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ABSTRACT 

While there is growing consensus in the literature that wider inclusion of 

technical communicators has potential for improving the processes by which software is 

developed there is little agreement regarding the extent of this inclusion, nor how it 

should be accomplished. This dissertation examines ways in which technical 

communicators participate in software development specifically, examining the 

complexities of their roles in interdisciplinary development teams. 

The trend toward interdisciplinary development teams is based upon recognition 

that the specialized skills and expertise of a number of disciplines have potential to 

improve software processes and products. Ideally, cross-functional processes and roles 

would take advantage of specialized disciplinary competencies and integrate them into a 

single, cohesive development effort. This combined effort is in many ways the rationale 

for cross-functional teams defined as a level of process maturity at which stages of 

development are characterized by interdisciplinary cooperation in delineating the process 

and resolving problems. 

This dissertation uses an Activity Theory approach to address many of the 

political and epistemic barriers inherent in contemporary development processes. Many 

theories posit that process improvement must evolve through careful management of 

various organizational behaviors. This perspective is complicated by recognition of two 

levels of organizational behavior: a formal level represented in "official" artifacts of the 

organization, and an informal level of human acfivity networks. The literature on 

knowledge management argues that a critical success factor for administering change in 
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organizational processes is devising intervention strategies that reconcile these two 

dimensions of organizational behavior. In light of these issues, what factors should be 

considered in management strategies for software development process improvement, 

and how might these intervention strategies affect the roles of technical communicators'' 

This dissertation addresses these questions by examining various issues that 

shape contemporary software development models and practice. The first chapter 

reviews the literature pertinent to team development. The second chapter provides a 

rationale for activity theory as the lens through which the research is contextualized. 

Chapters HI and IV describe research methods and resuhs of a case study investigation, 

which observes the activities and artifacts of a collaborative development project between 

a computer science course and technical communication course. And in the last chapter, 

this work suggests strategies for implementing a cross-functional approach to process 

improvement efforts. 
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CHAPTER I 

POTENTIALS AND PROBLEMS WITH TEAM-

DEVELOPED SOFTWARE: THE ARGUMENT 

FOR CROSS-FUNCTIONAL TEAMS 

Introduction 

As our culture grows more dependent upon technology, particularly with 

computer software applications, we have seen a corresponding growth in the demand for 

trained technical communicators. Issues germane to software development have become 

key areas of research interest in both the practice and academic study of technical 

communication. This disciplinary focus has been driven and defined in many significant 

ways by the requirements of increasingly sophisticated users for accurate and accessible 

software documentation. This focus also has resulted in arguments by the discipline of 

technical communication for wider inclusion into software development processes. 

While there is growing consensus in the literature that wider inclusion of technical 

communicators has potential for improving the processes by which software is 

developed and ultimately improving the software products themselves there is little 

agreement regarding the extent of this inclusion nor how it should be accomplished. In 

this dissertation, I examine ways in which technical communicators participate in 

software development specifically, examining the complexities of their roles as 

participants in software development teams. 



Understanding the dynamics of development teams is necessary to manage and 

maturate software development and documentation processes effectively (Paulk et al., 

1995; Hackos, 1994). Examining problems associated with team development is 

important, not only in clarifying the roles of technical communicators in relation to other 

disciplines involved in the effort, but also as a means for improving team development 

processes by more fully articulating various organizational contexts that influence 

process effectiveness. Such an examination is complicated by recognition that 

development processes are still evolving, shaped by economic; political; technological; 

historical; cultural; and other powerful, highly variable factors. However, one trend is 

increasingly apparent in the evolution of software development processes. Development 

teams Have become more interdisciplinary as users, technical communicators, and others 

with a stake in the finished product have appropriated wider inclusion into development 

processes (Fried, 1995, p. 30). 

The history of computing demonstrates that software development once almost 

exclusively the purview of the computer sciences has become a mission critical, 

interdisciplinary imperative, penetrating and blurting hitherto well-established functional 

boundaries within our institutions (Cusack, 1993). As computer hardware has become 

increasingly powerfiil, software functionality has increased dramatically. Software 

implementations have grown rapidly from relatively simple programs designed to 

automate mundane clerical and production tasks into creative, empowering environments 

through which the tasks, processes, and organizational stmctures of our enterprises are 

being redefined (Fried, 1995, pp. 31-5). The growing size and complexity of most 



contemporary software projects makes team development a necessity. The still evolving 

nature of team development has posed vexing problems for managers, administrators, and 

team members alike The literature is filled with examples of failed projects with 

delivery dates missed by wide margins, substantial cost overmns, and customer 

cancellations (Paulk et al., 1995, pp. 3-4; Deephouse et al., p. 188). 

Overview of the Concept of Cross-Functionality 

To address problems in software development projects, we must look to 

development processes, and how they have evolved. The central problem of software 

development has always been to provide the system features users require within the 

constraints of Hardware and software architectures. Software development processes 

originated with, and remain heavily influenced by the activities of the computer sciences. 

(/ will use this as an umbrella term to describe disciplines with a strong focus on 

software architecture and programming conventions.) Early software reflects the 

constraints of primitive architectures, and typically privileged the requirements of the 

system over the user environment. Alphanumeric input and output and unintuitive 

command line interaction with the system were hallmarks of these early user 

environments (Wasserman, 1996, pp. 24-5). While the computer sciences Have made 

significant progress in developing the architectures, programming conventions, and 

development tools necessary for the powerfijl software applications and graphical user 

interfaces (GUI's) we see today, they have been widely criticized for continuing to 

emphasize system requirements over those of the user. 



In response to these criticisms, the spiral development model, rapid application 

development (RAD) techniques, and other measures have been implemented to give users 

wider inclusion into development processes. Certainly, the trend toward interdisciplinarv-

development teams increases the potential that user requirements will be better 

understood, as disciplines with more user-centered orientations enter the process. 

However, while contemporary development teams often consist of managers, engineers, 

programmers, marketing specialists, writers, and other practitioners, these teams are 

frequently composite in nature. Composite teams {a rubric I am applying to non-

integrated team development processes) are characterized by their differences with 

various disciplines working independently of each other, their efforts coordinated by 

supervisors. The activities of the various disciplines in composite teams for the most part 

occur in parallel, but separately, and overall control of the process has remained largely 

with the computer sciences. This control perhaps derives from a widely held perception 

that programming is in many ways the defining activity by which software is developed. 

As Paulk, Weber, Curtis, and Chrissis (1995) observe, regarding composite team 

development: "During a crisis, projects typically abandon procedures and revert to coding 

and testing" (p. 17). Thus, poorly managed projects can negate the positive potentials of 

interdisciplinary development by focusing on programming making it difficult for 

other disciplines to actively participate in the process. However, even with projects not 

in crisis, the traditional systems orientation of the computer sciences and the control they 

have maintained over development processes with a composite team approach still tends 

to tip the scale toward privileging system requirements over user requirements 



In criticizing software oriented more to the system than the user, Susan Jones 

(1996) observes: 

The computer is no longer a tool to be used for making complex tasks more 
manageable, but a discipline, not unlike other disciplines, with its own histor\, 
philosophy, mores even, and, of course, language for discussing ideas too difficult 
to discuss in everyday language, (p. 38) 

While the context of her remark is frustration at interface designs with a system 

orientation, Jones is wrong in two regards. First, the computer is a tool Increasingly, we 

use the computer as an instmment to mediate between our consciousness and the objects 

of our professional and personal lives. {This claim is based upon precepts of Activity 

Theory, which I discuss at length in Chapter II.) A key basis for criticisms of composite 

teams is that their development processes fail to sufficiently take into account the 

cognitive and social dimensions of software environments (Belkin, 1990; Jackson, 1995) 

While system constraints tend to be well understood, understanding these human 

dimensions is a more complex problem albeit there is significant evidence that these 

dimensions should be viewed as the main factors determining the usefulness of the tool. 

Second, there is no single "computer discipline." Rather, it is more accurate to say that 

computers are becoming a central interest of many disciplines, each having unique 

perspectives and concerns regarding software development. 

Anthony Wasserman (1996) supports this assertion and rightly observes that there 

is no discipline of software engineering. In fact, software engineering is becoming more 

interdisciplinary as research conducted independently within a number of disciplines 

finds its way into development processes; however, this inclusion has been on an ad hoc 



basis (Fayad, 1997, p. 103). The trend toward interdisciplinary development teams is 

based upon recognition that the specialized skills and expertise of a number of disciplines 

have real potential to improve software processes and products. Ideally, cross-functional 

processes and roles would take advantage of specialized skills and integrate them into a 

single, cohesive development effort (Holzblatt and Jones, 1993, p. 178; Blackburn, 

Scudder, and Van Wassenhove, 1996, p. 878; Paulk et al., 1995, p. 7). This combined 

effort is in many ways the rationale for cross-functional teams. I am defining cross-

functionality as a level of process maturity at which stages of development are 

characterized by interdisciplinary cooperation in delineating the process and resolving 

problems. Cross-functionality stands in stark contrast to composite teams, in which 

traditional authority and the limitations of a single disciplinary perspective predominately 

have compartmentalized processes and have defined development roles characterized by 

an overall lack of cooperation. 

Cross-functional teams evolve participatory development processes based upon 

shared recognition of the contributions and concerns of other disciplines involved in 

software development. Roles are based upon the mutual benefits of collaborating in areas 

in which the expertise of these various disciplines overlap. Whereas the processes of 

composite teams traditionally have been established and controlled by engineers and 

managers educated with an epistemic orientation toward understanding development 

problems systemically. Paradoxically, there is growing recognition in the literature that 

many software problems such as those associated with unintuitive interface design, or 

failure to understand user requirements are often engendered or compounded by 



systems approaches to development, because they are issues of human cognition not 

easily understood from a systems perspective (Jackson, 1995; Perry, Staudenmayer, and 

Votta, 1994). Cross-functional development teams have the potential to reconcile, or at 

least balance, contradictions between cognitive issues involving users' perceptions and 

the inherent constraints of hardware and software systems. But as Deephouse, 

Mukhopadhyay, Goldenson, and Kellner (1996) observe, "Implementing complex 

software systems requires a combination of fiinctional and technical expertise" (p. 192) 

Often, composite team approaches sacrifice product quality and cost effectiveness 

because they privilege technical requirements of the system under development over 

functional requirements. For example, traditional waterfall development relegates the 

creation of end-user documentation to the latter stages of the development lifecycle, a 

point at which it is either too late, or much more costly, to address contradictions between 

user expectations and the developed software product. However, as Lauren Baker (1988) 

points out, frequently these contradictions are exposed by conventional documentation 

heuristics used by technical communicators, such as user task analysis and usability 

testing (p. 321). 

Interestingly, the Requirements Specification the document that defines user 

requirements and guides design and other stages of development has been extensively 

criticized in the literature for not adequately capturing how users conceptualize the 

proposed system, and for being poorly written (Booth, 1983; Baker, 1988; Conklin, 1993; 

Shand, 1994a, 1994b). With the compartmentalized processes of composite teams, 

technical communicators rarely participate in writing the Requirements Specification 



even though the research required for writing user manuals and the writing skills of 

technical communicators have the potential to significantly improve this document .A 

cross-functional approach would argue for technical communicators and software 

engineers collaborating to produce a more useful Requirements Specification This 

collaboration would also then serve to better inform the activities of practitioners from 

both disciplines in other stages of development. 

The concept of cross-functionality is a more mature evolutionary level of the 

growing trend toward interdisciplinary software development. Clearly, there are 

significant political and epistemic barriers to attaining a cross-functional level of 

maturity. The Capability Maturity Model (CMM), developed by Paulk, Weber, Curtis, 

and Chrissis (1995) under the auspices of Camegie Mellon University Software 

Engineering Institute (SEI), is based upon extensive research indicating process 

improvement results from long-term administrative and managerial commitment "to 

design an evolutionary path that increases an organization's software maturity in stages" 

(p. 10). While the CMM does not specifically address epistemic barriers in software 

development, its stages of evolution, geared toward "empowering people to do the work" 

and a process that "ties together people, tools, and methods into an integrated whole," is 

consistent with the concept of cross-functional teams as I have defined it (p .8). Many of 

the issues related to problems with development processes and complexities of the roles 

of technical communicators in development teams that I discuss in this dissertation are 

characteristic of low levels of maturity in the CMM. My overarching aim is to articulate 
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these issues within the framework of my research to contribute a cross-functional 

approach useful in managing the development process toward higher levels of maturity 

Statement of the Problem and Overview 

There is growing discussion in the literature suggesting positive benefits from a 

development process that integrates the user document cycle with the software 

development cycle. However, are these benefits observable in practice, and if so, what 

factors determine their success or failure? Many authors suggest technical 

communicators, through an epistemic orientation toward users and certain specialized 

skills, have a potential to improve software development efforts by contributing to 

resolution of problems associated with user satisfaction and systems-oriented 

development processes. But how can this potential be realized what are the obstacles? 

The CMM posits that process improvement must evolve through careful planning and 

management of various organizational behaviors. This perspective is complicated by 

recognition of two levels of organizational behavior affecting the success of management 

strategies: a formal level represented in "official" artifacts of the organization, and an 

informal level of human activity networks. Much of the literature on knowledge 

management argues that a critical success factor for administering change in 

organizational processes is devising intervention strategies that reconcile these two 

dimensions of organizational behavior. In light of these issues, what factors should be 

considered in management strategies for software development process improvement, 

and how might these intervention strategies affect the roles of technical communicators'' 



In this dissertation, I will address these questions by examining various issues that 

shape contemporary software development models and practice. In this chapter, I review 

the literature pertinent to team development. In the second chapter, I provide a rationale 

for activity theory as the primary lens through which I contextualize my research In 

Chapters HI and IV, I describe research methods and results of a case study investigation, 

in which I observed the activities and artifacts of a collaborative development project 

between a class of computer science students and a class of technical communication 

students. And in the last chapter, I suggest managerial strategies for implementing a 

cross-functional approach to process improvement efforts. 

In the remainder of this chapter, I will examine ways in which technology is 

creating change in our cultural paradigms and institutions. This change has proven 

problematic in that many behaviors that were once seen as beneficial toward attaining 

organizational objectives are losing relevance and in many cases are becoming obstacles 

to emerging new paradigms a dynamic extensively described by Thomas Khun (1962) 

in his seminal The Structure of Scientific Revolutions. This dynamic puts many of our 

institutions in a state of flux. Traditional ways of understanding and solving problems 

frequentiy conflict with efforts to solve new problems stemming from rapid technologic 

and cultural change. This conflict between traditional world-views and emerging new 

perspectives poses significant barriers to maturing team development processes to a level 

of cross-flmctionality. I will also discuss ways in which incongment epistemologies of 

disciplines involved in development directly influence both potentials and problems 

associated with software development teams. These disciplines can be seen as breaking 
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down into two camps with two primary, but often conflicting epistemic orientations a 

systems orientation verses a user-centered orientation The concept of cross-functionality 

seeks to mediate between these two orientations. Finally, I will discuss issues relating to 

the evolution of processes used in software development and documentation. Examining 

these issues reveals contradictions that can have a detrimental effect on product quality 

and cost effectiveness in development projects. These contradictions suggest areas in 

which managerial intervention with a cross-functional approach could greatly improve 

development processes and the resulting software product. 

Changing Institutional Contexts 

Much has been written about the cultural effects resulting from rapidly 

accelerating development and adoption of computer technology. In little over a 

generation's time, firmly entrenched paradigms of the Industrial Revolution are 

beginning to be replaced by new cultural paradigms reflecting social dynamics that have 

been termed by some the Information Age (Reckmeyer, 1991, p. 178). The ubiquitous 

computer chip has given impetus to a new generation of tools that shape the transactions 

of daily life. How we communicate; how we create, store, and access information; and 

inevitably, how we perceive the world are all undergoing substantial change as a result of 

computer technology {examples of cultural effects of this change are discussed at length 

/« Bolter, 1991;Doheny-Farina, 1996;Landow, 1992;Lanham, 1993: Ong, 1982). 
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Changing Markets and New Organizing Strategies 

Possibly nowhere else in our culture is this change more evident than in the 

business arena. Clearly, technology has created substantial new markets and business 

opportunities, evidenced by the growing number of technology-related firms and the 

phenomenal growth in the technology-dependent service sector. However, computer 

technology also has made for a more competitive marketplace in virtually all business 

sectors. David Taylor (1995) describes the changing dynamics of competition as follows: 

According to conventional marketing doctrine, a company should position itself 
along several critical dimensions, such as quality, time to market, and cost. A 
company that was the quality leader, for example, would not be expected to 
compete on the basis of price or time to market. 

There is no room for compromise in the new competition. Companies are 
beginning to offer higher quality at lower prices, stealing market share from 
competitors that used to own either the "quality" or "low cost" positions in their 
markets. And virtually every company is striving to bring new products to market 
faster in order to meet increasingly volatile customer demands. In short, the 
competitive edge goes to the companies that can deliver better products faster and 
cheaper. Two out of three isn't good enough, (pp. 3-4) 

One response to the exigencies of the competitive demands Taylor describes has 

been business process engineering (or reengineering, which is perhaps more often the 

case as firms scramble to adapt to the frequent changes occurring in both technology and 

the marketplace). Computer technology has enabled global markets and business 

strategies that were not possible prior to the emergence of networked computing. The 

electronic transfer of funds has made business capitol extremely liquid, allowing for new 

relationships to emerge between suppliers, manufacturers, and consumers (Davenport and 

Pmsak, 1998, p. 13; Gilder, 1989, pp. 319-30; Fried, 1995, pp. 99-105). As companies 
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stmggle to attain competitive advantage, they have been forced to re-examine not only 

their processes, but also their organizational stmctures. 

Business reengineering has resulted in firms both abandoning hierarchical 

management stmctures in favor of flatter organizational stmctures and shifting "away 

from business units organized by function (the traditional system) to units organized 

around product or customer segments" (Fried, 1995, p. 51). Communication across 

global networks has dramatically increased the speed at which change occurs in the 

marketplace. The design of these new organizing strategies has been to address this 

problem by shortening the lines of communication and increasing the firm's capacity to 

make timely business decisions (Thomas and Velthouse, 1990, pp. 667-8). However, 

while restmcturing has generally been viewed as a solution to the problem of making 

firms more responsive to change, it has created a host of other problems as new processes 

and concepts have come into conflict with traditional processes and assumptions that 

were status quo prior to restmcturing. 

Composite development teams reflect this problem. While the trend has been 

toward interdisciplinary involvement to produce a software product, the activities of the 

various disciplines involved often have been compartmentalized into traditional 

functional areas. This approach diminishes, if not negates, a cross-functional, integrated 

process in which the specialized skills and knowledge of multiple disciplines may be 

brought to bear toward more fully articulating and resolving development problems. 

Tom Peters (1987) supports this assertion by arguing that success in the changing market 

requires firms to "commingle members of all key functions, co-opt each function's 
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traditional feudal authority, and use teams" (Peters, 1989, p. 212, quoted in Conklin, 

1993, p. 95). The commingling of employees from different functional areas is readily 

accomplished by restmcturing strategies; however, co-opting traditional authority 

presents difficulties because it requires employees not only to assimilate new processes 

and working relationships, but also, to varying degrees, re-conceptualize their workplace 

Changing Mental Models and Knowledge Management 

Bela Banathy (1996), Peter Senge (1990), Chris Argyris (1982), and other 

organizational theorists argue that changing people's mental models and belief stmctures 

in ways consistent with the goals of the new system is a critical success factor in effecting 

substantive change in organizations. These researchers also all recognize that this task is 

more easily said than done. There are myriad, complex factors affecting how people 

internalize their work environment, many of which I will address at length in this 

dissertation. Understanding the dynamics of corporate culture is a core problem faced by 

the business community. This problem is complicated by recognition that corporate 

culture operates at two levels: a formal level, represented in mission statements, policies, 

and other "official" artifacts of the firm; and an informal level the networks of human 

activity that Deal and Kennedy (1982) call a hidden hierarchy, "critical to the effective 

management of any successful organization" (p. 85). 

Reengineering has underscored the importance of activity networks. As 

downsizing, relocation, and other restmcturing strategies have intermpted these networks, 

many organizations have found to their chagrin that knowledge critical to the operation of 
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the firm has gone out the door in the heads of employees who, in many cases, were 

thought to be expendable. It turns out, as many firms have discovered, that documented 

processes, functional responsibilities, and various policies delineated in the formal 

artifacts of organizations do not necessarily describe how the work really gets done {The 

results of my research, detailed in Chapters III and IV, tend to substantiate this claim) 

Davenport and Pmsak (1998) describe how an emphasis on managing the formal level of 

corporate culture can have a detrimental effect on activity networks in the following 

passage: 

Managers should regard communities of practice as company assets and look for 
ways to preserve them. Too literal an application of reengineering principles, 
with their emphasis on efficiency, has weakened some of these informal 
knowledge networks and groups. Some companies have driven out the "slack" 
necessary for such groups to function well. A reengineered organization is likely 
to have eliminated the jobs of some of the knowledge brokers whose role is not 
recognized as essential to the firm's work, though they hold the knowledge 
networks together. By focusing on measurable "work" and underestimating the 
value of talk, reengineering can discourage the conversations and self-forming 
groups in which so much of the firm's knowledge work is done. (p. 39) 

Clearly, there is good reason for the growing interest in knowledge management 

and understanding the role activity networks play in creating situated knowledge about 

the organization and its processes and understanding why the actual processes through 

which employees accomplish tasks may be very different from formally documented 

ones. Particularly, if as Davenport and Pmsak (1998) assert, "the knowledge-based 

activities of developing products and processes are becoming the primary internal 

functions of firms and the ones with the greatest potential for providing competitive 

advantage" (p. 13). In this light, the role of activity networks goes beyond simply 
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affecting the operation of the firm and becomes a primary source of innovation necessary 

to sustain the viability of the firm. 

Possibly because knowledge management problems are connected to 

incongmities between the formal agency of the organization and the human agency of 

activity networks, they are often addressed from a systems theory perspective in the 

literature. Two examples of systemic approaches are Peter Senge's (1990) concept of 

learning organizations and systems thinking, and Bela Banathy's (1996) approach to 

designing organizations as social systems. Both of these address many of the issues that 

pertain to reengineering and developing knowledge resources, such as: 

1. resolving contradictions between the formal and informal elements of corporate 

culture, 

2. developing a shared vision and mental (internalized) models that are consistent 

with the goals and processes of the firm, 

3. empowering workers by facilitating situated learning and knowledge making, and 

4. creating mechanisms for disseminating knowledge back into the processes of the 

organization. 

While both of these approaches propose solutions to these issues affecting 

knowledge management, neither offers a clear timeline or plan for implementation. 

There are probably no easy solutions for implementing large-scale change in our 

institutions. However, the relationship between computer technology and competitive 
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advantage has made software development a mission critical activity, and the CMM 

explicitly and implicitly recognizes these four issues as milestones for reaching higher 

levels of process maturity (Paulk et al., 1995). The same can be said for the concept of 

cross-functionality. As I have observed, cross-functionality is indicative of higher levels 

of process maturity and requires an environment that fosters cooperation among disparate 

disciplines to evolve participatory processes that more fully address development 

problems. 

Changing Technology and User Expectations 

One major preoccupation of software engineers in recent history has been to adapt 

or replace function-specific legacy systems, amounting to what David Taylor (1995) has 

termed "monolithic software silos," or software not designed to share data and/or 

information across other fiinctional areas within the firm (p. 16). While we now 

recognize that such designs slow business transactions and reduce flexibility in 

responding to competitive demands in the marketplace, we should remember these 

systems were originally developed within the constraints of early generation architectures 

and often with the primary intent of reducing costs by automating existing processes. 

The concept of information systems emerged as firms recognized a means to gain 

competitive advantage through the computer's capacity to quickly process and combine 

large amounts of stored data to provide unique information about the firm's business 

activities. Changes in technology and business processes are evolving in tandem, each 

17 



giving impetus to the other. Louis Fried (1995) illustrates this evolution in Figure 11, 

which follows. 

S t a ^ l 
1950-1970 

Stage 2 
196S-197( 

StagaS 
1975-1985 

Stage 4 
1980-1995 

Stages 
1990-Future 

EDP—electronic data processing; MIS—management information systems; PC—personal computer; 
CIO—chief infornr«tion officer 

Figure 1.1 The Stages of Information Systems Management 
(Fried, 1995, p.32) 

As can be seen in Figure 1.1, with each stage of technologic development, 

deployment of technology has progressed from highly controlled, centralized processes to 

more empowering, distributed computing environments. It has been scarcely a 
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generation since Bell Laboratories announced in 1948 the invention of the solid state 

transistor t̂he device that made computing practical. Texas Instmments announced the 

production of silicon transistors in 1954, and Intel developed the central processor unit 

(CPU) and memory components that are the heart of the modem personal computer (PC) 

in the period between 1969 and 1971 (GHder, 1990, pp. 66-93). Figure 1.1 illustrates that 

in this relatively short period, the technologic world-view of our institutions has changed 

from modest initial expectations for production control and automating clerical tasks into 

the reality of powerful distributed computing environments, communicating across global 

networks. 

Karen Holtzblatt and Sandra Jones (1993) observe that the trend toward 

distributed computing has resulted in more "general purpose systems" that give users 

wide latitude in how they use the system in their jobs (pp. 177-79). Grudin (1990a) 

substantiates the claim that large-scale development is aimed at more general purpose and 

flexible environments. As applications have become more sophisticated, so have users. 

This dynamic is reflected in a trend in the literature toward recognizing the growing 

sophistication of users and arguments for their inclusion in software development 

processes. 

The literature reveals that a level of user expertise with computer systems was 

often a sole criterion used in characterizing end-users. In much of the literature— 

particularly the material going back over ten years—definitions of end-users draw a 

distinction between computer specialists and non-specialists. Categories such as novice, 

intermediate, and expert reflect these distinctions. Yaverbaum and Culpan's (1990) 
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definition that end-users are "ail people within the organization who interact with 

terminals, but who are not systems analysts or programmers" is widely paraphrased (p 

441). Gattiker (1992) also makes this distinction by defining users as employees engaged 

in the application of information technology but who do not necessarily consider 

themselves computer specialists. However, he also notes that "today's end-user can 

possess the required skills to make efficient use of a variety of computer hardware and 

software without necessarily being technical specialists" (pp. 550-51). Hellman (1992) 

cites definitions from the literature that characterize end-use computing as fitting onto a 

broad spectmm composed of nonprogrammers, command level users, programmers, 

functional support personnel, data processing programmers, and users who develop their 

own applications. This last category leads her to conclude that end-use computing could 

best be referred to as "user-driven application development (and use)" (p. 68). 

Hellman's definition is significant because she recognizes that many users who 

are not necessarily employed as programmers are acquiring skills necessary to tailor 

existing systems or to develop new systems to accomplish organizational tasks. Galletta 

and Heckman (1990) suggest that this phenomenon is indicative of difficulty many 

organizations are having meeting the increased demand for user support as users tum to 

developing "their own systems in many cases to avoid MIS department backlogs" (p. 

169). 

The trend toward broadening the definition of end-user to include everyone in the 

workplace who uses computers regardless of skill level results from the 

phenomenal growth of computer technology and the trend in the business community to 
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adapt this technology to its specific needs. Implicit to the definition of end-use 

computing as "user-driven application development" is the perspective that the workplace 

is not so much changing to adapt to technology, but instead, workers are changing 

technology to fit their work-related tasks. 

A survey conducted by Galletta and Hufnagle (1992) of 107 MIS executives in 

Fortune 1000 companies indicates that while corporations are relatively successful in 

establishing policy to control hardware applications and data security measures, the 

majority of employees either only partially comply with, or ignore entirely, policies that 

restrict the use or development of software. Table 1.1 contains the results of this survey. 

