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ABSTRACT 

This dissertation studies impact of collaboration and feedback on software 

inspection productivity. Used as a software-engineering validation technique, software 

inspections can be a cost-effective method for identifying latent issues (defects) within 

design documents and program code. For over two years, Baan Company has used a 

generalized Electronic Meeting System (EMS also referred to as GroupWare) to support 

sofhvare inspections and reported EMS to be more productive than face-to-face paper-

based inspections (Genuchten, 1998). Validation of this phenomenon and initial 

development of a potentially more effective specialized EMS (SEMS) tool is the basis of 

this dissertation. 

Explanations of the collaborative phenomenon are presented within a theoretical 

framework along with testable hypotheses. The framework is derived from Media 

Synchronicity Theory (Dennis and Valacich) and Focus Theory of Productivity (Briggs 

and Nunamaker). Two main research questions are explored. 

1. Do collaboration tools improve software inspection productivity? 

2. Can feedback dimensions that significantly improve productivity be identified 
and incorporated within software inspections? 

The first research question is supported. In a detailed reevaluation of the Baan 

study, EMS inspections are shown to be 32% more efficient than paper-based inspections. 
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During the subsequent period, the results were more pronounced with EMS inspections 

being 66% more efficient even controlling for inspector proficiency. Significantly more 

conveying communication than convergent communication occurs during inspection 

meetings. EMS inspections enable more deliberation, less attention for communication, 

and more attention for information access compared to face-to-face paper-based 

inspections. 

The second research question is explored. Surveys and analysis probe some 

previously unexplored feedback dimensions (review rate, inspector proficiency and 

inspection process maturity). Experienced inspectors are surveyed regarding process 

maturity, inspector proficiency, and collaborative aspects of inspections. Preparation and 

review rates are necessary but not sufficient to explain productivity. Inspector 

proficiency is perceived to be important and multi-dimensional. Participation by highly 

proficient inspectors resulted in 49-76% more effective inspections. Significant 

inspection process variations exist within mature development organizations. 

Based on theory and experiences, the SEMS inspection tool is developed and a 

quasi-experiment proposed. Initial results using the SEMS inspection tool are reported 

and suggestions made for future enhancements. 
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PREFACE 

PROBLEM: Nobody reads prefaces. 
SOL UTION: Call the preface Chapter L 

NEW PROBLEM CREA TED BY SOLUTION: Chapter I is boring. 
RESOLUTION: Throw away Chapter I and call Chapter 2 Chapter I. 

Donald C. Cause and Gerald M. Weinberg 
Preface to Are Your Lights On? IGause, 1990 #11J 



17 

CHAPTER 1: INTRODUCTION 

For a moment, consider the greatest team-sporting event that you have ever seen. 

What do you remember? Was it a great sports star? Was it a great play? Was it the 

pageantry? What was the final score? For me, it is the defining moment in which talent, 

skill, and teamwork come together at the culmination of the event. Pele scores the goal; 

Mark McGuire hits homerun number 70; the Arizona Wildcats win the 1997 National 

Basketball Championship! The focus is on one or two individuals, but the opportimity is 

created by many factors including the team, the individual skills, the chemistry between 

players, coach, the process that brought them to the moment, and even enabling 

technologies. 

Like the sporting event, this dissertation examines the contributing factors during 

a defining moment within a team event. The event is a software inspection. The team is 

a relatively small group of inspectors. The defining moment occurs when the inspectors 

provide the author a list of issues that, if not corrected, result in quality-reducing defects. 

Some suggest that a software inspection is not worthy of a team or that it should 

not be an event. It is suggested that individuals are more important than the process and 

that the inspection meeting is a waste of time. While these perspectives are considered, 

the dissertation focuses on collaboration and feedback. Drawing fi'om the sports analogy, 

the focus is teamwork and performance optimization. Collaboration relates to teamwork. 

Feedback relates to performance optimization. It is shown that collaboration and 
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feedback are essential enabling aspects of software inspections. It is also suggested that 

lessons learned generalize to the broader context of distributed work processes. 

1.1 Primary Collaborative Process 

This dissertation explores an application of a primary collaborative process. 

Michiel van Genuchten coined the phrase, primary collaborative process (Genuchten, 

Vogel, and Nunamker 1998) based loosely on Alvin Toffler's book, The Third Wave 

(Toffler 1980) and the structure of scientific revolutions envisioned by Thomas Kuhn 

(Kuhn 1970). Toffler posited three waves of historical change. The agricultural 

revolution was launched the first wave. The industrial revolution launched the second 

wave. An information-based revolution has launched the third post-industrial wave. 

Kuhn describes scientific revolutions as paradigm shifts in which older norms violently 

compete against new theory and ultimately are washed away by new norms. Toffler's 

analogy and Kuhn's analysis of scientific revolutions apply to collaborative technology 

research within the last fifteen years. Starting in the 1980s, innovation and basic research 

drove the first collaborative research wave. Results included the development of 

electronic meeting systems (EMS). Academic and practical publications explored issues 

using an input-process-output theoretical fi-amework that identified factors including 

anonymity, process gains, and process losses. Collaborative technology diffusion drove 

the second wave. The second wave explored use of collaboration technology to do more, 

better and faster. This wave focused more on consultants and facilitators using 

commercially available software such as Ventana's GroupSystems and IBM's Lotus 
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Notes. Today, most international consulting firms have collaborative experts who use 

EMS and advise multinational corporations concerning collaborative technologies. As 

the second wave gained strength and, as suggested by the nature of a scientific 

revolution, interest in collaborative research diminished. The third wave focuses on 

"primary collaborative process" to support workgroups engaged in recurring activities 

(Genuchten, Vogel, and Nunamker 1998). 

Although Genuchten does not precisely define primary collaborative process, 

practical examples include education of school students, patient treatment in a hospital, 

and crisis response coordination. For example, imagine collaboratively enabled war 

rooms on a Naval Command Ship that facilitate real-time battlefield strategy and tactics. 

Genuchten suggests that an EMS is similar to a toolbox that requires a skilled technician. 

Whereas a primary process is like a hammer for driving a nail that requires knowledge of 

only a single process (Genuchten, Vogel, and Nunamker 1998). Thus collaboration 

becomes a natural aspect of the process and is not as dependent on facilitation. The 

facilitator is still skilled, just in a very narrow domain. Genuchten identifies software 

inspections as a primary process and rich area for exploring collaborative issues. 

1.2 Software Inspection 

Software inspection is a primary collaborative process. Software inspections are 

regularly scheduled events during which inspectors work together and provide a list of 

potential latent issues to the development author. Collaboration occurs among inspectors 

and with the developer. Inspections are justified because inspection costs are orders of 



20 

magnitude less than costs associated with correcting defects at any later point in the 

development life cycle. The IEEE's book. Software Inspection an Industry Best 

Practice, starts by asserting that software inspections "have decisively improved software 

quality, development cycle time, and overall maintainability!" (Wheeler, Brykczynski, and 

Meeson 1996). 

Software inspection was selected as a research topic, in part, because it is 

considered well understood and widely accepted. During the last twenty years, software 

inspections have gained wide spread industrial adoption. Coverage of code inspections 

and formal technical reviews is considerable starting with Michael E. Pagan's 1976 

seminal article that defined software inspection as a formal inspection-review process 

(Pagan 1976). Pagan asserted "substantial net improvements in programming quality and 

productivity." The path of research is paved by such well-known scholars and 

practitioners as Glenford J. Meyers, Gerald M. Weinberg, Edward Yourdon, Barry W. 

Boehm, Tom DeMarco, Victor R. Basili and Watts S. Humphrey (to mention only a few). 

Over three hundred academic and practitioner articles have been published and the rate of 

publication does not appear to be diminishing. Two teams of widely recognized "how-to" 

experts are Tom Gilb and Dorothy Graham (Gilb and Graham 1993), as well as Robert 

Ebenau and Susan Strauss (Ebenau and Strauss 1994). Inspections are now integrated 

into many software engineering practices including the Capability Maturity Model 

(Paulk, et. al. 1995) and Personal Software Processes (Humphrey 1995). Inspections 

have been widely adopted by world class organizations including AT&T (Fowler 1986) 
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and Hewlett Packard (Grady and Van Slack 1994). In short, inspections are widely 

recognized as a means for increasing software quality. 

Given that an inspection is a relatively straightforward process, why is some 

much attention paid to the topic? Are Fagan inspections necessary and sufficient for all 

developers, new technologies and evolving development methodologies? The published 

answers are sometimes not intuitive and depend to some extent on the context of study. 

This dissertation does not focus on necessary and sufficient conditions. Rather it 

examines collaboration and feedback within the context of Fagan inspections. 

1.3 Prior Case Study by Genuchten 

The seed for the dissertation came from a private conversation with Michiel 

Genuchten. Genuchten observed that an inspection is "the world's most boring 

collaborative meeting with some of the world's best metrics." Working with two large 

European firms. Philips Electronics and Baan Company, Michiel introduced EMS as a 

vehicle for logging issues during a Fagan inspection. The initial findings suggested that 

inspectors find about forty percent more major issues using EMS logging than using a 

traditional paper logging method given an optimum individual preparation rate 

(Genuchten, Comelissen, and Dijk 1998). Individual preparation rate is the size of the 

document being reviewed (stated in lines of code for program source code) divided by the 

amount of time (stated in hours) spent by inspectors looking for issues prior to the 

inspection meeting. If too much is reviewed in too short a period of time, the inspector 
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finds relatively few issues and furthermore EMS logging is not any better than paper 

logging. 

Genuchten conducted a longer-term study of his findings at Baan Research and 

Development. Although not thus far published, the following describes first Baan and 

then the longer-term study (Genuchten, et. al. 1999). 

1.3.1 Prior Case Study Sponsor 

Baan Company is a world leader in development of Enterprise Resource Planning 

(ERP) software and recognized as the leading discrete manufacturing ERP vendor. Over 

1,000 development engineers (located in The Netherlands, India, United Kingdom and 

United States) are responsible for maintaining and enhancing ERP application software. 

In 1993, the development staff started Fagan style and peer review inspections. In 

late 1996, Genuchten worked with senior Baan management to introduce EMS 

inspections within the 200-person development department based in The Netherlands. 

Genuchten's studies concluded prior to the end of 1997. EMS inspections have 

continued to present and well beyond the prior case study period. 

1.3.2 Prior Case Study Described 

Genuchten's study compared face-to-face paper-based inspections with 

generalized EMS inspections. Baan inspections usually involve 3-4 inspectors including 

a moderator and the author of the document being reviewed. During face-to-face 

inspections, one inspector records all issues discovered on a paper list. Generalized EMS 
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inspections require GroupSystems®, a general-purpose EMS that is not tailored to the 

specialized needs of an inspection. The moderator must set up the EMS session and 

take a few extra administrative steps in order to conduct a general EMS inspection 

(although they do not log issue discovered). With the exception of required technology 

support, both types of inspections are conducted in a Fagan style (described in detail in 

Appendix A). During the early study period, inspectors (involved in an EMS inspection) 

gathered around networked computers located in one of several conference rooms and 

entered the issues they discovered into a common list. Figure 1.1 shows one of the EMS 

inspection rooms. Eventually, inspectors were given the option to enter their issues into 

the EMS during their individual preparation and while at their work desk. They 

continued to gather around the networked computers for the meeting portion of the 

inspection. Need for a scribe is eliminated during the generalized EMS inspection. 

Another remarkable difference is that EMS inspections are conducted mostly in silence 

because the need to talk and listen is replaced with a need to type and read. 

