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Abstract 

Students working on engineering design project teams face many challenges including 

information management. The students collaborate among themselves, share design 

knowledge, and negotiate with each other, faculty members and the client, in order to 

create engineered artifacts. This process often involves reuse of prior knowledge and the 

creation of new knowledge within the context of the problem. Although some of the work 

is done individually, a major portion is accomplished through team interactions, either in 

meetings with the project team or with subsets of the team. Students communicate in 

face-to-face meetings, on the phone, via email, in chat sessions and with text messages; 

and they exchange text, images, web links, equations, and technical drawings. However, 

as the project proceeds, locating the right piece of information from the multiple sources 

becomes an increasingly difficult task. Prior studies have shown that students often have 

different perceptions of the project and their contribution in it (Laurillard 1979). 

Externalizing the shared vision as the project evolves can have advantages for the 

students.  

Since most of the knowledge creation by students occurs without the instructor present, 

students often deviate from the project’s stated objective. Instructors intend to assess 

student learning outcomes, but have more ready access to product outcomes. Given this 

constraint, the final grade is often based on the quality of the product and on the self-

reported functioning of the team. Even in cases where the evidence of student 

collaboration process is accessible through discussion forums and e-mail threads, 

making sense of this data is difficult due to a lack of practical, analytical tools to 

aggregate the information.  
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The first research question of this thesis addresses the problem of information 

management in engineering design projects. The students’ design deliberations, as 

externalized in their discussion threads and through the documents they create or 

reference, can be visualized by mining the textual evidence they produce as natural part 

of their collaboration process. By using computational linguistic techniques and machine 

learning, all the documents and student discussion threads are aggregated, and a 

sample concept-map based graphical representation is created that can be used to 

navigate the project corpus. This approach is referred to as DesignWebs. DesignWebs 

can be viewed as an assemblage of related noun phrases reveal the current state of the 

project and the underlying structure of the design.  DesignWebs assist as navigation aids 

in contextualizing and viewing project archives by structuring the design information as 

graphs of related entities. 

The second research question presents noun phrases as a surrogate measure for design 

team dynamics. This question builds on prior research about using noun phrases as 

objective measure for measuring design team performance (Mabogunje 1997), and uses 

them for exploring how the design vocabulary of student teams expands and contracts 

during a design project. The expansion and contraction reflect the students brainstorming 

about different design alternatives for the project and finalizing certain design solutions 

respectively. This question also shows that tracking the noun phrases as they are 

introduced by one team and shared across team boundaries can reveal insights about 

whether the teams are successfully collaborating. Tracking the design vocabulary over 

time shows how the design vocabulary related to a team’s assigned tasks keeps on 

getting refined as the project progresses, reflecting the domain expertise gained by the 
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team. The shared vocabulary between teams also mirrors the project’s work-flow, as it is 

represented in the artifact’s system architecture diagram. Finally this question shows how 

instructors can see the changes in a team’s design knowledge by monitoring its 

DesignWebs, as they are created at different milestones during the project. 

The third research question presents DesignWebs as a research framework that 

facilitates the validation of prior research findings about the functioning and assessment 

of design project teams by obviating the tedious data pre-processing steps. Three 

diverse research studies are examined to demonstrate the wide applicability of 

DesignWebs as a platform: the first examines whether using the semantic coherence of 

student communications in team-based project courses can act as an indicator of the 

progress of the design process (Song et al. 2003); the second examines whether 

applying metrics on the “communication artifacts” generated by computer supported 

collaborative tools can provide insights into the design process that created them (Dutoit 

1996); the third explores various individual and group work processes that when made 

more explicit to instructors can assist them in carrying out the assessment processes 

(Gweon 2008). 

This research contributes to supporting engineering design student projects by 

presenting a framework that organizes and evaluates a variety of potential metrics and 

design assessment measures based on the text products in a given project corpus. It 

also presents an interface that summarizes the team’s online communications and 

documentation to track the emergence of the shared solution and extent of team 

collaboration, using noun phrases as a surrogate measure. Finally, this research 

presents a research test bed that brings together a number of research hypotheses 
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related to collaborative design projects by demonstrating that they can complement the 

instructors’ understanding of how teams are working. 
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Chapter 1: Introduction 

 

Educators and administrators believe that design project-based learning has 

great value for engineering students, especially in courses where students work 

in teams on real-world problems for industry sponsors (Dutson et al. 1997; 

Adams et al. 2003). These courses are usually situated in engineering curricula 

as capstone design courses that offer students the opportunity to integrate and 

apply the knowledge they have acquired in more theoretical courses. Students 

can learn not just about design in the real world, but also a variety of techniques 

to accomplish their goals. These techniques may be formal, informal, ad hoc, 

experimental, verbal, qualitative, quantitative, precise, or approximate. 

Students in project-based engineering design courses apply the theoretical 

concepts learned in classroom to real-world problems. This process is complex as 

the students usually face difficulties in constructing their own knowledge, have no 

prior experience working as engineers within a team, and become overwhelmed 

with the problem of information management as the project progresses. Instructors 

teaching these design courses are interested in helping the students and 

preventing them from floundering out of view of the instructor (Rosé et al. 2007).  

The problem of monitoring and supporting student learning in project courses is 

complicated since learning is self-directed and often conducted on an as-needed 

basis throughout the process. Students are not all learning the same things on the 

same time schedule, which makes the assessment of student learning outcomes, 

rather than design product (artifact) outcomes, a challenge for instructors. The 
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final grade is often based on the quality of the product and on the self-reported 

functioning of the team, which often motivates students to hide problems from the 

instructor to achieve a better grade. This has the potential of ultimately resulting in 

poor learning outcomes for many of the students involved (Gweon 2008).  

 

1.1 Design as a social process 

Implicitly or explicitly, most engineering project courses are structured in such a 

way that the learning is mediated by social processes (Lakin et al. 1989; Hill et al. 

2001). Ideally, in project courses, students co-construct the knowledge necessary 

to realize their designs through the processes of proposing, counter-proposing, 

questioning, arguing, agreeing, and dissenting (Dong 2004; Dym et al. 2005, Dym 

1994). Although some of the work is done individually, a major portion is 

accomplished through group interactions, either in meetings with the project team 

or with subsets of the team. Students interact through multiple methods. They 

communicate in face-to-face meetings, on the phone, via email, in chat sessions 

and with text messages; and they exchange text, images, web links, equations, 

and technical drawings. Through this complex set of interactions, in which a group 

creates a shared understanding of the design, ideally each student is exposed to 

the technical content necessary to realize his or her part of the final design, gains 

a deeper understanding of the other disciplines involved, and gains professional 

skills in communication, team work, and project planning.  

The social process of working in a team to arrive at a solution requires students to 

externalize their knowledge, either through their conversations or through the 
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documents they create. Computer-based collaboration tools, and the intermediate 

reports, meeting minutes and multiple versions of reports created in any project 

can make the collaboration process visible to instructors. For a typical engineering 

project course with multiple teams of students working on different aspects of the 

artifact, it becomes increasingly difficult for the instructor to keep up with the large 

volume of team communication and to keep track of what individual students are 

doing. Instructors lack practical, analytical tools with which to monitor and evaluate 

the quality of the collaboration.  

 

1.2 Knowledge Sharing in Team-based Project Courses 

In order for students to be effective in team-based project courses, they need to 

learn to structure the process.  Problems with information management in student 

teams occur on multiple levels including within project group knowledge sharing, 

across project group knowledge sharing, and global information access and 

integration (Dym 1994): 

Within team knowledge sharing: Students working on team-based project 

courses often find it difficult to keep track of the design evolution. Most artifacts 

require knowledge from several different perspectives during their design, often 

across different teams and time-phases (Davies et al. 2006). As documents are 

generated by different team members or sub-teams at different times during a 

project, not everyone is aware of what is in all the documents. Students have 

difficulty in locating the right information among evolving documents (e.g. 

different versions of the final report), or static documents that are referred to 
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frequently (e.g. a key reference or manual) and can lead to wasted efforts. Even 

for teams with well-structured document management systems, finding the piece 

of information can be difficult (Meso et al. 2000). 

Across team knowledge sharing: The information access strategies employed 

by individuals break down when they are faced with unfamiliar information 

created by their peers (Berlin et al. 1993). Teams inheriting document archives 

for previous projects are often faced with the challenge of familiarizing 

themselves with their content. However, under the real-world constraints of time 

and resources in pursuing diverse projects, students (like real-world engineers) 

are overwhelmed by more immediate milestones and devote only a limited 

amount of time to exploring archived projects (Liang et al. 2000). Such situations 

prevent many learning opportunities from occurring which could be productive 

and effective otherwise. If students are provided the flexibility to browse the 

archives through multiple views, the problem of across-team knowledge sharing 

can be better addressed. 

Across time knowledge sharing: Design work is part of a larger on-going, 

community-wide conversation (Mabogunje et al. 2001; Agogino et al. 2006). 

However, students often perceive design as a one-time local event (de Villiers 

1998). With their limited experience and perspective, they may miss important 

connections between their sub-team and the larger team that they are part of 

(Dym et al. 2005; Adams et al. 2003). So knowledge sharing needs to be 

facilitated not only within teams, but also with past and future teams.  



 

Towards a Framework to Support Engineering Design Student Projects 5 

Global information access and integration: Students tend to neglect existing 

authoritative sources of knowledge in favor of creating knowledge from first 

principles (Batra et al. 1997). Effectively identifying and using authoritative 

knowledge sources is a skill students need to learn. As project work progresses, 

the concept each team member has of what the goal is and what is relevant, 

changes. As students collaboratively create documents that record the team 

knowledge building process, they need to be made aware of sources of 

knowledge beyond the borders of their team knowledge. To be useful to the 

students, these sources must clearly relate to specific issues they have in their 

design work. As participants in the process, instructors can raise student 

awareness of existing, relevant knowledge and support the integration of that 

knowledge within their own knowledge building process. 

Communication Metrics: Communication metrics can provide insight into the 

development process for project-based courses (Dutoit 1996). When students 

are working on their contributions to the overall project, the instructors can gain 

insight into their performance by simple communication metrics and patterns. 

Such real-time metrics can be utilized to highlight discrepancies in group 

behavior and alert the instructor to look deeper by utilizing other objective 

measures of design performance in real-time. 

 

1.3 DesignWebs 

This thesis presents a graph-based knowledge management tool (called 

DesignWebs) that can present the knowledge embedded in a design project 
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corpus in the form of a concept-map based graphical representation. The core aim 

of this thesis is to make the structure of an engineered artifact explicit to all the 

designers involved in the design process. Most engineering design artifacts 

require knowledge from different disciplines during their design and concurrently, 

in order to plan and monitor the progress of design completion. Through language 

technologies and machine learning, information from multiple sources of 

information used by students during a design project, including e-mails, discussion 

forums, status reports, different versions of reports, reference materials, and 

documents from prior completed student projects, is captured and presented to 

the students/instructor through a navigable web-based interface.  DesignWebs 

consist of graphs at three levels with concepts as nodes that are connected to 

each other using arcs that reflect the co-occurrence of the concepts. The first level 

shows the main topic clusters in the project corpus, the second level shows the 

major sub-topics within the individual topics, and the third level shows major noun 

phrases within the sub-topics. 

 

1.4 DesignWebs as Repository of Group Knowledge 

Students should be able to manipulate design information required to 

collaboratively carry out the project, by building upon prior knowledge, to enable 

its reuse and improve design performance (Subrahmanian et al. 1997). However, 

unlike the design handbooks used by most professionals, students working on 

team-based projects rarely (if ever) have such established practices. A common 

perception is that such activities do not pay back immediately and students are not 
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motivated to make the efforts to document every design decision and document its 

justification (Fentiman et al. 1995). This necessitates that the design knowledge 

be captured in the background from the day-to-day conversations of the students. 

Such a passive form of knowledge capture allows the student interactions to be 

recorded as they happen, without any observer bias.  

DesignWebs present an approach that mines textual evidence, which students 

produce as natural part of their collaboration process. The evidence can take 

many forms: a) prior information, such as research papers, references and project 

archives that serve as background knowledge for the students; b) process 

information, such as discussion forums, meeting minutes and e-mails exchanged 

between students; and c) product information, such as intermediate reports, 

presentations, final report, equations and diagrams. Having the design product 

and process data readily available to support design decisions can help them 

understand how the artifact is evolving in real-time and present the results in the 

form of webs of the ideas generated by the teams over time. DesignWebs reveal 

the current state of the project and the underlying structure of the artifact through 

an interconnected assemblage of related entities that constitute it.  The 

DesignWebs capture a shared concept maps-based model of the project, as 

reflected by the knowledge students externalize, either through their conversations 

or through the documents they create or reference. DesignWebs aggregate all the 

documents and online discussion threads that students have while designing the 

artifact, process them using machine learning, and build a concept-map based 

graphical representation that can be used to navigate the project corpus.   
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DesignWebs support design learning by allowing students to gain a bird’s eye-

view of the design processes that they engage in, over the course of the artifact 

design. They can also assist as navigation aids in contextualizing and viewing 

project archives by structuring the design information as graphs of related entities. 

In ongoing courses these maps can be generated automatically from the data as it 

is captured. To create these maps, this thesis builds on prior work in artifact 

theory, organizational memory, computer-supported collaborative learning, use of 

concept maps in pedagogy and the advances made in machine learning, 

specifically statistical computational linguistics. DesignWebs will enable the 

instructors to see both how ideas develop and how different team members 

contribute. 

 

1.5 Research Questions 

The research presented in this thesis answers the following research questions: 

1.5.1 Research Question 1 

Can the structure of a design artifact be automatically visualized from the 

group conversation and documents for ongoing and archived project 

corpora? 

The first research question addresses the problem of information management in 

engineering design projects. The students’ design deliberations, as externalized in 

their discussion threads and through the documents they create or reference, can 

be visualized by mining the textual evidence they produce as natural part of their 

collaboration process. By using computational linguistic techniques and machine 
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learning, all the documents and student discussion threads are aggregated, and a 

sample concept-map based graphical representation is created that can be used 

to navigate the project corpus. This approach is referred to as DesignWebs. 

DesignWebs can be viewed as an assemblage of related noun phrases that reveal 

the current state of the project and the underlying structure of the design.  

DesignWebs assist as navigation aids in contextualizing and viewing project 

archives by structuring the design information as graphs of related entities. 

 

1.5.2 Research Question 2 

Can the noun phrases used by students in a design project be used as a 

surrogate measure for assessing design team dynamics? 

1. Can the noun phrase counts in the design vocabulary of student 

design teams at different project milestones be used to assess their 

design process? 

2. Can tracking the noun phrases, as they are introduced into the design 

vocabulary and shared across team boundaries over time, reveal 

insights into design team collaboration? 

The second research question presents noun phrases as a surrogate measure for 

design team dynamics. The first sub- question builds on prior research about 

using noun phrases as objective measure for measuring design team performance 

(Mabogunje 1997), and uses them for exploring how the design vocabulary of 

student teams expands and contracts during a design project. The expansion and 

contraction reflect the students brainstorming about different design alternatives 
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for the project and finalizing certain design solutions respectively. The second sub- 

question shows that tracking the noun phrases as they are introduced by one 

team and shared across team boundaries can reveal insights about whether the 

teams are successfully collaborating. Tracking the design vocabulary over time 

shows how the design vocabulary related to a team’s assigned tasks keeps on 

getting refined as the project progresses, reflecting the domain expertise gained 

by the team. The shared vocabulary between teams also mirrors the project’s 

work-flow, as it is represented in the artifact’s system architecture diagram. Finally 

this question shows how instructors can see the changes in a team’s design 

knowledge by monitoring its DesignWebs, as they are created at different 

milestones during the project. 

 

1.5.3 Research Question 3 

Can DesignWebs be used as a research framework to facilitate the validation 

of prior research findings about the functioning and assessment of design 

project teams? 

The third research question presents DesignWebs as a research framework that 

facilitates the validation of prior research findings about the functioning and 

assessment of design project teams by obviating the tedious data pre-processing 

steps. Three diverse research studies are examined to demonstrate the wide 

applicability of DesignWebs as a platform: the first examines whether using the 

semantic coherence of student communications in team-based project courses 

can act as an indicator of the progress of the design process (Song et al. 2003); 
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the second examines whether applying metrics on the “communication artifacts” 

generated by computer supported collaborative tools can provide insights into the 

design process that created them (Dutoit 1996); the third explores various 

individual and group work processes that when made more explicit to instructors 

can assist them in carrying out the assessment processes (Gweon 2008). 

Note that although these studies are being replicated using the DesignWeb 

framework, the validation process is independent of the original research since the 

results are contextualized by the dataset used for analysis. More details about the 

implementation process are described in Chapter 8. 

 

By answering these research questions, this thesis creates a methodology for 

indexing, segmenting, retrieving and synthesizing information from multiple 

sources in a student engineering design project, and an interface and interaction 

mechanism for integrating and summarizing the team communications to track the 

emergence of the shared solution. Figure 1.1 shows the structure of the research 

questions vis-à-vis the thesis’ problem domain.
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Figure 1.1 Research Questions
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1.6 Thesis Structure 

This section presents the structure of the thesis: 

 Chapters 2 through 5 present the background research literature in areas 

relevant to this thesis and situates it in the research landscape:  

o Chapter 2, ‘Design Learning,’ presents prior work done in design 

learning from organizational learning and pedagogical perspectives, and 

the major design theories that this thesis builds upon;  

o Chapter 3, ‘Computational Linguistics in Design,’ introduces the reasons 

for a computational linguistic approach in this thesis and the relevant 

techniques; 

o Chapter 4, ‘Knowledge Building in Design Teams,’ describes the prior 

efforts to capture knowledge construction process and design rationale 

in organizations, the work done for using language as a metric in 

scientometrics, library sciences and design, and how DesignWebs can 

be viewed as an automated implementation of artifact theories;  

o Chapter 5, ‘Research Testbed: Rapid Prototyping of Computer 

Systems,’ describes the project-based engineering design course 

selected for this study, the rationale for selecting it as the 

experimentation context, the class organization structure and key 

features of the Kiva as a collaboration environment. 

 Chapter 6, ‘DesignWebs,’ deals with an approach to answering the first 

research question about the automatic creation of concept map-based graphs 

from design project corpus (Research Question 1). 
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 Chapter 7, ‘Assessing Design Team Dynamics,’ answers the second research 

question about how design vocabulary can be used as a surrogate for 

assessing design team dynamics (Research Question 2). 

 Chapter 8, ‘Assessing Design Team Performance,’ answers the third research 

question about how the design process and product data can be used to 

extract design performance indicators for a group. It presents the testbed 

aspect of this research to examine, replicate and extend prior work done in 

design learning (Research Question 3). 

 Chapter 9, ‘Summary and Conclusions,’ presents the significant contributions 

of this thesis, major conclusions and the potential future work. 

 

1.7 Summary 

The lack of support infrastructure for student design teams limits the extent to 

which instructors can gain insight into the design process. Such an approach 

puts disproportionate emphasis on the quality of the product and on the self-

reported functioning of the team, instead of the process dynamics of the student 

design teams. This can result in poor learning outcomes for many of the students 

involved and affect the learning outcomes that students gain from project-based 

design courses.  

The chapter has presented the research issues that will be addressed in this 

thesis. The research questions address the issue of student collaboration in 

design teams by assisting in visualizing the collaboration process in real-time. 

They also uncover different aspects of student collaboration in a sample project-
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based design course and provide an integrating framework for past research 

approaches. 
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Chapter 2:  Design Learning 

 

This chapter provides the relevant background about design learning that is 

necessary for providing the context of this research. It discusses the challenges 

involved in teaching students effective design learning, the major theories of 

design, and the characteristics of organizational and collaborative learning. The 

chapter also describes how DesignWebs can automatically create artifact theories 

(Reddy 1996).  

 

2.1 Introduction  

Learning through design engages the student in the process of discovery and 

active exploration. Designers access a variety of sources of information to 

formulate their understanding of the problem context, build upon their past 

knowledge and create new knowledge in the process. The sources of information 

for the designers can range from external research references, standard operating 

procedures, client specifications, discussion forums, e-mails, project reports, and 

memos to project archives from previously completed projects. Engineering design 

projects are often characterized by extensive documentation at the planning, 

structuring, prototyping and implementation stages of the project. The effective 

sharing, understanding and dissemination of design information, which is 

referenced, created, consumed, transformed and updated many times by 
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designers during the life-cycle of a design artifact, is vital for effective design 

(Campbell et al. 2007).  

Pedagogical studies have identified the general educational elements of design 

necessary for a student’s better understanding of real-world constraints imposed 

on the designers. The educational elements of design include: problem-definition 

and solving, knowledge sharing and creation, judgment and decision making, and 

team work. Problem definition and solving can be viewed as activities that involve 

recognizing social or individual needs and using systematic methods to arrive at 

solutions that meet these needs efficiently and ethically. Problem formulation must 

become a larger part of students’ expertise. Students need to learn to establish 

the conflicting goals for a design and plan how they will evaluate the extent to 

which their design meets each of the goals they pose. Knowledge sharing can be 

constituted of “a series of conversational contributions (utterances) and actions 

(e.g. on a shared workspace) that begins when one group member introduces new 

knowledge into the group conversation, and ends when discussion of the new 

knowledge ceases” (Soller et al. 2002). Knowledge creation can be composed of 

instances where the group members work in tandem to build upon their knowledge 

about an artifact to meet the constraints put on the project.  

Ideally a student looking for solutions to real-world problems (based on her 

background knowledge) goes through the stages of the Bloom’s taxonomy of 

learning – knowledge-acquisition, comprehension, application, analysis, synthesis 

and evaluation (Bloom et al. 1956). However, researchers have revised Bloom’s 

taxonomy in the context of engineering design education, to identify levels of 
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abstraction for information usage in design projects (Sonalkar et al. 2006). 

According to this approach, students engaged in design practice the learning skills 

needed for success in any collaborative design endeavor, viz: defining the 

problem, selecting appropriate methods, collecting the necessary data, producing 

alternate solutions and choosing among the solution alternatives. In essence, 

practice in design allows the students to acquire and use critical thinking and 

decision-making skills. 

Project-based design courses are valuable from the instructor’s perspective by 

allowing students to experience real-world problems, competing constraints for 

time and resources, and often conflicting pressures. This is in contrast to most 

engineering courses that focus on mastering the methods of a discipline and 

require little or no experience in team-work. The problems students face in 

classrooms are generally accompanied with goals and measures for the solution 

of the problem. The emphasis is on teaching students how to apply analytical 

methods to solve well-constructed problems. The emphasis on well-formulated 

problems, however, means that students often lack the crucial skill of formulating 

problems when they start working on project-based design courses. The added 

constraint of tight deadlines means that students limit themselves to a small space 

of design alternatives from which to draw their solutions. Students are often 

tempted to accept the first solution that satisfies all their requirements without 

exploring the research landscape to find if there are any better solutions (Ullman 

et al. 1990).  
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The practice of adopting the ‘most pragmatic solution’ by designers has been a 

widely researched problem in organizational behavior. Individuals can devote only 

a limited amount of time to explore reuse opportunities from prior research 

solutions and get discouraged when the time and effort involved is more than they 

are willing to expend (Liang et al. 2000). Even experienced designers tend to use 

the easiest, quickest tools most frequently and “anything that works gets used” 

(Simon 1955, 1957). A common thread underlying all these observations is that 

making the design reuse opportunity more easily accessible to designers, can 

have significant impact on the overall design. 

Every design problem is unique and any adopted design reuse solution needs to 

be adapted before implementation. Konda et al. (1993) argue that the goal of 

recommending a set of universal prescriptions for designers to follow is ‘futile and 

impractical.’ The implicit inference is that design recommendations need to be 

specifically customized according to the problem under consideration. Simon 

(1955) referred to this problem through the notion of “bounded rationality” in his 

seminal paper on the study of rational choice. Bounded rationality states that “the 

rationality of individuals is limited by the information they have, the cognitive 

limitations of their minds, and the finite amount of time they have to make 

decisions.” This means that the design solution alternatives under consideration 

and subsequently adopted are dependent on the personality attributes of the 

actors and the constraints that they are subjected to. This logic can be extended to 

suggest that no two design situations (even with the same actors and design 
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problem) can have identical solutions, since the design environment contributes to 

the character of the design. 

 

Theories of Design 

Design can be viewed as a metaphor for learning in general (Kundu et al. 1992). 

For this reason design has been studied extensively by researchers in a number 

of domains (Fallman 2003), each of which targets a different aspect of the design 

process. While a comprehensive literature review is beyond the scope of this 

section, an overview of the most relevant design theories from the perspective of 

this thesis is presented. 

Simon (1980) discusses design as a “science of the artificial,” i.e., design of man-

made things. He argues that despite its artificiality, design can be studied 

scientifically by observing designers in action. According to him, design is a 

quintessential part of human endeavor and should not be considered to have any 

different rules governing it than natural laws of science. This is not fundamentally 

different than learning about natural activities by studying natural phenomenon in 

action. 

Other researchers have structured the design endeavor as the abstraction of 

design knowledge at different levels of resolution (Reddy 1996). According to this 

approach, contextual situation of design knowledge, using historical record of 

design processes and outcomes, is crucial for design practice. Although a general 

theory of design should ideally encompass all engineering knowledge at the 

highest level of resolution, in its absence artifact theories provide pragmatic 
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solution by creating contextual theories about specific artifacts at the lower levels. 