The results of this survey indicate that employees recognize the benefits of 

computer applications in their jobs and are willing to bend or ignore company policy in 

order to adapt available technology to their work tasks. The data indicates a significant 

majority of workers are adapting and developing software packages that are not formally 

accepted, or even in use, within the organization. These results underscore a need to 

consider software development a knowledge management problem, requiring processes 

that allow users meaningful participation in creating the tools that shape their working 

activities otherwise, they tend to develop their own, which in all probability will not 

be formally disseminated back into the knowledge base of the firm. 

The problem firms have experienced with monolithic legacy systems can stem 

from development approaches privileging a system perspective. This problem 

emphasizes the importance of thoroughly analyzing how users conceptualize their work. 

Analysis primarily aimed at automating existing processes tends to codify traditional 
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work processes, which may not provide the competitive edge firms are seeking with new 

software implementations in the first place. This approach can result in software systems 

that support the formalized processes of the firm, but do not adequately support actual 

work processes, foster innovation, nor capture situated knowledge about the firm located 

within employee activity networks. 

Table 1.1 EUC Policy Content Areas and Compliance Scores 
(Galletta and Hufnagle, 1992, p.5) 

Policy area 

Hardware 
Restrictions on typeAjrand of 
PC 
Restrictions on how purchased 
Purchase approval by MIS 
required 
List of approved vendors 
Requirements for cost 
justification 

Software 
List of approved packages 
Restrictions on appUcations 
developed 
Restrictions on production 
apphcations 
Requirements for application 
testing 

Data security/privacy 
Restrictions on downloading 
Restrictions on uploading/ 
updating corporate files 

Other 
Documentation requirements 
Post-development atidit 
requirements 
Training requirements 

EUC] 
Rule 

43% 
72% 

66% 
38% 

41% 

34% 

13% 

27% 

10% 

51% 

67% 

16% 

15% 
9% 

policy content 
Guideline 

52% 
22% 

24% 
46% 

36% 

58% 

58% 

51% 

45% 

27% 

15% 

48% 

34% 
57% 

: (n = 67) 
Don't 
address 

5% 
6% 

10% 
17% 

23% 

8% 

28% 

22% 

45% 

22% 

18% 

36% 

51% 
54% 

No. firms 
addressing 

64 
63 

60 
56 

52 

62 

48 

52 

37 

52 

55 

43 

33 
44 

EUC compliance levels 
Full 
compliance 

73% 
82% 

73% 
63% 

45% 

22% 

27% 

36% 

21% 

68% 

89% 

9% 

10% 
11% 

Partial 
compliance 

24% 
17% 

23% 
35% 

53% 

73% 

58% 

53% 

56% 

30% 

9% 

57% 

49% 
75% 

Users 
i^ore 

2% 
2% 

3% 
2% 

2% 

2% 

15% 

11% 

23% 

2% 

2% 

35-^0 

41% 
14% 
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Evolving Roles and Potentials of Cross-functional Teams 

Historically, economic efficiencies of new technologies have resulted in new 

divisions of labor (Bolter, 1991; Eisenstein, 1983; Ong, 1982). The current changes our 

enterprises are experiencing demonstrate this pattern. A central problem with 

technologic change is how to manage emerging new divisions of labor to best take 

advantage of the economic efficiencies a new technology offers. Perspective complicates 

this problem because while in the midst of change we cannot easily recognize its full 

dimension nor confidently predict its path. Experience does not always serve as an 

accurate guide in deciding how to manage change either, because assumptions of the old 

paradigm often conflict with the paradigm that is in stages of becoming. Possibly the 

best strategy for addressing this dilemma is to look for contradictions those breaks 

where tradition fails to adequately inform resolution in new, arising problems. 

Contradictions in Tradition and Change 

I previously described three intertwining issues that affect the roles of technical 

communicators and others involved in software development: 

Changes technology engenders in the marketplace have led to a restmcturing trend 

toward interdisciplinary teams. 

The formal stmctures of organizations do not always support the informal stmctures 

of employee activity that are important repositories of knowledge and sources of 

innovation in the firm. 
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Users are developing sophisticated conceptual models and expectations for how 

software should facilitate their working environment. 

These three issues are areas in which traditional processes and divisions of labor 

conflict with the positive potentials of cross-functional approaches to software 

development. These can be viewed as areas in which traditional approaches break down 

and fail to effectively guide the evolution of the development process. With regard to the 

first issue, hierarchical organization arranged around functional divisions of labor were 

the very stmctures creating barriers in business processes that originally initiated the 

trend toward interdisciplinary teams. And yet, as we have seen with composite teams, 

even though the team is ostensibly interdisciplinary, the development process is often 

compartmentalized into functional areas, creating the same kinds of traditional barriers 

and diminishing the potential for development processes to benefit from multi-

disciplinary contribution. 

The second issue in the list is an area in which traditional approaches can result in 

barriers to maturation of development processes, and also can create knowledge 

management problems. The process documents that formally document development 

projects have been widely criticized in the literature {particularly the Requirements and 

Design Specifications) for inaccurately capturing user requirements and expectations, and 

for inordinately privileging the perspective of software engineers (Boehm, 1987, 1991, 

Boehm and Ross, 1989; Shand, 1994a, 1994b). While I have previously observed that 

these documents traditionally have been written by software engineers, and argued that 
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including technical communicators in their creation could improve them, these 

documents represent another problem that is more serious in the long mn. Barry Boehm 

(1988, 1991) and Rod Shand (1994a, 1994b) both have argued extensively and 

convincingly that disparities between the system that process documents describe and the 

system users conceptualize is a major reason why development projects fail. However, 

even with cases in which the project is delivered successfully, these documents become 

the formal record of the development process. Tsai, Yang, and Lien (1990) observe that 

product maintenance represents 60% of development costs in information system 

software lifecycles, and argue that poorly written and maintained process documents 

contribute significantly to these costs. This observation in itself should argue for more 

attention to developing a process that would improve these documents. Moreover, 

because these documents are viewed as the formal record a firm's development process, 

inaccuracies and the single disciplinary perspective they traditionally represent can 

obscure the actual process by which a firm develops software creating knowledge 

management problems resulting from poorly understood, immature processes. 

The third issue in the list above the problem of meeting user expectations is 

the most widely cited in arguments for technical communicators to participate in 

establishing user requirements and in interface design activities. The basis for these 

arguments is often seen as initially deriving from the discipline's philosophical 

underpinnings in rhetoric (Mirel, 1996). Coalescing to address issues associated with 

business writing and evolving into an area of specialization geared toward writing about 

technology, technical communication has historically reflected the rhetorician's attention 

25 



io pathos with a strong epistemic orientation toward the information needs and 

perceptions of users. Later in this chapter, I will more fully examine arguments for why 

technical communicators merit wider inclusion into software development processes 

However, it is important to first understand the traditional roles of technical 

communicators and how they have evolved. 

Evolving Roles for Technical Communicators 

The printed page, which for centuries has predominated as the legitimate means 

for disseminating and archiving texts in our culture, is a paradigm that not only has 

proscribed the physical form of technical documents, but also, to some extent, the role of 

technical communicators. The politics of contemporary produaion in many ways still 

reflect ingrained attitudes and assumptions of the Industrial Revolution. Control of 

production processes traditionally has been in the hands of managers and engineers, and 

the success of their efforts has been measured by the bottom-line of the quantity of 

marketable goods rolling off the assembly line divided into the cost of production. With 

a historical impetus toward increasing production while reducing costs, the 

epistemologies of these disciplines have become oriented toward streamlining production 

processes and manipulating production systems to elicit every possible efficiency. 

Technical communicators entered this milieu when products reached a level of 

complexity at which consumers required manuals and other documents to operate and 

maintain their purchases. One can only speculate as to the degree that documentation 

processes and the physical form of printed documents, which on the surface appear very 
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different from the production processes and form of consumer goods not to mention 

their added costs conflict with the epistemic world-view of managers and engineers 

Although it is probably a certainty that a shiny, new consumer product going into the box 

and the user manual tossed in afterward are not viewed equally. 

Software development, particularly as the documentation and the software 

product increasingly become integral, engenders new problems that are complicated by 

this mindset of the manufacturing tradition. The organization of composite teams in 

some respects reflects an underlying and seemingly ingrained assumption that a high 

level of managerial control is essential to productivity. Entrenched approaches such as 

Deming's (1982a) statistical theory of management and Taylor's (1911) ideas on 

managing worker efficiency have real merit when one is optimizing machine cycle times 

or directing the physical labor of workers on an assembly line, but in essence, software 

development is not a manufacturing problem. These kinds of manufacturing-oriented 

approaches can stifle collaborative relationships that foster innovation and lead to more 

mature processes because, as Davenport and Pmsak (1998) assert, they tend to focus on 

measurable "work" and underestimate the value of the informal activities of discursive 

communities of practice in the firm (p. 39). Ironically, producing software increasingly 

requires a process perhaps more akin to writing manuals than manufacturing hard-goods-

—particularly with the advent of later generation programming languages. 

Early programming languages, nearer to the level of machine language, were 

significantly constrained by inflexible syntax and a limited number of available 

instmctions at the hardware level. However, new generations of programming 
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languages; additional layers of software architecture, such as assembler, compiler, and 

translator programs; and advances in chip technology have exponentially increased the 

choices available to the programmer. The choices programmers make in stmcturing and 

writing code are becoming more like the choices writers make in organizing and writing 

text 

(1997) suggests such a correlation in this observation regarding new generations 

programming languages: 

ting code are becoming more like the choices writers make in organizing and writing 

(Bell, 1991, pp. 74-5; Flynt, 1994, p. 58; Simkin, 1996, p. 70) Douglas Hoftsadter 

Q7^ 5liaa<»«t5 « i i r h n r n r r f k l a t i n n i n t h i c nKcf»r\/atir»n ria»QrHinfr ne^wr fT*»no>ratir»nc 

It is not that each higher level [of programming language] extends the potential of 
the computer; the fiill potential of the computer already exists in its machine 
language instmction set. It is that the new concepts in a high level language 
suggests directions and perspectives by their very nature. 

The "space" of all possible programs is so huge that no one can have a sense of 
what is possible. Each higher-level language is naturally suited for exploring 
certain regions of "program space"; thus the programmer, by using that language, 
is channeled into those areas of program space. He is not forced by the language 
into writing programs of any particular type, but the language makes it easy for 
him to do certain kinds of things, (p. 781) 

Given a correlation between programming and writing behaviors, it is possible 

that the problems both Boehm (1988, 1991) and Shand (1994a, 1994b) attribute to 

failures in the analysis phase of development could be more fully addressed by heuristic 

methods rooted in a rhetorical approach to these problems (Flynt, 1994, p. 58). Common 

practice in technical communication is to perform extensive audience analysis, aimed at 

understanding how users conceptualize the work they do (Baker, 1988). Heuristic 

methods such as user task analysis aim at developing a cognitive understanding of user 

requirements; whereas. Entity Relationship diagrams, Data Flow diagrams, and other 
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heuristic models commonly used for analysis by the computer sciences tend to focus on 

more formal stmctures in the organization. Anthony Wasserman (1996) describes this 

more systemic perspective of analysis and design heuristics: 

Analysis and design methods and notations are basic tools for communication in 
an engineering discipline. 

The cognitive leap from understanding a problem to implementing a system is too 
great to proceed without including analysis and design models as key deliverables 
in the development process. Many analysis and design methods and notations 
have been created to serve as a basis for problem or system understanding. 

Analysis considers the problem space, addressing the stmcture of the problem, 
including the logical stmcture of objects in the real world The goal of 
requirements analysis is to provide an unambiguous and comprehensible 
specification from which a system can be designed and built. Design, by contrast, 
deals with the stmcture of the system that implements a solution to the problem 
(pp. 24-5) 

While Wasserman distinguishes between placing an emphasis on understanding 

the users' problem domain during analysis and understanding constraints of the system 

architecture during design, his discussion underscores that the methods and notations for 

both these stages of development emphasize stmcture. This is not to argue that modeling 

the stmcture of the problem domain is an entirely wrong approach. In fact, it is usually 

seen as necessary, given that the Requirements Specification informs the system design, 

which in tum is meant to assure that data be normalized and stmctured in specific ways to 

avoid such problems as redundancy errors in the delivered software system. However, 

the extensive attention that failure to understand user expectations has received in the 

literature indicates traditional heuristic methods and notations have been inadequate. It is 

probably reasonable to assume that if development heuristics privilege a systems 
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perspective while they may accurately capture the formal stmcture of organizational 

work processes and requirements of the system architecture there is increased risk the 

resuhing software will fail to support the informal work processes of activity networks 

and fail to adequately reflect users' conceptual models. This problem is compounded by 

the fact that many software development tools further codify a systems perspective by 

using the stmcture and labels from these models to create menus and other elements of 

the user interface. 

A cross-functional approach could serve to reduce the risks associated with 

inadequacies of traditional heuristic approaches by extending the range of available 

heuristic methods to include models that are more user-centered (Shirk, 1991, p. 43). As 

programming becomes more writing like, the disciplinary emphasis of technical 

communication in composition and rhetoric has potential to inform system design and 

other elements of the development process (Mirel, 1998). Additionally, writing strategies 

aimed at writing more accessible user documents may prove useful in producing more 

accessible software by providing alternative ways to conceptualize how program code 

should be conceived, stmctured, and documented. However, tradition is a powerful 

influence shaping contemporary development processes, and the activities of technical 

communicators have traditionally been viewed as separate from the more engineering

like aspects of development, such as writing the specifications that blueprint the product 

under development. If the potential benefits of cross-functional approaches are to give 

technical communicators wider inclusion into development processes, the discipline of 
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technical communication should be prepared to make meaningful and collegial arguments 

for inclusion on the basis of cross-functionality. 

Skills Technical Communicators Bring to Development 

Thomas Barker (1991) defines software documentation as ''the design, planning, 

and implementation of any interface element of a software system to enhance the system 's 

usability...m recognition of the trend toward involving technical communicators in all 

phases of software product developmenf (p. 8, italics in the original). This definition 

represents a significant broadening of traditional technical communication roles, which in 

the manufacturing tradition typically have been as writers and editors working in parallel 

to, but outside of product development processes to produce user documents. Barker 

observes that the exigencies of software development have resulted in technical 

communicators developing special skills and expertise, facilitating new roles on 

development teams and a growing inclusion into development processes (pp. 8-9). 

There is a body of literature indicating that technical communicators produce 

more useful documentation when involved in product development projects from 

inception as opposed to their role in the manufacturing tradition, in which user 

documents are produced relatively late in the development lifecycle {see for example, 

Blackwell, 1995; Scholtz and Hanson, 1993; Spencer and Yates, 1995). In the area of 

software development, there are a number of arguments in the literature suggesting that 

technical communicators involved throughout the product development lifecycle can 

reduce development time and costs and make contributions resulting in more fiinctional 
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and usable software. Among the benefits that have been suggested for integrated process 

models are the following: 

• Technical communicators are more suited than software engineers to act as user 

advocates in resolving requirements and design issues because they are oriented more 

to the needs of the user than to the constraints of software development tools or 

programming conventions resuhing in software more closely matching the 

requirements of users (Baker, 1988; Barker, 1991; Chisholm, 1988; Conklin, 1993, 

Mirel, 1998, 1994, 1992; Shand, 1994a, 1994b; Shirk, 1991; Selber, Johnson-Eilola, 

and Mehlenbacher, 1997). 

Technical communicators' rhetorical and design skills are more suited (than those of 

personnel trained in the computer sciences) to designing such elements as user 

interfaces and online help systems (Baker, 1988; Chisholm, 1988; Mirel, 1998, 1994, 

1992; Selber, Johnson-Eilola, and Mehlenbacher, 1997; Shand, 1994a, 1994b). 

Technical communicators, because they are often the first users of software under 

development, are positioned to find design flaws and suggest product improvements 

(Baker, 1988; Chisholm, 1988; Grice and Ridgway, 1991). 
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• Technical communicators have developed significant experience in usability testing 

that they bring to the development process (Baker, 1988; Barker, 1991; Dumas and 

Redish, 1994; Grice and Ridgway, 1991; Shriver, 1986). 

Technical communicators are more likely to produce better documentation and better 

meet production deadlines for user documents if included early in the development 

process (Baker, 1988; Chisholm, 1988; Conklin, 1993; Flynt, 1994; Hackos, 1994; 

Mirel, 1994; Selber, Johnson-Eilola, and Mehlenbacher, 1997; Shand, 1994a, 1994b). 

Technical communicators have skills that position them to collaborate in writing and 

tracking process documentation such as feasibility studies, requirement specifications, 

and design specifications (Booth, 1983; Baker, 1988; Conklin, 1993; Flynt, 1994, 

Shand, 1994a, 1994b). 

With the positive potential of these benefits, it should perhaps come as no surprise 

that as software development processes become more interdisciplinary, technical 

communicators would find wider inclusion into them. All these benefits stem from skills 

honed in the production of print-based documentation and the discipline's philosophical 

underpinnings in rhetoric. However, while these benefits all present viable arguments for 

integrating documentation and development processes, the ethos these arguments project 

is limited to that of technical v^iters acting as user advocates. With political control of 
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development processes largely in the hands of managers and engineers, this ethos may be 

wanting. 

After all, managers and engineers are also workplace writers, and an advocate role 

suggests the possibility of bringing in a conflicting perspective that could perhaps as 

easily serve to muddy the water as to improve the development process. However, 

Henrietta Shirk (1991), Andrew Oram (1991), and others argue that writing user manuals 

requires a technical understanding of what goes on behind the user interface. The logical 

relationships that enable or constrain various aspects of writing software code are in 

many ways defining elements of logos in software manuals, online help systems, and the 

user interface (Selber, Johnson-Eilola, and Mehlenbacher, 1997, p. 1622). This is an 

important point because genuine technical expertise, in combination with a user-

centered orientation, projects the more persuasive ethos of mediator. A mediating role is 

a more powerful position in arguing for wider inclusion into the realm of developers 

because it suggests not only attentiveness to user needs, but also an understanding of the 

problems and concerns of software engineers. Because of the combined functional and 

technical expertise technical communicators develop, they seem uniquely positioned for a 

mediating role that facilitates communication between users and developers, possibly 

akin to the role Curtis, Kransner, and Iscoe (1988) describe as "project gum." 

James Conklin (1993) extends upon a concept he attributes to Gambaro, Gilbert, 

and Hanrahan (1990), and argues that technical communicators contribute a mediating 

influence to the activities of development teams, to which he applies the term 

communication value (p. 92). In Conklin's view, technical communicators, participating 
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in the initial analysis phases of development, should mediate between the often different 

perceptions of users and software engineers to develop the requirements and design 

specifications that often substantially delineate the finished software product. Andrew 

Oram (1991) takes a more radical stance in suggesting that software documentation 

should be considered a special branch of technical communication. Oram argues that 

software documentation requires technical communicators to develop specialized 

working knowledge of not only users' conceptual models of how software relates to their 

jobs, but also of the "intertudning logical relationships that make up a computer system" 

i.e., logical relationships among programming conventions, architectures, and 

hardware components (p. 103). 

Oram (1991) raises two important issues that relate to the concept of cross-

functionality. First is the notion I have just discussed that a mediating role for 

technical communication stems not only from a traditional epistemic orientation toward 

users, but also from genuine technical expertise. With technical documents, often the 

writer is perceived as an expert either through the appropriation of the authority of other 

experts, or because the writer has put together experience that no one expert possesses 

and becomes a bona fide expert in his or her own right. In this view, for example, 

technical communicators do not necessarily develop the skills to write program code, but 

they develop working knowledge of programming conventions and constraints that 

inform their unique activities as both documentation specialists and mediators. The 

CMM suggests that this level of cross-functionality is necessary for higher maturity 

levels, because it allows optimizing the development process across the organization as 
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an integral whole as opposed to a low maturity, composite perspective of the process 

as a series of discrete tasks performed by different functional areas (Paulk et al, 1995) 

The second issue Oram (1991) raises relates to his suggestion that software 

documentation be considered a special branch of technical communication. Oram's 

approach contrasts sharply with Anthony Wasserman's (1996) call for the creation of a 

discipline of software engineering. There is mounting evidence in the literature that 

many of the current problems in software development stem from the dominance of a 

single disciplinary perspective in development processes. The problems Wasserman 

seeks to address, such as a lack of standards for specification and design notation and a 

lack of consensus regarding usability and design of user interfaces, have resulted in large 

part due to the development process emerging from a single perspective (pp. 24-6). 

These problems would possibly best be articulated and find resolution with a multi-

disciplinary approach. 

With a discipline of software engineering, more likely than not, the epistemic 

tradition of the computer sciences would be further codified into development processes 

because of the influence it has traditionally exerted. In the first place, a discipline of 

software engineering could effectively increase the distance of research activities of other 

disciplines from the software development process, making it more difficult for the 

results of this specialized research to inform development efforts. Secondly, it is unlikely 

that a single disciplinary perspective would resolve the dichotomous tension between 

user conceptual requirements and system constraints that defines the character of many 

development problems. While I have suggested that technical communicators are 
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situated to bring a mediating influence to bear on this tension epistemically, the 

discipline is very much user-centered. The idea of cross-functionality is not to move the 

process from one end of the continuum to the other with regard to this issue. A cross-

functional approach seeks a participatory process that recognizes the specialized concerns 

of multiple disciplines in balancing the needs of users and the flexibility they demand in 

software, against the inherent constraints of the technology. 

Problems with Cross-Functional Teams 

There really can be no checklist for implementing cross-functionality in the 

software development process, because a cross-functional approach must be pragmatic 

with regard to conditions specific to the individual context of each organization. The 

CMM is based upon the concept that process maturity evolves through circumspect 

management practice (Paulk et al., 1995). In this view, the degree of process maturity an 

organization attains ultimately depends upon the vision and commitment of its 

administrators and managers to objectively assess their organization's curtent 

development process, establish goals consistent with higher levels of maturity, and 

formulate a plan for implementing change across the organization as a whole. However, 

as Banathy (1996), Senge (1990), and Argyris (1982) have argued, employee buy-in is a 

critical success factor in managing organizational change. Tradition and epistemic 

differences pose significant obstacles to fostering employee acceptance of a new process, 

because both entail different world-views concerning development roles and can result in 

very different ways of understanding development issues among team members. Given 
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the entrenched tradition of the computer sciences in software development, combined 

with an intersection of multiple epistemologies in interdisciplinary teams, it is probabl> 

unrealistic to expect that a mature, participatory development process can be mandated 

by policy alone. 

Epistemic Differences 

Activity theorists, social constmctionists, epistemologists, and others interested in 

knowledge formation and acquisition assert that knowledge is mutable and is constmcted 

within discursive communities through a dialogic process {see for example, Bazerman, 

1994, pp. 114-15; Engestrom, 1999, p. 387; Gill, 1994, p. 172; Stillar, 1998, pp. 180-81). 

Many of the problems that can be anticipated for managing cross-functional teams are 

flindamentally communicative barriers that obstmct the formation of these discursive 

communities (i.e., activity networks) and the dialogic interaction through which situated 

(i.e., within the organization) knowledge about the process is created. This dialogic 

interaction is essential to a cross-functional approach to process improvement because it 

affords a realistic means to articulate and reach consensus on development issues and to 

collectively constmct a participatory process across the traditional functional and 

disciplinary boundaries within the organization. 

Epistemologies knowledge stmctures in which specialized communities 

constmct, organize, and assimilate concepts and beliefs can be deceptive barriers in 

the activities of interdisciplinary teams because various terminology and concepts may be 

understood differently by disparate disciplinary communities (Bazerman, 1988). David 
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Russell (1997) describes a process by which knowledge is constmaed within the bounds 

of a discipline (he uses the example of cell biology) and becomes commodified as it 

moves outside the boundaries of original disciplinary reporting genres and is used in 

other genres, for other purposes: 

Ethnographic studies of highly specialized research labs, most notably Latour and 
Woolgar (1986), have described the primary product of such research labs as 
experimental articles a genre addressed to other highly specialized 
researchers in other research labs studying similar problems. Researchers use 
each others' texts in the genre to make arguments about the object of their activity 
(some aspect of cells). The claims researchers make are highly qualified and 
contested, supported by copious intertextual citations to other documents such as 
data files and other experimental articles. As some of those claims come to be 
accepted as (provisionally) tme by the community of researchers in that area, they 
are operationalized (or blackboxed, in Latour's [1987] term) as taken-for-granted 
facts of the activity system. 

These statements, forged in the heat of controversy among researchers in some 
highly specialized area, are translated (Latouf s [1987] term) and commodified 
into another genre research scientists write: research reviews. These research 
reviews mediate the lab's boundary interactions with other activity systems of 
research in related disciplines (e.g., medicine, ecology) and potentially mediate 
its influence (power). Typically, research reviews do not cite the genres of data or 
lab notes but only other experimental articles. In this way researchers commodify 
their discursive tools for use by other activity systems that have different 
objects/motives, such as studying a disease or ecosystem, (p. 527) 

Russell notes that the more such knowledge becomes commodified (i.e., the further it 

moves from a community's specialized genres for reporting research into more public 

genres), the more it looses the qualifications, intertextual citations, research descriptions, 

and other indications of the specialized contexts that gave birth to it (p. 528). 

Russell's description indicates how different disciplinary communities can have 

very different understandings of concepts and issues that are not apparent on the surface. 
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For example the term user manual is often used in the computer sciences to denote a 

manual used by software engineers to perform maintenance on a system, whereas 

technical communicators use the term to denote a manual that instmcts end-users how to 

use a software product. While reconciling definitions and usage of terms may be 

accomplished relatively easily in organizational cultures, reconciling very different 

conceptualizations of users rooted in the epistemologies of the two disciplines is a more 

complex problem. 

It seems very likely that with composite teams, because specialized knowledge is 

compartmentalized, commodified knowledge is possibly the lingua franca of 

interdisciplinary interaction because there no mechanism for developing shared 

understanding of development issues. 

Chapter Summary 

The implications of the changes computer technology engenders are manifold and 

have the potential to induce the kinds of radical rethinking and reorganization in our other 

institutions on a scale similar to that which the business sector is currently experiencing. 

Interdisciplinary interaction can be a powerful catalyst for innovation. Multiple 

disciplinary perspectives increase the potential that problems will be more fully 

articulated, and that a v^der range of research influences development processes 

(Engestrom, 1999, p. 387; Lapin and Sazonov, 1991, pp. 198-200). The trend toward 

interdisciplinary teams is an important first step toward more inclusive processes, which 

have a real potential to foster innovation and improve software products. However, as is 
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the case with composite teams, software development is often managed similarly to the 

manufacture of consumer goods almost assuredly to the detriment of evolutionary' 

paths leading to higher levels of process maturity. As we have seen with knowledge 

management problems resulting from restmcturing and users ignoring company software 

policies, employees tend to develop informal solutions to problems when formal policies 

and documented processes fail to sufficiently inform the work they do. There is no 

reason to expect employees engaged in software development to behave differentlv. If 

the formal process does not inform the activities of all disciplines involved in 

development, informal activity networks will arise to compensate. While activity 

networks are necessary especially if as Davenport and Pmsak (1998) assert, they are a 

primary source of innovation necessary to sustain the viability of the firm there must 

be some mechanism to disseminate the knowledge they foster back into the processes of 

the firm. 

