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Abstract 

Remembering, understanding and reconstructing past activities is a necessary part of 

any learning, sense-making or decision making process. It is also essential for any 

collaborative activity. This dissertation investigates the design and evaluation of systems 

to support decision remembering, understanding and reconstruction by groups and 

individuals. By conducting three qualitative case studies of small professional groups, we 

identify the critical activities where history functionality is needed most and specify 

problems in collaboration and technology use. We construct a framework of key issues, 

concepts and observations that can serve as a basis for the design of systems to 

support histories for decision making and decision reconstruction.  A tool for visual 

history in collaborative decision making may benefit from having the following features: a 

minimal commitment way to create records of history; support for sharing of tacit 

knowledge; providing the context of information; reducing clutter and user need to switch 

attention among the tools and environments; providing access to multiple sources of 

record within a single environment; providing users with cues and reminders; allowing 

users to create their own structures within the system; and supporting user agreements 

and storytelling. We suggest and defend specific design responses to the above 

mentioned framework. We reified several of these design ideas in an interactive 

prototype (the VH Prototype). A qualitative user study of the VH Prototype validates, 

refines and prioritizes the suggested design framework and shows possible real-world 

scenarios for how each of the design principles can support decision recording, 

remembering, understanding and reconstruction.  

Keywords:  Computer-supported cooperative work; group decision making; visual 
histories; decision rationale capture  
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Chapter 1.  
 
Introduction 

Remembering is a necessary part of any learning, sense-making or decision 

making process. It is also essential for any collaborative activity. Failure to remember 

past experiences or key decisions affects the quality of work and sets additional 

challenges to both groups and individuals. That’s why it is very important to support 

teams in remembering and in reconstruction of their past activities and decisions. This 

research suggests the use of history mechanisms as a way to support remembering of 

past actions and to facilitate decision reconstruction in both groups and individuals. 

Current decision support and history tools have limitations, such as lack of 

integration and visualization capabilities (Kaasten and Greenberg, 2001) or imposing 

rigid structure on thinking processes (Klemmer et al., 2002; McDermott, 2000; Sachs, 

1995). These tools are often designed for very specific roles and are data centric. They 

aim at working with structured data and are often limited in tracking, assessing and 

documenting decisions. Further, they fail to support key aspects of collaborative decision 

making. In practice, group decision rationale is quite often reconstructed only when 

needed, and then becomes group history by the fact of agreement with it (see Chapter 

4). That is, in many cases, history is constructed by means of agreement. However, 

much of the work on history mechanisms in graphical user interfaces has focused on 

recording and controlling interactions that are within a single system (Heer et al., 2008a). 

Further highlighting the limitation of single system history support, collaboration uses 

multiple media, both digital and physical. A system that constrains media forms will 

capture much less than participants would wish and could use (Scott et al., 2003; Tang, 

1991). In practice it is impossible to create a complete record of history as not all 

information is digitally available (Ackerman, 1996; Tuomi, 1999). Therefore it is critical to 

assist people in remembering, finding and capturing non-digital information. 
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The benefits of recording history are deferred, while user tasks are immediate. 

This poses an issue for history mechanisms, because people tend to focus on work for 

which the immediate perceived benefit exceeds its cost. Systems that impose additional 

user effort without visible immediate benefit discourage use (McDermott, 2000; Scott et 

al., 2003; Tang, 1991).  

In the collaborative decision making and decision reconstruction processes, 

understanding the rationale behind an event or a decision as well as the process of how 

one arrived at a certain conclusion is often as important as the conclusions themselves 

(Goodall et al., 2004; Klemmer et al., 2002). Both the literature and our observations 

show that agile methods (or rapid design cycles) that are now widespread in 

organizations, discourage thorough record keeping (Chau et al., 2003). In the rapid, 

time-pressured reality of work, people are naturally reluctant to invest effort in tasks that 

slow them in reaching their immediate goals. This makes it increasingly hard to find out 

why a decision was made so that future ends align with the goals. In this work I explore 

ways to address these problems by using history mechanisms, including history 

visualizations.  

Organizational science research indicates common problems in the construction 

of organizational memory, such as inability to capture the decision rationale, individuals’ 

unwillingness to contribute to group memory, inability to find and extract the right 

information, poor knowledge transfer and reuse (Ackerman and Halverson, 1998; 

Goodall et al., 2004; Sachs, 1995). 

Research shows failures of information systems to support decision making even 

when the work processes seem to be well documented. What people really do is more 

varied than what can be captured through procedures (McDermott, 2000; Tuomi, 1999). 

The meaning that people glean from information depends on their ability to interpret the 

information’s context (Ackerman and Halverson, 1998).  

Other common examples of failures of current technological systems include 

failure to keep group members updated on important decisions, imposing work overhead 

(Scott et al., 2003; Tang, 1991), potential switches in power structure (Randolph and 

Main, 2005), inability to resolve conflict between collaborative and individual tasks   
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(Gutwin and Greenberg, 1998), learning barriers (Blackwell, 2002; Ko et al., 2004) and 

failures to transfer expertise among team members or among different working 

environments (Goodall et al., 2004). 

This research builds on previous work on collaboration, collaborative decision 

making and histories. In this thesis I explore the issues of supporting history 

mechanisms in current tools and devise a set of design principles that are essential for a 

system to support decision reconstruction and remembering. In order to achieve this 

goal, I explore the key literature on history and collaborative decision making in the 

areas of HCI, CSCW, Social Science and InfoVis (Chapter 2). Further, I provide an 

overview of technological systems that support different aspects of history (Chapter 3). 

To prioritize the issues users are dealing with and to identify the critical activities where 

history support is needed most, I present the results of three observational studies of 

small professional groups that I conducted over the course of several months each 

(Chapter 4). In Chapter 5, I present the results of the three case studies that were 

conducted to validate our design ideas. Based on the case study and focus groups 

results, I describe the key issues and design concepts that a history system needs to 

address as well as suggest specific design responses to these concepts (Chapters 6 

and 7). To demonstrate our findings, we developed an interactive prototype of a history 

tool that incorporated a combination of the design principles we consider important 

(Chapter 8). In Chapter 9 I describe the process, analysis and results of an exploratory 

qualitative user study of the prototype that aimed at testing the validity of our 

assumptions and our design framework. 
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Chapter 2.  
 
Background and Related Work 

This chapter provides a broad literature review in the fields of Human-Computer 

Interaction (HCI), Computer Supported Cooperative Work (CSCW), Information 

Visualization (InfoVis) and Social Science. I also describe the key domain concepts and 

findings needed for understanding the problems that are set in this research and 

propose ways of solving them. 

This chapter covers general concepts in collaboration, cognition, group decision 

making, information visualization and histories. The literature on specific applications of 

these concepts in systems is introduced in Chapter 3. Chapter 6 provides more focused 

review of the literature on key system design principles to support decision recording, 

remembering and reconstruction. 

2.1. Factors Affecting Collaboration 

This following section provides literature review on collaboration, problems in 

collaborative decision making, and principles for its technological support. The research 

problems summarized in this section inform our thinking and create grounding for further 

analysis. 

2.1.1. What is Collaboration 

The term “collaboration” may be defined in many different ways and is used in 

many contexts. But generally it means working together to achieve common goals. 
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Schrage sets apart the term “collaboration” from the term “communication” 

(exchanging information) and rather defines it as an act of shared creation and/or shared 

discovery (Schrage, 1995). According to Schrage, factors necessary for successful 

collaboration include competence of team members, shared understanding of goals, 

mutual respect and trust, creation of shared space, multiple forms of representation to 

resolve confusions over language, a sense of play and experimentation to find the 

dimensions of problems, informal gatherings and communication, clear lines of 

responsibility but no restrictive boundaries and selective use of outside perspectives for 

complementary insights. Schrage’s scope was face-to-face collaboration. When 

collaboration moves to the digital environment, there arise additional challenges in 

supporting successful collaboration. 

2.1.2. Awareness 

Successful collaboration tools should take into account the awareness factor 

(Gutwin and Greenberg, 2002; Kulyk et al., 2008; Storey et al., 2005). Awareness is 

something people usually take for granted in their everyday life. But it becomes hard to 

maintain when it comes to distributed collaborative systems. In the context of 

synchronous collaboration there is workspace awareness (Gutwin and Greenberg, 

2002), which means understanding other people’s up-to-the-moment interactions with a 

shared workspace. In the context of asynchronous collaboration awareness could mean 

the ability to keep track of the timing and content of past actions. For this type of 

awareness the presence of history (being able to go back in history and find out about 

collaborators’ activities) and notification mechanisms (receiving updates about recent 

group activities) in the system are important (Heer and Agrawala, 2008). 

2.1.3. Common Ground 

People need common ground in order to make progress in their collaborative 

activities. Collaborators need to come up with a common vision of the problem and 

agree on the ways of solving it. In order to do that, there should be a common 

understanding of the problem ends and means. 
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The success of collaboration is dependent on whether participants are able to 

achieve common ground. Chuah and Roth  (Chuah and Roth, 2003) define the notion 

with relation to its application in visualization tools. According to them, this notion 

comprises several dimensions: 

• Explicitly shared objects and events (something communication is being 
focused around) 

• Implicitly shared objects and events (surrounding physical cues that people 
perceive jointly – this dimension is often lacking in electronic communication) 

• Shared goals of interaction 

• Interpretations and thoughts. Current systems mostly do not provide media for 
capturing thoughts, and therefore, in electronic communication thoughts do 
not become part of common ground. 

• Level of attention on the objects. The awareness of other people’s attentional 
focus may reduce information overload. 

• History of objects. This aspect can reveal much important information, such as 
metadata, social connections and can provide common ground to estimate the 
relevance and quality of data. 

• People’s emotional reactions and personal characteristics. 
  (Chuah and Roth, 2003)  

As shown by Chuah and Roth in their study, all of the above dimensions 

influence the efficiency of decision making, analysis and communication in teams. 

2.1.4. Technology and Social Interactions 

Collaboration is a social process. That is why a successful tool is a tool that takes 

into account natural human behaviour, including its cognitive and social attributes. The 

literature identifies features and characteristics that define successful collaborative 

teams. These include an atmosphere of mutual trust and respect in a team (Tschannen-

Moran, 2001; Zarraga and Bonache, 2005), encouragement to provide creative ideas 

(John-Steiner, 2000), ability to establish common ground (Chuah and Roth, 2003), 

amount of face-to-face communication (Pentland, 2008), leadership (Luther and 

Bruckman, 2008) and openly sharing ideas and opinions (Bennis and Biederman, 1997). 

Previous research has acknowledged the gap between social interactions and 

the technology to support such interactions: current technological systems cannot 
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support the richness and ambiguity of decisions and interactions happening in face-to-

face communication. For example, Ackerman considers exploration and addressing this 

gap as one of the main challenges in the fields of CSCW and HCI (Ackerman, 2000). He 

suggests to shift the focus and look at CSCW as a “science of the artificial” (Simon, 

1969), starting with taking the steps to address the gap and making the social 

requirements a main priority.  

Explicit and Tacit Elements of Communication 

For decision making in organizations the age of electronic communication 

imposes new challenges. One of them is the lack of face-to-face communication that 

results in reduced nonverbal signals that are often so important for expressing value or 

affirmation (Anderson et al., 2008). This means that in electronic communication new 

forms of assessment and appreciation should be introduced.  

Sachs (1995) identifies an example of the failure of organizational performance 

due to the lack of interpersonal communication. In this example Sachs shows how the 

implementation of the Trouble Ticketing System in a telephone company that was 

supposed to make the work of employees more effective, in fact reduced the effective 

network and performance of co-workers just by preventing people from having 

conversations with each other and consequently preventing knowledge transfer through 

these conversations. 

Sachs makes a clear distinction between “organizational” and “activity-based” 

approaches to define how the work and collaboration should be organized. According to 

Sachs, an organizational approach means an explicit view and is represented by sets of 

defined tasks and operations, which fulfill a set of business functions. This means a set 

of standardized activities and rules imposed by an organization. On the other hand, the 

activity-based approach accepts the complex range of activities, communication 

practices, relationships, and coordination it takes to accomplish business functions. In 

activity-based perspective collaboration, learning and skill development are encouraged. 

Sachs argues that the tacit elements of work play a significant role in decision-making 

and in learning processes within organizations. And this aspect, being ignored by many 

of the systems implemented in organizations, leads to failure. 
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A system to support collaborative decision-making should be built around both 

explicit and tacit processes that occur in teams. 

Group Biases 

People do not always act rationally. Often the opinion of certain people has more 

weight than opinions of others. Sometimes people make their decisions based not on the 

common sense but on the opinions of those who have more influence or feel more 

confident about their judgments (Nickerson, 1998). There are also decisions that people 

prefer over the others because they confirm people’s preconceptions even though they 

may be wrong. 

Collaboration tools may be more useful for specific kinds of tasks and activities 

than face-to-face communication. For example, these tools can be used for anonymous 

sharing of ideas or opinions. This makes the idea selection process more fair because it 

will not depend on the personal attitude to the author of an idea or on the position of the 

person in the organization hierarchy. Also, with the help of technology mediated 

collaboration, some tensions and negative emotions may be reduced, by making 

communication more formal and less personal. 

Introducing recommender systems as well as rankings and evaluations based on 

collective opinion may set the real priorities for the group and facilitate sharing of 

information (Ackerman, 2000). The recommendation system functionality may be 

extended by specific expert reviews or smart search tools that could highlight the outside 

world situation on solving a specific problem or provide best practices. Riegelsberger et 

al. (2006) outline the effectiveness of applying these mechanisms for promoting trust 

and cooperation in groups. 

2.2. Design Rationale 

Design rationale is the domain that focuses on describing, articulating and 

representing the reasoning behind a design process. This notion advocates data 

representations that go beyond the standard specifications and descriptions of the 

artifacts (Moran and Carroll, 1996). 
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As stated by Moran and Carroll (1996), the approach to design research has 

changed from methods favoring formal decompositions and clustering techniques 

towards “second-generation” design methods that recognize the need for sharing of 

expertise, need for discovery activities and the importance of considering multiple 

perspectives in any design activity. This understanding lead to the emergence of the 

concept of “explication of rationale behind design”. The authors note that for capturing 

the design rationale, formal representations do not work as they constrain expression 

and cannot capture many important aspects of design. 

Fischer et al. (1991) state that documenting argumentation can improve design 

by both promoting reflection during design and supporting the processes of redesign and 

reuse. But in order to do that, argumentation should be adjusted to do so. For Fischer et 

al., design rationale is a synonym for such argumentation. The authors point out that a 

truly complete record or reasoning around design decisions cannot be achieved and is 

not desirable either, because such record would take too much effort and would 

compromise the design process itself. The authors claim that capturing rationale could 

serve to support collaborative activities as it can promote discussion, reduce the chance 

of missing important considerations and can support coordination of group activities. 

At the same time, Fischer et al. point at the existing problems in capturing design 

rationale by extant tools. One of such problems is the difficulty of capturing and 

articulating the tacit knowledge, as in many cases it requires specific situations to be 

activated. The authors emphasize the failures of existing systems to support capturing 

the design rationale because of their static nature. Such systems are unable to capture 

the activities that are exploratory or not very well structured. Also, authors mention that 

creating and using design rationale could be a time-consuming process that provides 

little immediate reward and can interfere with the design process itself. 

Gruber and Russell (1996) state that even though design rationale information 

can help reuse and maintain the existing knowledge, the problem of capturing it 

becomes more evident as the complexity of a design artifact increases. Such rationale is 

often stored just in the heads of the designers who are neither available nor can 

remember it. 
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Based on empirical studies of design activities, Gruber and Russell (1996) 

observe that rationale is usually based on many kinds of information sources, including 

people, documents, design systems and notes. They suggest that the information that is 

captured should not be restricted to predefined models, but should rather capture all the 

relevant information that is needed to answer designers’ questions.  

Another observation that Gruber and Russell (1996) report, is that rationale is 

often constructed based on the information that is stored in the record as relevant data, 

rather than being recorded as complete answers. This means that many explanations 

are inferred from a design record and cannot be retrieved directly. The authors conclude 

that the systems to support design rationale should capture a variety of data and models 

relevant to a decision, even if a complete justification for that decision is not available. 

Gruber and Russell (1996) also point out that one of the major obstacles for 

using the design rationale capture systems is what they call a “rationale fatigue”. This is 

the burden that these systems impose on users to record and structure information. The 

authors report that even the most motivated and disciplined users over time start to 

avoid the rationale capture interfaces in favor of focusing on their primary design tasks. 

For this reason, the authors question whether it is worthwhile to construct the complete 

records of explanations at design time, considering the user effort it requires. 

Carey et al. (1996) explore the issue of design rationale reuse in the area of HCI. 

They studied how design rationale could be used as a learning aid for those who were 

not directly involved in the process of design or redesign. The authors argue that in order 

to effectively communicate design expertise, the role of providing explicit design 

scenarios and real-life situations is very important. 

Conklin and Burgess-Yakemovic (1991) suggest that capturing design history 

can help improve the design process, especially for complex projects. The authors 

mention that people can easily miss important design decisions. They state that people 

often spend time looking for solutions that have been already explored and resolved in 

the past. At the same time, authors emphasize the importance of minimizing user effort 

in capturing design rationale, while increasing the perceivable payoff of this activity. 
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In terms of representation of design rationale, there is a trade-off between the 

ease of use and the “expressive power” of such representation. This could be addressed 

by providing multiple views of design rationale, issuing reminders, using filtering 

functionality and providing meaningful summaries (Conklin and Yakemovic, 1991). 

The authors point out that in case of successful capture of design rationale, 

organizations can acquire a new capacity – organizational memory. This means that  

organizations would be able to effectively use the history of key events and decisions, 

rather than just rely on individual memory (Conklin and Yakemovic, 1991). 

2.3. Information Visualization for Cognition, Collaboration 
and Decision Making 

2.3.1. Information Visualization to Support Cognition 

Many researchers have discussed the crucial role of information visualization for 

human cognition. 

Ware (2004) states that visualizations can act as an interface between the 

human cognitive system and computer systems. The performance of the entire human-

computer system depends on the performance of this interface. 

Heer et al. (2005) point at the importance of information visualization to augment 

human cognition by leveraging human visual capabilities to make sense of abstract 

information. They also claim that visualizations can provide means by which humans are 

able to better deal with increasing amounts of data. 

Many researchers (e.g., Berghel, 1997; Edmunds and Morris, 2000) have 

discussed the problem of information overload. With the advance of digital technologies 

it has become increasingly hard to filter important information from huge amounts of data 

stored digitally. The related problem is that the majority of information is still text-based, 

which increases the users’ cognitive load. Since humans acquire more information 

through vision than through other senses combined (Miell and Littleton, 2004; Ware, 
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2004) one of the obvious benefits of visualization is the amount of information that can 

be easily interpreted and presented. Properly constructed visualizations group 

information into meaningful pieces and help to extract knowledge from large amounts of 

data therefore allowing increased speed of information processing and reducing 

cognitive load. 

Because visual memory complements semantic memory (Ware, 2004), 

information well-presented visually is likely to be processed and remembered faster and 

to require less cognitive effort compared to textual information. This is especially 

germane for such tasks as identifying spatial structures, location or for recognizing detail 

and appearance. 

One of the examples of the information overload problem in organizations is the 

example of using email systems to store and exchange information. The main problem 

of these systems is the largely text-based representation of data and its linear sequential 

organization on the computer screen (Chen et al., 1998). Often people are using their 

emails to look for information they need, but have problems finding it because they have 

to look through large amounts of textual data. This type of organization of data does not 

allow users to see the overall picture of a problem or a task being solved and does not 

show the relationships among data. This is a place where presenting information visually 

would play an important role. 

Bioinformatics shows the importance of using visualizations for visually exploring 

genes to investigate the mechanisms that drive a particular disease (Heer et al., 2008b). 

Through mapping large amounts of data into visual form, the ability of human visual 

system to spot patterns and outliers can be used to explore the data to find patterns that 

would have been very difficult to identify through automated techniques. 

Even if we look at the use of visualization in organizational settings we can notice 

the wide use of sketches, drawings and mind maps used when people are trying to 

understand the overall structure of the task or general processes that shape the problem 

being considered. 
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2.3.2. Information Visualization to Support Collaboration 

Recent research has shown the increased need for visualization tools to support 

collaborative activities (Balakrishnan et al., 2008; Heer et al., 2008b; Heer and Agrawala, 

2008). Balakrishnan et al. (2008) claim that visualizations can support synchronous 

remote collaborative activities provided they are able to promote communication at the 

same time. They point that advances in computing that allow collaborators to visualize 

information open up new opportunities for collaborative problem solving that have failed 

in the past (e.g., shared maps and databases that support collaborative detective work). 

Heer and Agrawala  (Heer and Agrawala, 2008) mention the ability of information 

visualization to support the sense-making process. Heer et al. (Heer et al., 2008b) state 

the increased necessity for collaboration around complex data. For this type of data the 

development of information visualization technologies that incorporate features for 

sharing and collaboration is critical. 

Visualizations help achieve common ground and build shared understanding 

among people (Chuah and Roth, 2003). Very often people disagree on ideas or 

decisions they make because of differences in interpretation of concepts: simply they do 

not have a common language. Multiple forms of representation including visualizations 

can help people to resolve confusion over language or ideas that are too complicated to 

be explained in words.  

Visualizations have also been shown to support discussions, grounding and 

collaborative task performance through embedding visualizations into text and 

embedding discussion directly into a visualization, i.e., putting a conversation into the 

context of task. Research states that views of a shared visual environment minimize the 

need to verbally confirm actions that can be assessed visually (Heer and Agrawala, 

2008). Having the shared visual space helps collaborators to better understand the 

current state of their task and is associated with faster task performance, improving 

communication and reducing collaborative effort (Gergle et al., 2004). 
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2.3.3. Visualizations for Collaborative Decision Making 

In order to know how a collaborative decision-making can be supported through 

visualizations we first need to understand what “collaboration” really is and how 

decisions are actually being made. 

Information visualization technologies are widely used in different kinds of 

activities including work in a business environment, creative problem solving and social 

activities. But in any of these activities we can see that the interaction with visual 

medium is a complex phenomenon that consists not only of cognitive and perceptual 

processes, but also of social processes (Heer et al., 2008b; Heer and Agrawala, 2008). 

Information visualizations can improve collaborative problem solving,  but this 

improvement will be best in the tools that promote communication (Balakrishnan et al., 

2008). 

For this reason one of the important challenges in recent visualization research is 

the design of visualization tools that support social interaction and promote collaboration. 

For each type of collaboration (collocated, distributed, synchronous, asynchronous) 

there is a specific set of design features that a visualization tool should address.  

Social interaction among group members and its implications for design of 

systems requires specific attention in designing of collaborative visualization tools.  

Remaining both open and crucial is the issue of using visualizations in context: 

how to provide users with mechanisms for selecting the data they want to be visualized 

or how to distinguish between more important and less important data. As stated before, 

to a high extent, these design decisions should be based on the knowledge of a specific 

domain and the assumptions on the actual group interaction in that specific domain. The 

problem is in the appropriate selection of the techniques and methods of visualization 

based on types of activities and context of work being supported. According to Treinish 

(1999), the design of task-based visualizations should include understanding user 

needs, composing design elements that support these needs and establishing 

techniques for various user goals. Along with these tasks, there is an issue of devising 

“end user visualization”  (Heer et al., 2008b; Treinish, 1999) capabilities that would allow 
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users to create custom visualizations directly within their specific domains. This problem 

is partially being addressed by current tools, but needs further exploration. 

One example of such a tool is Many Eyes (Viegas et al., 2007), which offers 

different kinds of visualization techniques that users can apply to data sets they upload 

to the system. Users can bookmark specific states of visualizations and post comments 

to support their data analysis process. 

Connecting visual histories for collaborative decision-making and the information 

visualization aspect means answering the question “why histories need to be presented 

visually?”. One of the possible reasons for doing this is the ability of visual 

representations to act as reminders and their ability to help reconstruct the decision-

making processes. A quick look at the visual structure of a process can help trigger 

human memory and restore the chain of events or a decision process from these visual 

cues. All the information recorded or stored in a system builds its history, but the 

meaning that people get from history depends on their interpretation of it. That is why 

history needs to be represented in a way that would be meaningful and valuable for 

people using it. This is where the use of visualizations is critical. The proper 

representation of knowledge stored by a system plays a key role in its comprehension 

(Berghel, 1997; Edmunds and Morris, 2000; Ware, 2004). 

2.4. History and Collaborative Decision Making 

2.4.1. What is History? 

The term “history” is an overloaded word. We found at least three different 

meanings for the term: 

• A log of events or a record of interactions within a system 

• A (largely user-initiated) selection and interpretation of key events that are or 
were important. Transaction-based systems, version control systems, types of 
undo could be examples of this. 

• An active reconstruction process in order to tell a believable story (storytelling, 
explaining process-centred work, math textbooks, editable transactions and 
histories. 
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If we talk about the role of history in collaboration, it can be stated that every 

piece of information remembered becomes the history of collaboration. And the meaning 

that collaborators get from history depends on their interpretation of it. 

Likewise, if we talk about a collaborative system, we can say that every piece of 

information recorded or stored in such a system builds its history. This means that the 

meaning system users could get from such a system depends on what kinds of 

information are stored there and are presented to the system users. For this reason, one 

of the key issues in designing a collaborative system that uses history functionality is to 

represent history in such a way that would create meaning and value for its users. 

2.4.2. Organizational Science Perspective. Group Memory 

The problems and issues defined in organizational science research are closely 

connected with the decision making and decision reconstruction processes in groups. 

Below I describe the key ideas and issues that are most relevant to this research. 

Organizational memory is a term that defines the collective memory in groups 

and organizations. Groups use organizational memory for dealing with challenges or 

making decisions. In (Ackerman and Malone, 1990) organizational memory is defined as 

“organization’s ability to benefit from its past experience in responding more effectively 

(e.g., faster or more accurately) in the present”. 

Walsh and Ungson (1991) define organizational memory as “stored information 

from an organization’s history that can be brought to bear on present decisions. This 

information is stored as a consequence of implementing decisions to which they refer, by 

individual recollections or through shared interpretations”. They also mention that 

organizational memory is not centrally stored but is distributed across multiple locations 

or parts of an organization. 

Huber (1990) discusses organizational memory in the context of technology use. 

He describes the potential roles of decision support and computer-assisted 

communication systems on organizational memory, organizational design and decision 

making. 
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An important concept in organizational science is that of boundary objects (Star, 

1989). Boundary objects are information artifacts that can span multiple groups and help 

groups collaborate. Each of the groups can use these information artifacts in their own 

context, without the need to fully understand the original context. The concept of 

boundary objects has been described by Star and Griesemer (1989) as follows: 

Boundary objects are objects which are both plastic enough to adapt to 
local needs and the constraints of the several parties employing them, yet 
robust enough to maintain a common identity across sites. They are 
weakly structured in common use, and become strongly structured in 
individual-site use. These objects may be abstract or concrete. They have 
different meanings in different social worlds, but their structure is common 
enough to more than one world to make them recognizable. 
  (Star and Griesemer, 1989) 

In the organizational context, any information artifacts saved into group records 

(e.g., documents, field notes, meeting minutes, images etc.) could serve as boundary 

objects. Such objects may allow initiating discussion across multiple groups or 

communities within the organization. 

Organizational memory comprises many types of resources that combine human 

memory with paper-based and digital records (Ackerman, 1996).  

2.4.3. Problems of Collaborative Decision Making 

Knowledge Capture 

The principle of least collaborative effort (Clark and Wilkes-Gibbs, 1986) states 

that people will invest just enough effort to achieve successful communication. People 

will not invest much time and effort into explicitly creating bases for their future work 

unless they see the immediate benefit in doing so. This fact creates difficulties for 

knowledge and expertise capturing and sharing in teams. 

During collaborative decision processes people often try to record their decisions 

in order to remember and reconstruct them in the future. To do this they use different 

approaches depending on the team they are working in and the type of decision they 

need to remember. In meetings people often take notes in a notebook or on a computer. 
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For reconstructing conversations people may audio and video record their meetings. 

They also take pictures of the whiteboards or sticky notes posted during meetings. There 

is often an assigned note-taker: a person whose job is to record everything that is going 

on in the meetings. People use such tools as Wikis and shared repositories to organize 

the data they have and very often use email systems for sharing important information. 

But the majority of this information gets lost and is actually never used again.  

One of the reasons for such loss is information overload. People can quickly 

mark information as being “important”, but often they do not have time to actually go 

back and look for this information again. Poor capabilities for data organization, 

recommendation and capture create clutter that leads to inability to find needed 

information. This leads to conflicts and additional loss of time, and most important, loss 

of organizational memory. 

People often rely on their memory, which is selective and limited (Anderson, 

1990; Balota and Marsh, 2004; Levitin, 2002), in order to remember what they need to 

look for and where they need to get it. The problem here is that collaborators miss or 

forget many important events, especially in the context of restricted time and multiple 

tasks that they need to accomplish. 

For this reason serious attention should be paid to moments when people 

provide actions that have benefits for the future (e.g., bookmark, evaluate, comment 

etc.). If we have knowledge about these moments, how do we capture them and how do 

we create basis for future decisions to be made with the help of this information? 

Knowledge Transfer and Reuse 

In collaboration, people combine their perspectives to construct a point of view 

that reflects the opinion of a team.  Many problems in collaborative decision making 

happen because of the inability to properly share and transfer knowledge from one 

group member to another. For example, this problem is clearly identified by Goodall et 

al. (2004). The work of intrusion detection (ID) in accomplishing network security is 

complex, requiring highly sought-after expertise. While limited automation exists, the role 

of human ID analysts remains crucial. This paper presents the results of an exploratory 
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field study examining the role of expertise and collaboration in ID work. The results of 

this work counter the assumptions about individualistic character of ID activities and 

reveal significant distributed collaboration in ID workers. Current ID support tools provide 

no support for this collaborative problem solving. The results of this research highlight ID 

as a domain rich with organizational insights, design challenges, and practical import 

(Goodall et al., 2004) for the area of information security analysis, where all the 

knowledge and experience that an expert has is non-transferable to others and gets lost 

as soon as the expert leaves the company. 

The other issue in collaborative decision making is the problem of knowledge 

contextualization and reuse. The collection of all artifacts created in the course of task 

performance or decision making implicitly forms the organization/team memory. This 

memory, if organized in a meaningful way, could be used by group members to 

understand decisions that have been made in the past, to benefit from the knowledge 

that has been stored in that memory, to reconstruct past decision processes or to learn 

from previous experience (Ackerman, 1996). 

There are several issues related to knowledge transfer and reuse during 

decision-making. Following the viewpoint of distributed cognition theory (Hutchins, 

1995), we can consider a group of people working together in organizational setting as a 

system. During their decision processes people use different types of memory that may 

include individual and private one (e.g., personal notes) as well as group and public 

(e.g., databases or known group procedures). One of the problems with memory reuse 

is the poor contextualization of knowledge. For example, Ackerman and Halverson 

(1998), note that, when committing information to the group memory (Berlin et al., 1993), 

one must consider how other group members can use this information in the future. 

Information to be used as a memory becomes valuable only when it can be properly 

contextualized, decontextualized and recontextualized (Ackerman and Halverson, 1998).  

Tuomi (1999) points at the difference between requirements to the systems to 

support routine, well-defined processes and those to support creative and collaborative 

tasks: 
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As long as information systems are used for automatic processing of 
limited types of routine work, it may be relatively easy to expect that 
people who use the computer system share all that knowledge that is 
needed to make sense of the outputs generated by the system. When 
computers are used to support collaboration, however, collective 
sensemaking becomes a problem. It may be the case, for instance, that 
people using the system do not speak the same language, that their 
expectations and practices differ, or that they have different stocks of 
cultural knowledge.                            
   (Tuomi, 1999) 

This means that any system to support collaborative decision making should be 

in a way a social system that can assist users in processing of knowledge and creating 

meanings. 

The related problem in decision making in organizational settings is 

communication of tacit knowledge. For example, research conducted by Sachs (1995) 

states that tacit elements of work play a significant role in both decision-making and 

learning processes within organizations. This research emphasizes the importance of 

admitting that the range of activities, communication practices, relationships, and 

coordination it takes to accomplish business functions is complex and cannot be fully 

predicted (Sachs, 1995). 

2.4.4. The Benefits of History Support in Current Systems 

People tend to forget significant events and decisions as well as their temporal 

ordering, even if they are considered important for remembering (Czerwinski and 

Horvitz, 2002). This clearly states the need for human memory to be augmented. 

Previous research indicated the importance of keeping history of past user 

activities to support information exploration (Shneiderman, 1996). History systems are 

claimed to reduce cognitive effort of returning to a particular state in the past (Tauscher 

and Greenberg, 1997).  

Here is how Heer and Shneiderman describe the benefits of histories to support 

analysis and exploration: 
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Tools should preserve analytic provenance by keeping a record of analyst 
actions and insights so that the history of work can be reviewed and 
refined.  

Visual histories can support a range of interactions. First, histories 
provide a convenient mechanism to revisit prior analysis states and 
resume incomplete explorations. Adding metadata such as comments, 
tags, or ratings to states can facilitate later review and sharing. Interactive 
histories can also capture a repeatable sequence of operations that can 
be named and saved as a reusable macro. This powerful feature enables 
analysts who are dealing with many similar data sets to automate their 
efforts. Histories might spur sharing: analysts can export selected 
analysis trails, ranging from screen shots to interactive presentations, to 
external media. Finally, histories also provide a means to study analysts 
and model analytic processes.                         
   (Heer and Shneiderman, 2012) 

There are different methods for recording and representing histories that have 

been studied in the previous research. Below is the summary of these methods. 

2.4.5. Recording and Representing History 

In their research Heer et al. (2008a) provide a detailed analysis of possible 

history models. In order to record histories, they describe two main options: state logging 

and action logging. Also, any combination of both could be present in the system. Heer 

et al. (2008a) also describe the basic history organization methods. They include stack 

models (put items under undo and redo stacks), timeline models (linear organization on 

a timeline) and branching models (store items as a tree structure). Histories could also 

be organized in hierarchies, and user actions could be grouped into higher level 

activities, so that real user intentions become clear. 

As for graphical representations of histories, there are multiple ways used to help 

user better understand past states and actions, such as text descriptions or annotations 

of states, color-coding (e.g., a certain color representing a specific action type) or 

thumbnails (to support users in recognizing past interface states). 
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There are also several forms of spatial organization of history. They include 

linear representations (e.g., a comic strip or a timeline). For branching histories, node-

link diagrams are typically used. 

2.5. Chapter Summary 

In this chapter I presented a broad literature review in the areas of HCI, CSCW, 

Information Visualization and Social Science in relation to supporting collaboration, 

group memory and decision making and the ways to address these problems by 

providing visualizations and supporting history functionality in systems. 

