanced toolset, namely the Prototype Designer 

tool, Wizard of Oz testing tool and the Reports tool. That is followed by some details on 

the implementation of the different tools and their integration. 

5.1 Toolset Overview 

ActiveStory Enhanced is a toolset that was developed with the purpose of agile usability 

design in mind. It allows designers to quickly sketch pages of a low-fidelity prototype 

and add hotspots on the pages allowing for navigation between the pages. For example a 
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hotspot could be placed over a sketch of a button, which navigates to another page of the 

prototype when clicked, thereby simulating a button click interaction. These interactions 

provide the basis for generating an automated, distributed usability test that can be 

administered with users anywhere on the web. The test environment automatically 

collects some usability data which is available to the usability expert at any time through 

the Reports tool, which can also be viewed over the web. This can be useful if the design 

team is also not collocated.  

The ActiveStory Enhanced toolset was designed from scratch rather than using any 

existing codebase for multiple reasons. First, the only tool whose source was readily 

available was the original ActiveStory which was not used for reasons explained later. 

Second, none of the other tools (as described in the Related Work chapter) provided the 

necessary functionality in the prototype designer component and, with the exception of 

the original ActiveStory, none of them collected any form of usability data. Third, 

original ActiveStory was not a feasible option due to some limitations of Java technology 

which prevented direct use of tablet PC technology. The use of Java technology in the 

original ActiveStory would also have presented a problem due to the use of relatively 

new technologies such as Microsoft Silverlight and the Microsoft Tablet PC SDK to 

enable some of the functionality in the ActiveStory Enhanced toolset, such as support for 

styluses with reverse tip erasers and client-side storage in the Wizard of Oz testing tool. 
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5.2 Prototype Designer Overview 

 

Figure 27. ActiveStory Enhanced Prototype Designer 

The Prototype Designer tool from the ActiveStory Enhanced toolset is intended to 

provide a simple, easy-to-use tool for drawing prototypes, in a similar fashion to drawing 

a prototype on paper with a pen. An ActiveStory Enhanced prototype from the point of 

view of the Prototype Designer tool is essentially a series of (usually black and white) 

unordered images made up of strokes sketched by the designer, images imported from 

external files and interaction links (or hotspots) added by the designer. This simplicity 

helps make it very easy to use the designer and create prototypes with a very short 

learning curve as well as providing the designer with the creative freedom they need, as 
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evidenced by the study performed by Patrick Wilson for the original ActiveStory [26]. 

This is in contrast to tools that use pre-made widgets or widget recognition which can 

take some time to learn and get accustomed to. 

5.2.1 Project and Pages 

 

Figure 28. Page Manipulation Options 

A core concept of ActiveStory Enhanced is a prototype project and the pages of the 

prototype project. A prototype project is the basic unit that encapsulates an entire 

prototype, contains information regarding the prototype in general and can be exported to 

the Wizard of Oz tool. A project can contain multiple prototype pages. Each page is 

essentially a particular visual state of the prototype similar to the concept of a movie 

storyboard. For example a page may be the main screen of a website or the main screen 

with an open drop-down menu, etc. Rather than using the flipchart metaphor (see Figure 

19 in chapter three) used in the original ActiveStory, a different metaphor was used in 

ActiveStory Enhanced. This is largely because of the confusion caused by the flipchart 

metaphor and the difficulty of viewing and navigating the different pages for the designer 

[26]. That metaphor also made it significantly difficult to get an overall idea of what the 

prototype looks like, in essence getting the big picture. In ActiveStory Enhanced the 

metaphor was changed to a set of loose pages which can be quickly viewed and changed, 

similar to how a designer might have a number of physical papers loosely arranged on 

their desk which show the different visual states of the system. This metaphor greatly 
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increases the efficiency of working with the Prototype Designer tool as it makes it quick 

and easy to switch to another page. It also helps make it easier to understand the big 

picture. To further aid understanding and comprehension of the prototype, pages can be 

named by the interaction designer. These page names are later visible in the reports view, 

helping the designer understand what page of the prototype they are looking at and its 

context. For example for a page that has a sketch of the File menu of an application the 

interaction designer might name it “File Menu Clicked”. Naming pages however is 

entirely optional, so if the designer would like to avoid the additional work of naming 

pages in the interest of quickly creating a sketch, that is also possible. 

5.2.2 Drawing 

 

Figure 29. Pen Mode Selection 

The optimal ActiveStory Enhanced experience which provides a design experience very 

close to pen and paper sketching is obtained by using the ActiveStory Enhanced 

Prototype Designer on a Tablet PC. As the tool was developed to natively utilize the 

Tablet PC SDK, rather than relying on mouse data, the design process, particularly 

drawing, is very smooth and natural. In addition, the ability to detect the amount of 

pressure applied to the stylus helps bring the sketching experience even closer to actual 

pen and paper sketching. Other subtleties that help improve the drawing experience 

include the ability to reverse the stylus to use a precise point eraser, in the same way you 

would use a pencil eraser. Additionally, as seen in the image below, the UI is laid out in a 
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way that allows optimal use of the space for the purpose of drawing. This horizontal 

layout is optimal because most monitors nowadays are widescreen, meaning interfaces 

are also generally wider than they are tall. By laying out the Prototype Designer UI 

horizontally, the designer has more screen and canvas real estate to sketch on. 

 

Figure 30. Page Listing - Laid out horizontally for optimal space utilization 

Other drawing devices can be used to draw ActiveStory Enhanced prototypes, including 

mice, drawing tablets, digital whiteboards and digital surfaces. Moreover, external 

images can be imported from the file system with support for a wide range of image 

formats, this allows designers to reuse existing assets they may have and which they feel 

will augment the prototype. It should be pointed out, however, that designers should 

exercise restraint and caution when using existing assets that give the prototype an overly 

finished look  (for example color images) as this can defeat the purpose of low-fidelity 

prototyping and overshadow important basic usability considerations such as placement, 

in favor of superficial details. 

 

Figure 31. Import Functionality 

Taking advantage of the digital form of the sketches, operations that are not possible on 

physical pen and paper are available to help augment and improve the drawing 
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experience and provide the user with functionality they expect from a computer 

application. This includes the ability to undo and redo strokes as well as copying, pasting, 

deleting, lassoing, resizing and moving strokes, imported images and hotspots. Another 

useful functionality provided in the ActiveStory Enhanced Prototype Designer is the 

ability to create carbon copies of pages, which is essentially an identical copy of a page. 

We think this is can be useful when drawing different states of a base page, for example 

the different drop-down menus of an application prototype. 

 

Figure 32. Pen Palette – Used for manipulating stylus input 

Amongst other optional functionalities that help give the designer greater creative 

freedom and power include the ability to adjust pen stroke size, shape, angle and skew. 

This can be used by advanced designers to achieve interesting effects with the sketch that 

they would also be able to achieve with a physical pen. Also the ActiveStory Enhanced 

Prototype Designer allows changing the color of the pen, adjusting the size of the canvas 

and setting the canvas background color. Zoom functionality can also be utilized to allow 

fine-tuning of sketches. For the greater convenience of left-handed designers, an option is 

also available to switch the ActiveStory Enhanced Prototype Designer UI to Left-Handed 

Mode. As well, support for typing text onto the canvas is available as it can be difficult to 

write text with devices such as mice. 
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Figure 33. Switch to Left-handed UI Layout 

Finally, ActiveStory Enhanced provides a special tablet-oriented UI layout option that is 

designed for easier selection of tools on a tablet interface as seen below. 

 

Figure 34. Tablet-friendly toolbox 

All these functionalities contribute to making the ActiveStory Enhanced Prototype 

Designer a powerful and expressive prototype design tool, while also allowing designers 

to ignore optional functionalities and keeping things simple and straightforward. 

5.2.3 Interactions 

 

Figure 35. Linking - Adding interactivity to a prototype 

Adding interactions to a prototype page in ActiveStory Enhanced is very simple. The 

designer needs to click the “Create Link” command and then select the area on the canvas 

that they want to create the link (or hotspot) by clicking and dragging. At this point the 

designer is confronted with a dialog prompting them to select the page they want to 

navigate to when the user clicks on the hotspot from a list of preview images of each 
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page. For example consider a page of a prototype that is a dialog prompting the user with 

ok and cancel buttons. Clicking the ok button should show another page of the prototype 

that is a confirmation message. In order to make this work in the prototype, the designer 

need only activate “Create Link Mode” (by toggling the “Create Link” button) on the 

page with the dialog prompt, click and drag over the area where the ok button has been 

drawn and select the page with the confirmation message as the target page. 

 

Figure 36. Creating an interaction using ActiveStory Enhanced 

 Removing a link is just as simple. The designer only needs to activate the link removal 

mode by clicking the “Remove Link” command. The links on the current page of the 

prototype are then highlighted with red for easier visibility at which point the designer 

can click on any of the links and confirm that they want to remove the link. Alternatively, 

the designer can modify the target page for a link or remove it by activating the selection 

mode (“Selection” command), selecting the link and clicking on it. 
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5.2.4 Exporting 

 

Figure 37. Exporting Functionality 

The last part of the design process is exporting the prototype to the web-based Wizard of 

Oz testing tool. Exporting to a web-based Wizard of Oz testing tool in contrast to a 

desktop application is particularly useful because it allows usability testers to recruit 

participants from anywhere in the world without having to collocate the participant with 

the tester, which can be quite expensive and time consuming. The exporting process is 

flexible, as multiple options for hosting the web-based testing tool are available. The 

prototype can be exported to a built-in web server that is packaged as part of ActiveStory 

Enhanced (this server is in fact the freeware UltiDev Cassini ASP.NET server), the 

Microsoft IIS Web Server, an existing ASP .NET server or any existing Java Servlet 

server (including but not limited to Apache Tomcat and Sun GlassFish). The built-in web 

server option is generally not recommended for public web exposure as this server is not 

quite as secure as the other options. If this choice is used, the designer need only specify 

the port to listen on for web requests, the starting page of the prototype and any task 

instructions they would like to include which will be presented to test participants 

(optional).The process for exporting to other web server options is similar with the 

additional need to specify an output folder. 

When conducting a test, task instructions are shown to test participants along with basic 

instructions on how to use the Wizard of Oz tool at the beginning of the test session. 
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Participants can also access these task instructions during the course of the test session, 

which allows for specifying multiple steps or multiple tasks without worrying about 

participants forgetting the tasks. Optionally, the URL for a follow-up page can be given 

as well, to which test participants will be redirected after the test is completed (for 

example if a web survey needs to be completed afterwards). Once the export process is 

completed the designer will be presented with a link to the usability test as well as a link 

to the reports page. 