Genuchten's prior study included all 1997 4GL-code inspections conducted by a 

single Baan development group and excluded inspections of 3GL-code, designs, 

specifications and other development documents. Further excluded were inspections in 

which engineers from one development site inspected source code of another site. The 

study was based on results of 87 GSS inspections and 102 face-to-face paper-based 

inspections. Unreported are reviews of inspections in which the inspection rate is either 

® Copyright by Ventana Corporation, Tucson, Arizona 



less than 200 lines per hour or greater than 500 lines per hour. In the later case, 

Genuchten believes that the preparation rate is too fast to be effective and that the only 

seasoned inspectors with experience in the code can be effective in such inspections. 

Figure 1.1 EMS Inspection Room 

1.3.3 Prior Case Study Results 

Reported was the number of major issues reworked as a result of the inspection 

meeting. Major issues are strictly defined as being a latent defect that if not fixed will led 

to a test incident or a field problem. Minor issues include performance and clarity 

enhancements. 

The major constraint was determined to be individual preparation rate, and stated 

as lines of code reviewed per engineer per hour. The stated Baan target rate was 250 

lines of source code per hour of preparation. For presentation purposes, three categories 
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of preparation rate are shown (200-300 lines per hour, 300-400 lines per hour, and 400-

500 lines per hour). 

Figure 1.2 illustrates inspection effectiveness, the number of majors issues 

detected per 1,000 lines of source code. Each of the six bars represents at least twenty 

inspections. Given a preparation rate of 200-300 lines of code per hour, generalized EMS 

inspections are 40 percent more effective than face-to-face paper-based inspections (12.6 

versus 9.0). As the preparation rate increases, effectiveness decreases. For 300-400 lines 

of code per hour, generalized EMS inspections are relatively more effective (8.5 versus 

5.8) although less so in terms of total major issues found. In the 400-500 lines of code 

per hour category, the relative difference becomes immaterial (6.9 versus 6.6) and even 

less in terms of total major issues found. Thus, technology-supported EMS inspections 

are more effective GIVEN sufficient deliberation during individual preparation. 

14.0 T 12.6 

El EMS 
• paper 

200-300 300-400 400-500 

preparation rate (size per engineer per 
hour) 

Figure 1.2. Inspection effectiveness for prior study 
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Figure 1.3 illustrates inspection efficiency, the number of majors issues detected 

per person-hour spent during preparation and logging. The total effort spent in 

preparation and logging of the 189 inspections is over 1,250 hours (including 330 

meeting hours for face-to-face inspections and 261 hours for generalized EMS 

inspections). Figure 1.3 indicates that EMS inspections in the 200-300 line range are 40 

percent more efficient (0.52 versus 0.37). The difference is only 20 percent in the 300-

400 range (0.44 versus 0.36). In the 400-500 range the paper inspections are 17 percent 

more efficient. 

2CX)-300 300-400 400-500 

preparation rate (size per engineer per 
hour) 

Figure 13. Inspection efficiency for prior study 

Validation and replication of Genuchten's findings is the foundation of this 

dissertation. Baan Company also graciously provided access to historical inspection data 

as well as agreed to participate in related research including deployment of a EMS tool 

that is specialized for inspections (hereafter referred to as SEMS or a specialized EMS). 

The historical record continues at least fifteen months beyond Genuchten's longer-term 
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findings and additional analysis is done in order to rule out previously unconsidered 

threats to validity (such as inspector proficiency). 

1.4 Research Objectives and Method 

A multi-methodological approach is used that includes survey, interview, 

observation, case study, quasi-experimentation and prototype development. Preliminary 

and detailed surveys assess perceptions of experienced inspectors from around the world. 

Inspectors were interviewed conceming specific issues, and observations clarified aspects 

of the inspection process. The case study is based on experiences of the development 

staff at Baan Company both during and after the time of Genuchten's study. The intent is 

to validate prior findings and introduce a quasi-experiment. The quasi-experiment 

replicates Genuchten's study in a more controlled manner and explores altemative 

explanations based on surveys, interviews and observations. Prototype development is 

mentioned because a SEMS tool was developed and funded by the United States 

Department of Defense through the Defense Environmental Security Center for 

Information Management (DESCIM) (Dean, Rodgers, and Saints 1998; Vogel, Rodgers, 

and Saints 1997). The SEMS tool is based on the theory of collaboration described 

herein. This dissertation supports the conceptual development of the SEMS tool by 

identifying potential collaborative and feedback supports for inspection processes. 

Prototype development and distributed inspection support are the foundation of a future 

dissertation by my talented colleague, Conan Albrecht. Aspects described in this 

dissertation focus on collaboration and feedback 

What is collaboration and how does it apply to a software inspection? Much of 

the prototype development was based on a descriptive input-process-output model. 
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While the model explained many of the structures involved in an inspection including 

feedback control dimensions, it failed to explain the phenomenon of primary interest, 

validation of Genuchten's findings. After searching potential models, two models are 

identified with explanatory value. The first. Media Synchronicity Theory (Dennis, and 

Valacich 1998) posits low synchronicity (parallelism and low feedback) media best 

support conveyance tasks (such as issue logging). The second. Focus Theory of 

Productivity (Briggs and Nunamaker 1999), posits productivity directly results firom goal 

congruence and deliberation, and is mitigated by distractions. Further, cognitive effort is 

allocated between communication, information access and deliberation. In accordance 

with Focus Theory, use of EMS for issue logging allocates more effort to deliberation 

than face-to-face paper-based inspections, whereas paper-based inspections require more 

information access and communication. It is also possible that EMS for issue logging 

reduces levels of distraction. Based on the combination of these two theories testable 

hypotheses are developed and explored. 

As inspectors gain experience working together and adopt proven practices, their 

inspection process should mature. Can a metric or fiamework be devised to help 

determine level of process maturity? In this dissertation, the preliminary survey and 

interviews explore potential dimensions of process maturity. Though survey results 

support adopting a framework similar to the Capability Maturity Model, it is shown that 

significant variation exists within relatively mature organizations and between inspection 

teams. An alternative fiamework is proposed to explain inspection process maturity and 

it is argued that the key to inspection process maturity is to understand sources of 
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variation betA^een expected and actual results. Similar to statistical process control, 

reducing the variability makes an inspection more predictable. 

Many inspectors stress the need to include highly proficient inspectors in the 

inspection. If you want to find more issues, ask the most proficient inspectors to 

participate. However, the most proficient inspectors are not always available and there is 

also a sense that inspections are used to train less experienced inspectors. Can inspection 

teams better balance needs for productivity with those for learning? Within the research 

effort, dimensions of inspector proficiency are identified in a preliminary survey. It is 

shown that a cognitive progression of issues occurs, as inspectors become more 

proficient. Inexperienced inspectors are more concerned with process and technical 

issues. Proficient inspectors are concerned with issues related to environmental 

awareness. It is established that inspections are a small group activity. As one 

experienced inspector stated, "only five or six people in the world care or even 

understand what my code does." Within that small group, there is an intuitive sense 

about proficiency, experience and productivity. The more interesting long-term challenge 

is how to identify and incorporate the most proficient inspector or specialized expertise 

within an inspection. Can you transfer expertise firom recognized experts into a small 

group in a natural and efficient maimer? This dissertation lays a foundation for further 

exploration of expertise and knowledge transfer within an inspection context. 

This dissertation is based on an inquiry into the nature of collaboration and 

feedback within the context of Fagan inspections as practiced at a major software 

development firm. The dissertation validates Michiel Genuchten's findings (Genuchten, 

Comelissen, and Dijk 1998). Theoretical contributions include better understandings of 
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collaboration and feedback within an inspection context. This dissertation lays the 

immediate foundation for the study of the SEMS. 

1.5 Dissertation Overview 

The dissertation is organized into eight chapters and follows a progression of 

inquiry. The first three chapters frame the research and underlying theory. This chapter 

introduces research motivations, provides background, and presents glimpses of major 

findings. Chapter Two contains a literature review of software inspections, collaboration 

and feedback issues necessary to establish significance of research objectives. Chapter 

Three documents research questions, hypotheses and major assumptions. 

The middle three chapters describe research content, methods and results. 

Chapter Four describes the preliminary survey of experienced inspectors. Chapter Five 

validates Genuchten's prior case study including subsequent experiences at the Baan 

Company. Chapter Six describes a survey in which use of a generalized Electronic 

Meeting System (EMS) inspection as compared writh paper-based Fagan inspection 

methods. Chapter Seven describes collaboration and feedback aspects of the SEMS and a 

proposed subsequent quasi-experiment. 

The final chapter contains summary discussions. Within Chapter Eight, section 

topics include collaboration, feedback, limitations, alternative explanations, practitioner 

implications, future research, and conclusion. 
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CHAPTER 2: LITERATURE REVIEW 

"We are now encountering problems of a different nature where the computer 
is no longer at the center of things - the human is - and the machine is now 
acting to provide or organize information the humans need to produce results. 

These are called 'wicked'problems." 

Peter DeGrace and Leslie Hulet Stahl 
Chapter Four Wicked Problems, Righteous Solutions 

(DeGrace and Stahl 1990) 

Chapter Two begins with a description of a Fagan inspection. Software 

inspection literature is reviewed in order to establish that collaboration and feedback have 

not been adequately addressed. Collaboration is defined and several theoretical 

frameworks explored. Feedback is defined and applied to software inspections. This 

chapter provides foundation for research questions and hypotheses found in Chapter 

Three. 

2.1 Fagan Inspection Roles and Process 

Fagan inspections are well scripted and when done formally produce consistent 

results. Participants are referred to as inspectors and perform one or more of the 

following roles (Ackerman, Buchwaid, and Lewski 1989; Fagan 1976)]: 

• author (who wrote the document being reviewed), 

• moderator (who handles administrative responsibilities for the inspection), 

• reviewer of the document, 

• software engineering process group (SEPG) staff (who support inspections), 

• editor (also called the scribe who record issues), or 

• reader of the document during the inspection meeting. 
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Although variations exist between recognized inspection experts and practitioners, 

Fagan inspections consist of the following six-step process (Ackerman, Buchwald, and 

Lewski 1989; Fagan 1976). 

Step 1. Planning addresses what happens and who will participate. 

Step 2. Overview (kickoff) meeting introduces documents and inspection role 

expectations. This meeting is optional and done only occasionally. 

Step 3. Individual preparation (issue identification) occurs when inspectors review 

documents looking for latent issues prior to meeting together. 

Step 4. Inspection meeting occurs when inspectors meet together. The reader paces the 

group through the document. Inspectors raise issues. The scribe records 

issues when they are discussed. 

Step 5. Rework (check) is done by the author based on issues raised during the prior 

steps. 

Step 6. Follow-up is done if necessary to resolve issues or restart a prior step. 

Appendix A contains a more detailed description of inspector roles and details of 

the six-step inspection process. The prior tasks, or slight variations, are similar to those 

advocated by such widely recognized "how-to" experts as: (1) Tom Gilb and Dorothy 

Graham (Gilb and Graham 1993); (2) Robert Ebenau and Susan Strauss (Ebenau and 

Strauss 1994); (3) Charles P. Hollocker (Hollocker 1990); and (4) Daniel P. Freedman 

and Gerald M. Weinberg (Freedman and Weinberg 1990). Although similar to Fagan 

inspections, Gilb inspections add defect prevention and process improvement objectives 

(Gilb and Graham 1993). 



33 

2.2 Software Inspection Literature Review 

Since 1976 about four hundred papers, books and articles have been written 

about software inspections. Earlier works describe inspection practices and diffusion 

related issues. During the last ten years along with wide spread diffusion of personal 

computer and Internet technologies, the focus has shifted. Should inspections change as 

technology changes? From a commercial perspective, software inspection tools are 

available and address such diverse needs as automated standards checking and historical 

issue (defect) analysis. From an academic perspective, greater emphasis is demanded for 

theory development and experimentation. 