Reddy (1996) describes artifact theory as “an interdisciplinary theory about an 

artifact that is essential for designing that artifact”. Artifact theory aims to acquire 

information about the artifact (e.g., structure, functions, geometry), explain the 

state of the artifact and predict effects of any changes, construct knowledge about 

design and analysis methods, and summarize patterns in the artifact information 

model. The artifact theory approach is distinct from design rationale or design 

history models, since it comprehensively covers all aspects of the artifact. 

The artifact theory approach covers all knowledge about an artifact without taking 

into account the often conflicting interpretations made by different actors in the 

design group. In contrast, the concept of shared memory (in vertical and 

horizontal forms) has been presented as the embodiment of both context and 

shared meaning in the n-dim project (Konda et al. 1993). Vertical memory 

captures the collective knowledge of a specific discipline. Horizontal memory is 

concerned with sharing of meaning between individuals who are separated by 

disciplines, experience, space, time, organization, and culture. The n-dim project 

assumes design to be a social process consisting of extended and extensive 

negotiations between design participants over both the product and processes 

used to design and manufacture the product. Since design is a socially mediated 

process, where mutual translation of terms and concepts across teams must be 

consensually established, Konda et al. (1993) argue that design process should 

be captured without sacrificing its specific richness and details of social context.  
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Collaboration between unlike disciplines or actors with different perspectives, 

based on their different technical as well as personal backgrounds, is an integral 

part of the design process (Bucciarelli 1984). While horizontal memory addresses 

the challenge posed by conflicting interpretations across different design actors, a 

number of other studies have built upon the work done by the n-dim project. For 

example, Davis et al. (2001) used the n-dim information modeling tools to create 

an on-line system that supported integration problems and problem-solving by 

large and globally distributed design teams working on product development. 

However, despite the strong theoretical framework provided by these research 

studies, they have all been faced with the problem of implementation, i.e., 

classifying the knowledge at different levels of resolution (artifact theory) or 

creating the vertical and horizontal memories from design documentation has 

been a tedious and time-consuming process. An effort to automate the process of 

such knowledge extraction and abstraction advances the adaptation of these 

theories of design by designers, in practice. 

 

2.2 Organizational and Collaborative Learning 

Researchers in the collaborative learning domain have examined the connection 

between discourse processes and individual learning, through an analysis of the 

behaviors that students exhibit within their teams (Wiener 1986). Their studies 

have shown that focusing on learning at the group level is more insightful. This is 

because individual learning and discourse processes are only indirectly related 
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(Arvaja et al. 2000).  This section describes some of the advances made in the 

field of organizational and collaborative learning that is relevant to this thesis. 

Collaborative learning is known to have benefits both at the cognitive and social 

levels. When students who have different strengths and weaknesses work 

together, they can provide support for each other that allows them to solve 

problems that would be just beyond their reach if they were working alone 

(Vygotsky 1978). This makes it possible for them to participate in a wider range of 

hands-on learning experiences. For example, a student interacting with another 

member of his team with a different perspective will have an active exchange, 

wherein he critically examines the new perspective in light of his own cognitive 

structures. Ideally such conditions will force him to notice a gap in his own mental 

model. When his experiences from the real world reveal a gap, that student may 

choose to search for a revised model of the world that accounts for the new data. 

In order to explain the interactions between cognitive activities of design, research 

models have been developed that employ epistemic, teleological and temporal 

links to explain the interactions between cognitive activities of design and learning 

(Sim et al. 2004). 

Collaborative learning provides students the opportunities to hone their 

communication, negotiation and mediation skills, all of which are considered 

important from a sociocognitive perspective (Dillenbourg 1999). Computer 

supported collaborative learning (CSCL) and computer-mediated communication 

(CMC) approaches provide students the required scaffolding to achieve their joint 

objectives. Such environments let students reuse prior knowledge, build new 
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knowledge and converge their transformed knowledge in the process (Paavola et 

al. 2002). 

 

2.2.1 Computer Supported Collaborative Learning (CSCL) 

Engaging in reflective activities in interaction, such as explaining, justifying and 

evaluating problem solutions and documenting collaborative knowledge 

construction, have been shown to be potentially productive for learning (Baker et 

al. 1997). Researchers working on CSCL approaches have addressed the multi-

faceted issues of collaborative learning in team-based project courses by using 

mixed methods and discussed their implications on student and professional 

design teams (Hmelo-Silver 2003). Other studies have included human-computer 

interaction (HCI) methodologies to iterate on design, in the context of use, and 

computational linguistic techniques to analyze time-variant patterns of “story-

telling” in multidisciplinary student design teams (Song et al. 2003). The “story-

telling” is done through oral and written histories left by the designers through their 

documentation, presentation material, and e-mail communication. Owing to its 

integral role in collaborative learning interactions language has been considered 

as a valuable resource from an assessment perspective (Dong 2008).  

Researchers in the collaborative learning community consider community 

constructed resources (such as wikis) as social systems in which the history of 

editing behavior can be seen as a physical representation of the group learning 

processes (Cress et al. 2008).  Many different strategies have been used for 

finding patterns in the team discourse where learning occurs. The learning 
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sciences literature presents ample evidence that explanation activities and 

discussions can promote robust learning (Vygotsky 1987; Hogan et al. 1999). The 

depth of student explanations within a collaborative learning setting has also been 

shown to correlate with how much students learn (Webb et al. 2002). Similarly the 

benefits of deep explanation have been investigated in connection with the self-

explanation effect during individual learning (Chi et al. 1989; Chi et al. 1994; Chi et 

al. 2000).  

 

2.2.2 Problem-Based Learning (PBL) 

Student project courses are designed by instructors with the explicit purpose of 

giving students insight into real-world projects. The experience of project-based 

courses proves valuable to the students in the long run, as they get a first-hand 

experience of how conflicting goals between different teams working on the same 

project can be resolved. They learn to manage relatively large information and 

become sensitive to the complex set of issues involved in their future work life. 

The artifacts designed by students are based not only on concepts learned in 

course-work, but also on existing research in their area of interest. Such projects 

present students with situations that they might not encounter in the classroom 

otherwise. The process involves the students selecting and arguing in support of a 

chosen approach through citing background literature, negotiating with each other, 

convincing the client, members of their team, mentors and instructors. In addition, 

they have to take into account the budget and timeline, and interview the end-

users to keep the project on track.  
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Problem-based approaches to learning have advocated the importance of problem 

solving experience to enhance both content and thinking strategies among 

students (Barrows et al. 1980; Torp et al. 2002). Prior studies have focused on the 

role of instructor’s subject matter expertise, and willingness to explain concepts in 

plain English and engage in student discussions as a key factor in effective 

facilitation (Schmidt et al. 2000). Frederiksen (1999) performed a cognitive 

analysis to investigate the facilitator’s moves that helped “scaffold an organized 

and coherent approach to reasoning and diagnostic inquiry.” Research by 

Palincsar (1999) shows that successful PBL creates a culture in which the 

students discuss and debate to reach a consensus, validate each other’s ideas 

and establish norms. To aid in this, researchers use a technique called the 

“reflective toss”. In the reflective toss, the teacher makes the student elaborate on 

his statement with an intent to help him clarify meaning and better understand her 

own thinking (Hmelo-Silver et al. 2006). However, PBL is characterized by 

problems with known solutions and the instructor acting as a guide who knows the 

way. 

Although the projects that are targeted by this thesis are not exactly analogous to 

PBL, they share many aspects with PBL. For example, in PBL the teacher is a 

facilitator of student learning just like project-based capstone design courses. One 

of the major assumptions in PBL approaches is that students become co-

responsible for their education (Carleton et al. 2009). They work in collaborative 

teams with “a continued attempt to construct and maintain a shared conception of 

a problem”(Roschelle 1996). Students do self-directed learning that makes them 



 

Towards a Framework to Support Engineering Design Student Projects 27 

reflect critically about what is being learned (Bereiter et al. 1989, Bridges et al. 

1995); the instructor only facilitates student learning through probing questions 

and coaching, gradually reducing her interventions as students start taking 

responsibility of their learning process (Hmelo-Silver 2004).  

Some general findings of PBL have been that it increases student participation 

and interaction-levels (Evensen 2000), helps them develop effective problem-

solving skills (Gallagher et al. 1992; Kolodner et al. 1996), and supports effective 

collaboration skills (Blumenfeld et al. 1996; Vye et al. 1997). PBL has also been 

claimed to imbibe the students with skills to acquire “flexible knowledge” 

necessary to formulate innovative solutions for complex problems (Hmelo-Silver 

2004; Salomon et al. 1989).  

 

2.3 DesignWebs as Representation of Design Knowledge 

DesignWebs present an aggregated visual representation of the design activities 

and design paper trail created as a result of collaboration in projects. The 

DesignWeb representation informs students about various aspects of the artifact 

in their original context, i.e., if the student does not have knowledge of the entity in 

question prior to retrieval, the DesignWebs provide her the required information 

content and context to familiarize herself with the structure of the artifact. This 

structure enables students to interpret the intent and rationale and supports design 

reuse by allowing them to comprehend the information content in context, 

reanimate the design process and use it as a navigable and searchable 
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knowledge repository even when they were not directly involved in the generation 

of such information. 

Although many organizational memory systems have been used by design 

organizations to capture the design activities automatically, they face the problem 

of interpretation and summarization of this abundant data into a structured body of 

contextualized knowledge that can be searched and interpreted by designers. 

Engineers create design documentation as they go through the design process, in 

order to present their ideas to the group and deliberate on their feasibility in 

meeting the design goals. The documentation can be authored collectively or 

individually, and is a written expression of design articulation and the shared 

‘‘mental model’’ (Fiore et al. 2001) of the design team. 

 

2.3.1 Artifact Theory and DesignWebs 

Reddy (1996) describes artifact theory as “an interdisciplinary theory about an 

artifact that is essential for designing that artifact”. The artifact theory aggregates 

interdisciplinary knowledge about an artifact that is essential to understand its 

form, function and behavior, and situates this within a hierarchy of design 

knowledge. Artifact theory aims to acquire information about the artifact (e.g., 

structure, functions, geometry), explain the state of the artifact and predict effects 

of any changes, construct knowledge about design and analysis methods, and 

summarize patterns in the artifact information model. In contrast to the design 

rationale and design history models (that will be discussed in section 4.1), the 
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artifact theory approach is distinct since it comprehensively covers all aspects of 

the artifact.  

While presenting the artifact theory model, Reddy did not show its real-life 

implementation, leaving that as a potential future work. This thesis builds on his 

work. DesignWebs capture information relevant to artifacts through design 

documentation. They automatically extract information about different aspects of 

the artifact and situate the major concepts relative to each other. In addition, they 

capture the process information important to understand the artifact. The different 

levels of topic abstraction in DesignWebs constitute the embodiment of artifact 

theory.  

 

2.3.2 Bird’s eye-view of the Design Process 

In a typical interdisciplinary design project, the complexity of the artifact and its 

different aspects increases quickly. According to Dutoit (1996), the number of 

communication channels in team-based project courses increases as a quadratic 

function of the number of communicating agents (individual students or teams). So 

the potential for misunderstandings, miscommunication and omissions increases 

as the project becomes more complex. There is often a turning-point during the 

course of the project when the knowledge associated with the artifact and design 

methodologies is beyond the comprehension of any single member of the project 

(Woodfield et al. 1983; Robillard et al. 1988; Dooley et al. 2001). In such 

situations, the importance of a shared memory is enhanced. DesignWebs address 

this particular problem by automatically summarizing and visualizing the team’s 
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design knowledge at various milestones during the project. By situating 

interrelated concepts next to each other, DesignWebs have the potential to reveal 

missing links between certain concepts that should have been connected, or show 

unexpected connections between seemingly disjoint concepts. Such scenarios 

can help students better understand their role and contribution in the overall 

project. For example, a missing link between two concepts can be due to a 

number of reasons, such as the students responsible for the two concepts being 

on separate teams who are not collaborating with each other, or because of a 

planning oversight where the connection was overlooked in the overall 

architecture diagram and correspondingly no students were assigned to bridge the 

two concepts, or due to other reasons. In all of these cases, the DesignWebs 

assist the instructor in noticing something amiss from the students’ shared graphs 

and then investigate the problem either by looking at the source document 

fragments or through personal interactions with the students involved. Individual 

students working on project courses and instructors can both use this tool to 

monitor how the project corpus is evolving and better navigate to the information 

structures, artifacts, techniques and methods of relevance to them. 

 

2.4 Summary 

This chapter has presented the background research in design learning that is 

required to understand the context of this thesis. The main theories in design 

have been presented, with explanations of their relevance for this research. The 

chapter has also presented the relevant literature in organizational and 
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collaborative learning. Some aspects of CSCL and PBL that are relevant for this 

thesis have been presented. For example, like PBL, most student design projects 

do not have any single correct answer; in fact, even the instructors in student 

project courses cannot predict what form the final designed artifact will take. This 

has been followed by discussing some basic characteristics of the DesignWebs 

approach and how it relates to previous work in the area, especially the artifacts 

theory presented by Reddy (1996).  
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Chapter 3: Computational Linguistics in Design 

 

Design cannot be understood in parts, but only through the aggregation and 

accumulation of information collected from the corpus. While collaborating on a 

design project, engineering students negotiate among themselves and with the 

client, bring forth ideas from their past experiences and build upon each other’s 

knowledge. This results in a rich set of online discussion threads, e-mails, work-

logs and intermediate/final reports that can provide a window into how the student 

group’s collective thinking process has evolved with time. Most of this data is in 

natural language.  

Recently researchers have begun to apply computational linguistics to the 

conversations of design teams and examined the oral and written histories left by 

designers through their documentation, presentation material, and e-mail 

communication (Teufel et al. 2002). Computational linguistics utilizes the 

information processing capabilities of computation to uncover patterns about how 

language and design are intricately connected. The linguistic analysis of design 

documents is characterized by a mix of both formal and informal documentation. 

For example, intermediate and final student reports, referenced research papers, 

and presentation files at various project milestones are usually well-formatted and 

professionally written; so most machine learning approaches are applicable to 

them. On the other hand, many memos, online discussion posts and meeting 

notes are not as carefully written and make their analysis a challenge.  
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This chapter presents the background research in computational linguistics 

research that is relevant to this thesis. The next chapter builds upon this work and 

shows how researchers have tried to make sense of design language using the 

tools provided by computational linguistics and lexicometrics. 

 

3.1 Computational Linguistic Techniques 

Computational linguistics presents a viable methodological approach for scaling 

up the analysis of large project corpora. A large number of computational linguistic 

techniques have been developed over the past decade. Advances in machine 

learning and language technologies provide new opportunities for assimilating and 

presenting the information contained in documents. The capabilities of 

computational linguistics for providing novel insights into the functioning of the 

design team make it an ideal candidate to use for better understanding the 

function of design teams through their documents. This is relevant because 

machine learning models for formal documents and communication, do not work 

well for discussions and the documents generated in design projects. Design 

projects are characterized by documents in different states of completion, 

document sections about proposed approaches that may be abandoned later (and 

may not be part of the final artifact design), and even incomplete, informal 

utterances on online discussion forums. Such replies in discussion threads may 

make sense to the participants in the discussion context, but may be difficult to 

understand for any unfamiliar readers.  
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Certain objective measures can be extracted by using computational linguistic 

techniques to help designers interpret the state of design. For example, trends in 

the vocabulary used by the actors in formal documents and communication (within 

their own teams as well as across teams) can reveal the dominant topics in the 

discussion in real-time. Such analysis can also be sliced by time to show how the 

design vocabulary changed over time and reflects the structure of the artifact. This 

section gives an overview of the computational linguistic techniques relevant to 

this thesis. 

 

Statistical vs. Semantic Natural Language Processing 

Statistical natural language processing (NLP) makes limited use of semantics. It is 

designed to build probabilistic models of language from a large corpus. The 

parameters of such models are estimated so that they can be used to analyze new 

corpus using supervised and unsupervised machine learning approaches. On the 

other hand, classical NLP tools that are based on explicit semantic meaning are 

ineffective when dealing with noisy data or when the semantic meaning is 

ambiguous. 

Although the Vector Space Model had been developed as a framework for storing, 

analyzing, and structuring documents originally for information retrieval (Salton et 

al. 1975), this thesis uses the model for indexing documents based on term 

frequencies. In order to distinguish between words used in different contexts 

across documents, alternative techniques such as Latent Semantic Analysis, and 

Latent Dirichlet Allocation are used.  
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Latent Semantic Analysis (LSA) is a fully automatic method for representing and 

analyzing semantic information within a domain (Landauer et al. 1998). LSA aims 

at solving the vocabulary mismatch problem (Deerwester et al. 1990; Landauer et 

al. 1998). It uses an advanced statistical technique, singular value decomposition 

(SVD), to extract “latent terms” that may be some salient concepts described by 

several keywords. It models ‘linguistic meaning’ in terms of distributed relations 

between words in a high dimensional space to “produce a latent semantic 

structure from major associative patterns found in the underlying representation” 

(Deerwester et al. 1990). LSA considers the context of words to handle synonymy 

(variability in human word choice) and polysemy (same word with different 

meanings). In LSA, the length of a statement vector indicates the amount of 

information carries about the modeled domain of discourse. This thesis uses LSA 

to replicate the research done by Song et al. (2003) and calculate the variation of 

semantic coherence between individuals and teams. 

Latent Dirichlet Allocation (LDA) builds knowledge from local co-occurrence data 

of words from a large corpus of representative text (Blei et al. 2003). It was 

developed to identify contextual meanings of documents as a method for full-text 

information retrieval. There is no consideration of word order or syntax in LDA, but 

it is effective in modeling unlabeled text. The LDA approach has been used in this 

research to automatically cluster document fragments and assign them topic 

labels because of its many advantages over the more traditional approaches (Blei 

et al. 2004), in particular: Firstly, content assessment is internally consistent and 

can be automated, resulting in savings of time and effort. Secondly, the analysis is 



 

Towards a Framework to Support Engineering Design Student Projects 36 

done at the semantic level by considering probabilities for each of the words 

occurring in the corpus, rather than at a keyword matching level. Thirdly, the 

context of the word can be examined, instead of individual word meanings making 

word disambiguation possible. Examples of the topic models extracted through 

LDA are given in Chapter-6. 

 

3.2 Machine Learning-based Approaches to Content Analysis 

Advances made in machine learning and language technologies over the past 

decade have provided new opportunities for assimilating and presenting the 

information contained in documents through an interactive and intuitive interface. 

This section provides the basic machine learning approaches necessary for 

understanding the approach adopted by this thesis. 

 

3.2.1 Topic Segmentation 

The prior work on automatic topic segmentation has focused primarily on 

segmentation of expository text written by professionals. The previous work in 

topic segmentation can be broadly classified into two types: (1) lexical cohesion 

models, and (2) content-oriented models. Lexical cohesion models are based on 

the central idea that the segmentation of text is guided primarily by distribution of 

terms used in it, in contrast to using cue words for the purpose. This implies that 

lexical co-occurrence of thematically-related or synonymous terms indicates 

continuity in topic and the introduction of new vocabulary refers to a new topic, 

thereby implying a boundary between the two. Latent Semantic Analysis (LSA) 
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(Landauer et al. 1998; Foltz et al. 1998; Olney et al. 2005) is a popular algorithm 

that uses lexical cohesion models. On the other hand, content-oriented models 

combine lexical cohesion with other indicators of topic shift such as prosodic 

features, cue phrases, syntax and lexical attraction (Beeferman et al. 1997a) using 

decision trees (Litman et al. 1995) and probabilistic models (Beeferman et al. 

1997b; Reynar 1998).  

3.2.2 Co-word Analysis 

Co-word analysis is “a content analysis technique that is effective in mapping the 

strength of association between keywords in textual data” (Krsul 1998). It has 

been used in this research to identify significant co-occurring noun-phrases and 

connect them in the graphs presented to the users for browsing through project 

archives. The basic principle of co-word analysis is that it reduces a “space of 

descriptors (or keywords) to a set of network graphs” that show the strongest 

associations between the descriptors (Coulter et al. 1998). As a graphical 

modeling technique, the co-word analysis graphs do not display data like other 

statistical graphs, but construct multiple networks that highlight associations 

between keywords, and where associations between networks are possible 

(Coulter et al. 1998).  

 

3.3 Summary 

The aim of this chapter has been to present the background research in 

computational linguistics research that is relevant to this thesis. Computational 

linguistics techniques that have been used in prior research work to analyze the 
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design narrative are presented. The student design project documents are 

characterized by a mix of both formal and informal documentation that presents a 

heterogeneous document set, in terms of how well-structured or coherently they 

are written. These techniques have been used in later chapters to build the 

DesignWebs approach and gain insights into the student collaboration process. 
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Chapter 4: Knowledge Building in Design Teams 

 

This chapter explores the role of knowledge building in student design teams as a 

reflection of the shared design model and by extension, of the artifact design itself. 

The following sections describe the prior research done in organizational memory 

systems, scientometrics, library perspective to design, concept maps in design 

learning and the role of natural language as an arbiter of design negotiations, 

since all of these are relevant from the perspective of information management for 

large corpora.  

 

4.1 Tracing the Knowledge Construction Process 

One of the persistent lessons in design is that ‘all design is redesign’ (Leifer 1991). 

This means that recorded cases are often seen as the starting point in design 

(Konda et al. 1993) and a large number of design problems are solved by adapting 

previous solutions. The scale, complexity and interdisciplinary nature of real-world 

design projects underscores the need for organizational knowledge captured over 

the design artifact’s life-cycle. The same argument is true for student projects. 

Students working in a project bring their specialized knowledge and personal 

experiences that shape the collaboration and learning processes.  

Design involves an intensive use of information. However, Bursic et al. (1997) 

have found only a moderate relation between information requests of design 

students and the quality of their overall design in a controlled experiment. The 
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product designed by the group and the process adopted depends a great deal on 

how effectively the individual user expertise and perspectives are shared and 

assimilated by the group (Brown et al. 1989, Dillenbourg 1999, Webb et al. 1996, 

Soller et al. 2002). This means that collaboration among designers, involving 

negotiation and sharing of information, version mapping and process tracking, is 

as important as efforts of individual designers (Subrahmanian et al. 1997). 

For the domain of engineering design, information consists of observations, 

discussions, rationales and reasoning processes relevant to the design of an 

engineered artifact. Designers continuously acquire, process, transform and 

create information (Sonalkar et al. 2006). Hertzum et al. (2000) categorize 

information-seeking activities of engineers into informing documents and informing 

people. A mismatch often exists between who has the information and who is 

assigned the specific design task (Subrahmanian et al. 1997). This requires an 

active direct exchange of information between the actors, or a way to effectively 

share information across the group.  

 

Organizational Memory 

Design teams transform over the life-cycle of an artifact in structure and 

composition (Subrahmanian et al. 1997). The essential character of design 

involves interactions between “multiple and fluid interstices” of several and varying 

disciplines (Konda et al. 1993). Design projects, especially those involving multiple 

disciplines, require more than connecting discipline-specific computer-based tools 

together; they require creating an interdisciplinary team of people who can work 
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with each other, aided by tools that support the design process. Designers need to 

understand and appreciate how different disciplines approach problems, how they 

talk about problems and solutions, and what tools they use to solve problems. This 

is where organizational memory systems come into play, as group memory 

systems also need the capability to allow for easy sharing of information 

generated by individuals or teams, while keeping the retrieval simple.  Research 

has been done in organizational science and information technologies to archive 

artifact history through shared project documents (Arthur et al. 2001). The 

‘document-trail’ of the artifact’s design history is constituted of the negotiations 

between the actors to arrive at design decisions, the artifact structure, the 

observations made at various prototyping stages of the project, the prior relevant 

research on which the design approach has been built, and the real-world 

constraints imposed during implementation. All of these aspects of the artifact 

‘design story’ can be seen as a form of collective memory for the project. What 

distinguishes collective memory from a historical account is that the latter is 

objective, while the former is influenced by the context of the situation and its 

social aspects. Externalizing an organization’s experiential knowledge can help 

future teams be successful with lower transactional costs (Roth et al. 1998).  

The collective memory can provide a wealth of information: it can be used in real-

time by the group members: a) to keep track of the shared design model, as the 

ongoing project progresses, b) to allow new members to make sense of the 

archives of project information that they inherit, c) for the group to retain expertise 

when individual members leave the team. Alternatively organizational memory 
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systems can be used in retrospect by future teams who work on related problems. 

Research has shown that significant amounts of informal and unstructured 

information are not recorded in the design documentation and can only be found in 

the design process (Lowe 2002). Design organizations usually have the design 

rationale information implicit in the formal records produced during the course of 

the project (e.g. design reports, update memos). If designers are given the 

opportunity to peruse a large number of past designs, their chances of finding 

“elegant and truly satisfying potential solutions” to design challenges are improved 

(Liang et al. 2000). Similarly students in design learn by reconstructing the 

“conceptions” (Boyle et al. 1990) needed to articulate and access shared memory, 

the same way experts use their repository of concepts to index and explain 

relevant data. Student design projects are intended to be microcosms of industrial 

design projects. Therefore, it should not be surprising that corporate knowledge 

has a lot in common with design knowledge. 

 

4.1.1.1 Corporate Knowledge 

The field of corporate knowledge refers to the internal archives of organizations 

that include project documents, discussion threads, memos, and even standard 

operating procedures and best practices, based on past experiences of the 

organization with different projects. This can be broadly divided into semantic 

knowledge and episodic knowledge. Semantic knowledge in a domain is captured 

through building consistent and clear ontologies for the concepts in the domain, 

while the episodic knowledge is observed in contextually situated problems and 
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their successful resolutions (Stein et al. 1995). According to Weiser et al. (1998) 

episodic knowledge is usually stored as project memory that “captures, retains, 

and indexes project information so that people external to the project can use it 

later.”   