Additionally, designers can export the pages of the prototype to one or more images, with 

support for multiple popular image formats. This can be useful if they need access to the 

prototype outside of the ActiveStory Enhanced Prototype Designer and Wizard of Oz tool 

for other purposes (for example printing).  

5.3 Wizard of Oz Testing Tool Overview 

As its name implies, the Wizard of Oz testing tool enables usability experts to perform 

Wizard of Oz usability tests on prototypes that are designed and exported from the 

ActiveStory Enhanced Prototype Designer tool. The important point to note is that the 

Wizard of Oz testing tool allows participants to attempt the usability test from anywhere 

on the Web, removing the need for travel and as a result greatly reducing the time needed 

for and financial expenses involved with taking part. This in turn makes it easier to 

recruit participants for the test as the time investment they need to make is relatively less. 

Other costs related to executing a usability test are also reduced, for example a “wizard” 

is no longer necessary and an observer is optional (since the tool automatically collects 

usability data). 
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5.3.1 Participants 

Owing to web technologies such as Microsoft Silverlight, Microsoft ASP .NET and Java 

Servlets the Wizard of Oz testing tool1 can be accessed anywhere2 over the web in the 

context of a Rich Internet Application (RIA). As a result gathering participants for 

usability tests is significantly easier as the time investment made by participants is less. 

Furthermore, the pool of possible participants is greatly widened as it is possible torecruit 

participants anywhere in the world with Internet access, a task that would normally be 

significantly difficult and costly for a small agile team to perform. 

 

Figure 38. Export completed - Send the Wizard of Oz test link to test participants. 

In order to administer the usability test, the usability expert need only distribute the URL 

of the exported Wizard of Oz web application. Participants can then proceed to the link 

and initiate the test in their own time and at their own convenience. In the interest of 

information privacy, each test session is automatically assigned a User GUID (Globally 

Unique Identifier) that uniquely identifies that session, rather than soliciting personal 

information. It is worth mentioning that the Wizard of Oz web applications can also be 

                                                 
1The Wizard of Oz testing tool is also referred to as a web application in this section for greater clarity. 
2It is also possible to restrict access to the Wizard of Oz testing web application or deploy it on a local 
intranet. 



110 

used outside of a web browser as long as the web server continues to serve the required 

data. This can be useful if testing is to be performed in a collocated setting. 

5.3.2 Prototype Evaluation 

 

Figure 39. Silverlight Wizard of Oz Testing Tool 

Once a participant navigates to the URL of the testing web application, they are greeted 

with a welcome dialog that instructs them on how to use the Wizard of Oz testing web 

application. Task instructions set forth by the usability expert are also presented to the 

participant at this point. Once the user has read the instructions they are free to click the 
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proceed button, after which point these instructions can be accessed by clicking the 

“View Task Instructions” command.  

 

Figure 40. Welcome message with Task Instructions area. 

The usability test does not start until the participant clicks the “Start” command, from 

which point onward time will be tracked for the purpose of calculating time spent on 

pages. The user can temporarily “pause” the session at any time by clicking the “Pause” 

command. This causes the timer to be paused to avoid artificially high elapsed time data. 

This feature is particularly important in a remote testing session as the participant may be 

distracted by other events on their computer or in their surroundings which need their 

immediate attention. Once the participant is ready to resume the session, they can do so 

by clicking the “Resume” command. Once the test session has started the user is shown 

the first page of the prototype (as specified by the tester when exporting from the 

ActiveStory Enhanced Prototype Designer tool) and can begin to interact with it. 

Throughout the entire session, whenever the session is active, usability data is collected 

automatically by the Wizard of Oz testing web application. The participant has the option 
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to leave feedback in the form of comments or emoticons at any point during the session 

by expanding the “Leave Feedback” area. The session is automatically paused when this 

is done and resumed once the feedback area is collapsed. Once again, this is done to 

avoid issues with artificially high elapsed time values that would arise due to the time the 

participant spends typing feedback. Once the participant feels they have completed all of 

the required tasks set forth by the usability expert, they can finish the session by clicking 

the “End” command. At this point they are presented with a dialog informing them that 

the collected usability data is being sent to the server and requested to await completion. 

Once the data is sent to the server, they are presented with a dialog that thanks them for 

participating and are optionally forwarded to a follow-up link (if chosen by the designer 

at export time). 

 

Figure 41. Study complete message with optional redirection link 

5.4 Test Reports Tool Overview 

The final phase of Wizard of Oz usability testing is reviewing the usability data that was 

collected and detecting usability issues and flaws that may have been revealed during the 

testing. This is done through the final tool (in terms of workflow) in the ActiveStory 

Enhanced toolset, the Test Reports tool. Similar to the Wizard of Oz testing tool, this tool 

is implemented in the form of a web application combining server-side technology such 

as Microsoft ASP .NET or Java Servlets (depending on the export option that was 

chosen)with a rich Microsoft Silverlight client-side front-end. This allows to access the 
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Reports tool over the web by multiple designers if necessary, all accessing the same data, 

without the need to synchronize with each other, although the applicability of this has not 

been established or researched. The Reports web application provides the usability expert 

with multiple views and visualizations of the collected data as well as some basic 

computer-assisted analysis functionality as mentioned in the previous chapter. 

5.4.1 Mouse Trails and Clicks 

Mouse trails are a representation of where a participant’s mouse has moved and where 

they’ve clicked. As mentioned before, this can be very helpful in ascertaining what the 

participant was doing and thinking when interacting with the prototype as well as where 

they were probably looking at. The Reports web application allows reviewers to see 

mouse trails and clicks for each page visited during any given test session. To access this 

data and visualization, the reviewer can click on the “Individual Test Results” entry after 

which they are shown a list of test instances with the User GUID corresponds to and the 

date and time it was recorded. By clicking on any of the test instances, the reviewer is 

shown a list that contains the sequence of pages the participant traversed with details such 

as the page duration, comments and the button that was clicked for each particular visit of 

the page. By clicking on any of these items, the reviewer is presented with that page of 

the prototype augmented with the static mouse trails and clicks for that particular pass 

through, as well as a live mouse representation which traverses the page and reenacts the 

mouse movements and clicks done by the user with the same speed the actions were 

done. Clicks are represented by a pause and the mouse cursor changing colors. The 

reviewer can replay the live mouse movement, pause or stop it as well as increasing the 
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speed of playback as well as seeking forward or backward through the movements. A 

loop option is also available if the reviewer would like to see the movements repeatedly. 

 

Figure 42.Individual Test Results - Showing live mouse trails, clicks, page duration 

and comments. 

5.4.2 Live Session Playback 

This feature allows the reviewer to watch a full playback of the entire session, with each 

of the pages visited and the mouse movements and clicks on each visited page. This 

essentially gives the reviewer the same information that would be available to them via a 

recording of the participant’s screen, without actually using screen capture. This can be 

useful for getting an idea of how the user interacted with the prototype on the whole, 

without focusing on a given page in the sequence of the participant’s actions. 
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5.4.3 Aggregate Reports 

Clicking on the “Aggregate Reports” entry presents the reviewer with a list of all pages 

of the prototype as well as some statistics for each page. By clicking on any page in the 

list the reviewer can view that page of the prototype augmented with all of the mouse 

trails and clicks from all of the test sessions and all of the page visits in each of those 

sessions, with different colors for each session. A circular point on the mouse trail 

indicates where the participant clicked during that movement. We hypothesize that this 

view can be used for perceiving trends in participants’ movements and clicks, for 

example if a cluster of clicks is seen in the wrong place, it can be derived that many 

participants are having trouble with that page of the prototype when completing their 

task. It can also give an idea of which parts of the prototype page are seen or used more 

and which parts are completely ignored.  

Each page of the prototype shown in the list is also accompanied by details including the 

number of users who visited the page and all of the comments left by users for that page. 

Some statistics are also shown including the number of clicks on that page, the average 

number of clicks per page hit and per user, the total amount of time spent on that page 

across all users, the average duration spent per hit and per user. These statistics can help 

provide the reviewer with extra information that may help them narrow down trouble 

spots. 
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Figure 43. Aggregate Results for each page showing statistics, comments and mouse 

trails and clicks. 

5.4.4 Statistic Charts 

The “Charts” entry in the Reports web application provides visual representations for the 

statistics that were captured. The statistics used for the charts are calculated across all test 

instances available in the reports collection. Bar charts are available for the average 

number of hits per page as well as the actual number of hits per page by clicking on the 

“Hit Statistics” entry. A hit is defined as a visit to a page in a test session. In the “Click 

Statistics” view, reviewers can see bar charts for the average number of clicks per hit 

(page visit), average number of hits per user and the total number of clicks for each page 

of the prototype. Finally, the “Time Statistics” entry shows bar charts representing the 

average duration of time spent on each page of the prototype per page visit as well as per 

user. The total duration of time spent on each page of the prototype is also displayed in a 

bar chart. 
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These charts can be helpful in identifying points of interest for further investigation at a 

glance, rather than manually going through all of the statistics and finding information 

that stands out. For example if the average amount of time spent on a page per page visit 

is much higher than most other pages, it may be that a usability issue exists on that page 

(although this is not necessarily always the case). For further details about the metrics 

refer to section 4.2.2.4. 

 

 

Figure 44. Various Statistic Charts 

5.4.5 Analysis 

The analysis section provides the reviewer with the option to perform either “Expected 

Path Analysis” or “Comments Search” on the collected data. If the reviewer chooses to 

do expected path analysis they are confronted with a dialog. This dialog essentially shows 

a list of all the pages in the prototype with their names and thumbnails of each. The user 

can select a page and add it to the expected path list, creating the sequence of pages to 
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search for. They can also decide whether the search looks for an exact match, partial 

match, or whether the results should not be or should not contain the specified path. A 

partial match is basically when a sequence contains the search criteria, as opposed to an 

exact match where the sequence matches the search criteria precisely and with no 

additional pages. Once the reviewer creates the path and clicks “Ok”, they’re shown a 

message indicating whether any results were found. If there were some matches, they are 

highlighted in blue in the “Individual Test Results” section. 