Along with expectations for innovative solutions to development problems, it is 

reasonable to expect interaction in interdisciplinary teams to progress through various 

levels of maturation as practitioners resolve differences in epistemic world-views and 

processes change to benefit from the contributions of multiple disciplines. The CMM 

posits an evolutionary path toward process maturity and cross-functionality that must be 

carefully planned and managed. While the discussion in this chapter in many ways 

seems harshly critical of the role the computer sciences have played in software 

development processes, their activities are probably best characterized as part of a normal 

evolutionary progression. The CMM predicts that at the initial level, development 
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processes will privilege traditional approaches and perspectives (Paulk et al, 1995. p 

17). However, the overarching point of the CMM is to guide the evolution of process 

improvement to a level at which the process informs development activities on an 

organization-wide basis, and be consistent with the way the work aaually gets done 

(Paulk et al., 1995, p. 7). A cross-functional approach offers many advantages toward 

this end, because many of the problems recognized in the literature are closely related to 

fiinctional and epistemic barriers that have become embedded in contemporary 

development processes. 
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CHAPTER II 

A RATIONALE FOR AN ACTIVITY THEORY APPROACH 

TO ANALYZING INTERACTION IN SOFTWARE 

DEVELOPMENT TEAMS 

Explication of Theoretical Approaches 

The complex ecology of the workplace poses significant problems to those hoping 

to gain insight into praxis in business organizations. Data is usually plentiful more 

often than not, too plentiful to successfully manage without a rigorously formulated 

research plan. A theoretically sound, analytic framework is essential to developing 

credible techniques to gather, manage, and analyze these data. W. Edwards Deming 

(1956, 1982), whose seminal body of work comprises a powerful shaping force in 

contemporary approaches to business management, argues that the observations of 

managers lack significant power to inform business decisions in the absence of a formally 

articulated theory to impart meaning to experience. In this chapter, I will examine 

various exigencies of the workplace ecology to identify certain heuristic qualities of 

theory that extend its power for explaining complex dynamics in the workplace. Second, 

I will examine and critique various theoretical constmcts used in workplace research. 

And finally, I will provide a rationale, based upon this critique, for my use of Activity 

Theory as the primary lens through which I contextualize the research described in this 

dissertation. 
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Decision Making in the Workplace Ecology 

In Deming's (1956) view, statistical methodology, used within a theoretical 

framework for decision making, is indispensable for managers to systematically 

contextualize practice and formulate action. Deming states: 

Statistical techniques in their abilhy to aid the discovery of causes, are creating a 
science of management and a science of administration. Statistical techniques 
have the ability to separate out the responsibilities for action into different levels 
of administration, (p. 14) 

Deming reasons that different levels of responsibility can be determined by two 

forms of variation in business processes: special causes and common causes (p. 14). 

Deming defines special causes as variations that "are usually the responsibility of 

someone who is connected directly with some operation," and he defines common causes 

as variations common to all areas of the problem domain (p. 14). For example, 

maintenance problems resulting from inattention by a programmer to design requirements 

for internal documentation of program code would constitute a special cause variation 

and be viewed as the responsibility of the individual, or his direct supervisor. However, 

overall poor quality in the end-product attributable to a lack of a suitable quality control 

program is out of the control of the individual programmer and is an example of a 

common cause variation that should be viewed, ultimately, as the responsibility of 

administrators. Deming concludes that a prevalent management ertor is to identify any 

problem as a special cause variation, because "it points the finger at some person or some 

special condition or circumstance and gives the appearance of action" (p. 14). 
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Deming's discussion underscores some important concepts regarding research in 

the workplace. First, beyond simply stressing the importance of theory in understanding 

organizational issues and problems, he advocates statistical techniques as fundamental 

analytic tools of decision theory. A necessary quality of any theory is the availability of 

appropriate tools to analyze observations and constmct proofs of the theorv's validity as a 

means to explain these observations. Methods (i.e., analytic tools) can be either 

quantitative, qualitative, or some combination of the two. In the case of decision theory, 

statistical methods seem especially appropriate because managers and administrators 

must often justify their decisions to other managers and administrators. Lauer and Asher 

(1988), authorities on empirical design in composition research, argue that "validity 

depends in important ways on social consensus" (p. 141). A critical dimension of 

business management is discerning and reacting to trends. Therefore, using statistical 

analysis, which is particularly useful in identifying trends, seems a suitable strategy for 

establishing an appropriate ethos for convincing other managers and administrators of the 

validity of a business decision. 

Paradoxically, however, Deming points to a common tendency to misclassify the 

essential type of problem being observed. In a case in which common cause variances in 

quality are misclassified as special cause problems, nominal measurement of the data 

counting the number of incidents of variation could yield an analysis determining 

special cause problems at the facility fell within some unacceptable range (Lauer and 

Asher, 1988, pp. 131-2). Further statistical analysis might then demonstrate a cortelation 

between quality variance and certain employees, equipment, or processes. It is possible 
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that such an analysis could lead to a common cause solution, such as developing or 

improving an organization-wide quality program. However, it is clear that the analytic 

basis for such a decision is flawed, and also could lead to other kinds of action, such as 

terminating experienced employees, purchasing unnecessary new equipment, or creating 

new problems by discarding familiar processes for new ones. 

It is important to emphasize that I am by no means questioning either the validity 

or power of statistical analysis. On the contrary, as Deming (1981) contends, statistical 

analysis has been proven to be among the most powerful analytic tools available for 

process control and addressing quality issues. What I am suggesting, however, is that the 

usefulness of any analytic method even one as powerful as statistics is significantly 

constrained by the way the problem domain (i.e., the organizational environment) is 

conceptualized by those examining it. Deming (1956) proposes that subject matter 

experts select the "quality-characteristic to measure" within the problem domain (p. 14). 

Subject matter experts are the logical choice for determining the quality-characteristics 

that should be examined, but as in the case of managers not recognizing the actual 

causes of variation this strategy, in itself, can prove inadequate. 

Epistemic Fault Lines in the Topology 

Lauer and Asher (1988) note that statistical analysis is useful for determining 

relationships among variables, but that h is difficult to show cause and effect 

relationships or generalize conclusions in circumstances where there are interactions 

among variables (pp. 99-102). Vladimir Rapoport (1991) observes that the complexity of 
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the workplace ecology is problematic in this regard, because: "A particular case 

study... includes many variables, and their relationships are not subject to operational 

definition" (p. 162). The context of this comment is his belief that analytic approaches 

that strictly privilege the stmcture of the system in attempts to understand organizational 

behavior are impractical because of the complexity of relationships among non-stmctural 

variables (p. 162). I will address this topic at length in the remainder of this chapter. 

Rapoport (1991) has none of Deming's optimism for "creating a science of 

management and a science of administration" (Deming, 1956, p. 14). 

Systems analysis is based on abstractions from the descriptive characteristics of 
systems which are very different economics, technology, information, etc. 
Therefore, the theoretical framework and methodological tools of the various 
scientific disciplines are not conductive to developing a sufficiently complete 
knowledge about the organization as a unique system nor to determining the 
regularities of its evolution. Effective here may tum out to be only an 
interdisciplinary approach and identification of a concrete subject matter of 
research adequate to the phenomena under study, (p. 162) 

As Rapoport asserts in this passage, the topology of the workplace is a significant factor 

in obscuring relationships among variables and resists efforts to develop algorithmic 

models that effectively capture dynamic interaction among variable factors. A key 

problem with modeling organizational behavior is that models produce a necessarily 

static and incomplete snapshot of some condition within the organization. 

The workplace ecology comprises practitioners from diverse disciplines, creating 

a topology in which different epistemologies and genres of discursive convention 

intersect and overlap under pressure from economic, political, technological, historical, 

social, and other forces within, and external to, the organization. Metaphorically, these 
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epistemic world-views encompassing an attendant orthodoxy of discursive practice 

and laden with disciplinary values can be seen as slowly grinding together, creating 

fault lines under the force of external pressures, not unlike seismic activity along faying 

edges of tectonic plates. When mptures occur they are hard to ignore and often result in 

spectacular changes to the organizational landscape. However, for the most part, the 

jarting together of disparate epistemologies resuhs in subtler, continual change in 

organizational knowledge stmctures. This latter dynamic can be a hallmark of innovation 

and the root of sometimes imperceptible and often intangible qualities of organizational 

behavior that make wholly accurate modeling, if not impossible, at least impractical. 

Of course, models do not have to accurately capture all the intricacies of the 

workplace environment to be useful. In fact, models are by definition scaled-down, or 

simplified representations artifacts that mediate between human understanding and the 

complexities of a problem domain. Models are analytic tools, and as I suggested 

previously, the perspective of the observer can limit a model's adequacy as a means for 

rationally contextualizing important qualities of the problem domain. As Rapoport 

implies, one problem with models is they frequently serve to codify and with 

significant rhetorical power a narrow perspective. 

Models are not necessarily diagrammatic, textural, verbal, or take other semiotic 

form; they can be internal, as well. Peter Senge (1990) argues that mental models, 

because they are internalized and therefore difficuh to recognize, can be insidious 

bartiers to communication. Chris Argyris (1982) states the problem as follows: 

"Although people do not behave congmently with their espoused theories, they do 
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behave congmently with their theories-in-use" (quoted in Senge, 1990, p. 175). It would 

seem that the solution to the dilemma of mental models posed by Senge and Argyns 

would be to change employees' mental models. Senge suggests this change can be 

accomplished through development of a "library of generic stmctures" of systems 

archetypes that would "be a natural by-product of practicing systems thinking within an 

organization" (p. 204). However, as I will show in Chapter IV, epistemic worid-views 

are integral to disciplinary education and embody entrenched knowledge stmctures, 

posing significant difficulties for successfully implementing such a scheme. 

While intersecting epistemic world-views do present barriers to communication 

that complicate interaction in such organizational environments as interdisciplinary 

teams, this, however, is to recognize only a single dimension of interaction. 

Interdisciplinary interaction in teams particularly given the goal-driven, object-

oriented intent of interaction among team members also can be a powerful catalyst for 

situated learning and for innovation. Significantly, the multiple, and often contradictory 

perspectives inherent in such interdisciplinary interaction, if given the opportunity, 

occasions a dialogic that can increase the potential for team members to more fully 

comprehend the problem domain and develop new and unique solutions (Engestrom, 

1999, p. 387; Lapin and Sazonov, 1991, pp. 198-200). 

Two Forms of Agency: Systemic and Individual 

Yrjo Engestrom (1999a), in an explication of theories of knowledge creation 

juxtaposed with research he conducted in team-oriented organizational settings. 
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demonstrates that modeling plays an important mediating role for defining and 

conceptualizing both various qualities of a problem under investigation and solutions 

constmcted by teams {see for example, Davydov, 1988; Engestrom, 1987; Engestrom, 

1994; Nonaka and Takeuchi, 1995). Engestrom argues that the implementation of 

solution models represents "innovative organizational learning" with two potentials: 

solution innovation and trajectory innovation. He defines these potentials as follows: 

A solution innovation typically applies only to the specific case for which it was 
invented, whereas a trajectory innovation is aimed at becoming a more or less 
permanent, repeatedly used procedure. Of course, it is possible that a solution 
innovation is subsequently repeated consciously in similar new situations, thus 
becoming a trajectory innovation. Conversely, a trajectory innovation may fail to 
generalize beyond the first application, thus effectively becoming a one-time 
solution innovation, (p. 387) 

On the surface, Engestrom's trajectory innovation appears similar to Senge's 

description of the development of a library of generic stmctures (Senge, 1990, pp. 203-4). 

Each represents a genesis for models aimed at mediating solutions to problems situated 

within the context of a specific organization, or some subset of that organization. 

However, each is rooted in extremely different concepts that reveal a fundamental 

dichotomy between understanding organizations through the functional agency of the 

system itself, or through the agency of individuals within the system. 

Senge's generic stmctures are developed from axiomatic archetypes of 

organizational systems. His genesis of generic stmctures begins with archetypal first 

principles for organizational systems, which are modified through behavior he terms 

systems thinking t̂o more accurately pertain to the individual organization: 

50 



The systems archetypes reveal an elegant simplicity underlying the complexity of 
management issues. As we learn to recognize more and more of these archetypes, 
it becomes possible to see more and more places where there is leverage in facing 
difficult challenges, and to explain these opportunities to others 

As we learn more about the systems archetypes, they will no doubt contribute 
toward one of our most vexing problems, a problem against which managers and 
leaders stmggle incessantly specialization and the fractionalization of 
knowledge. In many ways, the greatest promise of the systems perspective is the 
unification of knowledge across all fields for these same archetypes recur in 
biology, psychology, and family therapy; in economics, political science, and 
ecology; as well as management, (p. 94) 

In this view, innovation results from understanding system stmctures and 

leveraging systemic functional elements to the organization's advantage. This systemic 

approach emphasizes one side of an underlying Cartesian dualism regarding individual 

consciousness and organizational settings a perspective of organizational behavior as 

the thing contained and its container (Russell, 1997, pp. 505-6; Toulmin, 1999, pp. 55-8; 

Kuutti, 1996, p. 33). The basic unit of analysis in this approach is the stmcture of the 

system, exposing functionalist philosophical underpinnings that, if carried through to 

purely logical conclusion, denies a cognitivist understanding of organizational dynamics 

(Hoh and Morris, 1993, p. 97; Engestrom, 1987, p. 4). In this logic, the thing contained 

in the organization individual agency must be understood systemically, as a subset 

of the larger system (Boulding, Kuhn, and Senesh, 1973, pp. 2-3). Specialization and 

fractionalization of knowledge are problematic with this perspective, because a strictly 

functional approach does not provide analytic means to adequately explain the influence 

of individuals on the system. Ultimately, the thing contained is the working of the minds 

of individuals within the system, and the researcher cannot sufficiently account for this 
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influence on an individual basis resuhing in systemic descriptions of human agency 

like one provided by Deal and Kennedy (1982): 

Everyone in a strong organizational culture has a job but he also has another 
job. This "other job" won't get stamped on a business card, but that doesn't 
matter. In many ways this work is far more important than budgets, memos, 
policies, and five-year plans. Spies, story-tellers, priests, whispers, cabals 
these people form the hidden hierarchy which looks considerably different from 
the organization chart. In the hidden hierarchy, a lowly junior employee doubles 
as a highly influential spy. Or an "unproductive" senior manager gets the best 
office in the building, precisely because he does little but tell good stories an 
ability that makes him tremendously valuable to the corporation as an interpreter 
of events. As consultants, we've found that these "other jobs" are critical to the 
effective management of any successful organization. They make up what we 
call the cultural network, (p. 85) 

As can be seen, fiinctional analysis does not deny the influence of individual 

agency, but it typically requires understanding the activities of individuals by their roles, 

or as types in other words, as functional elements of a system we broadly recognize as 

organizational culture (Bannon, 1991, pp. 27-9). Myers-Briggs Type Indicator testing 

and other personality tests can be viewed as examples of efforts to understand individual 

agency through systems archetypes. While such typing of individuals superficially may 

be perceived as a useful tool for determining the makeup of teams, or projecting how 

individual members will respond to certain stimuli, it does little to insure that these 

individuals have the knowledge or experience necessary to meet, or even to understand 

the team's objectives. And such typing cannot possibly predict, or really provide much, 

if any, useful information about collective, socially mediated activities of the team. 

Conversely, the cognitivist perspective, rooted in the conventions and scope of 

psychology, aims at understanding the agency of the individual by applying concepts of 
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psychological development and cognition to social activity in the workplace. Jean Lav e 

(1997) argues that psychologists use "experiments as the normative basis for describing 

thinking," but that the exceptional (i.e., controlled) situations experiments pose to test 

subjects has lead to conflicting perceptions among psychologists about how experimental 

results generalize to everyday life. Lave substantiates this claim by citing from the 

literature various conflicting interpretations of how experimental results apply in 

mundane social settings (p. 57). This lack of consensus suggests the cognitivist position 

can be viewed as providing tools for explaining aspects of the working of the individual 

mind, but its explanatory power diminishes in contexts of socially derived concept 

formation (Vygotsky, 1986, pp. 96-102, 124, 161; Laufer and Click, 1998, p. 177; 

Kaptelinin, 1996, pp. 46-8). 

Kaptelinin (1996) addresses this issue by observing: "According to the cognitive 

approach, the major theoretical task is to develop a conceptual scheme that can give a 

coordinated description of muhilevel information processing in both human beings and 

computers" (p. 47). This strict, intemal focus on how individuals process information not 

only affords the researcher little in the way toward understanding how social interaction 

affects consciousness (or vice versa), but also suggests that system designs privileging 

this view may not adequately account for the social dimension of work roles. 

Clearly, the dichotomous tension between fiinctionalist and cognitivist positions 

can be a significant limiting factor in theories aimed at understanding certain exigencies 

of the workplace. In order to identify the degree to which either systemic or individual 

agency contributes to various organizational problems, each position privileges a very 
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different basic unit of analysis, respectively: (1) some fiinctional component of a system, 

or (2) some dimension of human thinking. Privileging only one of these units of analysis 

increases a potential for understanding organizational problems as deriving from only one 

of these two forms of agency at work within the problem domain (Holt and Morris, 1993, 

p. 97; Engestrom, 1987, p. 4). A one-dimensional perspective creates a corresponding 

potential for flawed decision-making, such as was found in Deming's concept of causes, 

which essentially aims to assign responsibility for organizational problems to actions 

attributed to either systemic agency or individual agents. 

Transformations in Understanding Agency 
During Development 

While it is possible that certain organizational problems may be understood 

sufficiently through examination aimed at a single form of agency either systemic, or 

individual the problem of how to more effectively develop software cannot be viewed 

as one of them. The essential problem of software development is to create a tool that 

mediates between how users conceptualize the tasks they perceive necessary to meet an 

objective such as performing some aspect of their jobs and the systemic constraints 

imposed by computer hardware. In the previous chapter, examination of the literature on 

software development issues revealed that composite team approaches have not been 

viewed as successfully resolving contradictions between cognitive issues involving users' 

perceptions and the inherent system constraints of computer technology. As suggested in 

Chapter I, this lack of resolution can be attributed, at least in part, to compartmentalized 

54 



processes separating the activities of practitioners with an epistemic orientation toward 

users from those oriented toward the technology. 

There are two key transformations in the software development lifecycle that 

should require developers fundamentally to move from a user-centered understanding of 

development issues to a functional understanding, and then back again to a user-centered 

understanding. In the initial phase of development projects, the emphasis should be on 

determining user needs and how the software environment can facilitate those needs The 

emphasis then should shift to the technical issues, such as designing the architecture and 

stmcturing lines of code to create an environment that provides the required functionality. 

Finally, the emphasis should shift back to helping users learn the new system and 

resolving problems they have in using the system. Figure 2.1 below demonstrates a 

traditional development lifecycle model, modified to illustrate the points at which these 

transformations should occur. 

Functional Transformation Design and Transformation Implementation 
Analysis ^ Production ^ and Maintenance 

Figure 2.1 User-centered/Functional/User-centered Transformations 
in the Development Lifecycle Model. 

It is important to emphasize that Figure 2.1 illustrates the perspective that 

developers ^o\Ad privilege at each phase of development, because in practice there is 

significant overlap that moves each phase through these transformations. For example, 

the functional analysis phase is an analysis primarily aimed at understanding users' 

conceptual models and their expectations for the software under development. However, 
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this stage often also includes system considerations, such as feasibility studies and 

engineering reports that assess the available technology and system requirements for the 

design phase of the development project {see for example, Ahituv, Neumann, and Rilev. 

1994; Davis and Olson. 1985; Jordan and Machesk\', 1990; Lucas. 1990, Pressman, 1992. 

Jalote, 1990). Similarly, the design phase aims at specifying various design elements of 

the proposed software system, such as database architecture and stmcturing of code to 

inform programming activities during the production phase of the project. However, the 

design specification also defines many elements of the user interface such as layouts for 

screens and reports. 

In Chapter I we saw that a key criticism of the compartmentalized processes of 

composite team development is they have evolved to privilege the activities of 

practitioners with an orientation toward the technology in all phases of development. 

Susan Jones (1996) argues that resolution of interface issues should not be driven by 

technical developers from computer disciplines, but by technical communicators 

because the interface, she argues, is the primary documentation of a computer system 

Barbara Mirel (1996) echoes this stance in arguing that the rhetorical grounding of 

technical communication is better suited for creating such user interfaces as database 

reports. Mirel asserts that training in the computer disciplines "stresses technological 

over rhetorical skills and knowledge, mistakenly assuming that knowing how to operate a 

technology is commensurate with knowing how to use it to its full advantage to achieve a 

purposeful exchange of information" (p. 93). 
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The differences in epistemic orientations that Jones (1996) and Mirel (1996) 

distinguish can be viewed as perhaps the most compelling argument for interdisciplinarv 

interaction in a participatory development process, because the transformations in 

perspective necessary for more fully articulating and understanding development issues 

are contingent upon interdisciplinary competencies. To conceptualize the interface as 

somehow separate from the software code is to miss the real potential and the essential 

modality of computer environments. This conceptualization reveals a basic fallacy in the 

rationale for composite team approaches to development as well. 

While the document-design and rhetorical skills of technical communicators may 

better situate them to design the visual aspect and rhetorical stmctures of the interface 

a purposeful exchange of information is also contingent upon how the intricate layers of 

software and hardware architectures are manipulated. To treat interface design as if it 

were a singular question of improving the visual aspect of the screens users interact with 

in software environments is a conceptualization of the computer analogous to a book that 

electronically turns pages. This view suggests that interaction with the machine primarily 

is a matter of viewing or reading screens, not in accessing and combining information in 

unique and meaningful ways. Certainly, improving the visual aspect and rhetorical 

stmctures of the interface can make the working of the machine more intuitive and 

transparent, but uUimately, to be useful, the interface must allow users to grasp the logic 

of the system in order to interact with it. There is probably little question that technical 

communicators bring skills to the table that can make the interface more usable; however, 

the functionality of the system also resides in the programming code, which is a realm of 
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competence in the computer sciences. The symbiotic nature of the relationship between 

interface and system flinrtionality argues for collaboration between the disciplines in 

resolving interface issues. With compartmentalization, however, there is little 

opportunity to reconcile these two specialized areas of disciplinary competence. 

Activity as Antecedent to Individual and Systemic Agency 

The philosophical underpinnings of the Industrial Revolution, among them logical 

positivism, have been and arguably, still are powerful forces shaping our 

knowledge stmctures, and hence, all human endeavors (Gill, 1994, pp. 151-53). Many 

ontological assumptions of logical positivism are manifested in our cultural faith in 

science and the notion that "[technology] represents the realisation [sic] of science" 

(Street, 1992, p. 20). The assembly line, in which processes are "scientifically" broken 

down into increasingly minute tasks that specialized workers can perform with a planned 

economy of motion, emerged from the Industrial Revolution as a predominate cultural 

metaphor for productive behavior. 

Specialized disciplinary communities, in many ways reflect the reductionism 

underlying the assembly line metaphor. For example, the epistemologies of the sciences 

have largely disenfranchised research methodologies that do not allow for the stria 

isolation and control of all variable factors (Gleick, 1988, p. 36; Rapoport, 1991, p. 162). 

In much the same way that specialization and proscriptive processes have been viewed as 

the key to efficiency on the assembly line, science has tended to view strict specialization 

and breaking a thing under investigation down to its most atomic level as the key to 
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effectively understanding it. Many disciplines in the arts and humanities have been more 

tolerant in recognizing validity in research methods other than experiment-based genres, 

however, there is still a strong tendency in these disciplines toward relatively narrow 

areas of specialization and emulation of scientific reporting methods for research 

The problem of how to reconcile cognitive and social consideration of users and 

the constraints of systems architecture in software development in many ways 

cortesponds to inadequacies of various theoretical constmcts used in organizational 

analysis to reconcile the agency of the individual with the agency of the system. Holt and 

Morris (1993) suggest that the dualistic Cartesian view of agency presents a barrier to 

reconciling these views in organizational analysis: 

Descartes' dualism is frequently characterized as an incommensurability between 
mind and body. This anthropocentric reading of dualism, however, can be 
equivalently rewritten to highlight Cartesianism's broader implications in 
separating the "mind world" from the "object world." (p. 97) 

Hoh and Morris (1993) also suggest that activity theory, as developed by Yrjo 

Engestrom (1987), offers an analytical approach that has significant potential to avoid 

this barrier in organizational analysis: 

Engestrom posits that the unit of analysis in accounting for emerging institutions 
is neither that which occurs in the individual mind (the cognitivist position), nor 
the stmcture of the organization (the functionalist position), but the activity 
through which both are continuously generated. "The pressing theoretical and 
practical problem of our time is the very indirectness of institution building, i.e., 
the indirect or even hidden influence of individual actions on the creation and 
reproduction of activity systems" [Engestrom, 1987, p.4]. 

This is not to say that individual cognitive processes and organizational stmcture 
are unnecessary or uninteresting. Engestrom's theory does claim, however, that 
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before these two necessary elements can be explicated, activity must first be 
recognized as having a generative role, and then be adequately conceptualized to 
determine how it serves as an antecedent to mind and stmcture. (p. 97) 

Exigencies of the workplace ecology present two related issues that are 

problematic to analyses of organizational behavior. The first is the complexity of the 

environment. The sheer quantity of available artifacts, combined with the number of 

human interactions both formal and informal occasioned by the mundane activity 

of work-a-day life, create interrelations among variable factors in the data that are 

difficult, if not impossible, to account for. As Rapaport (1991), Lave (1997), and others 

suggest, this complexity cannot be fully accounted for with various experiment-based 

research genres and quantitative methods, because these reductive approaches do not 

adequately contextualize observations within the organizational setting as a whole, nor 

can they sufficiently address intertelations among variable factors. 

On the other side of the coin, descriptive research genres and qualitative methods 

typically aim at observing a wide range of behaviors in a fuller context in which they 

occur. However, as Lauer and Asher (1988) observe, there have been significant 

questions raised about the validity of these approaches to demonstrate cause and effect 

relationships, or for allowing researchers to substantially generalize conclusions (pp.46-

7). The incongmity between reductive and contextual research genres points to a second 

problematic issue for research in organizational settings: recognizing that epistemic 

orientation shapes organizational analysis. 

Theory can only provide a lens composed of certain held assumptions that allows 

researchers to explain observations. The complexity of the problem domain in 
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organizational settings must always require the researcher to account for only a part of 

the available data. It simply is not possible to capture every artifact, everv' transaction 

affecting the problem being observed particularly, for example, transactions involving 

the mental processes of individuals. In this sense, analysis of organizational dynamics is 

a subjective endeavor, significantly shaped by the point of view of the individual{s) 

conducting the research even if only in making decisions about what data are to be 

collected, and certainly when attributing meaning to the data. And, if as Lauer and Asher 

(1988) suggest, validity of research analysis is contingent upon consensus, then 

differences in research traditions pose a significant problem to how research results and 

interpretation of the data are accepted in interdisciplinary settings. 

There can be no question that we must have research. It is the only means by 

which we can rigorously scmtinize our environment and our experience to make sense of 

them in ways that significantly inform our beliefs and actions. The previous discussion 

points to incongmities between reductive and contextual theoretical approaches to 

understanding the problem domain. However, the power of research to inform belief 

cannot be reduced to a question of whether it is more valid to pick an environment apart 

or to examine it as an intertelated whole Both approaches contribute toward 

substantially informing human knowledge, as do their attendant methodologies (i.e., 

quantitative or qualitative). 

Peter Senge's (1990) observation that "the greatest promise of the systems 

perspective is the unification of knowledge across all fields" is alarming in this regard, 

because it seems to diminish the importance of unique disciplinary concerns in favor of 
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developing a universal knowledge stmcture based upon his systemic archetypes (p. 94). 

However, the "specialization and the fractionalization of knowledge" that trouble Senge 

provides a mechanism that insures various elements of the problem domain are subject to 

rigorous examination. 