The social science literature identifies the problem of a gap between social 

interactions in collaboration and the technology to support them. There are examples of 

failures in organizational performance due to inability of current technology to support 

the richness and ambiguity of decision making and social processes. The literature 

states that the system to support collaboration and decision making should be built 

around both explicit and tacit elements of communication (Sachs, 1995). 

The organizational science research states the problems in organizational 

memory and collaborative decision making. One of the issues is that only very limited 

amounts of information get captured as users try to minimize their effort and to maximize 

the immediate benefits. Also, often expert knowledge cannot be transferred to other 

group members and gets lost as soon as the expert leaves the group (Goodall et al., 

2004). At the same time, there is a problem of information context: the knowledge can 

be reconstructed and re-used only when it is properly contextualized (Ackerman and 

Halverson, 1998). 

The HCI literature states that system functionality that supports recording and 

representations of histories can help to address the above problems. Histories have 

been claimed not only to augment human memory and provide reminders (Czerwinski 

and Horvitz, 2002), but also to promote sharing of information (Heer and Shneiderman, 

2012), support exploration (Shneiderman, 1996), reduce cognitive effort (Tauscher and 

Greenberg, 1997), save time by re-using past knowledge and revisit prior analysis states 



 

23 

(Heer and Shneiderman, 2012), support the achievement of common ground (Chuah 

and Roth, 2003) and support awareness (especially in the asynchronous collaboration 

settings) (Heer and Agrawala, 2008). 

The research in information visualization shows benefits of visualizations to 

support collaborative activities (including discussions, collaborative task performance 

and building common ground) (Balakrishnan et al., 2008; Chuah and Roth, 2003; Gergle 

et al., 2004), help reduce cognitive load (Ware, 2004) and make sense of abstract 

information (Heer et al., 2005). Visualizations can also act as an interface between 

computer systems and human cognitive system (Ware, 2004). For this reason we 

hypothesize that visualizations can be a useful tool in the systems that support 

collaborative reconstruction of past events and decisions. 

In general, this research tries to combine the benefits of histories and 

visualizations to provide system design guidelines that can better support remembering, 

decision making and decision reconstruction in groups. 

This chapter covered general concepts in collaboration, cognition, group decision 

making, information visualization and histories. The literature on specific applications of 

these concepts in systems is introduced in Chapter 3. Chapter 6 provides more focused 

review of the literature on key system design principles to support decision recording, 

remembering and reconstruction. 
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Chapter 3.  
 
How Histories Have Been Supported: Tools Review 

In this section I describe how histories have been supported in current tools. This 

description does not claim to be an exhaustive analysis of all the history systems 

available. Rather, for each class/type of systems I provide a representative example of a 

history support mechanism. 

3.1. CSCW Tools: Answer Garden and Answer Garden 2 

Answer Garden (Ackerman, 1998, 1996; Ackerman and Malone, 1990) is one of 

the early tools to support group memory by providing expert answers to common user 

questions. The tool stores a history of group knowledge (a database of commonly asked 

questions and answers to them) that grows according to new knowledge that appears in 

the group and new questions that arise. The tool consists of a branching network of 

questions that a system asks the user in order to diagnose a problem. At the end of each 

path of questions, the system suggests the user a number of common questions and 

answers that users asked previously in similar situations. If users still cannot find an 

answer to their question, they can enter their own question that is forwarded to an expert 

in that field. The answer then is both sent to the user and entered into the database. 

Answer Garden 2 (Ackerman and McDonald, 2000) is a tool that continues the 

work on supporting collecting memory and addresses the issues discovered in the field 

studies of the original Answer Garden. It uses the “graceful escalation” mechanism to 

address user questions: the escalation agent directs user requests to different locations 

in order of preference, first using the local resources as they are more likely to provide a 

relevant answer. The system also builds a more collaborative environment by employing 

a “collaborative refinery” concept. The collaborative refinery process includes four main 
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activities: collecting, culling, organizing, and distilling. Through this process the 

information is cut down to summaries of useful knowledge that can later be reused by 

groups. Also, the system provides mechanisms to remove the distinction between users 

and experts, allowing everyone to contribute to the group memory that can better 

support collaborative learning. 

Answer Garden’s approach is primarily good for the fields where problems are 

well-defined and focused: when a question requires a set of known instructions (e.g., a 

helpdesk). However, such tools would become less useful for ill-defined tasks: for 

example, when the question itself is not formulated well enough (exploratory activities) or 

when the answer does not imply a set of instructions. At the same time, Answer Garden 

and Answer Garden 2 contain a number of important concepts necessary for 

understanding the work in supporting group memory and group decision making. 

3.2. Design Tools: GenerativeComponents 

Since the meaning we get from history depends on its representation and our 

interpretation of this representation, history needs to be grouped into meaningful parts. 

Only this way a user will be able to get the message a history representation is trying to 

deliver. 

One of the possible ways for grouping history is the grouping by temporal 

abstraction levels. This means that history of all the user activities could be grouped into 

meaningful actions. These actions in turn could be united into transactions – groups of 

actions characterized by some sort of common purpose. The transactions could form 

states of the history that could help user define stages in the process they are at. States 

of the process could lead into important milestones that need to be identified in order to 

reach goals. 

One example of the application of history grouping in real systems is 

GenerativeComponents (GC) (Aish, 2003; Aish and Woodbury, 2005; 

“GenerativeComponents,” 2015) parametric CAD system. This is a design tool that 

becomes a collaboration tool thanks to its transaction record functionality. 
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The system provides a way to record the process of creation of a design model. 

The design history of user actions is grouped into transactions, and each of them is 

treated as a single step in the creation process replay chain. But the automatic 

transaction grouping process produced by a system is not always meaningful for users. 

That’s why users often manually group parts of the script into transactions and name 

each of them in a way that makes sense for them. This way they can turn to this design 

in the future and replay the whole process of model creation. They also can make small 

changes to the existing design, and this way, create new designs without having to do 

the whole work from scratch. This approach also makes it easier for other people to 

understand the design through replaying this recorded sequence of transactions. 

The history functionality this tool provides is important for creating and editing 

design models. The ability it provides for grouping user actions into transactions is a way 

of creating meaningful histories that do not overload users with unnecessary details. At 

the same time, the ability to access and edit parts of the history gives users freedom to 

create new designs without spending too much effort. The ability to replay the whole 

history of model creation gives users information not only about the results, but also 

about the design process itself. 

3.3. Visual Analytics Systems: CZSaw 

CZSaw (Kadivar et al., 2009) is a visual analytics system for supporting the 

analysis and sense-making processes. CZSaw has similarities with other VA tools, like 

Jigsaw or Tableau, but this system is particularly interesting because it emphasizes the 

meaning of history and reconstruction of the analysis process.  

Since one of the key functions of the tool is supporting the user in capturing and 

reviewing the past analysis processes, all the user interactions are captured both in the 

scripting language and the visual history view (Figure 3.1.), so that the user has different 

options for reviewing the past activities and identifying the patterns. Users are also 

provided with annotation and note-taking functionality. Additionally, the system can show 

a dependency graph where nodes show entities and links show the dependencies that 
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the user has explored and made connections from. The dependency graph shows the 

current state of the analysis process. 

The search function of the tool shows results using different types of data-

oriented views, including graph (a node-link diagram that connects entities), lists (lists of 

entities and connections between list elements) and document view (full text of 

documents with highlighted entities as well as list of entities and documents). 

An important feature of the tool is the user ability to replay the script of the 

analysis process step by step and to resume the analysis from any step in the history (in 

this case the new alternative branch of history is started). 

This tool can be very useful for solving specific types of problems, where a user 

needs to apply series of logical steps to solve a task. At the same time, this tool can 

support the reconstruction of the analysis process for both individual users and for 

asynchronous collaborations. Even though this tool is specific to the area of Visual 

Analytics, some of the principles and methods used in CZSaw can be applied to other 

systems that support history and decision reconstruction. For example, the process of 

recording user actions and creating meaningful groups of these actions and further 

replaying them can be helpful for reconstruction of the process of how one arrived at a 

certain conclusion. A set of visualizations that demonstrate relationships between 

entities can help analyze how parts of the story are connected. The ability to save past 

states of the system supported by annotations can save time when solving similar types 

of problems. This system makes an important point that in order to reconstruct past 

events and decisions one needs to concentrate not only on the data available, but more 

importantly, on the process of arriving at it. 

3.4. Note-taking Tools: Evernote 

Evernote (“https://evernote.com/,” 2015; Myers, 2011) is a note-taking application 

that is designed to support capturing, storing and organizing information (Figure 3.2.). 

The tool structure is organized around the hierarchy of notes, notebooks (collections of 

notes) and stacks (collections of notebooks). The tool allows recording different types of 
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information, including text, images, audios and videos. Metadata is available for each of 

the saved items that consists of the data saved automatically (author, saving date and 

time etc.) and saved manually by the user (e.g., title, location, tags). 

 

Figure 3.1. Evernote Interface 

Note.  Left pane – navigation, central pane – notes list, right pane – note content. 

The tool can be used across multiple devices, and the information that has been 

saved is synchronized across all of them. All the recorded information is searchable 

either by note name or by note content. The notes can also be shared with others via 

email or social media. 

Several plug-in applications also exist for this tool. One of the interesting 

applications is a web browser plug-in that allows saving web pages into the tool using a 

single button click. 

This tool can be helpful for storing and organizing personal notes, for providing 

reminders about past events and decisions. However, not all the information gets saved 

as notes. Evernote cannot serve as a universal device to keep all types of information as 

it still requires too much effort from the user to get certain types of information recorded. 

Also, the question is what happens when the record gets too big and the keyword search 
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starts to require too much time and effort to locate the necessary pieces of information? 

This tool may be missing the more advanced search and analysis functionality. 

In general, Evernote can be a powerful system for capturing, organizing and 

archiving personal notes and can serve as a support for personal information 

management. 

3.5. Time-machine Computing: TimeScape 

TimeScape (Rekimoto, 1999) is a desktop environment that is based on the 

concept of “time-machine computing”. The user interface concept of time machine 

computing means that a user has an opportunity to visit information spaces at various 

points in time. According to Rekimoto, this concept can be characterized by the following 

main features: all the user activities should be permanently archived; the archived 

information can be used to reconstruct the state of the system at any given point in time; 

the archived information can be visualized (for example, using a timeline or a calendar 

view); not only the state of a specific application should be restored, but also that 

application's context. 

TimeScape is an application that allows to automatically save the states of a user 

desktop and to return to any specific state (both in the past and in the future) if 

necessary. In case a user "travels" to the point of time in the future, they can leave a 

note to themselves that will appear at the set time and will serve as a reminder. The 

system provides the timeline and calendar view visualizations to show the changes that 

were made. There is also a search functionality that allows to look up an item by 

keywords. The search function allows to look for information both backward and forward. 

TimeScape is one of the earlier systems that utilize the idea of saving both a 

specific state of the system and its context. This concept is very useful for supporting the 

reconstruction of past activities. However, there are serious limitations to using this kind 

of system. First, after some time, the record gets cluttered as not all the changes made 

become meaningful. For this reason, a decision should be made about the granularity of 

information recorded. Another, more important limitation, is that this tool restricts user to 
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a single environment (i.e., a desktop). If a user needs to keep a piece of information in 

the record s/he needs to save that information onto the desktop. This requires additional 

effort from the user and will prevent the information from being saved. Another important 

limitation of this system is that the desktop space is limited, so only limited amount of 

information can be saved, even if it is grouped into hierarchies. 

Even though the TimeScape system has drawbacks, the idea of time-machine 

computing that it is using is a valuable concept that has been used in other systems, 

such as design and visual analytics tools (see sections 3.2. and 3.3), to support history 

reconstruction and remembering. 

3.6. Workflow Management Tools: VisTrails 

VisTrails (Bavoil et al., 2005; Callahan et al., 2006) is a system that provides the 

capability to explore data by comparing multiple complex visualizations. VisTrails 

facilitates the creation, maintenance, execution and exploration of visualization pipelines 

and provides the infrastructure that can be combined with other systems, rather than 

creating yet another visualization tool. The key component of the system is a 

visualization trail that provides a specification of a visual pipeline. This specification 

serves as a template to generate multiple visualizations by just changing their 

parameters. The system maintains a detailed history record of the provenance of 

multiple visualizations. 

The system captures history by serving as a versioning system for dataflows: 

each vistrail consists of a tree, where the nodes represent the dataflows themselves, 

while edges show a set of changes applied to the parent node to obtain a child node. 

This way the users can compare the results of different dataflows as well as to track the 

entire history of changes (Callahan et al., 2006). 
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Figure 3.2. VisTrails History View Example 

The VisTrails system is an example of the application of information path 

metaphor. The History View in VisTrails workflow management system (Figure 3.3.) 

demonstrates the way information path could be used to support collaborative activities. 

The History View records the states of the system in a way of a tree graph. The nodes 

are color-coded, so that more saturated nodes represent more recent changes. Each 

node contains information on who was editing it as well as annotation on actions 

performed for that specific state. What is interesting about this system is that it stores not 

only the fruitful paths, but also the ones that were cancelled and left behind for some 

reason. This way a user may return to these cancelled states, see reasons why they 

were changed or cancelled and if necessary edit and build on them to create versions. 

Another interesting function in the VisTrails tool is the Visual Comparison option. 

Through this option a user may visually compare several versions of the file and create 

new ones just by adding elements and changing parameters or combining the old ones. 
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The concepts utilized by this system can be applied not only for the visualization 

or design tools, but could be useful in other types of history systems. VisTrails provides 

a clear and visual mechanism to capture the analysis process and to interact with and 

compare multiple exploration paths. The annotations and metadata provided by the 

system support the remembering and analysis processes. 

3.7. Contextual Search Tools: YouPivot 

YouPivot (Hailpern et al., 2011) is a history visualization tool based on an 

interaction technique called Pivoting. Pivoting is based on contextual cues (a contextual 

cue being an event or an object that has temporal relationship to an event or a decision 

that one would like to remember) and uses cognitive science findings about associative 

memory. For example, the system uses the property that people can recall events from 

their context (e.g., events that happened at the same time, but were not necessarily 

semantically related). One of the key functions of the tool is the user’s ability to switch to 

a specific point in time in their own digital history. A user can see all the files, web pages 

and other activities that were happening at the same time as an activity set by the user.  

To aid users in their contextual search, the tool provides a number of functions, 

including a search box, sorting options, showing key terms and timeline visualizations. 

The tool also contains a TimeMark button that represents an annotation method where a 

user can mark an important moment in time. This way a system would bookmark and 

save everything that a person was working on at a specific moment in time. Later these 

bookmarks could be revisited and the whole work process (including multiple windows 

and documents open at that moment) could be restored. 

The approach used in YouPivot can be useful for finding information about the 

events that happened in the past. Since the tool is based on the premise that a user can 

associate an event or a decision with another event that was happening at the same 

time, it is essential for the user to remember when an event under consideration was 

happening. The more time passes after it, the harder it is to remember and associate it 

with other activities. 
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3.8. Email History Tools: MUSE 

MUSE (Hangal et al., 2011) is a system that helps users browse and analyze 

their long-term email archives. The system generates four types of cues to support users 

in exploring and remembering their past activities: 

1.  Group cues: the system automatically puts user contacts into groups 
and lets the user communicate with a group as a whole. Users can 
manually edit the groups. To present this cue, MUSE uses a stacked 
visualization graph with one layer per group that can show 
communication patterns. 

2.  Name cues:  MUSE creates monthly summaries of important terms 
(mostly named entities). These key terms can lead to associations in 
user memory and serve as reminders. The system also clusters and 
color-codes the cues by association with a certain group. 

3.  Sentiment cues:  the system uses sentiment analysis techniques to 
help users to browse by sentiment category (Figure 3.4.). MUSE 
shows the frequency of each sentiment category using a stacked 
graph. 

4.  Picture cues: the system extracts attachments from the messages 
and displays them on the zoomable "picture wall" in reverse 
chronological order. 

 

Figure 3.3. MUSE Email Sentiment Visualization Example 

The system uses hyperlinks to connect different entities between each other. For 

example, if a message has a name cue, a user may click it to see all other messages 



 

34 

containing the same name cue (Figure 3.5. shows an example of a message view in 

Muse). 

 

Figure 3.4. Messages View in MUSE 
Note. Left-hand pane shows navigation (sentiments, groups and people). Main window shows 

a message and a jog dial for rapid browsing. 

This system could be useful for better and faster analysis of the information 

contained in email archives. It could also facilitate exploratory activities, provide 

reminders about past events and help revive memories. Since email records are 

becoming "passively acquired life-logs", such a system could help to reveal information 

about important events and decisions that took place in the past. The advantage of such 

a system is that it is using the information that has already been saved automatically and 

does not require any effort from the user to record or edit. 

However, MUSE focuses only on a single tool. Even though email contains a lot 

of information, MUSE still cannot fully reflect user activities, interactions and events. 

Another, more important question is what would be the user motivation to use this kind 

of tool. In what kinds of situations can the perceived immediate benefit of spending time 

browsing email archives exceed its perceived immediate cost? How much time and 

effort a user is ready to spend in real life for exploring long-term email content? This 

system can be useful for answering a specific question or when looking for a certain 
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document, group or conversation, i.e., when the user knows what exactly s/he is looking 

for.  

One more question that needs answering is whether the selected types of cues 

are universal and meaningful for all users. It could be the case that different users are 

used to more diverse types of cues that may not be the same as the ones selected by 

the system designers. 

In general, MUSE is an interesting example of history and visualization system to 

support users in browsing and analyzing their email archives. The system represents a 

set of useful design features and principles that can be applied to other systems to 

support remembering and exploration. 

3.9. Group Decision Rationale: SIBYL 

SIBYL (Lee, 1990) is a tool to support decision rationale that is focusing not only 

on the decision paths themselves, but also on the deliberation process behind a 

decision. The two main motivations for designing this system are knowledge sharing (for 

example, information about the process of decision making or whether a decision was 

successful or not) and qualitative decision support (represent qualitative structure of 

decision making process). One of the goals of this system is to record and represent 

decision making process and to make it available for reuse. 

The system allows users to create instances of decision problems in the system, 

to add alternatives considered and goals needed to be achieved. Group members can 

contribute to the knowledge base, e.g., set sub-goals, ask questions or add arguments 

that support or deny suggested claims. The system shows a decision matrix based on 

user opinions. The decision matrix shows how good is each of the alternatives with 

respect to the goals that were set. 

This system touches upon a very important aspect of history in decision making:  

the importance of capturing the process of decision making and rationale behind the 

decisions. However, because of the very rigid structure of the tool’s Decision 
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Representation Language used to show the decision processes, this system could only 

be used for recording and representing very well-structured problems and decisions. The 

tool’s representation language by itself restricts the types of decisions that could be 

discussed. Another problem is the problem of “minimal commitment”: an explicit user 

effort must be made to record the decision process into this tool, and users are generally 

reluctant to spend additional time on the tasks that do not provide immediate benefit. For 

these reasons, in real-life application, only a small part of decision processes or 

discussions will get recorded into the system. 

3.10. Memory Keeping and Lifelogging: MyLifeBits 

MyLifeBits (Gemmell et al., 2006) is a personal storytelling and lifelogging tool 

intended for collecting of personal memories and for serving as an “extension” of one’s 

memory. It represents a software platform that contains a database of records. In this 

system powerful search and metadata play a critical role. The essential function of the 

system is the ability to create links between items and to replace the traditional folder 

system with the system of collections, so that each item can be stored under several 

parent collections. The connections created between stored items may help locate the 

record in the future by giving user a cue, a reminder or helping user to associate an 

event with other related events. 

The tool suggests the use of visualizations to support the analysis of data. The 

screensaver tool shows random photos and video clips and is used as means to refresh 

the events that may have been forgotten. 

This tool represents the type of systems that is based on capturing all user 

actions: web pages, documents, images, audio conversations and videos. It also gets 

the paper records scanned and downloaded to the system. The main goal of this system 

is to help people keep their memories and refer to them in case there is a need to do so 

in the future. 



 

37 

3.11. Chapter Summary 

In this chapter I presented the review of existing tools that provide functionality 

for history support. Each of the tools presented is a representative of a certain class of 

systems. The types of the systems described in this chapter include group memory 

support, computer-aided design, visual analytics, note-taking support, “time-machine 

computing”, workflow management, contextual search, email archive analysis, group 

decision rationale and lifelogging/memory keeping applications. As part of this review, I 

analyzed the key features of the systems presented, discussed their potential uses and 

pointed at the possible problems and shortcomings. 
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Chapter 4.  
 
Case Studies 

Even though the problems of collaboration, decision making and decision 

reconstruction have been recognized in the literature, and tools have been suggested to 

partially address these issues, history and decision support tools still suffer limitations 

that cannot resolve many of the existing problems. For this reason I wanted to conduct 

my own investigation of user behaviour to better understand the decision processes in 

groups, to identify the critical user activities where history functionality was needed most 

and to prioritize and summarize the key issues in collaboration and technology use in the 

context of decision making and decision reconstruction. 

To realize the above goals, I conducted three observational studies of small 

professional groups: the Development Team at SAP - an enterprise software company 

(working on SAP StreamWork project), the sustainable Design and Construction Project 

(West House) and the Customer Experience Support Group at SAP company. The 

studies included observations of group activities (including group meetings and 

interactions within collaboration tools they were using), taking field notes and semi-

structured interviews of team members. 

In this chapter I provide descriptions for each of the studies and describe the key 

findings that inform my research. 
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4.1. SAP StreamWork Observation Study 

4.1.1. Description 

This study included a 6-month contextual inquiry of a software development team 

at SAP Business Objects. The goal of the study was to track decision processes in the 

team, to understand how decisions made influenced the process of creation of a new 

tool and to explore the role of remembering and reconstruction of decisions for project 

progress and outcomes. The study also included the exploration of the collaboration tool 

(SAP StreamWork) being designed by the team, tracking progress and changes in the 

tool over time. This consisted of both tracking the evolution of the tool itself and 

observing how the team used the system for their own project activities. 

In addition, the study included a series of both formal and informal meetings with 

team members from user experience, development and product management groups, 

conducting semi-structured interviews with team members and observing group activities 

in meetings 

To track my observations, I took field notes during the group meetings and 

recorded the audios of the interviews with group members. 

The tool the team had been designing worked both as a collaborative tool and a 

decision making environment. It aimed to help to orchestrate ad-hoc work that would 

otherwise lack a structured process flow. It was also meant to serve as a place to record 

the outcomes of work for future reference. 

4.1.2. Actors and Environments 

The design and implementation team comprised about 30 people, including the 

team of developers (~15 people), as well as product management, product marketing 

and user experience specialists.  

The product management group’s responsibilities included defining the general 

strategy and concept of the tool, vision for the product, key novel notions, target 
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audience, major business goals, timeframes and deciding on what product features 

should be in the tool. The product marketing group was responsible for advertising. The 

user experience group’s main responsibility was to design the system interaction and 

workflow from a user’s perspective. The specific realization of the vision and 

implementation of product features was the responsibility of the development team. 

The team followed a very tight execution model where the goal was to deliver as 

much value as possible with constrained resources. The team processes included 

following agile software development methodologies, especially applying “scrum” and 

“lean” practices, meaning the focus on team organization (ScrumMaster, Product Owner 

and Development Team) and practices (Daily Scrums, Sprints and Retrospectives), but 

at the same time applying common sense and eliminating project “waste” that did not 

provide real value to customers.  

Since the team was constantly running at an extreme pace, priority setting for 

their work had to be done carefully. For example, members had to choose to fix the bugs 

that really blocked customers and not deal with problems they believed no one would be 

likely to reach. This style of work implied the necessity to make many changes within 

very tight time restrictions – sometimes even by violating the agile development rules. 

4.1.3. The Decision Making Process 

Before each quarterly release, the product management team met to decide 

exactly what they wanted from the release. Based on that, they devised PowerPoint 

presentations demonstrating the strategy and specific functionality required for the 

release. In turn, the development and UX teams relied on those presentations to further 

build the tool.  

In order to communicate their decisions and to provide updates on the current 

status as well as to uncover unsolved issues, the StreamWork team was having daily 

scrum meetings that lasted 7 to 15 minutes each. The team found it very important to 

constantly communicate to each other on the project status. They also found it critical to 

keep track of the decisions they had made, especially because the project was moving 

at such a fast pace and so many changes were happening at the same time. 
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The progress on each Sprint was recorded into a StreamWork system activity. In 

each of these activities the team stored the information relating to the specific Sprint they 

were working on, including the vision PowerPoint generated by product management, 

everyday status updates, assigned tasks and backlogs. 

4.1.4. Key Observations 

During the course of the study I identified certain patterns of team behaviour. 

Below I describe key observations of group work, procedures the team was following 

and the issues they were facing when interacting with technology. 

The record of Team Decision Making Spanned Multiple Sources  

Team members routinely used many sources to track, recall and reconstruct 

group decisions, including email, personal notes and StreamWork system activities. But 

decision records often were missing.  

The development team lead reported: 

The record of the decision making is across everything, starting from 

PowerPoint slides… there will be lots of StreamWork activities of 

course, the documents that we are discussing over time to resolve 

certain problems, there is lots of UX design specs. And also the 

backlog items in Version 1 are a record of how we’ve decided to trim 

scope and what we are pushing. So the record of what we’ve decided 

spans across many things: PowerPoints, StreamWork decisions, 

sometimes emails, sometimes just verbal conversations. 

Many inconsistent and incomplete sources of record were a main reason it was 

hard for the team to track decisions, to agree on past decisions taken and to be 

consistent about future activities. The team relied heavily on verbal agreements without 

turning much to past decision records. 

The group also noted problems with using email. They opined that email was too 

messy to follow threads of conversation and too overwhelming to keep track of the 

information recorded. One activity that the group performed was rewriting important 
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decisions and agreements into the StreamWork system activity in order to filter the 

important information from all the rest.  

This is how it was described by a developer from the group: 

Email… the problem is there is so many threads. It is hard to mine the 

email to find out what got decided. So we usually try to put something 

in StreamWork… Because in StreamWork it is at least grouped 

together in one place.  

This means that the team had to specifically devote time to select information 

from the email records and place them into another source that was less messy. 

No Complete Record of Team Decision Making 

Agile methods suggest that most of the written documentation can be replaced 

by enhanced informal communications among team members internally and put a 

stronger emphasis on tacit knowledge rather than explicit knowledge (Chau et al., 2003). 

Following the agile methodology thus inhibited the team from thorough record keeping 

and from remembering both the decisions they had made and the reasons for them. 

Decisions often were lost because of inconsistent knowledge of team progress 

and current project status across the group. People tended to forget to make sure 

everyone on the team was aware of decisions made. Sometimes a decision everyone 

agreed on got lost because no one recorded it properly, and people had to go over it 

again.  

One of the developers stated:  

Quite often it’s a challenge just to make sure the decisions are 

communicated. Because what happens here a lot is that things are 

moving so fast that sometimes the decision gets made in one corner, 

and we forget to tell everyone... Or sometimes decisions get made in 

some meetings… and people just forget that the decision was made. 

Sometimes it is almost like… everyone forgets. Sometimes you have a 

meeting, and unless someone actually took notes, the outcome is that 

meeting was just a waste of time. 
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What are the possible implications of the above issues for the team and the tools 

they develop? In the long run, the absence of proper archiving and record keeping may 

lead to an inability to track long term goals and may make the team concentrate on very 

specific, instant issues without tracking the overall picture of the project. They lose sight 

of the forest for the trees. They would be helped by being aided in recalling and 

reconstructing the tacit decision-making process. 

Personal Memory Trumps Organizational Memory 

At the beginning of working with the group, we tried to study the tool they were 

designing (and using) and some of the design decisions behind its functionality. At the 

time we started working with the group, the tool already existed, but only in a limited 

public release version. I conducted interviews with team members and talked to different 

groups working on the project, including product management, development and user 

experience teams. When responding to questions about the reasons for design 

decisions, the interviewed people seldom gave a clear response. For example, the 

typical responses were “Facebook has this feature and it works” or “someone suggested 

using this, and we all thought it was a good idea”. During the interactions with the group I 

also tried to get some of the product documentation that would state technical 

specifications and functionality needed in the tool. But all we could get were general 

vision documents without any actual reasoning behind including this or that feature. This 

made us conclude that many of the decisions on the tool functionality were made based 

on mutual agreement in the moment and kept changing based on the changing 

environment, not based on agreement with the reasoning behind a decision. 

When suggesting an idea, team members seldom provided arguments or 

justifications of these ideas based on previously made decisions. Rather, the ideas that 

were suggested (e.g., what features to include in a collaboration tool) were the outcomes 

of the experiences of individuals. In order to test new ideas, the team implemented them 

into the tool and tried to see whether they would work or not. Sometimes the 

suggestions turned out not to work, so they were cancelled and the team had to work on 

new ones all over again. So, in order to test the ideas, the team had to implement them 

first, which required quite a lot of development and organizational time and effort.  
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As stated by one of the team members:  

You have to try to rely on experience to figure out how to make the right 
calls. The important thing is to remember, as you are doing things, to 
learn from the decisions you’ve made yourself. Sometimes people have 
great ideas, we all have our great ideas. Sometimes we think an idea is 
great, then we go and implement it, and then it doesn’t look like such a 
great idea any more after that… Looking back, it is important to 
remember that, learn from that and try to do better next time. 

Where and how did successful ideas arise? Very often the team relied on 

successes from other tools (e.g., collaboration environments or social networking tools). 

Tools mentioned by several team members included Yammer and Salesforce Chatter 

(enterprise social networking services) or Google Wave (online communication and 

collaboration tool). 

The team members themselves often did not know or did not remember reasons 

and arguments for some of the decisions they had taken or choices they had made since 

there was no source to turn to for remembering such. 

Implications of Imposing Rules and Structure on Collaboration 

As with any other group, the team had its own style of work. For its collaboration 

the team adjusted the known agile methods to fit into its own collaboration mode. For 

example, the team made changes to the existing sprint plans, split the scrum meeting 

group into several smaller groups and allowed group members to choose the activities 

they liked to work on. In the same manner the team adapted its interaction style with 

tools and systems. 

The structure imposed by the StreamWork collaboration tool prevented the team 

from making contributions to the system’s environment. From the observed group 

activities in the StreamWork system it can be seen that the team did not use it for its own 

discussions or dialogues. In the parlance of the field, the team did not eat its own dog 

food. The important conversations between group members were mainly held outside of 

the tool. The StreamWork activities were mainly supported and updated by only one or 

two people responsible for such tasks. These activities were mainly used for storing 

documentation and status updates rather than storing arguments or conversations. The 
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observed use of the tool was similar to the typical use of any shared document 

repository.  

On a day to day basis, even though the system had many built-in tools and 

functions to support collaboration (e.g., discussing decisions, setting group priorities, 

voting, timelines, assigning responsibilities), the team seldom used them. The features 

they used were very basic, e.g., text, tables, comments or uploading files. One of the 

reasons for this might be that the built-in tools provided by the system were too formal to 

be used in the complex and sometimes messy group collaboration, so the group 

processes could not fit into the pre-defined activities. The team may have aimed at kinds 

of collaboration other than rapid design and implementation. 

People on the team were more concerned about getting the actual job done than 

about maintaining a collaboration record. The rigid structure imposed by the tool on team 

activities discouraged the group from using its built-in collaboration functionality. 

Through this task/tool mismatch many significant decision history contributions may 

have been missed. 

Following the “Least Collaborative Effort” and “Switch of Attention” 
Principles 

During the observation process we noticed that the team tried to focus on the 

most critical things in their work, avoiding doing anything that didn’t lead to their 

immediate goals. As mentioned by one of the group members:  

We have a very rushed execution model… This is basically trimming 

anything that doesn’t contribute to the final product. This means being 

extremely efficient. 

 Also, team members mentioned that, when running at an extreme pace, one has 

to make judicious decisions about setting priorities. And at that time the main priority for 

the group was to meet deadlines. 

One other reason why the team did not contribute information about their 

decisions to the tool is its separation from the collaboration process itself. The system 

was perceived as a separate application that opened in a separate window and required 
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time to start and initiate interaction. One of the indications of this is the way the team 

organized their activities in the StreamWork system described above.  

No matter how simple and intuitive a tool is, if it is separated from the task and is 

not immediately at hand to capture the important aspects of collaboration, it will receive 

little use.  

Agreements as Important Instances of Group Decision Making 

The group members stated the importance of mutual agreements in team 

decision making. The group’s ability to find solutions that were mutually beneficial was 

the way to move the project forward. This is how one of the group members described it:  

We’ve been pulled in different directions. That’s to be expected. A little 

hard to deal with, but… From day one we tried to get the work done in 

there [in the tool]. Actually it was sometimes difficult to get other 

parties to buy in. That said, engineering doesn’t always have the best 

ideas either. So you really have to work together with the other parties 

to get some kind of agreement. Like it’s not necessarily decision 

making made by a committee. Everyone has their points and we just 

have to respect their points, and sometimes just let the ideas get 

enough support, bubble up and win. 

The decisions about including this or that feature in the collaboration tool were in 

many cases made through group discussions and agreements. Agreements become an 

important part of the history of group decision making. 

4.2. West House Project Case Study 

4.2.1. Actors and Environments 

This project was a demonstration of sustainable residential design and energy-

efficient technologies.  

As part of the second case study I observed meetings and conducted 

retrospective interviews with members of a design and construction project that was a 

collaboration between industry, government and academia. When present at the group 
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meetings, I took field notes on the topics they discussed, decisions they made, 

agreements they came to and tools they used.  

The interviews included questions about team decision-making, risks taken, 

types of information exchanged, tools used and factors that supported or prevented 

collaboration within the group. The project moved fast and had very tight time 

constraints. 

The team comprised multiple parties including architects, system designers, 

engineers, lawyers, city representatives and researchers. Over the course of the project 

the number of participants was changing, depending on the project stage. At any given 

point the project consisted of about 15 to 20 participants. 

4.2.2. Key observations 

Tight Deadlines Discouraged Record Keeping 

The team worked under constant time pressure. Faced with tight deadlines, 

group members were reluctant to record their decisions, unless absolutely necessary. 

The tools used by the team did not encourage recording decisions, and people heavily 

relied on face-to-face communication. In some cases this resulted in forgetting or 

misinterpreting important decisions and lead to misunderstandings among group 

members. One of the participants talked about this issue in the interview:  

It requires a certain discipline to be able to identify that something is 

something you need to capture. I’ve seen so many meetings where 

everyone goes into a room and talks an hour and walks away, and no 

one has written anything down. And you go: oh God, this is gonna be 

a mess! Because everyone’s leaving the room with their own 

interpretation of what’s been said. 