Knowledge storing systems in corporations suffer from a low rate of adoption 

(Kwan et al. 2003; Tsai et al. 2010) for a number of reasons. Firstly, the extra 

effort required of individuals to document their activities is perceived as having no 

immediate benefit. This means that later reuse of the information requires the 

designers to recreate the rationale, leading to “reverse engineering” 

(Subrahmanian et al. 1997). The time and effort involved in making the archives 

usable again may result in avoidable mistakes getting repeated. Secondly, the 

documentation is usually after-the-task and so any unsuccessful approaches are 

not documented. Thirdly, the creators of the knowledge and the eventual users 

may have different backgrounds and mental models of the knowledge structures 

leading to difficulties in learning. Fourthly, the emphasis in most organizational 

memory products is on the content aspect (including the final drafts of reports, 

presentations and memos) with little significance given to the process and context. 

Finally, the real-world constraints of time and resources in pursuing diverse 

projects create a tension between learning and working (Liang et al. 2000). The 

individuals become overwhelmed by more immediate milestones and devote only 

a limited amount of time exploring the archived projects. Such a situation prohibits 

many learning opportunities from occurring which might otherwise be productive 

and effective. 
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The knowledge created in project-based design courses is distinguished from the 

generic organizational memories in the industry in the level of structure that it 

entails. Corporate memory products often face a number of limitations that make 

them unsuitable for use in student design teams. Firstly, some organizational 

memory systems have been developed for specific domains using ontology-based 

taxonomies, where “entities (such as actors, processes and products) are 

interlinked to represent the essence of the knowledge in the domain” (El-Diraby et 

al. 2006). While having a taxonomy of the subject domain makes it easier to 

classify entities, its rigid structure makes it difficult to accommodate different points 

of view in a design project. This issue can potentially be resolved by creating topic 

structures that are automatically extracted from the document archive and do not 

need to fit into a single classification scheme. 

Secondly, engineering concept ontologies explicitly structure domain knowledge 

into unambiguous vocabulary with standard methods and scientific conceptual 

structures across multiple organizations (Sargent et al. 1992). Much of the 

structuring of concepts assumes that the physical fundamentals underlying design 

materials properties and properties relating to manufacturing processes are known 

beforehand. However, such structured knowledge systems are not scalable. They 

fail when applied to state-of-the-art design artifact projects where the domain and 

problems are vague and/or poorly understood and about which no prior knowledge 

exists. This can be addressed by creating more organic structures for the 

knowledge embedded in design documents that can be customized by the users 

and do not need to adhere to pre-defined ontologies. 
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Thirdly, localized information management practices in many big industrial 

organizations involve a librarian keeping track of the design knowledge related to 

the artifact. This person acts as a historian and maintains a “personal corporate 

product repository” (n-dim group 1992). Such investiture of organizational memory 

in individuals makes the organization vulnerable to a breakdown in the updation 

process when the historian retires or leaves. For global organizations, this is 

further complicated as the information and knowledge from projects being 

completed in different parts of the world have to be combined for getting an overall 

picture. A scalable resolution to this issue can be to contextualize information by 

parsing through the project corpus and extracting the topic structure based on 

document features.  

Fourthly, group memory-based systems have been found to suffer from problems 

related to individuals’ differing personal preferences, making navigation of the 

documents and conversations a tedious task (Berlin et al. 1993). To address this 

problem, Sharrock et al. (1996) introduce the idea of “design space: an analytical 

conception in which actors create the shared space over time by storing a variety 

of inter-connected ‘documents’ and then explore it by searching for, reading, and 

managing the information available.” The idea of shared information spaces can 

be further utilized to support the needs of collaborating teams in real-time. 

4.1.1.2 Design Rationale and Design History Systems 

Design rationale (DR) is “an explanation of why an artifact, or some part of an 

artifact, is designed as such” (Lee et al. 1991). It includes background knowledge 

about the designed artifact and the design process, such as deliberation behind 
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trade-offs, design decisions, alternatives considered - information that can be 

valuable, even critical, to various people who deal with the artifact (Regli et al. 

2000). Understanding design rationale requires that process knowledge from past 

projects is archived properly. However, archives of e-mail discussions and 

discussion threads by organizations suffer from insufficient search capabilities and 

a disorienting experience for the users: the information might be there, but most 

people are not willing to sift through hundreds of messages for the relevant few 

that deal with a particular part of the project of their interest (Dieng 2000). 

DesignWebs approach assists in this task by making the navigation of archives 

easier to manage.  

Capturing and analyzing design process knowledge is a complex multidisciplinary 

problem and has been a topic of interest for the past few decades (Zaychik et al. 

2003). Researchers have created common repository-based systems that share 

information gathered by individuals or developed by the team. Some notable 

examples include generic models for representing design deliberations and the 

generation of engineered artifacts (Potts et al.1988), hypertext-based group 

memory, TeamInfo (Berlin et al. 1993), integrated design information system 

(IDIS) (Goodwin et al. 1997), a prototype repository of reusable design knowledge, 

also known as corporate memory or CoMem (Fruchter et al. 2002). Such systems 

focus on generating the map as a way to index and navigate the knowledge that is 

created by the group, and have improved our understanding of the cognitive 

aspects of human collaboration. Nevertheless they struggle to create shared 

models of information for individuals collaborating on projects.  
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One of the relevant aspects for this research is observing how a real-time map of 

the shared repository would change as a result of the collaboration process, i.e., 

how the addition or deletion of new concepts is reflected in design documents and 

changes the team’s view of the artifact. The approach used to create such maps is 

discussed later in the thesis. 

 

4.2 Prior Information Structuring and Visualization Approaches 

This section describes various related fields that are tangentially related to this 

thesis. The objective is to help situate the focus of this research vis-à-vis the 

overall research landscape. 

4.2.1 Concept Maps 

In education individual and collaborative concept maps (CCMs) have been used 

by instructors to help the students externalize their understanding of the 

knowledge they have acquired. CCMs typically involve collaborative development 

of diagrammatic representations that help students externalize their thinking and 

develop dialogue practices (Novak 1990; McAleese 1998). The process of 

constructing these diagrams is a tool for social thinking and such diagrams are 

seen as supporting group thinking (Roth et al. 1992) and constituting “distributed 

cognition tools” (Gasser 1992).  

In this thesis, the term ‘concept maps’ is used only as a loose descriptive 

metaphor. The DesignWebs graphs are not created manually (as is normally the 

case with most pedagogical approaches in this area). So visualizing the shared 

model is independent of the students’ individual perception of what their design 
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task is. This means that individual student bias towards emphasizing his role in 

the overall project or considering it too insignificant, does not have a direct 

bearing on the DesignWebs structure. Any bias on the part of students can only 

indirectly affect the graphs through the documents they create and discussions 

they have. Even with these constraints, concept interrelatedness can give 

important indications about student learning (Glaser 1989). According to Royer et 

al. (1993), as student expertise in a subject domain increases, the corresponding 

representation of the knowledge resembles increasingly tightly integrated 

structures. This means that mapping student discussions and project 

documentation can provide insights into how well the project is functioning. This 

reasoning forms the basis of the second and third research questions in this 

thesis. 

 

4.2.2 Scientometrics 

Scientometrists study the cognitive as well as socio-organizational structures 

within a scientific community by analyzing the documents produced by that 

community.   Scientometrics has evolved as a field over the past few decades with 

an emphasis on the role of quantitative, particularly bibliometric, methods based 

on data from scientific and technological literature (van Raan 1997). 

Scientometrics identifies emerging research areas and the evolution of research 

areas (Callon et al. 1991; van Raan 1992). A number of computational linguistic 

techniques have been used for scientometrics research to provide quantitative 

linkages between the conceptual contents of publications and represent research 
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activities within a research area (Rip et al. 1984; Courtial 1994; Bhattacharya et al. 

1998). For example, scientometrists have created co-word maps from key-words 

listed in research papers, their abstracts and titles, based on the nature and 

strength of linkages between pairs of co-occurring words (Bhattacharya et al. 

1998). They have also used citation mappings between papers to create flat map 

diagrams. However, the lack of such formal linkages is one of the key 

characteristics of student documents that often exist in multiple versions in a 

design project corpus. So although scientometrics works effectively for formal 

professional documents, it cannot accommodate the usually chaotic development 

phase of student project documents because the indexing approaches employed 

for mapping scientific domains cannot be used at the micro-scale.  

Students can nevertheless benefit from tools that index into research papers in the 

scientific field in the initial phases of projects. Observing students in project-based 

courses suggests that students find it difficult to use archival publications to find 

research papers useful for their project and are tempted to use less reliable 

internet articles. Even when given relevant articles, students need to overcome the 

challenge of identifying only the sections relevant for their project and not get 

overwhelmed by the irrelevant details: in such situations graph-based navigation 

metaphors can assist the instructors in focusing the students' attention on the 

relevant background research. The first research question targets the problem of 

visualizing the research covered by archival publications to allow students to 

navigate to areas of interest. 

 



 

Towards a Framework to Support Engineering Design Student Projects 50 

4.2.3 Information visualization 

Designers generate design documentation at a rapid pace, often amounting to 

thousands of pages, especially when the project reaches its intermediate and final 

milestones. It is difficult for a single individual at this stage to keep track of all the 

changes happening in different aspects of the artifact. Having the benefit of 

interacting with the data as it is created is crucial for the successful 

implementation of any design involving multiple disciplines and for coordinating 

between teams. This necessitates that the body of knowledge be summarized for 

effective communication with the rest of the design team. A similar problem of 

communicating the advances in a research field to the community has been 

addressed by researchers in domain visualization who want to represent the 

structure and evolution of scientific fields using journals, research articles, authors, 

and descriptive terms. Domain visualization “aims to reveal realms of scientific 

communication as reflected through scientific literature and citation paths 

interwoven by individual scientists in their publications” (Börner et al. 2003). It has 

been a widely researched area in bibliometrics, scientometrics (quantitative study 

of scientific communications, which applies bibliometrics to scientific literature) and 

language technologies.  

In order to understand how the different aspects of the artifact evolve with time, it 

is important for instructors to take time slices into the project archive. Such an 

approach provides a means of giving the project managers/teaching team 

opportunities on an ongoing basis to reason with and understand the rationale 

behind key design decisions. Similarly, longitudinal maps (series of chronologically 
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sequential maps) have been used to detect the evolving nature of scientific fields 

by scientometrists (Garfield 1994).  

Finally, researchers working on spatial configuration of graphical methods have 

used triangulation to locate the nodes with respect to each other (Lee et al. 1977). 

The process involves seeding a randomly selected starting node at the origin of 

the coordinate system. The most similar node is then selected and placed at a 

specified distance from the origin. The third node is located based on the principle 

of triangulation (distance from the previous two points) using the notion of 

repulsion from the origin. Subsequent points are similarly located using the 

quadratic solution farthest from the origin. Given their aim to present the ‘big 

picture’ of a scientific domain to potentially non-technical audience interested in 

knowing the general research trends in the field, the techniques developed in this 

field are relevant to this thesis. 

4.2.3.1 Indexing and Navigation 

Indexing and navigation of design knowledge is crucial to the effective use of all 

types of knowledge repositories (Konda et al. 1993). Automated indexing 

techniques have been found to be useful as a basis for constructing shared 

meaning in prior research on knowledge repositories (Konda et al. 1993, Evans et 

al. 1991). Online discussion forums, shared documents and communication need 

to be characterized in terms of their conceptual content. This is where the role of 

preprocessing design documents becomes useful: syntactically well-formed text 

units like noun and verb phrases can be extracted to label the nodes in the 

DesignWeb graph.  
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Most statistical information retrieval systems store natural language data as a 

vector space model. In the vector space model, individual documents and queries 

are represented as vectors in ‘term space.’ The vector weights are measured 

using a term weighting scheme (usually a value between 0 and 1) that statistically 

estimates the ‘content’ contained in the word. Statistical information (such as the 

frequency of word occurrence in individual documents and across multiple 

documents in a corpus) are also stored.  

 

4.2.4 Library Perspective to Design 

The library sciences have done a considerable amount of research for organizing 

information stored in multiple document corpora (books and journals in their 

collection), and provide structures for locating relevant information. Enumerative 

classification schemes partition document collections into ever-decreasing 

segments, based on a single criterion. Faceted classification allows for a 

combination of facets to be used for browsing through the document corpus 

(Giess et al. 2008). Ranganathan (1965) formalized faceted classification using 

the Colon classification that was a popular faceted library classification schedule. 

Broughton (2004) and Rowley (1992) extended the faceted classification scheme 

by extracting constituent concepts from each document in a document corpus 

representing the domain under consideration, followed by arrangement into a 

series of facets. 

However, the methods in library science community have been employed for well-

written text (books, journals, magazines, etc.) and are suitable to engineering 
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design projects to the extent that the general notion of facets can be adapted to 

describe a corpus. The enumerative classification schemes are similar to the 

automatic topic segmentation carried out by the DesignWebs algorithm, but are 

more formalized and adapted to fit existing knowledge structures. The facets used 

to classify books also need to be pre-defined and cannot address issues with 

online design discussion threads. Such formal classifications ontologies cannot 

work for design projects where new knowledge is created and it cannot be known 

beforehand how it will fit into the existing research landscape.  

 

4.3 Summary 

This chapter has presented the prior research done in organizational memory 

systems, scientometrics, library perspective to design, and concept maps in 

design learning. This background is necessary to make the case that the 

DesignWebs present an extension to these prior approaches through their 

interactive navigable graphs, in terms of how the students interact with prior 

project corpora. The use of machine learning techniques to automatically parse 

through documents and cluster them together, is a major advance over the labor 

intensive and static classification mechanisms employed earlier. It is expected that 

as the computational linguistic techniques continue to mature, the future versions 

of DesignWebs will closely match the time-intensive manual classification methods 

that these approaches represent. 
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Chapter 5: Research Testbed: Rapid Prototyping of Computer 

Systems 

 

In this chapter, the research testbed used for the experimentation is described. 

First, the use of the project-based design course is motivated. Next, the 

deliverables, organization, development infrastructure and target problem for the 

class are described. The information presented in this chapter is used in the 

analyses of the following chapters. 

 

5.1 Motivation 

The Rapid Prototyping of Computer Systems (RPCS) class taught at Carnegie 

Mellon University was selected as the focus of this study. This course provides 

students with real-world experience in multi-disciplinary design problems by 

requiring them to design, build and deliver a prototype physical system for a real 

client. The course is cross-listed for both undergraduate and graduate students 

across multiple departments, including Electrical and Computer Engineering, 

Mechanical Engineering, Computer Science, Industrial Design and Human-

Computer Interaction. 

The motivation for choosing this course for this research can be described as 

threefold: 

1. The intermediate products and final deliverables that students worked on 

during this course, have been archived through a light-weight collaboration tool 

for student project team collaboration, known as the Kiva. The Kiva has 
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hundreds of threads and thousands of posts and files about the engineered 

artifact that is being designed by the students in RPCS. The Kiva also captured 

team conversations, discussions, slide presentations, class documents, weekly 

plans, work-logs, meeting minutes, intermediate update reports, references 

(including URLs) and project files that students would have otherwise shared 

through e-mail or chat, within their teams or with other teams. Such detailed 

information allows this study to explore various aspects of design in adequate 

depth.  

2. The course represents a typical product development cycle, right from the 

requirements by clients to the final demo and delivery of a prototype system. It 

subjects the participants to real-world constraints, such as firm deadlines, 

limited budget and a client. The scale of the project, its timeline (typically one 

semester or 16 weeks) and the size of the organization (ranging from 25 to 50 

students) are more typical of an industrial project than a traditional rapid 

project-based design course. 

3. The course is characterized by teams usually composed of students from 

different disciplines. This requires the students to be explicit about their 

arguments to each other and their decisions. Such rich discourse provides an 

intriguing environment in which to conduct the study. 

 

5.2 Organization of Rapid Prototyping of Computer Systems 

The RPCS course is organized into three phases: 1) Project activities in the first 

phase typically involve requirements exploration and definition, benchmarking, and 
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a rough conceptual prototype; 2) In the second phase teams work on developing a 

functional prototype that satisfies most of the feasibility constraints; 3) The third 

phase involves system integration and more design iterations to make final 

refinements. Throughout the project course, clients are actively involved with 

specific teams, providing relevant expertise, project advice and any clarifications 

that are needed. The role of team leaders is filled by students, not by instructors or 

teaching assistants. At the end of each phase, all the teams are required to 

document their design choice, the criteria used for design selection and present 

their projects to the clients. Students are encouraged to detail the intermediate 

design iterations and rationale behind important design decisions; however, the 

compliance rate varies across teams and from one class to another. By the end of 

the semester, all teams have a functional product/ detailed design specifications 

and an extensive report to submit to their clients. The teams receive feedback and 

grades for their project reviews after each phase. These are tabulated at the end 

of the semester for individual grades. 

 

5.2.1 RPCS 2008 

The data from the RPCS class of Spring 2008 was used for this research. The 

class consisted of 25 students and was taught by two instructors and one teaching 

assistant. The teams worked for the duration of the semester on the preliminary 

design of a virtual coach called Guru for new power wheelchair users. The aim 

was to monitor whether the wheelchair users were following the clinician’s 
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prescription properly, or if the prescription was causing pressure sores and other 

ailments and needed to be changed.  

 

5.2.2 Organization Structure of RPCS 2008 

Throughout the project, every student in the class was required to carry out at 

least one of the roles of presenter, leader and editor for the teams which they were 

part of. As presenter, the student helped to organize the presentation and be part 

of the group of students who deliver the progress report to the clients and 

instructors at the end of that phase. As leader, he would be responsible for 

convening the team meetings, helping to resolve any issues as they arose at the 

intra-team or inter-team level, assigning tasks to individual team members, and 

participating in the team leaders’ meeting with the faculty members. Team leaders 

also needed to present the expected deliverables for every week in the team 

leaders’ meeting. As team editor, the student ensured that the team’s work was 

completely documented and communicated in time to the Editor-in-Chief, to be 

included in the overall report/presentation. In every phase, the Editor-in-Chief was 

the person responsible for making sure that individual team sections were 

consistent with the narrative of the overall report/presentation. In case of any 

discrepancy or need for additional details, he would contact the team concerned 

and make sure that everything necessary is included. Each team had a liaison in 

the second and third phase who attended meetings of other teams and was 

responsible for noting, alerting and averting any requirement gaps between the 

two teams from happening. In addition, the class had a Demo Master in the third 
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phase who was responsible for connecting all the individual components prepared 

by the teams. He ensured that during the final demonstration of the design artifact 

prototype in front of the clients and the instructors, the scenarios and use cases 

envisioned for the project were successfully implemented. In a way he acted as 

the final task-master for the demo and had authority to convene meetings 

involving any student or team, or assign additional tasks to them if deemed 

necessary for the final demo. Figure 5.1 shows the organization structure for 

RPCS.  

 
Figure 5.1 Organization structure for RPCS 
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The major teams for RPCS 2008 were: a) Chair), b) Clinician, c) Infrastructure and 

d) Sensors. Other sub-teams formed at different stages of the project were: a) 

Software Environment, b) Database, c) Hardware Platforms, d) HCI/Client Liaison, 

e) Phase 3 Presenters, f) Phase 1 Editors, g) Phase 3 Editors, h) Software 

Architecture, and i) Wireless. For the purpose of this research only the four main 

teams have been considered, as they were responsible for the different 

components of the designed artifact, and lasted for the entire duration of the class 

(all three phases). 

 

5.2.3 Timeline of RPCS 2008 

The Guru project was divided into three time-phases, each lasting approximately 

five weeks. During Phase 1 (1/14/2008 to 2/24/2008; weeks 1-6), the instructors 

allowed the students access to system architecture diagrams and intermediate 

and final project reports from prior year’s RPCS projects; the purpose was to 

benchmark the level of details in the reports expected from the students at the end 

of each phase. The students were required to come up with their own system 

architecture diagram for the Guru system, the software and hardware architecture 

diagrams, and visionary scenarios. They were also expected to situate their 

contribution in the research landscape. Based on the system architecture diagram, 

certain similar tasks and responsibilities were aggregated, and the major teams 

were formed to examine the different steps required to accomplish the assigned 

tasks. This was done at a relatively abstract level so that students could do a 
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breadth-first overview of the existing research literature and have a basic idea of 

the tasks that would be required.  

Different sub-teams were created during the three phases specifically for tasks in 

that stage of the project. The second phase lasted from 2/25/2008 to 4/6/2008 

(weeks 7-12), while the third phase from 4/7/2008 to 5/18/2008 (weeks 13-18). 

In both these phases, the details of the project became more refined as the 

students acquired domain expertise in the tasks assigned to them. 

 

5.3 The Kiva 

The Kiva offers a discussion thread-based collaboration environment where 

students enrolled in a course can start discussions and post files. The audience 

for each of the posts can be customized by user-defined groups of members of the 

class, including students, instructors, teaching assistants and the client. The posts 

are publicly visible, and students are encouraged to read not just their own group’s 

posts, but also the ones made in other groups. However, students can customize 

the notification settings based on their personal preferences. 

As a web-based repository of design activities in ongoing projects, the Kiva serves 

not only as a reuse tool for past material (Liang et al. 2000), but also as a group 

memory aid for the teams. It gives researchers insight into the student discussions 

and the (abstract) state of the artifact at different milestones throughout the 

project. The data captured can be broadly classified into product data and process 

data. The product data pertains to any document that describes the structure of 

the artifact in development. The process data relates to the team coordination 
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activities, discussions about the logistical and approach-related constraints and/or 

choices, the course syllabus, external references, etc. 

Closely examining the process data shows that the student posts on the online 

discussion forums ranged in size from 10-500 words and the number of noun 

phrases contained in them was negligible in comparison to the intermediate 

formal documents posted by students. For example, Phase 1 report had about 

16,000 words and the final project report had about 25,000 words in it. 

Nevertheless this analysis benefits from taking into account multiple versions of 

the reports as they were finalized. Table 5.1 shows the number and types of files 

that were posted in RPCS 2008. The zipped folders usually contained the 

programming files that students were working on and were unzipped before the 

analysis. 

 

Table 5.1 Number and types of files from RPCS 2008 included in the DesignWebs 
analysis 

 

S. No. File-types File extensions 
Number 
of files 

Included in 
analysis? 

1 Text files doc, docx, rtf, pdf 238 Yes 

2 Powerpoint presentations pot, ppt, pptx 83 Yes 

3 
Programming/database 
related files 

com, cs, db, exe 21 No 

4 Image files 
bmp, jpg, png, 

vsd 
79 No 

5 Excel spreadsheets xls, xlsx 71 No 

6 Zipped folders zip, rar, tgz 38 N/A 

7 Audio files wma 1 No 

8 Kiva posts txt 1971 Yes 

 

The Kiva has certain appealing characteristics as a data source format for this 

research. As the Kiva was designed to facilitate communication within and across 
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teams in an open collaboration environment, so students in ongoing projects have 

full access to the discussions happening in other teams that they are not 

themselves part of. For project archives, the Kiva allows researchers ready access 

to design documentation and communication between students through the 

discussions. 

However, the Kiva was not designed to aggregate student communication or 

parse through documents posted as attachments on the discussion boards, to 

provide students more context or comprehensive results in their queries. Analysis 

of communication between students in ongoing and archived projects is important, 

as it captures the design process and artifact knowledge. Adding functionality to 

the Kiva can help to address these limitations, as students will not be required to 

familiarize themselves about the basics of the environment. Such an incremental 

approach can increase the chances of acceptance and adoption of the 

DesignWebs. 

 

5.4 Summary 

The aim of this chapter has been to explain the organization structure, timeline 

and experimentation context for the Rapid Prototyping of Computer Systems 

class that has been used as the research test bed for this thesis. The class 

presents a unique combination of close instructor interaction and well-structured 

student design teams that provide opportunities to study the complexities of the 

design process. Explicitly stating the unique aspects of this class can assist 

researchers in design to contextualize the findings of this study.  
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Chapter 6: DesignWebs 

 

DesignWebs represent the shared concept maps-based model of a design project, 

as reflected by the knowledge that students externalize, either through their written 

conversations or through the documents they create or reference. DesignWebs 

aggregate the documents and conversations that students engage in while 

designing the artifact. DesignWebs parse the project documentation using 

machine learning and build a graphical representation that aggregates major 

interrelated concepts and can be used to navigate the project corpus. The graph 

has three levels: a) the top level shows the major topic clusters in the project 

corpus, b) the middle level shows the major sub-topics within the topics and c) the 

bottom level shows the noun phrases that constitute the sub-topics. Since 

associations between concepts can be used to gain insights into the design 

process, the concepts are connected to each other using arcs that reflect the co-

occurrence of the concepts. The DesignWebs graph created at different stages of 

the project help instructors see how student knowledge evolves over a period of 

time and across different teams.  

 

6.1 Structure of DesignWebs 

DesignWebs provide a navigation aid to a student design project repository 

through a web-based interface. They provide a visual representation of the shared 

structure of the design artifact that can be shared by students and instructors 

working on the design project. DesignWeb graphs are composed of nodes, 
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connected by arcs. The nodes are labeled by noun phrases and their connections 

with other nodes are determined by their mutual collocation. The graphs are at 

three levels of aggregation; the top level shows the topics covered in the project 

corpus at the most abstract level, i.e., the major topics covered by the documents 

in the corpus. Focusing on any one node at the top level takes the student to the 

middle level that represents the major sub-topics within the top level node. 