The previous chapter contains a description by David Russell (1997) of the 

process by which specialized knowledge is constmcted within the bounds of disciplinary 

communities. As Russell observes: "The claims researchers make are highly qualified 

and contested, supported by copious intertextual citations to other documents such as data 

files and other experimental articles" (p. 527). While these contentious discussions, 

occurring within the reporting genres of individual disciplines, resuh in very specialized 

understandings of issues and problems, they also insure issues are meticulously examined 

before any consensus is reached within the discipline about the validity of research 

conclusions. 

In fairness to Senge (1990), it is probably his intent that his theory of system's 

archetypes provide a discursive framework in which different epistemic traditions and 

disciplinary communities can resolve conflicting perspectives arising from specialized 

understandings within their areas of concern; however, he does not develop this idea. In 

any case, it is doubtflil that a system theory approach would provide a robust enough 

framework for interdisciplinary resolution of such issues because of problems system 

theory approaches have in accounting for cognitive and social considerations regarding 

the effects of individual agency on organizational behavior. 
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The problem remains, however, that specialized disciplinary knowledge while 

providing for rigorous examination of problems creates communication barriers in 

interdisciplinary settings. Activity theory, as developed by Yrjo Engestrom (1987), 

provides a heuristic framework with potential for resolving this issue. As Kari Kuutti 

(1996) broadly defines activity theory, it is a "philosophical and cross-disciplinary 

framework for studying different forms of human practices as development processes, 

with both individual and social levels linked at the same time" (p. 25). 

The basic unit of analysis of activity theory is the goal directed activity of 

individuals or groups within the contexts in which they occur. Significantly, however, 

goal directed activity is always viewed as socially motivated and is mediated by various 

artifacts including tools, instmments, language, tradition, mles, etc. that are transformed 

by the activity according to the exigencies of the situation. In this view, activity always 

occurs in a system of social practice and collaboration even activity performed by 

individuals, and it has a generative quality through which context undergoes continual 

development and change {see for example, Engestrom, 1987; Nardi, 1996a, 1996b; Holt 

and Morris, 1993; Kuutti, 1996). 

The promise of activity as a unit of analysis is that it addresses many of the 

problems with contemporary organizational research described here. Significantiy, it 

allows the researcher to contextualize complexity in organizational settings; reconcile 

tension between functionalist and cognitivist positions; and perhaps most important to the 

problem at hand, offers an approach that can be critiqued across discursive boundaries of 

disciplinary communities and validated by a variety of methods. 
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Overview of Activity Theory 

Many of the issues described in this chapter regarding various theoretical 

approaches to organizational analysis may be perhaps best understood by how they have 

evolved. The emphasis on reductive approaches, Cartesian separation of mind from body 

and individual from environment, and disenfranchisement of theoretical constmcts not 

privileging prediction are indicative of a worid-view in Anglo-American scientific 

tradition that finds genesis in British empiricism (Kuutti, 1996; Toulmin, 1999; Tolman, 

1999). 

By way of contrast, the philosophical underpinnings of activity theory may be 

found in classical German philosophers such as Kant and Hegel, who, diverging from 

British empiricism, "emphasized both developmental and historical ideas and the active 

and constmctive role of humans" (Kuutti, 1996, p. 25). Marx provides another root 

influence, both directly through philosophical concepts (Lektorsky, 1999, p. 67; Kuutti, 

1996, p. 25), and indirectly, by Marxist ideological influence in the Soviet university 

system where the Soviet cultural-historical tradition of psychology originated (Kozulin, 

1996, p. xliii). It is this last source, Soviet cultural-historical psychology founded by 

Lev Vygotsky, and extended by his colleagues, Leont'ev and Luria that provides the 

foundation and kernel concepts of activity theory. 

The following passage by Bonnie Nardi (1996b) underscores some of the ways 

that activity theory differs from the tradition of empiricism, and also provides an 

overview of some important concepts of activity theory: 
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Following the lead of dialectical materialism, activity theory focuses on practice, 
which obviates the need to distinguish "applied" from "pure" science 
understanding everyday practice in the real world is the very objective of 
scientific practice. 

Activity theory is a powerful and clarifying descriptive tool rather than a strongl> 
predictive theory. The object of activity theory is to understand the unity of 
consciousness and activity. Activity theory incorporates strong notions of 
intentionality, history, mediation, collaboration and development in constmcting 
consciousness. Activity theorists argue that consciousness is not a set of discrete 
disembodied cognitive acts (decision making, classification, remembering), and 
certainly it is not the brain; rather, consciousness is located in everyday practice: 
you are what you do. And what you do is firmly and inextricably embedded in 
the social matrix of which every person is an organic part. The social matrix is 
composed of people and artifacts. Artifacts may be physical tools or sign systems 
such as human language. Understanding the interpenetration of the individual, 
other people, and the artifacts in everyday activity is the challenge activity theory 
has set for itself (pp. 7-8) 

In this passage, Nardi (1996b) points to several precepts of activity theory that 

correspond to issues raised in this and the previous chapter about organizational behavior 

and the activities of interdisciplinary teams. Among these precepts are the following 

ideas: 

1. Activity has a historical dimension in that it continually develops and changes. 

2. Artifacts mediate between human actors and the objects of their activity. 

3. Activity is socially motivated and is inextricably bound to consciousness. 

In the following sections, I will examine these three concepts as they relate to 

team development processes. 
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Historical View of Activity Development 

Kari Kuutti (1996) suggests how the relationship between history and 

development, which is a cornerstone of the cultural-historical tradition, can be useful in 

understanding the evolution of contemporary development processes. 

Activities are not static or rigid entities; they are under continuous change and 
development. This development is not linear or straightforward but uneven and 
discontinuous. This means that each activity also has a history of its own. Parts 
of older activities often stay embedded in them as they develop, and historical 
analysis of the development is often needed in order to understand the current 
situation, (p. 26) 

The idea that current processes have vestiges of previous activities suggests why 

we find mechanistic metaphors and mindsets of the manufacturing tradition, which are 

often not consistent with computing paradigms, still embedded in contemporary software 

development processes. For example, this dynamic helps explain the rationale of 

composite team development processes. 

Kuutti (1996) points to discussions by Jonathan Gmdin (1990b) and A. Friedman 

(1989) that illustrate a shift in emphasis from system considerations to user 

conceptualizations in software development. 

Jonathan Gmdin, who has written about the historical continuity of interface 
design (1990) found a continuing, phased development "outward" from the 
hardware: "there is a continuity to the outward movement of the computer's 
interface to its external environment, from hardware to software to increasingly 
higher-level cognitive capabilities and finally to social processes" [Gmdin, 1990, 
p. 1]. He notes that the phases or steps show the relative importance of the 
corresponding problems of design and research at any time: "When we have 
solved the most pressing problems at one level or can handle them adequately-
—human and computer resources are available to work on the next level" 
[Gmdin, 1990, p.4]. Gmdin recognized five phases or levels in the development: 
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the interface at the hardware, the interface at the programming task, the interface 
at the terminal, the interface at the interaction dialogue, and the interface at the 
work setting. Grudin's view of development is quite similar to that of A. 
Friedman in his influential book (Friedman, 1989) about the histor> of computer 
systems. Both see that older problems are never totally solved but remain beside 
the newer, larger ones; only their relative importance diminishes over time (p 
23) 

Interdisciplinary teams are indicative of this outward movement from solving 

development problems at the level of hardware and software architectures toward 

addressing problems associated with developing software environments that support 

users' higher cognitive capabilities and the social processes of the workplace. Early 

implementations of computers, with primitive architectures and programming 

conventions, required significant resolution of system problems as part of the 

development process. And as we have seen, the epistemic tradition of the computer 

sciences has resulted in substantial resolution of problems at the level of hardware and 

software architectures. However, the dominance of this system perspective has become 

firmly embedded in the development process, and now often eclipses sufficient 

consideration of user expectations and needs, which is necessary for resolution of the 

higher-level problems that Gmdin (1990) identifies. Composite team development 

reflects a recognition that other disciplines can contribute to resolution of these higher-

level problems. But the process resists perspectives not oriented toward the system by 

compartmentalizing them, because it has not evolved to adequately account for other 

disciplinary competencies thereby maintaining an inordinate, overall systems focus. 
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The Role of Artifacts and Mediation in Activity Theory 

Mediation by artifacts is a key concept that comes from Lev Vygotsky s (1986) 

original formulation of activity. Yrjo Engestrom (1999b) suggests the significance of this 

formulation to research in the workplace in the following passage: 

The idea is that humans can control their own behavior not "from the inside," 
on the basis of biological urges, but "from the outside," using and creating 
artifacts. This perspective is not only optimistic concerning human self-
determination, it is an invitation to study artifacts as integral and inseparable 
components of human functioning, (p. 29) [Quotes from Vygotsky, 1978, p. 40] 

As previously indicated, artifacts that mediate between human actors and the 

objects of their activity take myriad form. They can take the form of physical objects, 

such as instmments or machines; semiotic forms, such as language or writing; or they can 

be conceptual forms such as mles, tradition, or procedures. A key concept regarding 

artifacts is that their role both facilitates and constrains activity in this sense, artifacts 

are the means by which actors interact with the object of an activity, but this interaction is 

shaped and constrained by the limitations of the artifact itself Kari Kuutti (1996) 

observes that in the course of activity "Artifacts themselves have been created and 

transformed during the development of the activity itself and carry with them a particular 

culture a historical residue of that development" (p. 26). 

In the previous chapter, I suggested a historical residue of the dominance of the 

computer sciences in software development is that a systems perspective has become 

codified in the development tools themselves argueably, an extremely significant 

mediating artifact in development. Figure 2.2 illustrates not only the modeling 
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convention of activity theory for individual activity, but also how this systems 

perspective found its way into development tools. 

Mediating Artifact 
TradLtion ofComputef Sciences, 
e.g ER Model, 
Data Flow Diagram, etc. 

Subject ^̂ 'J® *̂ Outcome 
Tj Automate ereationof Developmenttod 

software menus 

Figure 2.2 Activity Model of Development Tool Modification 
(Adapted from Engestrom, 1987, 1999a) 

Figure 2.2 illustrates the basic activity of an individual involved in the creation of 

a development tool. In this case, the actor a practitioner from the computer sciences is 

represented at the subject node. He has as an object to his activity automating the 

creation of user menu choices with the expected outcome of producing a tool that will be 

useful in creating software products. The mediating artifact node lists various systemic 

models used to create menus. There are certainly many other mediating artifacts that 

would come into play in this particular activity; however, these models represent the 

primary tools by which the user domain is conceptualized in the epistemic tradition of the 

programmer. In the programmer's experience, menu choices have traditionally 
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incorporated the labels used in these models, and this experience significantly shapes 

how he conceptualizes the object of his activity and transforms it into an outcome that 

reflects this convention. In many significant ways the mediating artifacts blinds the 

programmer to other possibilities for creating menus. Kuutti (1996) describes the nature 

of the relationships between the nodes of Figure 2.2: 

Transforming the object into an outcome motivates the existence of an activity 
An object can be a material thing, but it can be less tangible (such as a plan) or 
totally intangible (such as a common idea) as long as it can be shared for 
manipulation and transformation by the participants of the activity. It is possible 
that the object and motive themselves will undergo changes during the process of 
the activity; the object and motive will reveal themselves only in the process of 
doing. Mediation is carried out by introducing a third, intermediate term, which 
carties whh it the history of the relationship. Thus the (reciprocal) relationship 
between the subject and the object of activity is mediated by a tool, into which the 
historical development of the relationship between subject and object thus far is 
condensed. The tool is at the same time both enabling and limiting: it empowers 
the subject in the transformation process with the historically collected experience 
and skill "crystallized" to it, but it also restricts the interaction to be from the 
perspective of that particular tool or the instmment only; other potential features 
of an object remain "invisible" to the subject, (p. 27) 

While Figure 2.2, like all models of complex activities, is necessarily simplified, 

it illustrates the basic stmcture of the activity and how a systems perspective can become 

codified into development tools. There are a number of limitations to this version of the 

activity model, however, because it shows only the basic kernel of individual activity as 

described by Vygotsky (1986) and advanced by Leont'ev (1978). Engestrom's (1987) 

expansion of the model places activity into a wider, socially motivated and collectively 

determined context that more accurately reflects the complexity of the problem domain in 

organizational settings. 
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The Social Dimension of Activity 

While Vygotsky (1986) provides the kernel concepts describing the relationship 

among subject, artifact, and object as mediated activity, and for linking mediated activity 

to consciousness, his primary focus is the development of higher mental flinctions in 

individuals, and he does not fully account for the influence of the community upon 

activity as a unit of analysis (Hoh and Morris, 1993, p. 98). Leont'ev (1981) observes: 

The real function of this unit is to orient the subject in the world of objects. In 
other words, activity is not a reaction or aggregate of reactions, but a system with 
its own stmcture, its own intemal transformations, and its own development, (p. 
46) [quoted in Hoh and Morris, 1993, p. 98] 

In this passage, Leont'ev points to a social dimension of activity. In an often 

cited analogy, Leont'ev (1978) illustrates this dimension by describing the activities of 

primitive hunters who separate into two groups to kill game: beaters and slayers. The 

beaters beat the bushes and drive the game toward the waiting slayers, who will kill the 

game. When we consider the actions of the beaters in comparison to the goal of the 

hunt to kill game "the actions of the beaters in themselves are irrational; they can 

be understood only as part of the larger system of hunting activity" (Kuutti, 1996, p. 29). 

Uhimately, however, all activity must be viewed as a collective effort in that it is 

socially motivated through an inherent paradox that Karl Marx (1973) identifies in all 

systems of human activity {see for example Engestrom, 1987; Hoh and Morris, 1993). 

Marx (1973) explicates this paradox in the following passage: 
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Production creates the objects which cortespond to the given needs, distribution 
divides them up according to social laws, exchange further parcels out the alreadv 
divided shares in accord with individual needs; and finally, in consumption, the 
produa steps outside the social movement and becomes the direct object and 
servant of individual need, and satisfies rt in being consumed (p. 89) 

Figure 2 2 illustrates aaivity as solely aimed at produaion; however, in Marx s 

observ ation, it is clear that production also always entails consumption. Holt and Morris 

(1993) illustrate the social motivation of activhy engendered in this paradox by extending 

Leont'ev's (1978) example of the primitive band of hunters. 

An example will serve to illustrate this paradox. Suppose we ha\ e a band of 
hunters. The motive of their activity system is the production of food in the form 
of game. In order for them to survive the hunt, howev er, they must cotisume food 
that has afready been produces. Their overall activity system, which is geared 
toward food production, must therefore consume in order to produce. 

The point of this paradox is far from trivial: it provides the raison d'etre for the 
basic unit of activity theory namely, activity itself In our previous example, 
the produaion of the hunting band's food supply has come to fulfill the needs of 
its members. These needs are the resuh of produaion, because produaion 
which must consume in order to produce ^generates the need This is the 
motive force driving all aaivity systems: were it not for the paradox that 
consumption necessitates production, and vice versa, activity would not exist, (p. 
99, italics in the original) 

Engestrom" s (1987) formulation expands the basic model of aaivity (as shown in 

Figure 2.2) to account for the socially derived motivation found in this paradox Figure 

2.3 illustrates Engestrom's approach to modeling aaivity. 
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luledijiing Artif jct N ode 

Subject Node / " A Object Node - • Outcome 

Rules Node Community Node P'!*^'"" *̂  
Labor Node 

Figure 2.3 A Complex Model of an Activity System 
(Adapted from Engestrom, 1987, 1999a; Holt and Morris, 1993) 

As can be seen, Engestrom (1987, 1999a) expands upon the activity model to 

include a Rules Node, Community Node, and Division of Labor Node. This formulation 

significantly extends both the heuristic potential and the explanatory power of the model 

in a number of important ways. First, it locates activity within the larger, social context 

in which it always occurs. Secondly, it incorporates elements of Marx's (1973) economic 

treatise regarding production, consumption, distribution, and exchange, which is 

particularly useful in organizational analysis. But perhaps most important, Engestrom 

adds two more levels of mediation inherent in social settings the Rules Node and the 

Division of Labor Node. 
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In this expanded model, mediating artifaas are located at the extremities of the 

triangle and are seen as mediating in each of the white subtriangles. For example, 

community activity direaed toward an objea is mediated by how labor is divided, the 

community's influence upon the subject, which can be an individual or group of 

individuals, is mediated by such formal mles as policy and law, or informal 

conceptualizations such as cultural convention or epistemic tradition. The relationship 

between subject, object, and mediating artifact {here called the instrument node) remains 

the same. 

The heuristic potential of this model is of particular value in organizational 

analysis because it provides a holistic view of the complex dynamics involved in the 

continually emerging context of the workplace. One important feature of activity theory 

is Engestrom's (1987) recognition that the paradox of produaion and consumption 

manifests itself "through contradictions within and among the components of an activity 

system; between it and other systems; or between a system and its emerging, more 

advanced version" (Hoh and Morris, 1993, p. 99, italics in the original). This latter 

manifestation is of particular use to managers interested in identifying and developing 

strategies for intervening in organizational problems. Engestrom (1987) posits that 

contradictions result when need states arise that the current system cannot satisfy, and so 

the system demands change. In Engestrom's view, the continually emerging system 

resulting from the dynamic interplay among the constituent elements of activity systems 

makes need states inevitable (Hoh and Morris, 1993, p. 99). 
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Engestrom also identifies different levels of contradiaions engendered by need 

states {for my purposes here, I will only explicate two of these: primary and secondary 

contradictions). Figure 2.4 illustrates some of the contradiaions present in composite 

team approaches to software development. 

Me dkting Artifact Ho dt 
system P^ pcotchics vs. 
U$«r-c etttere d ^iproiche s 

Subject Hode 
System Orientaition vs. 
User Onentitian 

RulesHode 
Systemic Heunstics vs. 
Cogmtnre tndRhetorical Heuristics 

Community Node 
^ecidiztd Cooipetencies 
vs. Development Te«m 

Object Hode 
User- C enteie d IriLeif<c e vs 
EXfectJve Architecture 

Division of Labor Node 
Co)i|)«itmerttAli».tion vs. 
Iikchisve I^ocess 

Figure 2.4 Contradictions in Composite Teams 

Figure 2.4 illustrates primary contradictions engendered by composite team 

approaches at each of the nodes. The arrow indicates a secondary contradiction that 

arises between two primary contradictions. It is important to note that in Engestrom's 

(1987) view, need states arise only from primary contradictions. While there is certainly 
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more than one secondary contradiction within this activity system, for illustrative 

purposes, I will only explicate the one shown. 

The primary contradiction at the Rules Node typically requires that the Object be 

viewed only as a choice between a user-centered interface or an effective use of system 

resources. The secondary contradiction represented by the arrow between these nodes 

suggests that the primary contradiaions pit the mediating heuristics used against a 

desired outcome of an interface that is both user-centered and makes effective use of 

system resources. The idea is that primary contradictions represent two opposing views 

that force a choice of one element over the other in the activity system. For example, 

because composite team development compartmentalizes practitioners using one or the 

other of these heuristic methods represented in the Rules Node, there is no opportunity 

for them to resolve the two approaches, resulting in a decision that privileges one 

approach over the other. 

Chapter Summary 

One of the key problems with most contemporary approaches to analyses of 

organizational behavior is that conflicting epistemic traditions and the complexity of the 

workplace ecology preclude any a priori theoraical framework, or even a vocabulary of 

common terminology, that allow for substantive, common understanding of the dynamics 

of organizational behavior to emerge from behind the bartiers of the separate discursive 

practices of individual disciplinary communities. This situation resuhs in o^en ad hoc 

management strategies that are significantly influenced by an all too nartow perspective 
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on the problem domain. Clearly, the validity of organizational research cannot be 

reduced to a question of whether it is more valid to pick an environment apart or to 

examine it as an interrelated whole. What is needed is a constma that allows for both 

perspectives to be examined across disciplinary boundaries. Activity theory offers such a 

framework. In Chapter IV of this dissertation, I will use the modeling convention 

developed by Engestrom to demonstrate the usefulness of this theoretical constmct to 

explicate the activities of and interdisciplinary software development project. 
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CHAPTER m 

A CASE STUDY OF A COLLABORATIVE STUDENT 

SOFTWARE DEVELOPMENT PROJECT: 

RESEARCH PROBLEM, METHODS, 

AND DATA 

Introduaion 

In this chapter I describe the research problem, research design, data gathering 

methods, and data results of a case study investigation conduaed during the Spring, 1999 

semester at Texas Tech University (TTU). The focus of this study is a collaborative 

software development project between students enrolled in a sophomore-level computer 

science course and those enrolled in a senior-level technical communication course. 

This research was conducted in accordance with the human subjects requirements 

of the TTU Office of Research Services and with the approval of the Human Subjects 

Use Committee (see Appendix A: Proposal for Expedited Research Using Human 

Subjects for the research proposal). Approval of the project is contingent upon proteaing 

the identities of all participants; therefore, no names are used here in reporting the data or 

the research results. 

Research Problem 

A problem with models is they are inherently static. They can never capture nor 

account for all the relationships and interactions among myriad variable factors existent 
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in the workplace ecology. In the end, the value of any process model must be measured 

by how it is implemented. And implementation in many significant ways is a function of 

practice t̂he continual, work-a-day aaivities of human beings in the firm. 

Implementation of any process model with maturity as a goal must adequately 

inform and support the activities of all those involved in development projects; otherwise, 

people tend to find informal ways of performing the tasks at hand. Informal activity 

networks, what Davenport and Pmsak (1998) call commumties of practice, not only can 

be wellsprings of innovation but when no formal mechanisms exist, are often the only 

means by which situated knowledge about the firm is captured and disseminated. 

However, while workers frequently demonstrate a remarkable capacity to find innovative 

solutions to workplace problems, when unabated, such informal activity can derail efforts 

toward process maturity because this knowledge typically remains with the individuals 

and is not disseminated back into the processes of the organization as a whole. 

The CMM is based upon the idea that process maturity evolves through five 

characteristic stages (inhial, repeatable, defined, managed, and optimizing), but it 

recognizes these stages will be institutionalized differently because of cultural differences 

among individual organizations (Paulk et al., 1995, p. 14). JoAnn Hackos (1994) 

recommends a documentation-cycle model that parallels the particular software lifecycle 

model used within the organization, but suggests that documentation processes may 

mature through levels similar to those of the CMM independently from the 

software development process. Both of these models rely upon rigorous summative 

review to measure current process maturity and to guide evolution toward the next higher 
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level. However, while both models effectively define characteristics of each stage for 

reviewers to assess, neither model provides much information usefiil in identifying 

specific cultural faaors that shape the evolution of these characteristics relative to 

practice situated within the particular organization. 

Contradictions resuhing from tension between the formal agency of the 

organization and the activities of individual agents in the firm are at the core of most 

issues regarding process implementation. The formal system tends to seek a certain level 

of inertia. Formalized processes and codified procedures tend to establish a status quo 

that frequently conflicts with the momentum of human activity toward a continually 

changing context in the workplace. As suggested in the previous chapters, identifying 

these contradictions and finding ways to reconcile this dichotomous tension should 

perhaps be viewed as the most critical success factor in implementing initiatives toward 

process optimization and maturity. 

Formalization versus Flexibility 

Of the numerous process models available in the literature, most provide 

sufficient detail about what needs to be done to optimize the process. However, none 

really provide a fiilly articulated methodology describing how to go about implementing 

initiatives toward process optimization. The CMM is possibly the best available model 

in terms of providing such a methodology, and the CMM explichly aims at changing 

organizational culture to provide a uniform context for development. However, by solely 

relying upon the experience of developers and managers for affecting cultural change and 
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with the high degree of emphasis h places on codified procedures, the CMM implies a 

top-down approach for changing the formal stmctures of the organization Sakai, 

Matsumoto, and Torii (1997) criticize that the CMM's emphasis on codifying all 

functional elements of a firm's development approach resuhs in a process that is too 

inflexible to allow adjustment for exigencies not common to all development projects in 

the firm. And as Davenport and Pmsak (1998) argue, recent experience with 

restmauring and process reengineering demonstrates that inordinate emphasis on a 

formal process, at the expense of informal networks of employee activity, not only can 

obstma how work is actually accomplished, but also can negatively impact innovation in 

the firm. 

Juxtaposition of various positions taken in the literature underscores a primary 

contradiction that complicates efforts to manage process maturity. On the one hand, a 

well-understood process is a necessary organizing stmaure in the firm essential for 

estimating costs, allocating resources, predicting staffing requirements, establishing 

training programs, and other such managerial and administrative concerns. Higher levels 

of process maturity are extremely desirable from this perspective, because the more ad 

hoc the process, the less informed decision making will be regarding these kinds of 

transactions. On the other hand, review of the literature demonstrates a recognized 

potential that strict codification of the process can resuh in a static and inflexible 

development environment that fails to adequately inform all parties with a stake in the 

development effort, compartmentalizes various disciplinary competencies, and reduces 

opportunities for innovation. 
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Ideally, management efforts aimed at process maturity will result in a process that 

both reliably informs decision making and optimizes the use of available resources within 

the firm especiallv, human resources. However, while both the CMM and Hackos 

(1994) provide criteria useful for formalizing funaional elements and various phases of 

development and documentation processes, neither model provides a sufficiently concrete 

procedure for risk assessment. (For example, this criticism of the CMM is discussed at 

length by Sakai, Matsumoto, and Torii, 1997.) 

Risk assessment has received much attention with regard to development process 

models Barry Boehm (1975, 1987, 1991) and others have argued convincingly that 

many problems encountered in development projects can be attributed to failure bv 

V arious code-driven and document-driven process models to provide mechanisms for 

adjusting the process or developing alternative approaches to address specific problems 

while projects are ongoing. Boehm" s (1987) spiral process model uses risk assessment in 

iterative cycles during development in which 'each cycle involves a progression through 

the same sequence of steps, for each portion of the produa and for each of its levels of 

elaboration, from an overall concept of operation document down to the coding of each 

individual program" (p. 130). With each cycle, developers determine the objectives and 

constraints of the curtent round of development; identify ahemative approaches for 

proceeding and the risks associated with each and based upon resolution of these risks, 

produce a plan for completing the immediate development cycle. 

On the surface, spiral development seems inconsistent with the basic trajecton, of 

process mamrity models toward a formalized development process, which becomes 
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increasingly codified within the organization with each successive level of maturity. 

Among the difficulties with spiral development Boehm (1987) identifies are difficulty 

maintaining necessary levels of accountability and control for contract development, too 

high a reliance on developer experience to identify and manage risks, and problems with 

maintaining a consistent context for all participants in large projects (pp. 139-40). 

However, Boehm (1987) distinguishes a number of issues that can be viewed as 

consistent with the CMM in the long-term and that have significant potential to inform 

both process improvement and efforts toward maturation of the process within the firm. 

Process Models versus Methodology 

One distinction Boehm (1987) makes is defining the difference between process 

models and software development methodology. Boehm (1987) defines the function of 

the former "to determine the order of the stages involved in software development and 

evolution, and to establish transition criteria for progression from one stage to the next" 

(p. 128, kalics in the original). He defines methodology as having a primary focus "on 

how to navigate through each phase (determining data, control, or 'uses' hierarchies; 

partitioning functions, allocating requirements) and how to represent phase produas 

(stmcture charts; stimulus-response threads; state transition diagrams)" (p. 128, italics in 

the original). Another way of looking at this distinction is that process models tell 

developers what needs to be done in what order and for how long in developing 

software, and methodology delineates the means by which they coordinate and document 

the project. 
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While this distinaion suhs Boehm's (1987) purpose of explicating the spiral 

process model in comparison with other development process models, he does not 

discuss methodology much beyond defining it. Managing software development in 

praaice, however particularly managing with process maturity as a goal requires 

optimizing and integrating both the process model and the methodology used across the 

firm. 