Often the records of team decision making were stored in the places that were 

not originally intended for keeping decision records, but, because of the low commitment 

levels, the important information naturally appeared to be recorded, stored, and looked 

for in such locations. For example, email appeared to be one of the most frequently 

accessed tools to look for past decisions. If official documentation regarding a decision 
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could not be found, it was very likely that there would be communication over email to 

confirm everyone’s agreement on what was decided. One of the participants 

commented: 

I use my email by keeping everything. You never know when it might 

be useful. You also never know when you might actually need a piece 

of information. However, that makes recovering information more 

difficult because there is just more email. But I know I have it all. 

Even though many people pointed at difficulties of looking for information in 

email, they still used it because no better option existed. 

The Tools Used were the Ones Allowing to Get the Job Done Quickly  

According to team members, the communication tools they were using (e.g., 

email, Google docs) were not perfect, but were good enough for their immediate tasks. 

The main criteria for using specific tools were instant availability, small learning effort, 

immediacy, comfort with the tool and low effort. “Low effort” means that, if it took an 

additional effort to involve members in using a tool, the team would reject that tool.  

For example, when the team was introduced to a new tool that was supposed to 

serve as an easy-to-use collaborative decision support system, the tool failed to be used 

by the group. As mentioned by team members, the tool didn’t work for a few reasons:  

1. The new tool was introduced in the middle of a very busy schedule, 
and people wanted to use what they already knew.  

2. There were several small sub teams within the team that had specific 
roles and own agenda. Some of the smaller teams used their own 
tools internally.  

3. Because of the unstructured nature of the project and individual needs 
of different sub-teams, the group could not afford to use a tool that 
could not be accessed immediately. 

Minimizing effort and time in every aspect of collaboration was a recurrent theme 

of this project. 
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Lack of Synchronization of Actions  

Often important decisions that were made by one part of the team did not spread 

throughout the group. This lead to misunderstandings, additional effort to synchronize 

actions and unexpected changes in project scope. In turn, sometimes this affected the 

quality of work. 

One of the software developers in this project described this issue as follows: 

There were so many people involved at various points that sometimes 

decisions were made that all of the parties wouldn’t necessarily be 

involved... I think it wasn’t really clear always who was being impacted 

by each of the decisions that were being made. But again, everything 

was being done in such a short timeframe that…within a day or two it 

was obvious that there were some other impacts and we had to go 

back. And occasionally we had to rework something or make some 

adjustments. 

The team spent extra time on the issues resulting from members’ lack of 

awareness, poor coordination and the fast pace of the project. In some cases, the 

inability to take into account how a decision would impact other participants or sub-

groups caused the need to change the decisions already taken. 

No Single Point of Record, Incomplete Record 

Within the team there was no single tool for recording and retrieving records of 

decision making, which led to loss of important information.  

Since many different parties were involved in the project, there were multiple 

sources of information and multiple storage places for information. Thus, there was no 

universal solution for tracking and finding the important information. Team members had 

to repeatedly look for the same information, spending time and effort and sometimes 

failing to find what they needed.  

For finding needed information, team members often had to turn to multiple 

sources, including email, personal notes, collaboration tools, and team documentation. 

One of the team members described the problem of multiple disconnected tools: 
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I’ve used various things over the years, but nothing ever really is all-

encompassing or flexible enough that you don’t end up having to print 

staff off, or end up with a file somewhere with hand-written little 

sketches or notes. 

As mentioned before, tight deadlines and rushed processes prevented team 

members from properly recording and organizing their decisions and made them spend 

additional time to remember or confirm past decisions that were made. For example, a 

team member could ask a colleague to send her the same document several times, 

because it would be impossible to remember where it was; or she could spend hours 

trying to find the right version of a document in the messy email record. During the 

interviews with design and construction project members conducted after the project was 

completed, most team members interviewed commented that, if they had started that 

project again, they would have spent more time on organizing the structure of their work. 

For example, one of them commented that he would do it by setting up a shared 

document repository and hiring a person who would keep the information organized.  

Recording Agreements is Important for Group Decision Making 

Agreement is an integral part of collaboration and decision making process. From 

our observations, agreements also tend to be an important part of a history record. In the 

West House team there was a case when failure to properly record an agreement 

resulted in misunderstandings and delays in completing the project. At some point the 

team was discussing the possible locations of the switches in a house, but did not record 

what they agreed upon. After some time, part of the team disagreed on what was 

decided, and the team had to go back to the issue and decide on it again. One of the 

software development specialists commented on that case:  

If we had that information recorded, it might have helped to clarify 

that case. It is the problem that, once something becomes unclear, it 

usually takes a lot longer to get clear again than if it is captured the 

first time. Because people’s memory… they start to second-guess 

themselves... 

I hypothesize that agreement records are one of the natural occurrences of 

records of decision making that are important for recollecting past events and decisions. 
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This is why serious attention should be paid to detecting this type of information within 

the decision history record. 

Reminders and Remembering Just Enough 

In order to remember past decisions and to refer to the appropriate documents 

and records, the group members used tools that helped remind them of what was 

decided. Agreement documents, meeting minutes, email or personal notes all served as 

such reminder tools. These information artifacts had an important property of 

summarizing what had transpired and often served as references to more detailed 

records. For example, one of the group members would remind himself of decisions 

made by the team by recording them into a notebook. Another group member used a 

personal logbook to make sure that experience from past decisions could inform future 

decisions: 

You can go back and say: is this relevant again? And often times it is 

easier to say: are we gonna do the same as we did last time or are we 

gonna do different? And then you’ve got a starting point as opposed to 

say: well what are we gonna do this time? That’s an open question, 

right? “What are we gonna do this time” versus “was it adequate last 

time?” - we’ll just redo it. And if you’ve got all that information – it 

becomes an easy process to reproduce that. And in the cases when 

you say “yes, we are going to reproduce it”, it cuts things down. 

Each of the participants had their own way of reminding themselves of key 

commitments and key decisions. Often this information was not shared with others, was 

incomplete and was presented in the form of a summary or a list.  

Private Records are Important 

Keeping private records is an important tool for organizing personal memory. At 

the same time, personal notes are things team members do not always want to share 

with others, not necessarily because they contain information that cannot be shared, but 

because of the ways private records of history are organized. Usually they are not 

intended for collective use and are messier than collective records. I observed that, 

when keeping private notes, people also had personal notations that would not be easily 

understood by others. Here is how one of the group members described the value of 

keeping personal records: 
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I have my own diary and it includes all the West House 

documentation. I have notes there, including notations for action 

items, and that became an important tool. Probably the most 

important tool of durable information. 

Even though personal notes have valuable information about the decision 

history, in most cases they have value only when they are used by the person who 

created them. Personal notes served as memory support for their owners and 

represented an important though largely inaccessible part of the group memory. 

All of the above findings show that the lack of synchronization of actions, non-

existence of a single point of record for project decisions and the effort that was required 

to record and organize project information led to misunderstandings, inefficient time 

allocation and unexpected scope changes. These eventually forced team members to 

spend more time on resolving the issues and increased the risk of not meeting the 

deadlines. 

4.3. SAP Customer Experience Support Team Case Study 

4.3.1. Case Description 

The next step in this research was a 3-month observation study with a Customer 

Experience Support team at the SAP company. The group provided the kind of 

collaboration that we were focusing on, and specifically: 

• The team was small and heterogeneous 

• The group was founded recently. They didn’t yet have many established or 
predefined procedures and needed to invent new ways for organizing, storing 
and sharing information 

• The group was open to new ideas 

• The group was distributed, which put additional challenges on their 
collaboration 



 

53 

4.3.2. Actors and Environments 

This group is a type of internal SAP consultancy team that provides independent 

research and advice on the SAP customer support portal. Through their own 

investigations of customer feedback and user studies, the team provides insight into 

problems customers face when dealing with the company’s support systems. The goal of 

the team is to promote changes in the customer support portal that could improve user 

experience and customer satisfaction. 

The group comprised several sub-groups, each responsible for an aspect of 

work. The areas of responsibilities included customer liaison, customer insight, customer 

feedback, usability and general strategy. 

4.3.3. The Observation Process 

The primary research method with this group was observation studies, i.e., 

getting engaged with the group observing its normal work processes – mostly through 

meetings, phone calls, email tracking and a shared collaboration space exploration. 

Based on my previous case studies, literature review and tools review, I investigated a 

set of critical activities where history support is needed, principles of human 

collaboration, criteria upon which a design should be evaluated and a set of design 

principles for creation of collaboration systems to support decision making and decision 

reconstruction. With this case study the above conclusions were evaluated based not 

only on observations of group work, but also based on group members’ feedback. 

For this study I used a number of participant observation and ethnographic 

methods, including journaling, contextual inquiry, data triangulation and in-depth 

interviews. 

Based on my previous research, I developed a set of low-fidelity prototypes 

(design sketches) that captured some typical group decision making processes and 

common problems that collaborators faced during such processes. The issues covered 

by the sketches included such decision-making concerns as: 

• Keeping the group updated on the important events and decisions 
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• Recording informal conversations 

• Supporting new group members in understanding group processes and 
getting most of the organizational memory 

• Capturing and representing contextual information 

• Recording, representing and supporting agreement structures 

• Reducing tools’ imposed structure of decision making 

• Reducing work overhead 

• Dealing with information overload and clutter 

Through this case study I tried to test and validate the above scenarios. Based 

on the actual group work, I also modified them, and created new sketches and 

prototypes. These new sketches were based mostly on observation of group work and 

interviews with team members. 

4.3.4. Key Observations 

Tracking Changes and Information Overload 

Members of the team relied less on an overview of the task than on 

understanding and making changes. To do this, they needed a way to track changes: to 

see what changes were proposed, how they were made and the conflicts they caused. 

Even though the team was formed not long before the study was conducted, at the time 

of the study, the team was facing the problem of organizing their data and dealing with 

clutter. At the time, the team was involved in three main projects. For each of the 

projects they had an Excel document for tracking the project progress. Each of the 

participants had their own area of responsibility, and each time the progress was made, 

it had to be entered into that document. The team expressed concerns about the 

effectiveness of such method, as the record could become too messy to read in the 

future, as the projects grew in information load and in number.  

For each of the projects, the team also had a list of Excel documents with 

potential participants and their status, for example, whether they were able to take part 

in the study and, if not, the reasons for not taking part in that study. At the time of 
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observation, the team was also trying to re-organize the files by making a single 

database out of them, as many of the participants were the same for all three studies.  

Another set of Excel documents was used for reporting to project owners and yet 

another one was for reporting to group manager. The group members admitted that it 

was a challenge to maintain all the different versions of the documents and were 

considering reorganizing them into a single database so they could get different reports 

from one source; in a similar manner they did for customer lists. 

When asked about the reasons for using Excel as a main environment for 

tracking and reporting information, the group members’ answer was that there was no 

better tool that they were aware of that would be good as for this purpose. The team 

favoured the Excel’s table structure that was convenient for keeping track of the action 

items and user lists. 

The large number of unsynchronized Excel documents and the process of trying 

to make history records easier to read and comprehend took the team members a lot of 

time, even though, as mentioned earlier, the team was formed not long before the 

observational study. 

Collaboration Tools: Too Few yet Too Many 

At the same time the team was trying to improve their collaboration process by 

using the collaboration systems provided within the company. They used several tools, 

none of which sufficed, but which collectively provided most of the functionality needed. 

Coordinating among the tools created an additional burden for group collaboration and 

decision making activities. 

Among the tools the group used were the SAP StreamWork collaboration 

system, SAP Collaboration Room, SAP Communication, MS SharePoint, SAP Connect. 

The group also tried to set up a shared drive and relied heavily on communication by 

phone and email. As stated by participants, they received many emails every day, and 

email communication took most of their time during the day. 
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The SAP Connect system was used during conference calls to share the screen, 

so that all the group members could see the documents discussed. The SAP 

Collaboration Room contained group documentation, training materials, information 

about customers, recordings etc. 

SAP StreamWork system activities were mostly maintained by two group 

members, while the rest of the group used it for reference, and commented on the 

activities only occasionally. One of the group members mentioned that, for her, one of 

the problems with SAP StreamWork tool was that it did not allow collaboration within 

documents. Rather it was good for storing different versions of the same documents. We 

assume this was one of the reasons the team did not use the tool for discussions or 

making decisions. 

At the time of observation one of the subgroups had just started to use MS 

SharePoint and was planning to move the information from the Collaboration Room to 

MS SharePoint because, as they explained, SharePoint allowed users to create action 

items and to track the progress. The team member stated that their collaboration was 

supported better by MS SharePoint, as it not only supported storing data (as did 

Collaboration Room), but also supported actions, provided notifications, created 

activities and recorded agreement on those activities. One of the usability specialists 

within the group commented:  

You can go there, create an activity and make the tool itself send out 

the information, and say – I want everyone to take a look at this and 

provide their feedback within the tool itself. So you are not duplicating 

effort basically. It is within one tool and it sends information to the 

individuals that you want it to. And then they go and add their two 

cents as a discussion with regards to it. And it alerts you as to when 

people have closed off action items or have completed things. Or if 

they’ve added comments you can let the tool know when you want to 

be notified if there’s been changes to documents. You are not having 

to go manually and have to follow up on every single one or send out 

reminder emails – the tool automatically does that for you.  

The group members viewed more favourably collaboration tools that could 

perform multiple functions and that allowed integration of multiple activities. The 

participants did not like the idea of switching between applications to perform a single 



 

57 

task and to communicate information to others, as this was perceived as doing double 

work. When the storage of information, tracking of information as well as communication 

and tracking of group member activities happened within the same system, that system 

was found useful by the group: 

Collaboration Room is more of a storage centre. Because you can put a 

bunch of information out there, but unless you point people to go and 

look at it and say – here, take a look at this document that is in this 

collaboration room – you cannot do feedback and everything within 

the collaboration room. So it’s basically just: here is the document, 

can you take a look at it, now I am going to send you and email or 

give you a call and give you my thoughts on it. Versus – SharePoint is 

awesome, because you can store all of that information there, but then 

you can also have follow-up actions, discussions, etc., and it tracks 

whatever you’ve done. 

One of the key problems the team stated with regards to their collaboration 

processes was that they used too many tools. The group documentation and decision 

records were distributed across these tools, which caused confusion and difficulties in 

referring to information. The group members pointed out a selection problem with these 

tools: sometimes it was hard for them to define which tool to use for which activity and 

how to manage information recorded into them.  

The Role of Meetings and Focus on Agreement 

Much group decision making happened in meetings. It was during meetings 

when many such decisions were discussed. Reaching agreement was a crucial part of 

group conversations. Furthermore, in most cases the fact of reaching agreement on a 

specific decision got that decision recorded into history. 

Since the team was distributed across different countries and time zones, most of 

the group meetings occurred over the phone. Typical activities during phone 

conversations were: 

• Updating the group on the progress, current status of work and current 
activities 

• Asking and answering questions about projects  

• Discussing organizational issues and project logistics 
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• Reaching agreements on the actions needed to be taken 

• Making decisions 

• Discussing next steps and assigning action items 

Reaching agreements was a major group activity during phone meetings. 

Whether small or big, agreements were being reached and recorded all the time during 

group conversations and meetings.  

Another important component of the meetings was the documents. Many group 

discussions happened around documents. For example, a group member would open a 

document, and other participants would comment on improvements or changes that 

needed to be made. Some of the decisions were made in meetings with reference to the 

information provided in the documents. 

As most team communication occurred remotely, many of the informal 

conversations during which the decisions were taken also happened during phone 

meetings. 

In summary, agreements turned out to be an important part of collaborative 

decision making process because they were very likely to get recorded, and 

consequently, to be reconstructed in the future. Group meetings (both in-person and 

remote) were the times when most decision making and reaching of agreements 

occurred in the group. 

Tracking Meeting Activities 

One of the reasons for the missing decision making records in the team was the 

fact that both meeting minutes and action items (that showed who was responsible for 

an item) were rarely recorded in the group history. Considerable parts of the group’s 

decision making could not be located anywhere in the group history. 

During meetings, the team members usually did not keep any “official” records of 

history. Each participant took personal notes if s/he considered it necessary to do so, but 

there was no formal meeting tracking documents. The only exception for such recording 

happened in cases when a team member could not be in that meeting and the 
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participants wanted to share the information with that team member. For example, two of 

the participants were maintaining an activity on a specific topic within the SAP 

StreamWork collaboration tool because other group members could not be present at 

the meetings where that topic was discussed. The rest of the team had to rely on SAP 

StreamWork to keep track of what was happening. The tool allowed them to also add 

their comments to documents posted to that activity. This way, part of group 

conversation happened asynchronously within the tool, when members were 

commenting on documents or action items. 

The same principle applied, not only to meeting minutes, but also to action items. 

During meetings, group members discussed action items, and each of the participants 

kept track of what they needed to do by themselves. All the commitments were based on 

trust, and team members were never checked for whether they had completed their 

action items. Below is one of the Customer Liaison specialist’s comments on this:  

Sometimes someone would send an email to someone else saying – 

hey, you said you would do that. What is the status? But mostly 

people would not specifically track the commitments. 

Usually the items team members completed were shown in the reports and 

tracking documents that the team presented to management. However, this information 

was not sufficient in case a team member needed to remember an event or a decision 

that occurred sometime in the past. In order to reconstruct such instances, the group 

members relied on personal memory, sending emails with questions across the group or 

talking directly to the group members involved. 

Individual Tracking of Group Activities 

In the absence of a dedicated process for documenting group decisions and 

important activities, individual responsibility and decision records became particularly 

useful. Sometimes, these personal records, in combination with personal memory, were 

the only source for retrieving group collaboration history and decisions. 

As there was no formal documentation of group decisions and to-do items for the 

SAP Customer Experience Support Team, each of the members needed to keep track of 
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the relevant activities individually. To do that, some of the group members documented 

such items on paper or in a notebook. One of the team members mentioned that, in 

order to find the time to complete the items she was responsible for, she would use an 

online calendar by booking the time for herself to complete a task to make sure that she 

had time available to perform the activities for which she had committed.  

Another way to keep track of tasks that needed to be completed was email. For 

example, one of the participants used email flags to make sure he knew about what still 

needed to be done. The other participant would keep the “to do” messages in the email 

inbox while moving all the other messages to other email folders.  

In general, participants stated the importance of individual tracking of information 

about their and other group members’ key activities, commitments or decisions. Even 

though these personal records were often hidden from the history available to the group, 

they became a big part of the implicit group history and provided invaluable support for 

the process of reconstruction of group activities and decisions. 

Problems of Distributed Collaboration 

Distance was one of the significant factors that created additional challenges for 

the team’s collaboration and decision making. The participants tended to share, discuss 

and record ideas less than they would if working in co-located settings. 

One of the challenges this specific team was dealing with was the challenge of 

working remotely across multiple time zones. One group member, who was leading the 

subgroup of “Customer Insight”, had to deal with late night and early morning calls in 

order to be able to talk to the whole group. The group conference calls were necessary 

to decide on distributing responsibilities for things that needed to be done and to discuss 

any issues that might arise. One of the issues she mentioned was that, with this kind of 

group collaboration, it could get very difficult to get all the group members onto one call. 

Another problem of remote mode of collaboration that was mentioned by several 

group members was that, during discussions or decision making conversations over the 

phone; there were only two or three people who actively engaged in the discussion. The 
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rest of the participants kept quiet, and it was hard to involve them in the discussion. So 

the challenge for the group manager was to get everyone to actively participate in group 

discussions and decision making. The way one of the sub-group managers tried to solve 

the problem was to set up some meetings that were not focused on the team members’ 

roles, but were rather on more informal discussions about personal development, growth 

or sharing ideas, so that the team could get to know each other better and so that the 

members could express their thoughts in a more informal and relaxed atmosphere. The 

manager found that such meetings were helpful as more people started to speak up 

during subsequent formal meetings.  

Another option the team considered to improve their collaboration was to use 

video cameras during the meetings, so that the group members could see each other. 

They assumed that this could be a part of the solution to make the meetings look more 

like face-to-face meetings and to get people more involved in the conversations. 

In summary, the distributed nature of group work made it harder to get all the 

team members participate in discussions due to time differences and lack of face-to-face 

communication. In addition, in many cases, the remote settings prevented the group 

from active discussions as well as from sharing, recording and spreading of the 

potentially valuable ideas. 

Recording and Revisiting Group Decision Making 

As mentioned earlier, agreements were important occurrences of decision 

making in the group. Agreements were reached and recorded often during the group 

meetings and were later shared with the whole team. At the same time, many of the 

explicit records of group decision making never got revisited. 

When asked about how the group usually made decisions, the response was that 

the decisions were taken by trying to reach consensus across the group through group 

discussions. If consensus was hard to reach, the group usually tried to agree on a 

decision based on the majority rule. As for remembering decisions, one of the subgroup 

managers said that after the team had a phone discussion, she sent a confirmation 

email across the group stating the agreement that was made and attaching any 
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additional notes as well as asking to let her know if there was anything that she had 

missed. After sending out the information, she also saved it into the group “collaboration 

room” tool as a document, so that there was a reference point for group members to go 

back to that record.  

However, when asked whether she later returned to the agreement records, the 

manager responded that she usually did not because she was able to keep everything in 

her memory.  As she stated, she mostly did this for other group members, so that they 

could find information they needed and clarify any questions they might have had about 

a decision. She organized the decision records in a way that would make it easy for the 

group members to find items. However, many of the existing records were revisited 

rarely or never at all. One of the reasons for that was the fast-paced nature of group 

work. Participants had to focus on their immediate goals and did not have time to look at 

the records of their agreements and decision making. 

Other instances of active group recording and revisiting of decisions included 

maintaining SAP StreamWork collaboration tool activity and/or creating meeting minutes 

summarizing key agreements and decisions for the members who could not attend a 

meeting, tracking project activities and action items in Excel documents and occasional 

email exchanges to double check or confirm key commitments. 

4.4. Chapter Summary 

In this chapter I presented the results of the three case studies I conducted to 

better understand how histories are used in groups of professionals and to identify 

common problems in collaboration, decision reconstruction and technology use. 

Each of the above case studies shows the issues in recording, remembering and 

reconstruction of collaborative decisions that professional groups are facing. At the same 

time, each of the key observations points to the ways in which principles of collaborative 

systems’ design could be changed to provide better support of decision making and 

decision reconstruction in groups. Below I summarize the important observations from 

the case studies as well as the system design implications: 
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Minimal commitment: Users tried to avoid tools that required effort to learn and 

use. They were reluctant to put additional effort into recording information using such 

tools unless they saw an immediate benefit in doing so. Thus, a system to support 

collaborative decision making and decision reconstruction should support nearly 

effortless recording done without switching of tools and tasks. 

No single point of record, incomplete record: The record of decision making 

history was located in multiple sources, both physical and digital. At the same time many 

decisions were missing in the record or were too difficult to find due to the improper data 

organization and clutter. A system should allow synchronization of multiple sources of 

record in one place (including non-digital records) and representation of such records in 

meaningful ways, for example, by summarizing and visualizing information, as well as by 

providing necessary process metadata. 

Collaboration structures: Collaboration processes are more complex than 

existing tools can accommodate. In the observed groups, failure to use collaboration 

systems was caused by the rigid structure imposed by them. Allowing teams to be able 

to organize and structure their work and decision histories their own way is essential for 

encouraging use. 

Agreement: Team members had to work on reaching agreements all the time. A 

system supporting capturing and highlighting information related to agreement records 

could help users locate the important decisions made by the group in the past. 

Reminders and remembering just enough: Reminders were very important for 

triggering memory and for reconstructing past events and decisions. Group members 

used different methods for reminding themselves of past activities, commitments and 

decisions, including meeting minutes, personal notes and email. Given a cue, 

participants could recall much of the memory directly or could locate external records. 

Reminders themselves could thus be as or more important to record than records of 

history. The system should be able to provide reminders in the form of summaries, 

metadata and user’s own private records (they served as a primary way of reminding for 

many of the participants). 
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Private notes and records: The participants often kept personal records. They 

are an integral part of group memory. Any system should not ignore the existence of 

private records and should incorporate storage of and access to them into its interface. 

The next stage of the research was to generate design ideas, in the form of user 

scenarios and low-fidelity prototypes, based on the findings from the case studies 

described above. In order to evaluate, refine and get feedback on the designed 

prototypes and scenarios I conducted the three focus groups that are described in the 

following chapter. 
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Chapter 5.  
 
Focus Groups 

After observing group collaborations and decision making, I identified key 

problem scenarios and translated them into sketches and storyboards. Each of the 

sketches demonstrated a short story revealing an issue in collaborative decision making, 

technology use or in remembering/reconstruction of past decisions. Examples of such 

mini-scenarios included such issues as failure to record and remember important 

decisions; group agreements and the processes around agreeing on a decision; 

recording agreements; dealing with clutter and information overload; problems 

collaborators face when searching through messy records; problems in contextualizing 

information (building and restoring the context of history records); building group 

consensus and making sure the group is updated on most important decisions; building 

awareness around group activities; the problem of informal conversations; and informal 

decision making as well as failures to record them. 

Based on the above findings, I created two larger scenarios that covered these 

issues and united them in a story. Each of the scenarios, besides the story itself, 

included the low-fidelity prototypes of the proposed system functions, interface features 

and visualizations as well as demonstrated the proposed user interactions with the 

system (see Figures 5.1.-5.4 for examples).  

The goal of the three focus groups was to validate the proposed scenarios as 

being realistic and in correspondence with the issues groups met in their everyday work 

as well as to get feedback and ideas on possible system interface features and 

visualizations. 

In this chapter I present the description, analysis and key findings from the three 

focus groups.  
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5.1. Description 

5.1.1. Scenarios 

Scenario 1 

Scenario 1 tells the story of Amanda, a usability specialist, who tries to find 

reasons behind a decision, that has been taken by other group members. In order to 

answer her questions she first turns to her colleagues with the questions about that 

decision, but no one seems to remember much. Then she turns to the history 

visualization tool to help her find the answers. Amanda types in search queries and 

interacts with a number of visualizations (including timelines and concept maps) that 

help her find some facts related to her question, but still do not answer her question as 

some records are missing. The interactions with the visualizations point Amanda to a 

meeting where a decision she was looking for was likely to be taken. Even though 

Amanda did not find out about the reasons behind the decision, the system gave her 

important information about the people who were in that meeting. From there she found 

a person who was present at a meeting (Steve), and shared with him her exploration 

history. When Steve started looking through his history records, the system directed him 

to the note about that meeting that he made for himself and did not share with anyone 

else. When he checked that record, it turned out that it stated the reasons for a decision 

that Amanda was looking for. This way, the system helped Amanda indirectly to get to 

an answer to her question. 
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Figure 5.1. Timeline Sketch from Scenario 1: Expanding a Node 

 

Figure 5.2. Timeline Sketch from Scenario 1: Magnification of Related Nodes 
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Scenario 2 

The second scenario describes Michael who gets his first assignment as a new 

member of the team. Michael needs to compare several projects and to find out about 

the criteria that defined whether a project was successful or not. He first talked to his 

colleagues and tried to find examples of very successful as well as very unsuccessful 

projects in which the group was involved. Further he looked for more projects with the 

help of history visualization systems. Different information representations (tag clouds, 

concept maps, lists and timelines) helped him to further define the most representative 

projects he wanted to look at. After he found these projects, the system helped him to 

compare them by showing visualizations of group activities and performance (for 

example, by showing multiple timelines on the same screen). This way a system 

supported Michael’s analysis and exploration of the information that would not otherwise 

be visible without the help of visualizations. Thus Michael could define the important 

criteria that influence the success of the project. 

 

Figure 5.3. Screen View Sketch from Scenario 2 
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Figure 5.4. Project View Sketch from Scenario 2 

5.1.2. The Process 

Three groups with different backgrounds were selected to conduct the focus 

groups: 1). a group of graduate students at SFU with backgrounds in design, 

architecture and computer science; 2). the User Experience group at SAP dealing with 

multiple projects on Business Intelligence systems within SAP; and 3). the Customer 

Experience Support Group at SAP dealing mostly with the SAP customer portal and 

working to facilitate customer interactions with the portal. I observed the work of this 

group during one of the case studies (see Chapter 4). 

Each focus group took approximately two hours to conduct. The first focus group 

was conducted at SFU Surrey campus. The second and third focus groups were 

conducted at the SAP Vancouver office. 

Each of the groups was presented with the two scenarios and then was asked to 

provide their feedback by answering the questions based on their experience of working 

in professional groups as well as of designing systems. Below are the examples of the 

questions the teams were asked: 
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• Are the stories truthful? Could you imagine yourselves in the shoes of the 
characters? 

• Do the stories seem to make sense? Are there places where they do not? Is 
there anything missing in the stories? 

• Is there anything that concerns you in your everyday work that I am not 
mentioning here? 

• Could you think about any other stories that are different from mine – about 
misunderstandings based on faulty memory? 

• What are the moments where access to the past information/ history would be 
particularly useful? 

• Is there anything missing in the interface? Is there anything that could make it 
better support solving the problems from scenarios? Is there an alternative 
way to present an interface to support solving the problems? If yes, what could 
this be? 

• Is there any system functionality that you would want to be provided with and 
that I am not mentioning in the scenarios? 

It is interesting to notice that the kinds of feedback given by different groups 

varied, even though such was not part of the study design. The SFU graduate students 

group gave more design-oriented feedback, mostly focused on effective ways to design 

the interface and visualizations that would meet the required goals. The SAP User 

Experience group mostly gave feedback on the tool goals and on the problems that the 

users would normally face while making decisions and working with a system like the 

one presented. The Customer Experience Support group gave more “individual” 

feedback that was concerned with the real scenarios and problems they deal with in their 

work as a group, as well as the desired functionality that would help them better 

accomplish their goals.  

As a result, I got a broad spectrum of feedback that included design 

recommendations, user experience issues and the feedback from personal experience 

of working in a group. In the future, each of these directions could be further investigated 

by conducting more studies. For example, additional studies could be conducted with 

other small professional teams and more stories and insights could be generated to 

further extend the problem scenarios. 
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5.2. Results 

Below is the summary of the key findings from each of the focus groups, related 

to system design, system functionality and the scenarios. Some feedback confirms our 

previous assumptions, and some of it presents completely new ideas. 

5.2.1. Focus Group 1 

This section presents the summary of the group members’ feedback of the Focus 

Group (SFU Graduate Students) 1. The participants had backgrounds in design, 

architecture and computer science. The subsections below report categories that 

emerged from the focus group session. 

Prototype Design and Visualizations 

One of the important comments was related to semantic zoom (Bederson and 

Hollan, 1994). For example, group members suggested that, in visualizations, semantic 

zoom could be used to display different levels of detail about the information artifacts. 

Also, the group members mentioned that the timeline view could show more detail and 

give more space to the areas with more activity, thus providing more effective use of 

screen space. 

Another important comment made by this group was that some kind of a minimal 

commitment way of recording information should be provided by the system. In addition, 

the group members mentioned that there should be a functionality that would allow user 

to replay the history of past activities. The open question here that needs to be 

answered is, what are the important instances of the history that need to be recorded 

and how would the system define them? It is known that some parts of the recorded 

history are more likely to get re-used. The issue is in identifying such important parts. 

One possible answer to this is to let the user control what gets recorded by marking the 

information that the user considers likely to be revisited in the future. 

Participants also suggested incorporating a way to control privacy levels in the 

system. One of the questions they asked was: “should there be a third level of privacy in 
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the system, where people would know that private information has been posted, even 

though they cannot access it”? 

Another important comment that came up in this group was the one of creating a 

different view type, meaning that there could be an area where users could drag different 

kinds of information (e.g., documents, images etc.). The information dragged into an 

area could represent a search query: a system would take this information and display 

the results that are related to the documents dragged to that screen area. Then a system 

could display the query result in the form of a timeline, a list of documents, a tag cloud or 

any other view. This idea is a reflection of a larger issue: to present users with the ability 

to easily drag and drop pieces of data to get a result in the form of an executed query. 

Recurrent themes in the discussion were making use of tags and metadata for 

filtering and searching for information; and making use of a vertical timeline axis to show 

more detail about a specific document. 

One of the group members suggested an idea that we did not consider when 

designing the sketches. He proposed to use statistics to show correlations among data 

and to make predictions (for example, in case of comparing multiple views there could 

be an embedded functionality that would show what data pieces might be related to 

each other). This feedback could also mean using analysis of trends to discover possible 

connections among information, to recommend related information and to direct the user 

in further exploration process. 

A more general notion of using different view types would provide overlay of 

multiple views (e.g., Figure 5.3). For example, the views could be integrated as layers or 

they could be aligned vertically on the same screen. This idea could be used for making 

comparisons among different visualizations to support analysis and exploration of data. 

Another class of ideas that the group participants suggested was to consider 

different interaction techniques (e.g., mouse vs. multi-touch) for using a system 

depending on the device and type of information interaction. 
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System Features and Design Concepts 

The need to show context permeated the discussion. Participants argued that 

showing the context of information and providing access to it would be more useful than 

the information in isolation. Within visualizations this could be realized by showing 

connections to related information on the timeline or by showing a magnified area 

around a shape that would show all information related to that shape (see Figure 5.2). 

The types of connections among information elements in the visualizations could also 

carry different meanings. 

The focus group participants also suggested a function for easy report making 

based on information considered. During the process of search/exploration a user could 

save snapshots of the views that s/he considers important. Then these views could be 

merged on a screen, and a user could drag these views around, for example, by putting 

more important ones into the middle of the screen, and less important ones towards the 

sides of the screen. This could help him/her decide which snapshots could be saved for 

future use or used to create reports. This feedback represents would give a user control 

over defining the usefulness and importance levels of information. 

Another common comment in this group suggests that a system should support 

users in making meaningful comparisons, for example, by pointing the user to 

information that could be relevant or by highlighting similarities and differences among 

data. 

5.2.2. Focus Group 2 

This section presents the summary of Focus Group 2. This focus group was 

conducted with the members of the User Experience group at SAP Vancouver who 

worked on the design of various Business Intelligence systems. The subsections below 

reflect the participants’ expressed views. 

Prototype Design and Visualizations 

With regards to the design and visualization features of the prototype, 

participants suggested an alternative way for using the vertical scale of the horizontal 
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timeline: instead of showing the importance level, it could instead indicate the number of 

people who have access to a specific document, a conversation or a thread.  

Participants debated about the meaning of the vertical scale of the timeline. For 

example, some would prefer to see it represent privacy levels of information artifacts. 

The others would prefer the vertical scale to show importance levels or ranks of data 

items. As a compromise, participants suggested the idea that the users should have an 

option to decide for themselves what the meaning of the vertical scale should be and 

should have the ability to easily switch the meaning of the vertical scale, depending on 

user preferences and current needs. 