Similarly focusing on any sub-topic at the middle level shows the major noun-

phrases at the bottom level. The students can create a query about any single 

node at the middle or bottom levels to see the document fragment in which that 

noun-phrase occurs in the corpus. Alternately, they can make a complex query 

using a combination of noun phrases (nodes) to see how they are collocated in the 

text. The results for such queries can be sorted by author, or time, or frequency. 

However, instead of showing the entire documents in the results, the DesignWebs 

link to the relevant document fragments. The document fragments have been 

created at the pre-processing stage by segmenting the project corpus 

automatically into coherent units. They are the smallest units of text considered for 

analysis. The following sections present more details about DesignWebs. 

 

6.1.1 Document Fragments 

This thesis uses the document fragment as the basic unit of information for 

DesignWebs. Documents are defined in the broadest sense to include any textual 

“intellectual objects” (Davis et al. 2001), including project reports, updates, course 

syllabus, meeting minutes, discussions, annotation, external reference articles, 
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spreadsheets, and presentation material. The students create these documents 

during the course of their work and share them with other members of their team. 

This enables the team to participate actively in reviewing, revising, adding, 

updating, annotating and extending its intermediate outputs.  

The document fragments are useful as the basic unit of analysis, instead of entire 

documents, because of the nature of student project corpora. Student documents 

often contain multiple versions of the same project reports, memos, etc. and 

reports are often compendia of all the individual reports submitted over the 

duration of the project. By allowing the student design team members to visualize 

the contents of the corpus and then assisting them in navigating to the smallest 

coherent unit (paragraph or sentence) where the relevant noun phrase(s) occurs, 

the DesignWebs obviate the need for the student to parse through long 

documents to reach the relevant section(s). DesignWebs also allow the student to 

see the document fragments in the results in the context of their associated 

metadata, such as author, and time of posting. This helps to distinguish between 

different versions of the documents. For example, the students may give more 

weight to a post made by the instructors than the ones posted within teams, or to a 

version of the project report posted near the end of the class than the one posted 

earlier. Most document fragments are associated with the noun phrases at the 

lowest levels of the DesignWeb graph, as explained in the next sub-section.  

Figure 6.1 shows the basic structure of a typical DesignWeb graph. Note that 

nodes at the same level may or may not be connected to each other depending on 
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whether they co-occur in the project corpus. However, this is not shown in the 

diagram for the sake of simplicity. 

 

 

Figure 6.1 Basic structure of DesignWeb graphs 

 

6.1.2 DesignWeb Graph 

The DesignWeb graph is composed of nodes and arcs. It is also hierarchical up to 

two levels of depth based on aggregation of the topics occurring in the corpus. At 

the first level, the DesignWeb graph represents the main topics that occur within a 

project corpus. Each node at the first level has a second level graph associated 

with it, which is constituted of the sub-topics that are collocated with that node 

from the first level. Similarly, the third level graphs are constituted of noun-phrases 

collocated with the nodes from the second level. At all levels of the graphs, the 

connections between the nodes are made through arcs. Although arcs cannot be 

considered an accurate analogy for relationships in entity-relationship models, 

they are useful to help students identify connections between the concepts and 

see how the relationship evolves with time. Moreover, whether two nodes are 

connected to each other by arcs or not is based on their mutual collocation ranks. 

This means that only pairs of words or phrases whose co-occurrence within the 

Top Level 

Middle Level 

Bottom Level 
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corpus is considered significant are connected by an arc in the graph. Conversely, 

some nodes that have low mutual collocation ranks are not connected to each 

other at all. So in order to avoid the possibility of having orphan nodes at the first 

level, a single node labeled ‘start’ is connected to all the nodes at the first level. 

6.1.2.1 Concepts represented as Nodes 

The term ‘concept’ is not well-defined in literature and there are subjective 

considerations involved in classifying a phrase as a design concept (Heylighen et 

al. 2004; Dong 2008). This thesis uses the term ‘concept’ for all noun phrases 

based on prior approaches in design learning (Mabogunje 1997). Every noun 

phrase in the document corpus is therefore a potential node for the graph. 

However, the specific noun phrases that are used as node labels in the graph are 

determined by the LDA algorithm through frequency and probability calculations. 

LDA clusters noun phrases that occur in similar lexical neighborhood through a 

kind of thesaurus discovery process.  

6.1.2.2 Relationships represented as Arcs 

Co-occurring noun phrases (nodes) in the corpus are connected by arcs, to make 

the connections between different concepts evident to students. Such functionality 

is useful when a student wants to understand how two concepts are related to 

each other and to navigate to the location where they co-occur in the corpus. 

Alternately, an instructor can see how the different parts of the project are evolving 

and if important concepts that should be connected are missing a critical link. The 

arcs can also be labeled with the verb phrases that are found to be the highest 
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ranked for both the nodes that they are connecting. The intent is to make it 

convenient for the students to interpret the relationship between the nodes.  

 

6.2 DesignWebs as Navigational Tool for Design Project 

Corpus 

Designers cannot know their information needs at the initial stages of a project, 

since their needs change as the project proceeds (Konda et al. 1993). Therefore it 

is not possible for them to decide beforehand how the structure of the artifact will 

be created or which aspect will consume the most efforts. Therefore, a static 

ontology cannot capture the information created about the artifact (Jurisica et al. 

2004). This thesis deals with the problem at the background level: any new 

documents added to the corpus can be processed to include their noun phrases in 

the graph. However, LDA does not provide hierarchical clustering. No structure is 

inherent to the universe of discourse about design, nor are structures consistent 

across individuals or time. This follows from the assumption (backed by 

observations in design classes) that no single hierarchical view exists for the 

space of information being considered by multiple people (Staab et al. 2001). 

In order to be useful to all students and instructors, DesignWebs must maintain a 

balance between allowing customization of the graphs and imposing a consistent 

structure on the entities constituting the artifact. For example, not all students are 

familiar with the contents of the documents, and the documents themselves may 

be unstructured pieces of text. Currently when students are browsing through 

project archives, they guess the major topics in the document corpus and search 
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for them as keywords. Alternately, they search for the most representative 

document of the project (e.g. final project reports) that may not include the 

relevant information they were looking for. In contrast, an integrated browsing and 

query mechanism is used in the DesignWebs so that the students can “cast a net 

broadly” (Berlin et al. 1993) on the shared repository and then narrow down the 

information of their interest through incremental refinement. Such an approach 

obviates any prior familiarity with a corpus.  

At the initial stages of a project, designers often build prototypes, test them, and 

identify any weaknesses and/or limitations vis-à-vis the design requirements. The 

prototype is then rebuilt to address these limitations. As is evident from this 

iterative process, designers usually consider multiple options for the design 

problem of their interest before finalizing a single one (Honda et al. 2010). Future 

users of archived project corpora should be able to identify and navigate to the 

different design options considered by designers. Browsing through an interactive 

mechanism acts as an enabler of such “serendipitous finds” (Berlin et al. 1993) 

and allows users to understand what information exists in a given cluster. The 

browsing interface for DesignWebs is relevant for a situation when a student is 

unfamiliar with the corpus and is not sure what is likely to be in it, or when the 

student has an imprecise notion of when a document was created. In the latter 

case, she can identify the noun phrase(s) of interest from the graph and sort the 

resulting relevant results (document fragments) by the time of creation. 

Alternately, when a student cannot describe what she is looking for beforehand 

(but can identify the document on seeing its contents), she can browse the graphs 
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and identify any node(s) of interest, leading her to the relevant document 

fragments.   

The DesignWebs interface has a simple structure with three levels of aggregation. 

The top level presents the major topics in the text repository. This enables 

browsing and also serves as natural context for queries. Once the student 

identifies the topic of her interest, she can go to the middle level of the graph that 

is composed of the sub-topics associated with the chosen topic from the previous 

level. The bottom level of the graph is similarly composed of noun phrases 

relevant to the sub-topic identified at the middle level. At all levels of the graph, the 

nodes are connected to each other based on their collocation ranks identified 

through co-word analysis algorithms. The DesignWeb structure is kept simple to 

minimize any added complexity of browsing the graphs, and to avoid the overhead 

required for training on complex controlled vocabularies. However, the algorithm 

can be customized to add additional layers at the middle level if needed. 

Top level 

The top level of DesignWebs consists of topics which are the nodes, whose size 

represents their frequency of occurrence in the document. The size is determined 

by the number of document fragments associated with the node, as well as the 

frequency of the label (concept) in the fragments. The top level nodes represent 

the major topic clusters in the document corpus. The purpose is to allow the 

student to get a quick idea of the major topics in the corpus and potentially focus 

on the cluster(s) of her interest. 
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The labels for the individual nodes are assigned by LDA based on identifying the 

most representative term, through a probabilistic distribution over the terms in the 

cluster. However, LDA requires that the number of nodes in the top level be pre-

specified (Blei et al. 2003). Such flexibility is useful from the perspective of the 

student’s personal preferences, as having too few nodes at the top level can lead 

to increased overlap between the concepts covered by them, and vice-versa, 

depending on the level of similarity across documents. All the nodes at the top 

level usually have a middle level graph associated with them. This can fail, 

however, if too many nodes are pre-specified for the LDA algorithm. To better 

understand this, consider two extreme cases: in the first case, only one node is 

assigned at the top level, meaning that all sub-topics are associated with the 

same topic cluster; while in the second case, n-nodes are assigned at the top 

level, meaning that every noun phrase is a separate topic. DesignWebs assist 

the students to situate the number of clusters between these two extreme cases. 

It must be noted that every time the number of nodes is changed, LDA builds the 

model all over again to compute the new probabilistic distributions for the noun 

phrases in the corpus. 

For the RPCS 2008 corpus, six top level nodes were considered adequate after a 

quick process of experimentation. Figure 6.1 shows the six top level nodes 

determined by LDA for the entire project corpus of RPCS 2008 data. Any pair of 

collocating topics is connected by an arc. For example, ‘post’ and ‘time’ are 

connected, since the communication mechanism in the core component of the 

Guru adds a message post to the queue in Avatar thread and prioritizes the 
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resolution of a major synchronization issue of not calling more than avatar at a 

time. As stated earlier, a node labeled ‘start’ is placed at the center of the top 

level graph and is connected to all the other nodes, so as to avoid the possibility 

of an orphan node in the graph. The top level nodes are colored red to make 

them easier to distinguish, while the ‘start’ node is colored blue.  

Figure 6.2 shows the top level nodes for the DesignWebs created from the 

documents and discussions posted by all the teams in RPCS 2008 throughout 

the semester. It shows the main topics that the students dealt with during the 

project. For example, the time node refers to instances where the students were 

discussing the problem scenario where their imaginary powered wheelchair user 

Joe spends time by himself during the day watching television, but gets pressure 

sores when he does not remember to tilt his wheelchair’s back regularly, causing 

him pressure sores. The students go on to discuss the alternate scenario where 

an avatar called Guru would remind Joe that it was time to tilt the chair when he 

was watching television or a movie DVD. 
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Figure 6.2 Top level of DesignWebs for RPCS 2008

Legend: 

 Top level node 
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Middle level 

The middle level of DesignWebs consists of sub-topics of the top level topic. 

Figure 6.3 shows the middle level graph associated with the time node from the 

top level (Figure 6.2). The middle level allows the student to go into more details 

about a topic cluster. For example, Figure 6.3 shows the power node at the middle 

level because in RPCS 2008, the Infrastructure group was concerned about the 

production unit battery that they should select to enable the wheelchair to 

consume average power for a time period of 18 hours/day. The nodes are again 

connected by an arc if they are collocated in the project corpus. Note that the top 

level nodes are still visible, to allow users to view the graph in context. 
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Figure 6.3 Middle level of DesignWebs associated with the ‘time node from the top level

Legend: 

 Top level node 

Middle level node 

 Bottom level node 
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Bottom level 

The bottom level of DesignWebs consists of noun phrases of the middle level sub-

topic. Figure 6.4 shows the bottom level graph associated with the chair node from 

the middle level (Figure 6.3). Each of the terms in the bottom level is connected to 

one or more document fragments where it occurs in the corpus. The nodes are 

again connected by an arc if they are found to be collocated in the project corpus.  

For example, the connection between the back and day, and day and seat nodes 

in Figure 6.4 refers to the time during the day in the usage scenario when Joe’s 

wife Carla spots a pressure sore in his lower back because the seat of the loaner 

power wheelchair didn’t suit him well. The other nodes at this level show that 

students were discussing the tilt sensors that would allow Joe or his clinician to 

see the tilt data on his wheelchair’s LCD screen at any given time. 
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Figure 6.4 Bottom level of DesignWebs associated with the ‘chair’ node from the middle level

Legend: 

 Top level node 

Middle level node 

 Bottom level node 
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DesignWebs use two variant approaches to deal with project archives versus 

ongoing projects, as the following two sub-sections describe. 

 

6.2.1 Project Archives 

Designers often have to reference, build on or borrow from previously completed 

projects. The project archives are a valuable source even for experienced 

designers. DesignWebs can assist in making sense of previously completed 

projects through the retrieval of documentation and communication data in real-

time from the mySQL database storing the Kiva database for the completed 

project. The metadata related to posts on the Kiva (author, time, date, teams to 

which the post was made) is available and can be used to make complex queries 

when navigating the graph. For project corpora that have been archived (from 

previous classes), the DesignWebs can either be used on the whole corpus, or for 

documents created in a particular time frame or by a given author/team. This is 

done by a new SQL query. Such an approach makes navigating the corpus 

interactive than through a comparable search paradigm. Browsing also helps the 

students to navigate through existing product structures, without having to know 

beforehand the contents or context of the archive.  

 

6.2.2 Ongoing Projects 

The analysis of ongoing projects for DesignWebs is distinct from that of project 

archives mainly in the first phase when few documents are available and the 
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DesignWeb graph is sparse. The first design phase involves building the 

knowledge base, by accessing relevant prior work and creating the research 

landscape (Subrahmanian et al. 1997). During the first stage of student projects, 

the students are becoming familiar with their team members and the problem 

description, brainstorming among themselves to come up with the form, function 

and behavior of the artifact, and assigning tasks among themselves. Therefore, 

this stage is characterized by a few student-created documents that are posted on 

the Kiva; instead, the documents in the initial project corpus generally include the 

course syllabus, problem statement (from the client), research papers (suggested 

by instructors/clients or posted by students) and initial presentations.  

As students reference previous research in domains related to their assigned 

tasks during the first phase, many research papers and websites referenced by 

them are used to create DesignWebs during the first stage. The graphs at this 

stage that are created from the reference material gives an estimation of the 

breadth of the research landscape being explored by the students. This is helpful 

to the instructors in unobtrusively and actively keeping track of what the students 

are reading and discussing, and intervene if they find that they are missing a key 

aspect of the problem in the background literature. Simultaneously the students 

can visualize the breadth of the research landscape relevant to their project, as it 

is being explored by them and other students even outside their own teams.  
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6.3 Implementation of DesignWebs 

This section describes the approach used to construct DesignWebs from student 

documents stored in the Kiva. The form of data captured by the Kiva ranges from 

informal meeting appointment discussions between members of the same team to 

extensive and formal written reports and presentation slides meant for the industry 

sponsors. This section describes the preprocessing steps required to prepare the 

project corpus for analysis, the machine learning algorithms required to extract 

noun phrases from the text, clustering the noun phrases and explicitly stating the 

collocation between them to show the connections between the nodes of the 

graph.  

 

6.3.1 Data Preprocessing 

All documents and design conversations in the corpus are first converted into plain 

text format using Java libraries. This is done using the open source Apache 

PDFBox (http://incubator.apache.org/pdfbox/), an open source Java PDF library 

for working with PDF documents. The Apache POI (http://poi.apache.org/), an 

open source Java API for Microsoft Documents, is used to convert file formats 

based upon the Office Open XML standards (OOXML) and Microsoft's OLE 2 

Compound Document format (OLE2) into text using Java. The HTML files for the 

downloaded web-pages are converted to text using off-the-shelf text manipulation 

tools. Once the documents are all converted into plain text format, they can be 

manipulated by the machine learning algorithms in the following processing steps. 

For RPCS 2008, 45 % of the files posted on the Kiva are text files (MS Word or 
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RTF), 16 % are presentation files, and the remaining include images, Excel 

spreadsheets, programming/database related files and audio files. Out of these 

different file formats, only the text and presentation files were included in the 

analysis. 

 

6.3.2 Data Processing 

The data processing step involves using the LDA model for extracting the noun 

phrases (nodes) for the DesignWeb graph. This is followed by using co-word 

analysis to form connections between the nodes that are collocated. The 

following sub-sections describe the steps. 

Extract the LDA model and apply hierarchical clustering to extract a hierarchical 

topic structure 

A topic model is extracted from the document snippets using LDA. Hierarchical 

clustering is then applied to find subtopics for every extracted topic. The final 

structure consists of a tree where the internal nodes represent (sub)topic clusters 

and the leaves the terms. For each topic t, the following steps are applied: a) 

extract the terms with highest probability of topic t; b) extract for each term their 

document distributions in the most relevant documents of topic t (the documents 

where t has a large probability); and c) apply complete link hierarchical clustering 

over the terms. 

Since students do not want to be overwhelmed with a large number of words in 

the visualization, only the most relevant words for each topic are used. These 
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words are represented by a vector with the term frequencies of the most relevant 

documents in the particular topic. Since terms can have multiple meanings, with 

this method terms are represented in the context of the topic of interest. 

A bottom-up clustering approach is applied to induce a topic hierarchy. Each term 

starts as a single cluster. The algorithm then merges clusters, until they are all 

merged into a single cluster using complete-link clustering . Because this 

algorithm has a preference for small compact clusters, this method is preferable 

for user interaction compared to long clusters, which tend to occur more using 

single-link clustering (Manning et al. 1999). 

The resulting hierarchical structure is represented as a dendogram. For displaying 

the DesignWebs as a hierarchy of topics at three levels, the resulting dendogram 

is partitioned into a specified number of clusters. However, this approach suffers 

from the problems of having to specify the number of clusters beforehand. Since 

the suitable number of clusters can vary across topics and datasets, this needs to 

be determined automatically. The L-method (Kando 1997) is applied to find a 

suitable number of clusters. Given the clustering evaluation metric values for 

different numbers of clusters, this method finds the ‘knee’ in the graph, which 

indicates a suitable number of clusters.  

Improving the usability of the model 

The preprocessing step does not include a stemming step in order to distinguish 

between nouns and verbs. So the current model contains terms that in fact 

represent the same concept (for example ‘line’ and ‘lines’). For every pair of terms 

the similarity is measured by comparing their topic distribution. Stevyers (2007) 
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uses the symmetric Kullback-Leibler divergence measure as a suitable measure of 

the similarity between words using their topic distributions. Cosine similarity is 

therefore applied. Cosine is one of the two metrics (vector length is the other 

metric) commonly derived from the geometric interpretation of the semantic space 

in the analysis of textual data (Gorman et al. 2003). The cosine similarity of two 

statement vectors is a mathematical measure of how similar they are on a scale of 

[0, 1]: 1 means that the vectors are either identical, or that their values differ by a 

constant factor. So the cosine between statement vectors provides a measure of 

how two statements are semantically related in the semantic space. 

The stem of the two terms is compared, by applying the Porter stemmer, as a final 

check whether the two terms refer to the same concept. Note that using this 

approach the issue with the Porter stemmer collapsing two terms (representing 

different concepts) to the same word, is resolved. However, the mistakes made by 

the Porter stemmer when two terms are wrongly reduced to different terms cannot 

be resolved. If the two terms pass the topic distribution similarity and stem 

similarity tests, they are collapsed to one node in the graph and the new node is 

labeled as one of the original terms. 

The next step is the extraction of phrases. For every combination of two and three 

terms in a cluster, their appearance as a collocation (Steyvers 2007) in the 

document collection is examined. The most relevant documents for a topic are first 

retrieved and the collocations of this document collection are extracted. If the two 

or three terms are a collocation, the terms in the graph collapse and the matched 

phrase is labeled with this node. The current model applies a simple heuristic to 
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label the topics. For every unigram and bigram the number of relevant documents 

within the cluster is counted. The frequency of bigrams is multiplied by a constant, 

since they occur less often than unigrams. 

Finally, to give students a better idea of the relative importance of topics in a 

corpus, the size of a topic reflects the percentage of tokens assigned to it by the 

topic model, divided by the total number of topics.  

Calculate topic-term connections 

To give students more insight into the document collections, the system also 

displays links between two related terms or two related topics. Topics are 

represented by their probability distribution in the document collection. Terms in a 

topic are represented by their frequency distribution in this topic. Cosine similarity 

is then applied to link highly related terms or topics. 

Make relevant document fragments accessible 

One of the goals of DesignWebs is to give students an index into the relevant 

documents. Once they find an interesting (sub)topic, they should be able to open 

the relevant documents. When a student clicks on a node in the graph, a query is 

created with all the terms in the sub-tree of this graph. Since this sub-tree belongs 

to a specific topic, the set of returned documents is limited to the most relevant 

documents in this topic. When a student sequentially clicks on node the query is 

expanded with the terms of the new node the students have clicked on, thus the 

student is in fact refining the query. With a ‘reset’ button the student is able to 

reset the keywords collected so far.  
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Generate DesignWebs 

The Lingpipe framework (http://alias-i.com/lingpipe/) is used for extracting the LDA 

model, collocations and applying the clustering. Lucene (http://lucene.apache.org/) 

is used for the document retrieval functionality. 

Indexing and Navigation 

In DesignWebs, the retrieval of design information by students is done by some 

combination of navigation and query by the student. The vector space models for 

all documents in a corpus are combined to form a word-by-document matrix. 

When a student makes a query using words or noun phrases found in the 

documents, the retrieval algorithm tries to find the closest matching document and 

displays that to the user with the relevant words or noun phrases highlighted in the 

snippet. When the user opens the original document from the results section, he is 

taken directly to the document fragment that was shown in the preview. 

Note that since the DesignWeb prototype was made completely from open-source 

libraries, namely the Lingpipe framework (http://alias-i.com/lingpipe/), Lucene 

(http://lucene.apache.org/) and co-word analysis (Krsul 1998), the software code 

has not been added as an extra appendix. 

 

6.3.3 Sample DesignWeb 

The effectiveness of DesignWebs in assimilating the concepts embedded in a 

document corpus, generated and referenced by students in an engineering project 

class, was tested using the RPCS 2008 data. All the files posted by the students 
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along with their discussions on the Kiva, as well as reference materials (journal 

papers, URLs, etc.) were used. This resulted in 1546 messages posted on the 

Kiva, 531 files and about 31 external URLs. All these files were converted to text 

using the data preprocessing steps described earlier. The DesignWebs were then 

automatically generated from these documents using the method described in the 

previous section.  

In the following sequence of figures, the interface is a working prototype from the 

Kiva database. Figure 6.5 shows the major clusters of topics when the DesignWeb 

for the RPCS 2008 project about the virtual coach for wheel-chair users called 

‘Guru’ is opened. The center node is the node in focus. 
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Figure 6.5 Opening screen of the DesignWeb for RPCS 2008 

 

The left pane of Figure 6.6 shows the DesignWeb while the right pane shows the documents associated with “data,” which 

is the currently selected node. The results show the names of the files and posts, and metadata including author and time 

of posting. The list of results in the right-hand side pane is presented in order of association strength with that node. The 

initial list shows all the documents that contain the selected word.  
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Figure 6.6 DesignWeb with the “data” label selected (“data” is the node in focus) 

 

If the student clicks on another label (“sensor”), only the documents that contain both search terms (“data” and “sensor”) 

are displayed (Figure 6.7). Similarly, if the student then clicks on a third label, only the documents that contain all three 
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terms will be displayed. The results also show snippets of the original files to show the context of the concepts. The 

highlighted terms in the snippets show the search terms. 

 
Figure 6.7 DesignWeb with “sensor” and “data” selected (“sensor” second level node in focus)
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 The student can explore the topics in the web by expanding and contracting the 

nodes. To expand a node, she double clicks on its circle. To move up a level, she 

clicks on a higher node. Because each node is associated with a word that occurs 

in a set of posts/files, the student can click on the word to see the documents in 

which it occurs in the current context. To open a document, she clicks on its title to 

open it in a separate window where it can be searched. To clear the constraints, 

she clicks on the “Reset Keywords” button in the right pane. To go back to the 

initial configuration of DesignWebs, she clicks on the "Start" node. To increase or 

decrease the complexity of the graph, she uses the "Degree of Separation" bar at 

the bottom of the left panel. 

Suppose the student wants to check the credibility of the source in which all the 

search terms occur: she looks at the date of posting and realizes that a file/post 

later in the semester has a higher chance of being a part of the final solution. She 

scrolls down the right search pane and finds a Kiva discussion post listing the 

criteria the students from the previous project used to evaluate the possible tilt 

sensors for the powered wheelchair. She opens the section on tilt sensors in the 

final report (also listed in the results) and gets a better idea of the context in which 

the criteria were selected. In this way, the student can keep browsing the RPCS 

project corpus based on the particular concepts of her interest or a combination of 

concepts, without being restricted by their location in the documents or discussion 

threads. 
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Figure 6.8 DesignWeb result showing the Kiva discussion about the sensor data collected by tilt sensors
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6.4 Summary 

DesignWebs represent the development of an artifact and its related knowledge in 

an evolutionary manner. The combination of evolution, history and artifact 

structure allow the students more holistic view of the artifact. The students also 

have the flexibility to navigate within the structured graphs or search the corpus for 

the concepts of their interest. This makes the exploratory aspect of the artifact 

structure seamless. Since the DesignWebs prototype uses the Kiva as the 

underlying infrastructure, not much additional effort is required by the students or 

the instructors to familiarize themselves with the basics of the project repository. 