In contrast to spiral development, which provides for optimizing the process in 

iterative cycles while projeas are ongoing t̂he CMM focuses on methodology by 

identifying and optimizing key process areas and practices as a means for tailoring 

available process lifecycle models to fit particular organizational contexts (Paulk et al., 

1995, pp. 67-71). As key elements of the process are evaluated through summative 

review, those approaches that are deemed successful are codified into guidelines that 

serve to inform developers about how to navigate through various phases of future 

projects. With each successive level of maturity, key praaice guidelines are elaborated 

upon to support the goals of the new maturity level (Paulk et al., 1995, pp. 39-58). A 

software process database and a library of process-related documentation is used to 

disseminate knowledge gained from past experience back into the firm. 

The problem of managing toward optimization and maturity of the process is 

complicated with the recognition by both Boehm (1987) and Paulk et al. (1995) that 

different classes of software and different development conditions (e.g., intemal 

development, contraa development, or acquishion projects) are best suited by different 
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process models. An important implication of this distinction is the further recognition 

that firms often require more than one process to effectively meet their software needs 

Formative versus Summative Review 

Perhaps the most significant difference between spiral development and the CMM 

is the respective emphasis each model places on the review process. Risk assessment, 

emphasized by the spiral development model, requires a forward-looking, formative 

review process in order to anticipate risks with each round of development. And while 

the spiral model provides a flexible development environment that viably allows 

developers to adjust the process to account for different software classes and 

development conditions, because it never seeks to reach formal maturity across the 

organization, maintaining a consistent context for all participants involved in 

development projects is a significant problem. 

On the other side of the coin, the CMM's emphasis on formalization and 

validation of the process is better served by summative review that looks back to identify 

actual successes or failures encountered by developers as its primary means of 

assessment. However, because process elements that are not deemed successful must 

wait for the next round of development or the next project to be rectified in this 

somewhat trial-and-ertor framework, optimizing the process can require a significant 

amount of time. Paulk et al. (1995) suggest that h can take ten years or more to reach 

process maturity (p. 14). Given the rate of change in market conditions and technologic 
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development, the CMM represents a long-term organizational commitment that may be 

difficuh to sustain in many firms. 

It is important to recognize, however particularly for those with a practical 

stake in managing software development neither model excludes the other, because 

each has different primary aims. Spiral development aims at process selection and 

optimization, while the CMM aims at process maturity. In combination, the two 

approaches compliment each other and provide an extremely powerful management 

strategy for maturing an organization's development process(s). Spiral development 

offers a front-loaded process model geared toward seleaing the most appropriate 

development process for the software class and conditions of each project and 

progressively optimizing it throughout the duration of the projea. The CMM provides a 

means for capturing and documenting the experience gained about the firm's actual 

performance during the projea to assess the validity of choices made by developers and 

to benefit future development activities by disseminating and archiving this knowledge 

At lower levels of maturity, one very real problem with the CMM is that it solely 

relies upon the experience of developers to select the most appropriate process model for 

a given project. An inappropriate choice would almost certainly affect the efficiency of a 

project, if not doom it to failure. But even if developers selea the best process model for 

a given project, tailoring h to meet the conditions of the individual organization still can 

require a significant time commitment. This problem is compounded when the firm 

requires multiple processes. Spiral development can potentially reduce risks in seleaing 

a process model and by optimizing the process within the constraints of the firm while 
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the projea is ongoing, significantly reduce the time required to tailor the process to 

existent conditions. Taken alone, however, spiral development offers little impetus 

toward process maturity. Without a formalized means for assessment, validation, and 

codification of the outcomes of development decisions, there is the real potential that 

knowledge gained in the course of development will not be appropriately disseminated 

nor archived to inform future projeas of the firm. 

Compartmentalized versus Participatory Processes 

While combining spiral development with the CMM suggests a feasible strategy 

to resolve certain shortcomings of each model, we must also recognize that 

implementation, as they say, is where the mbber meets the road. Put less metaphorically, 

the success of any management strategy depends upon how it is implemented. And taken 

together or separately, neither model provides a clear plan for implementation, especially 

concerning how to modify existing practice and organizational culture. Both models 

explicitly rely upon the experience of developers in this regard (Boehm, 1987, p. 140; 

Paulk et al., 1995, p. 22). Spiral development's emphasis on risk assessment affords 

developers an opportunity to consider constraints specific to the organization, including 

cultural factors. However, as we saw in the preceding chapters, the dominance of the 

epistemic world-view of the computer sciences and the manufacturing tradition in the 

ranks of those managing software development has created many of the problems spiral 

development and the CMM seek to resolve. These traditions are evident in the following 

passage from the CMM describing the goals of the highest level of process maturity: 
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At the Optimizing Level, the entire organization is focused on continuous process 
improvement. The organization has the means to identify weaknesses and 
strengthen the process proactively, with the goal of preventing the occurrence of 
defects. Data on the effeaiveness of the software process are used to perform 
cost/benefit analyses of new technologies and proposed changes to the 
organization's software process. Iimovations that exploit the best software 
engineering practices are identified and transferred throughout the organization 

Software teams in Level 5 organizations analyze defects to determine their causes. 
They evaluate software processes to prevent known types of defects from 
recurring and disseminate lessons learned throughout the organization. 

Chronic waste, in the form of rework, can be found in any system simply due to 
random variation. Organized efforts to remove waste result in changing the 
system, that is, in improving the process by changing "common causes" of 
inefficiency to prevent waste from occurring. While this is tme of all the maturity 
levels, it is the focus of Level 5. 

The software process capability of Level 5 organizations can be characterized as 
continuously improving because Level 5 organizations are continuously striving 
to improve the range of their process capability, thereby improving the process 
performance of their projects. Improvements occur both by incremental 
advancements in the existing process and by innovation using new technologies 
and methods. Technology and process improvements are planned and managed 
as ordinary business activities, (p. 20) 

In this passage, Paulk et al. (1995) evoke Deming's (1956) concept of causes and 

his expectations for a science of management and administration through statistical 

analysis. As we saw in Chapter II, however, the discovery of causes and the useful 

application of statistical metrics often unduly reflect the perspective of those performing 

the analysis. Inordinately relying upon the experience of developers for implementation 

greatly increases the chances that political control of the process will remain whhin the 

tradhion of the computer sciences and that any emerging process will privilege the 

epistemic world-view of this tradition. This observation is not intended to reduce 
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implementation of process improvement models to a question of egalitarianism albeit, 

this is an important consideration in garnering the employee buy-in that organizational 

theorists identify as a critical success faaor in implementing organizational change. 

Perhaps the more powerful impetus for organizational change and process 

improvement, however, derives from competitive demand by increasingly sophisticated 

users for more intuitive interfaces and accessible funaionality which empower them to 

find more effective ways to perform their professional and personal activities. It is not 

much by way of speculation to suggest that organizations failing to implement 

development processes that meet this demand will have difficuhy sustaining innovation 

and remaining competitive in the long term. Simply put, market demand provides a 

compelling argument for more participatory development processes. 

Ultimately, process improvement aims at improved software produas. Jonathan 

Grudin's (1990b) observation that the history of development reflects an "outward 

movement of the computer's interface to hs external environment, from hardware and 

software to increasingly higher-level cognitive capabilities and finally to social 

processes" indicates the need for more participatory development processes (p. 1). This 

view suggests the benchmarks by which software produas are judged have outstripped 

the core disciplinary competencies of the computer sciences to resolve emerging, higher-

level user requirements that significantly determine the success of contemporary 

development projects. Gmdin (1990b) points out that as key hardware and software 

architecture problems have been resolved, their relative importance has diminished, and 
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the main emphasis of development efforts has shifted toward creating software that better 

support users' cognitive and social interaaion in computer environments 

Certainly, there will always be architecture issues to resolve, and continued 

development in this area is imperative if we are to continue to increase the capabilities of 

the technology. But addressing user interaction with the machine also requires improving 

the communicative stmaures of the interface, both visual and rhetorical which is a 

development problem requiring a range of disciplinary competencies oriented more 

toward users' perceptions than to such system considerations as developing improved 

algorithms or instmaion sets. While the trend toward more interdisciplinary 

development teams has been viewed as a step in the right direaion with regard to 

bringing a wider range of disciplinary competencies to bear on the issue of interface 

improvement, development processes and methodologies generally have not been 

implemented to support interdisciplinary participation. 

An important implication of the outward progression from the architecture in the 

resolution of development issues is the concept that organized efforts to control 

development processes emerged at a time in which primitive architeaures required 

significant attention to resolving problems at the system level. Considerable residue of 

this systems orientation remains embedded in contemporary efforts to manage 

development processes. Compartmentalized processes that often relegate the activities of 

technical communicators and other praaitioners from outside the tradition of the 

computer sciences to ancillary roles in development probably reflect not so much a 

conscious effort at exclusion but the lack of any experiential model for inclusion. 
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Theoretical models are also problematic in this regard because until relatively 

recently the main problems that developers faced were not likely to be resolved through 

formally integrating the documentation cycle with the software lifecycle, or evolving a 

participatory framework for development. In the context of contemporary development 

issues, however, an important consideration with this tradition is the possibility of 

wasting resources by redundantly emphasizing disciplinary competencies aimed at issues 

of diminishing importance over core competencies more applicable to supporting users' 

cognitive and social interaction in computer environments. Further codification of this 

focus into development processes not only has potential to impede efforts toward process 

maturity, but also potential to reduce profitability by diminishing the cost/benefit ratio in 

development projects by ineffectively allocating human resources. 

The trend toward interdisciplinary teams quite possibly stems from initial 

recognition within activity networks of the need for a wider range of disciplinary 

competencies to resolve contemporary development problems. There is little evidence in 

available process models of a corresponding trend toward formalizing more participatory 

development strategies. Of course, historically there has been little impetus for more 

participation because initial development problems were of little concern outside of the 

computer sciences, particularly in terms of overall management of development 

processes. However, as computer technologies have become increasingly central in our 

cultural paradigms, human-computer interaction has become an important area of 

research in a growing number of disciplines. 
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As computer architectures, programming languages, peripheral devices, and other 

system features have improved under the stewardship of the computer sciences to support 

an increasingly sophisticated range of interaction with the system, design choices 

affecting human-computer interaaion have grown exponentially in both number and 

importance. The potential of the growing body of interdisciplinary research in the field 

of human-computer interaaion to inform design decisions now imposes a growing 

imperative for more participatory development processes. 

While compartmentalized processes essentially do allow wider inclusion, they 

have not been very effective in the degree of participation they allow. It is quite probable 

that compartmentalization is a normal evolutionary path toward a more interdisciplinary, 

cross-functional model for software development. In many ways compartmentalization 

can be viewed as a strategy that straddles the conflicting tension between the increasing 

emphasis on cognitive and social consideration of the user in software development and 

existing process management frameworks emphasizing systems considerations. From an 

activity theory perspective, this tension may be viewed as a need state resuhing from a 

primary contradiction between demands on the system for more resources directed 

toward interface design, and the inadequacy of existing mediating artifacts e.g., 

procedures, functional divisions of labor, development tools, etc. to effectively 

respond. Another perspective is that compartmentalization is a reaction to the trend 

toward interdisciplinary participation in addressing problems of emerging importance, 

but instead of adapting the overall process to facilitate collaborative efforts among 
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developers, new fiinaional areas simply have been shoehomed into existing systems-

oriented processes. 

Process Documents versus End-User Documents 

Conventional approaches to software documentation, instead of providing a 

cohesive context for all stakeholders in development projects, tend to reaffirm a systems 

orientation in development processes and exclude users and practhioners from outside the 

tradition of the computer sciences from meaningful participation. Traditional distinctions 

between process documents and end-user documents have defined development roles 

privileging technical proficiency and a systems perspective because the process 

documents that drive development historically have been written to reflect the concerns 

and conventions of the epistemic tradition of the computer sciences. For example. Rod 

Shand (1994a, 1994b) argues that process documents tradhionally used to express the 

requirements of a new software system {typically, the Requirements Specification and/or 

the Functional Specification) are seldom fully understood by users. He asserts that this 

makes h difficult to verify that the system these documents describe matches users' 

mental models and expectations for the system. 

Shand notes that inconsistencies between what the users expect and what 

developers produce too frequentiy surface late in the development process, during 

acceptance testing. Two perspectives come into play at this point. To developers, 

acceptance testing is a test of the delivered system against the formally agreed upon 

requirements documented in the Requirements and/or Functional Specification(s) To 
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users, it is a test of the delivered system against their expeaations for it. In Shand's 

view, this problem results because the level of abstraction and technical language in the 

specification documents can be interpreted differently by each group, creating disputes 

that are costly to resolve late in the development process. 

End-user documentation has traditionally been produced during the latter phases 

of development, after the software produa is substantially finished. However, Shand 

(1994a, 1994b) suggests that user manuals, written by users with the help of technical 

communicators, should be produced at the outset of development projects as tools to 

guide the design, produaion, and verification of new systems. He argues that there are a 

number of advantages to this approach. First, user manuals are written in language that 

users understand. And if they have a part in writing the manual, Shand argues they are 

more likely to include information about company processes and user tasks that provide 

developers with an insight into operational and organizational contexts which are seldom 

explicit in specification documents. Additionally, Shand contends users are more likely 

to have a higher degree of ownership in development projects in which they actively 

participate. Shand reasons that these factors can serve to reconcile the different 

perspectives of users and developers. Barry Boehm (1991) substantiates this position by 

recommending the early production of user manuals as a risk management technique for 

reducing the chance of developing the wrong software functions. 

Shand (1994a, 1994b) also argues that technical communicators can contribute to 

improving process documents. While Boehm (1975, 1987, 1991) does not specifically 

address this issue, it is noteworthy that he argues against "drilling down" into too many 
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levels of detail in preliminary specifications, and so would probably recognize that 

documentation specialists could facilitate creating and tracking more praaical process 

documents in iterative development cycles. James Conklin (1993) and Richard Chisholm 

(1988) also examine the role of process documents in the produa development lifecvcle, 

and both argue that more accessible process documents, produced by technical 

communicators, would reduce development costs, improve produas, and result in better, 

on-time end-user documentation. 

Whether or not end-user manuals are written as a tool to guide development, there 

is a clear relationship between the view of the system they describe and the perceptions 

of end-users. There are a significant number of discussions in the literature that suggest 

this user-oriented view could improve process documents and the systems they describe 

In many significant ways end-user manuals and process documentation are two sides of 

the same coin. While they differ in purpose, there is significant overlap of audience and 

content in both. Certainly one important consideration that argues for integrating the 

produaion of end-user and process documents is the idea that collaboratively produced 

documentation would add a higher level of consistency to the overall context of 

development projects. Rather than emphasize functional divisions in development teams, 

as has been the norm with traditional approaches to software documentation, more 

uniform documentation could serve to emphasize mutual concerns and areas of overlap 

across development projeas as a whole. 
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Research Ouestions 

There are obvious potential benefits to bringing a wider range of disciplinary 

competencies and research traditions to bear in resolving development problems, 

especially in efforts toward improving the interface. Correspondingly, there are a number 

of convincing arguments suggesting participatory processes are desirable for creating a 

consistent context in development projects, conducive to both higher levels of process 

maturity and improved software produas. However, there is little in the way of 

experience or in existing development models that suggests an effective methodology for 

implementing interdisciplinary participation in software development. While the 

literature suggests there can be many benefits to integrating the documentation-cycle with 

the software development lifecycle, there is almost no research addressing how this 

integration can be accomplished. Moreover, there is very little information about how 

various models for either the software development lifecycle or the document-cycle 

evolve in a context of situated practice within individual organizations. The research 

described in this, and the following chapter is geared toward helping fill these gaps by 

asking the following questions: 

1. How well do models reflect the actual processes employed in software development? 

What are the factors (e.g., epistemic, political, cultural, etc.) that daermine how 

processes evolve? 
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2 Even though the literature purports that there are benefits to integrating the user 

document cycle with the software development cycle, are these benefits observable in 

praaice, and if so, what factors determine their success? 

These questions indicate two assumptions contingent to the research described 

here. The first is that tension between the formal agency of procedures defined by 

process models and the aaivities of individual agents is a significant factor in how 

development processes evolve and are institutionalized. The concept that formalized 

processes frequently conflia with the momentum of human activity toward a continually 

changing context in the workplace has powerful implications for management strategies 

aimed at process maturity. One important implication is recognition of a fundamental 

fallacy in expectations for atop-down, one-size-fits-all implementation of any 

development model. Paulk et al. (1995) specifically warn against such expeaations whh 

regard to the CMM by noting, "A rote, checklist-oriented application of the CMM has 

the potential to harm an organization rather than help it" (p. 14). 

The in situ interplay between systemic and individual agency in which each 

continually shapes and changes the range of possibilities enabled or constrained by the 

other adds a protean dimension to the problem of managing software development 

This mutability is compounded by the fact that the technology hself is still rapidly 

evolving, creating considerable external pressure for more flexible development 

environments. 
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While models provide a general organizing framework for development, they tend 

to lag behind evolving computing paradigms and cannot sufficiently account for praxis in 

individual organizations. The static snapshot models provide contrasts sharply with the 

dynamic environments they depia. Boehm (1975) cites the limited perspective inherent 

in development models as his rationale for spiral development. Spiral development 

comprises a heuristic approach in which developers engage in a dialogic process to 

identify and resolve risks in development projects. While spiral development's focus on 

individual projects is not especially geared toward process maturity, and its reliance on 

the experience of developers has the potential to exclude participation by practitioners 

from outside the tradition of the computer sciences, hs heuristic component provides a 

powerful mechanism for addressing these issues. And in fairness to Boehm (1975), h 

should be noted that he introduced spiral development before these issues had received 

much attention. 

This research aims at extending the potential of a heuristic approach in managing 

software development to specifically address process maturity and interdisciplinary 

participation in software development. The second assumption contingent to this 

research is that by observing contradictions practhioners encounter and identifying the 

factors that influence resolution of these problems, h will be possible to articulate a 

heuristic framework useful in addressing functional and epistemic barriers that currentiy 

serve as obstacles to more participatory processes. 

It is perhaps important to stress that the objective of this research is not to produce 

resuhs that will immediately generalize to all development environments, nor to 
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extrapolate firm axiomatic mles for managing development teams. Such expectations 

would fundamentally contradict how I have framed the complexities of the workplace 

ecology. In many ways organizational culture resembles an equation that demands a state 

of equilibrium that balances the agency of the system against the activities of human 

agents. Change to one side of the equation often engenders unpredictable reaction on the 

other side. 

The decisions of managers and administrators aimed at process control are 

frequentiy manifested in the artifacts that substantiate systemic agency in the 

organization. As Davenport and Pmsak (1998) observe, attempts to control the processes 

of the firm can actually result in a loss of control when these artifacts fail to support 

employees' activities to the extent that h is more expedient to accomplish their work 

outside of the formal system. However, controlled, well-understood processes are 

necessary operating frameworks that significantly determine the competitiveness of the 

firm and the quality of the working experience. A heuristic approach has significant 

potential to reduce the risks involved in managing toward process maturity. Particularly, 

if the approach establishes a dialogic geared toward reconciling differing, and often 

contradictory functional concerns and epistemic perspectives that dismpt opportunities 

for a shared context of software development in the firm. 

Research Design and Overview of Data 

As noted in the introduaion, the focus of this study is a collaborative software 

development project between students enrolled in a sophomore-level computer science 
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(CS) course and those enrolled in a senior-level technical communication (TC) course at 

Texas Tech University. Engestrom's (1987) formulation of activity theory provides the 

framework and modeling conventions for contextualizing the observations and artifacts 

that comprise the data gathered during the course of this research. Modeling with activity 

theory requires the researcher to identify primary contradictions indicative of need states 

in the activity system under observation and to recognize how secondary contradictions 

shape decisions regarding the utilization of mediating artifacts in efforts by the actors to 

resolve the primary contradiaions. 

Ethnographic methods are particularly useful for inquiries of this type because it 

is difficult to make these kinds of observations from outside of the problem domain. 

However, ethnographic approaches that immerse the observer in the problem domain as a 

participant can be problematic. The activity model in Figure 3.1 illustrates this problem 

As an actor at the subject node of the activity model, the impetus of activhy is 

toward manipulation of the object of the activity to achieve a desired outcome. This 

focus can obscure the social forces giving rise to, and constraining the activhy through 

mediation at the mles and division of labor nodes. For this reason, I elected to conduct 

this research as an ethnographic case study, which allowed me to attend meetings, review 

artifacts, and interact extensively whh the students, while maintaining a higher degree of 

objectivity regarding the culture of the activhy network than would be possible as a 

participant. 
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Mediafng Artifact Node 

Subject Node /—- }IL Object Node — • Outcome 

r. 1 n J ^ u. ., J DivBion of 
Rules Node Community Node , . ^ . ^ Labor Node 

Figure 3.1 A Complex Model of an Aaivity System 
(Adapted from Engestrom, 1987, 1999a; Hoh and Morris, 1993) 

Data Gathering Methods 

Ethnographic methods typically require the researcher to gain extended access to 

the problem domain they are investigating. My original intention was to interview 

practhioners and examine artifacts from commercial software development companies; 

however, h was clear from initial contacts that I would be able to count on only very 

limited access to these research settings. During the first week of the 1999 spring 

semester, I learned about the collaborative student development project described here. 

Both instmctors accommodatingly agreed to allow me to observe their students and 

themselves as the test population for this research and to allow me full access to course 

artifacts, including email listserves and web sites. 
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After getting permission from TTU Office of Research Services' Human Subjects 

Use Committee, I began colleaing data during the third week of the sixteen-week 

semester Both instmaors allowed me class time to give the students an overview of the 

research projea and to ask the students to participate in the test population. .AJl of the 

students in both classes agreed to participate and signed consent forms 

The two instmctors dev eloped content, deliverables, and grading for each course 

to pri\ilege collaborative, semester-long projects aimed at instmaing students about 

praaice in software development and documentation, and to giv e students praaical 

experience with working in interdisciplinary development environments. Because both 

classes were relatively large, the instruaors determined that a single development team 

would be unmanageable. The students in each class were divided into three groups to 

participate in one of three different projeas during the course of the semester. A group 

of computer science students and a group of technical communication students were 

assigned to each projea. Due to confliaing scheduling among the three groups, the time 

constraints of attending numerous group meaings, and the sheer volume of artifaas 

generated bv each group, I eleaed to gather primarv' research data on onlv' one of these 

projeOs. Beside the two instmaors, this test population was composed of seven TC 

students and fourteen CS students. 

Three kinds of primarv data artifaas were gathered in the course of this 

investigation; 
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• Documentation. There were a significant number of documents generated by the 

students as part of this project. The teams were requu-ed to generate a relatively large 

number of deliverable documents to satisfy their individual course requirements 

{The requirements for these deliverables are provided in the course materials located 

in Appendix B, Selected Course Materials.) The test population also generated an 

extensive number of less formal documents, such as document drafts, emails, and 

progress memorandums. In addition, both instmctors maintained web sites for 

distributing course materials and for archiving student documents, document drafts, 

email transcripts, software prototypes, and other course-related artifacts. 

Observations. Beside class meetings, each of the teams (i.e., the CS team and the TC 

team) had regular weekly meetings, and there were several special meetings held by 

the individual teams to resolve specific issues. There were also a number of 

collaborative meetings whh various representatives from both teams present. Ideally, 

I would have videotaped these meetings, but the students thought a camera would be 

too obtmsive. Instead, we agreed that it would be better to use a tape recorder to 

capture their discussions. I also took notes at all the meetings. 

Interviews. I conducted formal, taped interviews with all the students in the TC class 

and all but two of the students from the CS class working on this project. (Neither of 

these two students participated in any of the meetings I attended, and both failed to 

respond to my requests for interviews) These interviews were conduaed during the 
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last two weeks of the semester {see Appendix C, Interview Questions) During the 

course of the semester, I also conducted a number of informal interviews with various 

students and the instmctors to provide background information and to clarify issues 

that arose during the course of the projea. In addition, to get a sense of how this 

projea compared to the others, I conduaed exit interviews whh the CS and TC 

projea managers from the other two projeas. 

Because there was extensive overlap among these artifaas, I was able to get a reasonably 

comprehensive view of how various development problems unfolded. For example, a 

number of issues were raised and discussed at length in meetings and on the listserves. 

The changing dynamics of these discussions were often reflected in document drafts, and 

the finished documents indicated how these issues had been resolved. And then during 

the course of the exit interviews, students expressed individual perspectives regarding 

many of these issues. 

Overview of the Research Setting 

Unlike many undergraduate student projeas, this development projea had a real 

customer who had a commercial stake in the outcome of the project. The software the 

students developed was intended to be a prototype system that would eventually be 

developed commercially. The purpose of the software is to automate various aspects of 

the process by which pilots in a branch of the military reserves schedule training and 
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muster for duty. All of the participants in the project, students, faculty, and myself were 

required to sign non-disclosure agreements to protea the interests of the client 

One of the primary advantages of this research setting is that the students' actions 

were not influenced by well-established conventions of a particular organizational 

culture. This, however, is not to suggest that the students' perceptions were entirely 

objective whh regard to how they approached development problems. During the course 

of this investigation h became clear that the students' understanding of issues and 

approaches to problem resolution were significantly shaped by epistemic orientation. 

And, significant to this investigation, the culture that emerged between these two groups 

of students required them to resolve a number of problems resulting from their different 

epistemic traditions. 

All of the students were majoring in the discipline of the course in which they 

were enrolled (i.e., TC majors or CS majors, respectively) and attended their regularly 

scheduled classes in their respective departments. Meetings and work done outside of the 

classroom involved a variety of settings, including meeting rooms in the library, 

computer labs, restaurants, and bars. 

Examples of Course Materials 

The following sections provide short descriptions of how the courses were framed 

by the instmctors. Selected course materials I will refer to in the analysis of the data in 

the next chapter are located in Appendix B. It is important to stress that this material is 

only a representative sample of the content of these courses, and while material in 
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Appendix B was posted by each instmaor on the respective web she for each course, I 

have significantly tmncated this material and organized it to suit my purposes for this 

discussion. 

Organization of the Teams 

Both instmctors provided detailed descriptions of development roles within their 

respective discipline. The CS team is more hierarchically organized than the TC team. 

While team size is certainly a factor in this organizing strategy, the emphasis on 

functional areas of responsibility and authority in many cases resulted in barriers that 

impeded resolution of problems and obscured a cohesive sense of an overall process 

among team members. One criticism a significant number of the CS students made in 

interviews was that while they felt the projects gave them valuable experience in the 

functional area they were assigned to, they did not have many opportunities to gain 

similar experience with other parts of the process. This fragmented view of the process 

occasionally made it very difficult for the students to resolve problems that overlapped 

several functional areas, such as the need to reconcile customer requirements, 

programming conventions, and the system design in making choices regarding the visual 

aspect of the interface. 

By contrast, overall responsibility to the end-user was stressed in defining TC 

team roles. In praaice, the team paid little attention to functional roles and tended to 

collaborate in all aspects of developing the project documentation. While their team 

being half the size of the CS team certainly facilitated this level of collaboration, in 
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interviews, all the members of this team indicated that this approach was an extension of 

their previous coursework. As one student described the TC team approach, "I think the 

informal [approach] works a lot better because everybody has a different mind and can 

contribute something; h just makes the document a lot better if you get input from 

everybody about how the document should look or read." 

Deliverable Artifact Descriptions 

Both courses were writing intensive, and required a significant number of 

documents be turned in for grades. In addhion, as previously mentioned, students also 

generated a significant number of informal documents contingent to this project. In 

interviews, a number of students in both courses commented that their experience whh 

the project underscored the importance of writing skills in the workplace. 