Expected path analysis, as mentioned before, can be useful if users are expected to 

traverse a given path through the prototype for a given task. Using expected path analysis 

participants who deviate from the expected path can be identified and subsequently 

reviewed to identify the cause for the deviation (which may be a usability issue). 

Comments search works in a similar way, confronting the reviewer with the usual text-

based search dialog and highlighting the results in the “Individual Test Results” section. 
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Figure 45. Expected Path Creation Dialog 

 

Figure 46. Expected Path Result 

5.5 Implementation Details 

Details of some of the inner workings of ActiveStory Enhanced and some of the design 

decisions that were made are presented in this section. This includes some of the relevant 

decisions made when designing the interface of the ActiveStory Enhanced Prototype 

Designer tool. This section also talks about the reasons why the Wizard of Oz and 

Reports tools were developed as web applications as well as the limitations and 
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implications of doing so. The entirety of ActiveStory Enhanced was designed from the 

ground up on Microsoft .NET Framework technologies such as the Windows 

Presentation Framework, ASP .NET and Silverlight. The original ActiveStory was used a 

conceptual point of reference at the start of the development process, however there is no 

shared code between the two. 

5.5.1 Prototype Designer Tool 

The ActiveStory Enhanced Prototype Designer tool was coded entirely on the Microsoft 

Windows Presentation Framework in C#. The choice to develop the Prototype Designer 

tool using WPF was due to the great amount of flexibility and extensive support for 

digital ink-based input devices, relative to other frameworks such as Windows Forms, 

native Windows API and particularly Java-based UI frameworks. Given the decision to 

use WPF, C# was also the obvious choice for developing the tool as it is the main 

Microsoft .NET Framework language. Support for .NET Framework applications on 

other operating systems is currently limited, although this was not seen as an issue due to 

the widespread market penetration of Microsoft Windows. Use of WPF in conjunction 

with the Tablet PC SDK allows for very precise stylus input and advanced stylus 

functionalities such as a back-of-stylus eraser. Moreover, utilization of WPF XAML 

(Extensible Application Markup Language) allows for easy redesigning of the 

ActiveStory Enhanced UI in the event that usability issues are found or rearrangement is 

necessary. 

The user interface for the Prototype Designer tool provides the user with a choice 

between a Microsoft Office Ribbon UI layout and a layout designed for easier use with 

tablets. The Ribbon UI, based on a new interaction paradigm described by Nielsen as a 



121 

“results-oriented user interface” [67], is ideal for use with non-tablet devices and works 

well with tablets as well. The choice to use the Ribbon UI was based on the familiarity 

that most people now have with this layout given its use in the Microsoft Office suite as 

well as its improved usability [67]in comparison to traditional menus and toolbars. The 

standard layout, which is a simplified view of the application, places the main commands 

on large, easy to click buttons which are ideal for tablet-based devices. 

 

Figure 47. ActiveStory Enhanced in tablet-friendly UI mode. 

 Another important design decision was the placement of the Ribbon UI and standard 

toolbar along the top of the screen and the page list along the bottom, rather than along 

the sides which is more traditional in drawing applications. The reasoning behind this 
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choice is that prototypes and designs for applications are generally created for widescreen 

monitors nowadays; hence the prototype page should have a “landscape” orientation with 

greater width than height. As a result, it is preferable not to take up any space along the 

horizontal axis, allowing for more real estate horizontally. In essence, this layout 

provides a more natural design environment by placing tools and other panels along the 

top and bottom of the screen. In addition, all panels in the Prototype Designer tool 

including the Ribbon UI, standard toolbar and page list are collapsible, allowing for even 

greater visible drawing space. Of course, a designer’s monitor may not always be large 

enough to fit the entire canvas on, so zoom functionality has also been implemented, 

allowing the designer to zoom in and out on the canvas at will. This is also particularly 

helpful when adding minute details that are difficult to add at the default zoom level. 

Drawing on the canvas is implemented using functionality provided by the Tablet PC 

SDK that allows for input to be captured directly from a stylus as well as a mouse. 

Capturing input directly from the stylus provides much more frequent and accurate data 

for drawing strokes than simply catching input from the mouse would. 

In the ActiveStory Enhanced Prototype Designer tool, a project is modeled by the 

ActiveStoryProject class, which contains information about the project such as the 

number of pages, the path the project was loaded from and a page lookup table. The page 

lookup table is referred to whenever a page needs to be loaded. The page lookup table is 

populated upon loading the project and is made up of page numbers mapped to 

ActiveStoryPageMetadata objects which include information such as the location of the 

files relevant to that page, the page name and page number. This class also provides the 

functionality related to loading a page into an ActiveStoryPage object. This technique is 
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used to avoid loading all of the data for all of the pages at startup. In this way, a page is 

only completely loaded when it is in use, with the Metadata object providing basic 

information needed for listing the page. At any given time only one ActiveStoryPage 

object exists, which is the current page the user is working. This layer of indirection also 

adds some additional flexibility in with regards to path names for files. 

 

Figure 48. Basic class diagram representing the information architecture in 

ActiveStory Enhanced 

 

5.5.2 Wizard of Oz Testing Tool 

The choice to develop the Wizard of Oz testing tool was a rather obvious one given the 

goal to support distributed, over-the-web usability testing. Rather than use a combination 

of static HTML and JavaScript, which would provide a relatively static and limited 
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testing environment, it was decided that the tool should be implemented using Rich 

Internet Application (RIA) technology, namely Microsoft Silverlight on the client-side. 

Although other platforms such as Java Applets and Adobe Flash/AIR could have been 

used, Silverlight was chosen because it fits well with WPF which was used for the 

Prototype Designer tool, making it easier to map information across the two UI 

frameworks. It also provides a great deal of flexibility and power for client-side web 

applications such as the out-of-browser experience, which allows use of the tool as a 

desktop application if needed. Moreover, Silverlight is available officially on all non-

Linux platforms, i.e. Microsoft Windows and Mac OS X, and for all major web browsers 

including but not limited to Windows Internet Explorer, Google Chrome and Opera. 

Finally, looking forward, in the event that ActiveStory Enhanced supports creating 

prototypes that allow multi-touch interactions, Silverlight already provides support for 

multi-touch input in a web browser, a valuable feature that is not available in alternate 

web application platforms. 

Pages of the prototype are shown as an image with buttons overlayed on it in the Wizard 

of Oz tool, as this was the minimum amount of information needed to recreate the 

prototype and allow interactions. Although the ink strokes and other elements could have 

been identically recreated, this would not have added anything to the participant’s 

experience and was deemed unnecessary. The Silverlight application handles tracking the 

mouse, responding to button interactions and page interactions. Data collected is 

serialized at the end of a session and sent to the server then, rather than constantly 

sending the data to the server. This design decision was made in the interest of reducing 

the number of connections to the server, preventing unnecessary traffic and load being 
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placed on the server, as well as the additional overhead of maintaining state on the server. 

This is particularly justified given the agile context where the server is likely to simply be 

the designer’s machine, rather than a corporate server. Maintaining state on the client 

allows the web application to offload most of the heavy lifting on the participant’s 

machine as well as eliminating situations where data for a session is only partially sent, 

causing data consistency issues. A direct advantage gained by using this technique is that 

many users can concurrently participate in the usability tests without risking overloading 

the server and without the possibility of data loss due to overflows and traffic. This is 

considered a risk because the server will most likely be the designer’s machine, due to the 

lightweight nature of the usability testing in an agile environment. We also expect that as 

a result of easier recruitment of participants, the number of participants will be higher 

than a typical agile usability test. 

On the server-side, code has been written both in Microsoft ASP .NET and Java Servlets 

allowing for a wide range of server options including Microsoft IIS, Apache Tomcat and 

Sun GlassFish. As there is no complex functionality other than parsing XML files and 

returning service requests, it was a relatively easy task to port the ASP .NET code to Java 

Servlets in order to accommodate Linux-based machines running Java Servlet servers. 

5.5.3 Test Reports Tool 

Similar to the Wizard of Oz Testing tool, the Reports tool was implemented as a 

Silverlight web application, mostly for the same reasons. Using Silverlight rather than 

static pages for reports allowed for functionality like live playback to be possible. An 

additional advantage to using Silverlight is that Silverlight web applications have support 

for out-of-browser experiences, which essentially allows the Testing tool and Reports 
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tool to be run as a desktop application that is automatically updated when the web 

application is.  

Once again, to avoid overloading the server, data for each view is loaded on-the-fly on an 

on-demand basis, then cached locally for later access. This would have been significantly 

more difficult to implement on a static page or even some dynamic server-side 

technologies.  

5.5.4 Exporting and Persistence 

One of the most important design decisions made when developing the ActiveStory 

Enhanced toolset was to use XML as the format for data persistence as this would allow 

for easy extensibility and data sharing. Information about an ActiveStory project is stored 

in an ASEPROJX file that contains general information regarding the project such as the 

project name, number of pages and filename (using a relative path) of the page lookup 

file. This XML schema maps more or less directly to the ActiveStoryProject class. From 

the ASEPROJX file the location of the page lookup file is obtained which in turn gives 

information on the location of each page’s ASEPGX file and relevant files such as 

images. The page lookup file (ASEPTX) essentially contains a serialized version of the 

PageLookupTable object which maps a page number to a page file (once again using 

relative paths).  
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Figure 49. File hierarchy of an ActiveStory Enhanced Project Folder 

 Each page file (ASEPGX) contains information about the page name, location of the 

button map file (ASEBTPX), location of the thumbnail image, number of buttons and 

XAML file location. This data is essentially a serialized version of the 

ActiveStoryPageMetadata class and all file names are stored using relative paths. The 

thumbnail image is simply a PNG file that is a static image of what that page of the 

prototype looks like. The button map is the serialized form of the button map object in 

the ActiveStoryPage class and contains a button number to page number map, indicating 

which page each button (link) should navigate to. Finally, the XAML file contains a 

XAML representation of everything that is on the canvas, including strokes, buttons 

(links), text and image controls. This XAML file is the sole exception to the XML only 

rule. Although it is in fact an XML file and can be parsed by an XML parser, the stroke 
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data that is serialized within it uses the Microsoft Ink-Serialized Format (ISF) which is a 

binary representation of the strokes and only usable in other Windows applications that 

utilize the Tablet PC SDK. However, since the PNG image of each page is also available, 

a third party could easily use the image in combination with the other data necessary to 

create a different prototype designer tool. The XAML file merely serves as an easy way 

to allow changes to be made to the prototype within the Prototype Designer tool across 

sessions.  