2.2.1 Software Inspection Practices 

Industrial testimonials for inspections come from such notable multinational 

companies as IBM Corporation, AT&T, Raytheon, Hughes Aircraft, and Bull HN 

Information Systems (Britcher 1988; Dion 1993; Fagan 1976; Fowler 1986; Haley 1996; 

Humphrey 1991; Wheeler, Brykczynski, and Meeson 1996). Referring to Bell-Northern 

Research, Glenn W. Russell provides a typical introduction by stating, "Cocfe inspection, 

now 14 years old, is labor-intensive and low-tech. But overcoming resistance to its use 

pays-off with faster detection of more errors" (Russell 1991). Inspections are deceptively 

simple, "labor-intensive and low-tech," and most testimonials stress need for formal 

inspection processes and metrics. 

Inspections are considered a validation and verification technique (Marciniak 

1997). Within IBM, Fagan inspections were the basis for defect prevention efforts (Jones 
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1985) and subsequently for orthogonal defect classification (Chillarege, et. al. 1992). In 

his 1976 seminal article, Michael Fagan recognized that the sooner an inspection is done 

in the development life cycle, the better (Fagan 1976). From an economics perspective 

removing latent issues (defects) in design is 100 times cheaper than finding and fix them 

after delivery (Boehm 1987) and progressively more expensive through the development 

life cycle. 

Introducing a software inspection process into an organization is difficult. 

Inspections are not formally introduced within the Capability Maturity Model until level 

3 (Defined) and usually after a three to six year process of addressing other key process 

areas (Paulk, et. al. 1995). Inspections are included in both Personal Software Process^'^, 

and Team Software Process™ (Humphrey 1995; Humphrey and Over 1999). 

Collaboration and feedback are not explicit industrial concerns. Clearly 

inspections involve a group of developers working together in during one or more 

inspection meetings (thus collaboration) (Hollocker 1990). Feedback is limited to 

analyzing patterns of discovered and latent issues (defects) and admonitions concerning 

adequate individual preparation rates (Gilb and Graham 1993). Aspects of feedback 

considered in this dissertation (inspector proficiency and inspection process maturity) 

have not been widely considered within an inspection context. 

™ Servicemarks of Carnegie Mellon University 
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2.2.2 Software Inspection Research 

A significant body of research exists related to software inspections. In this 

subsection, historical research findings are summarized. Two recent dissertations 

illustrate respectively technological and behavioral perspectives. Then Philip Johnson's 

call for new inspection research directions is presented along with a discussion of leading 

edge work by Ilkka Tervonen and his colleagues at the University of Oulu (Finland). 

2.2.2.1 A Historical Perspective 

Lawrence Votta, from AT&T Bell Laboratories, asks the question: Does every 

inspection need a meeting? (Votta 1993) This question goes to the heart of the inquiry 

contained in this dissertation. Votta suggests that the value of an inspection comes from 

preparation and need for face-to-face meetings might be diminishing. The value of 

preparation is recognized in framing of the phenomenon; specifically, EMS inspections 

are not better than face-to-face paper-based inspections unless individual preparation rate 

is sufficiently deliberate. EMS inspections place emphasis on preparation by forcing 

inspectors to record issues found during preparation. EMS inspection meetings are 

usually conducted face-to-face; however they can be held asynchronously. Votta's 

observations come from an organization that has rigorously integrated inspections into 

development practices for over twenty years. The impact of inspections on developers in 

smaller shops and those lacking mature inspection practices is unknown. In addition to 

productivity, inspections serve additional purposes including group development and 

individual training. 
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Because inspections are well studied and widely adopted by world-class 

organizations the literature is fairly complete regarding metrics. Inspection results are 

typically measured with three performance indicators: effectiveness, efficiency and 

yield. Effectiveness is the number of issues (defects) detected per line of code (or page) 

(Gilb and Graham 1993). Efficiency is the number of issues (defects) detected per person 

hour invested. Effectiveness and efficiency can be calculated for both preparation and 

meeting. Yield is the percentage of defects discovered in the inspection compared to total 

latent defects including those that 'escape' and are caught in later development phases, 

tests or the field (Humphrey 1995)). 

Shift in academic interest is illustrated by two recent doctoral dissertations. The 

first, completed by Danu Tjahjono in 1995 at the University of Hawaii, is titled, 

"Exploring the effectiveness of formal technical review factors with CSRS, a 

Collaborative Software Review System" (Tjahjono 1996). The second dissertation, 

completed by Craig Tyran in 1993 at the University of Arizona, is titled, "The software 

inspection: the task and mechanisms for group support" (Tyran 1993). The first focuses 

more on technology through tool development and creation of a comprehensive 

inspection environment, whereas the later more on group and behavioral aspects. 

2.2.2.2 A Technology Perspective 

Tjahjono's dissertation is written from a computer science perspective and hence 

focuses more on how technology can frame a basis for evaluating "similarities and 

differences among FTR (formal technical review) methods" (Tjahjono 1996). The focus 
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is placed on technical aspects of conducting inspection processes. Tjahjono developed a 

comprehensive inspection support tool, CSRS (Collaborative Software Review System). 

CSRS supported a variety of inspections including peer ratings (anonymous evaluation 

by one's peers), walkthroughs (presentation reviews without individual preparation and 

used as a training technique), round-robin reviews (routing of review materials for a 

series of reviewers), and inspection (a more formal and disciplined process including 

Fagan inspections). CSRS was used in both controlled academic and less controlled field 

settings. CSRS was comprehensive in terms of features and configuration, however it 

required significant organizational discipline and ultimately was not adopted by industrial 

users. 

Tjahjono's academic advisor, Philip M. Johnson, was greatly influenced by the 

concepts underlying measurement dysfunction as advocated by Robert Austin (Austin 

1996). Austin examines how measurement affects organizational efficiency and 

effectiveness. Measurement dysfunction is divergence of true performance over time 

compared to measured indicators, when some performance indicators are not well 

measured. Austin's work does not specifically look at inspections; however, Johnson 

realized that evaluation of inspection effectiveness and efficiency is highly subjective and 

prone to measurement dysfunction. 

Johnson has subsequently focused on developer support tools that require less 

organizational formality. LEAP followed CSRS and is one in a series of ongoing 

development efforts at the University of Hawaii to support individual software developers 

while satisfying four criteria. (1) "Lightweight" implies easy to learn, easy to integrate 

with existing methods, and tools, and above all, not impose significant new overhead on 
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the developer unless that investment of overhead will provide a direct retum-on-

investment to that same developer. (2) Empirical implies emphasis on quantitative as 

well as qualitative metrics. Software developer improvement should be validated 

through measurements of effort, defects, size, and so forth. (3) Automated lightweight 

support of empirically based developer improvement. (4) Portability recognizes that 

software developers change jobs and companies on a regular basis. Useful support 

carmot be locked into a particular organization such that the developer must "give up" the 

data and tools when they leave the organization. LEAP is web enabled and accessible at 

http://csdl.ics.hawaii.edu/Tools/LEAP/LEAP.html. 

From a research perspective, CSRS stands as a reminder that inspections are a 

"wicked problem" in which the boundaries are not technology but human in nature 

(DeGrace and Stahl 1990). 

2.2.23 A Behavioral Perspective 

Craig Tyran builds primarily on the work of Ivan Steiner, a social psychologist 

who studied group processes and their relationship to productivity (Steiner 1972). Steiner 

categorized group processes into unitary tasks (that can not be performed independently) 

and divisible tasks (that can be performed by different individuals). Steiner defined 

productivity as the difference between a group's potential productivity and losses due to a 

faulty process. Process gains arising from group processes added in the following 

formula (Tyran 1993): 

Actual group productivity = potential productivity - process loss + process gain 

http://csdl.ics.hawaii.edu/Tools/LEAP/LEAP.html


This adaptation of Steiner's work was first proposed by Jay Nunamaker and 

provided a theoretical foundation for much of the EMS research originating at the 

University of Arizona (from which this dissertation is a continuance) (Nunamaker 1996-

97). Further, four group-support mechanisms were identified in which an EMS effects 

group productivity (Nunamaker, et. al. 1991). First, process support refers to media and 

communication charmels that facilitate the group process. Second, task support provides 

supporting information and computations necessary for the desired outcome. Third, 

process structure directs the pattern, timing and content of the discussion. Fourth, task 

structure provides a computer model to aid with group decisions (McGrath and 

Hollingshead 1994). Table 2.1 on the following page comes from Tyran's dissertation 

and summarizes anticipated impact of group-support mechanisms on inspection 

productivity. In great part, Tyran studied the impact of EMS on inspections to isolate 

process losses and gains. 

The table provides some possible explanation as to why EMS inspections are 

more productive than paper-based inspections. Potentially most significant is parallel 

communication (the ability for individuals to communicate simultaneously) within the 

process support mechanism. Related process losses include blocking (filtering out 

unwanted information), domination (in which one individual does all of the talking), free 

riding (when an individual does not contribute), and information overload (when the 

amount of information is overwhelming). Process gains include more information (to 

support group decisions), synergy (between individuals), and learning (by individuals in 
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the group). EMS can minimize or magnify a process loss or gain. For example, 

information overload is potentially magnified using EMS; whereas blocking. 

domination, and fi'ee riding are minimized. 

Support Meciianism Process Loss Process Gain 

Process Support 
• Group memory 

• Parallel Communication 

• Anonymity 

- Failure to remember 
- Info overload 
- Incomplete use of 

information 
- Blocking 
- Domination 
- Free Riding 
+ Info overload 
- Evaluation apprehension 
+ Free riding 

+ More information 
+ Synergy 

+ More information 
+ Synergy 
+ Learning 

+ More objective 
evaluation 

+ Learning 
Task Support - Incomplete use of 

information 
- Incomplete task analysis 

+ More information 
+ Synergy 

Process Structure - Effects depend 
upon technique 

+ Effects depend 
upon technique 

Task Structure - Incomplete task analysis + More information 
+ More objective 

evaluation 
Key to symbols: Increase in process loss/gain: -

Decrease in process loss/gain: + 

Table 2.1 Group support mechanisms and impacts on process loss and gain 
extracted from Tyran's 1993 dissertation 

Decomposing and isolating support mechanism impacts is tedious. Tyran 

conducted a series of controlled experiments using students and a well-scripted inspection 

script. As discussed later, the ability to isolate support mechanisms is greatly reduced in 

field settings. Further, such a formulation provides taxonomy of variables but not a 
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causal or behavioral theory. The framework provides little in terms of explaining why 

EMS inspections might be more productive than paper-based inspections. 

Tyran's characterization of an inspection is useful. He found inspections to be 

complementary tasks comprised of disjunctive subtasks. Complementary tasks allow 

different group members to contribute different resources and find different unique issues 

(defects). Detecting a specific issue was found to be Eureka (I found it! ...and it is 

obvious to all inspectors) type of disjunctive task. Inspection focuses on finding and 

recording issues for subsequent resolution. Very little time needs to be sent debating 

meaning or resolution of issues once discovered. 

2.2.3 New Inspection Research Directions 

Recognizing a profound technology shift based on diffusion of local and wide-

area networks within the software development industry, Philip Johnson, fi-om the 

University of Hawaii, envisions radical inspection changes based on the following seven 

guiding principles (Johnson 1998): 

(1) Provide tighter integration between FTR (formal technical review, synonymous 

with software inspections) and the development method. For example, cleanroom 

development methods tightly integrate and focus inspections in narrow areas 

(such as logic flow, data usage, external linkages, and performance) (Dyer 1992). 