Documentation proved to be problematic for the students on a number of different 

levels. The CS team employed a waterfall development model, which is an extremely 

document driven process. The CS design team went well over the delivery date for the 

Design Specification, which put the whole project significantly behind schedule. This 

was a source of fhistration for both teams, but this break down in the process put the TC 

team at a disadvantage in producing the online help and end-user manual, because a 

software product was not forthcoming. 
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Chapter Summary: A Narrative Describing Student 
Development Activities 

During the course of the semester, there were a number of breakdowns in which 

the parameters of formal system the instmaors created for the students to work within 

did not support the actual activhies the students engaged in to complete the project. As 

can be seen from the proceeding course descriptions, the instmctors' intent was that their 

students would work collaboratively in a development environment that closely emulated 

the work processes the students could expect to see in practice. While the content of each 

course stressed individual disciplinary competencies, the project itself was geared toward 

interdisciplinary cooperation. The instmctors introduced their conceptualization of the 

project by emphasizing various positive elements that would be beneficial to the students, 

such as the value a project with a "real world" client and an interdisciplinary process 

would add to the students' resumes and/or portfolios. At the pizza party the instmaors 

arranged at the beginning of the semester to allow the students to meet informally, the 

students from both classes seemed enthusiastic at the prospect of working together. 

Meeting the Client 

An incident that occurred early in the semester significantly dampened any inhial 

enthusiasm the students had for working together. During the initial planning stages for 

the project, representatives of the technical communication team attended the first few 

weekly meetings of the team leaders of the computer science team. The development 

process was a textbook example of waterfall development, which is a document-driven, 

non-iterative process that requires each stage of development to be fully anticipated and 
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documented before moving to the next stage. For example the first stage aims at 

understanding the funaional requirements of the system, and the resuhing document, the 

Requirements Specification, specifies the user requirements for the system. With 

waterfall development, each stage of development must be completed before moving on 

to the next stage, because the document produced at each proceeding stage significantly 

informs and guides the following stage of development. As noted in the first chapter, 

user documents t̂he TC team's assignment are relegated to the later stages of 

development with the waterfall approach. 

The CS team was understandably concerned whh organizing their development 

effort, and planning at these initial meetings focused largely on programming and 

architecture issues. The TC students expressed concern that they would be dependent 

upon the CS team for getting information necessary to write the user manual and the 

online help screens; however, they recognized that this problem was inherent to the 

development process and not the fault of the CS team. Most of the communication 

between the teams was mediated by email and various listserves. 

When the CS team project manager announced via email that the client would be 

in town to discuss the system requirements, a break occurred that set the tone for 

interaction between the teams for the remainder of the semester. A day or two prior to 

the client's vish, the TC team leader emailed the CS project manager and stated that he 

would like to have members of his team included m the meeting whh the client. The CS 

project manager took exception to this request, ostensibly because the TC team leader's 

demand to insinuate members of the TC team into the meeting came at the last minute. 
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In interviewing the CS project manager, however, it was apparent that his reaction was 

based more upon his instmaor's suggestion that clients were not to be overwhelmed with 

questions, and more emphatically, his understanding that h was the project manager's 

responsibility to meet with clients and negotiate system requirements. After a number of 

heated emails and discussions with the instmaors, it was determined that one member of 

the TC team could attend the meeting. However, when the CS project manager relayed 

this information to the TC team, he also suggested that the TC representative could take 

notes. The TC team interpreted this comment as relegating their contribution to a clerical 

level and that the CS team did not view them as equal participants in the process. From 

this point on, the teams began to work as separate entities instead of as a collaborative 

group. 

Online Specialist Initiates Meeting 

Even though the two teams were working as separate entities on their respective 

parts of the project, the TC team was still dependent upon the CS team for information. 

This dependence put them at an extreme disadvantage because the course assignment 

required a significant number of preliminary documents early in the semester such as 

audience analysis and user task analysis as part of the documentation cycle. However, 

the relationship between the CS project manager and the TC team leader had deteriorated 

to the point that they were no longer communicating. The TC team adopted the strategy 

that they would compensate by filling in the gaps in the information they were receiving 

by making informed guesses. For example, they based their audience analysis on the 
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assumption that because the users of the system were milhary reserve pilots, this 

audience typically would have completed at minimum an undergraduate college degree 

This situation gave rise to a documentation genre that would play a significant 

role in the aaivhies of both teams: the fake document. The fake document essentially 

was used to address the contradiaion the students were faced with when assignment due 

dates required turning in documents containing information that either they did not have 

access to, or information that had not been established at that particular point in the 

process. 

The online specialist of the TC team was at a particular disadvantage with the 

break between the teams, because she recognized that her role in developing online help 

modules for the software would require her to work closely whh the CS team. As a 

result, she began attending the CS team leader meetings. In interviews, the online 

specialist intimated her impression that while the CS team were open to her suggestions 

regarding interface design issues, this was due more to politeness on their part than their 

considering her an equal participant in the process. However, the CS team was having 

difficulty with the design specification, and was falling behind schedule in this part of the 

process. One key reason for the problems the CS team were having with design was that 

most of the CS students lacked experience in designing software including the design 

team leader and the project manager. The online specialist revealed that because she was 

concerned the problems the team was having with design would negatively impact her 

work, she identified the programming team leader as the CS team member that seemed 
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most informed about the project. She then developed a working relationship with him 

outside of the formally arranged meeting schedule. 

In interviews with the CS programming team leader, h was clear that he 

recognized the working relationship that developed between himself and the TC online 

specialist was mutually beneficial. Whh waterfall development, the design specification 

is meant to guide the activhies of the programmers. However, because this document 

was not forthcoming, the programming team leader made the decision to begin 

developing a prototype system. He mentioned that the suggestions the TC online 

specialist had made in the CS team meetings were particularly valuable in informing 

problems the programmers were having whh resolving screen design for the user 

interface, and so he and the online specialist began collaborating on the prototype system. 

Online Specialist and Programming Leader 
Appropriate Project 

An interesting dynamic that emerged from this collaboration is that while 

ostensibly both teams were following the formal process to complete the assignment, the 

informal activities of the CS programming team leader and the TC online specialist began 

to drive the progress of the project. Each team began to communicate to the other team 

through these two. Addhionally, while the teams continued to meet and produce the 

deliverables required by the assignment the documents, rather than driving 

development as they were intended, came to reflect the decisions the programming team 

leader and the online specialist had already made in their informal aaivhies. For 

example, the design document turned in by the CS students was another example of the 
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genre of fake documents. This document, rather than informing and guiding the activities 

of the programmers was essentially written after-the-faa to reflea the system that 

resulted from the collaboration between the programming leader and the online specialist 

Interestingly, no members from ehher team recognized that these two had 

significantly appropriated control over the project. All of the team members from both 

courses continued to work on their part of the assignments, and all suggested that the 

formal process as defined by the instmctors had resulted in the finished software product. 

Some of the students on each team did, however, notice that their respective teammate— 

-either the CS programming leader or the TC online specialist, depending upon which 

team the student was on had appropriated the authority of the leader responsible for 

managing their team's process (i.e., the CS projea manager and the TC team leader). 

But none of the students recognized that h was the collaboration between these two 

students that essentially determined the activities of both teams toward completing the 

project. 
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CHAPTER IV 

ANALYSIS OF THE CASE STUDY DATA: 

CONTRADICTIONS IN THE STUDENT 

DEVELOPMENT PROJECT 

Introduaion 

The breakdown between the two teams in the test population points to an 

interesting paradox that has implications for managing maturity in organizational 

software development processes. While this particular group had severe problems 

working together within the stmaure of the system the instmaors had created for the 

project, there were two other projects in which the students did not appear to have 

significant problems working collaboratively with the other class. And while I did not 

observe the day-to-day activities in these other projects, I conducted exit interviews at the 

end of the semester whh the CS projea managers and the TC team leaders from the other 

projects to get a sense of their perceptions about working whh the other class. None of 

these students reported any real difficuhies in working with the other team. In fact, both 

the TC and the CS leaders in one of the projects were extremely enthusiastic about how 

collaborating with the other class contributed to the overall success of the project. 

This paradox suggests a number of issues regarding research in the workplace. 

One relates to problems discussed in Chapter n about the difficulty many theoretical 

constmas used in workplace research have in reconciling a systems view of agency with 

a cognhive view of individual agency. In the case of the test population, individual 
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agency played a considerable role, both in dividing the team and in how the CS 

programming team leader and the TC online specialist resolved problems stemming from 

the process breaking down. But, why would this particular group have difficulties 

working together while two other groups, with essentially the same demographic profile 

and working whhin the same systemic constraints, did not exhibit any real difficulty 

working together? One possibility is that my presence was a factor in the way the teams 

in this projea interacted. 

There are two criticisms of ethnographic methods that the ethnographer can never 

fully account for. The first is that the researcher's presence creates behaviors that test 

subjects would not ordinarily engage in, or exacerbates situations that arise. Certainly, 

there were a number of indications that the students were aware of my presence. For 

example, students would often go out of their way to provide background information I 

was not privy to, such as various aspects of the projects their instmctor had emphasized 

in class, ff they said something derogatory about the class they would frequently eye my 

tape recorder and jokingly remark to the effect, "You're not going to play this for the 

instmctor, right?" For the most part, however, my impression was that the students 

perceived me as a neutral observer, with no authority over them or the outcome of their 

project. My sense was they regarded me as another student who happened to be working 

on a project that paralleled then- own, and so were willing to be as cooperative as 

possible. And there was no possibility my presence may have influenced the initial 

dispute over who should meet with the customer because this issue arose the second week 

of the semester, prior to my beginning the investigation and before the students knew 
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they were going to be observed. My account of this incident is based upon interviews 

with the instmaors and the students and group dynamics I observed during the rest of the 

semester. 

The second criticism of ethnographic methods is that the resuhs of the 

investigation are substantially influenced by how the observed data are contextualized 

This is a difficult position to counter because there is always a degree of subjeaivity in 

gathering, recording, and classifying any research data, but the results of ethnographic 

studies can only be told from the perspeaive of the researcher, which is always 

subjeaive. However, my aim with this research is to provide as rich a description as 

possible of interaaions among various faaors that influenced the aaivities of the subjects 

and to account for the complexities of the working environment. This result really can 

not be arrived at satisfaaorily by other methods. The case study element of this 

investigation refleas the faa that I began with a broad hypothesis that tension between 

the formal agency of procedures defined by the process and the aaivities of individual 

agents is a significant faaor in how development processes evolve and are 

institutionalized. The ethnographic component reflects the fact that I returned to the data 

artifacts to identify hypotheses that would contribute toward a heuristic approach to 

managing development teams. 

To ensure that my resuhs are as credible as possible, I gathered extensive data of 

different types, and there is significant overlapping evidence substantiating the 

conclusions I draw in all three types of data artifaas colleaed in the course of this 

investigation. Clearly, how the data are contextuaUzed plays a role in the resuhs of this 
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investigation. For my part, with my working hypothesis I was especially attuned to 

identifying contradiaions in the system that gave rise to activity among the students 

directed toward resolution of these problems, and how this activity was enabled or 

constrained by various mediating artifacts. This focus makes my description sound as if 

this projea was fraught with problems, and it was. But activity theory posits that aaivitv 

is the manifestation of consciousness. In other words, you are what you do and what 

you do is continually try to reconcile your conscious perceptions with the exigencies of 

an ever-changing social matrix composed of other people and a vast array of physical and 

conceptual artifacts (Nardi, 1996b, pp. 7-8). In this view, all activity is directed at 

resolving problems, and so any description of activity will necessarily underscore the 

problem initiating the activity. In our daily lives, however, we do not contextualize 

everything we do as being consciously directed toward the resolution of an endless 

stream of specific problems, and so my descriptions do seem a little stilted. 

As for the issue of why this particular group had difficulty working together while 

two other groups did not seem exhibh any real difficuhy working cooperatively, this can 

also be explained as a function of perception. Just because the team leaders from the 

other projects did not report the same kinds of problems that I observed in the test 

subjects, does not mean that they did not have other kinds of problems to resolve. 

Activity theory precludes this possibility. Simply coordinating the activhies of the teams 

would engender a significant number of issues requiring resolution. In retrospect, all 

three projects were completed successfully, and all of the required documentation was 

turned in to the instmctors for grades. Had I only conducted exit interviews with the 

117 



team leaders of the observed project, as was done with the other projects in light of the 

overall successful outcome of the projea, there is a distinct possibility that they too 

would have reported no significant difficuhies working with the other team. In all of the 

exit interviews, the students had a tendency to minimize specific problems I inquired 

about. Even in cases in which students demonstrated strong dissatisfaction or anger over 

issues while the project was ongoing, the same students would often not mention, or 

minimize these issues in the summative review of exit interviews. 

This dynamic suggests the need for a heuristic means to inform management 

decisions aimed at optimizing and maturing software development processes. From a 

manager's perspective (that of the instmctors', for example) the documentation of the 

project indicates the formal process supported the activities of the team and resulted in 

the successfiil completion of the project. However, in actuality the formal process broke 

down in a number of instances, and informal activity networks arose to compensate. 

Significantly, in several instances team resources were committed to the produaion of 

fake documents that served no real productive purpose beyond satisfying the formal 

requirements of the development process itself {except of course, the pedagogical value 

in the students learning these documentation conventions). In this case, the documented 

record of the project not only fails to accurately describe how the work was aaually 

accomplished by the development team, but h also obscures the real processes that led to 

the completion of the software. For example, the collaboration between the CS 

programming team leader and the TC online specialist essentially employed a 

prototyping approach, while the documented record of the project reflects waterfall 
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development. It is conceivable, if not probable, that decisions aimed at process maturity 

informed by this documentation would have a significant potential to further codify the 

condhions that led to the process breaking down into the fuTn's future software 

development efforts. 

In the following analyses of the research data, I will discuss the implications of 

this and other issues that emerged from observing this student development project. 

Analysis of the Research Setting 

One issue regarding this research is how representative is a student development 

project in comparison to the larger milieu of practice in software development? There are 

a number of parallels that suggest this test population is reasonably representative of a 

development team one might expect to find in practice. Because of the time constraint 

requiring that the project be finished in a semester, the scope of the projeas was 

relatively limited. In general, the software was a small web-based application using 

Microsoft Active Server Page (ASP) format to allow military reserve pilots to create, 

update, and retrieve database records pertaining to their training and mustering schedules. 

This is the kind of projea one would expect entry-level personnel to be assigned 

to in industry. All of the students, with the exception of two CS team members, were 

classified as either juniors or seniors, and so were only a few months to a year removed 

from entering the workforce. Interestingly, one of the sophomores was the CS 

programming team leader; however, this student might be described as a computer-geek, 

and had the strongest technical knowledge and programming skills in the group. The 
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instmaors had extensive industry- experience commensurate with what would be 

expeaed of an upper-level administrator in praaice. Both had theoretical backgrounds 

that would probably w ell exceed that of an industrv counterpart. Interestingl), the 

English professor had extensive experience with software development as a founding 

member and co-owner of a software firm that produces a leading, nationally distributed 

software produa used for writing instmaion 

Perhaps the biggest difference was motivation t̂he students were working for a 

grade, whereas their industry counterparts would be motivated by career considerations, 

which of the two no doubt provides a more powerful impetus for performing the best 

work possible. The CS projea manager described this issue in the End of the Semester 

Document (EOS): 

Students don't seem to be vers interested in the outcome of the projea: they are 
concerned mostly with the outcome of theh grade. This is a problem because 
there are few methods available for program managers in this situation to utilize 
in order to motivate the individuals. 

While I did observ e a few slackers in the group, most of the students seemed to be verv 

engaged whh producing the best possible outcome for this projea. For the most part the 

students seemed well prepared, and many of them put significantiy more time into this 

project than I had expeaed they would. I suspea that the project manager's analysis is 

perhaps meant to suggest that he had no punitive means available to motivate the projea 

team, as his management style was very authoritarian. The TC online specialist suggests 

the projea manager's epistemic perspeaive was a contributing faaor to the break 

between the teams in this passage from her contribution to the EOS document: 
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Most of our [team's] problems [involved] collaboration with the computer science 
team. The core of our collaboration problems revolved around the computer 
science projea manager. Due to his lack of knowledge as to what a technical 
writer does, much of our projea was prolonged. 

This passage points to another factor that might separate this student project from 

a similar project in industry t̂he experience of the team leaders. None of the leaders 

had any managerial experience in software development. Even though a project of this 

type in industry would probably include entry-level employees, h is probably reasonable 

to assume managers assigned to the project would have some development experience. 

However, the TC online specialist's comment about the CS project manager not knowing 

what technical communicators do is substantiated in industry settings by Chisholm 

(1988), Bresko (1991), Conklin (1993), and others in the literature. 

In fact, many of the epistemic differences that these students encountered are well 

documented in the literature as problems their professional counterparts regularly 

encounter. WTiile we would expect seasoned managers to have more sophisticated 

strategies than their student counterparts for resolving functional differences in 

development teams, the fact that these differences reoccur in a variety of settings suggests 

that contradictions leading to managerial intervention are inherent to interdisciplinary 

development. 

And the TC online specialist's substantiated claim suggests that with 

compartmentalized processes, managerial intervention reflecting a single epistemic 

perspective can create problems in other areas of the development effort. A cross-

functional approach based upon a dialogic heuristic could provide a framework in which 
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the risks associated with intervening in the process could be significantly reduced by 

bringing multiple perspectives and functional concerns into the decision-making process. 

Despite differences in motivation and levels of managerial experience, this 

student project had enough characteristics in common with similar kinds of projects in 

industry that the research resuhs should tend to correlate to other software development 

settings. Moreover, because the focus of this investigation is activity motivated by 

contradictions inherent in the development environment, whether or not the subjects were 

working for grades or a paycheck has little, if any, relevance to the behaviors of interest 

in this research. 

Analysis of the Framing of the Project 

The produaion environment the instmctors created for this class was very much 

like one that students could expect to find when they enter the workforce. The CS class 

even included an exercise in which the students filled out job application forms and were 

interviewed for their positions on the development team by the project managers. The 

instmctor also used the job application forms to select the project managers. Figure 4.1 

below provides an overview of the development environment the instmctors established 

for the student development team. 
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Figure 4.1 Student Project Development Model 

This figure represents how the instmctors framed the project in their course 

materials. The development team (Community Node) was to comprise students from 

both classes (Subjea Node). The course materials refleaed the process models (Rules 

Node) that provided a framework for organizing and managing the project. Students 

(Subjea Node) were expected to apply the specifics of software development and 

documentation being covered in their respeaive courses (Instmment Node) to complete 

the project (Object Node). Responsibility for various tasks was distributed among 

various functional groups and mangers (Division of Labor Node). 
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As noted in the previous chapter the CS team was hierarchically organized, and 

this organizing strategy compartmentalized the overall process. In practice, this approach 

significantly relegated the TC team to a functional role in a process that was extensively 

defined and controlled by the CS team. These functional divisions in the process created 

communication barriers that not only hampered interaaion between students from the 

two classes, but also impeded communication among funaional areas of the CS team 

itself The CS programming team leader indicated that communication was a problem for 

project participants in the EOS document: 

Another problem we encountered was the lack of communication between the 
various project teams. This could be viewed as simply a lack of potential to 
communicate, or as a limiting factor of the existing team hierarchy/stmcture. 

Figure 4.2 is taken from the CS course web site and illustrates how the team was 

organized. After the dispute over meeting with the client, the CS instmctor changed this 

artifact. The original did not include the illustration at the bottom of the figure that 

shows team interaction whh the client. The CS project manager took the following 

comments by instmctor regarding interaction with the client to mean only the CS team 

should interact with the client: 

Although other formal or informal lines of communication may be formed, 
communication with the client should be limited to one or two specially 
designated individuals who will be responsible for setting up meetings whh the 
client. The client should not be overwhelmed whh questions/suggestions from 
too many sources nor should the client bypass the project manager to request 
project members to add/change/delete something from the requirements. 
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When I interviewed the CS project manager about the dispute over meeting with 

the client, he was adamant that he saw no reason for the TC team to meet with the client, 

and that there was a funaional necessity for him to mediate all communication with the 

client. He did, however, recognize a need for the CS programming leader and the CS 

requirements team leader to meet whh the client. He had a strong conviction that in 

practice user requirements were established this way, and that the Requirements 

Specification provided sufficient information to adequately inform both designing the 

produa and writing end-user manuals. 
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After intervention by the CS instmaor. the CS projea manager contacted the TC 

team leader and invited a member of the TC team to attend the meeting with the client 

and suggested the TC representative could take notes for the projea team While the 

projea manager possibly meant this as a conciliatory gesture to include the TC team by 

offering them what he thought was an appropriate role in the meeting, h was clear that he 

had little understanding of how technical communicators fit into software dev elopment 

In interv lews it was also clear that he did not consider producing user manuals as an 

integral part of software development processes. 

His comments persistently suggested a strong epistemic orientation toward 

software architeaure. He often implied that writing source code is the most important 

aspea of software development. Interestingly, his comments also suggested his own 

technical knowledge was limited with regard to programming. For example, when asked 

about what database engine and development tools would be used in the projea, he 

replied that the team would aeate all the softAvare funaionality with source code. When 

I asked the programming team leader about this, he indicated that this was never a 

consideration, and the programming team was using the Miaosoft SQL Server database 

engine and Miaosoft InterDev as their development tool. 

The CS projea manager was not the only student that exhibited a strong epistemic 

orientation. In faa, virtually all of the students in both classes emphasized issues and 

used language that refleaed the concerns and perspeaive of their respeaive disciplinary 

orientations Because none of these students had any real praaitioner experience, it 

seems reasonable to conclude that distina epistemic perspeaives are built into university 
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education, and that students appropriate these world-views along whh the other tools of 

the discipline, which they in tum carry into praaice. In the first two chapters I discuss a 

number of ways in which this dynamic plays hself out and becomes endemic in the 

cultures of organizations, often whh detrimental resuhs similar to those found in this 

student project. 

Although this development project did not result in the kind of collaborative 

environment the instmctors anticipated when they framed theh courses, a significant 

number of the students indicated that they had a much better understanding of the 

concerns and problems of the other class by the end of the project. And while the 

students learned valuable technical and documentation skills by their participation in 

these courses, perhaps the real value of the interdisciplinary framing of these courses is in 

the possibility the students will carry a broader, multidisciplinary understanding of 

software development problems into the workplace. 

Analysis of Contradictions Leading to Breakdowns 

Using the analytical lens of activity theory to understand why this project evolved 

as it did, h is necessary to identify primary contradictions the students encountered in the 

project. My strategy was to look for situations in which the process failed to adequately 

inform the activhies of the student developers. My reasoning was that some of these 

"breakdowns" in the process places where inherent or perceived contradictions gave 

rise to individual/collective activity aimed at resolving the problem would point to 
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deep stmaure issues that could be useful in developing strategies for more effectively 

managing interdisciplinary development teams. 

Engestrom (1987) maintains that primary contradictions at the nodes of the 

activity model engender secondary contradictions between nodes. These secondary 

contradictions are manifested as choices in decisions that shape the momentum of the 

activity toward hs objective and the character of the outcome of the activity. For 

example, a common primary contradiction in manufacturing resuhs from demand on the 

system to increase product quality, while at the same time reduce produaion costs. The 

secondary contradictions engendered by this demand frequently take the form of choices 

between allocating more personnel for quality control, which could improve quality but 

increase costs or cutting comers in produaion processes, which could reduce costs but 

negatively impact produa qualhy. 

Figure 4.3 below models a view of primary contradictions that shaped the 

decisions and the outcome of the student development project. Generally, this figure 

illustrates how overall demand in development projects for interdisciplinary participation 

conflicts with development processes that have evolved to privilege epistemic concerns 

whhin the tradition of the computer sciences. These primary contradictions reflect ways 

in which the process resists attempts to assimilate disciplinary concerns and 

competencies from outside the tradition of the computer sciences into development 

efforts. In this particular case, the impetus for interdisciplinary participation was the 

instmctors' expectations for a high degree of collaboration between the students in both 
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courses. However, these expeaations were contradicted by several intersecting factors 

engendered by the framing of the development environment in the project. 

Subject Node 
Projec t Conscious vs 
Assignment ConscioiB 

Instrument Node 
Programming Skills vs 
Writing and D̂ esign Skills 

Object Node W Outcome 
Complete Assignments vs Documented 
Best Possible Product Software Product 

Ru le s No de Co rnnu nity No de 
Compartmentalized Process vs Collaborative Group vs 
Participatory Process Two Separate Teams 

Division of Labor Node 
Priority of Programming vs V le w of 
Documentation as Integral to Product 

Figure 4.3 Primary Contradictions in Student Project 
Activity Network 

One such factor was the hierarchical organization that gave the CS team 

predominant control over defining roles and managing the process. This organizing 

strategy, in combination with a lack of understanding by the CS team of the concerns and 

competencies of the TC team, largely contributed to the collaborative aspect of the 

project breaking down almost immediately. Another factor that led to a breakdown in the 

process was the inherent dependence in waterfall development on timely and detailed 
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process documents. The design team falling behind schedule with the Design 

Specification put significant pressure on both teams to find ways to compensate for this 

problem. A third faaor was a contradiction in motivation arising from nonintegrated 

documentation cycles. While the project was framed in both courses to encourage 

collaboration, the assignments in the individual courses provided a view of software 

documentation that distinguishes the produaion of process documents as separate from 

the produaion end-user documents. The TC course assignments required the TC team to 

tum in work that only pertained to end-user documentation, and the CS course required 

the CS team to tum in process documents for grades. 

Figure 4.3 illustrates how these factors intersected to create primary 

contradictions in the development environment that substantially characterized 

interaction of the teams as choices between finding ways to overcome these 

contradictions and collaboratively produce the best possible produa, or to work as 

separate teams focused on fulfilling course assignments. 

In the following sections, I will examine the secondary contradictions the 

students encountered as a resuh of these primary contradictions. Because activity theory 

poshs that mediating artifacts both enable and constrain the range of available choices in 

activity, I will focus on the two nodes that primarily mediate both how activity is 

organized in social settings: (1) the Division of Labor Node, and (2) the Rules Node. 

Division of Labor Node 

The primary contradiction in how funaional responsibilhies and tasks were 

organized in this project reflects vestiges of the manufacturing tradition in which end-
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user documentation has been regarded as ancillary to the produa In researching the 

attitudes of produa development managers regarding produa documentation, Richard 

Chisholm (1988) concludes that decision-makers in firms often perceive produaion of 

end-user documents as a secondary aaivity, separate from produa development 

Chisholm also found that these managers tended to view costs associated with publishing 

end-user documents as overhead or support costs, as opposed to development costs (pp 

305-9). Both of these perspeaives point to an underlying assumption in the ranks of 

development managers in which end-user manuals and other documents produced by 

technical communicators are not regarded as an integral element of the software produa 

Refleaing the assumptions held by managers in Chisholm's study, both the 

literature and praaice of software development have traditionally relegated the creation 

of end-user documentation to the latter phases of the produa development cycle 

usually after the produa design is significantly codified and going into produaion. 

Chisholm argues that this arrangement tends to have two effeas. First, it underscores the 

assumption that produa documentation is not an integral part of the produa. And 

second, it tends to remove the activities of technical communicators from development 

processes. This latter dynamic is apt to confirm a low-prestige, clerical status upon 

technical communicators in the workplace (Chisholm, 1988, p. 302). 

That the comments and condua of the student projea manager in this study were 

extremely consistent with Chisholm's observations in industry, suggests that attitudes 

about end-user documentation and by extension, roles of technical communicators in 

software development are ingrained in the epistemic perspeaive appropriated by this 
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student through his education. Whatever the reason for this view of documentation, 

however, the primary contradiction between a view of end-user documentation as 

ancillary to development and a view of documentation as an integral part of the software 

produa engendered a number of choices that significantly shaped the character of this 

project. Figure 4.4 provides a view of some secondary contradictions at the Division of 

Labor Node. 