It is also worth mentioning that any images imported by the user for use on a page are 

copied to the project directory and referenced with a relative path. Use of relative paths 

across the board was important and absolutely necessary in order to allow portability of 

the project folder and data and avoid tying it to a particular designer’s computer. In short, 

all data persisted by the Prototype Designer is easily consumable by a (theoretical) third 

party tool, allowing anyone to create a designer tool of their own that works with the 

ActiveStory Enhanced Prototype Designer tool. 
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Figure 50. File hierarchy of an exported Wizard of Oz project. 

In a similar way, all data exported for use by the Silverlight Reports web application is 

persisted in XML format. The key file in the exported data is the 

ActiveStorySettings.slsxfile that always has the same name and allows the Reports tool to 

find the rest of the data. A positive side-effect of this is that without modifying the 

Silverlight code and rebuilding the binaries, a different set of exported data can be 

provided, allowing for a great deal of flexibility. The ActiveStorySettings.slsx file 

essentially contains a relative path to the SLPROJX file for an exported prototype as well 

as any task instructions for the usability test. The SLPROJX file contains data specific to 

the exported prototype project including the name of the project, startup page and a 

collection of page details including page numbers and relative paths to their SLPGX page 

data files. Once again, this layer of indirection allows for more efficient processing of the 
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XML and on-the-fly loading of page data. Each exported page of the prototype has an 

SLPGX page data file that contains the relative path to the image of the page and the list 

of buttons (links) on that page with their corresponding coordinates on the page and their 

target page (i.e. the page of the prototype that should be shown when the participant 

interacts with that link). 

The use of XML for the exported prototypes rather than a proprietary format allows 

development of custom designers that export to the Silverlight Wizard of Oz test tool, as 

well as custom Wizard of Oz tools that use prototypes designed in ActiveStory Enhanced. 

In this way ActiveStory Enhanced provides an extensible platform allowing a great deal 

of customization and redesign to be done on each of the tools by third parties. For 

example, a custom exporting utility could be made for Expression Blend + SketchFlow 

that would export SketchFlow prototypes to the ActiveStory Enhanced Wizard of Oz 

Testing tool. 

Finally, data collected by the Wizard of Oz Testing tool and consumed by the Reports is 

written to an XML file stream that is sent to the server and stored in the form of SLDWX 

test instance files named according to the GUID of the participant (which ensures 

uniqueness of filenames and allows distinguishing the users at the same time). The test 

instance XML file contains information including the name of the project to which the 

test instance relates, the number of pages visited in that session and a listing of page 

instances. A page instance contains the page number and usability data such as the 

duration of time spent on the page, comments and a list of mouse movement points and 

clicks. Once again, due to the use of XML it is easy to create a custom reports tool or 
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custom testing tool and use it in combination with the other tools in the ActiveStory 

Enhanced toolset. 

5.6 Summary 

This chapter described the tool that was developed for this thesis, ActiveStory Enhanced. 

The tool is open source and can be downloaded from CodePlex (Link: [1]) The tool 

meets all the requirements described in section 3.2, including support for distributed, 

remote testing, preservation of the pen and paper metaphor, design flexibility, prototype 

interactivity and remote data collection. It also meets requirements that were extracted 

and outlined in section 3.3 including improved support for Tablet PCs, providing the 

common conveniences of a digital drawing experience (undo, copy, paste, etc.) and 

utilizing a simplified metaphor for page organization.  
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 Tool Analysis Chapter Six:

In this chapter, a brief analysis of the tool and comparison with existing tools will be 

presented. This includes a short discussion about the strengths of ActiveStory Enhanced, 

as well as its limitations. The tool will also be compared and contrasted with existing 

tools and the goals that were set forth in previous chapters. 

6.1 Comparison with Existing Tools 

A number of tools were presented and described in Chapter 2 with different 

functionalities, each with their own advantages and disadvantages. However, it appeared 

that few of the tools provided the level of functionality and feedback necessary for 

achieving the goals of this thesis, including automated distributed feedback and data from 

remotely executed usability tests. A review of the existing tools along with ActiveStory 

Enhanced will follow with several criteria being compared between the tools. The first 

criterion is the ability to execute usability tests, which is met by any tool that allows 

viewing prototypes in any form and interacting with them. The second criterion is the 

ability to remotely execute the tests, meaning the prototype should be viewable and allow 

interactions in a distributed environment such as the Internet. The ability to collect 

usability data is the third criterion and the fourth is the ability to view, analyze and 

visualize the data. 
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Table 1. Comparison of Prototyping Tools 

Tool 
Executable 
Prototypes 

Remote 
Usability 
Testing 

Automated 
Usability Data 

Collection 

Usability Data 
Analysis / 

Visualization 

ActiveStory 
Enhanced     

Pen and Paper 

SketchFlow  
ActiveStory 

Original     

SILK  
DENIM  
Serena  

Balsamiq  
PowerPoint  

Visio  
Intuitect  
AxureRP  
WoZPro 

OzLab 

Neimo 

Morae  
In this table, a green check mark ( ) indicates that the criteria is met completely, a red X 

mark ( ) means the criteria is not met and a blue ½ ( ) indicates that the criteria is only 

partially met. 

As the table indicates, only ActiveStory Enhanced, ActiveStory Original and SketchFlow 

meet all of the criteria. Another comparison that may be worth making is between the 

tools that actually remotely collect usability data in terms of the types of data they collect. 

The following table presents a comparison between ActiveStory Enhanced, ActiveStory 

Original [26], Morae [57] and SketchFlow [38]. 
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Table 2. Comparison of Distributed Wizard of Oz Testing Tools 

Data Type 
ActiveStory 
Enhanced 

ActiveStory 
Original 

SketchFlow Morae 

Participant Comments     

Audio Feed     

Mouse Trails and Clicks     

Live Session Playback     

Video Feed     

Aggregated Mouse Trails     

Expected Path Analysis     

Text Visualization     

Heuristic Evaluation     

Eye Tracking     

Statistic Charts     

 

As the table shows, ActiveStory Enhanced provides a more comprehensive set of 

collected usability data compared to the original ActiveStory and SketchFlow. Although 

Morae provides support for video and audio feeds as well as performing heuristic 

analysis, it does not do so over the Web and is limited to a local network. Additionally, as 

explained in previous chapters, these functionalities are not an ideal fit for a lightweight 

approach to usability testing such as discount usability testing in an agile context. We 
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think the data provided by ActiveStory Enhanced as well as its visualizations should help 

increase the number of usability issues detected as well as easing their detection. As one 

of the goals of this thesis, we conducted an evaluation of these visualizations, the results 

of which are presented in the next chapter. 

6.2 Strengths, Weaknesses and Limitations of ActiveStory Enhanced 

One of the main strengths of ActiveStory Enhanced is its support for collecting usability 

data from remotely executed usability tests. This support allows for greater flexibility 

when recruiting participants without sacrificing time, financial resources or useful 

feedback. This is also good for conducting usability tests on a global level, for instance 

for the purpose of globalization of an application. 

The creative freedom and flexibility that the Prototype Designer tool provides is also a 

major strength of ActiveStory as it gives the designer greater freedom of expression 

without imposing rules and UI design concepts on them.  It also makes it easier to 

develop a prototype design by eliminating the need to learn the interface and the different 

widgets they can use. In fact in ActiveStory Enhanced a widget can look like anything the 

designer wants, which is especially important in the design of non-standard user 

interfaces or new interactions, such as touch interactions or interfaces for mobile devices. 

Arguably one of the weaknesses of ActiveStory Enhanced is its lack of support for 

widget recognition or drag-and-drop interface design (GUI builder functionality). Drag-

and-drop widget support is useful when designing a standard interface since most of the 

widgets needed would be readily available. They also have the advantage of having 

widgets with pre-defined and well known behavior, a characteristic which could be used 

to expand interaction support. Although widget recognition can be useful for designing 
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standard interfaces, it can prove to be both an annoyance and a restrictive factor when 

designing a custom user interface due to its prediction and recognition logic. On the other 

hand, it would make it somewhat easier to develop a standard interface as freehand 

drawing would be minimal. 

Lack of visualization for comments is one of the limitations of the ActiveStory Enhanced 

Reports tool, which could help understand comments better. Such visualizations could 

have included frequency-based visualizations such as those commonly used for tags on 

the web. Lack of support for collecting audio and video data is another limitation of 

ActiveStory Enhanced. The efficiency of analyzing and need for such data in an agile 

context is questionable however, as the data collected by ActiveStory Enhanced is likely 

adequate for detecting most usability issues. Nonetheless, the utility of video and audio 

data is undeniable and in an ideal situation this data would be collected in distributed 

settings as well. Finally a major limitation of ActiveStory Enhanced is that it does not 

provide any way of testing touch-based interactions such as scaling, rotating and other 

interactions such as scrolling, although it is possible to prototype interfaces for such 

applications. Given the recent attention to touch-based devices it would have been useful 

to support touch-based interactions in prototypes.  

6.3 Summary 

This chapter compares the ActiveStory Enhanced tool and other existing tools (as 

described in chapter two) against the requirements defined in chapter three. Tools were 

also compared in terms of the usability data they collect and visualization they offer. In 

short, ActiveStory Enhanced was the only tool that fully supported the requirements laid 

out in chapter three, including support for creating executable, interactive prototypes, 
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conducting remote usability testing, automated collection of usability data and providing 

support for analysis and visualization of the usability data. ActiveStory Enhanced also 

provides a more agile-usability-oriented set of visualizations and data compared to the 

original ActiveStory [26], SketchFlow [38] and Morae [57]. Although ActiveStory 

Enhanced has multiple strengths such as design flexibility and various visualizations of 

data, it nonetheless has its weakness including lack of support for widget recognition and 

no visualization for text-based comments. Lack of support for audio and video capture is 

also an arguable weakness of ActiveStory Enhanced. Finally ActiveStory Enhanced lacks 

support for prototyping multi-touch interfaces with interactions such as scaling, rotating 

and others. 
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 Quantitative and Qualitative Evaluation Chapter Seven:

One of the goals of this thesis was to evaluate the usefulness of different usability data 

and their visualizations. As usefulness is a subjective matter it was necessary to perform a 

user study to evaluate each of the different forms of usability data and visualizations 

provided by ActiveStory Enhanced. In this chapter the objectives and details of the user 

study will be presented along with the results. 