This means that the DesignWebs provide an additional functionality to the 

instructors and students in visualizing the state of the project and also 

understanding how individual sub-systems relate to the overall artifact structure. 
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Chapter 7: Assessing Design Team Dynamics 

 

This chapter discusses how DesignWebs can enable better understanding of 

ongoing design processes in a design project. It examines noun phrases used in 

student documentation as a surrogate measure to assess design team progress. 

In order to answer this, basic statistical methods are employed on the noun 

phrases used by teams in a design project to measure design team 

communication at various project milestones. The basic analysis of noun phrase 

usage reveals whether the teams are progressing as expected for successful 

design and are communicating with each other on the shared interfaces as 

suggested by the system architecture. Subsequently the chapter describes how 

noun phrases that constitute the design vocabulary reflect how certain design 

concepts evolve with time and across teams. The characteristics of such 

evolution are described and some sample design concepts are followed across 

time to show how they are transformed with time to become a final part of the 

overall design. The analysis shows that design concepts reflect the system 

architecture in the case study of a successful design project and can be used as 

a reflection of the artifact’s design narrative.  

The next section discusses how natural language has been used for 

understanding design by researchers in the past, as it is relevant for the context 

of this chapter.  
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7.1 Role of Natural Language in Design 

Natural language plays an important role in the description of design by situating 

artifact-specific information into the design knowledge landscape. It documents the 

design intent, design rationale and exchange of design ideas in the process of 

designing an artifact (Dentsoras 2005). Design discussions provide expressions 

about the form, function and behavior of the artifact. During the course of a design 

project, individual actors negotiate with each other to create shared understanding 

about what the artifact should look like to satisfy the constraints imposed on it.  

In design project courses, especially the ones like RPCS that involve students 

from multiple disciplines, one goal is for students to communicate well with one 

other. In the absence of effective communication, requirement gaps can result that 

may lead to some aspects of the artifact requirements being overlooked or some 

of the constraints getting violated. Assessing the language used by students in 

their discussions and documents while collaborating on projects can help the 

instructors gain insights into whether the students are progressing on the projects 

outside the classroom where the instructors cannot monitor their day-to-day 

activities. Early detection of the lack of communication can provide instructors the 

opportunity to intervene when they discover some teachable moments and keep 

the project on track. 

Successful design teams actively exchange knowledge and create new knowledge 

in the process. Designers perform tasks that require problem-solving using 

information presented in a shared context, related to the design rationale, intent, 

decision-making process and ultimately the constraints imposed on the design 
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environment by practical (e.g., budgetary, technological feasibility) and/or client 

considerations (Campbell et al. 2007). In this context, they can be viewed as 

‘knowledge workers’ (Drucker 1959) who explore various knowledge sources for 

their tasks and do not just retrieve specific information from a single source. From 

the perspective of student design projects, students are expected to explore prior 

research literature to situate their project design with existing knowledge in the 

domain. In the RPCS case study, project classes are often divided into teams that 

are individually responsible for different components of the artifact’s system 

architecture. Bringing together knowledge from different sources, communicating it 

to other team members who are not familiar with the new information, and utilizing 

existing knowledge to realize the task at hand is an important skill that students 

learn from project courses. 

 

7.2 Evolution of Design Concepts over Time 

The goal of the DesignWeb prototype is to assist in exploring the information 

shared across groups in design projects. Since it cannot be predicted what form a 

design artifact will take through the course of the project, the information needs of 

students or the structure of knowledge that they will create cannot be known in 

advance. This means that a support system like DesignWebs that aggregates 

design project data should be designed to conform to the design information as it 

is created and shared by students, instructors or the client.  

Past work in information retrieval has shown that noun phrases can be considered 

good approximation of concepts (Arampatzis et al. 1997). Noun phrases allow 
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capturing the major concepts used by students in formulating the design artifacts. 

Language technologies literature suggests that as the size of a corpus grows, the 

number of key-words grows with the square root of the size of the corpus 

(Arampatzis 1998). Similarly, as a corpus grows, the number of noun phrases 

grows faster as compound terms than the square root of the size of the corpus. 

The n-dim group (1992) made observations about the relation between design 

vocabulary and successful design teams. They stated that teams, where the 

designers communicate frequently with each other, stabilize the design 

terminology much earlier in the project than teams where the communication 

breaks down or is non-existent. They extrapolated their reasoning to suggest that 

the late reconciliation of group design vocabulary is an indication of poor team 

coordination and can lead to complete project failure or significant delays in the 

completion. 

Mabogunje (1997) followed up this work by examining the relationship between 

design questions and performance in real-time design. He performed endogenous 

indexing of the questions captured over the course of projects, focusing on 

requirements documents that were produced as the project progressed. The 

results showed correlations between the design questions and the endogenous 

indices, most of which were generally composed of noun phrases. His research 

question was subsequently transformed into using noun phrases as a predictor of 

design performance. The apparent advantage of using noun phrases is due to 

their role as an objective design document metric for predicting design process 

performance. The number of distinct noun phrases at every stage of a design 
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artifact can reveal insights about the state of the project. So observing the noun 

phrase trends over time can indicate whether the project is progressing in the right 

direction. Mabogunje’s study examined the intermediate and final project reports 

submitted by a project class and discovered that for successful design teams the 

number of distinct noun phrases expanded at the initial stages of the project and 

contracted as the project progressed. He deduced from these findings that the 

expansion was because student teams were exploring (brainstorming) a variety of 

design options in the research literature. The contraction, on the other hand, 

happened as the teams refined the structure of the artifact and the approaches 

needed to formalize them, and started using shared vocabulary. According to his 

study, if the number of distinct noun phrases use by teams starts contracting as 

the project progresses, it reflects that the project is being executed successfully. 

However, there are certain characteristics of Mabogunje’s study that require 

further evaluation: 

1. His study examined only intermediate formal product data, e.g. project 

reports, possibly because he did not include process data that electronic 

discussion forums such as the Kiva provide. It is not clear how his findings 

would hold when this process data, i.e., discussion threads and e-mails 

exchanged between students, is included. 

2. The projects studied by him were done over the course of three quarters 

(roughly seven months). The projects were assigned in early November 

and ended about early June of the following year. When students signed 

up for the projects, they were expected to sign up for the subsequent two 
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quarters as well because of the commitment to the sponsoring companies. 

For the year of the study there was no attrition. This meant that there was 

no handing-over of design data across classes, since students worked on 

the project across quarters. Such a course structure introduces certain 

peculiarities to the way students interact. For example, since the students 

in the first quarter are the ones who implement the design alternatives 

under consideration, they may not be verbose about the rationale of the 

design decisions. Since the RPCS class is different in its structure and 

duration than the ones studied by Mabogunje, this chapter evaluates if the 

class structure or duration of the projects (or both) had any effect on his 

findings.  

No follow-up studies have been conducted since Mabogunje’s study was 

published, that would validate or refute his findings. Since noun phrases used by 

students in design projects can be readily extracted to gain insights about many 

aspects of the artifact, this research evaluates how the number of distinct noun 

phrases vary over time for the RPCS 2008 class: in order to do so, the RPCS 

2008 data was acquired from the Kiva database.  

As the Kiva has been designed as a student-centric collaboration platform, some 

unique challenges needed to be overcome to attribute the vocabulary in RPCS 

2008 to individual teams. For example, the team editors in Phases 1 and 3 

created separate groups on the Kiva, namely Phase 1 Editors and Phase 3 

Editors, where they posted different versions of the reports that were due at the 

end of each of these phases. Since all posts on the Kiva are publicly visible to all 
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members of the class, the team editors did not copy the original teams’ Kiva 

groups that were working on these, i.e., the Chair group’s section in Phase 1 

report would be posted in Phase 1 Editors group and not in the Chair Kiva group. 

Other Kiva groups were similarly created to address task-specific issues in the 

design of the artifact: the Database group for discussing the database creation, 

storing the user data collected by the sensors, and also displaying relevant 

information on the user interface; and Software Environment group for the 

exchange of the programming scripts used in running different sub-systems on 

the Guru. These collaborative groups included members of multiple student 

teams who acted as informal liaisons and engaged in rich design discussions 

that led to making design decisions about the selected approach for the tasks 

shared across teams. While analyzing such discussions and attributing the noun 

phrases, it would be incorrect to attribute all noun phrases used in these task-

specific groups to the parent teams, since it might include contributions from 

members of other teams as well. An additional concern was about the Editor-in-

Chief in each phase getting undue credit for a large number of noun phrases 

because he posted different versions of the same document (for review by the 

individual team editors) more frequently than the others. 

To resolve the problems stated above, three analyses were done. The first 

analysis included only the Kiva documentation posted in the Kiva groups 

corresponding to the four main teams in the project. The second analysis 

followed individual team members throughout the RPCS 2008 Kiva and attributed 

all their postings and files to the parent teams, regardless of the group in which 
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they were posted. The third analysis compared the time-based variation of noun 

phrases in the external references used by RPCS 2008 students with the 

documents and discussions they had with each other. The details of each of 

these analyses are described in the following sub-sections. 

 

7.2.1 First Analysis 

The first analysis included only the Kiva documentation posted in the Kiva groups 

corresponding to the four main teams in the project, for extracting noun phrases. 

The discussion posts and attachments in these groups were converted to text 

and the noun phrases were extracted using the Stanford part-of-speech tagger. 

The results of the analysis are shown in Figure 7.1.  

Each of the phases in the class lasted for about six weeks, and the students 

were expected to submit intermediate project reports and make presentations to 

the client at the end of each phase. Week 9 was mid-semester break for 

students.  
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(a) Aggregated noun phrase counts by week 

 
(b) Distinct noun phrase counts by week 

Figure 7.1 Noun phrase counts in RPCS 2008 using data only from the four main 
Kiva groups 

 

The noun phrases during the first week in Figure 7.1 show an unusual peak 

because of the large volume of course documents and sample project reports 
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(from prior completed RPCS projects) that the instructors posted. These reports 

were intended to provide the students with guidelines about the level of detail 

expected in the final report, including its organization, and provide illustrations for 

the deliverables given to the client, including the intermediate and final reports. A 

number of posts were also made by students in Week 1, but the volume is small 

compared to the reference material posted by the instructors.  

There is a local maximum at Week 3 when the students start posting material to 

be included in their respective sections of the Phase 1 report. The Phase 1 report 

is due at Week 6, but the noun phrases for the four major teams under 

consideration do not show a peak at Week 6 since a separate sub-team called 

‘Phase 1 Editors’ was constituted with the specific aim of writing the Phase 1 

report. This sub-team included representatives from all four major teams who 

went over multiple versions of the Phase 1 report. However, since these were not 

posted in the major teams’ Kiva groups, they have not been included in this 

analysis.  

The Phase 2 report was due at Week 12. However, unlike Phases 1 and 3, all 

teams worked within their corresponding Kiva groups to finalize their 

corresponding individual sections in Phase 2 without resorting to editing sub-

teams. So a local maximum can be observed corresponding to Week 12, the 

project milestone. It is also notable that this local maximum is almost half the size 

of the one at Week 3, showing that student design vocabulary is contracting in 

the number of noun phrases being used. 
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The Phase 3 report was due at Week 17 and a sub-team called ‘Phase 3 Editors’ 

was constituted to go over the final draft. A local maximum can again be seen 

around Week 15 when the teams posted their corresponding sections on their 

own Kiva groups. These were subsequently taken over by the editing sub-team 

and the final report and presentation’s vocabulary is not clear from the analysis. 

The size of this maximum is again slightly smaller than the one for Week 12, thus 

confirming the trend towards contraction as the project progressed. 

The trend for distinct noun phrases is shown in Figure 7.1 (b) and closely 

corresponds to the peaks for the total number of noun phrases in Figure 7.1 (a). 

As expected, the sizes of the local maxima are smaller for the distinct noun 

phrases since this graph discards the frequency of occurrence of the noun 

phrases. This is necessary to ensure that multiple versions of documents do not 

inflate the total number of noun phrases. The same explanations that were used 

above for the total number of noun phrases can be employed for the trend for 

distinct noun phrases.  

Some limitations can be observed in this approach: Firstly, the design 

contributions made by the individual teams are not adequately reflected in their 

vocabulary, since their corresponding project report sections and presentation 

sections have not been included in the analysis. So there are no maxima 

observed for the Weeks 6 and 17. Secondly, this approach has a strong bias in 

favor of the documentation from prior projects posted by the instructors that is not 

relevant to the RPCS 2008 class in terms of its contents. 
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7.2.2 Second Analysis 

In order to address the issues with the first analysis, a second analysis was 

done: in this, the activities of the team members were tracked throughout the 

semester, instead of analyzing only the material posted in the teams’ Kiva 

groups. For example, let’s say a student John from the Chair team is the Chair 

team’s editor in Phase 1 and the Editor-in-Chief for the Phase 1 report. In this 

analysis, all the posts that John makes and the documents he posts are 

attributed to the Chair team’s design vocabulary during Phase 1. This can be 

rationalized by the expectation that John is reporting back to the Chair team 

about the tasks that he has been engaged in while representing the Chair team 

in the editing sub-team. Similarly, when John is the team leader in Phase 2, all 

the planned task reports and work logs he posts for the Chair team in the Team 

Leaders’ Meeting will be included in the Chair team’s vocabulary. Finally, when 

John is the presenter in Phase 3, the different versions of presentation files he 

posts are attributed to the Chair team.  

Note that this approach discards all posts and files posted by the instructors, 

including class documents, sample project reports of prior completed RPCS 

projects and any external references, since they do not reflect student thinking at 

different project milestones. Such an approach is suitable for RPCS 2008, since 

the instructors made it mandatory for every student to be a team leader, team 

editor or presenter in every phase. Moreover, since the leadership positions keep 

rotating between teams, any extra vocabulary attributed to one team will be 
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compensated by similar vocabulary attribution to other teams in other phases. 

The results of the second experiment are shown in Figure 7.2. 

 

 
(a) Aggregated noun phrase counts by week 

 
(b) Distinct noun phrase counts by week 

Figure 7.2 Noun phrase counts in RPCS 2008 by week 
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Figure 7.2 (a) presents the total number of noun phrases observed in the student 

documentation and Kiva discussions throughout the semester in RPCS 2008. 

The contributions made by different teams to the intermediate project reports and 

presentations are included in the analysis: both Figures 7.2(a) and (b) show that 

Weeks 6, 12 and 17 have local maxima, corresponding to the increased student 

activity on the Kiva, at each of these milestones. The direct correlation between 

the maxima in Figures 7.1 (a) and (b) also shows that it is not just the frequency 

of certain select noun phrases in the design vocabulary, but also their diversity 

that causes variations in the number of noun phrases.  

The noun phrases for each of the teams starts from a low number at Week 1. 

This is because the first week typically has students orienting themselves, getting 

introduced to each other, going over the project’s problem description, starting 

new Kiva groups and discussion threads based on their interests and 

suggestions provided by the instructors. The level of deliberations and 

consequently the number of noun phrases in use rises continuously up to Week 

3 when the students are expected to present the first draft of the artifact’s system 

architecture diagram. In Week 3, all the teams also post the first drafts of their 

respective sections for the Phase 1 presentation and Phase 1 report. The Phase 

1 report and Phase 1 presentation are submitted at Week 6. The noun phrases 

used by the Clinician team show a large peak in Week 6 because of the role 

played by a member of the Clinician team as the Editor-in-Chief. The peak is 

therefore representative of the level of detail in Phase 1 report and not 

necessarily the contribution of the Clinician team alone. During Phase 1 the 
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teams were asked to report their findings about the existing available alternatives 

for their assigned tasks. They also had to select a potential approach and explain 

their reasoning. For example, the Sensors Team’s section of the Phase 1 report 

summarized the accelerometers available on the market, the available proximity 

sensors, the single pressure sensors and pressure mats, analogies to automotive 

sensor technology, and sensor data collectors (interface boards). They also 

explained why they had selected accelerometers as the tilt sensors. This variety 

of alternatives explored by the students is reflected in the peaking of the noun 

phrases at Week 6. Peaks can also be observed at Weeks 12 and 17 

corresponding to the submission of deliverables by the class to the instructors 

and client.  

It can be observed that the heights of the maxima go on decreasing 

progressively in RPCS 2008. This is in agreement with the findings made by 

Mabogunje (1997) about the design vocabulary expanding in the initial phases of 

design projects and continuously contracting as the designers narrow down the 

design solution space.  

The RPCS 2008 class structure emphasizes project documentation through 

clearly-defined milestones and dedicated roles for individual students to work as 

team editors in at least one of the three phases. This ensured that a different 

student was responsible during every phase to document his team’s work. The 

instructors also closely followed the progress of the teams through meetings with 

team leaders every week. So the class functioned as a structured tightly knit unit. 

Based on these characteristics it can be asserted that for a well-functioning 
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project-based course such as RPCS 2008, it is the nature of successful student 

design projects rather than class structure or course duration that lead to the 

expansion-contraction behavior observed.  

 

7.2.3 Third Analysis  

Although the external reference materials used by students in projects affect their 

design decisions, it is difficult to understand their influence on student design 

choices in ongoing projects, without comparing examining the vocabulary of the 

references vis-à-vis the student documents. So in the third analysis, the external 

reference material posted by instructors, including class documents and sample 

project reports of prior completed RPCS projects and the URLs posted by 

students have been analyzed along with the project documentation. Like the 

previous analyses, noun phrases were extracted from these documents and their 

variation with time is shown in Figure 7.3. The total number of noun phrases and 

the distinct noun phrases are again correlated in Figures 7.3 (a) and (b) 

respectively, meaning that the references present many concepts, instead of high 

frequencies of a selected few concepts. 

It can be seen from the graphs that the noun phrases in external references peak 

at Weeks 3, 7 and 12. During all three of these weeks, the students were 

brainstorming about the different design options they could use. For example, the 

reference materials used by the Sensors Team show that they were exploring 

different commercially available tilt sensors for use in the wheelchair in Week 3, 

such as SQ-SI-360DA, ADIS16003, ADXRS300, SCA61T-FA1H1G, ADXL330, 
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and ADIS16209. Their decision to select ADXL330 as their final choice was 

based on its compatibility with the constraints that they had to work with, namely 

90 degrees of measurement and low power consumption. This further assisted 

the Infrastructure team in exploring and selecting the preferred battery type from 

the many options available.  
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(a) Aggregated noun phrase counts by week 

 
(b) Distinct noun phrase counts by week 

Figure 7.3 Comparison of noun phrase counts in reference materials versus 
student documents and discussions 

 

Figure 7.3 shows a lag between the local maxima of the reference material noun 

phrases, and those in the student vocabulary, except in Phase 1 (Week 3) when 

documenting the available options was itself the assigned task. For example, the 
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local maximum at Week 7 in the references is followed by one at Week 10 for 

student vocabulary (Week 9 was the mid-semester break). Similarly a rising 

reference NP graph at Week 11 is followed by a peak of the student-used noun 

phrases at Week 12. This indicates that the brainstorming of different available 

options precedes the student choices for preferred design solutions. Table 7.1 

presents the major noun phrases used by students and those in the reference 

materials for Weeks 11 and 12 respectively to confirm that this is indeed the 

case.  

 

Table 7.1 Comparison of sample noun phrases used in reference materials at 
Week 11 and in Student Vocabulary of Sensors Team at Week 10 

 

The final phase of the project is usually characterized by the students refining the 

implementation details of the final prototype for presentation to the client, and not 

reviewing any new research material. This is true for RPCS 2008 as there are no 

references posted at all in the final phase neither by the instructors, nor the 

students.  

 

S. No. 
Noun phrases in references 

(Week 11) 
Noun phrases in student 

vocabulary (Week 12) 

1 writeline writeline 

2 interfacekit phidgets 
phidgets 
interfacekit 

3 product design specification product design specification 

4 object sender object sender 

5 digital output digital output 

6 attach event handler event handler 

7 interfacekit lcb o interfacekit lcb o 

8 e index e index 
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7.3 Connectivity of Key Ideas across Teams 

In RPCS 2008, teams of students were working on different aspects of the same 

project and needed to collaborate in order to create the artifact prototype. This 

required the teams to communicate regularly to ensure that there were no 

conflicting design requirements. The teams also acquired deeper domain 

knowledge to be able to accomplish their goals.  

This thesis hypothesizes that the design vocabulary reflects the structure of the 

artifact, i.e., the flow of information between teams who are working on different 

aspects of the artifact follows the data flow envisioned in the system architecture. 

When the design vocabulary consisting of noun phrases (as design concepts) is 

examined, the findings can be summarized as below:  

a) Some design concepts are introduced by a team, used only by them alone 

over time and become a part of the final artifact design. Such concepts are 

referred to as ‘self-looping concepts.’ 

b) Some design concepts introduced by one team get picked up by other teams, 

are adopted in the shared vocabulary, get transferred across the interface 

between the design sub-systems (assigned to different teams in the system 

architecture) and become a part of the final design. Such concepts are referred 

to as ‘shared design concepts.’ 

c) Some design concepts are introduced by a team but disappear from its 

vocabulary with time. This can be because they either represent abandoned 

design approaches, or are transformed into a related concept in the final 

design. Such concepts are referred to as ‘transient design concepts.’ 
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d) Some design concepts are introduced by one team and are important for the 

tasks assigned to other teams, but fail to attain ownership. In other situations, 

design concepts that can be common to two or more teams fail to get 

ownership. i.e., no group is assigned to do them and they get dropped. Such 

cases are referred to as ‘design escape concepts.’  

Note that the transient design concepts and design escape concepts cannot be 

automatically differentiated. Instead, when the instructor is presented with a list of 

concepts that have been dropped from one phase to the next, he can use this 

information to see if any important concepts have been dropped (design 

escapes) and address the situation as necessary. 

 

7.3.1 Self-looping Concepts 

The RPCS 2008 data shows examples of several noun phrases that were 

introduced by one team and then remained within the vocabulary of that team. 

This was partly the result of the teams gaining deeper domain knowledge in their 

assigned tasks.  Figure 7.4 shows examples of many such self-looping concepts. 

The size of each of the words in the wordles on the arrows represents the 

relative frequency of occurrence of that word in the shared vocabulary. 

For example, since the Clinician team was responsible for coming up with the 

problem scenario for the Guru system, they developed an imaginary user called 

Joe to make their discussion realistic and consistent. This team was responsible 

for ensuring that all the usage cases were clearly defined based on the problem 

scenario, since these cases would be presented to the client when the final 
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demonstration of the system is made. Consequently, the term Joe appears only 

in the discussions and documents of the Clinician team. 

Similarly, the Clinician team was responsible for the visual elements at the 

clinician’s end of the system. This meant that it had to ensure that the wheelchair 

user’s data that was being collected by the sensors in the chair were made 

available to the user and his clinician/caretaker to better understand the usage 

patterns. The term wheelchair user’s data therefore appears only in the 

vocabulary of the Clinician team, as the Sensors team refers to it differently as 

discussed later. 

The Chair team defined an interface for sensors communication, and 

implemented a GUI system. Since it had been decided that the Guru could not 

have a keyboard and would only be operated by the joystick, the team designed 

a joystick control section. The user would use the joystick to write through the 

EdgeWrite software and for communication using Skype. As a result, the phrase 

joystick control section appears only in the vocabulary of the Chair team. 

Access to such self-looping concepts in real-time from student project 

documentation and communication can help the instructors to monitor how the 

class is progressing. For example, if they find concepts that should have been 

shared across teams in the list of self-looping concepts, it indicates that there is a 

communication breakdown and the teams are not collaborating effectively. This 

can give the instructor the opportunity to intervene and find out more details 

about the project from the students involved, and save significant time and efforts 

for the class. 



 

Towards a Framework to Support Engineering Design Student Projects 115 

 

 
Figure 7.4 Self-looping concepts in RPCS 2008 
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Figure 7.5 Shared design concepts in RPCS 2008
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7.3.2 Shared Design Concepts 

Many concepts common to two or more teams are introduced by one team, 

adopted and adapted by another team that may refer to it with a slightly different 

terminology. Figure 7.5 shows the shared design concepts in RPCS 2008. For 

example, the noun phrase pressure sensors was introduced by the Sensors team 

in Week 2 when the class discussions and brainstorming assigned them the task 

of designing the sensors to collect the pressure levels in the chair. This concept 

was repeated by them in the subsequent phase reports and presentations. 

However, it was only in Phase 2 that the Chair team picked it up (noun phrase: 

pressure sensor monitoring) when they were designing the database tables on 

the chair side, and needed pressure data as the input during the coding of the 

sensor query class and recommendation state classes. 

Similarly, the Infrastructure team needed information about the pressure sensors 

when they were calculating power estimates and measuring power consumption 

of actual equipment, and also while setting up the necessary software 

environment, working with the database (noun phrase: pressure sensors). Note 

that the size of each of the words in the wordles on the arrows connecting the 

groups reflects the relative frequency of occurrence of those words in the shared 

vocabulary of the two groups. 