Another comment related to the design of interaction was that it should be taken 

into account that artifacts tend to have a life span, and that should be represented in 

visualizations. For example, information artifacts could be represented as lines rather 

than dots to show not only the time when they were created, but also the time when they 

expired or were deleted. 

System Features and Design Concepts 

Group members pointed out that it is absolutely necessary for a system to have a 

way to filter information and to direct a user towards the most relevant information. 

Several participants stated that it is a big challenge to be able to find important 

information in the huge amount of data available. This feedback resonates with the 

problem of information overload that we observed during the case studies.  

One of the participants commented on including the tagging mechanism into the 

system was the following:  

Definitely there are lots of tools involving tagging. But the funny thing 

is that, at least in today’s work culture, most users see those 

affordances as kind of chores. The core of their work is what they are 

really being measured against, not the chore work. Even though 

ironically the chore work would help them deliver better, but there is 

no incentivisation around that.  
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This comment emphasizes the importance of the minimal commitment principle: 

in this case, any additional effort a system requires from the user to tag information 

would be perceived by the user as chore work and thus be ignored. 

During the conversation participants raised questions around the social aspect of 

work and the ability of the system to support it. They mentioned that this aspect is very 

important because much of the decision reconstruction in groups happens through 

collaboration and conversations (both formal and informal). For this reason participants 

pointed out that a system to support collaboration and decision making should be able to 

help find the people with whom a user may want to talk.  

Following the discussion about the importance of finding people, participants also 

discussed that seeing not necessarily who is on the topic (or in the discussion) right now, 

but who was on the topic in the past and where they are now is as important. Such 

people could be the key to unlocking information about decisions taken.  

In addition, group members discussed the utility of social media functionality in a 

tool that supports history and decision making. This functionality could facilitate 

conversations among people and help introduce people to each other. 

Participants suggested that a system should be able to support a variety of user 

interaction and collaboration styles (for example, a user keeping lots of unread email and 

trying to find information using “search” versus a user taking private notes through email 

client and saving them to the “drafts” folder). This feedback is consistent with our 

observations of the groups’ tendency to create their own unique work environments, 

collaboration structures and ways of organizing data. 

One of the ideas that came up at the focus group was that tracking things people 

are doing in parallel could indicate how the memory works and what other things could 

be related to the information a person is looking for. For example, if a user worked on 

several items at the same time, finding just one of the items could trigger memory and 

help the user to remember about the rest. 
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When discussing ways and strategies to measure the importance of documents 

or artifacts in the history, participants argued that some documents can become more 

valuable to the company if there are more contributors to them. This suggests a way of 

defining the importance level of a document or event: by collecting metadata (in this 

case, the data about participation, contribution, accessing and revisiting) and then 

analyzing it to measure importance of that information. The degree of collaboration over 

an information artifact could be a measure of its importance. 

Participants mentioned that supporting promotion of personal notes/records, so 

that other people can see them, can be important. For example, there should be a 

possibility for users to make sure other group members are aware of the important 

changes/updates in a project. In summary, there should be a notification mechanism to 

make sure that a group knows that there is an issue requiring attention. 

The group members also mentioned that storytelling should be supported in the 

system: the user should be provided with meaningful explanations. The problem is how 

to aid or automate such storytelling. 

Participants pointed out that the system should show the key insights based on 

the criteria that a user sets up and suggest alternatives to what a user might want to look 

at next. The idea behind these functions is that the system should direct the user 

through the exploration of information. 

5.2.3. Focus Group 3 

This section presents the summary of the group members’ feedback of the Focus 

Group 3. This focus group was conducted with the members of Customer Experience 

Support group at SAP Vancouver. This team is distributed across several countries and 

works on various issues related to the company’s Customer Portal. The subsections 

below report categories that emerged from the focus group session. 
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Prototype Design and Visualizations 

During the discussion the participants suggested that in the system it is important 

to explicitly show connections among elements. For example, in visualizations 

relationships between two objects could be represented with lines. Also, the lines could 

represent connections that go beyond the visible area (shortcuts) so that the user would 

know that there is something else related and could explore those areas too. 

Participants mentioned that, in visualizations, differentiating between shape sizes 

or line thicknesses to show importance could be useful. 

The group members were unanimous in the idea that the user should be given 

an option to control the amount of information presented to him/her. One participant 

commented that this should be happening “depending on the type of user… whether 

they’ve got the time to look at twenty docs or they just want to see the top two…” 

The team pointed out that search is an essential feature for a system like this.  

System Features and Design Concepts 

A key system feature that the team mentioned was the support of recording from 

multiple sources, including collaboration tools, documents and email. 

The concept of showing relationships among data turned out to be a big area of 

discussion in this group. Participants stated that it would be useful to be able to find out 

about different types of relationships among data. For example, “show me all the terms 

that are related to this one”. Also, it would be important to display different levels of 

relationships/importance. For example, to distinguish between “this one is very related” 

versus “this one is a minor relationship”. Also, the group mentioned that it is important for 

the system to give a user a way to start by showing the most important 

information/relationships instead of displaying all related information. 

Another important concept that came up in the discussion is the idea of 

relevance. Here is how a user experience specialist described it: 
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Unless there is some concept of relevancy or… I wouldn’t use it if 

everything just looked equal, if there is not some type of relevancy on 

where I should start. I would probably want a decent amount of detail 

in the hover over instead of opening all of the documents.  

Views on relevance varied within the group. Relevance could mean: the number 

of mentions; who authored an item (key stakeholder on the project), who was in a 

meeting (was it important people/decision makers). This means that a user should be 

guided through the information presented and should be provided with information on 

what kinds of data is more likely to interest the user. For example, to achieve this, a 

system might track information that is most visited, most referred to or most discussed. 

Participants mentioned that quite often users wouldn’t mind sharing some of their 

personal records with others. The problem is that there is no explicit way provided for 

them to share information. For example, one of the participants commented on the 

problem:  

And a lot of that personal stuff like email… I wouldn’t mind if someone 

was actually able to see it. But because it’s in my inbox, there is no 

way for me to share it with people. There are many emails and 

documents on my computer that I haven’t uploaded and shared with 

people, but it’s not because I didn’t want to. 

Participants mentioned they would be likely to search for the topic they are 

interested in:  

I know I had this meeting with A and B on this topic. I can’t remember 

when or what we discussed or what the outcome was. I would like to 

find all the meetings of A, B and me talking about this topic. 

Across all comments, people came as a key category participants would want to 

search for. Group participants kept coming back to people, and the search organized 

around people appeared to be a common scenario. Some common search examples 

included queries like “who authored it”, “who was there”, “is this person mentioned?” etc. 

Email constitutes a big part of decision records. As stated by the participants, 

email is one of the main sources to search for the decisions made:  
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I would say eight times out of ten I am looking through my email. It’s 

either my sent items, who did I send it to or keyword search… Most of 

our decisions are sent in email and captured in email, which is private. 

Participants repeatedly emphasized the problem of document versions. 

Participants stated that it is very hard to track changes in documents and to find out 

about when exactly and why a decision to make a certain change in the document took 

place or at which point a specific concept was introduced.  

Participants emphasized that the system should provide metadata to help users 

discover more information. For example, participants stated that sometimes it gets 

incredibly difficult to find the people in charge of a certain design or a decision. To do 

that, they have to go through multiple steps of searching and talking to people. It would 

be useful to have different kinds of metadata provided for the history items. For example, 

this could be authorship of the documentation, people who accessed documentation or 

who contributed to it. 

Another category that came up as being important is the “why” category. 

Participants talked a lot about the “why” being a typical question they ask when looking 

for information. For example, such questions as “Why was that rejected?”,“Why did we 

put that forward?”,“Why did we make that change in this presentation?”,“Why did we do 

something?” etc., tend to be common in decision reconstruction. 

The time dimension plays an important role in finding decisions. People tend to 

look at the calendar, email and other records to define the approximate time when a 

decision was taken in order to narrow down their search. 

The group commented that it is very important for a system to be able to tell the 

story to its users. For example, if the visualizations are shown, they should be there as 

part of telling a story and guiding a user through the exploration process. 

Participants favoured the idea of comparing multiple views or visualizations and 

stated that comparisons could be useful to easily see the differences among data. 



 

80 

Participants stated that they wish the system could have a search option where 

users could state more context. For example, instead of entering just the keywords, 

users could provide other related information, such as “these are the people I am 

interested in” or “I am interested in the information only within this time range and related 

to these people”. 

5.3. Discussion: Common Themes across the Focus 
Groups 

Across all the three focus groups the first (“exploration”) scenario got more 

feedback and was more discussed. It resonated more with the work of the groups. The 

second scenario (“data analysis and comparison”) raised issues about the incentives to 

use this kind of system and the use case for the scenario itself. 

Even though the focus groups differed in terms of the background of the 

participants, and the feedback in each of the groups had a slightly different focus, 

surprisingly, they shared many common issues and topics. 

Below is a list of the essential features of a history visualization system, 

according to three focus groups. 

Important System Features and Interface Elements: 

• Semantic zoom 

• Privacy control 

• Replay of history 

• Drag and drop (ease of collecting information) 

• Tagging  

• Metadata 

• Comparing multiple views/ making meaningful comparisons 

• Control what kinds of information to display (e.g., vertical axis of timeline) 

• Filter to show most relevant information 

• Show relationships between data/ show kinds of relationships 
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• Show levels of importance/ relevance 

• Filtering of information 

• Search for information in context (e.g., provide ability to narrow down the 
search) 

Information Users Would Like to Get from the System and Response to 
Common User Problems 

• Display context 

• User defined importance and relevance levels 

• Incorporate multiple user styles/user needs 

• Show relative importance/relevance of information artifacts (according to 
metadata or other parameters, e.g., degree of collaboration over an artifact) 

• Minimal effort should be required to record information in the system 

• Capturing conversations, introducing people to each other and recording other 
social aspects of work 

• Finding people that are/were relevant to the topic 

• Support a variety of user interaction and collaboration styles 

• Support group awareness, make sure group members are informed of the 
important changes 

• Suggest alternatives of what to look at next 

• Provide key insights about the information presented; provide meaningful 
summaries 

• Support storytelling 

• Support recording information from multiple sources  

• Display the time dimension, as it is one of the most important dimensions 
users are looking at to find past decisions 

Specifics of User Activities 

• Users are likely to search for information related to other people and topics 
they are interested in 

• Users often turn to email to search for decision records 

• Users often have problems finding the right version of the document 

• Users often would like to ask the “why?” questions from the system to find out 
reasons behind certain decisions that were taken. 
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5.4. Chapter Summary 

In this chapter I presented the analysis and the results of the three focus groups 

that I conducted to validate our design ideas and scenarios. The three groups included: 

SFU graduate students group, the SAP User Experience group and the SAP Customer 

Experience Support group. Even though each of the three sessions appeared to have a 

different focus due to differences in the participants’ backgrounds and occupations, 

participant feedback and the themes that arose during the sessions had much in 

common. Many of my expectations regarding the system design principles were 

confirmed, but, at the same time, I received additional information that I did not consider 

previously. For example, such concepts as “storytelling” and “relevance of information” 

came up as important aspects in collaboration and decision reconstruction. Participants 

also mentioned “people” as a key category that they would want to search for. Such 

information helped me to refine the scenarios and the design sketches and to apply 

these ideas to the design of an interactive prototype described in Chapter 8. 
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Chapter 6.  
 
Key Issues and Design Concepts 

In this chapter I describe the issues, common themes and observations from the 

case studies and the focus groups into a set of design concepts. These design principles 

and concepts are known, but their use in histories in collaborative decision making has 

not been explained.  Further, I connect the design concepts back to key papers in the 

literature.  

In summary, a tool for visual history in collaborative decision making may benefit 

from having the following features: a minimal commitment way to create records of 

history; support sharing of tacit knowledge by allowing communication and “distilling” 

information into meaningful units; providing the context of information, including 

motivations behind events and decisions; reducing clutter and user need to switch 

attention among the tools and environments; providing access to multiple sources of 

record within a single environment; providing users with cues and reminders about past 

events and decisions; allowing users to create their own rules and structures within the 

system; and supporting user agreements and storytelling.  

6.1. Observations Summary 

6.1.1. Recording information 

The following observations represent the findings related to the processes and 

instances when the information gets captured, recorded and organized as part of the 

history: 

• People do not invest time in the activities for which the perceived immediate 
benefit does not exceed the perceived immediate cost. People do not use 
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tools that are not immediately to hand. They also try to avoid tools that require 
an initial learning curve. (Minimal commitment principle). 

• People do not like to switch between tasks or to drop out of “flow” to perform a 
task. 

• There is no single point of record of history. Usually different fragments of 
history are stored in different places, which adds to clutter. There is no 
complete record of history. Tight deadlines and rushed processes discourage 
thorough record keeping. 

• People like to construct their own collaborative structures and meanings to 
organize their work. 

• Agreement is important for collaboration and decision making. People work on 
reaching agreements all the time. People often record agreements. 

6.1.2. Representing Information 

The following observations describe the findings related to the processes of 

representing, accessing and analyzing the information contained in the history record: 

• Clutter and information overload are the main reasons for not being able to 
locate records of past decisions or activities. 

• Reminders are important. Given a cue to an event or decision, people may 
recall much of the memory directly or may be able to locate external records. 
Particularly in the rushed, “sloppy” collaboration process, we may rely on the 
(perhaps incomplete) actual record, as long as we can find or recall the parts 
we want. 

• Remembering just enough is important. Often people use personal notes as 
means to remember just enough information that is necessary to later 
remember what was happening during an event or a decision making process.  

• Privacy is important: people need to keep their private records. They are 
important for recalling the memory. 

• Agreement is an important part of representing collaboration history. 

• All the information in the history record should be represented in context. 
Proper contextualization of information plays an important role in the ability to 
reconstruct the reasons or motivations behind an event or a decision in the 
future. 

In the next sections I describe how the above observations have been 

manifested in the literature in different areas of research in HCI, CSCW, Information 

Visualization and Social Science. I also discuss possible ways to resolve the above 

issues that are suggested in the literature. 
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6.2. Minimal Commitment 

The general idea of this principle states that people do not invest time in the 

activities for which perceived immediate benefit does not exceed the perceived 

immediate cost. People do not use tools that are not immediately to hand. They also try 

to avoid tools that require an initial learning curve.  Even if a tool is well-understood, 

collaborators will focus on the perceived highest and best use of their attention towards 

completing the perceived job.  This behavior was confirmed in all three of the case 

studies (see Sections 4.1.4, 4.2.2. and 4.3.4.). 

This principle has been widely discussed in the literature. For example, in 

psychology the principle of “least effort” was explored by Zipf (Zipf, 1949). We can also 

see its application in collaboration and communication, discussed as the principle of 

“least collaborative effort” (Clark and Wilkes-Gibbs, 1986). It states that people try to 

minimize their effort to achieve successful communication during the presentation and 

acceptance of arguments.  

In the literature on end-user programming, Blackwell discusses the Attention 

Investment model for programming behaviour. The model takes into account potential 

costs, attention investments, pay-offs and risks as variables involved in making a 

decision on whether to start programming activities (Blackwell, 2002). 

This issue has been discussed in CSCW literature as well. For example, 

Ackerman and McDonald mention that “from a user-centered perspective, a user merely 

wishes to get his work done, and to do this, he must solve his immediate problems” 

(Ackerman and McDonald, 2000). 

In literature on design rationale, this issue has been referred to as “rationale 

fatigue” (Gruber and Russell, 1996) and considered one of the key obstacles for using 

the design rationale capture systems. It is stated that because design rationale systems 

require too much effort to record the information, even the most disciplined users started 

to avoid such interfaces in favor of focusing on the main task.  
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People will not invest time and effort into explicitly creating bases for their future 

work unless they see the immediate benefit of doing that. This fact creates difficulties for 

knowledge and expertise sharing in teams. 

6.2.1. Minimal Commitment in the Context of History and 
Remembering 

In the context of history and remembering there are several implications to this 

issue. One implication is the reluctance to put information into the history record. If the 

perceived cost of recording information is higher than the perceived immediate benefit 

from recording, people will not record. This is a main cause of the missing records of 

important events and decisions and results in the gaps in group memory. 

The early research of history mechanisms stated the importance of providing 

users with technology that would require minimal effort to access and retrieve history 

(Tauscher and Greenberg, 1997). 

Huang et al. try to address this issue in their work by applying methods to reduce 

the device overhead into their history recording and collaboration tool DiNa (Huang et 

al., 2011). 

Our research confirms the above findings. All the teams that we observed during 

the case studies were working under constant time pressure. Faced with tight deadlines, 

people were reluctant to record their decisions, unless absolutely necessary. The tools 

used by each of the teams did not encourage recording decisions, and people heavily 

relied on face-to-face communication. In some cases this resulted in forgetting or 

misinterpreting important decisions and lead to misunderstandings among group 

members. 

6.3. Transforming Informal Information 

One type of information that rarely gets recorded, but plays key role in knowledge 

and expertise transfer in groups is the informal information exchange (e.g., 
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conversations outside of the meeting/work context). The tools that the teams in our case 

studies (see Chapter 4) were using only partially addressed the problem of transferring 

informal information, or did not address it at all. Parts of the informal information that did 

get captured by the tools were captured in the form of chats, written conversations, 

comments or annotations in the tools that supported such functionality. 

It has been mentioned in the literature that the informal information and tacit 

knowledge, such as expertise or common practices is critical for CSCW, including 

collective memory and knowledge management systems (Ackerman and McDonald, 

2000; Sachs, 1995). 

It has also been mentioned that it is very difficult to externalize the tacit 

knowledge into the record: 

One does not learn alone but learns mainly through tacit knowledge 
gained from interactions with others. Furthermore, tacit knowledge is 
often difficult to be externalised into a repository. A repository by itself 
also does not support communication or collaboration among people.   
   (Chau et al., 2003) 

In their research, Ackerman and McDonald (2000), suggest the following 

solutions to the problem of support for informal information:  

• Include people who possess knowledge in the collective memory, make 
human resources more accessible. 

• Incorporate communication flows by introducing more computer-mediated 
communication facilities  

• Reduce the amount of information to manageable proportions by distilling it 
into useful knowledge. 
   (Ackerman and McDonald, 2000) 

The basic idea behind these statements is that real human interactions cannot be 

replaced with the automated ones. However, digital environments and systems should 

incorporate such interactions into their functionality to better support what people really 

do. 
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6.4. Context of Information 

In order to be properly understood and reconstructed, information about an event 

or a decision should be represented in context.  

In the groups we observed during the case studies (described in Chapter 4), the 

context of information was provided by group members mainly during face-to-face 

communication. The tools that the groups were using contained the data itself, but most 

of the explanations or clarifications, in case group members had questions, happened 

during in-person or phone meetings. From this we can conclude that, in general, the 

tools the groups were using were not good enough at providing sufficient context about 

the records of history. 

Context is one of the main aspects necessary for reconstruction of past events 

and decisions (Shen et al., 2002). It is also an essential part of user search strategies 

(Teevan et al., 2004) for locating relevant information in the history record. Maintaining 

the proper level of context is an important part of group memory: if there is too much 

context detail provided, the focus of information is too narrow and cannot be reused. On 

the other hand, too little context can lead to missing important details of an event or a 

decision (Ackerman, 2000, 1996). 

By context we mean additional data that provides clarifications or explains in 

some way the meaning of the information under consideration. According to Czerwinski 

and Horvitz, the users who were trying to remember past events or decisions considered 

their motivations behind a task or a behaviour to be the key piece of context that would 

help them make sense of these events at a later time (Czerwinski and Horvitz, 2002). 

In their research Ackerman and McDonald point out that it can be very 

challenging to provide the proper context of information, as each user possesses certain 

knowledge that may not be enough to fully understand that context: 

For a user, the answer to a question may be present in the 
documentation. However, he may lack the required expertise to infer an 
answer or to even use an explicit answer without additional situational 
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information. Providing the proper context is, unfortunately, difficult.     
  (Ackerman and McDonald, 2000) 

Ackerman and McDonald suggest using collaborative help as one of the ways to 

address the context problem. They claim that collaborative help can provide 

explanations to users at their own levels of expertise. 

Another solution has been suggested in the work of Czerwinski and Horvitz. The 

participants of their user study emphasized the importance of being able to connect the 

data to its original source or to other data that is associated with it. For example, it would 

be useful to be able to return to a specific state of the system that would provide more 

information about the process of making a decision (Czerwinski and Horvitz, 2002). 

6.5. Information Overload and Clutter 

In all the three groups I observed in the case studies, participants had to deal 

with the problem of clutter and information overload (see Sections 4.1.4, 4.2.2. and 

4.3.4.), even though one of the teams was newly formed and did not have time to collect 

a large body of records.  

When members of the groups I observed needed to find a piece of information, in 

many cases, they had difficulty locating the necessary records. The main issues that 

caused the problem were: 1). the way the data was organized (the data structure was 

too complicated, so participants got confused about where to look for information); 2). 

the amount of information: there were too many records, and it was hard to find exactly 

what was needed; and 3). the data was spread across many sources: it was not clear in 

which source to look for in order to find the information needed. 

The problem of information overload has been discussed by many researchers. 

For example, Ackerman and McDonald (Ackerman and McDonald, 2000) point out that 

often users cannot cope with large amounts of information in group memory systems. 

This information needs to be reduced, so that it becomes manageable to the users. 
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Rader’s (2009) research shows that the users of cluttered repositories may not 

be even aware that the information potentially important to them is already there. Her 

case study shows that people tend to restrict themselves to the areas of the repositories 

that they are most familiar with or for which they have an immediate need. 

One solution that has been suggested by Ackerman to reduce the clutter is the 

idea of distillates. In the context of collective memory, distilling of information is the 

process of transforming information into useful knowledge, while reducing its amount to 

manageable proportions. This process is a part of collaborative refinery of information by 

the users. 

Search engines intend to deal with information overload and to support users in 

finding the necessary information. However, research has shown that normal keyword 

search is not always enough. From their user study Teevan et al. (2004) found that in 

most cases people use the “orienteering” strategy to look for information: 

Orienteering involves using both prior and contextual information to 
narrow in on the actual information target, often in a series of steps, 
without specifying the entire information need up front. We observed that 
orienteering was heavily relied upon, even in directed search for specific 
information. 

Instead of jumping directly to their information target using keywords, our 
participants navigated to their target with small, local steps using their 
contextual knowledge as a guide, even when they knew exactly what they 
were looking for in advance. This stepping behavior was especially 
common for participants with unstructured information organization. 
     (Teevan et al., 2004) 

This means that systems to support history retrieval should not only support 

normal keyword search, but also combine search with the context of information and 

metadata. 

6.6. Switch of Attention 

From our observations, when an additional cognitive effort (or an attention 

switch) is required for a user to create, maintain or organize information within the 
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records of history the user will not spend time doing that. The ability to record and edit 

information in the history should be nearly effortless and should be integrated within the 

immediate user tasks and goals. This principle has been confirmed by research. 

For example, in his research Mihaly Csikszentmihalyi defines the notion of “flow”: 

the state of concentration and involvement when performing an activity that encourages 

creativity. According to Csikszentmihalyi, when attention is distracted, the state of flow 

gets interrupted, and that creates obstacles for creativity and invention 

(Csikszentmihalyi, 1997). 

The research in the area of end-user programming states “visibility and 

juxtaposability” as one of the key dimensions for evaluating the visual programming 

environments: the required information should be readily accessible and visible without 

requiring additional cognitive effort (Green and Petre, 1996). 

In their work on history in web browsing Taucher and Greenberg stated that 

history mechanisms should not distract users from their current tasks (Tauscher and 

Greenberg, 1997). 

6.7. Multiple Sources of Record 

In all the three groups I observed during the case studies, there was no single 

tool to turn to for retrieving records of decision making (see Sections 4.1.4, 4.2.2. and 

4.3.4.). This caused participants to spend their time switching between tools in search 

for information. As pointed by one of the observed team members, the presence of so 

many tools that the team needed to use was, in itself, a team challenge. For finding the 

information needed, the team members often had to turn to multiple sources, including 

email, personal notes, collaboration tools, and team documentation. Sometimes 

participants would spend a lot of time looking for the necessary information, and still 

would fail to find it. 
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This issue has been studied and confirmed in CSCW research. For example, 

when studying how organizational memory was functioning, Ackerman notices the 

following: 

In fact, one could argue that  many  information  technologies,  including  
paper-based  ones,  currently  augment  organizational  memory... 
Organizational and group memories can include a wide variety of 
materials, including  documents,  rationales  for  decisions,  formal 
descriptions  of  procedures,  and  so  on.    
   (Ackerman, 1996) 

The multitude of sources of history records creates additional challenges for 

organizing and searching for information. One of the possible solutions to facilitate the 

navigation through such records is to provide ways to connect the data to its original 

sources. 

6.8. Reminders and Remembering Just Enough 

In order to remember past decisions, all three teams I observed used tools to 

remind them of what was decided and to refer them to the right documents and records. 

Agreement documents, meeting minutes, email or personal notes served as such 

reminder tools for them. These information artifacts had an important property of 

summarizing what was happening and often served as references to more detailed 

records. Each of the participants had their own way of reminding themselves of key 

commitments and key decisions. Often this information was not shared with others, was 

incomplete and was presented in the form of a summary or a list (see Sections 4.1.4, 

4.2.2. and 4.3.4.). 

The HCI and CSCW literature argues that, for group memories, it is sufficient to 

capture and store just enough information that can trigger memory, versus capturing and 

storing everything. For example, the research in the area of organizational memory 

states that organizations do not need a complete record of the past events and 

decisions: 

The organizational memory exists within an entity with limited resources.  
As such,  an  organization  is  likely  to  be  little  interested  in achieving 
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total recall of its experiences; a "good enough" recollection  will  be  
sufficient. 
   (Ackerman, 1996) 

Czerwinski and Horvitz argue that a useful reminder tool is the one that allows 

users to easily capture their activities and then replay “brief snapshots” of them in a 

summarized and abstracted form (Czerwinski and Horvitz, 2002). 

In the area of lifelogging—keeping records about personal memories of one’s life, 

so that one could come back to them later and re-experience past events—Petrelli et al. 

emphasize the importance of memory cues. According to their research, people do not 

need the complete records of their activities for remembering. Rather, they need a set of 

“carefully selected cues” for reconstructing their past. Here is how they describe the 

results of their research: 

Our results argue that remembering is an active process based on 
reconstruction from often fragmentary cues. This suggests new 
possibilities for the design of digital technology, more oriented towards 
supporting the creative reconstruction of autobiographical memories, 
rather than focusing on exhaustive recording, i.e., as in lifelogging.   
    (Petrelli et al., 2009) 

They argue that, while the automatic capturing of everything could serve as 

supplementary data to provide more context or metadata, the main focus in technology 

should be placed on supporting active selection of objects to be recorded, creativity and 

meaning building. 

6.9. Building Own Collaboration Structures 

The observed use of collaboration tools in the three groups in our case studies 

showed that all the group members adjusted the tool environments according to group 

needs, collaboration style and structure. For example, the way SAP Development Group 

used the collaboration tool was different from how the team itself expected it to be used. 

Even though the tool contained built-in collaboration and communication functionality the 

team was aware of, this functionality was hardly used. For example, when the team 

needed to vote for promoting a decision, instead of using a special voting tool within the 
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system, the team calculated votes manually, as the built-in tool could not take into 

account all the details the team wanted to put into that poll. 

When the West House team was introduced to a new tool that was supposed to 

serve as an easy-to-use collaborative decision support system, it declined its use. One 

reason for that was the tool’s rigid structure that could not match the unstructured nature 

of group’s work. 

According to my observations, during conducting the case studies, when the 

structure of a tool was not flexible enough to accommodate a group’s unique style and 

processes, it created additional barriers for using it and for recording decision history into 

it. 

These observations are confirmed by the literature. For example, Shen et al. ( 

2002) confirm the same principle in relation to storytelling tools: the system should 

provide support for various work styles and different ways people use to share the 

information. Such systems should also support flexibility rather than present a rigid 

structure: 

The contents must contain enough structure so that new members of the 
group can understand and re-tell the stories themselves, but not so much 
structure that people are locked into one way of describing the relevant 
events. 
    (Shen et al., 2002) 

The literature in information visualization also confirms the above findings. For 

example, the research of Isenberg et al. (2008) concluded that the systems to support 

collaboration should allow users to be able to change their work and analysis strategies 

(Isenberg et al., 2008). Robinson’s study agrees with these findings and suggests that 

such flexibility should be extended not only to collaborators’ actions, but also to the 

different ways they organize their information (Robinson, 2008). 
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6.10. Note-taking 

In each of the case studies, I observed people taking notes and referring back to 

these when they explained work to others. These notes took many forms, only one of 

which was temporally ordered history. The notes participants took served multiple 

purposes. Notes could be a way of reminding oneself of important events or decisions; 

they also played a role of summaries. Also, as mentioned earlier, current teams face the 

challenge of multiple sources of record. Notes serve as a way to connect the records in 

one place. For example, the notes could state issues and provide connections back to 

key emails and meetings that addressed these issues. Also, notes can be both public 

and private: the former ones can be taken during meetings and then shared with other 

group members, the latter ones are private and are not intended for sharing. This 

suggests that a system should not predetermine the form of a history record. Rather, 

people should be free to take notes in their own structures and styles. 

The research conducted by Mahyar et al. (2013) confirms that record-keeping 

plays an important role in both information foraging and in discussion activities taking 

place during collaborations, and note-taking is the predominant record-keeping activity 

(Mahyar et al., 2013). The importance of note-taking activities has also been studied and 

confirmed for co-located collaborative data analysis. This research suggests that note-

taking is a critical activity in collaborative decision making that promotes awareness and 

workflow support (Mahyar et al., 2010). 

6.11. Privacy 

As mentioned by many case study participants, keeping private records is one of 

the most important tools of recollecting personal memory (see Chapter 4). At the same 

time, personal notes are something that team members do not always want to share with 

others, not necessarily because they contain information that cannot be shared, but 

because of the ways private records of history are organized. Usually they are not 

intended for collective use and are messier than collective records. Even though 

personal notes have valuable information about the decision history, in most cases they 

have value only when they are used by the person who created them.  



 

96 

The findings from the case studies were confirmed by the previous research. For 

example, in the area of information visualization the studies showed that, in order to 

support changing work strategies, visualization systems should incorporate functionality 

that allows both individual manipulation (unaffected by other group members) and 

shared views of interactions with data (Isenberg et al., 2008; Robinson, 2008). Mahyar et 

al. (2010) confirm the importance of supporting both individual and group record keeping 

in collaborative analysis tools. Scott et al. (2004) describe the user need to perform 

independent activities and reserve personal space when interacting on a tabletop 

display. This supports users in coordination of their task and social interactions. 

6.12. Storytelling 

One of the important aspects of a history tool is the ability to tell stories with data. 

When the history records are organized as a story, they become easier to track and 

comprehend, and there is an additional dimension of meaning that can be extracted from 

a story versus an otherwise organized set of data records. 

The narrative paradigm (Fisher, 1984) claims that humans are essentially 

storytellers and that they are naturally capable to comprehend a story and evaluate it for 

truthfulness and coherency. 

Eccles et al. (2007) emphasize the importance of storytelling for analysis, 

investigation of motivations, capturing insights and sharing knowledge and 

understanding the meaning of complex phenomena: 

A story serves as an internal communication tool – a method of 
organizing the daily observations into meaningful knowledge. It is the 
ability to pull information together into a coherent story that guides the 
organization of observations into meaningful structures and patterns. To 
an intelligence analyst, a story acts as an artifact of tacit and gained 
knowledge applied to raw observed data.   
   (Eccles et al., 2007) 

Storytelling is a powerful way of representing information. In their research Segel 

and Heer (Segel and Heer, 2010) state that data stories differ from traditional storytelling 

because visualized data stories can be organized in multiple ways. They do not have to 
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be linear sequences, but rather can be represented in non-linear ways, be interactive 

and invite for exploration. It is stated that most visualization tools need to support 

communication of stories to others. In their research Segel and Heer also define patterns 

of narrative visualizations. 

6.13. Chapter Summary 

In this chapter I describe the key design concepts that derived from group 

observation studies and were confirmed in the focus groups. I provide evidence of why 

each of these concepts is important for use in histories in collaborative decision making 

and confirmed each with findings from previous research in the areas of HCI, CSCW, 

Information Visualization and Social Science. 

Table 6.1. shows how each of the systems from Chapter 3 respond to the 

principles described above. From the table it can be seen that each of the systems 

provides only partial support to the design principles. 

Table 6.1. Design Principles Supported By Systems 
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Answer Garden   V    V    

GenerativeComponents  V   V  V V   

CZSaw  V  V V  V V   

Evernote V  V   V  V V V 

TimeScape V       V   

VisTrails       V V V V 

YouPivot V  V V   V V V  

MUSE      V V V V  

SIBYL      V  V   

MyLifeBits   V   V V V   
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Even though each of the concepts described in this chapter is a known 

HCI/CSCW issue, they previously were not connected together to form a sequence of 

design considerations for systems to support histories and decision reconstruction in 

groups. 
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Chapter 7.  
 
Possible Design Responses: Ideas Considered 

In this chapter I discuss some of the initial concepts for a system to support 

decision remembering and reconstruction in groups. I suggest them to become the basic 

elements of such systems and describe them in detail. This chapter also provides 

descriptions of the ideas used in the early sketches of a visual history tool as well as 

ideas considered for the prototype.  

All of the above are partial design ideas. Each has merits and issues. They 

comprise starting points, points of departure in design terms, not system architecture.  

Any prototype must be a whole: it must present a clear mechanism in which not all good 

ideas can be manifested and in which conflicts must be resolved. The following chapter 

(Chapter 8) describes the design of the VH (Visual Histories) Prototype that applied the 

ideas from this chapter. Some of these ideas were modified in order to resolve design 

and development conflicts; however the core principles behind these ideas remained 

unchanged. 

7.1. Synchronization of Multiple Tools and Records 

Based on the results of the case studies described in Chapter 4, I found that one 

of the main problems people were dealing with while working on projects in relation to 

remembering and reconstruction of past events and decisions was the problem of 

multiple sources of history records. The information users were looking for was 

dispersed across multiple tools and environments. During the interviews many of the 

users stated that the main problem for them was that they had to use too many tools and 

systems as well as multiple devices where the information was stored. 
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For this reason, one of the central ideas we considered for a tool to support 

remembering and reconstruction was the idea of synchronizing multiple tools and 

records. The principle behind it is simple: make the system support the recording and 

synchronization of information across all the devices and all the tools. The information 

recorded can include both physical and digital sources as well as multiple types of data, 

like email, images and multimedia. 