7.1 Objectives 

The objectives of this preliminary study were to evaluate each of the forms of usability 

data collected by ActiveStory Enhanced and determine whether or not an adequate 

amount of data is available to the usability designer to aid in the process of detecting and 

resolving usability issues. Determining the additional value of the various visualizations 

and analysis techniques of the data as provided by the ActiveStory Enhanced Reports tool 

was also one of the main objectives of the study. 

The data that is collected by ActiveStory Enhanced and was evaluated in this study 

includes: 

 Mouse movements and clicks (representing eye movement and interactions) 

 Page transitions and session flow (representing interactions and the user’s screen) 

 Time spent on pages 

 Comments left by participants (including emoticons) 

The visualizations and analysis techniques that were evaluated are: 

 Mouse trails 

 Live playback 
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 Aggregate mouse trails 

 Statistics charts 

 Expected path analysis 

7.2 Study Methodology 

The ethics approval obtained for this study from the University of Calgary is available in 

Appendix A. 

The study was conducted on the web with a total of twenty-three study participants 

recruited consisting of 9 members of the agile-usability Yahoo group [11], 10 members 

of the Calgary Agile Methods User Group (CAMUG) [68] as well as 4 graduate students 

at the University of Calgary. Additional demographics information is available in 

Appendix B. Participants were given ten questions, each with different visualizations 

and/or analysis results and asked to identify any usability issues they could find. Different 

users were shown different visualizations of the same data in order to help compare the 

efficacy of the visualizations. The questions were followed by a short questionnaire 

where they ranked the different visualizations and provided any additional comments.  

Prior to the study, five prototypes were developed by the author in the Prototype 

Designer tool and usability tests were conducted on each of the prototypes with multiple 

sessions each. The prototypes were designed with multiple usability flaws embedded in 

each, which were likely to be encountered by the usability test participants. The first 

prototype was that of an Integrated Development Environment (IDE), the second was that 

of an online computer retailer, the third was a menu interface for a video game, the fourth 

was a prototype of a mobile device and the final prototype was that of a website welcome 

page. Each of these prototypes was based on similar actual interfaces with usability issues 
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similar to those that were embedded in the prototypes. Selections of images of these 

prototypes are provided below, with complete images provided in Appendix C. 

 

Figure 51. IDE prototype used in study. 

 

Figure 52. Computer store prototype with a confusing categorical menu. 
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Figure 53. Video game menu prototype with confusing wording. 

 

Figure 54. Mobile device prototype with non-standard icons. 
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Figure 55. Website welcome page with difficult to find point of entry. 

The data obtained from these prototype usability tests were used to create the sets of data 

used to generate the different visualizations and analyses used in this qualitative 

evaluation. Study participants were given descriptions of the prototype they were about to 

analyze, along with a short description of each visualization. They were also told what 

the user’s task was when interacting with that prototype. On the same screen they were 

shown the visualization in question and asked to identify any usability flaws they could, 

based on that visualization and any information they could derive from it. Their responses 

were timed as accurately as possible given the nature of the web-based study. In order to 

allow comparison of the different visualizations, different users were shown different 

visualizations of the same data representing the same usability flaw. For example, some 

users were shown the static mouse trails visualization while others saw the live playback 

visualization, for the same prototype and same set of usability data. 

Selection of the visualizations and the order in which they were shown to different users 

was randomized to provide a broad range of feedback and mitigate the effect of 



143 

familiarity. There were a total of 20 combinations of visualizations across the five 

different prototypes. Samples of these visualizations are presented in the figures below 

(Figure 56 - 60). Multiple questions were included for the same type of visualization in 

an attempt to mitigate the effect of the peculiarities of the underlying systems that were 

prototyped as well as the effect of the type of usability flaw that was present. The results 

obtained from questions that use the same type of visualization are combined in order to 

alleviate these side effects and achieve a more general comparison of the types of 

visualizations, with the type of underlying system being prototyped and the usability flaw 

having as little effect as possible on the outcome. 

 

Figure 56. Aggregated Mouse Trails on CompuStore Prototype, used for study. 
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Figure 57. Mouse Trails on website welcome page prototype. 

 

Figure 58. Expected Path Diagram for Football 2010 prototype. 
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Figure 59. Mouse Trails on Mobile Device prototype. 
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Figure 60. Expected Path Diagram from IDE prototype. 

 

 It should be noted that due to the static nature of the web-based study, it was not possible 

to present the analysis techniques as is. Rather the expected path analysis technique was 

approximated using a diagram with the intent of capturing the underlying essence of a 

fully interactive expected path analysis, such as that available in ActiveStory Enhanced. 

Also, the “Comments Search” analysis method was left out as there was no apparent way 

of presenting this form of analysis in a static, non-interactive way.   

Each of the visualizations and analyses were then evaluated by analyzing the responses of 

the users and determining whether or not they were able to correctly identify the main 

usability issue(s), coupled with the amount of time it took them to find it. Intuitively, 

visualizations that are able to record a smaller average amount of time taken to correctly 

identify a single usability flaw are superior in terms of efficiency in detecting usability 
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flaws. In order to determine the perceived usefulness of each of the visualizations, the 

participants’ ratings for each visualization were then analyzed. This was accompanied by 

an analysis of the comments left by participants for each visualization to uncover any 

additional points of interest. The details and results of the multiple analyses are presented 

in the following section. 

Admittedly, as mentioned in the limitations section, the statistical validity of these results 

may be limited due to the limited sample size, which was less than the typical minimum 

of 30 observations recommended for statistical validity. Furthermore, the sample of 

participants was not entirely random as they were recruited from groups of people with a 

background in agile methods, usability or software engineering in general. However, this 

data provides some preliminary insight into the efficiency and usefulness of the 

visualizations, although further studies are necessary to obtain conclusive results. 

7.3 Results 

In evaluating the various visualizations and analyses of usability data, three sets of 

analysis were done. The first of these was a quantitative analysis of the relative efficiency 

of each of the visualizations in identifying usability flaws. The second was a quantitative 

analysis of the perceived usefulness using the ratings given by participants to each 

visualization. The last was a qualitative analysis of the comments left by users for each of 

the visualizations. Each of these analyses and their results are described in their following 

sections respectively. 

7.3.1 Efficiency 

A qualitative analysis was conducted on data from the study in order to gain insight into 

the relative efficiency of each of the visualizations. For this purpose, the answers 
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provided by participant for each of the questions were analyzed to determine whether or 

not they correctly identified the main usability issue or issues presented in the 

corresponding visualization. Participants’ responses were classified as Correct, Incorrect 

or Unsure. Responses were deemed Correct if they were able to identify the main 

usability flaw(s) presented by the visualization. Responses that were able to identify 

usability flaws other than the main flaw but were relevant to the visualization being 

displayed were also considered correct as that would indicate that the visualization was 

useful in detecting some form of usability flaw, if not the main one.  

The rationale for considering these as correct was that we are uninterested in the actual 

usability flaw that was detected; rather we are interested in determining whether the 

visualization can help in detecting usability flaws. Incorrect responses were responses 

where the visualization misled the participant into erroneously identifying an element of 

the prototype as a usability flaw. Unsure responses were defined as responses in which 

the participant was not able to conclusively determine any usability flaw or identified a 

flaw that was irrelevant to the visualization being shown. Admittedly, the categorization 

process had an element of subjectivity to it in terms of deciding whether the participant 

had actually found a usability flaw. 

The following chart (Figure 61) presents the distribution of the responses for each of the 

visualizations. It is worth noting that the Aggregate Mouse Trails received considerably 

less exposure than the other visualizations owing to the fact there was only one instance 

of it in the set of possible questions. This may have had the unfortunate effect of skewing 

the results for that visualization unfavorably. 
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Figure 61. Response distribution for study questions per visualization. 

Subsequently, the average amount of time taken to correctly identify a usability flaw was 

calculated for each of the visualizations across all questions that utilized that particular 

visualization. This metric provides insight into the efficiency of each visualization by 

identifying the visualization that provides the quickest understanding of the flaw. Note 

that a smaller value is better as it means it takes less time to find a usability flaw with a 

given visualization. For the purpose of this calculation, all Incorrect and Unsure 

responses were considered to be equivalent to an incorrect response and therefore omitted 

from the correct responses. As can be seen in the chart below (Figure 62), the Live 

Playback and Mouse Trail visualizations appear to be the most efficient visualizations, 

requiring only an average of 150 - 156 seconds to detect a usability flaw. Without using a 

visualization and based solely on the prototype design it took the longest time on average 
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to detect a usability flaw. Notably, the expected path diagram appears to have only done 

marginally better than not using a visualization. Based on participant comments, we think 

there may have been some difficulty in comprehending the diagram. We infer that this 

particular visualization is not intuitive and clear enough to give the untrained usability 

tester additional insight. However the underlying expected path search technique may 

prove effective if the usability tester has had time to familiarize with the concept.  

 

Figure 62. Average time (seconds) taken to correctly  identify usability flaw with a 

given visualization. 

In order to gain further insight into the data collected from the survey, the data was 

further broken down based on the prototype that it related to. The chart below (Figure 63) 

shows the average amount of time in seconds it took to correctly identify a usability flaw, 

broken down by prototype. Similar to the previous chart it’s clear that the Live Playback 
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visualization was the most efficient in all cases except one. The exception is the “Football 

2010” prototype wherein the “Mouse Trails” visualization achieved a marginally better 

average time per flaw. We attribute this to the nature of the prototype which was a 

breadcrumb-style menu [69] in combination with the length of time necessary to view the 

entire Live Playback sequence. The Mouse Trails view on the other hand provides a static 

view of the menu at a point in time where the menu is completely expanded, allowing 

participants to find the flaw more quickly.  

 

Figure 63. Average time (seconds) taken to correctly identify a usabiltiy flaw with a 

given visualization, broken down by prototype. 
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Another obvious outlier was the expected path diagram for the “Football 2010” 

prototype. In this case, only two users ever saw this visualization on this prototype and 

only one was able to correctly identify the issue, albeit after a relatively long amount of 

time. As mentioned before, this was due to the difficulty some participants had in 

understanding the diagram, based on some of the comments they left, which will 

presented further on 

In summary, the Live Playback and Mouse Trails visualizations performed significantly 

better than using other visualizations or not using a visualization. The Aggregate Mouse 

Trails visualization performed worse than not using a visualization however, as 

mentioned before this is most likely due to skewed data for this particular visualization. 