This guideline complements the thrust of primary process research and 

progression from general EMS inspections to SEMS inspections that are tightly 

integrated within the development method. 
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(2) Minimizing meeting and maximizing asynchronicity in FTR. This guideline 

mirrors Votta's question, "Does every inspection need a meeting?" (Votta 1993). 

Aspects of this guideline are fundamental to this dissertation. A slight criticism 

is the mixture of objective with enabling method. The objective, reducing 

meeting time relates to reducing face-to-face meetings and solving the interval 

time problem' identified by Porter and Votta (Porter, Siy, and Votta 1997). This 

objective assumes meetings are held only face-to-face and do not include 

different-time/different place contexts. Maximizing asynchronicity is a media 

characteristic and communication mode. Regardless of the mild criticism, the 

SEMS inspection tool addresses this principle. 

(3) Shift the focus from defect removal to improved developer quality. Johnson 

argues a reexamination of a well-known heuristic for successful Fagan 

inspections: "Raise issues, don't resolve them." However in review of 

collaboration literature it will be suggested that accepting this guideline works in 

opposition to the prior guideline's call for asynchronous inspections. 

(4) Build organizational knowledge bases on review. The need for and nature of such 

a knowledge base is briefly addressed in the preliminary survey (Chapter Four), 

the prototype development discussion (Chapter Seven) and in concluding remarks 

(Chapter Eight). 

' The interval time problem refers to the time delay between individual preparation and 
when a logging meeting is held. This time delay can adversely affect software project 
timelines and ultimately completion dates. 
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(5) Outsource review and in-source review knowledge. This guideline is considered 

within the prototype development discussion (Chapter Seven) and in concluding 

remarks (Chapter Eight) 

(6) Investigate computer-mediated review technology. This guideline is implicit 

within the nature of generalized and SEMS inspections. 

(7) Break the boundaries of review group size. Although not directly explored in this 

dissertation, such a call to enable larger group sizes is a benefit of EMS in general 

(Nunamaker 1996-97). 

The work of Ilka Tervonen and his colleagues at the University of Oulu is an 

example of the new directions called for by Philip Johnson. Tervonen's work parallels 

and complements the work upon which this dissertation is founded. Based on a perceived 

need to shift inspections from face-to-face to virtual meeting contexts (Tervonen, 

Haijumaa, and lisakka 1999), the work by Tervonen and his colleagues explore both 

technological and behavioral considerations (Tervonen and Kerola 1998). Their GRCM 

(goal-rule-checklist-metric) model provides an organizing principle and ensures 

consistent terms for designers and inspectors (Tervonen 1996; Tervonen and Oinas-

Kukkonen 1997). They classify inspection processes across two dimensions, discipline 

and flexibility (Tervonen, lisakka, and Haijumaa 1998). For example, a Pagan inspection 

requires high discipline and low flexibility; whereas a pair inspection (in which a couple 

of inspectors review material and issue a certificate) requires low discipline and high 

flexibility. Citing Gilb, Nunamaker, and Johnson as source references (Gilb and Graham 



44 

1993; Johnson, et. al. 1993; Nunamaker, et. al. 1991), Tervonen lists the following 

problems that arise within the inspection process: 

• Insufficient knowledge of either the process or the document to be inspected. 

Associated problems include: incorrect review rate in individual checking or in the 

meeting, inspectors do not understand the document, insufficient preparation, and 

process practiced incorrectly; 

• Problems in meetings include moderator domination, non-participating and ego-

involved members, and recording difficulties; and 

• Physical difficulties include document management, recording difficulties, and 

geographical dispersion. 

Tervonen's concerns are shared and explored subsequently in this dissertation. Over 

a period of years. University of Oulu researchers developed a Web Inspection Tool (WiT) 

tool and deployed it in university and industry settings (Tervonen and Oinas-Kukkonen 

1997). The WiT tool is available at http://www.tol.oulu.fi/~wit/inwin/ or directly from 

tervo@rieska.oulu.fl. Although containing slightly different features and interactions 

than the web-based inspection tool used in this dissertation, WiT is a SEMS inspection 

tool and comparable to the prototype SEMS tool described in Chapter Seven. 

2.3 Collaboration Research Applied to Software Inspections 

This dissertation examines first collaboration within sofhvare inspections. 

Collaboration is the noun form of the word "collaborate" which is defined as, "Fo work 

mailto:tervo@rieska.oulu.fl
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together, especially in a joint intellectual effort. The word origination comes from 

"Late Latin collabordre, collabordt- : Latin com-, com- + Latin labordre, to work (from 

labor, toil). " Thus, collaboration refers to "co-labor" or more specifically how people 

work together. "Joint cognitive effort over time" is used to define "'attention''' by Robert 

O. Briggs (Briggs and Nunamaker 1999) and adopted within this dissertation as the 

definition of ^^collaboration.'''' This definition embraces the concept of individuals 

working together and recognizes both cognition and time constraints. To establish a 

linkage between collaboration and attention, consider the definition of attention: 

"concentration of the mental powers upon an object; a close or careful observing or 

listening.'''^ Collaboration within an inspection context requires attention in order to find 

latent issues within a source document. Further, inclusion of the concepts "joint" and 

"over time" are well suited to a software inspection process. Thus an assertion is made 

that the stated definition is actually better suited for the word "collaboration"; however 

the linkage to "attention" is not disputed. 

This dissertation builds on a historical progression of research related to group 

support systems, including Electronic Meeting Systems (EMS). The historical 

progression is presented below in three sections, loosely organized around different 

causal theories. The first is the descriptive Time, Interaction, and Performance (TIP) 

Theory (McGrath 1984) developed by McGrath, Hollingshead, and colleagues (from the 

^Excerpted from The American Heritage® Dictionary of the English Language, Third Edition O 
1996 by Houghton Mifflin Company further reproduction and distribution in accordance with the 
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University of Illinois). The second and third are more recently proposed Media 

Synchronicity Theory (Dennis and Valacich 1998) by Dennis and Valacich (University 

of Georgia and Washington State University, respectively) and Focus Theory of 

Productivity (Briggs and Nunamaker 1999) by Briggs and Nunamaker (from the 

University of Arizona). A contribution of this dissertation is to develop and test 

hypotheses based directly on the later two theories. 

23.1 Collaboration Research History and TIP Theory 

Joseph E. McGrath (emeritus. Department of Psychology, University of Illinois) 

and Andrea B. Hollingshead (Department of Speech Communication, University of 

Illinois) have extensively studied how groups interact with technology. They compiled 

an extensive historical review and proposed future agenda related to effects of technology 

on group workflow (McGrath and Hollingshead 1994). McGrath and Hollingshead are 

primarily interested in studying group interactions over time. They recognize a "fuzzy" 

definition of groups as being, "social aggregates that involve mutual awareness and 

potential mutual interaction" (McGrath 1984). Relevant portions of their historical 

review are briefly summarized and their theoretical contribution, TIP Theory, is 

described. 

Historically, technology support for work groups has been driven by three 

motivations (McGrath and Hollingshead 1994): 

(1) Improving task performance, or as Steiner suggests decreasing process losses 

(Steiner 1972); 

Copyright Law of the United States. All rights reserved. 
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(2) Overcoming time and space constraints including moving beyond face-to-face 

meetings; and 

(3) Increasing range and depth of information used in decision-making. 

McGrath identifies four types of electronic support systems (McGrath and 

Hollingshead 1994). Three types apply to software inspections: primarily Group 

Performance Support Systems (GPSS), and to a lessor extent Group Communication 

Support Systems (GCSS) and Group Information Support Systems (GISS). GPSS modify 

group's performance processes; GCSS modify group's internal communication system; 

and GISS modify group's information base. 

Two research centers and their progeny have dominated GPSS related research for 

the past fifteen years. Jay Nunamaker and colleagues at the University of Arizona 

developed and commercialized GroupSystems™ for use with relatively large groups (eight 

or more). The previously discussed dissertation by Craig Tyran as well as this 

dissertation flow from the heritage of the Arizona research stream. DeSantis, Dickson, 

Poole, and their colleagues formerly at the University of Mirmesota developed the 

Sofhvare Assisted Meeting Management (SAMM) for use by relatively small groups 

(four to eight members) (McGrath and Hollingshead 1994). In general, McGrath mildly 

criticizes the rapid growth of the number and capabilities of GPSS systems "w/V/iom/ 

conceptual guidance." 

McGrath commends Minnesota researchers for blending behavioral science 

research with a macro-level theory of group process (referred to as adaptive structuration 

theory or AST) (Poole and DeSanctis 1990). AST posits that a social technology such as 
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an EMS presents a structure of rules and operations to a group. The social systems are 

thought of as observable patterns of relations among individuals. Structures are the 

rules and resources used to produce and reproduce social systems. The group actively 

adapts technology to its own ends and periodically reinvents technology through 

emergent structures. This dissertation briefly explores how inspection processes mature 

over time and how such maturation might be a trigger for emergent structures. 

A significant contribution by McGrath and Hollingshead is Time, Interaction, and 

Performance (TIP) Theory. TIP Theory classifies group dynamics based on two 

dimensions, fimctions and modes. Groups are engaged continuously and simultaneously 

in three functions: production, member support, and group well being. This dissertation 

focuses primarily on production, which is the group's contribution to their organization or 

more simply stated productivity. Member support (contribution to participating group 

members) and group well being (continued functioning as an intact social unit) are 

examined briefly in the preliminary survey (Chapter Four) and are suggested as 

significant factors to be considered in distributed inspections (Chapter Eight). Groups 

carry out these functions by means of activities in one or more of four modes: project 

inception, problem solving, conflict resolution, and performance. Completed projects 

involve at least project inception and performance. Problem solving and conflict 

resolution can, but are not necessarily present. Pagan inspections potentially involve all 

four modes; however historically great effort is made to avoid conflict resolution before 

or during inspection meetings. 

™ Trademark of Ventana Corporation of Tucson, Arizona 



2.3.2 Media Synchronicity Theory 

The first significant theory tested in this dissertation is Media Synchronicity 

Theory (MST) by Dennis and Vaiacich. Synchronicity is the ""extent to which a 

communication environment encourages individuals to work together on the same 

activity with the same information at the same time'" (Dennis and Vaiacich 1998). 

In part MST was proposed as a replacement to Media Richness Theory (MRT) 

(Daft and Lengel 1984). Once intuitively appealing and popular, MRT posits that task 

performance improves when task needs are matched to a medium's ability to convey 

information. Face-to-face meetings are "richer" in conveying information than computer-

mediated communications. Media Richness Theory advocates a one-dimensional scale 

for all media. Unfortunately, empirical results assessing this media-task fit have been 

inconclusive (Draft, Lengel, and Tervino 1987; El-Shinnawy and Markus 1992). Media 

synchronicity posits additional dimensions and changes focus fi-om task fit to an 

outcome-centered perspective. 

As shown in Figure 2.1, MST is based on a three-dimensional abstraction that 

helps explain effects of media use on ability to communicate and process information. 

The first dimension, task function, comes directly firom McGrath's TIP theory. The 

second dimension includes five media characteristics, of which two (feedback and 

parallelism) are key to synchronicity. Feedback, also called immediacy of feedback (and 

not to be confused with feedback as studied in this dissertation), is the extent to which the 

medium enables users to provide near simultaneous and bi-directional communication 

between sender and receivers (Daft and Lengel 1986; Daft and Wigninton 1979). 
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Communication Processes 

 ̂ Production y 
 ̂ Group Well-being 

. . .  