Subject Node 
Project Conscious vs 
Assignment Conscious 

Instrument Node 
Programming Skillsvs 
Writing & De sign Skills 

Object Node W Outcome 
Complete Assignments vs Documented 
Best Possible Rioduct Software Product 

RulesNode Co rnnu nity No de 
Compartmentalized Process vs Collaborative Group vs 
P^icipatory Process TWD Separate Te ams 

Division of Labor Node 
Priority of Programming vs V lew 0 f 
Docximentationas Integral to Product 

Figure 4.4 Secondary Contradictions at the Division of 
Labor Node 

132 



The secondary contradiction represented by artow-A (between the Division of 

Labor Node and the Object Node) in Figure 4.4 was a significant factor in the initial 

dispute over meeting whh the client and the break between the TC and the CS teams in 

this projea. My observations in TC team meetings, interviews whh TC team members, 

and examination of email messages all indicate a consensus among the TC team that the 

CS team did not regard developing end-user documentation as an activity integral to the 

development effort. The TC team was initially concerned by the emphasis the CS team 

placed on programming considerations in planning meetings, and feh that their own 

disciplinary concerns and competencies were not being taken into consideration in these 

meetings. The TC team also recognized that the control the CS team exercised over the 

process due to the organizing strategy the CS instmaor imposed on the project put them 

at a disadvantage in fulfilling their part of the assignment and limited their opportunities 

for participation. 

Although they had these concerns, TC team members were still attending CS 

project planning meetings, and in their own team meetings were discussing strategies for 

working with the CS team. However, when the CS project manager objected to them 

meeting with the client, their reservations tumed to anger. The general consensus in the 

TC team at this time was that the CS students did not view them as viable participants in 

the development effort, and so they decided to stop working with the CS team. Even 

after the instmctors intervened on their behalf on this issue, the CS project manager's 

suggestion that they could take notes at the meeting exacerbated the feeling among the 

TC students that the CS students did not consider them as equal participants in the 
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development project. Despite the organization chart that showed them as part of the 

development team, and the instmaors' expectations that the two teams work together, the 

TC students decided to work separately from the CS team as much as possible. 

The primary contradictions suggested two confliaing views of the project at both 

the Division of Labor Node and the Object Node. The TC students had writing and 

design skills that in a collaborative effort could have contributed toward an objective to 

produce the best software produa possible. However, because the CS team did not 

perceive technical communicators as being an integral part of the development effort, the 

TC team did not see opportunities for bringing their disciplinary competencies to bear in 

contributing to the product beyond writing the end-user manual. 

The other secondary contradiction, represented by artow-B (between the Division 

of Labor Node and the Rules Node) in Figure 4.4, illustrates that a participatory process 

did not seem to be an option to the TC team because the CS team controlled the process. 

The CS team's early emphasis on programming issues, in combination whh a lack of 

interest in the concerns and competencies of the TC team, indicated to the TC team that 

they would be compartmentalized into a single functional area no matter what they did. 

So they chose to focus on satisfying their own course assignments, instead of seeking 

wider inclusion into the development effort. In exh interviews they consistently 

indicated that this seemed to be their most viable option in this development 

environment. The consensus seemed to be that if they were going to be powerless in 

decisions regarding the software interface, they at least had control over the quality of the 

end-user documentation upon which their grade was going to be based. 
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Interestingly, in the exit interview with the CS project manager, I asked him about 

his reaaion to the TC team's decision to work separately in the project, and he indicated 

that he didn't know they had made this decision. One possible implication of his reaction 

is that he did not see them as part of the development process, and so there was no reason 

for the TC team leader to attend the weekly project meeting held by the CS team leaders 

Another possibility is that when the TC online specialist began attending these meetings, 

the project manager may have constmed her as the formal representative of the TC team. 

Rules Node 

A primary contradiction at the Rules Node created a number of communication 

barriers in the project. The CS team was hierarchically organized and compartmentalized 

into sub-teams representing various functional areas {see Figure 4.2 for organization 

chart). Team leaders met with the project manager on a weekly basis to report the 

progress of their team. However, these meetings rarely addressed the specifics of this 

progress, and there was little attempt to collaborate across functional areas within the CS 

team until there was a crisis. 

My observations in the weekly meetings of the CS team leaders indicate these 

students generally viewed programming as the central activhy in developing a software 

produa. They also tended to view the process documentation as important more because 

they were being graded on h than for hs value in informing their activhies. One reason 

for this view of the documentation is that many of the students did not have enough 

development experience to produce detailed documents that sufficiently anticipated the 
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next stage of the development process to adequately inform the team's activities The 

Design Specification was particularly problematic in this regard. The EOS document 

describes the problem the design team had as follows: 

The entire design team was new to this type of system and the chosen 
programming language. This caused some delay in the completion of the design 
The programming team leader became an active leader for this team to help them 
understand what was needed. Because of the time constraints for this project 
some of the design team did not keep up with the more experienced team 
members. It would have been helpftil to have more experienced personnel or a 
longer training period. 

The programming team leader's comments in the EOS indicates how the delay in 

producing the Design Specification affected his team: 

The programming team experienced a number of problems throughout the course 
of the semester. The first and most difficult of these deah with the design 
document. The design document is intended to supplement the requirements in 
terms of funaional detail. The foremost problem in this area was the time needed 
by the design team to produce a usable document. Many assumptions were made 
by the programming team as a resuh of this delay, and some of these assumptions 
have had a relatively detrimental effect on the progress of the programming team 

Reading between the lines of these descriptions suggests how the character of the project 

changed as a result of the delay in the design document. A significant portion of the 

design document was intended to specify various elements of the interface, such as menu 

and display screen formats, report formats, and other elements of user interaaion with the 

system. Designing the interface was a major factor that overwhelmed the design team 

and significantly impeded then- completion of the design document. 
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Because the design document was delayed, the programming team leader decided 

to begin prototyping the interface in lieu of a design specification to guide his team But 

they were having problems designing a suitable interface as well. A number of meetings 

between the programming team and the design team aimed at resolving some of the 

design issues, however, while they resolved many of the elements of the design document 

that describe system features such as design notation, they did not make much progress 

with the interface design. Two issued seemed to give them the most problems The first 

was determining an organizing principle, so the various screens would be intuhivelv 

navigable for users. The second issue was establishing a style for screens and reports 

Their discussions about style typically stressed aesthetic considerations over rhetorical 

considerations. After one of these meetings, the programming leader expressed 

frustration that the screens "just don't look good enough." 

It was during this time that the TC online specialist began attendmg the CS team 

leader meetings. While the TC team was not working with the CS team, they still 

maintained some contaa and were still dependent on the CS team to produce the software 

so they could write the manual. The CS team being behind schedule was of particular 

concern to the TC online specialist because her main task was to develop content for an 

online help system. In her exit interview the online specialist stated that her strategy had 

been to find the CS student that seemed most knowledgeable about the project to see if 

she could get information that would allow the TC team to begin developing content for 

the manual and the help system. 
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In the first meeting the TC online specialist attended, she identified the CS 

programming team leader as seeming to have the most knowledge and control in the 

projea At this meeting she made some suggestions about saeen design based on 

knowledge from some of the technical communication courses she had taken Her 

knowledge about design caught the attention of the CS programming team leader, and 

after the meeting he began talking to her about specific design problems the CS students 

were having. These two began working together outside of the formal stmcture of the 

teams, and this working arrangement began to drive the progress of the project 

The dynamics of this situation are illustrated by the secondary contradiction 

represented by arrow-C (between the Rules Node and the Instmment Node) in Figure 4 5 

Subject Node 
Projec t Conscious vs 
Assignment ConscioxB 

Instrument Node 
Programnung Skillsvs 
Wntmg&Desagn Skills 

Object Node W Outcome 
Cort̂ ]le1e Assignments \5 Documented 
Best Possi)le Product Software Prociict 

Rules Node Community Node 
Compartmentalized Process vs Collaborative Groopvs 
Partic^jatory Process Twj S epaiale Te ams 

DJvision of Labor Node 
Prionty of Programming vs V lew of 
Documentation as Integral to Prodiict 

Figure 4.5 Secondarv' Contradiaions at the Rules Node 
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Initially the CS team was relying on various funaional areas in a 

compartmentalized process to produce the various specifications that driv e waterfall 

development. However, theu^ emphasis on programming skills often contradicted the 

emphasis waterfall development places on process documents. While the students clearly 

had a theoraical understanding of how these documents were supposed to fiinaion, in 

praaice they tended to look upon the main funaion of the specifications as something 

they were doing for a grade. The delivery schedule for the projea documentation put 

considerable pressure on the team to produce documents before they had made decisions 

about various issues that the documents were supposed to resolve. The CS team often 

faked content in various process documents to compensate for material they had not flillv 

developed. A sentiment frequently expressed was words to the effect, "just put what the 

instmaor wants to hear in the specification, and we'll take care of it in the code." 

Experience was a factor in many of the problems the team had in developing the 

documents, particularly with the design document. Compartmentalization of the process 

was a significant barrier to opportunities for the students to resolve issues colleaively, 

especially whh regard to communication between the CS team and the TC team. For 

example, the CS programming leader indicated in an interview that he recognized the 

competencies of the CS students did not include the level of rhetorical and design skills 

needed to create the interface b̂ut that the TC online specialist brought these 

competencies to the table. However, the compartmentalized development environment 

was not geared to supporting this kind of interdisciplinary participation. In many ways. 
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the functional boundaries in the process blinded the students in both classes to other 

options for resolving problems. 

The secondary contradiction between the Rules Node and the Instmment Node in 

Figure 4.5 framed the choices available to the students. The CS team made the choice to 

rely on programming skills to offset problems whh developing specification documents 

To develop a participatory process that allowed the TC online specialist and the CS 

programming team leader to bring both their areas of disciplinary competency to bear in 

resolving problems in the project, they found h necessary to work outside of the formal 

process. Because they perceived changing the formal process too difficult, they made the 

choice to informally create their own working arrangement. This collaboration 

significantly drove the rest of the project. The design document and the rest of the 

documents produced by both teams were written to reflect the design choices these two 

students made, instead of driving development as these documents were intended to do. 

Chapter Summary 

Many of the problems these students encountered during the course of this project 

are well documented in the literature and have been discussed at length in previous 

chapters. What has not received much attention in the literature is how individual agents, 

or a collection of individuals in informal activity networks, aaually work within the 

constraints imposed by the formal agency of the process model and development 

procedures in team development environments. 
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Many of the problems in this project could be attributed to the personalities of 

individuals. Certainly there was bad feeling between the CS project manager and the TC 

team leader. But this conflict also resulted from how the development environment was 

framed, and because these two students had very different epistemic concerns and 

perspectives. In terms of managing the process toward optimization and maturity, the 

interplay individual personalhies will always be an unknown variable, but tradhional 

approaches to development offer few formal opportunities for discussion aimed at airing 

problems regarding the process, or resolving differing epistemic concerns. Such a 

mechanism possibly could have averted the breakdown in communication between the 

two teams, or at least lessened its severity. 

A significant number of issues that required resolution can be associated with 

waterfall development. Boehm (1987) argues that bottlenecks associated with document-

driven software development processes increase development time because these models 

require fully developed process documents requiring unnecessary levels of detail during 

the initial phases of development. He supports this argument by noting that document-

driven standards have resuhed in many development projects in which elaborate 

specifications of poorly understood user interfaces and software functions are often 

written by developers. Clearly, the bottleneck created by the design specification in this 

project created significant problems for the students, and tended to reflect Boehm's 

concerns. Boehm argues for a heuristic means for accessing development risks; however, 

he also acknowledges that solely relying on the experience of developers to identify risks 
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is a problem with his spiral development model. My observations in this research tend to 

support this perspective 

While these students lacked any real experience in organized efforts to develop 

and document a software produa, they did exhibit relatively strong epistemic world-

views. In many significant ways the epistemic orientation of students on both teams 

blinded them not only to the problems of the other team, but also to finding ways to 

bringing the specialized skills and knowledge of both disciplines to bear in areas where 

these problems overlapped. The collaborative arrangement arrived at by the CS 

programming team leader and the TC online specialist suggests a potential for 

interdisciplinary cooperation in software development. However, because the formal 

process did not support their activhies, they worked togaher informally. The problem 

this informal activhy engenders for managers trying to move the processes of their firms 

toward higher levels of maturity is that this kind of experience is difficuh to capture and 

disseminate back into the formal processes of the firm. This is especially tme given that 

the documentation record does not significantly reflect and in many instances, 

obscures t̂he role this collaboration played in driving the project to completion. 

In the next chapter, I will examine some ways in which development risks can be 

addressed in interdisciplinary settings based upon the behaviors exhibhed by the students 

in the course of this research. 
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CHAPTER V 

RECOMMENDATIONS FOR IMPLIMENTrNG A 

CROSS-FUNCTIONAL APPROACH TO 

INTERDISCIPLINARY TEAM 

MANAGEMENT 

Introduaion 

To understand why technical communicators should be interested in the politics 

of technology, particularly as they relate to managing software development processes, it 

is important to recognize that language and technology are imbued with certain values, 

and technical communicators play a pivotal role in constmcting and perpetuating these 

values. Language and rhetoric are the essential elements of technical communication, 

and technology not only provides the means by which we communicate, but also the 

substance about which we communicate. In this dissertation, I have considered the role 

of technical communicators as writers of technology, and now having examined 

various ways in which language and technology are inextricably bound to culture 1 

must also recognize, as Haas (1996) argues we are written by them as well. 

Gill (1994) suggests one perspeaive on the role of language is that h delineates a 

changeable context for understanding reality. From this perspective, language takes on a 

more powerful and constmctive social function than simply a means for describing those 

things which already exist in an ontological sense b̂ut more importantly, language 

shapes the way we perceive and know. This view adds a contextual dimension to 
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language, in which words can connote different epistemic understandings across the 

boundaries of various discursive communities of practice. In this view, language and 

by extension, knowledge is mutable. How we perceive realhy substantially depends 

upon how we explain reality. 

This perspective of language is extremely consistent with the canon of the Soviet 

cultural-historical tradition, in which language is viewed as an artifact that mediates 

between consciousness and the objects of human activhy. Residue of previous 

understandings embedded in language both enable and constrain how we conceptualize 

our objectives, but by hs use, the artifact hself is changed to embody new understandings 

arising from the activity. This historical perspeaive, indicates how the processes and 

procedures of software development have become imbued with the epistemic concerns 

and world-view of the computer sciences, and in turn, how this tradition has been shaped 

by mechanistic metaphors for produaivity of the Industrial Revolution. 

Gill (1994), Street (1992), and Black (1981) all suggest the metaphor shapes 

epistemic understanding. Black (1981) argues that metaphors play a central role in how 

meaning is made discursively. Street (1992) adds a hegemonic dimension to the 

metaphor by noting that analogies draw on human society and reproduce certain 

assumptions about that society, e.g., assumptions about development roles. He argues 

that language in the discourse surtounding technology, particularly discourse involving 

decisions about implementations of technology, has the power to exclude some groups 

from the process and to ratify the power of certain other polhical relationships and 

stmaures. Perhaps just as surely as the metaphor of the assembly line has contributed to 
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compartmentalization in development processes, the metaphor of the book, so different in 

form than programming code, has defined an ancillary role for technical communicators 

in software development. However, with the trend toward interdisciplinary development 

and online help systems in which the software and manual become increasingly integral 

and differences in development roles are diminished by growing areas of overlapping 

concern and practice, these metaphors have lost relevance to the degree that they now 

impede contemporary development processes. 

Technical communicators need be aware of the power of the ethos the discipline 

establishes. Street (1992) indicates that inquiry aimed at technology has the tendency to 

apply a selective definition of relevance, or authority, to the information, which he 

attributes to the language and ethos of the inquiry. He suggests that arguments grounded 

in scientific expertise carry more weight in our culture than those based on political 

judgment. One of the charaaeristics of technical writing is that the writer often 

appropriates that authority of experts and in writing about technology, this expertise is 

usually grounded in the sciences. In many technical documents, the writer is perceived as 

the expert either through the appropriation of the authority of others, or because the 

writer has put together experience that no one expert possesses and becomes a bona fide 

expert in his or her own right. In this respect the writer is not an objective reporter or 

translator a role sometimes attributed to technical communicators in the literature 

but a persuasive force shaping the beliefs of readers. 

Arguments in the Iherature suggesting technical communicators are poshioned to 

intervene in the process to mediate the often differing perceptions of users and developers 
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or to improve the process documents that significantly drive development, ultimately 

imply that the discipline is poshioned to effect substantial change in development 

processes. Many of the arguments suggesting technical communicators should take a 

proaaive stance in defining roles in software development especially ring tme in a 

context of existing disciplinary competencies and current development processes. For 

example, Hackos' (1994) maturity model for documentation processes provides a valid 

means to improve the produaion of end-user documentation, largely autonomous from 

the particularities of various development models. And there is a compelling logic in 

Jones' (1996) suggestion that interface issues should not be driven by developers from 

computer disciplines, but by technical communicators because the interface, she 

argues, is the primary documentation of a computer system. However, framing these 

arguments within a context of traditional development processes has a potential for 

further compartmentalization by strengthening existent funaional boundaries or creating 

entirely new ones. And by implication, this framing tends to require disciplines 

traditionally involved in the creation of user interfaces and in managing development 

processes to recognize that, to some degree, their activities in these areas have not been 

entirely successful. 

By its emphasis on areas of mutual concern and collaboration, a cross-functional 

approach to software development offers a more collegial and logical framework for 

establishing more participatory, interdisciplinary processes. Mirel (1996) eloquently 

asserts that training in the computer disciplines "stresses technological over rhetorical 

skills and knowledge, mistakenly assuming that knowing how to operate a technology is 
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commensurate with knowing how to use h to its full advantage to achieve a purposeful 

exchange of information" (p. 93). But we must remember that development processes 

and the technological orientation of computer disciplines both evolved from initial 

development condhions that required significant technical expertise to achieve any 

exchange at all whh computers. However, because improving the communicative 

stmctures of the interface to support users' cognitive and social interaction in computer 

environments is an imperative in contemporary software development, we must find 

ways to evolve development processes to accommodate working relationships among 

practitioners with very different epistemic orientations. 

James Conklin (1993) suggests technical communicators add what he terms 

communication value to software development efforts by bringing skills to the table that 

contribute to a more consistent context for development. Certainly, there are potential 

benefits to integrating the produaion of process documentation and end-user 

documentation. For one, more uniform documentation provides a more consistent frame 

of reference for all participants with a stake in the software produa. But perhaps more 

important is the idea that collaboratively written documents would provide opportunhies 

that did not previously exist for discussing issues, sharing concerns, and encouraging 

interaction between disciplines and across functional boundaries. 

The real problem with compartmentalization is that it diminished opportunities for 

communication and establishing a shared context in development. The student research 

project demonstrates that a shared context is a defining element that distinguishes 

between composite teams and cross-functional teams. In the following seaions, I will 
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discuss possible means suggested by the research described in the previous two chapters 

for improving communication among praaitioners and adding communication value to 

development processes. 

Communication Management Techniques 

In contrasting the tension between the tendency of the formal agency in 

organizations to move toward entropy, against the momentum of human activity toward a 

continually changing context, I have tried to estabhsh a sense of the complexity inherent 

in the ecology of the workplace. The interplay of these forces adds a protean dimension 

to managing the processes of the firm, because as my research demonstrates, when the 

formal system fails to sufficiently inform the aaivities of workers, they tend to find 

informal means to accomplish the tasks at hand. This mutability stands in stark contrast 

to Fredrick Taylor's (1911) staunch axioms, Deming's (1956, 1982a, 1982b) expeaations 

for a predictive science of management, and other top-down, mles-driven approaches 

toward establishing some maintainable, charaaeristic state in organizations, akin to 

Bertalanfiy's (1969) conceptualization of equifinality and homeostasis in organizational 

systems (p. 46). These approaches are perhaps best seen as a legacy of the mechanistic 

world-view of the Industrial Revolution in which a status quo was thought to be 

desirable, so organizations could be tinkered with, machine-like, toward some optimal 

operating state. However, the volatility of contemporary markets demands flexible, 

adaptive firms capable of fostering and sustaining innovation. 
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Boehm (1975, 1987, 1991) suggests a dialogic-based heuristic method for 

anticipating risks in software development projeas and for optimizing the development 

process to fit the exigencies of specific development condhions. However, Boehm's 

spiral development model, taken alone, does not provide much impetus toward process 

maturity. I have suggested that combining certain elements of spiral development with 

the CMM provides a feasible solution for developmg processes that are both flexible and 

consistent aaoss the development efforts of the firm. One problem whh both models, 

however, is their reliance on the experience of developers to frame and solve 

development problems, and to significantly define the firm's development processes My 

research suggests a drawback to this approach is that h tends to bring a narrow epistemic 

understanding of problems into play. This narrow perspeaive may provide useful 

insights with regard to some funaional concerns, but has a potential to create different 

problems, or exacerbate existing problems, in other funaional areas. 

The trend toward interdisciplinary development refleas the growing imperative 

for software that not only makes efficient use of system resources, but also supports the 

cognitive and social interaaions of increasingly sophisticated users in computing 

environments. However, my observations in the student development projea indicate 

traditional perspectives and processes in software development that have evolved to 

privilege the epistemic concerns of the computer sciences resist efforts toward bringing a 

wider range of disciplinary competencies to bear in resolving development issues. But 

the informal collaboration between the CS programming team leader and the TC online 

specialist indicates the positive potential for participatory development processes. 
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However, this is not to suggest that participation alone is a silver bullet, and we 

can anticipate certain drawbacks whh implementing participatory processes. Louis Fried 

(1995) observes that adding more people to development teams can decrease productivity 

because the number of required interactions among team members rises at an exponential 

rate with each additional member (pp. 125-37). One advantage of more participatory 

processes is the potential to create more consistent contexts for development across areas 

of functional concern in organizations. One reason that the working arrangement 

between the CS programming team leader and the TC online specialist was successfiil is 

that they found a way to cut through the communicative barriers buih into composhe 

teams to exploit the competencies that both brought to the collaboration. 

As I have suggested, a problem with informal processes is that knowledge gained 

in these environments often is not disseminated back into the firm's knowledge base. 

The fact that the process employed by the CS programming leader and the TC online 

specialist was not reflected in the project documentation demonstrates this problem. The 

CMM relies upon a summative review process to capture knowledge gained in software 

development projects. I have suggested that this strategy, in conjunction with the 

forward looking review aimed at assessing risks in spiral development, provides a 

framework for both optimizing processes while projects are ongoing and for maturing 

these processes. However, I Have also suggested that these review processes depend 

upon the experience of developers, which can further codify the single epistemic 

perspective of the computer sciences into development processes, resulting in more 

firmly entrenched barriers to interdisciplinary participation. In the following sections, I 
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will suggest some possible strategies for encouraging interdisciplinary interaction in 

development processes. 

Activhy Meetings and Reviews 

The activity model suggests a strategy for developing a forward looking review 

process for establishing a cross-functional approach to encourage interdisciplinary 

collaboration in development processes. It provides a framework for developing a shared 

understanding of development processes by examining areas of overlapping concern 

among fiinctional areas. Activity theory also has potential for optimizing development 

processes while projects are ongoing because of its emphasis on comparing the existing 

system with the one that is continually emerging. One advantage of a review process 

based on activity theory is that it provides a heuristic means for contextualizing the 

complexity of development environments. As we saw with the analysis of the student 

development project, the contradictions inherent to organizational systems often obscure 

the tme nature of problems, and only suggest a limited range of choices toward resolving 

these problems. 

While it would be necessary to provide some training in the concepts of activity 

theory whh this approach, its potential for opening a dialogic toward establishing 

processes and development roles that would take advantage of specialized disciplinary 

skills and integrate them into a single, cohesive development effort seems worth the 

effort. An activity meeting might be conducted using the following framework: 
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1. Define the evolution of the existing process or problem. This exercise would give 

participants an opportunhy to examine problems in a historical context that would 

allow them to examine how problems have developed and changed over time. 

Especially whh regard to evolutionary factors that have shaped the processes of the 

firm to resist interdisciplinary inclusion. 

2. Identify primary and secondary contradictions in existing process. This exercise 

would give participants an opportunhy to express contradictions specific to the 

individual organization from a variety of perspectives, using the modeling convention 

of activity theory. 

3. Articulate decisions apparent in contradictions. Identifying the obvious choices 

could provide a basis for discussions leading to identifying choices that are not so 

obvious, and perhaps engender opportunities for "thinking out of the box" with regard 

to development issues. 

4. Formulate plan for "controlled" evolution of the process. Because activhy theory 

focuses on choices and mediating artifacts that shape the range of future possibilhies, 

it has the potential to provide insights into how to intervene in the development 

processes of the firm to achieve desirable results in future development efforts. 

While this is only a rough framework, it does suggest possibilities for creating a shared 

context for development geared toward understanding how processes have evolved and 

become institutionalized within the strictures of individual organizations. It also suggests 

a sensible approach for intervention into the process that relies on not just the experience 
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of managers, but is arrived at through a dialogic airing of the concerns and perspectives 

of a wide range of stakeholders in the development efforts of the firm 

Computer-Mediated Process Documentation 

Another issue that I have discussed at length in this dissertation relates to v arious 

problems associated with process documentation. Boehm's (1987) argument that 

traditional approaches to process documentation requu-e developers to anticipate all the 

elements of a software system in advance, is well taken. Certainly, this created 

significant problems for the student design team. And while h is probable that 

developers would not develop fake documents as the students did, delivery schedules can 

result in documents that do not describe the full dimension of development problems, nor 

explain what faaors influenced decisions. Tsai, Yang, and Lien (1990) suggest that 

approximately 60% of development costs in the life of a software system go toward 

maintenance of the system. They attribute much of this cost to inadequate process 

documentation. 

All of these issues suggest that the view process documents provide of the 

development process is not entirel} accurate This has significant implications for 

summative reviews aimed at process maturity Addhionally, the tendency among the 

students to minimize problems in their exit interviews suggests that information gathered 

after-the-fact does not provide a sufficient understanding of development problems 

especiallv, as a means to inform efforts toward process optimization and maturity. 
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In the course of observing the student development projea, I found that following 

the email discussions of the students provided clues and insights as to how problems 

evolved and reached resolution over time. Many of these problems were not addressed in 

the process documentation, nor the review documents. This suggests a potential strategy 

for producing living process documents that provide a view of how development 

problems evolve and change over time. A threaded discussion list would not only 

provide another fomm for interdisciplinary teams to bring muhiple perspectives to bear in 

topical discussions, but also provide a view of the development process forged in the heat 

of the moment, as problems are unfolding. 

With the growing popularity of groupware environments for facilitating business 

processes, an examination of computer mediated discussion in development teams 

suggests a rich area for research with potential to contribute to new conceptualizations 

that could lead to new, more reliable forms of process documents. 

The Cross-Funaional Maturity Model 

While I have argued that the CMM provides the best available framework for 

managing toward process maturity, I also have indicated a number of shortcomings with 

the model in a context of interdisciplinary development teams. Among these are the 

following: 

Over-reliance on developers whh an epistemic orientation in the computer sciences to 

define the development process. 
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Difficulties with adjusting and optimizing processes while projects are ongoing 

Potential for failing to capture the actual working processes of developers not 

refleaed in project documentation, and a corresponding potential to codify the wrong 

processes into the policies and procedures of the firm. 