7.3.2 Perceived Usefulness 

To provide further insight into the potential usefulness of each of the visualizations 

participants were asked at the end of the study to rate each of the visualizations in terms 

of how useful they think it is. Specifically, participants were asked to what degree they 

agree with the statement that each visualization was useful. The range of possible 

responses was Did Not Use, Strongly Disagree, Disagree, Neutral, Agree and Strongly 

Agree. The chart in Figure 64 shows the exact number of responses per visualization per 

rating. Participant ratings were compiled and are presented in the following pie charts 

(Figure 65).  It should be noted that the ratings defaulted to Did Not Use, as such if a user 

did not rate a visualization it was recorded as Did Not Use, rather than Neutral. 
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Figure 64. Response distribution for ratings per visualization. 
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Figure 65. Pie charts representing the percentage of ratings in each category for 

each visualization type. 
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visualizations found the Live Playback visualization useful (64% either agreed or 

strongly agreed). Participants were less decided about the Mouse Trails visualization with 

55% agreeing that it was useful and 37% of the sample population providing a neutral 
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Given the weak performance of the Aggregated Mouse Trails visualization in terms of 

efficiency it is interesting to observe that a significant percentage of participants 

considered aggregated mouse trails to be useful, with 54% agreeing that it is a useful 

visualization. 

 Also of interest was the fact that participants appeared to be undecided about the 

usefulness of the Expected Path diagram with 55% voting that it was not useful, 9% 

feeling neutral towards it and the remaining 36% rating it as either useful or neutral. This 

appears to support our previous inference that the Expected Path diagram was not entirely 

clear to some participants and that the translation of the Expected Path Search analysis 

into the diagram was not a successful one. 

In terms of Statistic Chart visualizations, participants were generally undecided about 

their usefulness with no participants strongly agreeing that they would be useful and an 

inconclusive distribution of neutrality, agreement and disagreements. The notable 

exception to this was the Hit Statistics Chart which saw a total of 64% of participants 

voting it as not useful. 

Based on the frequency chart (Figure 64) we conclude that the mouse trails concept 

including click markers and live playback of the trails proved to be the most useful 

visualization. The Live Playback visualization was considered the most useful view by 

participants, as well as the mouse click indicators on mouse trails. Statistic charts on the 

other hand turned out to be generally unpopular while a clear cut judgment on the 

expected path diagram and analysis can’t be made. 
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7.3.3 Participant Comments 

In this section some of the comments of interest that were left by participants are 

presented by topic and discussed. Comments that were reviewed for this purpose include 

comments left in the final survey on a per visualization basis as well as comments that 

participants made during the course of the study when identifying usability flaws. There 

were also four possible questions in the study, one for each of the statistic charts, which 

prompted participants to describe how they would interpret the chart and which page of a 

prototype they would most likely investigate given the statistics in the chart. A selection 

of the more relevant responses made by participants to these questions are also included 

in this section. Comments are quoted throughout this section verbatim. 

7.3.3.1 Mouse Trails 

In regards to mouse trails, one participant explained how they found it helpful: 

“Mouse trails provide a quick way to understand if users where searching for the right 

click location.” 

The sentiment that mouse trails were useful was echoed by several participants. A few 

participants pointed out that the mouse trails would be irrelevant when dealing with a 

touch-based interface: 

“[Mouse trails are] Really useful. However, I work with touch systems, and mouse trails 

don't exist with touch systems - maybe something like eye tracking could provide similar 

info.” 

“Also considering context of use this is a mobile app, is it on a touch screen phone? If so 

mouse trails irrelvant [sic]" 
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 While it is true that the ActiveStory Enhanced tool does not support adding multi-touch-

based interactions (such as pinch-to-zoom, etc.), we feel that the mouse trails concept 

would still be applicable given the single touch point context. This is because usability 

tests are conducted on the prototypes, which are tested on non-touch capable screens over 

the web. In other words, test users must use the mouse to interact with the prototype, 

which means mouse trails can be collected. As a result, the mouse trails collected would 

still have the same correlation to eye movement demonstrated by [39] regardless of the 

method of interaction used on the actual working system.  

One user brought up the point that a user may not necessarily move the mouse to 

wherever they are looking at:  

“Mouse trials I have an issue with as it assumes people look only where the cursor 

lies...if they dont [sic] move the cursor over it, they didn't look there.  If people get 

confused between picking Icon A vs B, in reality they may not move the cursor the was 

[sic] it was showed [sic].” 

This is a valid point as it differs from person to person. However, given the agile context 

of the tool and thesis, we would argue Nielsen’s discount usability testing point, which is 

that something is better than nothing. In this case it is better to have approximate eye 

movement information for some test users, than to not have any eye movement 

information at all. 

Two users mentioned they had some difficulty in seeing and interpreting the static mouse 

trails. Although this comment was limited to two participants we would agree that 

interpreting static mouse trails is difficult, particularly in situations where a lot of mouse 

movement was observed. On the other hand, given the state-based nature of the page of a 
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prototype, a page that has a large amount of mouse movement is likely to have a usability 

issue. The rationale behind this is that the user has stayed and moved the mouse around a 

lot, hinting that the user had some difficulty finding the next step. 

“It is hard to see where the mouse was moving on the non  U tube [YouTube] questions. 

The lines were thin, faint and overlapping that it was hard to tell did they go left, then 

right and down or right then up and left?” 

The participant is referring to the static mouse trails in the comment above when they 

mention non-YouTube questions. They refer to it as non-YouTube because the Live 

Playback visualizations were shown using YouTube videos, whereas the static mouse 

trails were shown using simple images. The participant’s comment appears to indicate a 

flaw with the visual presentation of the Aggregated Mouse Trails concept, an issue that 

would need to be addressed in future releases of the tool. 

One user explained the Aggregate Mouse Trails concept as: 

“a nice way to get an overall impression” 

7.3.3.2 Live Playback 

Referring to the Live Playback visualization which plays back the mouse movements 

participants provided generally positive sentiments such as the following: 

“You can see some timing info and get a better sense of uncertainty and when users were 

"thinking" [with the Live Playback feature]” 

“After making this study, I would prefer to work with the [Expected] Path Diagram, and 

also with the video Mouse Trails.” 
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In two instances participants felt that the Live Playback should only show the mouse 

trails once the simulated mouse cursor has already traversed the path. Below are the 

comments from one of the participants: 

“Blue, red, and circle analogy is a lot to get use to - I would not show the circle until the 

user had clicked and show the trail progressively not as soon as it plays back.” 

Finally, one participant expressed the concern that they took too long to watch and did 

not necessarily convey more information than static trails.  

“too slow, not sure if they provide more information than mouse trails” 

This is an interesting point that the participant brings up. Given that this preliminary, 

albeit inconclusive, study and the quantitative analysis results mentioned above it seems 

that the Live Playback visualization is in fact slightly less efficient when it comes to 

detecting usability flaws. 

7.3.3.3 Expected Path Diagram 

As mentioned in the analysis of the efficiency of the Expected Path Analysis technique, 

we think the results for this particular analysis may have been skewed by an unsuccessful 

attempt at representing the core concept of the analysis technique in the form of a 

visualization. Comments by participants appear to confirm the fact that the diagram did 

not clearly convey the underlying concept of the Expected Path Analysis technique. 

In the three cases quoted below the participants indicate that they needed some additional 

information in order to better comprehend the situation and fully realize the usefulness of 

the diagram. 

“I can't tell what the user clicked on to the [sic] the two pages in the exceptions path.” 
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“It would be much more useful is we could see where users had clicked to move along 

certain paths (especially incorrect paths). I would probbly [sic] know this info if it was 

my system, but it would still be really useful information for stakeholders.” 

“This did not help because pictures were not clear enough to see what the user clicked on 

that took them one [sic] one path vs the expected. If it had been clear then this expected 

path would have been a good feature.” 

Interestingly one user recommends that the analysis should be in the form of a step-by-

step walkthrough of the user’s path rather than a diagram. 

“This should be a click-through or something that more closely reflects the experience of 

the actual user.  Also, need to show what action the user took from one page to the next 

and need to make labels large enough to read.” 

 This is interesting because the implementation of the Expected Path Analysis in 

ActiveStory Enhanced does in fact provide the analysis results in the same manner as the 

participant’s recommendation. Unfortunately due to the implicit time restrictions of a 

web-based study and the static nature of this study it was not possible to present this 

analysis in its actual form. 

7.3.3.4 Time Statistics Chart 

The chart for this visualization was based on data collected from usability tests on a 

prototype of a website for a computer store. Images of the prototype are provided in 

Appendix C.2 for reference. 
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Figure 66. The time statistics chart used in the study. 

Judging by the comments below the user correctly identified from the time statistics chart 

above (Figure 66) that the users spent a lot of time on the first and third pages. One 

reason behind that was that they were the main pages of the site, which could be deducted 

by looking at the small average amount of time users took whenever they hit that page 

and comparing it to the large average amount of time spent on that page by each user. 

This data implies that the page was visited frequently but not much time was spent on it. 

The other reason is that there was a usability flaw in that the menu items on those pages 

were labeled in a confusing and unclear way. 

“I'm not completely sure I understand that chart, but I would likely focus on the pages 

where the two bars are of very different lengths, since it seems like our users spent much 

more time on those pages than expected.” 

“Looks like Page 1, Page 3, and Page 5 need to be evaluated further. Users are coming 

back to page 1 & 3 often it appears, and pausing on page 5.” 
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“The first two pages seem to have problems. First of all the average duration for user is 

above 20 seconds and at the same time the average duration per hit is around 5 which 

means those two pages get a lot of hit. Therefore, they are good first candidates to look 

into.” 

Based on the comment below it appears that some users had trouble understanding the 

metrics. One factor could have been the limited amount of explanation that could be done 

in the web survey format and limited familiarity with the underlying prototype. 

“First, I'm not quite clear what the difference is in the Average Duration of a Hit and a 

User. Sounds like pretty much the same thing. In order for this chart to be more valuable, 

I think there should be a clear difference between what the metrics mean…” 

In summary, participants appeared to use this chart to good effect and were able to 

correctly identify some of the trouble spots in the prototype. This was done in spite of the 

very limited information they had about the underlying prototype and relative 

unfamiliarity with the two metrics. Based on this, we conjecture that in a situation where 

the usability tester has sufficient knowledge about the underlying prototype this 

visualization of time statistics could prove effective. 