Member Support 

Symbol Variety 

Parallelism 

Feedback 

Rehearsability 

Reprocessability 

Figure 2.1 Dimensions of Media Synchronicity Theory 
(Dennis and Valacich 1999) 

Parallelism, also called concurrency, is the number of simultaneous conversations that 

can exist effectively in the medium (Rice 1987; Sproull 1991; Valacich, et. al. 1993). 

Low feedback and high parallelism characterize low synchronicity media. High feedback 

and low parallelism characterize high synchronicity media. The third dimension, 

communication processes, is based loosely on five sensemaking strategies (Weick and 

Meader 1993). MST considers the first three (action by group members, triangulation by 

seeking information in a variety of formats, and contextualization by cormecting new 

events to past events) to be "conveyance" of information. The fourth, deliberation 

requires no communication and is not shown in Figure 2.1 (however it will be revisited in 

the next subsection as a significant component of Focus Theory of Productivity). The 
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fifth strategy (affiliation, which is the seeking to understand how other individuals 

interpret or understand information) requires "conveyance of a shared meaning of the 

information". Figure 2.2 depicts the desired media characteristics for cross-sections of 

feedback and parallelism media characteristics. 

Conveyance Conveyance 

Parallelism 
(Msumtng a group larga 
enough to benefit) 

Production Low-High 

Group weii-being High 
Sync 

_ _ 
Sync 

Member Suuport 

Conveyance Conveyance 

Feedback 
(aMummg a large amount of 
rrformaion requiring 
deliberation « conveyed) 

Production 

Group weli-being Low 
Sync 

High 
Sync 

Member Suuport 

Figure 2.2 Selected portion of Desired Media Characteristics 
(Dennis and Valacich 1999) 

Several words of caution are needed. First, MST is a developing theory and not 

as tightly formulated as Focus Theory of Productivity. Dennis and Valacich have 

proposed propositions, however underlying axioms and testable hypothesis are not yet 

well developed. Another series of problems arise by classifying group communication 

processes into only two categories (conveyance and convergence). First, how do you 

classify a process in which one conveys a message in order for the group to converge on 
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meaning? Is it conveyance, convergence, or both? In addition, individuals and groups 

cognitively multitask. At one level conveyance is occurring; however, convergence can 

be simultaneously occurring at the group or individual level. A second problem is how 

do you deal with deliberation, distractions, and other communication processes that are 

not clearly classified in the first two? MST directly deals with deliberation by stating that 

it is not a communication process. As for distractions, how to classify them is not 

considered. 

The distinction between conveyance and convergence made within MST is the 

basis for propositions. The following five (out of nine) propositions have a potential 

bearing on why EMS inspections are more productive than paper-based inspections 

(Dennis and Valacich 1999): 

PL For group communication processes in which conveyance is the goal, environments 

providing low synchronicity (low feedback and high concurrency) will be more 

effective. 

P2. For group communication processes in which convergence is the goal, 

environments providing high synchronicity (high feedback and low concurrency) 

will be more effective. 

P6. Established groups with accepted norms will require less use of media with high 

synchronicity (high feedback and low parallelism) than groups without such norms. 

P7. As a given group works and develops over time, it will require less use of media 

with high synchronicity (high feedback and low parallelism). 

P8. Newly formed groups, groups with new members, and groups without accepted 

norms for production, group well-being, or member support will require more use 

of media with high synchronicity (high feedback and low parallelism). 
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Fagan inspections are asserted to require primarily conveyance communications. 

This assertion will be developed into a testable hypothesis in Chapter Three and 

formally tested in Chapter Seven. Thus Proposition One holds most explanatory value 

in the phenomenon of interest in this dissertation, EMS inspections compared to paper-

based inspections. EMS inspections have low synchronicity (again this will be developed 

into a testable hypothesis in Chapter Three); Face-to-face paper-based inspections have 

high synchronicity. Thus, according to proposition one, the conveyance-style Fagan 

inspection will be more effective using the low synchronicity EMS media than the high 

synchronicity face-to-face paper-based media will. For, inspection meetings that 

encourage convergence, proposition two suggests that the opposite result might occur. 

Convergence is required if the inspection group needs to develop consensus on issue 

classification or engages extensively in defect prevention and process improvement 

discussions. 

Proposition six provides a potential answer to Votta's question (Does every 

inspection need a meeting? (Votta 1993)). The need for high synchronicity decreases as 

the organization matures and developer share accepted inspection norms. Proposition 

seven states that need for synchronicity decreases the longer an inspection team works 

together. Given that EMS has lower synchronicity, propositions six and seven support 

EMS inspections being more effective than face-to-face paper-based inspections. 

Proposition eight address newly formed groups and less mature organizations that are 

integrating inspections into their development life cycle. In such situations, face-to-face 
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meetings might be much more productive. While this proposition is not directly tested, 

anecdotal support is given to this proposition in the concluding Chapter Eight. Thus, 

MST holds promise in explaining why EMS inspections are better than face-to-face 

paper-based inspections. 

2.3.3 Focus Theory of Productivity 

Focus Theory is "a parsimonious, bounded, general causal theory of team 

productivity" (Briggs and Nunamaker 1999) and the second significant theory tested in 

this dissertation. Similar to MST, Focus Theory is evolving and relatively untested. 

Figure 2.3 depicts high-level constructs of Focus Theory. 

As previously stated, Brigg's definition for "attention" is transformed in the 

definition for "collaboration" which is "cognitive effort over time." Collaboration 

consists of three processes: communication, deliberation, and information access. At any 

point in time the group gives attention to only one of the three processes. Distractions 

take away attention and thus detract fi-om collaboration. Goal congruence refers to 

aligning public intentions of the team with the private goals of members. Focus Theory's 

main premise is that goal congruence directly motivates collaboration, which in txim 

causes productivity. The basic definitions, selected axioms, and selected propositions for 

Focus Theory are listed below (Briggs and Nunamaker 1999). 
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Cognitive Effort Over Time 

Communication 

+ . - + 
Coî ^nc ' - - Productivity 

DtlibtrMlon . 

Distractions 

Figure 2.3 Constructs of Focus Theory 
(Briggs and Nunamaker 1999) 

Focus Theory Definition of Terms: 

• Goal is a desired outcome, the object of aim of action (Locke and Latham 1990a; 

Tubbs and Ekeberg 1991). 

• Team is a set of people who have agreed to expend effort to attain a goal. 

• Productivity is the degree to which a team achieves its goal and consists of efficiency 

and effectiveness components (Prichard, Jones, and Roth 1990). 

• Efficiency is the degree to which attention resources are conserved during 

accomplishment of a goal. 

• Effectiveness is the quality of the outcome achieved. 
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• Attention is to apply the mind and redefined as joint cognitive effort over time. As 

previously discussed this definition is used within this dissertation to define the 

meaning of the word '''"collaboration." 

• Deliberation is the cognitive processes required to form intentions with respect to the 

team goal. Deliberation is extended to mean all cognitive processes toward forming 

intentions, whether the processes are methodical or chaotic. For software inspections, 

deliberation is taken to mean cognitive processes related to looking for latent issues in 

a source document. 

• Information is a model of something built for someone for some purpose. The 

fimction of information is to increase the probability that one will expect the 

outcomes one obtains when choosing one course of action over others. Thus the 

purpose of information access is to increase the probability of desired outcome. For a 

software inspection, information access is involved to look at a source document 

(otherwise you carmot find a latent defect), reading reference documents (to clarify 

whether a potential issue is in fact a valid issue), or looking at issues raised by other 

inspectors. 

• Communication refers to the exchange of meanings among people. Focus Theory 

views media as a black box. Hence the need for a compatible theoretical basis such as 

MST in which communication processes are decomposed into conveyance and 

convergence and used as a basis for asserting the best task-media fit. Communication 

includes talking, listening, reading and writing during a software inspection. 
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• Distraction is anything that interferes with the focus of team member attention toward 

achieving their goals. Distractions are not dealt with by MST and are an important 

contribution of Focus Theory. During a software inspection, distractions include 

technology-related problems (e.g. a broken computer and EMS performance 

problems), personal problems (e.g. bathroom break, and illness), envirorunental-

problems (e.g. room conditions, and workspace limitations), and even administrative 

tasks (e.g. time records). 

Focus Theory Axioms: 

A. Human attention is limited. Focus Theory asserts that capacity to manage multiple 

cognitive processes is limited (more specifically capacity to simultaneously manage 

deliberation, communication and information is limited). 

B. Teams accomplish goals by exchanging and deliberating about information. This 

need for collaboration by exchange and deliberation is based on an assumption that no 

one team member has all the experience, insight, information, or resources to attain a 

goal alone. This is intuitively the case for software inspections where, under the best 

conditions, latent issues remain after inspection. 

Selected Focus Theory Propositions: 

PL Team productivity is an inverse function of the amount of attention required for 

communication. Stated slightly different, communication is necessary; however 

there is a point of diminishing returns in which communication negatively impacts 

productivity. Intuitively more communication is required in a face-to-face paper-
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based inspection than an EMS inspection and helps explain why EMS inspections 

are more productive. 

P2. Team productivity is a function of the degree to which participants can focus 

attention on deliberative processes toward goal attainment. Deliberation is the 

often neglected and yet most important factor in collaboration. The easier 

communication and information access become, the more attention can focus on 

deliberation. For software inspections, deliberation is simply looking for latent 

issues. 

P3. Team productivity is an inverse function of the attention required for information 

access. Information access is also necessary; however there is a point of 

diminishing returns in which information access negatively impacts productivity. 

Information access within a face-to-face paper-based inspection requires both 

individual and group attention. Within an EMS inspection, the placement and 

access to issues is structured (i.e. you find them listed within a "page" category) and 

primarily require individual attention. SEMS tools fiorther reduce attention required 

for information access by visual identification of issues within the review 

document. To the extent that information access attention is less for an EMS 

inspections compared to a face-to-face paper-based inspections explain a potential 

reason why EMS inspections are more productive. 

P6. Team Productivity will be an inverse function of the level of distraction. 

Distractions become a problem if they hinder productivity. Moderate levels of 

distraction requiring very little conscious effort may not significantly interfere. 

Possibly, though improbably, EMS inspections have fewer distractions than face-to-
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face paper-based inspections because the process is self contained and not as 

dependent on a sequential group process. Nevertheless, considering distractions is 

more realistic than aggregating all cognitive effort into conveyance and 

convergence as posited by MST. 

Axioms and propositions related to goal congruence are not listed mainly because 

it is improbable that they directly effect the phenomenon of interest. There is very little 

to suggest that goal congruence is higher in an EMS inspection than a paper-based 

inspection. The work ethic and commitment of Baan developers is exceptionally high in 

both types of inspections and presumed to be very similar. While in no way meant as a 

criticism. Focus Theory addresses primarily large and diverse working groups in which 

goal congruence is the driving factor. It will be argued later in the literature review and 

subsequently, that additionally valid driving factors for inspections are inspector 

proficiency and process maturity. Neither is considered in Focus Theory. 

The primary contribution of Focus Theory within this dissertation is the 

interactions between attention (which herein is referred to as collaboration), distractions 

and productivity. Focus theory directly deals with deliberation and distractions in a 

maimer that MST did not. 

Focus Theory also presents some problems in the details. Classification of 

communication processes can be difficult. For example is deliberation a private or group 

activity? How do you handle the situation where communication is going on between 

members of a group while a portion of the group is accessing information or deliberating 

(even subconsciously). As a tightly focused and bounded theory. Focus Theory does not 
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make assertions concerning media fit or feedback issues (explored in the next 

subsection). 

Why is an EMS inspection more effective than a face-to-face paper-based 

inspection? According to Focus Theory, more attention is given to deliberation in the 

EMS inspection than in the face-to-face paper-based inspections. Possibly there are less 

distractions. Also, EMS reduces communication effort through parallelism and reduces 

attention dedicated to information access. Interestingly, the SEMS tool used should 

perform better than EMS inspections on the basis of Focus Theory because it further 

reduces attention required for communication and information access. 