This is just one example from many occurrences throughout RPCS 2008 where 

teams shared concepts to accomplish shared tasks. Such examples can reflect 

the collaboration levels between teams and allow the instructors to monitor their 

progress unobtrusively. 
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7.3.3 Transient Design Concepts 

Some design concepts are introduced by teams but wane with time, i.e., they are 

either abandoned or transformed into a related concept in the final design. Such 

cases are referred to as ‘transient design concepts.’ For example, the Sensors 

team introduced the term tilt sensors in Phase 1 when it was planning to 

measure the tilting angle of each panel on the wheelchair. However, in Phase 2 

when the team members were searching for alternatives between the kinds of tilt 

sensors, they decided on using an accelerometer to measure the tilt angle to 

provide the added functionality of being able to determine the acceleration of the 

chair at any given time. The tilt sensors were to be placed on the back, the seat, 

and the leg rest of the wheelchair. The team members also had to account for 

the tilt recommendation by the clinician since that was the activity recommended 

by the clinician for the user to follow over periodic intervals of time. The software 

module also had to check that there were no obstacles in the tilt range before it 

alerted the user to follow the clinician’s tilt recommendation. So although the 

basic idea of having a tilt sensor was introduced in the team in Phase 1, it was 

dealt with more depth in the subsequent phases. Table 7.2 summarizes the 

vocabulary used by Sensors team while referring to the tilt of the chair. These 

noun phrases were extracted automatically by aggregating all instances, where 

the word tilt and its different forms occurred in noun phrases in the project 

corpus, by using regular expression syntax. 
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Table 7.2 Noun phrases used by the Sensors Team to refer to the tilt of the 
wheelchair 

Note: The term “accelerometer” was added manually to the list of terms, since it 

could not be detected automatically. This simulates the real-world scenario 

where the instructor needs to review the vocabulary from time to time. 

 

The evolution of vocabulary as shown in Table 7.2 can indicate to the instructor 

the extent to which teams are exploring alternatives and whether they are going 

into sufficient depth to implement the chosen design alternative.  

7.3.4 Design Escape Concepts 

Some design concepts are introduced by one team and are important for the 

tasks assigned to other teams, but fail to get picked up by the latter. In other 

situations, design concepts that can be common to two or more teams fail to get 

ownership. i.e., no group is assigned to do them and they get dropped. Such 

cases are referred to as ‘design escape concepts.’ As stated earlier, transient 

design concepts and design escape concepts cannot be automatically 

differentiated, and require the instructor to provide feedback about the category 

to which each of the dropped concepts belongs. 

Teams Phase 1 Phase 2 Phase 3 

Sensors 
different tilt sensors, 

tilting angle 

accelerometer, 
general tilt, 

tilt measurements,  
tilt range, 

tilt recline feet elevation, 
tilt recommendation,  

tilt sensors, 
tilt, 

wheelchair tilting angle 

accelerometer, 
nac tilt recline, 
pressure tilt, 

tilt data, 
tilt measurements,  

tilt position, 
tilt range, 

tilt recommendation,  
tilt sensors, 

wheelchair tilting angle 
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Design escapes are usually more common in dysfunctional groups with a lack of 

close coordination or interaction with the instructors. However, the RPCS 2008 

class had a well-defined structure (as described in section 5.2), where the 

students had close interactions with faculty members and teams. This class did 

not have any major design escapes and many concepts introduced in Phase 2 of 

the project were not carried on to the next phase. For example, while designing 

the user interface for the wheelchair user, the Chair team wanted to explore the 

potential of VOIP services for allowing the wheelchair user to communicate with 

the clinician. Therefore, they explored Vonage Third party call control 

(https://secure.click2callu.com/) as one of the options. This was relevant to their 

work due to its flexibility to allow third party developers to write their own software 

applications for initiating calls from their Vonage phone to any other phone in the 

world. However, subsequent discussions led to the adoption of Skype as the 

preferred VOIP client because of its free calls to other users when free wi-fi 

access was available. Hence the noun phrases Vonage and Vonage Third party 

call control were not used beyond Phase 1. When the instructor is presented with 

a list of such dropped noun phrases between different stages of the project, it 

can allow him to interpret the states of the different design decisions being taken 

by the teams. 

Similarly, the Infrastructure team considered using the BlueSoleil software for 

integrating the Bluetooth devices on the smart wheelchair during Phase 2. They 

considered the software for integrating phone support, but did not include it in 

their final documents. It is unclear why this was the case, but the probable cause 
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is that the final report did not require such a level of detail on the implementation 

details of individual artifact sub-systems. Therefore, the noun phrase BlueSoleil 

software was not used by the Infrastructure team beyond Phase 2. If the 

instructors could see this information before the final presentation, it could allow 

them to explore with the Infrastructure team why the noun phrase was not used 

and ensure that this was not a design escape. 

In another case of design escape concepts, while understanding the functional 

requirements of the Guru system for the caretaker in Phase 2, the Clinician team 

studied the potential non-compliance use-cases. One of these stated that if 

200mm of barometric pressure was measured for 30 minutes, it would constitute 

non-compliance and such repeated non-compliance instances would mandate 

the clinician being notified by the Guru system. However, once the 

implementation was started and the use case was incorporated in the program 

for the Guru, the noun phrase barometric pressure was not explicitly used by the 

Clinician team in Phase 3. Again, if the instructors could see that this phrase had 

been dropped, they could check with the team if this was because the non-

compliance condition was already included in the system programs (as was the 

case in RPCS-2008), or if the team had overlooked this crucial client 

requirement. Table 7.3 shows some of the noun phrases dropped from the 

design vocabulary of Sensors team from Phases 1 to 2 and 2 to 3.  

 

  



 

Towards a Framework to Support Engineering Design Student Projects 122 

Table 7.3 Selected noun phrases dropped by the Sensors Team from Phase 1 to 
Phase 2 and Phase 2 to Phase 3 

 

7.4 Reflection of the System Architecture in the Design Team 

Vocabulary 

The system architecture diagram was created by students in RPCS 2008 as part 

of the Phase 1 project report and was included in all subsequent project reports, 

as students were working on their assigned tasks. The work-flow in design 

projects can also be seen in this system architecture diagram from the 

perspective of the evolution of design vocabulary. In other words, if the instructor 

Teams Dropped from Phase 1 to 2 Dropped from Phase 2 to 3 

Sensors 

phidgets 
ifkit 

writeline 
digital input 

digital output 
console 

led 
box 

cable 
connections 

event handlers 
libraries 

transistors 
analog input 

adc reference 
analog sensor 

buzzers 
ifkit_attach 
ifkit_detach 

ifkit_inputchange 
ifkit_outputchange 

information g 
input index 
input pin 

input sensitivity 
inputchange 

interfacekit board 
interfacekit phidget 

larger electrical currents 
larger leds 

license 
logic level mosfets 
matlab examples 

dependencies 
product design specification 

Phase 1 report 
system architecture 
technology survey 

power 
hardware 

pressure mats 
task dependencies 

tech survey 
the editors 

your worklog hours 
template 

conceptual design section 
current version 

product matrices 
architecture diagram 

attributes 
automotive sensor technology 

bluetooth 
certain hardware components 

computer systems 
design dependencies 
hardware component 

hardware issues 
histogram 

product feature matrix 
project 

scenarios 
visionary scenario 

report outline 
components 
data board 
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can observe the noun phrases used by individual teams (self-looping concepts), 

mapping these on the system architecture diagram can show about how well the 

teams are carrying out their individual assigned responsibilities. Similarly, the 

noun-phrases shared across teams (shared design concepts) can show the 

work-flow between different sub-systems of the artifact when mapped on the 

system architecture diagram. Such an approach can allow the instructors to 

understand whether the teams were collaborating as expected. Figure 7.6 shows 

the system architecture diagram of the Guru with different sub-systems color 

coded based on the groups responsible for each of them. From the figure it is 

clear that teams need to collaborate with each other to accomplish their assigned 

tasks in the project, especially to ensure that the work-flow is carried out as 

envisioned. The instructor can see the noun phrases being shared within teams 

and at team boundaries in real-time. If he discovers that the vocabulary does not 

reflect the tasks the teams were assigned, this can prompt him to discuss the 

details with the teams and ascertain if it is a lack of adequate documentation on 

their part or the signs of a deeper problem. Figures 7.7 and 7.8 show the self-

looping concepts and shared design concepts used by teams in RPCS 2008 

respectively.
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Figure 7.7 Self-looping concepts in teams, superimposed on the Guru System Architecture diagram 
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Figure 7.8 Shared design concepts between teams, superimposed on the Guru System Architecture diagram
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In Figure 7.7, the major noun phrases used by the Infrastructure team in the ‘User Input’ 

sub-system are touch screen computer, headset, skype button, and joystick control 

section. The Infrastructure team was responsible for implementing the method of input 

and output for information on the wheelchair, based on the visionary scenario. Their 

visionary user, Joe, was expected to have some mobility in his arms and to be 

comfortable using either a touch screen or a joystick as input. The joystick control 

section had three side buttons, one of which was a dedicated Skype button, using which 

the user could call his friends from Guru. His headset was also connected to Skype 

through Bluetooth automatically so that he could start talking as soon as the call was 

connected. 

Similarly, the ‘Chair Input’ sub-system was assigned to the Sensors team. It added 

three tilt sensors to the wheelchair, which were placed on its back, seat, and leg rest, to 

allow the system to know the tilting angle of the back, seat, and leg rest at any given 

time.  The measurement of angles of these three main chair sections could provide the 

user and clinician with information about its physical state.  The sensor data collector 

could store such time-stamped usage data to avoid future injuries; for example, by 

knowing the tilting angle and user’s pressure level, the avatar could tilt the user to a 

specified angle and relieve the pressure that might have built up on a certain spot. 

These examples show how the instructor can deduce a wealth of information by 

occasionally observing the noun phrases used by teams to gain insights into what they 

are discussing and/or reading. Any self-looping concepts that seem to be unrelated to 
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the team’s tasks can allow the instructor to look more closely and see how they relate to 

the team’s tasks and overall understanding of the artifact structure. 

In Figure 7.8 the connection between ‘User Input’ and ‘Communication Interface’ sub-

systems represents the exchange of information between the teams responsible for 

each of them, i.e., Infrastructure and Chair respectively. The ‘Communication Interface’ 

sub-system included designing the Guru User Interface to assist the user and to 

minimize his dependency on the caregiver. The interface was designed to facilitate the 

user to view, modify and access tilting recommendations, VOIP - phone, emails and 

reminders. The headset was connected through bluetooth. Bluesoleil software was used 

to integrate the bluetooth devices with the user interface. Since the Infrastructure team 

was working on the physical implementation of the hardware needed to build a 

prototype smart wheelchair, and the Chair team worked on the communication interface 

for making the user experience, the shared vocabulary reflects the work-flow going on 

between the two teams. Since the shared noun phrases reflect the shared tasks, this 

indicates that the teams are collaborating successfully. 

In addition, the ‘Chair Input’ and ‘Communication Interface’ sub-systems are assigned to 

the Sensors and Chair teams respectively. The chair side client interaction software 

module includes the functionality of the user interface through a joystick enabled 

graphical console and an avatar that is the persona of the guru. It provides multiple 

speech-enabled animated characters to advice users of recommended behavior. As in 

the previous example, the division of tasks between the two groups, i.e., the physical 

implementation of the sensors and their linkage to the user interface is what 

necessitates the exchange of information between the two groups. Since the shared 
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tasks are reflected in the shared design concepts, this indicates that the groups are 

collaborating successfully. 

 

7.5 Time-based Transformation of DesignWebs as Reflection of 

Team Progress 

The DesignWebs are structured to compute the major topic clusters from the 

discussions and documentation of the ongoing projects in real-time. Such an approach 

assists in the active monitoring of the project by instructors and allows them to see the 

major issues that the teams are working on. In addition, the students can see the 

DesignWeb graphs change with time and visualize the structure of the artifact design. 

Figures 7.9-7.11 show the DesignWeb graphs for the Sensors team from the student 

documents and discussions in the first, second and third phases respectively. Figure 

7.12 shows the graph that is created when all the three phases are taken together at the 

end of the project. 
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Figure 7.9 DesignWeb graph for Sensors Team in Phase 1 
 

Figure 7.9 shows the major topic clusters created at the end of Phase 1 from the 

student documents and discussion threads. The main topic nodes (marked in red) show 

the main issues that the Sensors team was dealing with during Phase 1. For example, 

the system input product node refers to the instances where the students were 

discussing the different options to provide data about the physical state of the chair as 

Legend: 

 Top level node 

Middle level node 

 Bottom level node 
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input to the user interface. This included references to the kinds of sensors that could 

be used, and their input/output interfaces. In addition, the hardware node reflects 

related discussions about the implementation of the functionality between hardware and 

software, and the core hardware needed by the Sensors team.  

 

 

 

 
Figure 7.10 DesignWeb graph for Sensors Team in Phase 2 
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Figure 7.10 shows an increased level of details in the discussions and documents 

posted by the Sensors team in Phase 2. For example, the sensor node refers to the 

students exploring the different kinds of pressure and tilt sensors that could be used. In 

addition, the calibration, voltage and interface nodes refer to the implementation details 

of these sensors as the team realized that the Infrastructure and Clinician teams 

needed these details to accomplish their tasks.  

 
 

 

 
Figure 7.11 DesignWeb graph for Sensors Team in Phase 3  
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Finally, Figure 7.11 shows how the Sensors team had increased interactions with the 

Infrastructure and Clinician teams in Phase 3 about the final implementation details of 

the Guru wheelchair prototype. The students went deeper into the implementation 

details of the tilt and pressure sensors and ensured that they communicated information 

about the physical state of the chair to the user and the clinician in real-time. 

Figures 7.9-7.11 show how the design was progressively refined from Phase 1 to 3 and 

was reflected in the corresponding DesignWeb graphs for each of these phases. Since 

the student teams working together need to attain domain expertise in their assigned 

tasks, such a progression of depth in the student documents and discussions indicates 

successful collaboration between the students. If the instructors can see the 

transformation of the DesignWeb graphs from one phase to the next, they can monitor 

how team functioning without having to attend the team meetings or going through all 

the Kiva threads themselves.  

The process of creating the DesignWeb graphs automatically from student project 

corpora makes it even more convenient to assess whether teams are moving towards 

their intended goals. If the instructors find something out of place they can delve into 

greater detail to understand the process, either by looking at the document fragments 

from which the noun phrase was extracted, or by talking to the students involved in the 

task. For example, during Phase 1 (Figure 7.9) the node music file seems to be 

unrelated to the project’s objectives. However, a closer look reveals that while exploring 

the options for user communication and for allowing the clinician to record her 

instructions, the students posted the reference manual for Olympus Digital Voice 

Recorder. This manual made a number of references to transferring music files from the 
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recorder to the PC and vice-versa, in both WMA and MP3 formats. So if the instructors 

looked at the document fragments associated with this node and its sub-topics, they 

would discover that the node music file was relevant to the project during Phase 1, even 

if the students did not eventually use the digital voice recorders for their prototype. 

 

7.6 Summary 

This chapter has discussed how the DesignWeb prototype can be used to examine group 

information sharing in ongoing as well as completed student projects. The paradigm of 

using noun phrases from student documentation to assess design team progress has 

been accepted in design research literature for the past two decades. However, this 

research takes the paradigm forward and shows how noun phrases in a design project 

can help to measure design team communication at various project milestones.  

The chapter has also presented how the changes in design vocabulary reflect the 

introduction and omission of design concepts with time and across teams. Through a 

number of examples, this chapter has discussed how design concepts reflect the system 

architecture in the case study of a successful design project and can be used as a 

representation of the artifact’s design narrative. When the instructors have access to 

such information in real-time, they can actively monitor the progress being made by the 

teams and focus their attention on any concepts that seem out of place, or appear to be 

only tangentially related to the project focus. This can also help them assess if teams are 

collaborating with each other effectively, and if the vocabulary used by them becomes 

consistent over time. They can also intervene in a timely manner in case they detect a 

potential teachable moment. 
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Chapter 8: Assessing Design Team Performance 

 

Design is a social and linguistic process that requires the participants to “actively 

negotiate and translate information from one object world into other object worlds” (Lakin 

et al. 1989; Subrahmanian et al. 1997). In other words, designers actively interact and 

negotiate with each other and contextualize their prior knowledge to specific real-world 

problems that they are faced with. By examining the language used by the students 

working on a design project, the team performance and quality of end product can be 

estimated (n-dim 1992). This chapter presents a formal methodology for providing a real-

time window into the design performance of the teams. The DesignWebs framework can 

be used as a research testbed to validate, replicate and extend prior research done in 

design learning, specifically the following research findings:  

 Using the semantic coherence of students communicating in team-based project 

courses as an indicator of the progress of the design process, of the iterative 

broadening and narrowing of “searching” for design solutions (Song et al. 2003) 

 Applying metrics on the “communication artifacts” generated by computer supported 

collaborative tools can provide insights into the design process that created them 

(Dutoit 1996) 

 Making group work processes that are normally hidden or implicit more explicit to 

support instructors in carrying out the assessment processes (Gweon 2008) 

Note that although these studies are being replicated using the DesignWeb framework, 

the validation process is independent of the original studies since the results are 

contextualized by the dataset used for analysis. For example, Song et al. (2003) used the 
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transcripts from a 2-hour long design conversation between three Dutch bikers 

discussing various backpacking options. Consequently they analyzed over 1600 

synchronous utterances with about 500 utterances per person. In contrast, the RPCS 

2008 Kiva data used in this chapter contains asynchronous communication between 

students and collectively authored design documents. The different nature of the dataset 

(asynchronous vs synchronous), the duration of the conversation (2 hour vs 18 weeks), 

the extent of organization structure among the designers and the depth of analysis 

possible (brainstorming among designers vs detailed prototyping of the artifact) make the 

analysis unique, although the methodology used is the same as the original researchers. 

The next sections describe how these hypotheses have been individually validated using 

DesignWebs and the RPCS 2008 class as the data source. 

 

8.1 Group communication as Indicator of Process Performance 

The written conversations between students during the duration of a project constitute 

evidence of the group’s collective thinking. Prior studies have shown that computational 

linguistic techniques can be used to extract metrics from the communication artifacts 

created by student teams. Such metrics can be useful to assist the instructor in keeping 

track of how the teams in a project-based course are progressing. This section covers 

some of the prominent research done in the area of using computational analysis and 

visualization in evaluating team-work, such as using the number of noun phrases in a 

student project to predict student grades, calculating the conceptual coherence in group 

communication, and statistically correlating communication variables with outcomes. 
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8.1.1 Semantic Coherence as Indicator of Process Performance  

Semantic coherence metric measures “the (mutual) aggregated semantic similarity of the 

texts and is a measure of the quality of coherence” (Dhillon et al. 2001). In other words, 

semantic coherence gives a quantitative measure to the similarity with which all texts in a 

project corpus represent the variation in voices referred to in forming the concept. Such a 

variation allows the reader to form an interpretation of the concept. Mathematically, if sv,i 

is the v-th singular vector representing a document produced by team i, and mi is the total 

number of documents produced by team i, the semantic coherence χ is given by (Dong 

2005): 


m

is

 

Dong (2005) used LSA to evaluate design team performance. He evaluated the semantic 

coherence of design team documents as it varied document-by-document and within e-

mail communication over the duration of a semester through a computationally derived 

measure of shared knowledge called ‘conceptual coherence.’ His hypothesis stated that 

the written expression of design concepts captures the mental model or “shared voice” of 

the design team. For his study, documents created by the design teams from a product 

development course were used. The results of his study provided quantitative evidence 

suggesting that a higher degree of shared understanding and cohesiveness within design 

teams correlated with a better process and design quality outcome. Automatically making 

these patterns and their implications visible to instructors has the potential to improve 

learning outcomes in engineering design classes.  

To validate the findings of Dong’s research using data from RPCS 2008, the original 

programs used by him, a text analysis module called AgoraParse, and a language 
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analysis module (AgoraProbe) were used. The Kiva database structure was converted 

into the format required for AgoraParse. AgoraParse extracted communication metrics 

such as noun phrases, speaker IDs, entropy and word-by-document matrices. 

AgoraProbe then extracted the semantic coherence metrics using LSA and generated a 

graph of the semantic coherence of the students vis-à-vis the teams they participated in.  

Figure 8.1 shows the average coherence between the documents and Kiva discussions 

in RPCS 2008 as a function of the boundaries between them. Figure 8.1 (a), (c) and (e) 

reflect the semantic coherence of the documents and Kiva discussions for the three 

phases of RPCS 2008 respectively, and Figure 8.1 (b), (d) and (f) show the average 

coherence of only the Kiva discussion threads for the three phases, i.e., after excluding 

the longer documents that are usually posted as attachments on the Kiva threads. Figure 

8.1 (g) and (h) reflect the average coherence when all the phases are taken together. 

Figure 8.1 (a), (c), (e) and (g) are therefore representative of the documented design 

process.  
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Phase 1: (a) Kiva discussions & documents    (b) Only Kiva discussions 

  
Phase 2: (c) Kiva discussions & documents    (d) Only Kiva discussions 

  
Phase 3: (e) Kiva discussions & documents     (f) Only Kiva discussions 

  
All phases: (g) Kiva discussions & documents    (h) Only Kiva discussions 

Figure 8.1 Semantic coherence trend for RPCS 2008 
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When the centroids of the Kiva discussions and documents are plotted in the semantic 

space, they cluster depending on how similar they are to each other. Semantic 

coherence represents the extent to which different voices expressed in the texts allow 

the reader to form a coherent understanding of the concepts. It can be seen from the 

graphs that the average semantic coherence in all the cases begins with a non-zero 

slope, i.e., the average coherence decreases as the distances between the semantic 

centroids of texts increases logarithmically. However, the values of the average 

coherence for the project corpus are greater by a factor of 10 than those for the Kiva 

discussions for the same distances between the centroids of the texts in Phases 1 and 

2. Such an observation is expected because the overall corpus includes the 

intermediate project reports and presentations that reflect the results of the collaboration 

between different teams. In contrast, the Kiva discussions are more reflective of the 

internal team discussions about the various design options available to them and hence 

there is significantly less coherence between the discussions of different teams. 

Moreover, the overall design project corpus continues to have a relatively constant slope 

throughout in Figure 7.1. The constant slope of the graph shows the effective interactions 

between the teams to accomplish different aspects of the same artifact. This confirms 

Dong’s findings that for effective design collaborations, such a curve should approach an 

asymptote. This hypothesis can be extended to suggest that for cases where the 

semantic coherence of the project corpus drops off significantly, the instructor needs to 

be careful, as this can be the sign of dysfunctional teams. 

The average coherence has a zero slope in all the graphs in Figure 7.1 for a certain 

intermediate distance between the centroids of the documents, after which the coherence 
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drops off significantly and is highly scattered. The drop off in the graph reflects the 

domain expertise gained by different teams. If the coherence for the design process does 

not decline as the distance increases, this can indicate to the instructors that the teams 

are either not exploring their assigned domains in sufficient depth, or have overlapping 

tasks. Both of these conditions can be useful for the instructor to know and help him 

focus on the team’s individual responsibilities in the team meeting. Such an opportunity 

to be alluded about a potential conflict in real-time, because of overlapping tasks, can be 

useful to the instructor in identifying a teachable moment and preventing the project from 

going off-course. 

Dong (2005) also tracks the contribution of each speaker from the transcripts of their 

utterances to estimate the semantic difference for each, i.e., to estimate the individual 

contribution of each participant in the formation of the design concepts. However, many 

teams in RPCS 2008 have student editors who have the responsibility to post the files on 

the Kiva, and team liaisons, who are responsible for attending the meetings of other 

teams and making sure that there is no communication gap between teams. So these 

individuals post more files and start more discussions than other students in their teams 

when they post different versions of the project reports and/or minutes from the meetings 

that they attend. In other words, the discussions on the Kiva may not be an accurate 

representation of an individual’s contribution towards the project, but can represent group 

behavior. Therefore assessing the contributions for individual students from the RPCS 

data will be biased in favor of some students and disproportionately penalize others. In 

addition, the individual contributions of students in projects can get diluted by different 

versions of the same documents getting posted. Due to all these reasons, the semantic 
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differences between student teams have not been calculated for RPCS-2008 class in this 

research. 

 

8.1.2 Communication Metrics to Provide Insights into the Design Process 

Bruegge et al. (1997) used quantitative measures of electronic discussion forums traffic 

as a surrogate for inter-team and intra-team communication metrics. They presented 

empirical evidence that applying metrics on the communication artifacts generated by 

computer supported collaborative tools can provide insight into the design process that 

created them. The context of their study was a series of semester-long software 

engineering courses where students were required to design, build and deliver large 

scale software systems to clients. The students communicated through electronic bulletin 

boards (b-boards) and weekly meetings. The students posted meeting minutes, 

deliverables and intermediate products on the online discussion forums, which served as 

project archives. The quantitative measures used by them included the number of inter- 

and intra-team messages sent by each team per week, the number of noun phrases 

contained in the messages sent by each team per week, and the number of distinct noun 

phrases. 

The focus of their research on software project-based courses led to some unique 

challenges for their research, since a software product could be measured through a 

number of measures such as length of the code, complexity of the code, known defects, 

etc. Therefore, to provide comparability of results across test bed projects, a formative 

approach was used as a compromise between a controlled experiment and a field study. 

Their formative approach assumed that any experiment’s results and changes in the 
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environment would influence the formulation of the next experiment. Two structural 

equation models were then utilized for testing hypotheses through communication and 

outcome metrics of multiple projects. 

Since the Kiva data for RPCS 2008 is available in comparable detail to the corpora used 

by Bruegge et al. (1997), all of the communication metrics used in their structural 

equation models can be estimated. Each of these metrics provides a unique insight into 

the teams’ interactions internally or with other teams.  