7.2. Comparing Multiple Views 

In order to better support analysis and sensemaking process we considered the 

idea of multiple representations of the information that users could compare. According 

to Heer and Shneiderman (2012), coordinated multiple views allow users to see the data 

from multiple perspectives, facilitate comparison and can enable interactive exploration 

across views.  Different data representations, including text, summaries and various 

types of visualizations can provide views on the same information at different angles and 

different levels of detail. At the same time, there is always a challenge to define how 

much information is enough for providing users with necessary data without making it 

overwhelming. To overcome this challenge, we considered the idea of a workspace 

where a user can control both the number of views s/he wants to work with and the level 

of detail of each of these views. 

Another challenge is the amount of screen space, which is always limited and 

cannot accommodate many views at the same time. To resolve this challenge, we 

considered the idea of “tiles” – miniature versions of each of the views or snapshots of 

the states of the system that a user saves and might want to return to at a later point of 

time. Unlike an icon, the tile provides a high-level visualization of the result set, allowing 

the user to get a cue about its content and current state. 
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Figure 7.1. Wireframe of an Interface Comparing Multiple Views 

Figure 7.1. demonstrates an example of an interface that supports comparing 

multiple views at the same time. The left-hand pane is used to control the data a user 

wants to see on the screen and the way it is presented. The workspace shows 

visualizations and text data at the same time. 
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Figure 7.2. Wireframe of a Tile Interface 

Figure 7.2. shows an sketch of an interface that uses tiles. The top screen area 

allows users to collect items for future reference. The central area is the workspace: 

dragging items into the workspace adds them to the current view. Clicking the item gives 

a temporary workspace view of the item context. 

7.3. Semantic Zoom 

Semantic zooming (Bederson and Hollan, 1994) is a hybrid operation involving 

visual zooming with replacement of view elements as the user zooms in or out of a view. 

At a high zoom level, the user sees more general information entities. As the user zooms 

in, they are able to change the view from more general elements to more specific ones 

at different levels in information hierarchy. Scrolling with the mouse wheel or a pinch 

hand gesture can enable the user to zoom in and out of the current workspace view. As 

the user zooms in, a workspace element is brought into focus. 
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Semantic zoom is the process of swapping entities within a view depending on 

the zoom level. Semantic zooming gives a user an ability to look at information at 

different levels of detail and to compare it at those levels. It also allows the user to select 

the level of detail that is corresponding to a specific user task or goal. For example, there 

are situations when a user needs just to get a big picture of an event. On the other hand, 

there are situations when a very thorough analysis of an event or a decision is needed. 

For each case a different type of representation and a different amount of data might be 

required. 

In a user study conducted by Czerwinski and Horvitz (2002), participants 

suggested that the semantic zoom approach could be optimal for the design of an 

effective reminder system. For example, this could mean that a system would have 

some kind of a knob that would show different information types and levels of detail, 

starting from static images and some text and ending with very detailed audios and 

videos of the events as well as the original text documents. 

We believe that semantic zoom may become an important tool to support 

analysis and sensemaking, and therefore, the user ability to reconstruct chains of past 

events and decisions. 

7.4. Authored Order of Records 

We believe that for remembering and reconstruction of decisions not only the 

content of records is important, but their order as well. Storytelling can be a powerful 

mechanism that supports the creation and understanding of the context of information. 

Furthermore, as we know, for any story, the order in which events happened or 

decisions were taken has a great meaning. 

For this reason, we suggest that one of the key design features of the tool to 

support histories in decision making should be the user ability to create their own order 

of records. For example, a user should be able to move records around to create a 

sequence of events that is meaningful for them. The ordering options can be both 

manual and automatic. By automatic ordering we mean different kinds of sorting options, 
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such as sort by the time when an item was created, by the time when an item was 

recorded, by the time when an item was last edited, by importance level (that could be 

based on ranks) etc. 

Therefore, we suggest that the design of a tool to support decision reconstruction 

should provide functionality to create and change the order of records, both by 

automatically sorting them according to selected parameters and by manually editing 

that order. Such a system should, of course, maintain the original temporal order. 

7.5. Recommender Mechanisms 

As mentioned earlier, the ability to customize information according to user 

needs can help in dealing with information overload and in finding necessary information 

faster and easier.  

One of the possible design responses to better supporting users in filtering 

information and finding the information that is most relevant to user requests is to 

suggest most relevant documents or references that might be of interest. In order to 

address that need, the tool should provide some kind of a recommender mechanism. 

For example, such a mechanism could be based on the alternatives considered by a 

specific user (or users) in the past or it could be based on the importance measures set 

by a user or a system (see “Metadata and Provenance Information” section of this 

chapter).  

Research confirms the importance of providing users with the support by 

systems that “neither require action nor delegate it” (Ackerman, 2000). According to 

Ackerman, such system architectures should include recommender mechanisms, ratings 

or critic systems. 

Examples of such recommendations could include suggesting important people, 

tags, decisions, search terms or documents that might be of interest to the user. The 

suggestions can be based on past user activities or on the ranks that could be calculated 
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according to a specific algorithm. The methods recommender systems use to select 

alternatives they suggest are beyond the scope of this research. 

7.6. Single Button Tool 

One of the design ideas we considered was to create a minimal effort way of 

recording events or decisions. The lower the effort to record the information, the more is 

the chance that a user would do it. In an interface, such a minimal commitment way of 

recording could be as simple as a single-click of a mouse. For example, there could be a 

button that would automatically put the data into the record or an option in the right-click 

menu. 

Huang et al. (2011) realized these ideas in their work on designing a tool to 

simplify collaboration workflow. The support of distributed collaboration is accomplished 

by providing the ability to spontaneously collect and save data using a set of very simple 

activities. The peripheral devices that use the application allow users to avoid a set of 

routine steps to save information and to take those steps for the user automatically. For 

example, if a record is taken during the pre-defined meeting time, it is tagged with the 

appropriate metadata automatically and becomes searchable by this metadata at a later 

point. 

Another idea for a minimal commitment way to extract and record information is 

the idea of the “drag-and-drop” interface that could allow a user to select parts of 

information based on a specific user query and to attach it to a custom history record. 

The importance of this concept has been stated in previous research, for example by 

Shneiderman (1996). 

The main goal behind this idea is to reduce the device overhead and to minimize 

user effort to record information. This may appear simple, but such simplicity of interface 

could well be essential in addressing the minimal commitment principle. 
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7.7. Timeline Tool 

Since the goal of this research is to support remembering and reconstruction of 

history in collaborative decision making, it is inevitably connected with time-related data. 

In order to easily reconstruct decisions and events, they need to be represented in such 

a way that would be intuitive to understand and would contain all the necessary 

information about a record. Time has been stated as one of the important dimensions for 

capturing information, and timeline view has proved to be an effective way of 

representing history (Gemmell et al., 2006; Klemmer et al., 2002; Shneiderman, 1996). 

We also considered timeline tools as useful for representing history records because 

they allow showing data over time and visually assessing its density over different 

ranges of the timeline. Also, more parameters could be added to the visual timeline 

representation, such as type of data, level of privacy, level of importance, authorship etc. 

This way, a timeline tool becomes useful for providing information about history records 

in a compact and visual way. 

Below are the examples of timeline representations ideas we considered in our 

early design scenarios. 
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Figure 7.3. Sketch of a Timeline Tool 

Figure 7.3. shows one of the early sketches made when designing a scenario to 

support decision reconstruction. The horizontal line on an image represents timeline, 

which can be zoomed into and zoomed out to see more or less detail over certain 

interval. Different shapes represent different document types that can be accessible 

directly from the timeline. The documents below the horizontal line represent private 

data that is not accessible by collaborators, while the documents above the horizontal 

line represent shared data. The timeline also has a search box that allows to filter 

information not only by date, but also by the search term of interest. 
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Figure 7.4. Wireframe of a Timeline Tool 

Figure 7.4. shows one of the interface ideas we considered for a timeline tool. In 

this case the tool is integrated with the interface. The left-hand pane allows controlling 

parameters shown on a timeline: running queries on the data, filtering the data, sorting it 

or grouping it. The central part of the screen shows multiple timelines that show different 

parameters. They could include document types, levels of activity, key milestones etc. 

Each of the items on a timeline could be clickable and accessible directly from the tool. 
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Figure 7.5. Comparing Multiple Parameters on a Timeline 

Figure 7.5. shows the timeline views that can map query data with time attributes 

on to a timeline. Multiple timeline views can be linked or independent: linked views show 

the same time range; independent views show their own. 

7.8. Metadata and Provenance Information 

We believe that metadata and provenance information is important for users to 

be able to remember and reconstruct past decisions and events. Knowing how, when 

and where the document was created or changed can trigger user memory or support in 

making decisions about the importance of a record. Metadata has been claimed to 

lessen user cognitive load during the search for information (Teevan et al., 2004). 

Our focus group participants named such categories as authorship, date of 

creation/ date of changes made, names of contributors, participants or collaborators to 

be important categories that need to be known.  
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Another way of supporting users in prioritizing what records to look at first and in 

selecting the data to look at among multiple documents are different kinds of rating 

scales. The rating scales could be created either manually or automatically, or it could 

be some combination of both. For example, users could manually rank the records they 

consider important, and then such records would have priority when users are searching 

or exploring the data. On the other hand, a system could assign ranks to the records 

automatically, based on selected criteria. For example, such criteria could be the number 

of visits of a certain document or a record, the number of people involved in an event or 

a decision, the number of references that point to a record, the amount of discussion 

going on around an event or a decision, etc. The exact algorithm on how the ranks are 

calculated should be developed depending on group priorities or be able to be modified 

through end-user programming techniques.  

7.9. Summaries, Comments and Annotations 

Another way of reducing the information overload and clutter is providing 

summaries and annotations of records as means of sharing informal information, in 

addition to formal documents and records. The necessity of providing means of support 

for informal information has been stated in previous research (e.g., (Ackerman and 

McDonald, 2000; Sachs, 1995)). For example, here is how Ackerman and McDonald 

described it: 

The user may have great trouble finding the right piece of the collective 
memory that has the answer he needs. In other words, his access to the 
collective memory should be augmented. Some of that access will be to 
formalized information (such as to documentation or other knowledge 
sources); however, some of that access must also be to informal 
information (such as appropriate expertise or organizational work-
arounds).  
   (Ackerman and McDonald, 2000).  

Annotations have been described as a way to support communicating insights 

gained during the exploration process (Heer and Shneiderman, 2012). Annotations have 

been claimed to be beneficial for the learning process. In the area of e-learning, 

annotations can serve as part of subjective metadata that could be used by search 
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engines to aid in generation of content rankings (Glover et al., 2007) as well as to 

support recall and comprehension of information (Lakmazaheri, 2004). A summary or an 

annotation of an item allows users to get the big picture about the content of that item 

and reduces the time user needs to spend on analysis. Based on an annotation or a 

summary a user can make a decision on whether to study an item in more detail or not. 

User comments are another important way of providing additional information 

about a record. They can provide personal attitude or summarize key points of a 

document. Sometimes personal comments provide valuable information about the 

record that is not contained in a record itself: this could be information about reasons 

behind a certain event or decision; for example, reasons why the record can be 

important or what is a specific value of a record. User comments may contain 

information that cannot be shown elsewhere. Additionally, user comments can address 

information that cannot be covered by a simple rank or a summary. 

7.10. Chapter Summary 

In this chapter I presented specific possible design responses to the principles 

described in Chapter 6. The system features described in this chapter include 

synchronization of multiple tools and records, comparing multiple views on a single 

screen, semantic zoom, authored order of records, recommender mechanisms, a 

“single-button” or a “right-click” tool, a timeline tool, metadata and provenance 

information, annotations, comments and summaries. Table 7.1. summarizes how each 

of the design responses described above can address the design principles described in 

Chapter 6. 
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Table 7.1. Design Principles Addressed by the Design Responses 
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Synchronization 
of multiple tools 

V V V      V  

Compare 
multiple views 

V V         

Semantic Zoom V      V   V 

Authored order     V  V V V  

Recommender 
systems 

V   V   V V   

Single button 
tool 

V V         

Timeline tool V      V V V  

Metadata and 
provenance 

  V V   V V V V 

Summaries V    V V V V V  

 

All of the above represent only partial design ideas and may not be able to be 

combined together in a single tool or system. Each of the above design features has its 

limitations and a very careful analysis needs to be done before making a decision to 

apply each of them as part of system architecture. Also, this is not a complete list of 

possible design solutions. Further research is needed to explore and define more of the 

potential design features.  
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Chapter 8.  
 
The Prototype 

In this chapter I present the VH (Visual Histories) prototype – a tool to support 

histories for knowledge capture, knowledge transfer and knowledge reuse. We1 built this 

system taking into account the results of the three case studies (Chapter 4), the three 

focus groups (Chapter 5) as well as the results of the research in the areas of HCI, 

CSCW, InfoVis and Social Science (Chapter 2). The key concepts this prototype is built 

on are based on the design framework described in Chapter 6 and the design employs 

the ideas described in Chapter 7. 

This chapter explains the structure and the key features of the prototype, 

including design rationale, key interface features, connections to our design framework 

and comparison to similar tools. 

8.1. Introduction to the VH Prototype 

This section provides a general description of the prototype. It covers key 

concepts we used when designing the prototype and general intended uses. 

8.1.1. What this Prototype is for 

The VH Prototype is a tool to support ongoing work and to aid users in task 

completion. It helps groups and individuals to structure the information they work on, to 

 
1
 The team members who worked on the prototype: Karine Kozlova, Dr. Robert Woodbury, Dr. 
David Botta, Davis Marques 
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collect and access most important data, to easily refer to the information collected, and 

to remember important issues and decisions. 

This tool aims to be a personal note-taking and history system as well as a 

collaboration system (within the scope of this PhD project we focused on asynchronous 

collaboration). It provides references to the data in a way that has been designed by the 

users, and therefore, that is meaningful to them. The system does not impose 

predefined structure on information and gives users freedom to manage structure. This 

tool can serve as a personal and group reference and note-taking system that supports 

reconstruction of past personal or group activities and decisions. 

8.1.2. Centrality of Human Intention 

Tools that impose too much work on users discourage them from working with 

that tool. In this prototype we tried to put human intention in the centre of the design. The 

prototype allows users to build their own stories their own way. In a sense, this tool is 

similar to personal note-taking, but augments it with provenance information and context 

data. 

8.1.3. A Different Look at History: History as a Story versus History 
as a Log 

Many current systems treat history as a log of events. This prototype takes a 

different approach, namely looking at history as a story constructed by users. The tool 

allows not only recording of events and states in history that are or were important, but 

also provides space for active reconstruction, re-interpretation, and re-contextualization 

of information. It also supports users in providing comments, explanations and pursuing 

discussions. 

8.2. Design Rationale 

The tool was designed based on the findings from group observation studies and 

the principles derived from these observations. The process of the prototype design 
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included creation of a series of sketches and storyboards that transformed over time to 

more high-fidelity wireframes and mock-ups (created using Adobe Illustrator and 

Balsamiq Mockups tools), and then was realized in the interactive web-application 

(created using Play web application framework). In the prototype design and 

development process we used the principles and guidelines described by B. Buxton in 

his book “Sketching User Experiences: Getting the Design Right and the Right Design” 

(Buxton, 2007), including creating many sketches and low-fidelity prototypes and 

iterating them based on the feedback from the users. Only after several iterations of our 

ideas did we arrive at the design of the actual interactive tool. 

The tool design elements were refined based on the feedback received from the 

three focus groups conducted to evaluate and prioritize the initial low-fidelity prototypes 

(See Chapter 5). Below are the key focus group outcomes and feedback from the 

groups that we considered when designing the prototype: 

• When accessing and interacting with information, access to context of that 
information should also be provided. 

• Providing connections between information artefacts is important. 

• The history tool should provide a way to replay the history of past activities. 

• Metadata should be used to facilitate search and filtering of information 

• One of the most important questions is how to define what is really important 
for the user among huge volumes of data. 

• Searching and finding people related to a project/task is one of the key 
functions a system should provide 

• A system should be able to support different user styles and habits 

• Storytelling support should be present in the system. The user should be 
provided with meaningful explanations in order to be able to make his/her 
conclusions. 

• A system should suggest alternatives to what a user might want to look at 
next. The system should direct user through exploration of information. 

• Any additional effort on editing, categorizing or putting information into history 
is perceived by users as chores. 

• The tool that incorporates multiple sources of information would be useful as 
teams use and search for information across multitude of tools. 
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• Displaying multiple levels of importance and degrees of relationships among 
information is important (for example, for knowing what is very related versus 
not so much related). 

• A system should give users a way to start by showing the most important 
information/relationships instead of overwhelming with all related information. 

•  A system should allow flexibility in the amount of information it shows to a 
user: a user should be able to control the level of detail and the information 
load. 

• A user should be guided through the information: a system should provide a 
user with guidance on what information may be more relevant to the current 
task.  

• A system should provide minimal commitment ways of sharing information 
with others; otherwise information will not be shared. 

• Some of the most likely things users would want to search for in the system 
include: people attending a meeting; topics discussed; people involved in 
conversations or decisions; emails where a specific topic or a person was 
mentioned; the version of a document where a certain change was made; 
events, discussions or decisions that took place at a certain time; reasons for 
certain events, activities or decisions. 

• The tool should be able to support asynchronous and distributed 
collaborations. 

• A system should support making comparisons between data. 

• A system should provide search in context: a user should be able to indicate 
more than just keywords for making a search. A user should be able to 
provide conditions for the search. 

8.3. Key Interface Features and Design Elements 

8.3.1. Tool Structure 

The image below shows the key design elements and information exchange 

among interface parts of the prototype. 
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Figure 8.1. Tool Structure 

Figure 8.1. shows the VH Prototype interface that comprises three main 

elements: main window (the world) (2), collection pane (1) and left-hand pane (filter) (3). 

Information from “the world” gets dragged into the collection pane (6) to help users 

select and organize the information they consider important or want to save for the 

future. The collection pane interface serves as a key to access the information in the 

world (7). Information extracted from the collection pane helps remembering in context 

and serves as reminders to reconstruct that context. Information within the collection 

pane can be reordered and organized according user preferences (8). Each item in the 

collection pane (5) can be edited, re-ordered, annotated on, zoomed into and opened in 

the world. Visualizations (4) serve as a way to support search and exploration of 

information about the collections, collection items and the data around them. The left-

hand pane (3) serves as a guide and filter for the information in the world. 
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Figure 8.2. VH Prototype Interface Wireframe 
Note. The left-hand pane is a navigation list that supports sorting and filtering of information. 

The central pane (the world) supports search and exploration of the data that the user is 
currently working on. The right-hand pane (collection pane) supports collecting, storing, 
re-ordering, visualizing and analyzing data from the world that has been put in the 
collection. 

Figure 8.2. shows a wireframe of the prototype interface. This is the basic 

structure of the tool on which the real interactive prototype is based. 
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Figure 8.3. VH Prototype Web Application Interface 

Figure 8.3. shows the view of the developed version of interactive prototype (web 

application). The web application version keeps the same structure: a left-hand pane 

that contains an importance slider used for filtering and navigation; a central window (the 

World), that also contains the search box, used as the main workspace; a right-hand 

pane (Collection pane) used for collecting the data, reordering, visualizing and analyzing 

data from the world. 

8.3.2. System Development Technology 

The interactive prototype is a client-server web application. The current version 

of the tool was developed to be used on a desktop computer; however the idea behind 

the tool is that the client device may be a mobile phone or a tablet as well. The client 

application is a modern web browser, such as Chrome, Firefox or Safari. Data is 

presented to the client application in HTML5 format. The presentation layer employs 

JavaScript for handling client events and server side interactions. The presentation layer 

pulls structured data from the server in JavaScript Object Notation (JSON) format. All 

client-server interactions are through HTTP. 
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The server uses the Java based Play web application framework. For 

development purposes, requests to the server are handled directly by Play. Data is 

stored using the MongoDB document database. The Morphia library is used to map 

between Java objects and Mongo document records. 

Client interfaces to the system are accessed principally through HTTP 

REQUEST actions.  Following REST principles, REQUEST actions communicate some 

or all of the client state to the server. Some actions result in the server returning a 

rendered view (i.e., HTML5) while others return structured data or specific objects. 

The Table 8.1.summarizes the technology used to develop the prototype. 

Table 8.1. VH Prototype Development Technology 

Client Device Desktop computer, mobile phone, tablet 

Client Application HTML5 compatible web browser 

Presentation HTML5, JavaScript, JSON 

Communication HTTP 

Web Application Play Framework, Java 

Data Storage MongoDB, Morphia 

 

8.3.3. Interface 

In this section I describe key interface elements of the tool. Even though this 

system does not claim to be a visual analytics system, the main system concepts and 

the key user activities that the tool supports are in line with the “taxonomy of interactive 

dynamics for visual analytics” suggested by Heer and Shneiderman (Heer and 

Shneiderman, 2012).  

Collection Pane 

The collection pane is the area on the right-hand side of the screen where 

information is placed by a user for future reference. In order to be placed in the collection 

pane, the information has to be selected and dragged into that part of the screen. The 

types of information placed into collection pane could include text, images, media files or 
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any other type of information (the current developed version of the VH prototype 

supports only text-based data. If this research is to move forward, one of the next steps 

is to develop the support for other data types). By default, items are placed in the 

collection pane in the order of their addition and are aligned top to bottom, most recently 

added items being at the top of the list. Users can change that ordering, so that the 

system adds most recent items to the bottom of the list. 

Apart from automatic sorting options, items can be placed in a collection by the 

user in any arbitrary, user defined order. This means that the users can decide whether 

to rely on automatic sorting options or to define that order themselves. The manual 

ordering function is one of the critical features of the prototype, as the order of collection 

items define how a story can be told. 

 

Figure 8.4. VH Prototype Interface Mock-up: Demonstration of Reordering 
Function 

Figure 8.4. shows the collection pane (on the right-hand side of the screen) with 

collection items added. This is an example of the interface mock-up that demonstrates 

how collection items could be reordered by dragging and dropping items to the desired 

location. 
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We believe that the future system based on this prototype could provide other 

options for ordering information. For example, the collection items could be sorted by the 

time they were last edited or by the time the original source items were created. Sorting 

by the item last edited means that the most recently edited information would appear on 

top of the collection list.  Sorting by the original source item means that the sorting of the 

collection view would happen based on the creation dates of the original documents 

from which the information was extracted. 

Collections 

A collection is a set of collection items that are united by a common topic or a 

task. A collection item is a piece of information placed to the collection window by the 

user.  For example, if a user is working on a project, s/he could save all the important 

records on the project under one collection name. Similarly, if a user is looking for 

information related to a specific topic or issue, it could be placed under the same 

collection name as well, so that in the future a user would know where to look for that 

information. Essentially, the system makes it possible for the users to create and 

organize collections their own way: the way that would make sense for users and 

responds to their specific needs.  

Comments and Annotations 

The interface allows users to add comments and annotations to the collection 

items as well as to create the stand-alone comments. In their comments users may want 

to explain the rationale for including an item in the collection, to emphasize the value of 

the collection item or to create notes for themselves that would help recollect the context 

of information. Such comments and annotations could also serve as a way to connect 

collection items into a story or to fill in the gaps where specific document references 

might be missing. Comments could be used for discussions in case a collection is 

shared. 
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Figure 8.5. VH Prototype Interface Mock-up: Demonstration of Comments 
Function 

 In order to add a comment to the collection item, a user needs to double-click 

anywhere s/he wants the comment to be placed and start typing (the interface mock-up 

on Figure 8.5. shows an example of how this works in the tool). 

Metadata and Provenance Information 

Each collection item placed into the collection space is associated with its 

provenance information and metadata. This means that, for each item, it is known when, 

where and by whom the original item was created, who was working on it, when and 

how often it was accessed, what is the related information to this item, etc. This supports 

tracking the information and its context as well as restoring the processes occurring 

around this information. Also, the rank of each item in the collection can help users to 

prioritize the items to look at; to create a better strategy for information retrieval and 

analysis; or to support decisions about the items that need to be saved in a collection to 

create a meaningful story. 

In real life the algorithms for assigning metadata or for calculating ranks could 

become very complicated. Since our system a prototype of what a real system might 
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look like, at this stage, it was sufficient for us to mock-up the information about metadata 

and ranks. By introducing ranks and metadata to users we wanted to simulate the 

interaction that would be as close as possible to the real-life situations that people may 

have to face in their day-to-day activities. This way we could get information about how 

and when participants make use of ranks and/or metadata during the testing phase of 

the prototype (see Chapter 9). 

Bookmarks and Tags 

The information saved to the collection pane can be personalized and indexed by 

means of tagging or bookmarking. This is a way for a user to ensure easy access to 

information and to organize records in a way most convenient for a specific user or for a 

specific group. 

In the version of the prototype that we developed for the user study, tags were 

assigned to each item. For the real system that this prototype imitates, the users will be 

assigning tags to items by themselves. 

Importance Slider 

Semantic zoom is a feature of the system that allows control of the way 

information is presented, namely, the level of detail and the amount of information shown 

at the same time. In the system, control over the amount of information and the level of 

detail is done with the help of the importance slider. By moving the slider, a user can 

control the level of detail in the main window (for example, to control the amount of 

information provided in the search results list). The far right position of the slider would 

provide more space for descriptions and the least number of items per page. The far left 

position of the slider would provide the most items per page with minimal descriptions for 

each of them. 

In the future, similar functionality can be provided for visualizations as well, so 

the slider could control the number of visual elements per view and the level of detail of 

a visualization. 
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Main Window (“The World”) 

The main window of the tool is the workspace that displays the information on 

which a user is currently working (see Figures 8.1., 8.2. and 8.3.). 

In general, the World is a placeholder in this prototype for the entire information 

space available through a computer. In principle, information from any program and any 

view can be part of the World. 

However, for testing purposes I downloaded pre-set data into the system. When 

selecting the data that would be used in the tool, my goal was to make it as close as 

possible to the types of data that business users are working with in their day-to-day 

tasks. The main criteria for selecting the data were the following: 

• It had to contain many events and decisions, 

• It had to be of multiple types (e.g., text documents, emails, meetings, etc.), 

• It had to reference many people, 

• The combination of all the data had to comprise a story that was incomplete. 

For that purpose I used the data from a business case of a sailing team “Alinghi” 

working towards victory in America’s Cup sailing competition (Jenewem and Schmitz, 

2008). I modified the case study data so that it consisted of many dispersed documents 

of different types and assigned metadata to each of the items (e.g., data about the 

creator, participants, dates etc.). 

There are three main types of information currently contained in the system: 

emails, meetings and documents. There are ninety records in the system in total. The 

metadata used in the tool at this point includes date and time when a document was 

added, author of the document, people mentioned in the document, tags and ranks. 

In general, “the world” can also be used for search and exploration of 

information. For this purpose the main view can employ various tools and visual 

representations, e.g., search lists, timelines, concept maps, tag clouds and other types 

of visualizations that provide insight into data stored in the system and facilitate 

discovery of the new concepts, dependencies and relationships among data. During the 
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replay of the collection items, the main window shows the original sources of information 

from which they come. 

Left-hand Pane 

The left-hand pane (see Figures 8.1., 8.2. and 8.3.) can be used to display 

information related to the data open in the main view. For example, this could be 

information about people, places, meetings, documents or other types of data stored in 

the system and related to the main view representations. The left pane may be used to 

support serendipity and exploration by pointing user to the data that s/he may not have 

considered. 

Currently the left-hand pane is mostly used as a filtering tool. For example, it can 

filter information in the world by type or by date. In a way, it can be perceived as an 

advanced search. But, for the fully-functional system that we envision the VH Prototype 

to become, the left-hand pane may become more than just a filtering tool. One of the 

options is that this space can be used as a recommender system: suggesting the key 

people and documents to look at based on the past user actions and the priorities set. 

Another option is that this space can be used for controlling what is happening in the 

main window in a broader sense. For example, a user could control the level of detail of 

the information provided as well as to compare multiple views at the same time (e.g., 

different types of visualizations, images and text items). 

8.3.4. Query Form 

The Query Form is used for searching, filtering, analyzing and visualizing data 

stored in user collections. We developed the interface of the Query Form based on user 

feedback received during the focus groups (Chapter 5). Specifically, we took into 

account the most common parameters users would want to search for or to analyze. For 

example, most users stated that such categories as key people and the connections 

among them were very important. Other key parameters included the time when a 

specific item was created or edited and relevance of an item to a specific problem or 

task. 
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Figure 8.6. Query Form Mock-up Version 

Figure 8.6. shows an example of a mock-up of the Query Form. With this form a 

user can select search parameters, such as data type (including people, tags or different 

document types (emails, meetings, documents)), set the relationship types among data 

(whether an item is mentioned with another item or contains a specific word or phrase), 

to narrow the search by selecting specific time range when an item was created. As a 

result of each of the queries the user gets a dataset obtained using the selected search 

criteria. This data is presented in the form of a list or a visualization selected by the user. 

The availability of each visualization type depends on each specific query. For some 

types of queries some visualization types may not be available. 
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Figure 8.7. Query Form View within the VH Prototype Interface 

Figure 8.7. demonstrates how a Query Form appears within the VH prototype 

interface. 

8.3.5. Visualizations 

The tool includes three basic visualization types: timeline, parallel coordinates 

and bar chart. In addition to these visualizations, there is an option of representing data 

as a list. 
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Figure 8.8. Bar Chart Visualization Example 

Figure 8.8. shows an example of a bar chart visualization. The horizontal axis 

shows the rank of an item, while the vertical axis shows entities (in this example it is a 

list of people mentioned within a specific document. Each of the entities on the vertical 

axis can be clicked and accessed directly from the visualization. 
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Figure 8.9. Timeline Visualization Example 

Figure 8.9. shows an example of the Timeline visualization. The horizontal axis 

shows the rank of an item, while the vertical axis shows the time range. Each of the 

circles on the timeline represents a collection item. When the mouse is hovered over a 

circle, the information about an item is displayed, such as a name, creation time, rank, 

key tags and/or key people mentioned. Clicking on each of the circles directs user to the 

original document that it represents. 
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Figure 8.10. Parallel Coordinates Visualization Example 

Figure 8.10. shows an example of a Parallel Coordinates visualization. In this 

visualization there are two or more axes, each containing a number of entities. The items 

on different axes are connected with lines. Each of the lines shows some kind of 

relationship between the two entities it connects. The type of relationship is defined by a 

specific user query and the parameters the user sets for that query. 

8.3.6. Actions 

Grab and Reorder, Drag-and-drop. 

Users can manually reorder collection items according to their needs. To do that, 

the “drag-and-drop” action is used. A user clicks on the collection item and holds the 

mouse button while moving it to the preferred place in the collection, then releases the 

mouse button. 
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Click on a Collection Item 

The collection pane serves not only as a summary of the information collected. It 

also serves as a reference point from where a user can access information visited 

previously. When a collection item is clicked, a system returns the user to the state in 

history from where that item was added to the collection. For example, if a user saves a 

summary of a document into the collection window and decides to return to the original 

document, s/he may do that by clicking on the collection item.  

Edit in Place 

Double-clicking on a collection item allows editing information for that item, for 

example, changing the text or name of that item, adding annotations or comments. 

Hovering the mouse over a collection item provides magnification of the information or 

displays details about that item. 

Replay 

The replay function supports review of collection items one by one in the 

sequence defined by the user (according to sorting preferences set for the collection). At 

each step of the replay sequence, the main window can show the original source of 

information from where the data was added to the collection.  

Sharing Collections 

Even though this feature is not implemented in the current version of the VH 

prototype itself, it is obvious that support of multiple user accounts is necessary for a 

system that aims at supporting collaboration. A real-life system based on the VH 

prototype would need to have support for multiple user accounts as well as different 

levels of privacy control. 

A user should be able to control whether a collection is private or if it can be 

available to other users. If the collection is available to the group, the group may also be 

permitted to contribute to that collection. Each user should be able to turn on and off the 

information contributed by other users. Users could also get notifications when a new 

collection is shared with them. The notifications and invitations could work in similar way 
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as they do in other tools, for example, in social networking systems. The notifications 

about a new collection that has been shared could be sent over email and be displayed 

as “New shared collections” item within the collection interface. 

8.4. Connections to the Design Principles Found from the 
Case Studies 

8.4.1. Minimal Commitment 

The action of placing items into the collection window requires little effort from the 

user. User does not need to switch between windows or applications to perform this 

action. The tool is integrated within the workspace. For example, adding the parts of text 

could be performed by mere selections of necessary parts and dragging them into the 

collection pane. Similar actions may be performed with images and other types of data. 

The tool is immediately available and does not require effort to start it or configure it. It 

borrows from existing common use practices: the actions performed by a user to interact 

with the tool are replicated from the actions used by people to perform other common 

activities. For example, taking notes, bookmarking important parts of the documents and 

then going back to them later, providing summaries of information to remind oneself of 

what the document was about etc. The tool also employs user actions that are common 

in other tools and systems: e.g., drag-and-drop, select, double click to edit, hover over to 

see additional information, right-click, etc. 

8.4.2. Switch of Attention 

The action of putting information into the collection view does not require the user 

to switch attention between the views or tasks: the process is integrated within the user 

workflow. The collection pane is located on the right of the main view (see Figure 8.1.), 

so the user can see information in both panels at the same time. When a user performs 

an action of dropping information into the collection, the information appears in the 

collection view right away – without the need to reload the view. The information in the 

collection can be accessed immediately for editing and user comments.  
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8.4.3. No Single Point of Record 

The tool is intended for work with multiple sources of information, both digital and 

physical. User data can be stored in different places, including local machines, shared 

folders, online servers, paper sketches and notebooks. Normally, to access this 

information, users need to spend time trying to look for it, and may often fail to find the 

necessary information because of failure to remember its location, insufficient history, 

clutter and information overload. Collections support connecting multiple sources of 

record and to provide easy access to such sources from one location. The tool helps 

users to instantly record information that they consider important for the future. Since the 

system stores metadata and provenance information, the recorded data become a point 

of reference to the source data. The system also allows users to organize information: 

this means that information becomes easier to find. The users are more likely to make 

better sense of information that they organize by themselves. In cases when information 

does not get recorded in the collections (e.g., at the point of looking at it the user didn’t 

know that it would be important in the future), the system can still provide aid in locating 

the missing records. In this case a system would work as a reminder or memory trigger 

to help users recollect where the missing parts might be looked for. For example, if a 

collection contains information related to the data being looked for, a user may find cues 

or references to that data with the help of existing collection items. 

8.4.4. No Complete Record 

There is no complete record of history, and this tool does not intend to capture all 

the information from all the possible sources. In fact, there is usually no need to record 

everything: only small parts of history get revisited. Rather, the purpose of the tool is to 

capture moments and parts of records that users consider important. These are likely to 

be revisited in the future.  