2.4 Feedback applied to Software Inspections 

The second main focus of this dissertation is feedback within software inspections. 

Feedback consists of following two main dictionary definitions: 3 

1. a. The return of a portion of the output of a process or system to the input, especially 

when used to maintain performance or to control a system or process, b. The portion 

of the output so returned. 

2. The return of information about the result of a process or activity; an evaluative 

response: asked the students for feedback on the new curriculum. 

The first definition relates to engineering and statistics. The second relates to 

psychology and behavior science. Within this section, feedback literature is reviewed and 

applied to software inspections. Feedback is widely studied in many disciplines. 

Feedback of process outcomes has not been widely studied within software inspection 

^ Excerpted from The American Heritage® Dictionary of the English Language, Third Edition (0 
1996 by Houghton Mifflin Company. Electronic version licensed from INSO Corporation; further 
reproduction and distribution in accordance with the Copyright Law of the United States. All rights 
reserved. 
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literature. Three feedback dimensions with applicability to software inspections (review 

rate, inspector proficiency, and process maturity) are introduced. 

2.4.1 Feedback Literature Review 

Feedback is a fimdamental aspect of such disciplines as engineering, organizational 

management and time-series statistics. Feedback is even fundamental to eye-hand 

coordination. Within engineering, feedback control within a closed-loop system, is 

illustrated below in Figure 2.4 (Bahill IQSl)**. Similar to control mechanisms in state 

machines such as speedometers or gauges, feedback mechanisms measure both causes 

and effects. 

Controller Plant 

r(t) ^e(t) H ̂  M gc(t) gn(t) 

h(t) 

Feedback elennents 

Figure 2.4 Bioengineering Time-domain Feedbacic Control System (Bahill 1981) 

Engineering is arguably based on feedback recognition, formulation of feedback 

related mathematics and application of feedback in practical situations. Advantages of 

4 This example Illustrates elements of eye-hand coordination. The reference input, r(t), is the target 
position of the hand and the system output, y(t), is the actual eye position. The output is measured and 
perhaps modified by h(t), which represents the dynamic properties of the sensors and transducers. The 
signal is subtracted from the input to give the error, eft). The en-or is processed by the controller g(t), the 
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engineering feedback include process modification through either stabilization of 

disturbances or creation of purposeful instability (Callier and Desor 1982). The 

importance of feedback within the engineering disciplines has not been lost in social 

science disciplines. However, the mathematics and applications are not nearly as well 

understood. 

Within psychology and organizational management literature, feedback and goal 

setting are studied as motivational functions that enhance an individual's work 

performance (Kopelman 1986). Goal setting and feedback have an interactive relation; 

feedback is a necessary but not sufficient condition for effective goal setting (Locke and 

Latham 1990b). The value of feedback is that it directs and motivates behavior (London 

1997). 

Pritchard and colleagues examine group-based feedback about the efficiency and 

effectiveness of the group (instead of individual performance) (Prichard, Jones, and Roth 

1990). They found that group-level feedback increased productivity 50% over baseline 

performance within a military context. Once group-level feedback was established, 

workgroups tended to sustain and actively maintain the enabling systems. In their 

literature review they also assert that performance feedback is one of the most accepted 

principles in psychology. A meta-analysis of psychologically based interventions (Guzzo 

brain, to produce the controller signal, which is sent to the plant. The plant, g(t), is the open-loop system 
that simulates hand movement (Bahill 1981). 
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1985) found that feedback has an average effect size of .35 standard deviations implying 

that outcome feedback significantly improves performance. 

Feedback can be based on outcome (information concerning performance 

outcomes) or process (information conceming the maimer in which an individual 

implements a work strategy) (Early, et. al. 1990). Most behavioral research has focused 

on outcome based feedback and also on individuals rather than groups (Early, et. al. 

1990; Prichard, Jones, and Roth 1990). Earley and colleagues contrast outcome and 

process feedback as follows: 

Although outcome feedback can identify the need to adjust action, it often does not 

provide specific information concerning how to adjust - information on the 

direction of behavior. Such adjustment information becomes particularly important 

for performing complex or unstructured tasks in which the relation of behaviors to 

perform outcomes may be uncertain. As a result, an individual who receives outcome 

feedback while performing an unstructured or complex task may make inappropriate 

adjustments. The directive, strategy-shaping effect of feedback can occur much more 

directly and accurately when feedback focuses on the process ofperforming a task, as 

opposed to the outcomes of the performance or an individual's task strategy. The 

research of Tharp and Gallimore, who studied the verbal behavior of John Wooden, 

the highly successjul basketball coach at the University of California, Los Angeles, 

provided a concrete example of process feedback. Tharp and Fillimore found that at 

least 65 percent of Wooden's comments during practice games consisted of specific 

statements to his players about what they were doing and how to perform better in the 

Jiiture. Process feedback facilitates people's performance by helping them develop 

an effective task strategy. 
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Early and colleagues studied hypothesized effects of process and outcome 

feedback on the relation of goal setting to performance as shown in Figure 2.5. They 

found that both process and outcome feedback interact with goal setting. More 

significantly process feedback is strongly related to the quality of information search and 

task strategies. Further effects of the two types of feedback may be additive and 

complementary. 

Mediators 

H3a 
I Process 

Feedback 
Task-Stragy Quality 
Information-Search 

Appropriateness H4b 
Hlb 

H3b 

Performance Goal Setting 
H2b 

Mediators Hib 
H4a 

Outcome 
Feedback 

Self-confidence 
Effort 

Figure 2.5 Hypothesized Effects of Process and Outcome Feedback on Performance 

2.4.2 Feedback in Software Inspections 

Feedback is incorporated within software inspection practices. Commonly used 

performance metrics are outcome-based and highlight group-level performance 

effectiveness (Barnard 1994). Common metrics are recorded, analyzed and used for 

planning inspections. Defect prevention efforts based on casual analysis are also 

considered as outcome feedback (Jones 1985). Analyzing prior defect patterns helps 
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focus inspections (by suggesting task strategy) and remove recurring errors. Such causal 

analysis forms the basis for the second level of Personal Software Processes™ 

(Humphrey 1995) and are incorporated into Team Software Process (Humphrey and 

Over 1999). 

Process feedback has not been given the same attention as outcome feedback. 

Using the common metrics for performance purposes is difficult. Arguably the most 

widely used and studied metric is effectiveness (e.g. number of issues found per thousand 

lines of code). Unfortimately this metric does not address whether latent issues remain. 

Therefore its use as a performance outcome is dangerous. If this measure is used, does 

the group look until it finds the expected number of issues? With possible exception of 

individual preparation rates and inspection rates (which will be addressed shortly), 

performance feedback is not widely considered. A significant inspection problem is 

identification of an appropriate task strategy for finding issues. Based on Early's findings 

(Early, et. al. 1990), performance feedback applied to software inspection should 

facilitate "people's performance by helping them develop an effective task strategy". As 

stated by Bill Curtis, a widely recognized software engineering researcher, "the question 

is how to use performance data to identify areas for improvement." (Curtis 1997) 

This dissertation focuses on review rate and two feedback-dimensions that have 

not been considered in prior software inspection research. The new dimensions were 

initially recognized in a conference paper and shown in a causal model (Rodgers, et. al. 
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1998). The model suggested that inspection processes are cognitive processes in which 

people (players) are allocated along with causes in order to identify defects. Feedback 

dimensions both cause and affects the cognitive processes. For process maturity, focus 

is at the inspection team level and not at an overall organizational level. For inspector 

proficiency, focus is on individual ability and motivation to work effectively during an 

inspection. Properly defined, both dimensions represent significant components of 

people and process related factors. Perceptions of experienced software inspector 

concerning process maturity and inspector proficiency are explored in Chapter Four. 

2.4 J Review Rate 

Individual preparation rate and inspection rate can be used for performance 

feedback through rules of thumb, such as the Baan individual preparation rate target of 

250 KLOC per hour. Software Engineering Institute researchers link inspection rates 

with inspection performance (Tomayko and Murphy 1993). Michiel van Genuchten 

recognizes individual preparation rate as the most important prerequisite before 

establishing that EMS inspections are more productive than face-to-face paper-based 

inspections. The relative advantage of EMS goes away if the preparation rate is too fast. 

The impact of inspection rate is considered throughout this dissertation. 

A slightly different perspective is advocated later in this dissertation with regards 

to individual preparation and inspection rates. There is no known research or industry 

expert that advocates combining both individual preparation and meeting time into a 

™ Servicemarks of Carnegie Mellon University 
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single calculation. For face-to-face paper-based inspections this make sense because the 

individual needs to prepare sufficiently in order to contribute during a meeting. Given 

pressure to reduce face-to-face meetings, the importance of inspection rate (counting 

time spent in the inspection meeting) diminishes. For distributed inspections (especially 

in a different-time, different-place context) the distinction between individual preparation 

and inspection rate blurs. Therefore, the following definition is proposed. Review rate is 

size of the document being reviewed (stated in KLOC for source code) divided by the 

total review time (stated in hours and including individual preparation and inspection 

meeting). Using review rate is both convenient from a practical perspective because it 

allows comparisons between peer reviews (with no individual preparation time) and 

Fagan inspections. The review rate is used for evaluation in Chapters Five and as a 

means to establish target individual preparation rates in Chapter Seven. 

2.4.4 Inspection Process Maturity 

Testimonies suggest that inspection practices evolve over time and mature (Grady 

1992; Grady and Van Slack 1994). The Capability Maturity Model (CMM) includes five 

levels (level 1-ad hoc, level 2-repeatable, level 3-defined, level 4-managed and level 5-

optimizing) and is adopted as an organizing framework for assessing software 

development process maturity at the organizational level (Paulk, et. al. 1993; Paulk, et. al. 

1995). The framework has been applied to testing processes (Bumstein, et. al. 1998). 

Inspection process maturity has both outcome and process feedback 

characteristics. Successful inspections encourage continued application of best practices. 
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Assuming software inspections are formally integrated within the development life cycle, 

over time inspection practices will evolve. As shown in Chapter Four, inspection 

practices vary widely even within higher CMM level organizations. Inspection process 

maturity was suggested during a conversation with a development manager of a mature 

development shop (CMM level 4). The manager observed that when new inspectors 

come or members leave an inspection team, "it takes three or four months of 'beating on 

their heads' until they become productive again." Apparently, the same occurs regardless 

of who in the group comes or goes. This suggests that inspections are truly a small-group 

activity and that the concept of maturation must be applied at the inspection team level. 

Inspection process maturity is the least defined feedback concept explored in this 

dissertation. Do inspection processes mature? If so, how? What are key factors in a 

maturing inspection process? Can a CMM framework be applied to software 

inspections? Chapter Four directly tests this question and identifies potential key process 

areas. In Chapters Five and Six historical data is examined to determine whether 

evidence exists to suggest inspection process maturity based on factors such as trend 

analysis and inspection team continuity. 

2.4.5 Inspector Proficiency 

The fact that software developers have different abilities is well known and 

established. Following are typical quotes to support this assertion. "These studies 

revealed large individual differences between high and low performers, often by an order 
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of magnitude^." Barry Boehm notes, '''"studies of large projects have shown that 90^^-

percentile teams of software people typically out produce 15^^-percentile by factors of 

four to five. Studies of individual programmers have shown productivity ranges of up to 

26:1. The moral: Do everything you can to get the best people working on your project.'''' 