Figure 8.2 shows the global Kiva traffic in RPCS 2008 over the duration of the semester 

(all three phases). It can be seen that while the Chair group had the least Kiva traffic, the 

Infrastructure and Sensors teams had the most messages exchanged. It is difficult to 

attribute the differences in the number of messages exchanged to the effectiveness of 

the design process in the teams directly. However, extracting these features 

automatically and then using them in the mathematical model presented by Bruegge et 

al. (1997) can provide insights in the effectiveness of software design teams. 
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Figure 8.2 Global Kiva traffic 

 

Figure 8.3 presents the intra-team communication metrics for Kiva. Since Phase 2 was 

characterized by all teams gaining domain expertise for their individual assigned tasks 

and refining design solutions, it is not surpising that the teams were communicating 

internally the most in Phase 2. Phase 1 had the least internal communication because 

most teams were still orienting themselves about their assigned tasks; however, the 

Sensors team was actively exploring the various options for pressure and tilt sensors, 

pressure mats and accelerometers at this stage. So this team stands out in its internal 

communication measure at this stage of the project. 
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Figure 8.3 Intra-team Kiva communication metrics 

 

Figure 8.4 shows the inter-team Kiva communication metrics for all four teams. It is 

evident that the Chair and Infrastructure teams were actively communicating with other 

teams in Phase 2. This is in contrast with the general understanding that the most 

collaboration between teams happens in Phase 3 when the final integration of the 

prototype is done. However, when the responsibilities assigned to both these teams are 

examined, it appears that since they were implementing solutions at the interface of 

different sub-systems, they were required to communicate with the teams that were 

handling the other sub-system, to ensure that there was no design escape. For 

example, the Chair team was responsible for the interface for sensors communication. 

They also designed database tables on the chair side using MS SQL Server 2005 that 

had to match with the server side database implementation done by the Clinician team 

(see Figure 7.6). Therefore, members of the Chair team had to be constantly in 
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communication with the Clinician team to ensure that their integration of the final 

software system would correctly store/access data from the server side database. 

 

 
Figure 8.4 Inter-team Kiva communication metrics 

 

As described in the previous chapter, the number of noun phrases contained in 

messages sent by each team per week can be obtained from the RPCS 2008 corpus. 

These metrics, along with the average values for those shown in Figures 8.2-8.4 

constitute the communication metrics required to populate the structural linear equation 

models developed by Bruegge et al. (1997) for estimating the outcome size and outcome 

complexity.  

However, the goal of the RPCS 2008 project was to design a physical artifact (powered 

wheelchair) with only supporting software components, in contrast with the software 

engineering project classes used by Bruegge et al. So many of the parameters 
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necessary for running their model are irrelevant for the Guru system, e.g. software 

development methodology used in the project: Object-Oriented Software Engineering 

(OOSE) or Object Modeling Technique (OMT), and Structured Design (SA/SD). Despite 

these limitations with the RPCS 2008 dataset used in this research, it can be asserted 

that the DesignWebs framework can support the research done by Bruegge et al. when 

used for software design project corpora. 

 

8.2 Process Assessment of Design Teams 

As discussed in earlier chapters, assessment of the design process has been well-

researched topic in the CSCL community. This research focuses on a study presented by 

Gweon (2008) who used the mixed methods approach to support instructors in identifying 

difficulties in project teams. The author interviewed nine instructors from various 

disciplines including design, social science and engineering, to identify the group 

processes that instructors observe and desire in evaluating group work. Five process 

assessment categories were subsequently identified, with subcategories at the individual 

and group levels, as shown in Table 8.1. 

Table 8.1 Process Assessment Categories (Gweon 2008) 

S. No. Individual Group 

1 Personal goal setting Group goal setting 

2 Personal progress Group progress 

3 Knowledge contribution Group knowledge building 

4 Participation Division of labor 

5 Team player Interpersonal dynamics 

 

The basic definitions of each of these categories are summarized below: 
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a) The personal goal setting category was intended as an assessment category by the 

instructors to determine the extent to which students were able to set explicit 

milestones for them to take the project forward. Similarly, group goal setting was 

aimed at examining whether the team was able to set appropriate goals for itself to 

achieve the objectives of the project. 

b) The personal progress category reflected the instructors’ keenness to see whether 

the students actually followed up and completed their stated goals. The group 

progress category used the same metrics to assess the progress made towards 

achieving the group the milestones. 

c) The knowledge contribution category estimated the knowledge contributed by 

individual students, since the instructors were interested in seeing how students 

utilized their personal experiences and skill set in contributing towards group work. 

In the group knowledge building category at the group level, instructors looked for 

evidence of group members mentoring other students on skills, sharing ideas, and 

engaging in meaningful conversations that might lead to learning and project 

advancement.  

d) The participation category allowed the instructors to observe whether students 

contributed to the group effort effectively or whether some of them were slacking. 

Through the division of labor category, the instructors wanted to know each 

student’s individual contribution to the project’s success. This was intended to 

ensure whether the work was done by only a subset of the group members.  

e) The team player category reflected the level of attachment, engagement and 

dedication that students had towards the project, while the interpersonal dynamics 
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category showed the extent of interactions between students in the groups, resulting 

from personality and relationships. These categories would help the instructors to 

assess the level of cohesiveness in the groups and understand how well they were 

performing socially. 

As discussed earlier, student documents and discussions reflect the knowledge that each 

team is building, the participation of each of the team members and the interpersonal 

dynamics shown by members towards each other. However, project corpus cannot 

always be used as an objective metric for individual contributions. Nevertheless, this 

research provides the extent to which such an assessment can be made in the following 

sub-sections. 

 

8.2.1 Personal Goal Setting  

Personal goal setting was used as an assessment category by the instructors to 

determine the extent to which students are able to set explicit milestones for them to 

take the project forward. RPCS 2008 required students to submit a work-log every week 

that contained a list of tasks as well as the time spent on each task. Similarly the team 

leaders were required to submit a to-do list for the subsequent week in every meeting. 

Using these as the input, Figure 8.8 shows the personal goal setting metrics for RPCS 

2008. 

The students were asked to answer the following three questions in their work logs 

every week:  

1. What did you accomplish this week?  

2. What problems did you encounter this week?  
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3. What do you plan to work on next week? 

In order to estimate the personal goal setting metric for individual students, their 

answers to the third question from the work-log were studied throughout the semester. 

For example, for Student 3 in the Clinician team, some of the personal goals for the 

subsequent week were reported as shown in Table 8.2. The instructor can review these 

goals and evaluate whether Student 3 is making sufficient progress vis-à-vis the project 

state; this evaluation is subjective and cannot be automated. 

 

Table 8.2 Sample Personal Goals for Student 3 in Clinician Team 

Week Planned tasks for the following week 

1 Meet clinician and get some inputs on the requirements 
Structure the inputs to present them to the other teams 

2 Rough draft of Baseline and Visionary Scenarios 
Meetings with clinician and power wheelchair user 
Pressure pad tests for HCI group (tentative) 

3 Finalize the scenarios 
List out requirements (if needed) 

4 Start work on the document for phase I 

5 Phase report - Rough draft and final version 

 

8.2.2 Personal Progress  

The personal progress category evaluates whether students have accomplished their 

stated goals for the week. Again, this can be estimated from the student work logs, by 

comparing the answer to question 3  (“What do you plan to work on next week?”) with 

answer to question 1 in the following week (“What did you accomplish this week?”) 

Table 8.3 shows some sample comparisons of the tasks planned by Student 3 of the 

Clinician Team for a given week vis-à-vis the tasks he accomplished in that week. Since 
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these involve subjective evaluation, the instructor can utilize this data to analyze the 

personal progress being made by individual students. 

 

Table 8.3 Personal Progress Metric Assessment for Student 3 in Clinician Team 

Week Tasks planned Tasks accomplished 

1 

● Meet the clinician and get 
some inputs on the 
requirements 
● Structure the inputs to 
present them to other teams 

● Met the clinician and the power 
wheelchair user 
● Got an idea on the baseline scenario 
● Identified a couple of 
design/architecture principles 

2 

● Rough draft of Baseline and 
Visionary Scenarios 
● Meetings with the clinician 
and the power wheelchair 
user 
● Pressure pad tests for HCI 
group (tentative) 

● Rough Draft for Baseline and 
Visionary scenario 

3 
● Finalize the scenarios 
● List out requirements (if 
needed) 

● Review of baseline and visionary 
scenarios by the clinician 
● Checked out pressure map at the 
clinic 

4 
● Start work on the document 
for phase I 

● Phase 1 Presentation 
● Rough sketches of Interaction and 
State Diagrams 
● Phase 1 report - Work division, 
template and deadlines 

 

As can be seen from Table 8.3, Student 3 met many of the goals he had set for himself in 

the previous week. For example, in Week 1 he had planned to meet the clinician and the 

power wheelchair user to collect their requirements, so that these could be incorporated 

into the overarching design/architecture principles. He was able to accomplish both these 

tasks in the week as planned. However, many times the student reported things that he 

had not planned for that week. For example, in Week 3 he had not planned to review 

pressure maps at clinics, but found the opportunity to do so. It is up to the instructors to 
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review tasks planned and tasks accomplished to decide whether the tasks reported are 

relevant to the project or are a digression on the part of the student. 

 

8.2.3 Participation  

For Gweon (2008)  participation tracks whether students were actively attending team 

meetings or regularly posting on the Kiva. The participation category can be detected 

conveniently by DesignWebs. However, a student who wants to appear to be diligent by 

merely repeating what other students have already stated and not adding value to the 

conversation, cannot be detected by DesignWebs.  

Figure 8.4 shows the number of posts made by members of the Clinician team on the 

Kiva in RPCS 2008. It can be seen that Student 3 is the one who makes the maximum 

communication: he posts 188 posts throughout the semester (60 % of all the posts 

made by the Clinician team).  

 
Figure 8.4 Counts of the posts made by members of the Clinician team on the Kiva 
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A closer examination of the Kiva posts reveals that Student 3 was the Editor-in-Chief in 

Phase 1, making him more actively engaged in communication with other teams. 

However, no such explanation can be found for the second and third phases, although 

Student 3 has been consistently dominant throughout the project with 73%, 57% and 

46% of the posts made during the first, second and third phases respectively, as shown 

in Figure 8.5. This makes the participation in the Clinician team seem non-uniform and 

the division of labor lop-sided. If the instructors could see this pattern of communication 

in the Clinician team in real-time, they could intervene in a timely fashion by consulting 

the concerned students to find the cause for this pattern. Alternately, they could 

examine the quality of posts made by the three students to check if it was just the 

quantity of posts, or also the quality of their contents that was unsatisfactory for 

Students 1 and 2. The instructors could also pay closer attention to the weekly planned 

agenda submitted by the Clinician team and the individual work logs of the students to 

correlate which student was doing the most work. Such timely interventions can allow 

the instructors to ensure that they do not allow any teachable moments from passing 

unnoticed. 
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Figure 8.5 Individual contributions of members of the Clinician team in RPCS 2008 

towards communication on the Kiva, by week 
 

8.2.4 Other Assessment Categories 

Division of labor: In order to estimate the division of labor category from the Kiva, a 

number of potential data points were considered. These included a ratio of the self-

reported individual work logs and the group’s weekly progress report as suggested in 

the team leaders’ meetings; number of messages posted in the group’s message board, 

and also the noun phrases in the student’s Kiva activities over time. A weighted average 

method would then have been used to estimate whether the division of labor among 

students was done adequately. However, there is no prior research on what form such a 

weighted average calculation could take, or whether this is even the correct method. So 

this category was not estimated in the current analysis. 
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Group goal setting: The group goal setting category was aimed at examining whether 

the team was able to set appropriate goals for itself to achieve the objectives of the 

project. The team goals for RPCS 2008 were presented in the team leaders’ meeting 

every week, but neither the goals, nor the meeting minutes were posted regularly on the 

Kiva. So this category cannot be calculated using the Kiva data. 

Group progress: Since the group goals are not available, any assessment of group 

progress is beyond the scope of this research. 

Knowledge contribution and group knowledge building: The DesignWebs prototype 

is adept at tracking student design vocabulary. However, detecting whether the students 

were actually providing reasoning in their conversations, as Gweon (2008) was explicitly 

interested in, and not merely ‘looking busy’ is beyond the scope of this research. 

Similarly, due to the lack of audio data in this research, it is difficult to assess the level 

of mentoring going on in personal interactions; so group knowledge building cannot be 

estimated. 

Team player and interpersonal dynamics: Both these categories cannot be extracted 

from the project corpus, since these refer to personal interactions between students that 

are not documented. 

 

 

8.3 Summary 

This chapter has presented how the DesignWebs can be used as a research testbed to 

validate, replicate and extend previous research done in design learning, in an 

automated manner. By examining different research hypotheses presented previously 
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by researchers this chapter illustrates how DesignWebs can uncover various layers of 

student and group contribution and collaboration towards the completion of the project.  

It has been shown that when teams explore their individual assigned tasks, the 

documents in the project start losing their coherence across team boundaries and from 

the average document. This reflects the teams delving deeper into details about their 

assigned tasks and enriching the design conversation. The chapter has also discussed 

how student communication metrics can be extracted from software engineering project 

corpora to evaluate existing mathematical models for estimating the extent of 

collaboration between student teams. Finally, the chapter has showed how various 

process assessment categories relevant to instructors in assessing the class can be 

extracted from DesignWebs in real-time.  

Although the hypotheses tested in this chapter cannot be replicated in their entirety, the 

DesignWebs approach facilitates their quick validation by automating the individual 

tasks that would otherwise require tedious efforts to bring together all the necessary 

parameters. In this way, the DesignWebs facilitate the validation of research and assist 

researchers in verifying existing hypotheses for large project corpuses in a scalable 

manner in real-time. 
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Chapter 9: Summary and Conclusions 

This chapter presents discussions and concluding remarks about the contributions of this 

research. It also presents suggestions for future work to make the DesignWebs prototype 

more robust and comprehensive in supporting instructors and students in project 

courses. Some broader implications of this research are also listed at the end. 

 

9.1 Contributions of this Research 

This research makes three significant contributions, namely: 

1. A framework that presents and evaluates a variety of potential metrics and design 

assessment measures based on the text products in a given project corpus 

2. A visual interface that summarizes the team’s online communications and 

documentation to track the emergence of the shared solution and extent of team 

collaboration, using noun phrases as a surrogate measure 

3. A research test bed that brings together a number of hypotheses related to 

collaborative design projects by demonstrating that they can complement the 

instructors’ understanding of how teams are working  

These contributions are detailed below. 

 

A framework that presents and evaluates a variety of potential metrics and design 

assessment measures based on the text products in a given project corpus: This 

thesis addresses the challenge of information management that is faced by instructors 

and students in engineering design project courses. Instructors in these courses have 
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difficulty in making sense of the wealth of data collected in project documents, due to a 

lack of practical, analytical tools to aggregate the information and present it in a usable 

form. Students, on the other hand, are overwhelmed with the challenge of finding the 

right piece of information as the project proceeds. This research presents a number of 

visualization models and assessment metrics that can be derived from the textual data 

created by students throughout the projects. The DesignWebs approach presents the 

implementation of one such visualization. It utilizes student documents and conversations 

to create a visualization of the artifact structure as it is reflected in the documents. The 

DesignWeb graphs, as they are extracted from the project corpus, track the evolution of 

design artifact seamlessly through different project phases of conceptualization and 

implementation. Such a tool therefore provides students and instructors in ongoing 

project-based courses with a much-needed framework to understand the artifact 

development. This has significance in supporting project-based design courses by 

providing the students and instructors with a novel way to navigate project documentation 

without causing any extra burden on them.  

This research can be viewed as a pre-toolkit of a future implementation that would allow 

researchers to make generalized assertions about the nature of design, based on 

comparison across multiple design datasets. It shows the different metrics that can be 

derived from student project documentation and their potential to assist instructors in 

assessing student activities outside the classroom. This has significance in providing a 

technology fillip to a problem commonly faced by instructors teaching project-based 

design courses. 
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A visual interface that summarizes the team’s online communications and 

documentation to track the emergence of the shared solution and extent of team 

collaboration, using noun phrases as a surrogate measure: DesignWebs provide a 

flexible and scalable method for making the complexities of collaborative design 

processes visible to both the students and instructors. The use of noun phrases as a 

surrogate measure allows the instructors to actively monitor student progress in real-time 

and in an unobtrusive manner. Since the vocabulary reflects student research, 

communication and interactions, it provides a reliable estimate of the state of the project. 

Tracking the emergence of the design solution across different project phases and teams 

facilitates the identification of opportunities to intervene at teachable moments during the 

project. This has significance in assisting instructors in assessing learning in student 

project teams. 

 

A research test bed that brings together a number of hypotheses related to 

collaborative design projects by demonstrating that they can complement the 

instructors’ understanding of how teams are working: The research literature in 

design is characterized by methodologies that are applied on individual specialized data 

sets available to the researchers. The differences in the course organization structures, 

as well as the different experience levels of students make it difficult for researchers to 

generalize findings for the domain of engineering design. A significant number of these 

approaches also do not utilize the advances made in computational linguistics and 

machine learning approaches over the past decade, and require time-consuming and 

labor-intensive pre-processing steps to aggregate data from diverse sources within the 
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project and validate their findings. However, with the advantage of the research 

framework provided by DesignWebs, the difficulties of capturing and integrating the 

project documentation are obviated. This assists researchers in validating prior research 

hypotheses by using data the same common student project corpus and answering their 

own related research questions. This has the potential of impacting research in 

collaborative design and has significance in supporting our overall understanding of 

design dynamics. 

 

9.2 Future Work 

The goal of this research has been to provide a support infrastructure for student project 

based courses to integrate project documentation and communication and assist 

instructors. Additional work along multiple dimensions can establish DesignWebs as a 

more robust and comprehensive mechanism. Some of these are discussed below. 

9.2.1 Analysis of Verbal Communication 

Examining the asynchronous communication between students in class discussion 

forums and the documentation of the project cannot capture the complete context in 

which the design decisions were made. The audio from student discussions is rarely 

captured. Even when it is explicitly recorded, transcripts of the verbal communication 

are not available (automatic audio transcription from team meetings is an ongoing active 

research area in machine learning). This limitation makes it difficult to capture the 

instances where design decisions are made in face-to-face meetings, or to assess the 

extent of interpersonal dynamics between students. Instructors consider such evidence 

as crucial for assessing the different dimensions of student learning in project courses. 
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Future studies may analyze the verbal discourse that happens in team settings or 

during class discussions to better contextualize the design decisions. This will be 

especially useful for project archives that need to be followed up by a subsequent class 

of students. 

 

9.2.2 Real-time Monitoring of Noun Phrase Usage 

The current version of DesignWebs uses the back-end archives of the project corpus on 

the Kiva’s MySQL database to run the analysis. While this works well for weekly or 

monthly reviews of the noun phrase usage, it could become quite tedious if an instructor 

wanted to see the daily changes in student vocabulary and had to do this every day. A 

future version of the system can address this problem by connecting to a ‘hot database’ 

and running the entire noun phrase extraction process on-the-fly, thereby obviating the 

current step of running a series of local scripts. This change would not be difficult to 

make and would save considerable time and effort for the instructors, allowing them to 

focus on the students’ vocabulary almost as soon as they post something on the Kiva. 

 

9.2.3 Functional and Operational Issues 

The current DesignWeb prototype has some functional and operational limitations that 

can be worked on in its future versions, as discussed below: 

Version Mapping: In the current version of DesignWebs prototype, users can explore 

the corpus either through the graph or through the search interface. In both the cases, 

the user can see a set of resulting posts and files listed by their relevance to the user 
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query. If multiple versions of the intermediate and final project reports and presentation 

files have been used in the analysis, they will also be listed in order of their relevance. 

However, future versions of DesignWebs can add an additional pre-processing step that 

maps the versions of the documents in terms of their key differences. For example, let’s 

assume that four versions of an intermediate report exist in the Kiva for the Sensors 

group, with the first version including a skeletal outline of the report. So if it is 

determined during the pre-processing step that the final (fourth) draft of the intermediate 

report already includes the report outline listed in the first version, the first version can 

be excluded from the analysis. In contrast, if the third version of the report includes 

details about a type of commercially available pressure mat that was not included in the 

final report, only the section about this pressure mat can be included for the third 

version in the analysis. As can be seen from this example, having the differences 

highlighted for each report will make the results less cluttered because only the version 

with the most information or the most relevant will be listed in the results.  

Note that it is not clear whether such an approach can work with student documents 

that often lack a consistent coherent structure, even across versions of the same 

document. In addition, user studies are required to evaluate whether users prefer such 

an approach or not. Addressing both these issues has been beyond the scope of the 

current research, but future researchers can evaluate this potential approach. 

 

Summarization and Aggregation: The DesignWebs prototype shows the graph of the 

major topic clusters in the project corpus and allows the users to search for any 

information that interests them and view it in the original context. Many of the 



 

Towards a Framework to Support Engineering Design Student Projects 163 

documents in the initial stages of the project and the discussion posts are either too 

short or unstructured to be summarized properly. This research did not summarize 

discussion posts, and posted their entire content in the preview. Given that most posts 

in RPCS 2008 are short enough to fit in the results window, the current approach does 

not usually cause too much clutter. However, future follow-up studies can utilize the 

recent advances being made in summarizing and aggregating tweets, blogs and other 

newsgroup-related data to better address this issue.  

 

Allowing Complex Queries: The current DesignWeb prototype cannot sort results by 

individual authors or report versions. Instead, it shows the date and time of posting 

along with the results, so that users can explore them on their own. However, a wealth 

of additional information is also stored in the metadata associated with the indexed files 

or can be queried from the MySQL database. This information can be used to allow 

instructors to make complex queries, such as “show all document fragments where the 

Sensors team mentioned databases to the Infrastructure team in Phase 2.” Although 

this thesis can also answer this query (RQ 2(b): shared design concepts), it cannot do 

so in real-time. Note that this is dependent on running the prototype over a ‘hot 

database,’ as discussed earlier as a potential future work. Adding more functionality in 

the user interface can make this task less tedious for the instructors.  

 

9.2.4 Implications for Engineering Student Design Projects 

This research shows how instructors can monitor student activities outside the 

classroom for project-based courses, without the added burden of following every 
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discussion thread or document posted by students. Such an approach presents the 

instructors with multiple perspectives and metrics from which to form a coherent view of 

the class and the extent of collaboration between teams. This can lead to changes in 

the organization structure of project classes when instructors observe how design 

evolves for different class structures and if a certain class structure is more suitable for 

a given type of design artifact, e.g. physical artifact vs. software product. With the 

potential of detecting problems in real time, it can also cause changes in class dynamics 

as students would get timely feedback from the instructors and/or clients. 
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Appendix I: Design Assessment Metrics 

This appendix summarizes the various design assessment metrics presented in this research. These metrics provide 

different perspectives to the instructors about how student teams in project-based design courses are collaborating and 

making progress outside the classroom. Details about the individual metrics are provided in chapters 6, 7 and 8. 

Table I.1 Design Assessment Metrics 

Metrics for assessing Student 
design projects 

Method Application Utility 

DesignWeb clusters at the top 
level 

Latent Dirichlet Allocation 
Shows the major topics reflected in 
the project documentation 

Instructors can see what the students 
are working and discussing about at 
any stage of the project 

Arcs connecting clusters at the top 
level and noun phrases at the 
bottom level 

Co-word analysis and 
cosine similarity 

Show the topics and noun phrases 
that are collocated and so are 
related to each other 

Reveals the connections between 
topics and noun phrases that may 
lead to observations about 
unexpected new links or unexpected 
missing links 

Noun phrase counts for every 
team 

Stanford part-of-speech 
tagger 

Shows how the teams are exploring 
ideas at different stages of the 
project 

Provides instructors a general idea 
about the design options being 
explored by the students 

Self-looping concepts 
Stanford part-of-speech 
tagger 

The design concepts that are 
introduced by a team and used only 
by them over time 

Provide instructors information about 
the individual responsibilities assigned 
to each team 

Shared design concepts 
Stanford part-of-speech 
tagger 

The design concepts that are 
introduced by one team, get picked 
up by other teams, and are adopted 
in the shared vocabulary 

Provide instructors information about 
the responsibilities shared between 
teams 

Transient design concepts 
Stanford part-of-speech 
tagger 

The design concepts that are 
introduced by a team but disappear 
from its vocabulary with time 

Provide instructors information about 
the refinement of design solutions 
being explored by the teams 
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Design escape concepts 
Stanford part-of-speech 
tagger 

The design concepts that are 
introduced by one team and are 
important for the tasks assigned to 
other teams, but fail to attain 
ownership 

Provide instructors information about 
either the abandoned approaches or 
dysfunctional communication 

Reflection of the system 
architecture in the design team 
vocabulary 

Stanford part-of-speech 
tagger 

The design concepts that are 
mapped on the system architecture 
diagram for the artifact 

Provides instructors with information 
about the work-flow between teams 
and in assessing the team activities 

Time-based transformation of 
DesignWebs as reflection of team 
progress 

Latent Dirichlet Allocation 
Shows how the major topics 
reflected in the project 
documentation change over time 

Instructors can see how student 
thinking and the structure of the 
artifact change over time 

Semantic coherence as indicator 
of process performance 

Latent Semantic Analysis 

Gives a quantitative measure to the 
similarity with which all texts in a 
project corpus represent the 
variation in voices referred to in 
forming the concept 

Instructors can see how student 
teams gain expertise in their assigned 
domains 

Communication metrics to provide 
insights into the design process 

SQL queries on the Kiva 
database 

Gives a quantitative measure for 
assessing how well the software 
development teams are working 

Instructors can use this for comparing 
classes across projects and assessing 
the quality of the software product 
created by students 

Process assessment of design 
teams (personal progress, 
personal goal setting, 
participation) 

SQL queries on the Kiva 
database 

Aggregates the project’s 
communication metrics and work-
logs into meaningful categories for 
process assessment  

Assists instructors in identifying 
progress made with the group 
processes that support evaluation of 
group work 
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Appendix II: Evolution of Design Concepts 

This appendix contains values of the noun phrase trends presented in Chapter 7. Every 

table is preceded by a reference to the figure that was created from the data. 
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Tables II.1 and II.2 were used for creating Figures 7.1 (a) and (b) respectively. 