8.4.5. Own Collaborative Structures 

The tool supports users in building their own individual and collaboration 

structures. Users decide for themselves what parts of information should go into the 

collections they create, how to organize these collections, what the order of items in the 
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collection should be, and whether the collection gets shared with other group members. 

In other words, the tool provides a minimal and simple set of operations for organizing 

information, leaving it to users to make their own structures.  

8.4.6. Clutter 

Clutter is one of the reasons for problems in decision making  and an obstacle for 

reconstruction of past activities (Ackerman and McDonald, 2000). In general, clutter can 

be defined as information without sufficient structure to support sensemaking. Because 

of clutter, groups have problems in finding information they need, even if they spend 

much time and effort organizing the data.  One of the purposes of this tool is to help 

reduce the clutter. Collections contain key ideas related to a problem/project and provide 

a reference point to access all the related information. They are searchable, so a user 

can easily find the information summary within the collection, and then further explore 

that information if necessary. Collections can also be sorted in different ways to facilitate 

the exploration process. 

Apart from the collections themselves, the system provides advanced search, 

analysis and visualization capabilities. By filtering information using the Query Form and 

then displaying it using the visualizations, users can assess the data visually, analyze it 

and get an idea about the data without the necessity to open and read every single data 

item. 

8.4.7. Reminders, Remembering Just Enough, Summaries 

People often take notes as a way to remind themselves of important points in 

conversations, action items, key agreements or decisions. The VH Prototype interface 

acts in a similar manner. Collections are concise and normally contain summaries or key 

points of the data to be referred to later. This way collection items can provide just 

enough information needed to reconstruct the rest. Since collections get created in the 

process of working on a task/problem, they are likely to remind users of what were the 

important issues at the time when a certain record was created in the collection. When 

looking at a collection item, a user may remember the process of putting information in 
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the collection and the reasons behind that process. If there is not enough information in 

the collection, a user can return to the source of that information by clicking an item. This 

can give user even more reminders to reconstruct the past processes related to a 

decision or a task. 

8.4.8. Privacy 

The privacy level of a collection affects the content being put in that collection. If 

a user knows that information is publically available, s/he will frame the records so that 

other users can understand them and may omit some personal comments and notes. 

Conversely, if a user knows that the collection is private, s/he is likely to organize it in a 

way that is most convenient for future reference and remembering, and will not pay 

much attention to the way it looks to others. As mentioned earlier in this chapter, 

currently the prototype does not support sharing collections with others, but if a full 

system is to be developed based on this prototype, the logical next step is to support 

both options: private collections to enable personal note-taking and reminders and 

shared collections to enable collaborative storytelling and discussions. The settings of 

collections could also be controlled, so that, for example, private collections could be 

transformed into public ones. 

8.4.9. Context 

Providing and restoring the context of information is one of the key features of 

the tool. A collection item is a link, not a copy. The ability to return to the original source 

of data allows fast and easy way to go back in history without spending effort on search 

and tracking of information. This feature could be useful in multiple situations. For 

example, in the case studies that we conducted, many users reported the problem of 

accessing the right version of a document, i.e., the difficulty of tracking changes in 

different versions of documents and then locating these changes. The VH Prototype 

interface helps to address this problem the following way: when clicking on a collection 

item a user is returned to the version of the document where the information originated, 

even if there are already newer versions of the same document. Capturing user 

comments, annotations and conversations also play a role in restoring the context of 
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information. The information that has been visited at the same time with, right before or 

right after viewing the source of the collection record as well as metadata are all key for 

context capture and reconstruction. 

8.5. Comparisons to Other Tools 

There are many tools that have something in common with our system. But from 

the tools that I reviewed in Chapter 3, there are two systems that are most 

representative and that aim at performing similar functions (see Table 6.1. in Section 

6.13 for system comparison against design principles). These are YouPivot and 

Evernote. A detailed comparison of the VH Prototype with these two systems is 

described in Appendix E. 

8.6. Chapter Summary 

In this chapter I presented the interactive Visual Histories prototype – a web 

application that addresses the issues we identified in the case studies (Chapter 4) and 

focus groups (Chapter 5) and takes into account the key findings from the previous 

research (Chapters 2 and 3). The prototype was built based on the design framework 

presented in Chapter 6 and utilized some of the design responses described in Chapter 

7. 

In this chapter I described the key system architecture and interface features, 

provided explanations for the design decisions and pointed at specific system elements 

that respond to our design framework. In Appendix E, I provided a comparative analysis 

of the VH Prototype against the two systems that have a similar purpose: Evernote and 

YouPivot. 

In the next chapter I present and analyze the results of a qualitative user study of 

the VH Prototype. 
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Chapter 9.  
 
User Study 

This chapter reports the qualitative user study of the VH Prototype. Below I 

describe the main goals of the study, the methods I used to test the prototype, the 

process of the user study and of making changes to the prototype and to the study 

protocol. The chapter explains how I approached the data analysis process and 

describes the key findings and insights, followed by a discussion of possible future 

directions. 

9.1. Rationale and Goals 

In order to evaluate the design framework we devised (described in Chapter 6), I 

conducted a qualitative user study of the VH prototype. 

The goal of this study was to check the validity of our design framework on which 

the tool is based. That framework is a set of principles for designing and building tools to 

support remembering and decision reconstruction in groups (see the list of principles in 

Section 6.1.). Through this study I wanted to understand whether the design principles 

are working, and why; which principles are most important and why; and what are the 

aspects of the framework that do not work or need to be changed. I also wanted to 

understand what are the critical aspects of the tool that make it useful for remembering 

and the reconstruction of decisions. Particular attention was paid to make sure that the 

tool’s functionality would match the ways users work in real life. 
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9.2. Method 

For the study I used a qualitative approach because, throughout this project, I aimed to 

understand human behaviour. The choice of the qualitative approach and exploratory 

nature of the study was intentional. When conducting the study, I was not interested in 

quantitatively assessing user performance, measuring time to complete tasks and error 

rates, or trying to compare the prototype to other systems. Rather, the goal of the study 

was, through user interaction with the tool and user reactions to the features of the tool, 

to evaluate our design framework. To do that, I needed to observe the actual process of 

user interactions with the system, provide descriptions of the observations and try to 

reveal the patterns or surprises in user behavior. 

While working on the user task scenarios, I tried to create them in such a way 

that they could simulate real-world tasks that users are dealing with in a business 

environment, such as compiling a number of documents into a report or presentation, 

investigating data about past events or decisions, searching through and analyzing data 

from multiple sources or sharing records with others. For the study I followed the 

approaches to qualitative study design applied in HCI and CSCW research (e.g., 

(Adams et al., 2008; Corbin and Strauss, 2014; Lazar et al., 2010)). 

Before starting the user study, even though we had some ideas about how the 

tool could be used, we did not make any specific assumptions about how exactly the 

users would interact with it, and we let our participants explore the system and observed 

their behaviour. This study was a formative evaluation that both looked for surprises and 

aimed to improve the design.  

During the study sessions I collected different types of data, including: 

• Observation notes 

• Interviews (semi-structured discussions about the users’ experiences with the 
tool and with task completion) 

• Voice recording of the sessions (including interviews and users thinking/talking 
aloud) 

• Screen capture records (to track user interactions with the software) 
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9.2.1. Research Verification 

Protocol Studies 

As a way of understanding user actions and rationale behind them, I used the 

think aloud protocol, when participants verbalized all their actions, thoughts and feelings 

(Boren and Ramey, 2000; Ericsson and Simon, 1993). 

During the study sessions I asked participants to talk out loud about their 

activities. In some instances I also asked them to explain why they were performing a 

particular activity. This helped me to better understand the process of task completion, 

not only its final results. Since the study sessions were audio recorded and the user 

screen actions were captured, I could go back and refer to what exactly the participants 

did at a any given point, and why.  

By collecting verbal reports from the users, I was looking for cases of knowledge 

capture, knowledge transfer and knowledge reuse, and how the system design 

principles supported or prevented the achievement of such. 

Triangulation 

According to Lincoln and Guba (1985), one of the criteria to assess qualitative 

research is trustworthiness, as an alternative to reliability and validity in quantitative 

research. Triangulation is used for gaining greater confidence in findings by applying 

more than one method of investigation or more than one source of data in the study.  

During this study I used several triangulation techniques (Denzin, 1970): 

1. Data triangulation – using multiple data sources. 

In the main study the data was collected from fourteen participants from different 

age groups, with diverse experiences with computer systems, of different occupations 

and backgrounds. The preliminary study consisted of five participants and included a 

different set of tasks. I used the data collected from the preliminary study as an 

additional source of confirming the findings from the main study. 
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2. Theoretical triangulation – consider multiple theories for the study of the same 

data. 

I coded the study data using two approaches: open code (grounded theory 

approach) (Adams et al., 2008; Charmaz, 2006) and code against our design framework 

(design principles). The use of open code as a first round of data analysis allowed me to 

look from different perspectives at the processes of recording, remembering and 

reconstruction of information and to identify issues that may not have been captured by 

the design framework. 

3. Investigator triangulation – including more than one investigator in the 

research. 

Even though there was only one investigator present during the study, during the 

coding stage another researcher coded part of the data in parallel in order to make sure 

we are not missing any important themes or categories in the code and to validate the 

code structure I developed. 

In addition, after the initial coding was completed, two other researchers coded 

the data, each using a different scheme (grounded theory or design principles). Inter-

rater reliability using Krippendorff's alpha coefficient was calculated for each case 

(Hallgren, 2012; Krippendorff, 2004; Landis and Koch, 1977).  

4. Method triangulation – using multiple methods or multiple techniques to 

evaluate the same data. 

To analyze the study data I used several techniques. They included in-person 

observation and taking notes, using the think aloud protocol, interviewing participants to 

validate observations and to get additional information, capturing and further analyzing 

screen video records and audio records of the study. 
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9.3. Preliminary Study 

9.3.1. Goals 

The goal of the preliminary study was to identify the interaction that issues users 

might encounter during the main study. These are the issues that could prevent users 

from performing the tasks, not in terms of the design principles the tool is based on, but 

in terms of how the system interface is built, including possible usability issues. In this 

study I wanted to test how each of the system’s basic functions is working, how hard it is 

for the user to understand each function, and how hard it is for the user to learn to use 

the system. At the same time, I wanted to understand whether the way the tool was 

designed would be suitable for the process I planned for the main study. For this reason, 

the tasks in the preliminary study imitated some of the tasks planned for the main study. 

9.3.2. Procedure and Participants 

The study included five participants, consisting of two registered SFU students 

and three industry professionals.  

First, I presented the participants with the tool, its main purpose and the basic 

functions it could perform in each of the screen areas (Main View, Navigation Panel and 

Collection Pane). Then I asked whether the participants had any questions, and if not, 

we moved on to the Tasks section. In the Tasks section I asked participants to perform 

sample exercises that checked how well they understood the tool’s basic functions. The 

examples of the tasks included: creating and editing a new collection, adding items to 

the Collection Pane, reordering and sorting Collection Items, posting comments, using 

the Query Form, using the Search box and Navigation Panel, using different 

visualization types etc. 

In the next part of the study I asked participants to read a specific story and 

create their own summary (by creating a new collection) using the system’s interface. I 

specifically asked users to make sure that they created a story in such a way that they 

could later retell it to me by using just the collection they created and without reading the 

initial text. At the end of the session I asked participants to tell me the story. 
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The last part of the study was the interviews, where I asked participants about 

their experiences with the tool as well as their recommendations. The interviewees were 

asked: 

• How hard was it to learn about the tool? 

• How straightforward was the interaction with the system? 

• How hard was it to complete the tasks? 

• How hard was it to interact with the query form? 

• Were the visualizations easy to comprehend? 

• How hard was it to find information with the help of visualizations? 

• What would they change in the interface/functions that would help them to 
perform the tasks they just performed more easily/ faster? What would make 
the experience more enjoyable? 

• What purposes could this tool be used for, if any? 

9.3.3. Preliminary Study Results 

After the preliminary study I identified some issues that the users had while 

interacting with the system. These included usability issues as well as system functions 

and visualizations. 

User feedback from the preliminary study fell into several major categories. The 

majority of user comments and recommendations were for three parts of the system: 

Collection Pane, Query Form and Visualizations. Users did not encounter any problems 

with the Workspace and Navigation Panel and did not provide many comments on them. 

I also put into separate categories user recommendations on how the system 

could be further tested and the benefits/potential uses of the tool from the user 

perspective. There were also some comments that confirmed some of our design 

principles. In the next sections I will talk in brief about each of the categories I 

mentioned. 
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Collection Pane 

Comments. One of the common issues users mentioned was the inability to 

create stand-alone comments in the collection. Users mentioned that at some point or 

other they wanted to create “free text” comments. The initial version of the system only 

allowed adding comments to the existing collection items. Users mentioned that stand-

alone comments would be useful to serve as dividers for logical parts of collections. Also 

they could be used to serve as summaries for the whole collection or parts of it. One of 

the users also mentioned that she would like to have stand-alone comments in case she 

wanted to make a statement to the reader about what she has done in the collection. 

Sorting options. Another common issue with the collections that the users had 

was the sorting ordering of collection items. In the initial version of the system there was 

only one sorting option: each new element of the collection was added to the top of the 

list. This way, most recently added items were always at the top of the list (unless the 

user manually reordered it). When creating and telling the story, users preferred to have 

the sorting done so that the most recent item was at the bottom of the list. This way they 

could tell the story by looking at the collection from top to bottom (which is a more 

natural way for reading). 

Highlighting. Highlighting was mentioned by one of the participants as an 

important option. The user wanted to have a highlighting option in the system in order to 

be able to mark what was important in the collection so that other people would not have 

to read everything in order to understand what was important. 

Query Form 

In general, there was confusion about the data sources from which the results of 

the queries derived: the collections or the “world”, and I had to explicitly mention to the 

users that the query results were based on the data from the collections. To reduce this 

confusion, I decided to make the Query Form open directly from the collection pane, not 

from the navigation panel. This way a user would know that the Query Form is 

something related to the collections, not to the world. 
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Visualizations 

Interactivity. One of the important issues I noticed regarding visualizations was 

that the users tried to access data from the visualizations directly. A typical user action 

was to click on the visualizations to take a more detailed look at the specific document. 

Comparing Multiple Visualizations. One of the users commented that he would 

like to be able to compare multiple visualizations on the same screen. For that, he 

suggested creating a workspace that could show several visualizations side by side 

(e.g., after each query it would add a new visualization into the workspace, and a user 

could arrange those visualizations in the workspace). Such a workspace could be useful 

during the data analysis stage. During the prototyping stages of this tool, we also 

considered the idea of the workspace and had some sketches of its design and 

behavior. However, when developing the interactive prototype we decided to start 

without this feature.  

Visualization Types. All three visualization types (Timeline, Parallel Coordinates, 

Bar Chart) made sense for the users. Each type was good for its own purpose. For 

example, users mentioned that Parallel Coordinates were helpful for finding 

relationships; Bar Charts were good for giving ranking order; and Timelines were useful 

for showing information over time. 

Testing Recommendations 

During the preliminary study one of the users mentioned that the tasks he was 

given were too easy. On the one hand, this was a good sign, since I confirmed that the 

interaction with the system and searching for data using the query form was 

straightforward. On the other hand, this comment gave me more information on how I 

could plan the main study. This meant that, for the main study, I could give users the 

tasks that could include more complicated analysis and that might require them to 

perform several steps of data analysis before they got to the result. 
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Potentially Useful Features 

These are the features of the tool mentioned by the users that could be 

potentially useful for recording, remembering and reconstruction. 

When trying to make sense of the stories, participants looked at the document 

rank to understand the item importance. 

When recording the information, users posted comments for themselves that 

later helped them to remember the story. 

When analyzing the information, participants found the visualizations to be 

useful. For example, visualizations helped them to deal with large volumes of 

information, to get high-level information about the story and to analyze connections 

among data. 

Prototype Potential Uses and Benefits 

Below I summarize key benefits of the tool mentioned by the users in the 

preliminary study: 

The system was useful for participants to structure their thoughts when reading 

the story and was helpful for memorizing the story. 

The tool was useful for creating summaries (e.g., summary reports out of many 

documents). 

One of the participants mentioned that the system was useful for understanding 

the data, for tracking cross-references between data and data structures. For example, 

he could understand how people and documents were related. He mentioned that he 

could never see anything like that from a tool like email and said that this tool could give 

him more flexibility. 

Participants mentioned that the tool could be useful as a research system (e.g., 

for literature review) as well as for anything that had a lot of information and needs to be 
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analyzed. Users could go to the articles and instead of copy-pasting text into a 

document, they could do it right in the browser. 

Collaboration was another application mentioned by participants. For example, 

the tool could be used for collecting and discussing other people’s feedback and ideas. 

Minor Usability Issues 

While testing the tool we noticed that there were other minor usability issues that 

needed to be addressed before the start of main study. These issues would make user-

system interaction more convenient, but they were not directly related to the system 

design principles we were trying to evaluate. They included such issues as ways to 

create/rename collections, asking for confirmation before deleting a collection, creating 

distinctions between collection item text and comment text, providing default values to 

the query form to avoid error messages, and changing the date format in the query form. 

9.3.4. Changes to the System 

I collected user feedback from the preliminary study and, based on that, made 

the following changes to the system: 

• Added a new sorting/adding option 

• Added stand-alone comment functionality and made comment text look 
different from the rest of the text. 

• Moved the link to the Query Form from navigation panel to collection pane 

• Made visualizations more interactive: created links to the original documents 
from visualizations 

• Dealt with minor usability issues, like calendar format, additional confirmation 
pages, default values in the query form etc. 

9.4. Main Study 

After conducting the preliminary study and making changes based on the 

analysis of user actions and user feedback, I started the main study.  
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The study documents, including the study plan and user consent form are 

included in the Appendices (see Appendix A and Appendix C). 

9.4.1. Pilots 

The goal of the pilots was to identify any potential problems that could still occur 

during the main study, including both the interaction issues and the study protocol itself. 

Pilots were done with 3 participants. The study process for the pilots was the same as 

for the main study and is described in more detail in the next sections. 

After the pilots I decided to slightly change the study protocol in order to make 

the tasks more interactive. For this purpose, in addition to the main tasks for 

constructing/reconstructing the story, I created the tasks of searching for specific 

information in the collections, analyzing the information within the collections, and 

comparing the results based on reading the collections’ text and analyzing them with the 

help of the query form. 

9.4.2. Procedure and Participants 

Participants 

Since the tool we designed is supposed to support professionals in various 

domains, when recruiting participants I did not require specific expertise in using any 

particular software as, ideally, any participant new to the tool should be able to learn to 

use it quickly. 

All the participants were recruited either through direct communication, by email 

or using SFU SONA research participation system. The study participants had various 

backgrounds and experience. Most of the participants (9 out of 14) were industry 

practitioners in different fields, including design, education, bioengineering, architecture, 

and software development. The rest were SFU undergraduate and graduate students 

from different departments. 
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There were 14 (8 female and 6 male) main study participants in total, all of them 

were over the age of 18. The number of participants for the study was defined by 

reaching data saturation. I stopped recruiting any new participants for the study after I 

stopped getting any substantial new results/ data from the users (Adams et al., 2008). 

Before the study all participants were divided into two groups by random 

assignment: the Recording Group and the Reconstruction Group. The Recording group 

had four industry professionals and two students. The Reconstruction group had five 

industry professionals and three students. 

Procedure 

The user study was conducted as individual sessions, where each of the 

participants interacted with the VH prototype while performing the study tasks.  

Before the start of each session, participants were asked to sign an informed 

consent form (Appendix A) and were provided with information about the purpose of the 

study and its main objectives. 

All the sessions were audio recorded using Zoom voice recorder. User 

interactions with computer screen were captured using HyperCam software. During all 

the sessions the researcher was present, observing user actions and taking notes. The 

users were allowed to ask questions at any time during the study. I describe the data 

analysis process in the next section of this chapter. 

The study consisted of four main parts. 

Part 1 – tool demonstration and sample tasks. 

Before the start of the experiment, the researcher demonstrated the tool and its 

main functions to the participants, including the structure of the tool, navigation panel, 

collection, query form, visualizations etc. After that, the participants performed sample 

tasks to make sure they understood how to perform basic operations with the system. 

Part 2 – main task. 
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After the tool presentation and performing of the sample tasks were complete, 

the researcher presented the main task to the participants. The main task was different 

for the recording and reconstruction groups. 

The Recording Group: the Recording Sessions 

For the recording group participants, I asked to figure out the story contained in 

the multiple documents stored in the system. Then the participants were asked to create 

their own story in the Collection Pane based on their understanding of the documents in 

the system. I specifically asked users to pay attention to certain aspects when creating a 

story. For example, I instructed them to create a story in such a way that they could later 

use it to retell to others. I also asked the users to create the story in a way that other 

people at a later point could read it and understand what it was about, without any 

additional explanations. Users were also instructed to pay attention to specific 

information in the story: for example, decisions made, team principles, or problems they 

faced. Participants were asked to think aloud and to explain their actions. The time for 

reading and creating a story for this group was not limited. 

The Recording Group: the Remembering Sessions 

A few weeks after the studies, I did follow-up meetings with this group of 

participants, where I asked them to tell me what the stories they created were about, 

using the collections they created and the notes they took during the study. This was 

done to see how much of the story they actually remembered after several weeks and 

how the information contained in the collections helped them to remember the key 

events and decisions from the story. 

The Reconstruction Group 

Each of the participants of the reconstruction group was presented with one of 

the stories/collections created by a participant in the “recording group”. The main task of 

the “reconstruction group” participants was to try to understand what that story was 

about. The time to understand a story for this group was limited. 



 

151 

The detailed scenarios of the main study tasks for both groups are provided in 

Appendix C. 

Part 3 – questions related to the main task. 

After the users were done performing the main tasks, they were asked specific 

questions about the important events and decisions in the stories that they were 

reading/reconstructing. The goal of asking the questions in both groups was to track 

participants’ search strategies both for the information that they already knew and 

wanted to find and for the information that was unknown to them (see Appendix C for a 

full list of questions). 

Part 4 – post-study interview. 

After answering the main task questions related to the content of the story, 

participants engaged in an interview with the researcher about their experiences with the 

system and its relation to their own work activities. By engaging users in conversation, I 

was trying to identify the design principles and aspects of the tool that were most 

supportive to the users as well as to confirm or deny our assumptions about user 

behaviour in recording and reconstructing history. 

Each user session took 40 to 120 minutes. The introduction and sample tasks 

normally took no longer than 15 minutes. The post-study interview took no longer than 

10 minutes. 

9.5. Data Analysis 

For data analysis and transcription I used Nvivo10 software. For coding the data I 

used two approaches: coding with an open code (similar to grounded theory) in the first 

round of data analysis and coding against the design framework that we developed (the 

principles) in the second round.  

The goal of the first round was to identify key topics and key issues, irrespective 

of the previous conclusions. By doing this I wanted to find new aspects and new 
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dimensions of decision recording and reconstruction that I could have missed in the 

design framework. By conducting the open code analysis I also wanted to learn in more 

detail the processes of knowledge capture, knowledge transfer and knowledge reuse by 

participants, without putting any restrictions on how those processes should look like. 

As mentioned earlier, in order to make sure that the codes I got were unbiased 

and that I did not miss anything important, a second coder also partially coded the data 

(about 40% of the dataset). His codes were either similar to or higher level groupings of 

my codes. The amount of data necessary to code by the second researcher was defined 

by reaching saturation. 

On the other hand, one of the main goals of the study was to evaluate our 

principles and their support of recording, remembering and reconstruction. For this 

reason a second round of analysis was necessary. At that stage I tried to compare our 

assumptions to real events and user feedback. 

9.5.1. Open Code Analysis 

Starting with open code analysis, I recorded all the meaningful events and user 

comments, and soon the data started to form categories. I identified a number of lower-

level categories that were later grouped into several higher-level themes (see Appendix 

F, Table F1. for codes and respective categories). 

Below I explain each of the higher-level categories that emerged: 

Strategies for recording: observed user actions and comments related to creating 

and recording information into collections. 

Strategies for remembering: observed user actions and comments related to the 

recollection of a previously created story by the same user.  

Strategies for reconstruction: user activities and comments related to 

reconstructing a story created by another user. 
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User activities supported by the system: a list of activities and goals that could be 

achieved using the tool. 

User wish list: Features of the tool that users wish they could have (both 

observed from user actions and mentioned in the post-study interviews). 

After the initial coding it could be seen that most of the codes I got included two 

types of activities: use of the system or mentioning of the activities or features of the 

system. For this reason I decided to divide each of the codes I had into two sub-types: 

using and mentioning. For example, if the initial category was coded as “visualization”, it 

would be divided into two codes: “using: visualization” and “mentioning: visualization”. It 

made sense to make this distinction between the codes as the new categories that 

emerged allowed me to get more insights into patterns of user behavior. For example, it 

was important to distinguish the data that derived from observations and the data that 

translated user opinions. 

The “Results” section of this chapter describes how I used the codes and 

categories to analyze the study data. 

9.5.2. Analysis against the Principles 

In case of coding against our design framework, the codes were the actual 

principles that we developed previously. Below is the list of principles. Each of them is 

described in more detail in Chapter 6. 

General: 

• Minimal commitment 

• Switch of attention 

• Building own structures 

• Clutter 

• Privacy 

History: 
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• No single point of record 

• No complete record 

• Recording agreement 

• Remembering just enough 

• Reminders 

During the analysis I could code the data into most of the above principles, but 

the code frequencies for some of them were low (see Appendix F, Table F2.). The 

reason for this is that the framework we developed constitutes a set of design 

considerations that we used for building our prototype, not for evaluating it (the design 

rationale is described in Chapter 8). For example: “recording agreement” or “privacy 

levels” are the principles that we kept in mind to build the prototype, but they could not 

be tracked and coded from the user actions. On the other hand, there were principles 

that had many occurrences throughout the study, such as “minimal commitment” or 

“clutter” (see Appendix F, Table F2. for code frequency data). 

Even though the code frequencies for some of the principles were low, this does 

not mean that these principles were less important: they were incorporated as part of the 

prototype design and played a role in achieving knowledge capture, knowledge reuse 

and knowledge transfer in our study. 

Building the tool based on the above principles helped us to reveal important 

aspects of user interaction with the system, including recording information, 

remembering and reconstructing information as well as many others, including analysis, 

collaboration and sensemaking. 

9.5.3. Ensuring Reliability of Data 

To ensure reliability of data, each of the datasets (grounded theory data and 

design principles data) was independently coded by a second rater. To calculate inter-

rater reliability, I used Krippendorff’s alpha coefficient. This coefficient is considered to 

be a flexible and universal measure that generalizes several known statistics (Hallgren, 
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2012; Krippendorff, 2004). The implementation of Krippendorff’s alpha in R statistical 

software was used to calculate inter-rater reliability. 

For both datasets the inter-rater agreement was excellent: Krippendorff’s alpha = 

0.942 for open code (grounded theory) data, and Krippendorff’s alpha = 0.927 for 

principles data. 

 

Figure 9.1. A Visualization of a Single Code Occurrence by Two Raters 

Figure 9.1. demonstrates an example of distribution of a single code by two 

raters. The general rule for defining whether two raters agreed on a code was as follows: 

I considered two coders to be in agreement either in case of a full correspondence in 

time of a specific code for both coders, or in case the time interval of a particular code 

for one coder included the interval(s) of the same code by the other coder. In case there 

was no intersection, no matter how close in time the codes were, such a case was 

considered as disagreement. For example, the coding shown in Figure 9.1. would be 

considered as 12 agreements and 1 disagreement. 

9.5.4. Grouping the Users and Comparing the Data by Collection 

After the coding was complete, I did another round of data analysis. This analysis 

had to do with the nature of the data. Each of the collections created by the “recording 

group” participants (except two collections) was given as a base data to two of the 

“reconstruction group” participants. This way, four groups of three people in each were 
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formed (one person recording the story and two people reconstructing the story). On top 

of coding the data, I did a comparative analysis of the data between the four groups. 

Each story (collection) created by the recording group participants had its own 

focus and its own style. By analyzing the data among the groups I wanted to understand 

how different (or how similar) the stories of the “reconstructing group” participants would 

be to the original source collection (story) that they used. Analyzing the differences of 

the stories among the four groups and similarities of the stories within each of the groups 

I tried to understand how the system (and the principles it was built on) can support 

reconstruction of the context of the story and its key focus. 

In order to analyze the data in the four groups, I used a qualitative approach. For 

each of the four groups (with three people in each) I created a table that compared the 

key topics of each story. Those key topics were based on the stories that each of the 

participants told when I asked them. The table included the stories from the recording 

and remembering sessions of the “recording group” participants and the two stories of 

the “reconstruction group” participants. The summary tables comparing the key themes 

of the stories for four groups are shown in Appendix D. 

For each of the four groups I compared what was mentioned by the first 

participant and what he/she wanted to say in the story, and then how the two 

reconstructing participants understood the story of the first participant: what was missing 

or what was wrong.  

9.6. Results 

This section reports on the results of the user study. The headings in this section 

correspond to the higher-level code groupings that I got during the data analysis stage 

(see Sections 9.5.1., 9.5.2. for code descriptions and Appendix F for code frequency 

tables). 
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9.6.1. Strategies for Recording the Story 

The information was recorded into collections by dragging and dropping parts of 

the text from the main window (see Appendix F, Table F1., code: 5u). Participants tried 

to minimize effort on recording information into collections. Sometimes, participants were 

too preoccupied with trying to understand the story and tended to forget to record any 

information at all. This is one of the confirmations of the “minimal commitment” principle: 

during completion of the tasks participants thought about their immediate goals, not 

about the deferred benefits of creating records. 

Most of the recording into collections happened during the sensemaking process: 

when a participant thought that the information was useful for understanding the story. 

So the user goal was not to record information by itself, but to understand or to 

remember that information by putting it into the collection.  

During the recording process, participants wanted to create their own structures 

of history. For example, some of them would want to create their own hierarchies (Table 

F1., code: 36m) of the collections or store data from other sources (e.g., paper notes, 

text editors, visualizations or images from other sources). This confirms our “building 

own structures” principle. 

9.6.2. Strategies for Understanding the Story 

There were two main strategies the participants used to understand the story: 

First one was text-based. Participants started from reading the text. This could 

include reading the articles one by one; filtering the articles, using built-in filtering by type 

(Table F1., codes: 6u, 6m), or using the search box (codes: 10u, 10m ) to find articles 

related to a specific term or event; reading the titles (codes: 2u, 2m) of the articles 

(sometimes using the filtering slider to see either more or less information) and then 

reading some of the articles themselves (codes: 11u, 11m). 

The second strategy was based on visualizations (codes: 14u, 14m). Even 

though the tool did not provide visualizations of data contained in “the world” (it 
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visualized the data only from the collections), some of the users found a workaround. 

They copied all the records from the world into one collection, just to be able to query 

and visualize all the data available. From there, users would visualize the whole set as a 

timeline, to get a snapshot of all the events and their sequence in one place. Here is how 

the participant who was using this approach described it: 

My strategy is that I want to do a quick query of all the articles on the 

timeline. And also the people using parallel coordinates. Although 

there will be a lot of noise, it can give me a good idea of who are these 

people, instead of reading all these documents. So this is a top-down 

versus bottom-up kind of approach. (P04) 

After seeing the bigger picture, participants would go into more detail on some 

parts of the story, either by accessing the articles directly from the timeline or by making 

new queries (codes: 8u, 8m) and getting more visualizations. 

9.6.3. Strategies for Remembering 

The general strategy for remembering consisted of using the following elements 

of the system (ordered by level of detail): Personal Notes (Table F1., codes: 7u, 7m) – 

Visualizations (codes: 14u, 14m) – Collections Hierarchy (codes: 3u, 3m) – Within 

Collection Hierarchy (codes: 2u, 2m) – Collection Items Titles (codes: 2u, 2m) – 

Visualizations (codes: 14u, 14m) – User Comments (codes: 4u, 4m) – Collection Items 

Text (codes: 1u, 1m) – Source Items Text (accessed from collections) (codes: 11u, 11m) 

– Source Items Text (accessed from the world) (codes: 11u, 11m). Depending on the 

user, some of the steps may not be present. All of the above tools were used in 

combination with personal memory (codes: 7u, 7m). Please note the two uses of 

visualizations: for analyzing the high-level information to get a general idea of the story 

and for answering a specific question or for searching for a specific collection item. 

Several participants stated the importance of visualizations for remembering. 

They used visualizations as reminders (see Table 2F., code:9). For example, a 

participant could access a timeline view that showed the big picture of the events and 

decisions. This view alone reminded participants of the important parts of the story, and 

from there participants started their exploration of the story using specific search terms 
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or by looking for items related to a specific topic. This fact corresponds to our 

“reminders” principle. Here is how one of the participants described her way of using the 

tool for remembering: 

Collections are to me a medium level, timeline visualization is the 

highest level I want to look at, and collection titles are the second 

level. And then, going to certain documents is the deepest level. And I 

will only go to the deepest level if I find I need to do it. I won't start 

from the deepest level. (P08) 

The tool supported users in reconstructing parts of the story or important details 

when they could not find them in their collections (Table F2., code: 8). One of the 

examples is a situation that happened when one of the participants was trying to 

remember the part of the story that she did not record during the recording session (“no 

complete record” principle). She remembered one of the important decisions in the story, 

but could not find information about it in her collections. Her strategy for finding the 

missing record was to query (Table F1., code: 8u) the collection that contained all the 

items and to use a specific term as part of her query. Then, using the timeline view 

(Table F1, code 14u), she could easily find and access the missing documents. This 

corresponds to our “reminders” and “remembering just enough” principles. 

9.6.4. Strategies for Reconstructing the Story 

The general strategy for reconstruction of the story comprised the following 

elements (ordered by level of detail): Collections Hierarchy (Table F1., codes: 3u, 3m) – 

Within Collection Hierarchy (codes: 2u, 2m) – Visualizations (codes: 14u, 14m) – 

Collection Items Titles (codes: 2u, 2m) – User Comments (codes: 4u, 4m) – Collection 

Items Text (codes: 1u, 1m) – Visualizations (codes: 14u, 14m) – Ranks (codes: 9u, 9m) 

– Source Items Text (accessed from collections) (codes: 11u, 11m) – Source Items Text 

(accessed from the world) (codes: 11u, 11m). Some of the items may not be present 

(depending on the user). Please note the two uses of visualizations: one was to analyze 

the high-level information to understand the key ideas of the story; the other one was to 

answer a specific question or search for a specific collection item. 
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The participants who were reconstructing the story used the collections they 

were presented with as a basis for creating their own understanding of that story. From 

looking at the collections they sometimes went to the main window to confirm ideas or to 

discover more detail about a specific event or decision. 