(Boehm 1987) Tom DeMarco and Timothy Lister provide three rules of whenever you 

measure variation in performance over a sample of individuals (DeMarco and Lister 

1987): 

• Count on the best people outperforming the worst by about 10:1 

• Count on the best performer being about 2.5 times better than the median performer. 

• Count on the half that are better than median performers outdoing the other half by 

more than 2:1. 

Proficiency refers to the ability to do something well. Merriam-Webster's 

Collegiate® Dictionary defines proficiency and proficient as follows: 

pro.fi.cien.cy n I: the quality or state of being proficient 2: advancement in 
knowledge or skill: 

pro.fi.cient adj Well advanced in an art, occupation, or branch of knowledge — 
proficient n ~ pro.fi.cient.ly adv syn proficient, adept, skilled, skillful, expert 
mean having great knowledge and experience in a trade or profession, proficient 
implies a thorough competence derivedfrom training and practice 

Inspector proficiency refers to the ability of an inspector to find latent issues 

(defects) in another developer's work. Intuitively, the more inspection experience one 

has; the more one becomes familiar with issue finding strategies and ultimately 

proficient. 

^ Sackman, Erikson and Grant as quoted by Fredrick P. Brooks, Jr. in The Mythical Man-
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Prior knowledge of inspector proficiency has value when inspection teams are 

formed. For example, assume use of a scenario based code inspection in which three 

inspectors are assigned different roles as suggested by Porter, Votta, and Basili [Porter, 

1994 #27]. The first reviewer focuses on data type consistencies including coding and 

documentation standards; the second focuses on incorrect functionality; and the third 

focuses on ambiguity or missing functionality. Each assignment is progressively more 

difficult and may suggest assigning individuals with different proficiency levels to each 

role. The first inspector might be a junior programmer for which the review process 

serves as a learning experience. The second inspector might be a programmer or analyst 

with proficiency in matching required functionality with existing code. The third 

inspector should be the most proficient and capable of discovering unexpected and 

ambiguous defects. 

Chapter Four explores perceptions concerning whether inspector proficiency is 

important and how acceptable it is to formally record proficiency information.. Chapter 

Five includes a productivity comparison of inspectors that are perceived to be proficient 

and those who have a history of recorded proficiency. Identifying how one becomes a 

highly proficient inspector (including perceptual and measurement based-approaches) is 

explored throughout this dissertation. 

month (Brooks 1995) 
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CHAPTERS: RESEARCH FOUNDATION 

"The Hypotheses: 
Amid a wash of paper, a small number of documents become the critical 
pivots around which every project's management revolves. These are the 

manager's chief personal tools." 

Fredrick P. Brooks, The Mythical Man-Month, Preface to Chapter Ten 

This dissertation explores software inspection collaboration and feedback within 

an industrial setting. This chapter describes research foundations including research 

questions, underlying theoretical framework, propositions, testable hypotheses and 

assumptions. 

3.1 Research Questions 

Five general research questions are posed concerning collaboration and feedback 

in a software inspection. Two underlying and unifying themes are (1) to observe whether 

and how generalized EMS inspections are more productive than face-to-face paper-based 

inspections and (2) to incorporate productivity-enhancing features within a SEMS. The 

first question addresses these themes. 

Question #1 Do collaboration toob improve software inspection productivity? 

The question context is collaboration between inspectors during face-to-face 

paper-based inspection meetings compared to EMS inspection meetings. Productivity is 

taken to mean effectiveness, efficiency and yield (Genuchten, Comelissen, and Dijk 

1998). 
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Does the nature of collaboration account for productivity differences? To explore 

this phenomenon steps are taken (in Chapters Five and Six) to validate the industrial 

observations and consider potential threats to the validity including history, maturation, 

and selection (Cook and Campbell 1979). Having done so, the nature of collaborative 

support is explored (in Chapter Seven) in order to establish significant differences. 

Collaborative features are then incorporated within a SEMS tool (in Chapter Eight). 

Question #2 Can feedback dimensions that significantly improve productivity be 

identified and incorporated within software inspections? 

This question is more exploratory in nature than the first question. Experienced 

software inspectors are asked about feedback related perceptions (in Chapter Four). 

Historical data is used to establish a significance correlation between feedback and 

productivity measures (in Chapter Five). The remaining three questions relate to potential 

feedback dimensions. 

Question #3 What is the nature of review rate related to the number of issues 

discovered during an inspection? 

Review rate measures efficiency. For code inspections, review rate is the number 

of lines of code reviewed per hour (during individual preparation and inspection 

meeting). Genuchten suggested that individual preparation rate significantly determines 

whether EMS inspections are more productive than face-to-face paper-based inspections 

(Genuchten, Comelissen, and Dijk 1998). In his study, if the review rate is too high, the 
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absolute number of issues found diminished and relative advantage of EMS inspections 

went away. Historical data is used (in Chapters Five and Six) to more clearly determine 

review rate significance. 

Question #4 What are the determinants of inspector proficiency? 

The fact that performance differences exist is undisputed; questions remain 

whether differences are random or systematic and whether proficiency is 

multidimensional. Experienced software inspectors identify their perception of inspector 

proficiency determinants (in Chapter Four). Historical evidence supporting inspector 

proficiency is examined (in Chapter Five). 

Question #5 How do inspection processes mature? 

Do inspection processes mature for individual inspection teams or for whole 

development organizations? What differentiates an immature from a mature inspection? 

Assuming inspection process maturity is measurable, can a process feedback be 

implemented? Experienced software inspectors are asked both perceptions and key 

process areas related to inspection process maturity (in Chapter Four). Historical 

evidence supporting inspection process maturity is examined (in Chapter Six). Aspects 

of inspection process maturation are incorporated into the proposed quasi-experiment (in 

Chapter Seven). 
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3.2 Theoretical Framework 

Figure 3.1, a collaborative framework, depicts constructs and most relationships 

studied in this dissertation. This framework builds on attention categories from Focus 

Theory and synchronicity propositions from Media Synchronicity Theory. 

Group-Level Collaboration 

Review Rate 
Information Access 

Deliberation 
Productivity 
Effectiveness 
Efficiency 
Yieid 

Administration 
and Distraction Process 

Nlaturity 
Convergent ^ 

Communication Conveying 
Communication 

"O 
>t 

Synchronicity High Low 

I Inspector \ 

//I 
Dim. 

Inspector Inspector 

Individual Cognition 

Figure 3.1 Collaboration Framework 

The framework depicts relationships inside and between the research constructs, 

specifically group-level collaboration, productivity, review rate, process maturity, 

inspector proficiency, synchronicity, and individual cognition. Productivity is the 
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research dimension of interest. Inspection productivity includes effectiveness, efficiency 

and yield. Effectiveness is measured by number of issues found per thousand lines of 

code reviewed. Efficiency is measured by number of issues found per inspector-hour. 

Yield is the ratio of issues found during inspection to total latent issues contained in the 

document being reviewed. 

Group-level collaboration consists of five loosely defined processes (deliberation, 

information access, convergent communication, conveying communication, and 

administration/distraction). The relative importance of processes is indicated by the size 

of the associated box. Overlaps can and do occur between collaborative processes. For 

example, communication can simultaneously convey and converge. Group-level 

collaboration process can be partially observed and is difficult if not impossible to 

absolutely measure. However, it is possible to make relative comparisons between 

different inspections types and different collaborative processes. A basis for comparison 

is asking the question, to what extent did the specific process occur? For example, the 

question, 'To what extent did your inspection team describe or explain issues (defects) 

[oral or written]?''' focuses on conveying communication processes. 

Individual cognition is stimulated by group collaboration. Four primary 

communication modes provide conduits between group-level collaboration and individual 

cognition: listening, reading, talking, and writing. For individual inspectors, measuring 

communication modes is relatively straightforward. For example EMS inspections should 
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require more reading and writing, whereas face-to-face paper-based inspections require 

more talking and listening. 

Communication modes can be matched based on synchronicity. For example, 

face-to-face paper based inspections better support high-synchronicity. Whereas EMS 

inspections better support low-synchronicity. 

Corresponding to research questions three through five, factors contributing to 

group-level collaboration are review rate, inspector proficiency, and process maturity. Of 

the three factors, inspector proficiency needs ftirther explanation. Individual 

contributions are not equal and dependent on inspector proficiency. Inspector proficiency 

is multidimensional as suggested by the three sheets for each inspector shown in Figure 

3.1. Further, degree of proficiency can vary across cognitive dimensions. Intuitively, 

individual inspectors are proficient finding specified types of issues while less proficient 

finding other types of issues. 

Feedback is studied fi'om both experimental and exploration perspectives. 

Experimentally, threats to validity must be stated and shown to be immaterial to the 

research phenomenon being studied. Traditional threats include maturation, selection and 

history (Cook and Campbell 1979). Maturation occurs when the process under study 

grows older, wise, stronger, or more experienced during the study period. Inspection 

process maturity addresses the maturation threat. Selection refers to differences between 

participants such as inspector proficiency. History refers to impact of outside influences 

not of research interest. Historical threats include systematic changes to the inspection 
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process. Review rate changes might indicate such a systematic process change. Threats 

such as review rate and inspector proficiency must be controlled during a quasi-

experiment. Review rate can be controlled via a feedback mechanism for moderators (in 

Chapter Seven). Inspector Proficiency is controlled by taking measures to balance the 

relative number of highly proficient inspectors within each type of inspection being 

studied. 

This dissertation explores whether feedback can be practically used as a future 

performance moderator. First, does the feedback dimension reliably predict performance 

outcomes? Such analysis is conducted in Chapters Five and Six. Second is use of 

feedback acceptable to experienced inspectors? Such inquiry is made in Chapter Four. 

Third, how can feedback be incorporated into practice? As previously stated, review rate 

feedback is incorporated within the SEMS and considered wdthin the proposed quasi-

experiment (in Chapter Seven). 

A causal model such as presented by Early (Early, et. al. 1990) Is not proposed. 

However, a causal model and working through related statistical implications is 

recommended as future research (in Chapter Eight). 

3 J Propositions and Hypotheses for Collaboration 

Propositions and hypotheses are now proposed. Propositions are general 

assertions based on axioms (stated or implied) contained in the theoretical firamework or 

foundational theories (i.e. Media Synchronicity Theory or Focus Theory of Productivity). 
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Hypotheses are testable notions derived from a proposition. Collaboration-related 

propositions and hypotheses follow. 

Proposition 1. Generalized EMS inspections increase effectiveness and efficiency 

of issue discovery given sufficient individual preparation rates 

when compared to face-to-face paper-based inspections. 

The first proposition suggests that general EMS inspections continue to be more 

effective and efficient than face-to-face paper-based inspections beyond the period 

reported by Genuchten. The testable hypotheses focus on the same phenomenon reported 

by Genuchten, specifically comparing EMS to face-to-face paper-based inspections given 

individual preparation rate of 201-300 lines of code per inspector per hour. Separate 

testable hypotheses address both effectiveness and efficiency of major and minor issues 

discovered. 

Hypothesis IA Generalized EMS inspections significantly increase effectiveness 

(discovery of major and minor issues per thousand lines of code) given 

individual preparation rate of201-300 lines of code per hour of EMS 

inspection logging compared to face-to-face paper-based inspections. 

This hypothesis focuses on effectiveness. Genuchten reported that EMS 

inspections resulted in 40% more major issues than face-to-face paper-based inspections 

within the 201-300 line of code per hour range (Genuchten, et. al. 1999). Genuchten 

reported similar findings for minor issues during the pilot period (Genuchten, 

Comelissen, and Dijk 1998). 
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Hypothesis IB Generalized EMS inspections significantly increase efficiency (major 

issues discovered per hour invested in preparation and inspection 

meeting) given individual preparation rate of 201-300 lines of code 

per hour of EMS inspection logging compared to face-to-face paper-

based inspections. 