The research presented here suggests that interdisciplinary development, like 

process maturity, cannot be mandated by policy, but emerges from a shared recognition 

among developers that muhiple disciplinary competencies are needed to address 

contemporary development problems. Contradictions in the development environment 

stemming from compartmentalization, different epistemic perspectives, and other factors 

in the complex ecology of the workplace pose significant communicative barriers to 

developing a shared context in development projects. The collaboration between the CS 

programming leader and the TC online specialist in the student development project 

contrasts sharply with the composite nature of the rest of the teams' activities. This 

dynamic suggests that interdisciplinary development roles, what I have termed cross-

functionality, also go through a maturation process. 

Activity theory posits that mediating artifacts both suggest certain solutions to 

contradictions faced by developers, and at the same time can blind them to other 

possibilities. But aaivity theory also demonstrates how mediating artifacts change to 

encompass new understandings through their use in activity directed toward an objective. 

I have pointed to arguments by theorists in the area of organizational behavior that 

suggest changing employees' mental models is a problematic, but critical success factor 
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in implementing organizational change. And while activity meetings and computer 

mediated discussion are communication management techniques that have real potential 

to open dialogues aimed at developing shared mental models, these techniques do not 

guarantee that any shared understandings resulting from these activities will be reflected 

in the formal processes of the firm. 

The CMM is geared toward aligning the formal processes of the firm with the 

actual experiences of developers. However, the list above suggests that the CMM itself 

imposes barriers to developing interdisciplinary approaches to software development. 

Figure 5.1 suggests a means to mature cross-flmctional processes within the framework 

of the CMM. 

Cross-Functional Maturity CMM Maturity Levels 

Higher 

• 

%m 

a 

Lower 

Shared 

Integrated 

Participatory 

Collaborative 

Composite 

Optimizing 

Managed 

Defined 

Repeatable 

Initial 

Figure 5.1 The Cross-Functional Maturity Model 
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The column on the left indicates levels of cross-fiinctional maturity that 

correspond to levels of process maturity in the framework of the CMM. Paulk et al 

(1995) describe the levels of process maturity in the CMM in the following section 

quoted from the CMM: 

1. Initial. The software process is characterized as ad hoc, and 
occasionally even chaotic. Few processes are defined, and 
success depends on individual effort and heroics. 

2. Repeatable. Basic project management processes are 
established to track cost, schedule, and functionality. The 
necessary process discipline is in place to repeat earlier 
successes on projects with similar applications. 

3. Defined. The software process for both management and 
engineering activities is documented, standardized, and 
integrated into a standard software process fo rthe organization. 
All projects use an approved, tailored version of the 
organization's standard software process for developing and 
maintaining software. 

4. Managed. Detailed measurements of the software process and 
product quality are collected. Both the software process and 
the produas are quantitatively understood and controlled. 

5. Optimizing. Continuous process improvement is enabled by 
quanthative feedback from the process and from piloting 
innovative ideas and techniques, (pp. 15-16) 

The descriptions following indicate how the cross-functional maturity model corresponds 

to the CMM's levels of process maturity. 
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1. Composite. Development teams are initially composite in their organization 

Compartmentalized process present barriers to communication between functional 

divisions in the process. 

2. Collaborative. Basic collaborative approaches begin to emerge between individual 

developers from different funaional areas in response to contradictions they 

encounter in the development process. Developers begin to identify areas of 

overlapping concern and begin to recognize the competencies of other disciplinary 

areas. 

3. Participatory. Management of the process aims at formalizing new participatory roles 

and removing barriers between funaional areas. Communication management 

techniques are employed to discover more effeaive ways to allocate human resources 

that take better advantage of specialized skills and knowledge. 

4. Integrated. Documentation and development procedures are consistently integrated 

across the development activities of the firm. Both quantitative and qualitative 

metrics are established by interdisciplinary teams to identify additional efficiencies 

and to measure the effeaiveness of cross-functional processes. 

5. Shared. A shared context for development is institutionalized across the firm. 

Mechanisms are in place to allow current research and changes in technology to be 

addressed from muhiple epistemic perspectives to foster new innovation. 

These levels of cross-functional maturity provide a framework that is consistent 

with the CMM for managing toward process maturity, but they also provide a means for 

implementing change that takes advantage of the considerable experience and knowledge 
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employees have already acquired. Particularly with regard to situated praaice 

engendered by development conditions defined by the culture of the individual firm 

This cross-flinaional maturity model provides needed flexibility in the CMM to insure 

that the processes of the firm can adapt to changes in research and technology. It also has 

significant potential to foster continuing innovation in the activhies of the firm by 

bringing multiple disciplinary perspectives to bear in addressing a wide range of issues 

that affect the success of software development projects. 

Conclusions and Recommendations 

This research provides only a starting point for fiiture research. As previously 

noted, many of the problems these students encountered during the course of this project 

are well documented in the literature and have been discussed here at length. What has 

not received much attention in the literature is how individual agents, or a collective of 

individuals in informal activity networks, actually work within the constraints imposed 

by the formal agency of process models and development procedures in team 

development environments. Based on my examination of the student development 

project, aaivity theory has significant potential to help us understand the dynamics of 

development problems, while also accounting for the complexity of the workplace 

ecology. Few theoretical constmcts used in workplace research can make this claim. 

Certainly, problems associated with interdisciplinary development bear further 

study. The resuhs of this research indicate that contemporary development processes not 
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only fail to support the aaivities of interdisciplinary teams, but also impose bartiers to 

interdisciplinary participation in development projects. 

As for the issue of process maturity, I am tempted to speculate about what 

strategies the programming team leader and the online specialist will employ in the next 

development project they are assigned to. It is probable that because they have a better 

understanding of the concerns and competencies outside of their own discipline, they will 

have a more informed understanding of development problems that arise in fiiture 

projects, and will use this knowledge to work more effectively with developers having 

very different epistemic orientations. This is the essence of a cross-functional approach. 

However, while the rest of the students in the projects claimed to have a better 

understanding of the problems and concerns of the other discipline in the project, h seems 

improbable that they could have developed the collaborative strategies that emerged 

between the programming leader and the online specialist. In managing toward process 

maturity, it seems important to find ways to elicit a cross-frmctional understanding of 

development issues for all stakeholders in development projects, and to continue to find 

ways to break down communicative barriers that tend to waste the most important 

resources of the firm the knowledge and skills of workers. 
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Proposal for Expedited Research Using Human Subjects 

I. Project Title 
Managing Cross-Functional Software Development Systems: An Activity Theory 
Approach 

II. Rational 
The literature indicates that there are many perceived benefits to integrating the 
documentation-cycle with the software development lifecycle. However, there is verv 
little information about how this integration can be accomplished. Moreover, there is very 
little information about which models for ehher software development or the document-
cycle are actually employed in practice. The dissertation research I am proposing is 
geared toward filling these gaps by asking the following two questions: 

1. Which models reflea the actual processes employed in software development'^ What 
are the factors (environmental, political, organizational, etc.) that determine which 
model(s) is used. 

2. Even though the literature purports that there are benefits to integrating the user 
document cycle with the software development cycle, are these benefits observable in 
practice, and if so, what factors determine their success? 

Hi. Subjects 
The test population will be volunteers from an existing collaborative project between two 
senior-level courses one in the English department (Tech Comm 4367) and the other 
in the Computer Science department (CS 4000). This project was initiated by the 
instmctors of the courses as a pedagogical approach to the content of their respective 
courses. Both instmctors have given me permission to use this project to collect data for 
my dissertation. 

I will recmit subjects by presenting an overview of the study and asking for volunteers. 
All volunteers (both students and instmaors) will be required to sign the attached consent 
form. 

IV. Protocol 
I will collect three kinds of data in this study: 
• Documents class materials, such as assignments, syllabus, and project deliverables. 
• Observations my observations about how the students work together in teams 

(e.g., negotiate tasks, resolve problems, etc). 
• Interviews 1 will interview students to ga their perceptions about how the teams 

functioned in practice 

Participation in the projea should present no risk to the students. I will not use their 
names, nor any information of a significantly personal nature in my notes or in reporting 
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the resuhs of the study. Students will be identified by job titie ( eg , Projea Manager) 
Any personal information (i.e., degree program, classification, work experience) will be 
used to provide a demographic profile, and will not be traceable to the individual student 
The instmaors will not have access to my notes and the findings will be published 
well after the semester is over, so there is no chance of the data affecting student 
participants' grades. I will also collea copies of student deliverables before they are 
graded, and my analysis will not include any information about grades 

My reason for applying for an Expedited Research status is that I expect to observe these 
students in projea meetings that occur outside of the classroom. However, I will only 
observe meetings and conduct interviews with the permission of the students in settings 
outside of the classroom. 

Any student will have the option to not participate at any point during the course of the 
study. These conditions for participation will be covered in my inhial presentation to the 
subjects. 

V. Consent Form 

Research Consent Form 

I hereby give my consent for my participation in the research project entitled: Managing 
Cross-Functional Software Development Systems: An Activity Theory Approach. 

I understand that John Chandler will be conducting the study as part of his dissertation 
research, and that Dr. Thomas Barker (742-2501) is supervising the project. 

It has been explained to me that the objective of this study is to learn how individuals on 
software development teams work together in development projects. I have been 
informed that I will not receive any benefit nor compensation for my participation in this 
study. 

I give my consent for John Chandler to observe group meetings associated with my class 
project, as well as to examine various deliverables for the project (any student documents 
collected will not be graded copies). I understand that I may be interviewed as part of this 
study, and that the duration of the study is the Spring 1999 semester. 

I further understand that my name or personal information will not be collected or used in 
this study only John Chandler will have access to the data collected for this study, 
and all data associated with this study will remain strictly confidential. 

Dr. Barker has agreed to answer any inquiries I may have concerning the procedures. I 
have been informed that I may contact the Texas Tech University Institutional review 
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Board for the Proteaion of Human Subjeas by writing them in care of the Office of 
Research Services, Texas Tech University, Lubbock, Texas, 79409, or by calling 742-
3884. 

If this research projea causes any physical injury t participants in this project, treatment 
is not necessarily available at Texas Tech University or the Student Health Center, nor is 
there necessarily any insurance carried by the University or its personnel applicable to 
cover such injury. Financial compensation for any such injury must be provided through 
the participant's own insurance program. Further information about these matters may be 
obtained from Dr. Robert M. Sweazy, Senior Associate Vice President for Research, 742-
3884, Room 203 Holden Hall, Texas Tech University, Lubbock, Texas 79409-1035. 

I understand that I may not derive therapeutic treatment from participation in this study I 
understand that I may discontinue this study at any time I choose without penalty. 

Signature of Subjea ^Date 

Signature of Project Director Date 

Witness to Oral Presentation Date 

VI. Arrangements For Handling Liability For Unexpected Injury To Subjects 

Such arrangements are not necessary because protocol does not put subjects at 
risk of injury and only entails observing them in the activhies they would perform 
anyway as part of their normal coursework. 
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Note 

The following material provides examples of how the courses were framed 

by the instmctors, and includes material that 1 refer to in the analysis of the 

student development projea. It is important to stress that this material is 

only a representative sample of the content of these courses. While the 

material included here was written by the respeaive instmaor, as indicated 

by the heading in each section—I have significantly truncated this 

material and organized ii to suit my purposes in this discussion. 

'•••••'• ••••••• • '••' •'••:'-^v...v.-r.r-. - , < , : , . „ , „ - , , : . . . : . . . , . . . „ . . . „ , ^ ^.^.-.^ . , ^ - ^ ^:^.:.:{^^^ 

Course Overviews 

Computer Science Course Overview 

CS 2365 is a sophomore level course for students who have passed at least the first two 
major's courses, CS 1462 and 1463 (programming in 0++ and data stmaures). Most of 
the students on this level will not have had experience in working with a large group of 
people to complete a project (although they may have worked in smaller 2 to 4 person 
groups) nor extensive experience working with a client to complete a client's 
requirements for a piece of software. Because of this, the project is designed to place the 
student into a large software development group and to have the student work with a 
client to reinforce the concepts taught in software engineering about software process and 
teamwork. It should: 

• focus on a problem that is easily broken into smaller subproblems, 
• have maintenance and enhancement requirements, 
• require little detailed domain-specific knowledge, and 
• have no hard deadlines (deliverables by specific dates cannot be guaranteed although 

the students will work to achieve the dates). 

Technical Communication Course Overview 

This course acquaints you with the processes and principles of creating task-oriented 
manuals and help for software produas. It guides you through the process of developing 
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a complete set of documentation produas for a specific produa. In this course we work 
in an electronic classroom whh word processing, desktop publishing, help authoring, 
scanning, video filming, and graphics software technologies at our disposal. You will 
learn strategies for managing large wrhing projeas, including analyzing audience, 
planning, managing time, revising and edhing, and conducting usability tests. 

This course is computer assisted. The work on the computers should assist with 
generation of ideas, review of drafts, and collaboration. Computers will also be used in 
daily work. The course will operate as a writing studio, which means that most of our in-
class time will be spent working on a variety of tasks associated with our writing projects. 

Almost all the work you do will be within the framework of a real-world software 
project. To this end, we will be collaborating with the Computer Science software-
engineering studio in joint projects. We will form three writing groups, each of which 
will be responsible for developing documentation for hs CS-counterpart project. The first 
couple of weeks will be spent in forming these groups and the collaboration will begin in 
earnest in the third week. 

Organization of the Teams 

Organization of CS Team 

Students will be assigned one or more of the roles listed below in a project. Each role has 
a set of responsibilities that are not limited to those listed. The responsibilities are given 
to give an idea of what each role requires. 

The organization chart below shows an example of how the team may be organized and 
interact with each other and the client. Although other formal or informal lines of 
communication may be formed, communication with the client should be limited to one 
or two specially designated individuals who will be responsible for setting up meetings 
with the client. The client should not be overwhelmed whh questions/suggestions from 
too many sources nor should the client bypass the project manager to request project 
members to add/change/delete something from the requirements. 
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Leaders have a special role in coordinating the efforts of team members so that an 
organized, coherent, and unified product results. It is easy for team members to go in 
separate dh-eaions and produce separate parts that won't go together Team leaders help 
to prevent this from happening by keeping members in constant communication and 
facilitating ways to keep all team members' work together Since some roles are busier 
than others at certain times of the project, the team leaders may wish to have students 
transhion from one role to another to help during the busy times of the role. In any 
ev ent. each role (probably the role leader) should have one full-time member to continue 
to update and make correaions to the role's projea artifacts. 
Although team members may not take the lead on anything, their role is vhal to the 
project The work produced by all members is necessary to produce the completed 
produa. All must pay close attention to the requirements they are fulfilling to keep the 
project on track and as close as possible to meeting the client's needs. 

Project Manager - 1-2 students 
Responsibilities 

• Submitting the weekly review forms 
• Submitting the short and long-term plan documents 
• Making final delivery of the projea material and software to the client 
• Keeping the projea team motivated and on track 
• Monitoring risks and solving problems 
• Soliching the cooperation of the team to perform their roles effectively 
• Assigning roles to the projea team members 
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Configuration Manager - 1 student 
Responsibilhies 
• Submitting the configuration management document 
• Performing configuration management 
• Maintaining the projea du'eaory on the web she 

Requhements Analyst - 1-3 students 
Responsibilhies 
• Submitting the requirements specification document 
• Interaaing w ith the client to daermine the requu^ements for the projea 
• Participating with the SQA group to review and correa the requirements document 
• Interaaing with the other team members to clear up any misconceptions on the 

requu"ements 
• Monitoring the requirements with the client and informing the projea managers 

immediatelv of anv requirements that have changed throughout the semester 

Designer - 1 -4 students 
Responsibilities 
• Submitting the design document 
• Participating with the SQA group to review and correa the design document 
• Interacting with the other team members to clear up any misconceptions on the design 
• Monitoring design changes throughout the semester and informing the project 

managers immediatelv of them 

Programmer -1-7 students 
Responsibilities 
• Submitting, implementing, integrating, and testmg the software from the design 

document 
• Writing the software manual 
• Cooperating whh the trainers to write the on-line help and user's manual 
• Participating with the SQA group to review, test, and correa the software 
• Interaaing whh the other team members to clear up any misconceptions on the 

software 
• Monitoring code changes throughout the semester and informing the project 

managers immediately of them 

Trainer- 1-3 students 
Responsibilities 
• Submitting the user's manual 
• Creating the on-line help 
• Participating whh the SQA group to review and correa the manuals 
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• Interaaing with the other team members and the client to clear up any 
misconceptions on the manuals 

• Monitoring manual changes throughout the semester and informing the project 
managers immediately of them 

SQA Analyst - 1-7 students 
Responsibilities 

• Submitting the test plan 
• Implementing the test plan 
• Reviewing all documents and software produced 
• Interaaing with the other team members and the chent to ensure the all 

projea artifaas are validated and verified to the client's satisfaaion and are 
able to be used by next semester's CS 2365 team working on the project 

Other Specialization - ? students 
Responsibilities 

Technical Communications 
• Performing the Trainers' task 
• Reviewing the technical documents 
• Performing the usability test 
• Interaaing with the other team members and the chent to clear up 

misconceptions and to help validate and verif\ the projea artifaas 

Organization of TC Team 

The technical communicator's job is to ensure that end-users have the information 
they need in order to use a software produa efficiently and accurately This information 
may exist as print documentation, online help, and elements of the graphic user interface. 
The technical communicator works with other projea teams, such as marketing, technical 
support, software engineering, sales, and finance to ensure that the produa is rolled-out 
on schedule, is accurate, and is of the highest quality While all teams are interested in 
providing a valuable produa, h is the technical communicator who ultimately represents 
the interests of the end-user throughout the software development process. 

• The Manager. The manager takes charge of the ov erall projea and keeps it on track 
by CTeating and maintaining a schedule; meeting with the developer, client, or project 
superv isor; assigning tasks; tracking progress; and handling meetings. The manager 
writes and maintains the documentation plan. The manager is the vehicle through 
which the documentation team communicates with other teams. 

• The Lead Writer. The lead writer conduas the user analysis and writes up the 
program task list and the drafts of documents and topics. While all the members of 
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the team do some wrhing, this person develops the research information into aaual 
drafts The lead writer may or may not have other writers on the project, but he or she 
takes the inhiative in assigning writing projeas. 

The Edhor. The edhor edhs the documents produced by the writer and also sets up 
the standards for consistency among the documents. This person creates a style guide 
for the team members to follow and edits the documents to make sure they do. The 
edhor also takes charge of produaion duties for the team. 

The Graphics/Layout Specialist. This specialist handles the technical aspects of 
screen captures and creating the illustration and artwork for the team. This person 
also creates rough and final layout designs in the appropriate layout software package 
and tests them with users. 

The Tester. The tester maintains qualhy in the documentation set by designing and 
conducting tests. This person contacts test subjects and communicates with them, sets 
up the test area, produces the test materials, and does the follow-up testing. This 
person may also, along with the manager, coordinate all the reviewing of the manuals 
and communicate the review information to the writer and editor. 

The Online Specialist. The online specialist creates the layout and design of the 
electronic components of the documentation set and oversees the production of these 
components. This person may maintain a project web site. The online specialist also 
advises and assists other team members to ensure that the documentation set will 
translate smoothly into the chosen electronic environment. 

The Documentation Process 

1. Perform the task analysis. The team familiarizes itself with the program and 
systematizes all its functions in a logical way. Each task the user can perform with the 
program gets described, in terms of who does it, what h accomplishes, and what steps 
it requires. This stage allows the team to lay out the initial uses of the program in a 
way that they can later incorporate into various document forms for different users. 
The team wnites the task analysis, including illustrative screens, and uses it to help 
determine project milestones, budgets, time/page estimates for the project. 

2. Perform the user analysis. The team studies two aspects of prospeaive users: their 
professional responsibilhies and their knowledge of computer programs. To perform 
this analysis the team determines what level of task supports the user's need, and what 
their user type (learning curve) they most closely resemble. The user analysis results 
in scenarios of use for each of the primary users of the programs. User scenarios 
allow the team to identify which of the tasks or functions of the program the user 
would need for v2u-ious job tasks. 
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3. Design the documents. The team applies the three types of document forms— tutorial, 
procedures, and reference—to the user's needs. It also outlines the documents and 
decides about their layout: pages, text style, size, and font, and language. The team 
writes the thles of hs documents, indicating the level of task orientation they support 

4 Write the project plan. The team specifies the items it determined during the design 
phase, and adds information about the entire project. The team describes the 
management aspects of its work schedules of drafts and tests, people and hardware 
resources, and time/page estimates. The projea plan culminates the research and 
design work on the project. The team may apply appropriate predictive testing to the 
project plan before going on to the next stage in order to insure appropriate document 
and project guidelines. 

5. Write the alpha draft. The alpha draft represents the team's first complete document, 
including all the front matter, text, graphics, appendices, and associated 
documentation set materials. As a written document, the alpha draft gets tested, 
reviewed and edited, all according to the specifications laid out in the documentation 
plan. 

6. Conduct reviews and tests. The alpha draft, which contains all the elements of the 
produa, is sent out for reviews by executives and managers, as well as actual users. 
At the same time, the team designs, using the original documentation objectives, tests 
of its usability, accuracy, task orientation, and other elements. Information from 
reviews and tests provides feedback for the next draft of the set. 

7. Revise and edit. The team incorporates feedback from external sources—managers, 
users, clients, etc.—and revises and edits the document, re-organizing as necessary 
and checking for accuracy on many levels. 

8. Write a final draft. The final draft revision contains information gathered from the 
activhies in the two previous steps. This stage resuhs in a camera-ready copy that can 
be handed to the printer. 

9. Conduct a field evaluation. After the user has installed and operated the program, the 
team conducts the field evaluation, which enables the team to gauge how well the 
manual met the task needs of the intended user. Information from this evaluation 
usually ends up in an evaluation report, and provides material for a subsequent 
revision, if necessary. 
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Deliverable Artifaa Descriptions 

CS Course Deliverable Artifaas 

Guidelines are presented in this seaion for projea artifaas and deliverables, and for how 
they will be assessed. The projea team does have the option to add more material or to 
change the formats, but should do so in cooperation whh the course instmctor. The client 
also has the same option as the projea team, but still in cooperation with the instmctor 
Addhions of material or changes in format will necessitate changes in the assessment 
guidelines by the course instmaor. The desired addhions or changes should be given to 
the instmctor in writing. The instmaor will then modify the assessment guidelines and 
notify the project team and client of the assessment changes hopefully whhin 24 hours 
(Please let the course instmaor know in writing so a record is kept. Less confusion at the 
end of the semester that way) 

It is planned to make available all deliverables and other materials on a web site that may 
be password proteaed at the client's request. Other arrangements can be made at the 
client's discretion. All project artifaas, deliverables, and materials should be made 
available on the web as soon as possible. Certain time limits apply as stated under the 
Reviews and Weekly Review Forms seaions and the guidelines for the student's course 

The students produce at a minimum the following documents for the client: long- and 
short-term plans, requhements specification, design, configuration management, software 
manual, test plan, and a user's manual. If the project goes over several semesters, these 
documents will be given to the next team of students to continue work on the project. 

• Job Application Form. The job application form is used to allow the student the 
opportunity to give background skills and personal preferences. Each student must fill 
out a form. Please put only information that you would be comfortable showing to the 
other students in class, the course instmaor, and the client. 

• Weekly Review Forms. The Weekly Review Form is a means for the project manager 
and the course instmaor to keep in touch with the progression of the project and to 
handle any problems that may occur as soon as possible. 

• Long-Term Projea Plan. The long-term plan details what is to be done over the 
length of the entire project. It should not contain information that changes radically 
from semester to semester. 

• Short-Term Project Plan. The short-term plan contains the information that changes 
from semester-to-semester and should not contain the non-changing information of 
the long-term project plan. 
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Configuration Management Document and Checks. A software configuration is the 
instantaneous snapshot of the physical representation of the software process and 
software at some point in time. The representation has two forms: (1) Non
executable materials, such as documents, that support the software process or 
complement the program, and (2) Executable materials processed by a computer, 
such as system codes. The software configuration needs to be managed and 
maintained in a consistent manner in order to be able to handle requests for old 
versions and the most up-to-date version. 

Requh-ements Specification Document. For the funaional and non-funaional 
requh-ements, an appropriate modeling language should be used to express the users' 
requh-ements so that h is easy for the design team to understand the users' problem 
and create the solution to h. For example, entity-relationship diagrams can be used to 
represent data relationships in a database. Other example possibilhies are object-
oriented analysis represented in UML, Z, or stmctured systems analysis. This section 
should help keep the designers from having to look at the customer's requirements to 
determine how to solve the problem 

Design Document. The Design Document is a map of the entire system showing an 
upper level view of the system architecture with different levels of abstraaion all the 
way down to the individual level of the unit and how it is to be implemented. The 
Design Document should leave few questions in the mind of the programmers as to 
how the system is to be implemented and used. 

Software/Software Manual. The software should conform to the design document, be 
appropriately numbered and cross-referenced back to the design document, mn well, 
and be documented in accordance with the procedure given in the Configuration 
Management Document. 

User's Manual. The User's Manual is information for the user on how to execute the 
system and use every aspea of it. It should be written clearly and targeted toward a 
typical user of the system, such as the less technical the user, the more basic and user 
friendly the manual should be. In any event, after reading the manual, the user should 
know what the system is, what it can do, and how to use it. 

Test Plan and Implementation. The test plan is a critical document in the development 
process and should begin as soon as the requirements are specified. 

Reviews. Reviews are meant to allow team members the opportunity to review their 
peers' work and to make positive contributions to improving that work. This is one of 
the best opportunities to improve projea artifaas before they are delivered to the 
client and graded at the end of the semester. Peer reviews are utilized in many walks 
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of life to improve publications, produas, and processes. It is one of the least 
expensive, but most produaive way to improve a project artifact's quality 

• End-of-Semester Document. Represents the work completed for the semester 

• Presentations. Peer reviews will be held in confidence and should be filled out 
carefully with the idea of helping others to know clearly what areas they need to work 
on and improve (before they get out on the job) 

• Confidential Self Review Form. The Confidential Self Review Form is for the 
student to give their own assessment of their work on the project. 

TC Course Deliverable Artifacts 

• Assessment of SE Project. Report on the status of the SE project(s), describing and 
analyzing software status, the client(s), the software engineers, the state of 
documentation (if any). 

• User Analysis. Identify the users of your documentation set and their software 
documentation needs. 

• Task List. Analyze the fimctions of the software program and organize them 
according to the user's needs. 

• Documentation Plan. Report on the planning you do for your documentation set. 
Specify the design of your documents (format, content, users) and your plans for 
creating the documents (schedules for drafts, reviews, etc.). 

• Usability Report. Outline the usabilhy testing you did on your project. Identify the 
document goals, explain and justify the kinds of tests you do, discuss the results of 
the tests, and list the changes you made to the document in response to the changes. 

• Documentation Set. Present the complete documentation set for your project. This 
is the major project for the semester. 

• Final Report. Report on your role in your group, on the effectiveness of the group, on 
the qualhy of the interaction with the software engineers and the client(s), and on the 
quality of your contributions to the project. 

• Evaluation Memos. Evaluate the collaborative process used in your team's work this 
semester and to express your own fears, hopes, and expectations of the process. 
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APPENDIX C 

INTERVIEW QUESTIONS 
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Interview Questions 

Age 
Classification 
Major/minor 
Work Experience 

1. Describe the development process from your own perspective 

2. List the important deliverables involved in this project and describe your role in 
producing them. 

3. What do you see as the most important tasks/deliverables to complete the project 

4. Describe your experience working whh the team from the other class 

5. Describe your contact/interaction with the customer or end users 

6. What has been the largest problem you've had to resolve while working on the 
project 

7 How do you divide tasks among the group 

8. Describe the most rewarding aspect of working on this project 

9. What changes would you make in how the project is organized 
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