Since the participants of the reconstruction session had no previous access to 

the story and could not use their memory, they were relying more on external data they 

were presented with, like creator’s comments (codes: 4u, 4m) and ranks (codes: 9u, 

9m). For example, here is how participants described their strategies for reconstruction 

of the story: 

When I was using the system, I mostly used the story linearly. What I 

did, I first looked a little bit - at the beginning it was convenient to get 

the first summary, because I did a few queries to see what kinds of 

documents are there in general, what rank they had. The 

visualizations were particularly useful to get the bigger picture. But 

after that I was mostly reading. I think that without the system to do 

it would be really hard. Because you don't know the story and you 

have many documents that are very detailed. So without the system 

and without the summary I wouldn't be able to do anything. The 

system allows you to get first impression and then to dig into it 

further. (P02) 

I definitely looked inside of collections a lot. I would open a collection 

and read some of the text very quickly, at least some of the headlines. 

So that was helpful, because that was the text that he had highlighted 

for his story from all of the text here [in the central pane]. So that was 

helpful - to have the collections, to have the text extractions. (P09) 

Some of the participants used the tool as a way to take notes (codes: 13u, 13m) 

or as an aid in understanding the story (codes: 26u, 26m). For example, while 

reconstructing the story, some of the participants created their own collections using the 

tool, where they would record the information that they thought was important and that 

they would use when telling the story. This is where the “minimal commitment” principle 

is working: the minimal effort required allowed participants to create new records. 

In many cases I could see a pattern where the group members who 

reconstructed the story went into more detail about important events and decisions of 

the story than the person who originally created that story (the same happened during 
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the “remembering” sessions of people from the Recording Group (see section 

“Strategies for remembering”)). This can be explained by the fact that the Reconstructing 

Group participants had the basis for understanding the story in the form of the 

collections created by others. The Recording Group participants had to understand the 

story from scratch, while the Reconstructing Group participants already had the story 

prepared by the Recording Group that they could start with, and then add more detail to 

the existing story. 

9.6.5. Important Prototype Features 

This section reports on the important features of the prototype that were defined 

based on observations and the participants’ feedback. These features can be tracked in 

the visualizations in Appendix G as codes that occurred frequently throughout the study. 

Visualizations and the Query Form 

Visualizations proved to be an important feature of the tool at all stages of the 

process. All of the participants used visualizations frequently (see Table F1., codes 14u, 

14m; see also Appendix G for visualizations of frequently used codes) and found them to 

be a useful tool for analysis and sensemaking. As shown from the experiment, 

visualizations supported the processes of understanding, recording, remembering and 

reconstruction of the story. Visualizations and the Query Form (codes: 8u, 8m) were 

used in two types of situations. The first one is analysis (e.g., to see the big picture or to 

track relationships between elements). The second one is answering a specific question 

or looking for detail (e.g., finding a person or a document). These scenarios are 

consistent with the ones presented in our paper prototypes and scenarios (see Chapter 

5). 

Below is the information about each visualization type: 

• Bar Chart was used to compare the importance levels of people or 
documents. 

• Parallel Coordinates was used to understand relationships among data and to 
track how the data was connected. 

• List was used to read some of the text about the items right away, without 
opening each of them. 
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• Timeline was used to understand how information was distributed across time 
and to get a general understanding of the data. 

Apart from the visualization types themselves, the ways the visualizations were 

presented in the system were also important. For example, hovering over the element to 

see more detailed information about it was used by the subjects a lot, and was helpful in 

many situations to locate the items they were looking for. Direct access to the data from 

the visualizations allowed users not to switch their attention (Table F2., code: 10) and 

not to spend extra time looking for an item. 

The World 

Several features in “the world” were also helpful for both understanding and 

reconstructing the story. 

Filtering by Type and Filtering Slider (Table F1., codes: 6u, 6m) helped users to 

quickly access the information of a specific type and allowed to get an idea of the data 

faster. 

Search Box (Table F1., codes: 10u, 10m) allowed users to look for source items 

that were not present in the collections, and this way supported locating the missing 

records. 

User Hints 

User Comments and Ranks (Table F1., codes: 4u, 4m, 9u, 9m) were used by 

participants as hints—to define which items were more important and why. Since users 

did not want to read all the documents contained in the system, the user comments and 

ranks were helpful in prioritizing the items that were necessary to read first. User 

comments would also usually give users an idea of why the document was important to 

read or what was the general idea of that document. 

The Drag-and-drop (codes: 5u, 5m) function was used as an important tool that 

minimized user effort in recording information and in reorganizing it. Many users pointed 

out that the drag-and-drop functionality was very convenient in the context of their task 

performance. 
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9.6.6. User Activities Supported by the Prototype 

During the post-study interviews, I asked users about their impression of the tool, 

their thoughts and recommendations. In their comments many users expressed the 

ideas on where and how the tool functionality could be potentially used, as well as what 

activities this functionality could support. This section summarizes key user comments 

and ideas. Some of the user activities were not only mentioned by participants, but were 

also confirmed from the observations of the actual user actions. 

Analyzing and synthesizing information from multiple sources (codes: 15u, 15m): 

For an analyst who does analysis of different fields such a system can 

be very useful. (P02) 

Finding confirmations of user logic, ideas or ways of thinking (code: 17m):  

It's a tool for confirming whether my logic is right, because I can use 

this tool and look for evidence one way or the other. (P03) 

Collaborating over a task or a project, keeping collaborative records of decisions (codes: 

16u, 16m):  

This tool could be useful in any company for any project. For example, 

if different people are working on the same project at different stages 

(e.g., a construction project). If they have a record of all the meetings 

and all the drawings, and the decisions that were made. So the 

success of the project from the beginning depends on what decisions 

were made. (P08) 

Extracting important themes (codes: 20u, 20m): 

 In my line of work, I think it could be used for literature review... like 

if I have a bunch of documents, papers and web pages etc. If I add it 

to my reference list, and in that it would be nice to look for certain 

things, or extract themes, and keep them in collections. (P09) 

Presenting or advertizing a project, supporting the analysis of project outcomes (code: 

21m):  
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It could be useful for story making. When everything is done, you 

present it, you advertise it. For example, there is a company that did 

some project. While they were doing project they might not realize 

what effects their decisions will have in the longer run. But once the 

project is completed, this analysis could tell them what and how 

happened. (P12) 

Creating references between and within the data sources, cross-relating events and 

decisions (codes: 23u, 23m):  

If I didn’t have your tool, I would probably use the board and try to 

pin things as I see, which is just like collection... and then would 

cross-relate them. But cross-relating them on the board is harder. In 

your tool it is easier because you have visualizations. Even if I relate 

the articles based on what they are talking about I cannot relate them 

within themselves. E.g., within recruitment phase what was the role of 

Russell? Unless I have a thread or something I cannot do it without 

this tool. But your visualizations basically do that.  (P08) 

Getting reminders about events and decisions (codes: 24u, 24m):  

The tool has references to the originals, so when I was talking about 

the story, I could click on an item and see the text and remember 

what was in that text and to continue telling the story while looking at 

the original text. This was useful for remembering. (P01) 

Saving time on routine work (codes: 25u, 25m):  

If I didn't have this tool, I would go over the same process, but it 

would take me much more time, because I would have to copy 

information elsewhere, and here I could just drag and drop.  

  (P07) 

Sensemaking (codes: 26u, 26m):  

It's a tool for authoring—not just collecting histories, browsing 

histories, it's not just the tool for recording collections of things that 

are important. It's a tool for making sense of things. (P03) 

Storytelling (codes: 27u, 27m):  

In my opinion, this system allows you to find key points and key 

terms, and then to build your story around them. (P02) 
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Reconstructing and transferring knowledge (codes: 16u, 16m, 30m): 

Also, if you are given someone else's task... This is what you call a 

“handout”. In this case this tool would be useful - if you don't know 

what that person was working on. In this case it would be really 

helpful, because you can see that person's logic and can reconstruct 

their logic. (P02) 

9.6.7. The Principles 

Below I summarize the results from coding against the design framework (see 

Appendix F, Table F2. for code frequencies). They include examples of how the design 

features that were based on each of the principles supported the recording, 

remembering and reconstruction of information. Each of the headings below represents 

a design principle that the data was coded into. 

Agreement 

Data about agreements was recorded as part of the story that participants were 

given. However, there was not much data that could be coded as “agreement” in this 

study as the participants were dealing with understanding the data that has been already 

in the system, and recording agreements by participants would be hard to track in 

laboratory settings. In order to track recording agreements, further testing of the system 

in the wild would be needed. 

Clutter 

Throughout the study users performed many activities in attempts to de-clutter 

information. Such activities included creating collections (Table F1., codes 1u, 2u, 3u) 

using the drag-and-drop (code: 5u), using search (code: 10u) and filtering (code: 6u) 

options of the tool, using the Query Form (code: 8u) and visualizations (code: 14u), 

following the ranks (code: 9u) and comments (code: 4u) posted by others or posting their 

own comments. 

Minimal Commitment 

As mentioned in the “Strategies for Recording the Story” section of this chapter, 

most of the recording happened not as a way to share information with others, but rather 
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to make sense of information for the participants themselves. While recording the story, 

the participants appeared to think more about understanding it and performing the tasks 

of the study, rather than about sharing information with others. For example, when one 

of the participants said that she was done creating the collection, I asked her if this 

collection would be good enough for others to understand her story. Her answer was: 

“Probably not”, and her comment was as follows:  

I was just focused on completing the tasks, so I wasn't thinking about 

trying to make it accessible to other people too. I guess I should have 

added more comments.  (P05) 

However, even though the participant was not optimistic about the results of 

sharing her story with others, the participants of the reconstructing group that had this 

story as their assignment, were successful in both understanding the key events and 

decisions of the story and keeping the focus of it the same as was intended by the 

creator.  

The same situation repeated several times with other participants. After they 

finished reading and answering the questions of the study, participants thought their 

stories were not good enough for understanding by others. Below is another example of 

a user comment after completing creating the collection: 

I think it would be difficult for the other person to read it, if they don't 

have the same experience and if they don't think from that 

perspective. (P04) 

Nonetheless, each of the recording group participants created a story that was 

meaningful for the reconstructing group participants. Each of the reconstructing 

participants’ stories was not just meaningful, but kept the details, way of thinking and the 

focus of the original plot based on what each of the recording group participants thought 

it to be (see also Appendix D). Moreover, the reconstructing group participants could 

correctly identify the focus in each case (see Discussion section of this chapter). 

The key role in this successful knowledge transfer was played by the relatively 

low commitment way of recording information that allowed participants to record the data 

and their thoughts. This was, to a large extent, thanks to the drag-and-drop (Table F1., 
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codes 5u, 5m) feature. Possibly, there could be even lower commitment ways to perform 

the same task, but in our case the drag-and-drop method of recording did its job well. 

Other instances of minimizing user effort included different ways participants tried 

to avoid or minimize reading the text in the documents. Examples of such behavior 

include the following activities: using the query form (codes: 8u, 8m) to access only the 

key documents; using visualizations (codes: 14u, 14m) to get the high-level summary of 

the story or to track key relationships; looking at the ranks (codes: 9u, 9m) the 

documents had and reading only higher-ranked items; reading the comments (codes: 

4u, 4m) to collection items to check whether a document was worth reading. 

Reminders 

Participants used the collections (Table F1., codes: 1u, 2u, 3u) they created and 

their personal notes (code: 13u) as reminders. One of the ways to provide reminders 

was the collections themselves, including the comments (code: 4u). In fact, commenting 

quite often was used as a “note to self”. The comments provided explanations about the 

items added to collections, or some key ideas/ key points of a bigger text item. The 

ability to quickly access the source text of the document (code: 11u) was also 

considered important by the participants and served as the other way of reminding. For 

example, here is how one of the participants commented on this: 

The tool has references to the originals, so when I was telling the 

story, I could click on an item and see the text and remember what 

was in that text. This way I could continue telling the story while 

looking at the original text. (P01) 

Another participant commented on how his own comments served as important 

reminders: 

I was reading parts of the text as well as my comments. For some of 

the items I couldn't put everything in the collection, but I knew 

through the comments that this was an important article. And then I 

would go back to that article and read it in more detail. And that would 

help me remember. (P06) 



 

168 

Paper notes (code: 13u) were sometimes used in combination with the tool 

features to provide reminders. Several participants mentioned that if there was an option 

to save snapshots of visualizations (code: 38m), this would remove the need for paper 

notes at all. This is an important aspect of the future work on this system (see 

“Discussion” section of this chapter). Here is the comment of one of the participants 

during the follow-up session on how she combined the use of reminders in the tool with 

her paper notes and the meaning of visualizations for reminding: 

I used visualizations only when I could not find anything in the 

collections. I looked at my notes, and things started coming to my 

mind because I wrote them myself. It gave me right away what was 

happening over time. If I could get that view I got here [the timeline 

visualization], then I would go to it directly, I wouldn't even need my 

notes. I would go to visualizations, look at the categories I created and 

in the visualization would go to category—come back, go to second 

category—come back etc., dig deeper. If I had saved the visualization, 

that would be enough for me, and I wouldn’t use paper notes at all.  

      (P08) 

The way the collections were structured by the users also served as a support for 

remembering. By looking at specific parts or categories within collections, users could 

more easily remember the storyline and the key decisions: 

When I was creating the collection, I also divided it into several 

sections. And then I knew what those sections were about.  

     (P01) 

Remembering Just Enough 

The “remembering just enough” principle means that, in order to restore an event 

or a decision, it is enough to remember some key part of the history, or to have 

information about the location of the records needed, while the rest of it can be retrieved 

using this information. 

One of the examples of how this principle worked was when one of the 

participants remembered about an event that happened in the story, but forgot to include 

a record about it in her collection: 
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There was one time I remember that the conflict came up, and team 

morale came down. There was some conflict in the news, I don't 

remember exactly, but then they stood up. They actually showed the 

world what they are. Something like that... I don't see that here [in 

the collection], but I remember that from the story. Although it would 

have been nice if at that time I marked that event.  

    (P08) 

Since she knew that the description of this event was somewhere in the text, she 

used various strategies to locate the document (see “Strategies for remembering” 

section of this chapter), including the text search (code: 10u) in her collections and in the 

world. However, the strategy that brought her success in finding the missing document 

was the timeline visualization (code: 14u), where the participant could filter the data by 

the categories that interested her.  

In most cases the participants used their memory (code: 7u) in combination with 

the tool to help them restore the story line. Remembering just enough information about 

the story helped them reconstruct the whole story without having to re-read it. 

No Complete Record 

When creating collections, participants sometimes forgot to record some parts of 

the story and had to search for the missing parts during the follow-up sessions. Also, the 

data was designed in such a way that the users did not have access to the complete 

story: some of the documents were missing, and the participants sometimes had to 

guess or to use the search/query tools to restore the information that was missing. 

The tool supported participants in locating the missing records (see example in 

the previous section). 

No Single Point of Record 

The data within the tool imitated the data collected from multiple sources, 

including text documents, meeting records and emails. In order to construct a coherent 

story, users needed to collect parts of the data from different sources and to put them 

together. For this activity the Query Form (codes: 8u, 8m) and the visualizations (codes: 

14u, 14m) were useful. The query from allowed to set the query parameters so that the 
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data would be displayed only according to specific user criteria. Visualizations allowed to 

show the data from multiple sources in one view, to compare the data and to track 

relationships among it. 

Building Own Structures 

Each of the participants had their own ways and strategies of recording 

information into collections, searching for information and analyzing data. It turned out to 

be very important to allow users to create records and analyze information their own 

way. Since our tool is the prototype, it definitely had restrictions in terms of how the data 

could be organized in it. For example, it did not support creating hierarchies (code: 36m) 

of collections or comparing multiple collections (code: 33m). While performing the tasks, 

some of our participants wanted to have more freedom in the ways they organized the 

data and mentioned that this would better support them in recording, remembering and 

reconstructing events and decisions: 

If I could create a story like a timeline... Can I make collections of 

collections? I would like to put Ernesto, Schuemann and Russell in one 

collection. And the other one would be just events related to team 

Alinghi, and I would record that as a new collection. (P08) 

I wish I could make things different colours and I wish I had more 

space to make hierarchy within them—to relate an item to other ones, 

instead of having just one level of hierarchy. And also being able to 

add my own metadata and to make changes to the ratings—have the 

rankings based on my thoughts rather than just programmed in.  

  (P05) 

In our experiment, building own structures within the tool proved to be an 

essential part of both recording and retrieving of the information. 

Privacy 

Even though for testing different privacy levels, the tool would have to be 

evaluated in the real-world environment, some of the participants mentioned how this 

system could support privacy levels. Participants pointed out that it was very important to 

distinguish between private collections and shared collections. Also, participants 

acknowledged that using the system would be helpful for supporting knowledge transfer 
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among group members. For example, when taking over someone else’s work, such 

knowledge transfer could happen by re-using and continuing to work on someone else’s 

collection. 

9.7. Discussion 

9.7.1. Lessons Learned 

Throughout the study, many of our assumptions about users and how they would 

interact with the system were confirmed. At the same time, I observed surprises and 

unexpected things. Below I summarize key discoveries, lessons learned and surprises 

from this study. 

All of the participants in both the recording and reconstructing groups could 

understand the general idea of the story (with varying levels of detail), but applied 

different strategies for understanding the story. 

One of the things that I observed but did not expect was related to the use of 

visualizations (codes: 14u, 14m). When creating the initial study plan, I expected the 

visualizations to be used by participants as a tool to answer specific questions of the 

study. For example, a timeline view could be used to find information about the key 

documents or events over certain time period. A bar chart could be used to find the most 

popular documents on a certain topic or most important decision makers. Parallel 

coordinates could be used to track the relationships between documents or characters of 

the story. So I expected the visualizations to be used more as means of supporting 

users in getting additional details of the story after they read it and got the general idea 

from the text. 

But in fact, most of the participants used visualizations in two different ways. In 

addition to getting an answer to a specific question, many of the participants used 

visualizations to make sense of the story, even before starting to read it. Sometimes they 

would use visualizations as a filtering tool: in order to determine the most important 

document to read first. This way, participants were seeking ways of saving time and 
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effort when trying to understand the story. And in most cases those users who chose the 

visualization strategy of working with the data were faster in getting the main idea as well 

as the important details of the story. 

Such user behaviour is another demonstration of the “minimal commitment” 

principle: the visualizations were used as a strategy for understanding the story that 

required less time and effort compared to reading all the documents. That strategy 

included both getting the higher level information about the plot as well as more specific 

information about what are the important documents that had to be read to get the 

understanding of the storyline. 

In general, when planning this study, I did not expect that the visualizations 

would get that much attention from the users. Interestingly, high visualization use was 

observed in the majority of the users (12 out of 14), many of whom did not have any 

background in working with visualization tools (see Appendix G for demonstration of 

visualization use by transcript). This tendency was observed equally in both recording 

and reconstruction groups, i.e., the visualizations were used both for understanding the 

story from multiple documents in “the world” and for reconstructing the story from the 

existing collection of documents. 

Another unexpected thing about this study was related to “minimal commitment”. 

When I was planning the study, I assumed that the participants of the recording group 

would invest some effort in creating stories for the reconstructing group. At least, I made 

it very clear to the recording group participants that their stories would be later given to 

others, and that their stories needed to be created in such a way that other participants 

could understand them—just by reading their collections and the original documents 

used in those collections, without the need to read other documents from “the world”. 

Surprisingly, all of the recording group participants forgot about this instruction, and 

mentioned that their stories would not be suitable for others to read and to understand. 

The only reason why they did get something recorded in their collections, was not for the 

intention to share or explain it to others, but rather to better understand the story 

themselves, by creating a record of the most important documents, events or decisions 

(see the “Minimal Commitment” section of this chapter). However, all of the collections 
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turned out to be good enough for the reconstructing group to understand the story and 

its focus correctly! 

At the same time, I did not expect the reconstructing group participants to create 

any collections at all. Their main goal was to understand a collection created by another 

participant. However, some of the participants of the reconstructing group did create 

collections for themselves. And again, their goal was to better understand the story. So 

these participants would create collections from their selection of the important 

documents, to make it easier for themselves to understand and tell the story. So the 

reason why participants of the reconstruction group were creating collections was 

essentially the same as in the recording group. 

One more unexpected thing about this study was that, despite the fact that the 

recording group participants were dissatisfied with the collections they created, (i.e., 

thought they were not suitable for transferring knowledge), the members of the 

reconstructing group were able to understand each of the stories told by the recording 

group participants, and mentioned that the collections were helpful for reconstruction of 

the stories. Within each group (of one person recording and two reconstructing) the 

focus of the story recorded by the first participant was preserved by the two others. This 

means that within each group the focus of the story was the same, while between the 

groups it was different. From this it can be implied that the tool was supportive of 

knowledge transfer between the users. Each of the stories and their key topics tables by 

group are shown in Appendix D. 

In general, from this study we can conclude that a tool built using a combination 

of our design principles can work to support sensemaking, analysis, recording, 

remembering and reconstruction of key decisions and events. 

9.7.2. Future Work 

This section describes our vision for the possible future directions of this work. 

This discussion is based on ideas that we generated during the development of the 

prototype, but did not include them in the prototype due to time and development 

constraints. It also summarizes the key ideas and suggestions that emerged from the 
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user study. Many of the ideas suggested by the participants during the user study were 

in line with our own ideas that we generated when designing the system. Below is the 

compilation of these ideas for the future directions of work. 

Advanced search in the world (see Appendix F, Table F1., code: 31m). Many of 

the users expressed a wish to have similar functionality for “the world” that was present 

in the Collection Pane. The version of the tool used during the experiment had a search 

box for browsing in the world – similar to any search engine functionality. The users 

expressed a wish to have more advanced search options in the world that would use 

both the query form and the visualizations.  

Collection hierarchy (code: 36m). Providing the same set of operations not just 

for collections or for the items within those collections, but also for the hierarchies of 

collections at different levels (e.g., visualizing and comparing) would be useful. The 

users felt restricted by not being able to create their own collection hierarchies and to 

organize them their own way (this corresponds to “building own structures” principle).  

This concept is present in our interface mock-ups, however it was not 

implemented into the interactive version due to complexity and time limits. In the real 

system based on the VH Prototype this could be one of the important concepts: 

providing users with the ability to access and analyze information at various levels of 

detail. This concept could also be further developed into the idea of semantic zoom 

(Bederson and Hollan, 1994) that we were considering at the design stage. 

Saving multiple data types to the collection (code: 38m). Users felt restricted by 

not being able to save the visualizations to the collections. This function is present in our 

interface mock-ups, but it was not implemented into the interactive version. The concept 

of connecting multiple sources of information and saving multiple data types to the 

record is one of the central ideas behind the tool. However, for the user study purposes, 

we decided to start with just the essential functions. That’s why we started with just one 

data type—text data. In the future versions of the system saving more types of data 

needs to be supported. 
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The above idea is closely related to the other one: capturing the analysis 

process. It is known that for decision reconstruction it is important to know not just what 

kind of decision was made, but also how and why it was made. The ability to save 

multiple data types into collections would allow to capture the process of data 

exploration. For example, one such way could be saving user queries and visualizations 

that are the result of those queries. As mentioned by many users, the ability to capture 

the analysis process would support both remembering (for the owner of a collection) and 

reconstruction (for collaborators) of how one arrived at a decision. 

Highlighting (code: 37m). Many users expressed a wish to have information 

highlighted in several ways. For example, it could be the highlighting of a search term in 

the text of the source item, the highlighting of the text of a collection item in its source or 

highlighting of the text within the collections themselves to distinguish the important parts 

of the text.  

Definitely, highlighting is one of the effective ways to distinguish important 

information and to support search, exploration and sensemaking. However, the types of 

highlighting or ways in which information needs to be highlighted that would be most 

relevant for the system and the user need further investigation. 

There are other constraints and ideas that need to be investigated in more detail. 

For example, in our prototype we used the drag-and-drop function for recording. There 

might be recording tools that would use even less user effort. For example, taking a 

single-click snapshot of a current state of a system could be one such option.  

One of the ideas that we had for the overall design of the tool was the idea of a 

dashboard application. This means that the tool would be available on-demand with a 

single-button command. 

The above features highlight possible future directions in which this prototype 

could be further developed. Each of the above aspects needs a separate, more detailed 

investigation. 
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9.8. Chapter Summary 

In this chapter I presented the rationale, analysis and results of a formative 

qualitative study of the VH Prototype. The main goal of this study was to check our 

assumptions about the design framework and to analyze how well our design principles 

worked for history recording, remembering, analysis and reconstruction. Also, through 

this study I tried to identify system features that were most supportive for the users to 

achieve the above goals as well as those that created barriers. 

Before conducting the main study, I first conducted a preliminary study to identify 

and address the possible interface and usability issues. Further I conducted pilot studies 

to make sure that the study protocol responds to our research goals. 

Table 9.1. Design Principles Supported by the Key VH Prototype Features 
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Collections U  U U U P U U U U 

Comments U  U U U P U U U U 

Drag-and-drop U U U  U  U    

Filtering U  U U U  U U U P 

Query Form U U U U  P U U U P 

Metadata  U   U U  U U U U 

Visualizations U U U U  P U U U P 

Search U U U U  P U U U P 

Authored Order 
of Records 

    U  U U U  

References to 
Source Data 

U U U    U U U  

Note. P (“prospective”) – principles that can be potentially supported by the system. U (“user study”) – 
principles supported as confirmed by the user study. 
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Table 9.1. shows the design principles (described in Chapter 6) supported by the 

key design features of the prototype. The table shows both the data based on the 

projected use of the tool and the data as confirmed by the user study presented in this 

chapter. The table shows that the design features of the prototype can support the 

design principles in multiple ways. Some of the design principles could not be sufficiently 

evaluated by the user study due to difficulty of tracking them in controlled settings. 

However, based on the study participants’ initial feedback, I expect these principles to be 

confirmed in case further evaluations of the system are conducted in real settings. 

This study allowed to reveal important patterns in user behaviour and to identify 

how each of our design principles can support recording and reconstruction of history. 

This study also helped to uncover some of the possible future directions in the design of 

the systems to support histories in collaboration and decision making. 



 

178 

Chapter 10.  
 
Discussion and Conclusion 

10.1. Research Goals and Contributions 

This dissertation focused on addressing the issues raised in Chapter 1 and 

summarized here as follows: 

- Even if a tool is well-understood, collaborators will focus on the perceived 
highest and best use of their attention towards completing the perceived job 
(Blackwell, 2002; Scott et al., 2004; Tang, 1991). This poses an issue for 
supporting history mechanisms, as the benefits of recording history are deferred. 

- In the collaborative decision making and decision reconstruction processes, 
understanding of how one arrived at a certain conclusion is often as important as 
the conclusions themselves (Goodall et al., 2004; Klemmer et al., 2002). 

- In practice, it is impossible to create a complete record of history as such record 
can span multiple sources, and not all information is digitally available 
(Ackerman, 1996; Tuomi, 1999). 

- Clutter is an obstacle to reconstruction of past activities and decisions. The 
users of cluttered environments may not be even aware that the information 
potentially important to them is already there (Rader, 2009). 

- The meaning that people get from history depends on their ability to interpret 
the information’s context (Shen et al., 2002). 

From reviewing the literature (Chapter 2) and extant systems (Chapter 3) it is 

clear that we do not have enough understanding about ways to solve problems in 

collaboration and technology use in relation to history, remembering and decision 

reconstruction. Further, we have insufficient knowledge of how to apply our 

understanding of group processes and issues to the design of systems to support 

histories in decision making. In particular, we do not have enough understanding of how 
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to prioritize and combine the dispersed design ideas and design features into a system 

that can better support recording, remembering and reconstruction of group events and 

decisions. 

I addressed the above issues though a series of initial exploratory studies 

(reviewed in Chapters 4 and 5): 

- Three observational studies of small professional groups: 

 The Development team at SAP company 

 The West House sustainable design and construction project 

 The Customer Experience support group at SAP 
- Three focus groups to validate the design ideas and initial scenarios. 

From the literature review and the above studies, I refined an understanding of 

issues in history use and synthesized a set of potential design principles for systems 

supporting recording, remembering and reconstruction of events and decisions in 

groups. To validate these principles I constructed a prototype and tested it in a final 

study.  

From this process, I claim three contributions: 

1. The set of design principles itself.  

2. The prototype as an example realization of the design principles in an 
interactive system. 

3. A partial validation of the principles through a user study. 

I discuss each of these below. 

10.1.1. Design Principles 

The key design considerations to support remembering and reconstruction in 

groups include the following observations: 

General HCI principles and observations: 

• People do not invest time in the activities for which the perceived immediate 
benefit does not exceed the perceived immediate cost. 
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• People prefer not to switch between tasks or to drop out of “flow” to perform a 
task. 

• People often try to construct their own collaborative structures and meanings 
when organizing their work or when interacting with systems, both individually 
and collaboratively. 

• Agreement is important for collaboration and decision making. People work on 
reaching agreements all the time. Because of their importance, agreements 
often become part of a history record. 

• Clutter and information overload are the main reasons for not being able to 
locate records of past decisions or activities. 

Observations specific to history and record-keeping: 

• There is no single point of record of history.  

• There is no complete record of history. Tight deadlines and rushed processes 
discourage thorough record keeping. 

• Privacy levels are important. People need to keep their private records. They 
are important for recalling the memory. 

• Reminders may be as or more important to record, than records of history 
themselves as they support the locating of missing records and serve as 
memory triggers. 

• Remembering just enough is important. For example, personal notes that 
people create in the form of lists, summaries, action items etc. can serve as a 
way to record and remember just enough. 

The above list of key issues and design concepts forms a design framework that 

both summarizes our findings about the use of histories for decision reconstruction and 

shows design implications for each of the observations (Chapter 6). This framework 

informs our understanding about the decision processes and the use of history 

functionality in groups. It can serve as a starting point for the design of history and 

collaboration systems and provides a set of design considerations that, based on the 

above observations, are necessary for building such systems. In addition, I provide a 

number of specific design responses that can help to address the issues in collaboration, 

decision reconstruction and technology use (Chapter 7). Even though the suggested 

ideas are only partial design solutions, they help inform our understanding of how to 

apply our findings about the group processes to the design of systems to support 

histories. 
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10.1.2. The Prototype 

As part of this research, we designed and built a tool to support recording, 

remembering and reconstruction that incorporates the design principles described in 

Chapter 6. In order to build this tool, I first created a set of low- and medium- fidelity 

prototypes and conducted three focus groups to validate the design ideas presented by 

these prototypes (Chapter 5). After conducting the focus groups, we designed the high-

fidelity, interactive prototype that takes into account user feedback from the focus groups 

and further modified it in the process of conducting user studies. 

The VH Prototype (Chapter 8) is an interactive tool that illustrates the key design 

principles and considerations suggested in Chapter 6. This is an example of a system 

that employs history functionality to support recording, remembering and reconstruction. 

In Chapter 7 I suggested a set of possible design responses to address the 

issues in collaboration and decision reconstruction. Many of them have been studied 

and discussed in previous research. However, the more important task is the one of 

resolving conflicts and tensions among the design ideas as well as combining and 

prioritizing them into a system that can indeed meet the goals set. This problem has 

been described by Green and Petre in relation to cognitive dimensions framework for 

visual programming environments (Green and Petre, 1996), when fixing a problem in 

one cognitive dimension would likely cause a change or tensions in the other. For this 

reason it is essential to combine the key design features into a working whole and 

attempt to resolve the trade-offs that arise. 

 This prototype can contribute to the fields of HCI and CSCW by demonstrating 

how a set of observations and findings about user behaviour can be combined and 

prioritized to inform the design of an interactive tool. This approach can also be applied 

to the design of other technologies to support recording, remembering and 

reconstruction in groups, and possibly could be further extended to other areas of HCI 

research. 
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10.1.3. User Study 

The user study of the VH prototype (Chapter 9) showed how each of the design 

principles is manifested in the real system and how each of them affects real user tasks. 

The study uncovered the levels of importance of each of the key design features and 

showed the possible real-world scenarios of how each of the above features might work. 

It also helped to validate and extend the theory presented in Chapter 6. For example, 

our assumptions about the principle of minimal commitment and the importance of 

allowing users to build their own structures within the system were confirmed. At the 

same time, we discovered several unexpected ways of using visualizations for history 

reconstruction. 

Even though the prototype described above does not present a fully-functional 

system and was created for the purposes of validating, extending and prioritizing our 

design framework, this tool could be further developed to present a fully-functional tool 

and be used for real applications (see Chapter 9). Alternatively, this prototype could 

serve as a basis for developing other applications to support collaboration, decision 

making, remembering and reconstruction. 

10.2. Limitations and Future Directions 

This work has generated many research directions along which it could move 

forward. 

One of such possible directions is related to conducting more in-depth 

ethnographic studies of group decision making and decision reconstruction. Given the 

limited time imposed by a PhD project, the studies I conducted did not extend over 

prolonged periods of time and could be considered as contextual inquiries, not long-term 

ethnographic studies. Even though I found many common issues and themes across the 

three groups I observed, this research could benefit from more thorough studies of group 

activities that should include a participant observer and should last more extended 

periods of time. In addition, this research would benefit from studying groups working in 

different areas of expertise. This approach would give a broader perspective on group 
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activities and may uncover additional challenges and problems that may have been 

missed in my studies. 

At the same time, each of the areas of the issues and design concepts that 

derived from the case studies could be investigated in more detail and separate, more 

in-depth studies can be conducted to research into each of these concepts to reveal 

more details about each of them. For example, “agreements” is a very interesting topic in 

itself. A study could be conducted on identifying how and when people reach 

agreements and what are the moments when they get recorded in history. 

Another big area of exploration for future research is the one of translating the 

design concepts into real solutions. The prototype that we developed over the course of 

this research is one possible instance of such a solution. Other solutions may be created 

based on the design principles provided in this work, but also depending on the final goal 

the tool is pursuing. Such a system may represent a different combination of the design 

responses provided in this work or could suggest other design ideas that we did not 

consider. 

At the same time, the prototype we developed over the course of this research 

also has potential to be further improved and possibly be useful in a range of individual 

and collaborative activities. Since we initially created this prototype for the purposes of 

the evaluation of our design framework, it needs to be adjusted to the use in real 

settings. The potential next steps include making the system work with real user data, 

extending the tool to work across devices and platforms, incorporating discussion and 

conversation functionality, supporting different levels of privacy and extending the 

visualization capabilities. Further studies of the tool should be conducted to evaluate 

how a system works “in the wild” and how well it supports user activities taking into 

account the complexity of collaboration, the issues with remembering and technology 

use and the interaction (and competition) with multitude of other tools. There is no doubt 

that such studies will reveal both issues and opportunities that we did not consider so 

far. 
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10.3. Summary 

This dissertation has investigated the design and evaluation of systems to 

support decision remembering and reconstruction in groups and individuals. It has 

identified the critical activities where history functionality is needed most and pointed to 

the problems in collaboration and technology use in relation to the processes of 

remembering and reconstruction of decisions. It has also provided the framework of key 

issues, concepts and observations that can serve as a basis for the design of systems to 

support histories for decision making and decision reconstruction. These findings and 

principles not only validated and extended prior research, but also explained their use in 

the context of histories and collaborative decision making. 