7.3.3.5 Click Statistics 

The chart for this visualization was based on data collected from usability tests on a 

prototype of a website for a computer store. The prototype and usability data used are the 

same as those used for the Time Statistics Chart (described in the previous section). 

Images of the prototype are provided in Appendix C.2 for reference. 
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Figure 67. Click statistics chart used in the web-based study. 

The comment below indicates that the participant was able to correctly understand the 

Click Statistics chart and its metrics correctly.  

“… For example page 1 and page 2 with high clicks/user but not click/hit could be 

product category listing or other navigational page that get multiple visits per user ... 

which could be perfectly fine. Or not. Depends on site goals.” 

The participant was able to correctly deduce that page 1 and 3 were category listings (a 

menu of categories in this case) and given further information about the underlying 

prototype would likely have decided to direct their attention to those pages. We can 

safely assume that in an actual scenario the usability tester would most likely have a 

reasonable understanding of the underlying prototype, in which case we assume the chart 

would correctly lead them to investigate those two problematic pages. 



165 

Note that the participant made a minor mistake in the page numbers as page 2 has no 

data. In fact the participant appears to have meant page 3. This mistake can be attributed 

to the layout of the labels on the Y-axis of the chart.  

The following comment from another participant seems to further confirm our 

assumption that given further information about the underlying prototype the usability 

tester would be correctly led to investigate the two problematic pages. 

 “Page 1 and 3 have a lot of people revisiting.  they are probably pages with a lot of the 

essential navigation.  It is possible they are confusing, but not necessarily.  This chart is 

of limited value without any context.” 

The following user correctly identified page 10 as a page with a usability flaw based on 

the fact that there are a high number of clicks in each visit to that page. This page of the 

prototype is in fact the same one used for Question 3 and 4 of the study, wherein users 

are having trouble finding the correct place to click and proceed to click in many places 

until they find the right location. 

“Page 10 has too many hits per visit” 

The comment below from another user indicates that the user was able to find both of the 

usability flaws mentioned above as well as an additional one and furthermore prioritize 

the order in which to investigate the flaws. This is particularly interesting as it appears 

that the participant was able to pinpoint all the usability flaws in the prototype and 

prioritize them in a meaningful and sensible way. This implies that the visualization can 

in fact provide some useful information and insight into the usability of the prototype. 

“Anything that gets more than four clicks per user can be good candidate of analysis. 

Therefore, my candidate set would be the first two pages, page 10, and page 15. But, 
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page 10 can be placed at the end of that least [sic] because it does not get as many hits 

as the other pages.” 

In short, it appears that some participants were able to use this visualization to even 

greater effect than the time statistics visualization. Based on this, we hypothesize that 

given further information and knowledge about the prototype under test this visualization 

would prove useful and efficient in detecting major usability concerns and prioritizing 

them. 

7.3.3.6 Hit Statistics Chart 

The chart for this visualization was based on data collected from usability tests on a 

prototype of an Integrated Development Environment (IDE). Images of the prototype are 

provided in Appendix C.1 for reference. 

 

Figure 68. The hit  statistics chart used in the web-based study. 

“… I would be curious why people visited page 2, page 4, page 8 and page 10 most often.  

Did something link to these pages often? …” 
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Based on the participant comment above it appears that this chart (Figure 68) was 

partially misleading for the participant. The incorrectly narrowed down their search to 

include page 2 and page 4, the former of which merely had a high hit count due to the 

structure of the prototype. Page 2 of the prototype served as a kind of base state from 

which all other states (pages) were reached and which most states would return to. The 

user does however allude to this possibility, which implies that given further knowledge 

about the prototype under test they would most likely have correctly filtered these two 

potential trouble spots out.  The user did however correctly identify page 8 and 10 as 

pages with usability flaws. In this case, those pages were states that were reached after 

saving and cleaning a build, respectively. Due to a lack of appropriate visual 

confirmation for the user, they repeatedly attempted to save or clean the build until they 

apparently decided it had already done so without informing them. 

 “Pages 2, 4, 8 and 10 were visited significantly more often than the other pages, 

especially the former. Not being a usability expert myself, it is hard to say where to focus. 

I would need to know /why/ those pages were visited more often. It could be that they 

contain often-used features, in which case, they should be paid special attention. It may 

instead be, however, that those pages do /not/ contain the desired features, and are 

visited because they are in response to menu options, etc. that make it /appear/ as if they 

would be useful. If this is the case, then it is in fact the pages that prompted navigation 

/to/ the aforementioned 2, 4, 8 and 10 that should be given special care. …” 

The above participant arrives to a similar conclusion with the additional insight that the 

reason some pages (in this case pages 8 and 10) may have a high hit count is that there is 

an usability issue with the pages that lead to those page, rather than the pages themselves. 
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This is in fact correct, as mentioned previously, these two pages are pages that are 

reached after saving and cleaning the build and are repeatedly reached because the user is 

unsure whether their interaction resulted in any change in the system. 

In summary, this visualization can be misleading if the analyzer does not have adequate 

knowledge and understanding of the underlying prototype. It can also be affected by the 

type of prototype and how the prototype itself is structured rather than the system being 

prototyped. It does however appear to be useful in identifying usability flaws to some 

extent as participants were able to correctly identify usability issues as well. We believe 

that this visualization would be more useful in combination with other statistical charts 

and background knowledge of the system. However, it is liable to be misleading and 

dependent on the structure of the prototype. 

7.3.3.7 Emoticon Statistics Chart 

The chart for this visualization was based on the same prototype and usability data as that 

which was used for the Time Statistics and Click Statistics Charts. That prototype was 

one of a website for a computer store, images of which are presented in Appendix C.2 for 

your reference.  
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Figure 69. Emoticon statistics chart used for the evaluation. 

Due to an unfortunate oversight in the explanation of this visualization the results of this 

particular visualization may be negatively impacted. Participants were not informed that 

test users were not required to specify an emoticon for each page, on the contrary it was 

optional for the user to use emoticons for pages. The effect of this oversight can be 

noticed in the participant’s comments below. 

“I think given that there is only one Happy page I would not focus on any page, but step 

back and ask if we understand the user first. How can a usability test be this bad unless 

we totally misunderstood the user's mental model? While I was waiting for this answer to 

kill time I would look at pg 15 and 17 first and then work back through the others to see if 

there were commonality in the user comments... assuming this has been recorded on each 

page.” 

Based on the comments above, even though the participant misunderstood the values as a 

direct result of the oversight in the description, pages 15 and 17 were selected for further 

inspection. This makes sense as these two pages had a high number of frustrated and 
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confused users. It is unclear why the participant did not consider page 5 for investigation 

as it had the highest number of confused participants. 

Another participant also arrived at the same conclusion: 

“Pages 5, 15, and 17 seem to have caused problems more than the average of all pages. 

Therefore, I'm gonna look into them before anything else.” 

It is worth noting that pages 5, 15 and 17 are actually pages that were reached by users 

after navigating from pages 1 and 3. As mentioned in the Time and Click Statistics Chart 

sections, page 1 and 3 of this prototype were categorized menus with flawed and 

confusing labeling. Users appear to have only commented on their frustration and 

confusion after reaching their desired state, leading to the target pages having a high 

count of confused or frustrated users rather than the pages with the actual usability flaw 

being flagged. Once again this appears to be an issue that is dependent on the structure of 

the prototype as opposed to the structure of the system being prototyped. This is a 

possibility that is alluded to by this participant: 

“… If one insists on continuing with this one, however, pages 5, 15 and 17 caused the 

highest incidence of negative feedback, and should probably be the focus. As with my 

comments on question 2, however, it should not be discounted that the problem actually 

exists in the "menu" (or whatever) page that causes people to navigate to a page that 

does not contain the feature they expect. In which case, it is said menu page that should 

be re-thought. …” 

In summary, this visualization does appear to have some value however it is limited by 

and dependent on the structure of the prototype. Participants were able to identify the 

pages with the most troubling emotions quickly. We believe that once the pages with the 



171 

most negative emotions have been pinpointed, the actual comments that are associated 

with the emoticons would give the analyzer the insight necessary to identify the actual 

source of the usability issue. In short, this visualization can help the analyzer filter 

through comments and find the ones with the most drastic emotions associated with them 

as well as helping identify pages that actually have comments. This was confirmed by 

reading the comments left by the test users, where pages with no emotions generally had 

no comments. Pages with confused or frustrated emotions generally had comments that 

indicated the more serious usability flaws. 

7.4 Study Limitations 

This study had several limitations which may have affected the validity of the results. 

However, as a preliminary study we think it successfully served the purpose of providing 

some level of insight into the potential efficiency and possible usefulness of each of the 

visualizations. The most significant limitation of the study was the small sample size of 

participants (23). This is somewhat less than the common minimum recommended 

sample size of 30 (based on the central limit theorem) and as a result may have affected 

the statistical validity of the results.  

Another limitation of the study was its web-based nature which imposed several 

constraints in terms of the type of questions possible, the amount of time the study could 

take and the degree of context which could be given to each of the questions. Due to the 

web-based nature of the study, participants were not able to request clarification on 

questions resulting in misunderstanding of the question or visualization in some cases.  

Also, the Comments Search Analysis technique had to be left out of the study due to the 

fact that the study was static and the difficulty in conveying a comments search in a static 
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form. Furthermore, it would be difficult to elicit a meaningful response to the comments 

search without considerable details about the context of the comments. 

We also feel that the diagram representation of the Expected Path analysis procedure did 

not do a good enough job in conveying the concept of the underlying analysis method, 

consequentially skewing the results for that analysis. Aggregated Mouse Trails also 

received limited exposure owing to the fact that there was only one question using that 

visualization out of the pool of possible questions.  

In order to obtain more conclusive results a further, more extensive and numerous case 

studies are necessary. Ideally participants in the study would traverse the entire process of 

agile usability testing. Participants would design the prototype in the ActiveStory 

Enhanced Prototype Designer tool, ensuring complete understanding of the context. Next, 

they would conduct usability tests using the Wizard of Oz testing tool. This would 

provide the usability data necessary for the final step which is analyzing the data using 

the Reports tool. Participants would be able to dynamically interact with the 

visualizations and analysis methods and have a complete understanding of the context of 

the prototype, resulting in a better comprehension of the visualizations and assessment of 

their usefulness and efficiency. 