Table II.1 Noun phrase counts in RPCS 2008 using data only from the four main Kiva 
groups 

Week Chair Infrastructure Clinician Sensors Total Comments 

1 3081 2780 3399 2638 11898 

Phase 1 

2 151 57 116 62 386 

3 778 751 141 4 1674 

4 138 134 274 260 806 

5 120 120 235 251 726 

6 63 69 66 31 229 

7 82 17 16 30 145 
Phase 2 

8 73 28 91 0 192 

9 0 0 0 0 0 Spring Break 

10 26 16 58 42 142 

Phase 2 11 30 9 0 20 59 

12 478 102 319 101 1000 

13 192 82 492 80 846 

Phase 3 

14 255 247 0 211 713 

15 227 215 431 143 1016 

16 87 69 170 60 386 

17 43 0 43 0 86 

 
Table II.2 Distinct noun phrase counts in RPCS 2008 using data only from the four main 

Kiva groups 

Week Chair Infrastructure Clinician Sensors Total Comments 

1 2116 1910 2338 1823 8187 

Phase 1 

2 102 29 61 34 226 

3 379 355 131 4 869 

4 101 97 200 200 598 

5 90 90 181 186 547 

6 53 53 58 29 193 

7 66 13 10 19 108 
Phase 2 

8 55 15 73 0 143 

9 0 0 0 0 0 Spring Break 

10 23 15 51 33 122 

Phase 2 11 23 7 0 15 45 

12 157 72 207 75 511 

13 127 50 315 45 537 

Phase 3 

14 165 158 0 149 472 

15 132 123 242 95 592 

16 44 31 86 27 188 

17 35 0 35 0 70 

Tables II.3 and II.4 were used for creating Figures 7.2 (a) and (b) respectively. 
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Table II.3 Noun phrase counts in RPCS 2008 by week 

Week Chair Clinician Infrastructure Sensors Total 

1 39 159 160 91 449 

2 97 935 42 166 1240 

3 264 678 218 1451 2611 

4 264 103 514 550 1431 

5 254 103 233 738 1328 

6 263 5962 724 738 7687 

7 375 167 338 738 1618 

8 43 203 177 6 429 

9 0 8 0 0 8 

10 86 158 295 139 678 

11 174 156 140 144 614 

12 37 315 490 694 1536 

13 53 288 490 329 1160 

14 8 348 72 25 453 

15 4 396 263 226 889 

16 35 59 71 150 315 

17 54 70 242 613 979 

18 192 0 10 1 203 

 
Table II.4 Distinct noun phrase counts in RPCS 2008 by week 

Week Chair Clinician Infrastructure Sensors Total 

1 34 114 104 50 302 

2 65 452 32 122 671 

3 202 359 129 473 1163 

4 202 76 295 347 920 

5 169 76 141 354 740 

6 163 1745 334 354 2596 

7 221 120 197 354 892 

8 32 151 130 6 319 

9 0 8 0 0 8 

10 60 115 166 80 421 

11 124 124 78 82 408 

12 32 199 270 366 867 

13 34 179 270 171 654 

14 5 228 49 19 301 

15 4 239 131 104 478 

16 27 43 38 85 193 

17 42 54 142 398 636 

18 151 0 9 1 161 
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Tables II.5 and II.6 were used for creating Figures 7.3 (a) and (b) respectively. 

Table II.5 Comparison of noun phrase counts in reference materials versus student 
documents and discussions 

Week 
Distinct noun phrases used 

by students 
Distinct noun phrases from 
external reference material 

1 449 2637 

2 1240 4265 

3 2611 5010 

4 1431 1060 

5 1328 114 

6 7687 122 

7 1618 636 

8 429 67 

9 8 157 

10 678 454 

11 614 2055 

12 1536 2317 

13 1160 61 

14 453 0 

15 889 0 

16 315 0 

17 979 0 

18 203 0 

 
Table II.6 Comparison of noun phrase counts in reference materials versus student 

documents and discussions 

Week 
Noun phrases used by 

students 
Noun phrases from external 

reference material 

1 302 1832 

2 671 2262 

3 1163 1902 

4 920 536 

5 740 90 

6 2596 105 

7 892 368 

8 319 62 

9 8 104 

10 421 358 

11 408 834 

12 867 1625 

13 654 51 

14 301 1 



 

Towards a Framework to Support Engineering Design Student Projects 181 

15 478 1 

16 193 0 

17 636 0 

18 161 0 

 
Tables II.7(a)-(d) were used for creating Figure 7.4. 

Table II.7(a) Self-looping concepts for the Chair team in RPCS 2008 
Major Self-looping Noun Phrases Frequency 

users pressure level 43 

core component 15 

avatar behavior 12 

joystick control section 12 

reminder system 12 

software module 12 

menu items 11 

thread jobs 11 

client interaction chair software module 10 

icons terminology 10 

chair side 9 

components avatar 7 

use 7 

access setting 6 

design pattern 6 

edge write button 6 

interaction flow chart 6 

interface components 6 

taskbar 6 

arrows 5 

object 5 

option 5 

recommendation 5 

skype button 5 

software architecture section 5 

tilt recommendation 5 

website 5 

which 5 

avatar setting 4 

compliance level 4 

input 4 

modules 4 

panel 4 
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sensors communication 4 

sequence diagram figure 4 

singleton design pattern 4 

x height 4 

you 4 

avatar thread 3 

certificate 3 

class 3 

communication mechanism 3 

contrast 3 

core module 3 

data sets 3 

direct x sdk setup file 3 

function 3 

general visualization 3 

graphical joystick interface 3 

locks 3 

managed threads 3 

more attention 3 

oz test 3 

potential end user 3 

sequence 3 

set 3 

settings 3 

single system 3 

synchronization mechanism 3 

type 3 

wizard 3 

accessing database data 2 

add on features 2 

alerts messages 2 

animated characters 2 

asynchronous communication 2 

bar 2 

blue screen 2 

bottom 2 

button 2 

categories 2 

characters 2 

color 2 

context awareness 2 
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core thread 2 

data members 2 

dismiss 2 

event 2 

form 2 

groupbox 2 

gui avatar 2 

guru user interface 2 

idle state 2 

iis 2 

instantiation 2 

interactive personalities 2 

keyboard 2 

leader 2 

letter 2 

microsoft agent characters 2 

more hassle 2 

mouse button 2 

mouse mode 2 

multiple voice profiles 2 

multithreaded environment access 2 

outlook 2 

oz test feel 2 

particular state 2 

patient 2 

phrase pool 2 

picture 2 

portion 2 

pressure sore prevention 2 

random phrase selection 2 

readability 2 

risk 2 

second category 2 

separate thread 2 

side buttons 2 

snooze 2 

software architecture requirements 2 

software services 2 

space 2 

sql 2 

synchronization 2 
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system design 2 

system setting 2 

terminology 2 

third category 2 

tip 2 

to do item 2 

update 2 

visionary scenario 2 

what 2 

wheelchair system 2 

words 2 

your avatar 2 

 
Table II.7(b) Self-looping concepts for the Clinician team in RPCS 2008 

Major Self-looping Noun Phrases Frequency 

joe 23 

wheelchair user’s data 21 

chair user’s prerogative 13 

data points 13 

caregiver s role 11 

database component 11 

website layout 11 

patients list 10 

recommendations section 10 

jake 9 

server side database tables 9 

web portal 9 

engineer s interactions 8 

Clinician's recommendations 8 

access control 7 

alert type table 6 

dashboard 5 

kiviat graph 5 

user profile table 5 

appointment table 4 

chart object 4 

compliance data 4 

feet elevation activity 4 

sensor module 4 

tilt data 4 

web pages asp 4 
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chair elevation 3 

clinician caregiver 3 

clinician side interactions 3 

database implementation 3 

feet elevation sensor 3 

home page 3 

interaction mockup view prescription 3 

pressure management 3 

privacy control 3 

privacy settings 3 

productivity 3 

quick access 3 

recommendation section 3 

screenshots 3 

server side 3 

simple object access protocol soap 3 

wheelchair user caregiver engineer 3 

access class implementation 2 

component 2 

crystal reports component 2 

daily weekly monthly formats 2 

data sink 2 

demo final system test timeline 2 

detailed description 2 

diagnosis 2 

end to end system 2 

engineer 2 

general angle 2 

general tilt 2 

gui backend 2 

guru web portal 2 

interactions 2 

interface boards 2 

loop 2 

mockup demo 2 

non-compliance 2 

oz tests 2 

particular patient 2 

patients 2 

pressure data 2 

pressure reading 2 
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primary user 2 

programming language 2 

real values 2 

reclining 2 

security purpose 2 

shopping 2 

synchronization functions 2 

system data 2 

television 2 

tilt position 2 

visual studio 2 

web portal integrated system 2 

 
Table II.7(c) Self-looping concepts for the Infrastructure team in RPCS 2008 

Major Self-looping Noun Phrases Frequency 

system user 18 

computer 12 

hardware architecture 9 

touch screen computer 9 

battery price 7 

power consumption 7 

cpu 6 

power estimation 6 

joystick interface 5 

infrastructure development 4 

joystick driver utility 4 

bluetooth connectivity 3 

electronics 3 

entire system 3 

infrastructure platform 3 

joystick 3 

kill watt device 3 

malfunction 3 

memory 3 

platform 3 

power 3 

processing power 3 

usb 2.0 3 

virtual machine 3 

average power 2 

battery power 2 
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bluetooth headset 2 

cpu motherboard hdd sensors 2 

data processing 2 

database server 2 

edgewrite mode 2 

enough processing power 2 

first order design constraint 2 

gui software 2 

home desktop 2 

idea 2 

infrared sensors 2 

integration system architecture 2 

little power 2 

maximum functionality 2 

monitor 2 

new thread 2 

os 2 

peripheral devices 2 

phase 2 demo 2 

phone calls 2 

power requirements 2 

proof of concept design 2 

prototype 2 

real power requirements 2 

setup file 2 

side 2 

software platform 2 

speaker output 2 

speakers 2 

voice communications 2 

wi fi connection 2 

wireless headset 2 

 
Table II.7(d) Self-looping concepts for the Sensors team in RPCS 2008 

Major Self-looping Noun Phrases Frequency 

sensor data collector 16 

wheelchair tilting angle 14 

sensors system 13 

users 12 

ir sensors 10 

digital output 9 
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adxl330 3 axis accelerometer 8 

single pressure sensors 7 

writeline output index 0 value 7 

angle measurements 6 

larger leds 6 

object sender 6 

digital input port 5 

functionality pressure sensors 5 

interfacekit phidget 5 

interlink fsr 5 

phidget interface 5 

phidget interface board 5 

phidgetinterfacekit operating systems 5 

pressure monitoring system 5 

product manual 5 

sensor value 5 

voltage dividers 5 

analog input ports 4 

data collection 4 

flexiforce force sensor 4 

percentage difference 4 

pressure profile 4 

raw values 4 

seat cushion pressure 4 

8 digital outputs 3 

analog input sensor 3 

equation 3 

experimental measurements pressure sensors 3 

interfacekit board 3 

key locations 3 

new value 3 

phidget base classes 3 

phidgetinterface 3 

pressure sensor 3 

program examples 3 

rear sensor 3 

serial number 3 

such high pressure spots 3 

threshold values 3 

5 v control signal 2 

analog devices 2 
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appropriate api manual 2 

array 2 

average percentage 2 

better control 2 

body 2 

both sensitivity 2 

cheaper price 2 

data board 2 

easy data collection 2 

event handlers 2 

experimental data 2 

final choice 2 

graph 2 

high end medical pressure mat 2 

high pressure spots 2 

higher precision sensors 2 

ifkit_attach 2 

logic level mosfets 2 

lower precision interlink fsr s 2 

mac os x application programming interfaces 2 

new attacheventhandler 2 

output values 2 

phase 2 

phase report 2 

physical parts 2 

possible posture info 2 

prolonged exposure 2 

real data 2 

seat panel 2 

second choice 2 

sharp sensor 2 

transistors 2 

value difference 2 

writeline input index 0 value 2 
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Tables II.8(a)-(f) were used for creating Figure 7.5. 

Table II.8(a) Shared design concepts between the Chair and Infrastructure teams in 
RPCS 2008 

Major Shared Noun Phrases Chair Infrastructure 

avatar 17 1 

system 15 4 

guru system 13 4 

user interface 8 1 

time 4 1 

screen 4 3 

information 3 2 

functionality 3 1 

VoIP 3 2 

graphical user interface 7 2 

text 3 1 

data 2 1 

chair 2 17 

implementation 2 1 

architecture 2 1 

phone support 2 2 

software interface 2 2 

touch screen 2 2 

headset 1 9 

smallpc 1 4 

click2callu 1 3 

discussion quick post form 1 1 

freeware 1 2 

kiva home page 1 1 

system messages 1 1 

developer API 1 2 

presentation report 1 1 

software environment 1 2 

bluesoleil software 1 1 

bluetooth devices 1 1 

both skype features 1 1 

edgewrite software 1 1 

final system 1 1 

guru interface 1 1 

joystick act 1 1 

mobile phones 1 1 

mouse control 1 1 
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ms office 1 1 

skypesync discussion 1 1 

third party programs 1 1 

useful links 1 1 

v-phone usb flash drive 1 1 

vonage vs. skype calling 1 1 

worklog time 1 1 

 
Table II.8(b) Shared design concepts between the Chair and Clinician teams in RPCS 

2008 

Major Shared Noun Phrases Chair Clinician 

system 15 14 

task 15 1 

guru system 13 2 

database access 13 1 

user interface 8 1 

clinician 6 40 

web services 5 9 

time 4 4 

information 3 1 

wheelchair 3 2 

administrator 3 1 

data 2 23 

dj 2 4 

error detection 2 2 

implementation 2 2 

recommendations 2 3 

architecture 2 1 

same time 2 2 

charting tool 2 1 

leap year 2 1 

week 2 1 

way 1 4 

list 1 5 

thread 1 1 

ability 1 1 

activity 1 3 

all software 1 1 

discussion quick post form 1 1 

freeware 1 1 

kiva home page 1 1 

programming part 1 1 
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software architecture group 1 1 

system messages 1 1 

kind 1 1 

presentation report 1 1 

wheelchair user 1 2 

caregiver setup 1 1 

chair interface 1 1 

changes 1 1 

communication 1 1 

course 1 1 

final demo video 1 1 

language 1 1 

method 1 1 

more items 1 1 

my home desktop 1 1 

necessary information 1 1 

our project 1 1 

output 1 1 

person 1 1 

point 1 1 

prescription 1 1 

process 1 1 

scenario 1 1 

ui 1 1 

valid date 1 1 

various graphs 1 1 

 
Table II.8(c) Shared design concepts between the Chair and Sensors teams in RPCS 

2008 
Major Shared Noun Phrases Chair Sensors 

system 15 4 

guru system 13 8 

clinician 6 1 

time 4 2 

information 3 2 

functionality 3 3 

chair 2 4 

error detection 2 2 

led function 2 2 

thread 1 2 

ability 1 1 

all software 1 2 
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discussion quick post form 1 1 

kiva home page 1 1 

programming part 1 2 

software architecture group 1 2 

system messages 1 1 

user input 1 3 

complete version 1 1 

members 1 1 

shape 1 1 

 
Table II.8(d) Shared design concepts between the Sensors and Infrastructure teams in 

RPCS 2008 

Major Shared Noun Phrases Infrastructure Sensors 

pressure sensors 2 21 

tilt sensors 3 10 

guru system 4 8 

voltage divider 1 7 

results 2 5 

system 4 4 

chair 17 4 

functionality 1 3 

time 1 2 

information 2 2 

readings 2 2 

thread 1 2 

interface board 2 2 

areas 1 2 

software architecture 4 1 

sensors 4 1 

discussion quick post form 1 1 

kiva home page 1 1 

system messages 1 1 

other groups 2 1 

reason 2 1 

weight 2 1 

operating system 1 1 

software 1 1 
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Table II.8(e) Shared design concepts between the Clinician and Sensors teams in RPCS 
2008 

Major Shared Noun Phrases Clinician Sensors 

guru system 2 8 

back rest 1 5 

system 14 4 

90 degrees 1 4 

time 4 2 

table 4 2 

error detection 2 2 

readings 2 2 

each user 2 2 

information 1 2 

thread 1 2 

all software 1 2 

programming part 1 2 

software architecture group 1 2 

clinician 40 1 

net 3 1 

software architecture 2 1 

ability 1 1 

discussion quick post form 1 1 

kiva home page 1 1 

system messages 1 1 

each sensor 1 1 

sensors group 1 1 

skin 1 1 

 
Table II.8(f) Shared design concepts between the Clinician and Infrastructure teams in 

RPCS 2008 

Major Shared Noun Phrases Infrastructure Clinician 

user 14 8 

system 4 14 

guru system 4 2 

software architecture 4 2 

guru 3 4 

information 2 1 

readings 2 2 

freeware 2 1 

web server 2 1 

data 1 23 

time 1 4 
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user interface 1 1 

client interaction 1 7 

implementation 1 2 

thread 1 1 

architecture 1 1 

discussion quick post form 1 1 

kiva home page 1 1 

system messages 1 1 

interface 1 2 

job 1 2 

presentation report 1 1 

content 1 1 

direct access 1 1 

joystick-to-mouse converter freeware 1 1 

microsoft sidewinder joystick 1 1 

operation 1 1 

other modules 1 1 

report 1 1 

tools 1 1 
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Table II.9 describes the LDA models used for creating the DesignWeb graphs for 

Sensors Team in Phase 1 presented in Figure 7.9.  

Table II.9 LDA Model for the DesignWeb graph for Sensors Team in Phase 1 

‘system input product’ Node 

Symbol Word Count Probability Z 

911 system 138 0.035 6.2 

415 input 80 0.02 6 

1177 product 76 0.019 5.7 

1076 sensor 74 0.019 4.1 

1141 user 70 0.018 4.4 

608 digital 65 0.016 6.9 

1537 output 52 0.013 6.2 

509 device 50 0.013 6.1 

702 usb 47 0.012 4.3 

545 number 44 0.011 4.9 

220 manual 39 0.01 5.4 

430 interaction 39 0.01 5.4 

1346 example 38 0.01 5.3 

886 support 35 0.009 5.1 

1151 current 33 0.008 3.7 

1046 created 32 0.008 4.8 

414 palm 27 0.007 4.5 

299 control 26 0.007 3.1 

522 end 26 0.007 2.9 

580 operating 26 0.007 4.4 

‘time’ Node 

1491 seat 66 0.025 6.6 

1314 chair 63 0.023 6 

657 tilt 50 0.019 6.4 

651 time 40 0.015 1.7 

549 wheelchair 36 0.013 5.2 

665 day 35 0.013 5 

1629 power 35 0.013 2.2 

1360 recline 31 0.012 5 

1541 pressure 31 0.012 2.4 

1564 guru 28 0.01 4.8 

1061 permobil 23 0.009 4.3 

269 him 22 0.008 4.2 

620 functions 20 0.007 4 

1406 position 20 0.007 2.2 
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1439 avatar 20 0.007 4 

594 stage 19 0.007 3.9 

1198 prescription 19 0.007 3.9 

390 know 18 0.007 3.7 

497 quickly 18 0.007 3.8 

743 goes 18 0.007 2.5 

‘music file’ Node 

1171 button 361 0.044 13.5 

675 recorder 292 0.036 12.1 

60 press 268 0.033 11.6 

37 menu 223 0.027 10.6 

630 file 215 0.026 10.4 

1101 play 195 0.024 9.9 

1271 playback 194 0.024 9.9 

1225 mode 176 0.022 9.4 

250 music 136 0.017 7 

574 screen 124 0.015 5.1 

462 display 123 0.015 4.5 

585 files 109 0.013 7.4 

967 set 108 0.013 4.5 

178 recording 97 0.012 7 

212 voice 96 0.012 5 

735 folder 86 0.011 6.6 

511 wma 78 0.01 6.3 

335 battery 72 0.009 5.5 

651 time 72 0.009 1.4 

211 stop 69 0.008 5.9 

‘system’ Node 

1076 sensor 85 0.027 5.3 

946 features 64 0.02 4.5 

967 set 60 0.019 3.2 

1541 pressure 59 0.019 5.1 

1115 posture 58 0.018 6.7 

643 work 50 0.016 5 

923 performance 50 0.016 5.4 

1412 postures 44 0.014 5.9 

150 accuracy 41 0.013 5.7 

631 information 37 0.012 1.2 

911 system 36 0.011 0.4 

1500 values 36 0.011 5.3 

1583 classification 36 0.011 5.3 
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490 feature 32 0.01 2.9 

86 placement 30 0.009 4.9 

148 algorithm 30 0.009 4.9 

599 application 29 0.009 4.8 

1168 approach 27 0.008 4.6 

495 learning 26 0.008 4.5 

710 cost 26 0.008 3.4 

‘hardware’ Node 

598 driver 169 0.024 9.7 

944 group 142 0.02 8.8 

631 information 125 0.018 5.8 

894 vehicle 114 0.016 8 

1452 software 111 0.016 6.9 

911 system 89 0.013 1.3 

962 agent 82 0.012 6.7 

781 hardware 76 0.011 5.1 

1626 research 76 0.011 6.5 

1015 companion 74 0.01 6.4 

651 time 71 0.01 1.8 

1629 power 64 0.009 3.1 

574 screen 63 0.009 1.1 

462 display 60 0.008 0.6 

465 wireless 55 0.008 5.5 

1369 network 54 0.008 5.5 

1062 pda 51 0.007 5.3 

1337 computer 47 0.007 2.7 

1202 personal 46 0.006 5 

875 speech 45 0.006 5 

‘user’ Node 

984 design 80 0.03 6.2 

701 cmu 72 0.027 7.7 

1396 html 64 0.024 7.3 

276 ices 58 0.022 6.9 

287 lire2 57 0.022 6.8 

1322 ecoach 50 0.019 6.4 

1141 user 49 0.019 3.1 

249 hci 43 0.016 4.7 

1398 groups 43 0.016 5.9 

1086 cgi-bin 41 0.016 5.8 

1177 product 35 0.013 2.3 

415 input 32 0.012 2 
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591 issues 31 0.012 4.6 

1161 phase 30 0.011 3.3 

1222 form 29 0.011 4.9 

275 team 28 0.011 4.8 

353 members 28 0.011 4.8 

1334 scenario 27 0.01 3.2 

487 interface 25 0.009 2.4 

1337 computer 24 0.009 1.7 
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Appendix III: Group Communication as Indicator of Process 

Performance 

This appendix contains values of the Kiva communication trends presented in section 

8.1.2. Every table is preceded by a reference to the figure that was created from the 

data. 

Tables III.1 presents the data used for creating Figure 8.2.  

Table III.1 Global Kiva traffic 

 
Chair Infrastructure Clinician Sensors 

Global Kiva traffic 240 403 301 366 

 
Tables III.2 presents the data used for creating Figure 8.3. 

Table III.2 Intra-team Kiva communication metrics 

 
Chair-Chair 

Infrastructure-
Infrastructure 

Clinician-Clinician 
Sensors-
Sensors 

Phase-1 14 7 10 83 

Phase-2 99 163 41 95 

Phase-3 29 88 17 49 

 
Tables III.3 presents the data used for creating Figure 8.4. 

Table III.3 Inter-team Kiva communication metrics 

 
Chair-All Infrastructure-All Clinician-All Sensors-All 

Phase-1 13 28 9 0 

Phase-2 68 64 36 29 

Phase-3 41 34 44 27 
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Appendix IV: Process Assessment of Design Teams 

This appendix contains values of the communication trends of the Clinician team used 

for the analysis in section 8.2. Every table is preceded by a reference to the figure that 

was created from the data. 

Table IV.1 presents the data used for creating Figure 8.4.  

Table IV.1 Counts of the posts made by members of the Clinician team on the Kiva 

Week Student 1 Student 2 Student 3 

1 4 0 21 

2 1 0 8 

3 3 2 7 

4 7 2 5 

5 2 2 25 

6 6 2 19 

7 3 0 7 

8 7 0 14 

9 0 0 1 

10 4 12 13 

11 4 1 8 

12 12 4 19 

13 6 1 7 

14 7 1 1 

15 18 7 3 

16 2 1 8 

17 2 0 20 

18 0 1 0 

 
 
  



 

Towards a Framework to Support Engineering Design Student Projects 202 

Table IV.2 presents the data used for creating Figure 8.5.  

Table IV.2 Individual contributions of members of the Clinician team in RPCS 2008 
towards communication on the Kiva, by week 

Week Student 1 Student 2 Student 3 

1 16% 0% 84% 

2 11% 0% 89% 

3 25% 17% 58% 

4 50% 14% 36% 

5 7% 7% 86% 

6 22% 7% 70% 

7 30% 0% 70% 

8 33% 0% 67% 

9 0% 0% 100% 

10 14% 41% 45% 

11 31% 8% 62% 

12 34% 11% 54% 

13 43% 7% 50% 

14 78% 11% 11% 

15 64% 25% 11% 

16 18% 9% 73% 

17 9% 0% 91% 

18 0% 100% 0% 
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