Further, this dissertation suggested a list of specific design responses to the 

above mentioned framework. These partial design ideas got further developed into an 

interactive prototype (the VH Prototype) that is based on the suggested design 

framework. The design and evaluation of the prototype helped validate, refine and 

prioritize our design framework. 

Even though the results of the evaluation of our design principles are 

encouraging, this research has raised many questions that still need to be answered and 

that are beyond the scope of this dissertation. At the same time, future research will 

benefit from this work by building on the observations and findings provided in it. 
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Appendix B.  
 
Case Studies: Interview Questions 

1 Project activities – general questions:  

 From your perspective, what were the project’s goals? 

 What were your goals in the project? 

 What is/was your role throughout the project?  

 
2 Collaboration 

 Who did you work with?  

 What information did you exchange?  

 What decisions did you make? 

 What decisions made by others most constrained you in your role? 

 What risks did you take based on uncertain information or timing? 

 
3 Tools 

 What kinds of communication tools did you use during the course of the project? 
(e.g., landline, fax, cell phone, F2F meetings, email, shared websites etc.) How 
much did you use each? 

 Which ones were most useful and why?  

 If there were tools that you did not find very useful, please explain why they 
weren't and give reasons why you had to use them.  

 What tools did you use the most? 
 

4 Project results 

 Are you satisfied with the project results/ongoing project work so far? If not, what 
are the reasons?  

 What could have been improved in your collaborative activities to make the 
project work and decision-making more efficient?  

 What could have been improved in your individual activities to make the project 
and decision-making more efficient?  

 If you had to work on the same project again, what would you do differently? 
 

5 Remembering your activities  

 What were the typical issues you needed to remember/ keep in mind after project 
meetings, if any?  

 Did you have any problems remembering the decisions/ reasons for making 
decisions after project meetings? If yes, have you tried to resolve this problem? 
How?  

 During the course of the project, have you tried to record information that might 
be important for your future work in this/ other similar projects? If yes, how did 
you do that? 

 Did you take notes during your meetings? If you took notes, are there any marks 
you made to emphasize priority and/or importance of parts of the notes? Show 
me examples. 
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 Is there any shared repository where you store the work you’ve done as a team? 
(For example, this could be a shared file, a website, an ongoing email thread.) 

 Did you have a note taker who kept track of what was going on in the meetings?  

 If you have to work on a similar project in the future, you would probably want to 
use the experience from past projects. What sources would you turn to in order 
to remember both the decisions you’ve taken and the reasons for these 
decisions?  

 Did you ever have to remember alternative decisions? 
 

6 Storing and Organizing Digital Information:  

 How often do you turn to project history/document storage repository/ other 
relevant projects histories?  

 Would you want to be able to get more from the knowledge collected from the 
past experience by you or other people?  

 Do you ever have problems finding the information you need regarding the 
project you are working on?  

 What do you think could be improved to help you find the relevant information 
about past decisions? 
 

7 Collaborative project activities:  

 In what situations during your collaborative activities did you need to use 
software applications?  

 Which software tools/applications did you use for collaborative activities?  

 What software functionality did you lack, that would have been useful for your 
collaborative activities, if any? Is there any specific functionality that you wish you 
could have to make your collaborative work on the project more useful and 
efficient?  

 Is there anything you found particularly useful in supporting your collaborative 
activities and decision-making?  

 What were the reasons you selected the tools you were working with instead of 
any other ones? 
 

8 Individual project activities  

 In what situations during your individual project activities did you need to use 
software applications? What were these tools?  

 What software functionality did you lack, that would have been useful for your 
individual activities, if any? Is there any specific functionality that you wish you 
could have to make your individual work on the project more useful and efficient?  

 Is there anything you found particularly useful in supporting your individual 
activities and decision-making?  

 What were the reasons you selected the tools you were working with instead of 
any other ones? 

 



 

199 

Appendix C.  
 
VH Prototype Study Plan 

This document outlines the steps of the exploratory qualitative study of the Visual 
Histories prototype. The goal of this study is to check the validity of our design 
framework (design principles) that this tool is based on. The framework that we 
developed is a set of principles that should be followed in order to design and build tools 
to support remembering and decision reconstruction in groups (see list of principles 
below). Through this study we would like to understand whether the design framework 
that we devised is working, and why; which principles are more important and why; what 
are the aspects of the framework that do not work or need to be changed. We also 
would like to understand what are the critical aspects of the tool that make it useful, if 
any. Particular attention should be paid to make sure that the tool functionality matches 
the way users might work in real life. 

The study includes two groups of participants. Group 1 will use the tool to record a story. 
Group 2 will use the tool to reconstruct the stories created by Group 1. By having two 
groups of participants we can test different types of activities users could perform with 
the help of this tool. 

The Principles 

Below is the summary of our framework that we would like to test in this user study. 

Recording information: 

• 1. People do not invest time in the activities for which perceived immediate 
benefit does not exceed perceived immediate cost. People do not use tools 
that are not immediately to hand. They also try to avoid tools that require a 
learning curve to start using them. (Minimal commitment). 

• 2. People do not like to switch between tasks or to drop out of “flow” to 
perform a task. 

• 3. There is no single point of record of history. Usually different fragments of 
history are stored in different places, which adds to clutter. There is no 
complete record of history. Tight deadlines and rushed processes discourage 
thorough record keeping. 

• 4. People like to construct their own collaborative structures and meanings to 
organize their work. 

• 5. Agreement is important for collaboration and decision making. People work 
on reaching agreements all the time. People often record agreements. 

Representing information: 

• 1. People have hard time dealing with clutter. 
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• 2. Reminders are important. Given a cue to an event or decision, people may 
recall much of the memory directly or may be able to locate external records. 
Reminders themselves may thus be as or more important to record than 
records of history. Particularly in the rushed, “sloppy” collaboration process, 
we may rely on the (perhaps incomplete) actual record, as long as we can find 
or recall the parts we want. 

• 3. Remembering just enough is important. People try to record summaries in 
the form of notes, minutes, action items etc., because they trigger memory. 

• 4. Privacy is important: people need to keep their private records. They are 
important for recalling the memory. 

• 5. All the information should be represented in context. 

Questions about principles that need to be answered during the study 

Minimal Commitment 

• What do users think about the drag-and-drop interface? Does it really provide 
minimal commitment to record information and to interact with the system? 

• How hard it was to start using the tool? How much effort it required to 
understand how the tool worked? 

Switch of attention 

• Does it make sense to have all the information shown in the same window? Is 
it helpful for users to see all the information together and drag it without 
needing to switch between views or tools? 

Multiple sources of record 

• Would this tool help to collect information from multiple sources and reduce 
the load on users in locating the records and organizing information? 

No complete record 

• Would the tool help restore missing records? 

• Would the tool be useful even when the record is incomplete? 

Building own structures 

• Does the tool allow to organize information  the way users want? Does it 
restrict users in building the record their own way? 

Agreement 
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• Would the tool support reaching/recording agreements in case of collaborative 
use? 

Clutter 

• Does the tool/ collection structure help users deal with clutter? 

• Are visualizations helpful for dealing with clutter? 

Reminders and remembering just enough 

• Can collections/ collection items serve as reminders? 

• Does the tool help users to remember enough to be able to meaningfully 
present/tell the story? 

Privacy 

• We are not looking at privacy issues in this test. 

Context 

• Does the tool help users to capture context of information? 

• Does the tool support users in reconstructing the context of information? 

Visualizations 

• Are visualizations helpful for reconstruction of past records/ context/ key 
decisions? 

• Do visualizations help deal with clutter? 

• What else are visualizations useful for? 

Tool Presentation 

Before starting the experiment, the tool and its main funcions should be presented to 
participants. 

What the tool is for: 

The system is to support remembering and reconstruction of the information. It allows 
you to collect the information you want to remember and refer to it at a later time. It also 
visualizes the information. 

What is in this tool. 

This is the prototype, not the real system. There is fake data stored in this tool. In this 
case it is the data related to the sailing team “Alinghi” and the way they won the 
America’s cup sailing competition. The data is in text format and is of three types: 
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emails, meetings and documents. Apart from the data itself, there is fake metadata for 
each data item, including date, people, tags and rank. The rank represents the 
importance of this or that document and rages from 1 to 5, 1 being least important and 5 
being most important.  

The structure of the tool. 

Left panel: navigation. Central panel: the world – the data. Search box. Importance 
slider. Right panel: collector.  

What is in the collection pane. 

The information there is presented in the form of collections. If you are exploring 
something in “the world”, you can save parts of that information to the Collector. Here 
are the main functions. Demonstrate functions of the collector: New Collection, Rename 
Collection, List collections, Drag-and-drop, Date and time, Reorder, Order by date, 
Reload, Edit collector item name, Delete collection item, Replay. 

What is in the Query Form.   

Point that the visualizations are shown based on the information saved in the collector, 
not in the world. Show examples. Show how the dates are entered. Show how AND and 
OR work. 

Ask users if they have any questions. Give users some time to try out the system. 

Group 1 Study Description 

• Ask participants to create a story from the documents provided using collector 
interface. Guide users to pay attention to certain aspects when creating a 
story. For example, instruct the users to create a story in a way that they can 
later use to tell it back to others. Also, instruct them to create a story in a way 
that other people at a later point can read it and understand what it was about. 
Ask users to pay attention to specific information in the story: e.g., decisions 
made, team principles, problems they were facing (e.g., black heart campaign) 
etc.  

• Use think aloud protocol. Ask them to explain what they are doing while they 
are doing it. 

• Since the “world” items are ordered by the date they were saved, not by the 
actual chronology of the story, the user will need to reorder those items in the 
collector in order to make a continuous story. 

Group 1 Scenario 

Imagine you are working in a group and you get a new assignment: to make a report 
about a sailing team “Alinghi”. In order to do that, you can use our tool to help you. You 
need to present the story to the group as well as to make it available in the written form, 
so that later other group members who haven’t been at your presentation, could access 
it and learn about it without having to read all the documents (basically you need to 
make and easy-to read and easy-to understand summary of that story). In order to 
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create that story, you have to go through all the information that is presented in the tool, 
and extract the most important information, so that others do not have to read all that 
text again. 

The data that you have is multiple documents that are united by a common topic and 
sorted by the date they were posted. The data consists of documents (e.g., newspaper 
articles), emails that the group exchanged and some meetings that the group was 
involved in. Please keep in mind that the record is incomplete and that you will have to 
construct one story (report) out of these multiple documents. 

What the team particularly wants you to focus on is the key decisions that team Alinghi 
was making and the principles they were following that helped them to become a winner. 
They also want you to highlight the problems they were facing. 

Use Collector window to collect data and to post your comments. This is the source you 
will be using to tell the story, so put everything that you want to remember into that 
window. Also keep in mind that everything you put in the collector should be readable 
and should be easily understood by other group members who will not hear you 
presenting. 

Interview Questions for Group 1 

• How hard/easy was to learn about the tool? 

• If you didn’t have this tool and had to create and share the story written in 
these documents with others, what kinds of tools would you use? How would 
you use those tools? E.g., someone at some later point tries to understand 
this story based on your records: how would you record it? 

• Was it easy to record information with the tool? How hard/easy it was to 
organize the information? 

• Was the collector interface useful to remember what you have recorded when 
you were telling back the story?  

• How hard/easy was to look for/find information with the help of visualizations? 

• Were there any points in the process at which the tool “got in the way” or 
made your task more difficult? 

• Would you use such a tool for your own work?  

• What would you change in the interface/functions that would help you to 
perform the tasks you just performed more easily/ faster? What would make 
your experience more enjoyable? 

• What purposes do you think this tool could be used for, if any? 
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Group 2 Study Description 

Group 2 Scenario  

Imagine you are working in a group and get a new assignment. Someone who left the 
group (Patrick) before you joined, has been working on a project called “Team Alinghi” 
that was focusing on a success story of a sailing team Alinghi. Patrick was studying the 
archive  documentation that was related to that sailing team (e.g., newspaper articles, 
emails they exchanged, meetings they were in etc.). All that documentation is presented 
in this system. Keep in mind that all of the archives could not be found, and some of the 
records are missing. Based on the documentation that Patrick found, he made a report 
about Team Alinghi success story. Now other group members want to know what that 
story was about, and they want you to investigate what Patrick found and to present that 
story to the whole group. They also want to get answers to some specific questions 
about that group. 

What you need to do is to read the collection created by Patrick and to try to understand 
what the story is about. You can also read the original documents. Your time is limited, 
so you will not have enough time to read all of them, but just some of them, so try to 
focus on the most important ones. Each of the records that Patrick created refers to the 
related original document, so it makes sense to read those documents first before going 
to other ones, as these ones are likely to be more important. Pay attention to Patrick’s 
comments as well. When preparing to present the story to the group, pay specific 
attention to key decisions and principles Team Alinghi was following as well as to the 
problems the team was facing. 

When answering specific questions the group is asking you about, use visualizations: 
they can help you to get more high-level information about most important people and 
documents as well as to track connections between data. 

Interview Questions for Group 2 

• Does this tool match the way you would work? 

• How would you try to reconstruct this story if you didn’t have this tool? 

• How hard was to learn about the tool? 

• How hard it was to answer the questions of this study? 

• How hard it was to access the context of the information provided in the 
collector interface? What was helpful in doing this, if anything? 

• Was the collector interface useful? If yes, why? 

• Did the collector interface help you to understand the story? Were there any 
features in the tool that were particularly helpful and why? 

• Did the collector interface help you to search and find information about the 
story? 

• Were the visualizations useful? If yes, for what purposes? 
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• How hard it was to look for/find information with the help of visualizations? 

• Are there any other visualization types that you would prefer seeing in this 
system? If so, why? 

• Were there any points in the process at which the tool “got in the way” or 
made performing the tasks more difficult? 

• What would you change in the interface/functions that would help you to 
perform the tasks you just performed more easily/ faster? What would make 
your experience more enjoyable? 

• What purposes do you think this tool could be used for, if any? 

Group 1 Exercises 

• Create a new collection and name it.  

• Add 2 or 3 elements from the main window to the collection by selecting some 
parts of the text.  

• List all Messages, click on some of them, add 2 or 3 random to the collection. 
Do the same with meetings and documents.  

• Post comments to some elements of the collection and save them. Then try to 
edit or delete comments. Post some stand-alone comments as well. 

• Now try to reorder elements in the collector. Return to the original order. 
Delete a couple of elements. Access some of the collection items from the 
collector.  

• Find all the people in this collection. Find all the emails and documents in this 
collection. 

Tasks for Group 1 

When telling the story, please answer the following questions. Use Query Form and 
Visualizations to help you analyze the data. 

• Who are the main characters of the story? Who are the most important people 
in this story? Who made the most important decisions in the story? Answer 
those questions based on what you read. Then find answers to the same 
questions with the help of Query Form and visualizations. Compare your 
answers.  

• What are some of the most important decisions that the team has taken? 

• Find most highly ranked collection items. Do they represent the important 
parts of the story? 

• What happened at the Louis Vuitton Cup? What happened at the America’s 
Cup? 
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• Please tell what happened between February 1, 2003 and March 31, 2003 
(use the Query Form).  

• Find all the meetings where the three most highly ranked people of this 
collection were mentioned together. What were these meetings about? Were 
they important? 

• What is “Black Heart Campaign”? When did it start and why? How did it affect 
the team? Find the information related to Black Heart Campaign in your 
collection.  

• Find all the people who were mentioned together with either Ernesto Bertarelli 
or Jochen Schuemann in your collection. Name the people who were 
mentioned most frequently. 

Tasks for Group 2 

When telling the story, please answer the following questions. Use Query Form and 
Visualizations to help you analyze the data. 

• Before reading through the collection, can you tell what are the important 
topics of the story just by looking at the visualization of all items in the 
collection? 

• Please name some of the most important decisions that the team was taking. 

• What were the principles the team was following that helped them win 
competitions? 

• What happened at the Louis Vuitton Cup? What happened at the America’s 
Cup? 

• Who are the main characters of the story? Who are the most important people 
in this story? Who made the most important decisions in the story? Answer 
those questions based on what you read. Then find answers to the same 
questions with the help of Query Form and visualizations. Compare your 
answers.  

• Find all the meetings where the three most highly ranked people of this 
collection were mentioned together. What were these meetings about? Were 
they important? 

• Please tell what happened between February 1, 2003 and March 31, 2003.  

• What is “Black Heart Campaign”? When did it start and why? How did it affect 
the team? Find the information related to Black Heart Campaign using the 
Query Form.  

• Find all the people who were mentioned together with either Ernesto Bertarelli 
or Jochen Schuemann. Name the people who were mentioned most 
frequently. 
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Appendix D.  
 
Story Reconstruction Analysis by Group 

Group 1 

Table D1. Group 1 Story Analysis 

Key events/decisions mentioned by participants 

P01_1 (creator) P01_2 P02 P03 

People, team 
composition, 
teambuilding 

Mentioned Mentioned in detail 

 

Mentioned about people 
and team. 

Training Mentioned Mentioned. Mentioned. 

Afterguard Mentioned Not mentioned explicitly. Not mentioned explicitly. 

Principles: trust, 
freedom, technology 

Mentioned Mentioned. (found using 
the query form) 

Mentioned they didn’t 
have conflicts. 

Team discipline Mentioned Not mentioned explicitly. Mentioned 

Leadership style (flat 
structure, everyone takes 
part in decision-making) 

Mentioned Mentioned. 

 

Mentioned 

Internal competition Mentioned Principle of best at each 
position (found using the 

query form). 

Mentioned (best at each 
position). 

Not mentioned explicitly Not mentioned Law of openness. Flipside 
is “no babysitting”. 

Mentioned 

Obstacle: broken mast Mentioned Not mentioned Mentioned 

Obstacle: black heart 
campaign 

Mentioned Not mentioned in the main 
time. Talked about it only 

after the question was 
asked. 

Not mentioned. Talked 
only after the question 

was asked. 

Boat design – testing on 
the water vs. designing 
just on the computer or 

spending time inside 

Mentioned Mentioned. Mentioned 

Louis Vuitton Cup 
(round robins, semifinals, 

finals) – described in 
some detail 

Mentioned Did not describe in detail Mentioned (round robins, 
semifinals) 

America’s Cup 
(describes in some detail) 

Mentioned Did not describe in detail Mentioned (without race 
details) 
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Group 1 Comments: 

P02: 

When P02 was telling the story, he emphasized a lot team decisions and principles that 
they were following. This was indeed what the most emphasis was put on in P01’s story. 
However, he did not talk about any of the obstacles. For example, he did not find 
important the issue with Alinghi’s boat broken mast and he did not talk about Black Heart 
campaign before he was specifically asked about that. He also did not talk about any of 
the events – the competitions themselves. As a conclusion, P02 could grasp the main 
idea and the main emphasis of the P01’s story (in some aspects, he described key 
decisions and principles in even more detail than P01 ), but he did not pay much 
attention to the events themselves and to the obstacles. 

P03: 

P03 was good at reconstructing the story. He mentioned all the key events, decisions as 
well as described in detail the team principles emphasized in P01’s collection. He also 
stated some details about LVC and America’s Cup. In general, he was very close to 
what P01 meant in his collection. In his description he missed the importance of the 
afterguard and the Black heart campaign. 

Summary: 

Both participants were able to reconstruct main ideas of P01’s story. They both were 
correct that P01 put a big emphasis on how the team worked together, their team 
philosophy and the principles they were following. However, while getting into too main 
details about the team philosophy, P02 missed the key events – the competitions 
themselves and did not mention them in his story. P03 was quite good in describing the 
competition. Consequently, P02 missed an important fact of a broken mast in the 
competition, that was emphasized by P01. P03 identified that obstacle and talked about 
it. Both participants also missed such an important obstacle as “black heart campaign”, 
but they both could find it after they were asked that question specifically. Also, P01 
emphasized the role of the afterguard in winning competition, however, both P03 and 
P02 did not pay attention to that fact. 

The stories of both participants were similar, and the facts that they missed from the 
story were also similar. From this we can imply that the way the collection was made by 
P01 was defining how the participants would understand that story. The collection gave 
participants the directions in which they needed to look for further information, and by 
most part they were able to understand the ideas that P01 wanted to transfer to them, 
and in some cases they could even exceed P01’s understanding of the story and to 
provide even more details on this or that decision. 

This means that collection played the role in participants’ understanding of the story. A 
differently made collection could generate a totally different stories. 

This story is the one that focuses mostly on team philosophy and team guiding 
principles. Its main idea is that the right principles of team organization, leadership and 
internal relationships were the key to winning the two Cups. 
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Group 2 

Table D2. Group 2 Story Analysis 

Key events/decisions mentioned by participants 

P08_1 P08_2 P09 P10 

Russell Coutts Mentioned Mentioned Mentioned 

Jochen Schuemann Mentioned Mentioned Mentioned 

Ernesto Bertarelli Mentioned Mentioned Mentioned 

Rolf Vrolijk Mentioned Mentioned Mentioned 

Recruitment Mentioned Mentioned with many 
details 

Mentioned 

Philosophy – collaborate, 
listen to others, open to 

participants 

Mentioned Mentioned Mentioned 

Not mentioned explicitly, 
but saved in the collections 

Not mentioned 
explicitly 

Leadership – 
forgiveness, trust, 

freedom to act. 
Management style 

Mentioned 

Other teams lacking in 
design and having 

conflicts. A. didn’t have 
conflicts 

Mentioned Mentioned about 
conflicts. Not mentioned 

the boat design 

Not mentioned 

Not mentioned explicitly Training Mentioned Mentioned without 
details 

Not mentioned Not mentioned Internal Selection 
Process 

Not mentioned 

Not mentioned Not mentioned Not mentioned Team Name 

Louis Vuitton Cup (with 
some details) 

Mentioned with some 
details 

Mentioned Mentioned 

America’s Cup (won) Mentioned Mentioned with some 
details 

Mentioned 

Black Heart Campaign 
(found by chance from the 

visualizations) 

Remembered and 
found using the Query 
Form and the Timeline 

Not in the collections. 
Mentioned after the 
question was asked 

Mentioned after the 
question was asked 

 

Group 2 Comments: 

P09: 

P09 in general could reconstruct the story of P08 and could correctly identify the focus of 
the story: Recruitment, key people, team philosophy as well as the 2 key races – LVC 
and America’s Cup. P09 also went into more details than P08 did in some of the 
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aspects. For example, P09 emphasized more the leadership style and internal selection 
process, while P08 missed those details in her story. P09 only missed one aspect 
mentioned by P08 – the boat design that gave the team the competitive advantage. All 
the rest was reconstructed correctly, without shifting the focus of P08’s story to anything 
else. P09 gave many good details and her story was very well structured and backed up 
with important details. 

P10: 

Collection names did not make sense for P10 – maybe because there was no hierarchy 
there. The story of P10 was told with less detail than the one of P09 and P08. But the 
focus of the story itself was not shifted: team philosophy, key people, recruitment and 
the 2 Cups. P10 missed some details about team conflicts and boat design issues, but 
P08 in the original story also mentioned them very briefly. 

Summary: 

Both P09 and P10 could reconstruct the focus of P08’s story correctly. When telling the 
story P09 was more thorough and mentioned more details, but irrespective of that, both 
participants did not miss the main idea of the story. 

The focus of the Group 2 story was different from the one in Group 1: participants within 
the group were closer in their stories than between the groups. This means that the 
meaning that the person who created the collection, has put in that collection was 
preserved by the participants reconstructing that collection. 

In this particular group P08 created several collections instead of one. That’s why in this 
group there was an issue of dealing with several collections: possibilities of creating 
collection hierarchy, search across multiple collections, comparing multiple collections 
and semantic zoom. 

This collection was built mostly around the key people, and the story was told in relation 
to those people by all three participants. 
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Group 3 

Table D3. Group 3 Story Analysis 

Key events/decisions mentioned by participants 

P05_1 P05_2 P14 P13 

Hiring strategies (briefly 
mentioned key 
participants) 

Mentioned Mentioned Mentioned 

Values and internal 
policies, common goals 

Mentioned Mentioned Mentioned 

Team philosophy Mentioned Mentioned Mentioned 

Way of dealing with 
problems 

Mentioned Not mentioned Mentioned 

Louis Vuitton Cup 
(described the key races) 

Mentioned Mentioned Mentioned 

Well-designed yacht Mentioned Not mentioned Mentioned 

Focusing on practice on 
the water 

Mentioned Not mentioned Mentioned 

America’s Cup (key races 
mentioned) 

Mentioned Mentioned Mentioned 

Black heart campaign 
(described in detail) 

Mentioned Mentioned Mentioned 

 

Group 3 Comments: 

P05: 

P05 was very good at remembering the story she created. She mentioned all the key 
decisions and events that she was mentioning during the recording session. To talk 
about the story P05 used her paper notes: a mindmap of key people, key events and 
their connections. P05 mentioned that the mindmap triggered her memory and helped 
her to reconstruct all the details so well. 

This story was the most balanced in terms of the plot. It captured well and provided 
sufficient (but not too much) detail about all the key aspects of the story: the races, the 
recruitment process, the training sessions, boat design and team values 

Summary: 

Even though P05 stated that the her collection would not be very useful for others to 
understand the story, both participants of the reconstruction group were able to 
understand the story, to mention key points of the story as well as to keep the focus of 
P05’s story. P14 was less detailed in telling his story and missed some of the facts 
mentioned by P05 (e.g., yacht design and ways of approaching the story). P13 
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mentioned more details than P14 and was able to mention all the focus points of P05’s 
story. In general, both participants were successful at reconstructing P05’s story and 
keeping its focus on the same key points that were meant by P05. 

Group 4 

Table D4. Group 4 Story Analysis 

Key events/decisions mentioned by participants 

P06_1 P06_2 P11 P12 

Team composition - 
people 

Mentioned (hiring 
strategies) 

Mentioned Mentioned 

Training and discipline Mentioned Mentioned Mentioned 

Afterguard Mentioned Not mentioned explicitly Mentioned 

Principles: trust, 
freedom, technology 

Mentioned Mentioned Not mentioned explicitly 

LVC rules description Mentioned Not mentioned Not mentioned 

LVC round robins Mentioned Mentioned Mentioned 

LVC broken mast issue Mentioned Not mentioned Not mentioned 

LVC finals (races 
description) 

Mentioned Mentioned Mentioned (in less 
detail) 

Good yacht design Mentioned Mentioned Mentioned (only after 
question was asked) 

America’s Cup race 1 
(water in NZ yacht) 

Mentioned Mentioned Mentioned 

America’s Cup race 2 
(better breeze, afterguard’s 

decision) 

Mentioned (tactical 
skills) 

Mentioned Mentioned 

America’s Cup race 3 
(weather team advice) 

Mentioned Mentioned Mentioned 

America’s Cup race 4 
(water in NZ boat) 

Mentioned Mentioned Mentioned 

America’s Cup race 5 (NZ 
sailing with a reserve rig) 

Mentioned Mentioned Mentioned 

Organizing 2007 race Mentioned Mentioned Not mentioned 

 

Group 4 Comments: 

P06: 

Even though P06 mentioned the importance of people, team training and principles for 
winning the competitions, his story was mostly focused on the races and the decisions 
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team Alinghi was taking during those races. He described almost every of the races in 
detail and put that information into his collection. During the reconstruction session, P06 
was able to restore most of the details (since he had them in the collection). The only 
part he did not mention explicitly was the rules of the Louis Vuitton Cup. 

P11 and P12: 

Both P11’s and P12’s  stories were similar to the story of P06. They were very focused 
on the competitions: the Louis Vuitton Cup and the America’s Cup. Both participants 
also stated the importance of hiring the right people, but P11 did not mention the 
importance of the afterguard’s decisions that was specified in P06’s story. In general, 
P11’s story had more details than P12’s story, but both stories could correctly interpret 
what was meant in the collection of PP 10. Also the details from P06’s story that were 
not mentioned by P11 and P12, were the same in both participants in many cases. This 
means that P06’s collection was built in such a way that did not allow people who 
reconstructed the story to notice those details. This means that the way a collection is 
built is very important for its further reconstruction by others. 

This collection was built around competitions: Louis Vuitton Cup and America’s Cup. The 
collection focused on every race of the competitions. Other aspects were also reported 
briefly. The participants reconstructing the story kept its focus on the competitions and 
races as well. 
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Appendix E.  
 
Comparisons of the VH Prototype to Other Systems 

Contextual Search: YouPivot 

YouPivot is a contextual history based search tool that supports users in their search for 
information by providing contextual cues that trigger human memory (Hailpern et al., 
2011). The tool provides access to user’s digital history and can show all the data that 
was active at a specific point of time (see Chapter 3 for tool description). This way the 
tool can facilitate the search of items (digital activity or physical location) that are not 
necessarily semantically related. For example, if a user is looking for a specific 
information, s/he could be able to find it just by remembering parts of the context of that 
information (e.g., approximate time of accessing it, items that were open or events that 
were happening at the same time when that information was accessed etc). For this kind 
of search a user does not have to remember keywords related to an item or any 
metadata. 

The tool provides search functionality, interactive visualizations of user activities 
(timeline, stream graph), key terms extracted from the pages and a TimeMarks feature 
that allows user to mark a moment in time as being important to easily refer to it in the 
future. Thus YouPivot provides a user with a variety of ways of searching for information 
and leveraging contextual cues. The tool’s goal is to enhance recall and recovery of 
information by leveraging human memory. 

There are many similarities and also significant differences between YouPivot and the 
VH Prototype. 

YouPivot is built around the general principle that contextual cues support human 
memory. It is also based on the property of human memory to remember items in the 
environment that are related to a specific search item without remembering that item 
itself, and then to follow the train of associations to restore that item. Our tool takes this 
principle into consideration, but integrates it within the broader range of issues. The most 
important difference is that the VH Prototype allows users to build their own history 
instead of saving all the history automatically. This significantly reduces the amount of 
items that a user will look for, and therefore will reduce the clutter: only the items that a 
user considers important will be stored within the tool. This means that some of the 
important records may be missing, but this issue could be addressed by using the same 
principle: the missing records could be found by reconstructing the context of the 
existing records. 

Instead of automatically saving all the history from a person’s computer (or another 
digital device) as YouPivot does, the VH Prototype invites user to select only the most 
important parts and save them for future use. The system will remember the context only 
for those parts. The action of marking important information still requires some effort: all 
the user needs to do is to select necessary parts and drag them into the collection 
selected. All the rest – capturing metadata and context - is done by the system. 
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One of the similarities between the tools is that both tools collect information from 
multiple sources without interrupting user activities. Both tools provide visualizations to 
facilitate search and exploration as well. 

However, while YouPivot organizes information by time, the VH Prototype provides 
multiple ways of structuring information depending on user goals and needs. Even 
though time is still the most important dimension, as mentioned earlier, the data can be 
structured in several ways: by the time it was added to the collection, by the custom 
order the user creates or by the time it was last edited (the current version of the system 
uses only first two options). Further, the VH Prototype provides ways for visualizing 
information that are not only time based. For example, “parallel coordinates” 
visualization shows relationships among data and degrees of those relationships. The 
bar chart shows information by rank, while the timeline shows the time sequence of 
events. 

Another significant difference between the tools also comes from the fact that YouPivot 
records everything available while our tool records only what the user chooses to record. 
YouPivot is not structured in any other way than by time, while the VH Prototype is 
based on Collections. Each collection represents a project or a task, or any other 
collection of artefacts that have some logic behind placing them under one collection 
name. This makes me hypothesize that YouPivot is good for retrieving records that were 
placed a relatively short time ago, as over time the associations between different items 
open at the same time will blur. As our tool is collection-based, it does not rely solely on 
associative memory: no matter how much time will pass after a collection is created, the 
items, their sequence, the logic of their placement into the collection, the comments, 
discussions and annotations as well as the provenance information will still be there. 
This way, each collection can be used irrespective of whether it triggers associative 
memory or not. 

Note-taking: Evernote 

Evernote is a note-taking and memory keeping system that allows users to take digital 
notes, organize them and synchronize across multiple devices (see Chapter 3 for tool 
description).  

One of the main differences between our Visual Histories tool and Evernote is the 
aspects on which they focus. While Evernote is more concerned with collecting full 
records, VH prototype is more concerned with referring to the necessary information and 
keeping summaries of information. This means that most of the information collected 
with Evernote could be found in Evernote notebooks, while the information collected by 
VH prototype could just refer users to the information in the world. The VH prototype is 
designed to remind users of the information collected, and to provide summarized 
information that could be later investigated in more detail. The tool is not supposed to 
store large amounts of data: rather it stores the key ideas and decisions that could be 
referred to if necessary. 

Another difference between the two tools is that the VH prototype is focused on 
supporting analysis and decision reconstruction, while Evernote is not that focused on 
analyzing the information in the record. For this reason, the VH prototype has tools that 
support detailed search and analysis of information. These tools are based on the real 
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needs of the professionals and include the Query Form that allows extended search of 
information, and visualizations that are based on user queries. These features support 
finding the specific information that users need at the moment as well as dealing with 
large amounts of records, analyzing data, finding patterns or making predictions. 

Another difference is in the way information is organized in the two systems. The VH 
prototype uses the collection as a basic unit for storing information. In Evernote the 
information is built around a hierarchy of notebooks and notes, and makes it similar to 
storing information on the computer. In the VH prototype the information is built around 
time, and this makes each collection represent a story. 

In Evernote, each note that is saved is perceived as a stand-alone item as it is saved 
into a separate document, while in the VH prototype, each collection item is perceived as 
part of the collection or as a part of a bigger story. 

We believe that the concept of storytelling makes it easier to make sense of information 
and to establish the connections between causes and effects of actions and decisions. 

Another difference between the two systems is that the sequence of the notes in 
Evernote cannot be manually reordered: there are only pre-set ways to order notes (e.g., 
by name, time created or time updated) which can restrict users in building their own 
structures of notes. In the VH prototype time is one of the key parameters the tool is built 
around and the ordering of the items in each collection is essential for constructing a 
meaningful story, while in Evernote there is no other meaning to a note than being at a 
certain level of the note and notebook hierarchy. 
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Appendix F.  
 
Code Frequencies Tables 

Open Code Data 

Table F1. Open Code Frequencies Table for Two Coders 
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Principles Codes Data 

Table F2. Design Principles Code Frequencies Table for Two Coders 
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Appendix G.  
 
Visualizations of Coded Transcripts 

Circle Visualization of All Codes for All Transcripts 
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Gantt Bar Visualizations of Popular Codes By Transcript 
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