Due to time constraints and a limited number of participants willing to dedicate the 

considerably large amount of time necessary for such a study, we were unable to conduct 

the ideal study that was described. However, this could be considered for future work and 

further evaluation of the various visualizations. 
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7.5 Summary 

Results from a web-based study were presented in this chapter including a quantitative 

analysis of results aimed at determining the efficiency and perceived usefulness of each 

visualization. A qualitative analysis of participant comments left at various stages of the 

study, especially the final questionnaire, is also presented. The chapter concludes with an 

outline of the limitations of the study. In summary, the Live Playback and Mouse Trails 

visualizations proved the most efficient in aiding the detection of usability flaws. These 

two visualizations were also rated as the most useful ones by participants while statistic 

charts were perceived as least useful. Interestingly, based on participants’ interpretations 

of the charts, they were able to use most charts to great effect given the limited contextual 

information they had. 
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 Conclusion Chapter Eight:

A summary of the goals achieved and motivations behind this research in the field of 

agile usability evaluation as well as the contributions made by this thesis are presented in 

this section. This is followed by a brief overview of possible future work in this area 

based on findings from this thesis. 

8.1 Goals Achieved 

There were two goals in this thesis; firstly we intended to develop a tool that supports the 

complete agile usability process, including low-fidelity prototyping, Wizard of Oz testing 

and analysis of test feedback. Secondly, we set forth to identify various data that could be 

collected from distributed Wizard of Oz tests as well as evaluating visualizations and 

analysis methods of the data.  

ActiveStory Enhanced was developed with the intention of meeting the first goal by 

supporting distributed usability testing with automated collection of different usability 

data and providing useful representation of that data. The tool does in fact support 

distributed usability testing as the Wizard of Oz tool is designed as a web application that 

can be accessed from anywhere on the Internet, allowing for wide spread distribution of 

participants. The Wizard of Oz tool also collects a wide variety of usability data 

automatically and records it for later consumption. The Reports tool completes the 

support for the agile usability process by providing usability experts access to the 

collected data and various representations and analysis tools, some features of which are 

not available in other similar usability testing tools. 

The second goal was intended to be addressed by various forms of evaluation of relevant 

visualizations and analysis techniques aimed at gaining insight into their usefulness and 
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effectiveness. We believe this goal was also achieved by the preliminary web-based study 

that was conducted and the quantitative and qualitative analysis of the results that was 

provided. 

8.2 Motivation 

Research motivation behind this thesis was the limited published work in regards to the 

various usability data that can be collected from distributed Wizard of Oz testing, 

visualizations for that data and the usefulness of those variations. Another motivation was 

the current lack of a tool that provided support for the complete agile usability evaluation 

process from prototype creation to testing to analysis. 

8.3 Contributions 

This thesis offers two contributions based on the motivation behind it. The first 

contribution is a tool targeted at agile teams which offers support for the entire agile 

usability evaluation process. This tool is called ActiveStory Enhanced and consists of 

three components, the Prototype Designer component, Distributed Wizard of Oz Testing 

component and the Reports component. 

The second contribution was an evaluation of various visualizations for automatically 

collected usability data from distributed Wizard of Oz testing. These visualizations were 

assessed in terms of their usefulness and efficiency in aiding the usability expert in 

identifying usability flaws. 

8.4 Future Work 

There is significant room for future work to be done both in relation to tool support for 

agile usability and evaluation of visualizations. One of the main directions for future 
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work aimed at supporting agile usability and further expanding the range of applicability 

of ActiveStory Enhanced is to provide support for multi-touch interactions and possibly 

gesture-based interactions. Furthermore, digital tabletops and horizontal touchscreen 

technology is rapidly progressing yet there is not much tool support for designing 

prototypes for interfaces targeting these digital surfaces. Another possible area of future 

work is extending the usefulness of low-fidelity prototypes by utilizing them for User 

Interface Test-Driven Development and consequentially providing integrated support for 

the resulting UI TDD process. 

Possible future work in the area of visualizations for usability data and evaluating them 

include more extensive case studies to further establish the usefulness and efficiency of 

the various visualizations evaluated in this thesis. Also, further research work can be 

done to discover additional visualizations and find new or improved ways of collecting 

usability data and feedback from distributed tests. 
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APPENDIX B: PARTICIPANT DEMOGRAPHICS 

The following are a series of charts illustrating demographic information collected from 

study participants. Each chart is accompanied by the corresponding question used in the 

study. 

 

I have previous practical experience with user interaction design 
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I have created a low-fidelity prototype before 

 

I have conducted usability tests (any kind) before 
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I have conducted a Wizard of Oz usability test before 

 

I have previously used software for creating low-fidelity prototypes 
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I have previously used a form of automated Wizard of Oz testing software 

 

I consider software usability to be _____. 

  

2 

4 

0 0 

5  5 

1 

2 

1 

0

1

2

3

4

5

6

Yes No No Response

Automated WoZ Testing Software 

Agile Usability

CAMUG

Grad Students

0  0 

1 

5 

3 

0  0 

2 

3 

5 

0 

1  1  1  1 

0

1

2

3

4

5

6

Importance of Usability 

Agile Usability

CAMUG

Grad Students



192 

APPENDIX C: PROTOTYPES USED FOR STUDY 

This appendix contains images of each of the pages from the prototypes used for the web-

based study. 
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Appendix C.1. IDE Prototype Pages 
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Figure C.1.1. IDE Prototype — Page 2 — App.cs Page 

Figure C.1.2. IDE Prototype — Page 3 — App.xaml Page 
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Figure C.1.3. IDE Prototype — Page 4 — UserData.cs Page 

Figure C.1.4. IDE Prototype — Page 5 — Assembly.cs Page 
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Figure C.1.5. IDE Prototype — Page 6 — Context Tab — Compile Mode Page 

Figure C.1.6. IDE Prototype — Page 7 — Context Tab — Resources Mode Page 
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Figure C.1.7. IDE Prototype — Page 8 — App.xaml Saved Page 

Figure C.1.8. IDE Prototype — Page 9 — Increased Font Size Page 
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Figure C.1.9. IDE Prototype — Page 10 — Build Cleaned Page 

Figure C.1.10. IDE Prototype — Page 11 — Debug Prompt Page 
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Figure C.1.11. IDE Prototype — Page 12 — Debug with Remember Checked Page 

Figure C.1.12. IDE Prototype — Page 13 — Program Run Page 
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Figure C.1.13. IDE Prototype — Page 14 — File Menu Page 

Figure C.1.14. IDE Prototype — Page 15 — Edit Menu Page 
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Figure C.1.15. IDE Prototype — Page 16 — View Menu Page 

Figure C.1.16. IDE Prototype — Page 18 — Window Menu Page 
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Figure C.1.17. IDE Prototype — Page 19 — Help Menu Page 

Figure C.1.18. IDE Prototype — Page 20 — Exit Prompt Page 
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Figure C.1.19. IDE Prototype — Page 21 — Check For Updates Page 

Figure C.1.20. IDE Prototype — Page 22 — Program Exited Page 
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Appendix C.2. CompuStore Prototype Pages 
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Figure C.2.1. CompuStore Prototype — Page 1 — Main Page 

Figure C.2.2. CompuStore Prototype — Page 3 — Computers Category Page 
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Figure C.2.3. CompuStore Prototype — Page 5 — Desktops Subcategory Page 

Figure C.2.4. CompuStore Prototype — Page 6 — Packages Subcategory Page 
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Figure C.2.5. CompuStore Prototype — Page 7 — Monitors Subcategory Page 

Figure C.2.6. CompuStore Prototype — Page 8 —  
DELL Monitors Sorted by Name First Page of Results Page 
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Figure C.2.7. CompuStore Prototype — Page 9 — 
DELL Monitors Sorted by Name Second Page of Results Page 

Figure C.2.8. CompuStore Prototype — Page 10 — DELL Monitors Sort by Price Page 
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Figure C.2.9. CompuStore Prototype — Page 11 —  
DELL Monitors, Sort By Dropdown Page 

Figure C.2.10. CompuStore Prototype — Page 12 — DELL PCs—Inspiron Page 
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Figure C.2.11. CompuStore Prototype — Page 13 — DELL PCs XPS Page 

Figure C.2.12. CompuStore Prototype — Page 14 —  
DELL 32” Monitor Overview Page 
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Figure C.2.13. CompuStore Prototype — Page 15 —  
DELL 32” Monitor Added To Cart Page 

Figure C.2.14. CompuStore Prototype — Page 16 — DELL XPS One Overview Page 
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Figure C.2.15. CompuStore Prototype — Page 17 —  
DELL XPS One Added To Cart Page 

Figure C.2.16. CompuStore Prototype — Page 18 — Shopping Cart Page 



 213 

 

Figure C.2.17. CompuStore Prototype — Page 19 — Checked Out Page 

Figure C.2.18. CompuStore Prototype — Page 20 — Add-ons Subcategory Page 
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Figure C.2.19. CompuStore Prototype — Page 21 — Parts Subcategory Page 

Figure C.2.20. CompuStore Prototype — Page 22 — Accessories Subcategory Page 



 215 

 

Appendix C.3. Football 2010 Prototype Pages 
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Figure C.3.1. Football 2010 Prototype — Page 1 — Main Page 

Figure C.3.2. Football 2010 Prototype — Page 2 — Online Game Modes Page 
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Figure C.3.3. Football 2010 Prototype — Page 3 — Pro Club Championship Page 

Figure C.3.4. Football 2010 Prototype — Page 4 — Friends Leagues Page 
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Figure C.3.5. Football 2010 Prototype — Page 5 — My Football 2010 Page 

Figure C.3.6. Football 2010 Prototype — Page 6 — Task Completed Page 



 219 

 

Appendix C.4. Mobile Device Prototype Pages 
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Figure C.4.1. Mobile Device Prototype — Page 1 — Home Page 

Figure C.4.2. Mobile Device Prototype — Page 2 — Calendar Page 
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Figure C.4.3. Mobile Device Prototype — Page 3 — Browser Page 

Figure C.4.4. Mobile Device Prototype — Page 4 — GPS Page 
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Figure C.4.5. Mobile Device Prototype — Page 5 — Settings Page 

Figure C.4.6. Mobile Device Prototype — Page 6 — Music Player Page 
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Figure C.4.7. Mobile Device Prototype — Page 7 — Task Complete Page 
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Appendix C.5. Website Welcome Page Prototype Pages 
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Figure C.5.1. Website Welcome Page 
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