This hypothesis focuses on effectiveness. Genuchten reported that EMS 

inspections were over 40% more efficient than face-to-face paper-based inspections 

within the 201-300 line of code per hour range (Genuchten, et. al. 1999). Genuchten did 

not report efficiency for minor issues and therefore efficiency is not considered for minor 

issues. 

Proposition 2. For group communication processes in which conveyance is the 

goal, use of media with low synchronicity (low feedback and high 

parallelism) will lead to better performance. 

This proposition is Media Synchronicity Proposition Two (Dennis, et. al. 1998) 

and potentially explains collaboration differences between face-to-face paper-based and 

generalized EMS inspections. Within the collaborative firamework (in Figure 3.1), 

synchronicity is shown as a filter between group-level collaboration and individual 

cognition. In Chapters Five and Seven, surveys and observations are used to estimate the 

relative attention given to conveying and convergent communications. 

Hypothesis 2 Significantly more conveying communication than convergent 

communication occurs during inspection meetings without regards to 

the type of inspection (i.e. face-to-face paper-based inspections, and 

generalized EMS inspections). 
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Intuitively, inspections require more conveying communication (identifying 

issues) than convergent communication (classifying issues). Given parallel 

communication, it is possible that attention given to convergent communication 

increases with use of generalized EMS, however it is improbable that convergent 

communication becomes greater than conveying communication. 

The SEMS is introduced (in Chapter Seven) is considered better structured for 

collaboration-based inspections than generalized EMS or face-to-face paper-based 

inspections. Although not testing in this dissertation Chapter Seven suggests that SEMS 

inspections should be better than face-to-face paper-based inspections in terms of 

effectiveness, efficiency, and yield. 

Proposition 3. Group productivity is a function of ttie degree to wiiich 

participants can focus on deliberative processes toward goal 

attainment. 

This proposition is Focus Theory of Productivity Proposition Four (Briggs and 

Nunamaker 1999) and helps explain collaboration differences between face-to-face 

paper-based and generalized EMS inspections. Within the collaborative framework (in 

Figure 3.1), relative group attention given to deliberation is shown illustrated by the size 

of the rounded box. This proposition states that the productivity increases as more 

attention is dedicated to deliberation during group-collaboration (e.g. during the 

inspection meeting). 
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Hypothesis 3 Generalized EMS inspections involve significantly more deliberation 

compared to face-to-face paper-based inspections. 

This hypothesis focuses on relative attention dedicated to deliberation between 

inspection types. In Chapter Six, surveys and observations are used to test relative 

attention given to deliberation. In Chapter Seven, it is suggested that SEMS inspections 

allow more deliberation than face-to-face paper-based and generalized EMS inspections. 

Another interesting group of hypotheses would be to determine whether an inverse 

relationship actually exists; however doing so requires survey or observation during each 

inspection (which is considered to be impractical). 

Proposition 4. Team productivity is an inverse function of the amount of 

attention required for communication. 

This proposition is Focus Theory of Productivity Proposition One (Briggs and 

Nunamaker 1999) and helps explain collaboration differences between face-to-face 

paper-based and generalized EMS inspections. Within the collaborative framework (in 

Figure 3.1), relative attention given to communication is the total of both conveying and 

converging commimication. Again, an inverse relationship does not suggest elimination 

of communication; rather that at some point communication is detrimental to 

productivity. In Chapter Seven, surveys and observations are used to estimate relative 

attention given to communication. 

Hypothesis 4 Generalized EMS inspections require significantly less attention for 

communication compared to face-to-face paper-based inspections. 
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This hypothesis focuses on relative attention dedicated to communication between 

inspection types. In Chapter Six, surveys and observations are used to test relative 

attention given to communication. In Chapter Seven, it is suggested that SEMS 

inspections require less attention for communication than face-to-face paper-based and 

generalized EMS inspections. Again testing for inverse relationship would be 

interesting, yet considered to be impractical. 

Proposition 5. Team productivity is an inverse function of tlie attention required 

for information access. 

This proposition is Focus Theory of Productivity Proposition Five (Briggs and 

Nunamaker 1999) and helps explain collaboration differences. Within the collaborative 

framework (in Figure 3.1), relative attention given to information access is illustrated by 

the size of the rounded box. Again, an inverse relationship does not suggest elimination 

of information access; rather that at some point information access is deuimental to 

productivity. In Chapter Six, surveys and observations are used to estimate the relative 

attention given to information access. 

Hypothesis 5 Generalized EMS inspections require significantly less attention for 

information access compared to face-to-face paper-based inspections. 

This hypothesis focuses on relative attention dedicated to conmiunication between 

inspection types. In Chapter Six, surveys and observations are used to test relative 

attention given to information access. In Chapter Seven, it is suggested that SEMS 

inspections better structure attention for information access than face-to-face paper-based 
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and generalized EMS inspections. Again testing for inverse relationship would be 

interesting, yet considered to be impractical. 

Another interesting proposition and group of hypotheses relate to distractions; 

however it is improbable that distractions significantly affect performance (unless there 

are technical problems related to the EMS). Testable hypotheses related to collaboration 

are summarized in Table 3.1. 

Subject of Proposition Hypotheses 

Effectiveness H I A  EMS>FTF 

Efficiency H I B  EMS>FTF 

Conveying > Convergent H2A FTF H2B EMS 

Deliberation H3 EMS>FTF 

Communication H4 FTF>EMS 

Information Access H5 FTF>EMS 

Where: FTF = face-to-face paper based inspection 

EMS = generalized EMS inspection 

Table 3.1 Summary of Collaboration Hypotheses 



84 

3.4 Propositions and Hypotheses for Process Feedback 

Feedback related propositions and hypotheses follow. 

3.4.1 Propositions and Hypotheses for Review Rate 

The only stated constraint in Genuchten's study was individual preparation rate. 

Review time includes time spent during individual preparation and the inspection 

meeting. This dissertation recommends consideration of review rate as an alternative to 

individual preparation rate; however either metric can be used as a feedback mechanism. 

Review rate is preferred over individual preparation all things being equal because it can 

be used as a metric for distributed inspections. Two related propositions and associated 

hypotheses follow. 

Proposition 6 Review time must be sufficiently deliberate in order to discover 

issues during an inspection. 

The following hypotheses address both individual preparation and review rates. 

Hypothesis 6A Individual preparation rate is inversely related to number of issues 

discovered. 

Hypothesis 6B Review rate is inversely related to number of issues discovered. 

The first hypothesis considers only time spent during individual preparation. The 

second hypothesis includes time spent during individual preparation and inspection 

meeting. 



85 

Proposition 9 Use of review rate feedback at the individual and group level 

results in more predictable results during individual preparation. 

Individual preparation rate is considered a significant independent variable 

during the quasi-experiment (in Chapter Seven) and must be controlled. A combination 

of individual preparation and review rate targets are used to effectively control for 

individual preparation. Thus the following hypothesis results. 

Hypothesis 7 Review rate feedback will result in significantly less standard 

deviation of review rates compared to control groups without review 

rate feedback for inspections. 

The standard deviation of review rates should be less than historical averages 

regardless of face-to-face paper-based inspection or generalized EMS. The hypothesis 

addresses both face-to-face and EMS inspections during the period of the quasi-

experiment. 

3.4.3 Propositions and Hypotheses for Inspector Proficiency 

Inspector proficiency is also a threat to validity and must be controlled during the 

quasi-experiment. The inspector proficiency proposition and associated hypotheses 

follow: 

Proposition 10 Inspector proficiency is a significant factor in productivity 

(i.e., groups with more proficiency are more productive than 

groups with less proficiency). 
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The main point is that substantial differences exist between less proficient and 

more proficient inspectors and result in significant differences within group 

productivity. 

Hypothesis 8A Groups containing perceived high-proficiency inspectors are 

significantly more effective than groups without such highly proficient 

inspectors regardless of inspection type. 

Inspectors are asked who they consider to be the most proficient inspectors (in 

Chapters Five). Inspections containing perceived highly proficient inspectors are 

compared to historical averages for all inspections. Also inclusion of perceived proficient 

inspectors is considered in the proposed quasi-experiment (in Chapter Seven). 

Hypothesis 8B Groups containing highly-proficiency peer-review inspectors based 

on actual performance are significantly more effective than groups 

without such highly proficient inspectors. 

Highly proficient inspectors are identified based on historical efficiency during 

two-person peer reviews (for the inspector and not the author being reviewed). Do highly 

proficient peer-review inspectors significantly affect inspection efficiency? Although not 

stated as a hypothesis, an interesting analysis can be done to compare whether 

perceptions about proficiency are better than actual performance. Such analyses are 

contained in Chapter Six. 
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3.4.3 Proposition for Inspection Process Maturity 

Inspection process matxmty is the least-developed construct studied. More 

emphasis is place on exploring the proposition than on the associated hypotheses. In the 

narrative following the proposition, general notions concerning inspection process 

maturity are stated. The hypotheses in part are stated as a means of evaluating potential 

process maturity metrics. 

Proposition 11 Inspection process maturity is a significant factor in productivity. 

Maturity is the condition of being fully-grown or developed. Inspection processes 

can be considered more mature as they become established, predictable, and ultimately 

managed. Process maturity does not necessarily imply formality or predictability. 

Formality is unnecessary if participants understand their roles and expectations. A 

process can be mature in the sense of being well established, yet ineffective and lack 

predictable outcome. For example, a mature process is one in which participants know 

exactly how many defects they are expected to find and are given opportunity to 

manipulate results. 

Inspection teams allocate their collaborative attention among specific group 

objectives. These objectives are more specific than "find major issues" and tend to 

evolve over time. These more specific objectives are loosely grouped into three 

overlapping phases shown in Figure 3.2. The first is a process definition phase in which 

inspection teams form consensus about how and what to do during the inspection process. 
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During this first phase, the team learns and establishes processes and defines inspection 

roles. The second phases focuses on effectiveness / yield (finding issues and 

minimizing remaining latent issues). The third phase focuses on efficiency / selectivity 

(knowing what and where to find specific types of issues). During this later phase, the 

team realizes that the process must be more selective because the issues are more difficult 

to find. While this process maturity fi-amework is proposed, nothing is stated about how 

it is measured or converted into an operational feedback mechanism. Potential 

dimensions of this fiamework are explored in Chapters Four and supported in Chapter 

Seven. 

Figure 3.2 Proposed Inspection Process Maturity Framework 

An alternative method of representing process maturity is using a framework 

similar to the Capability Maturity Model (Paulk, et. al. 1995) which posits five 
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progressive levels: ad hoc, repeatable, defined, managed, and optimized. Although 

intended for organizational assessment of key process areas, CMM levels can be 

adopted to inspection processes. Level one, ad hoc, applies to new or infrequent use of 

inspections within a professional business environment. Level two, repeatable, refers to 

inspections conducted on a somewhat regular basis. Level three, defined, refers to 

repeatable inspections in which the process, standards and defect types are well 

understood. Level four, managed, refers to defined inspections in which the number of 

major issues to be found is anticipated based on experience. Level four, optimized, refers 

to managed inspections which is or can be tailored to find specific types of defects or the 

results of which can be manipulated by the reviewers. In part, this dissertation (in 

Chapter Four) explores whether such a classification can be intuitively perceived or must 

be based on key inspection practices. 

Experienced inspectors are asked (in Chapter Four) about whether they believe 

inspection process maturity matters and whether a CMM framework metric can be 

perceived or derived. The following hypotheses are stated in part because they provide 

measures by which proposed inspection process maturity metrics can be evaluated. 

Hypothesis 9A As inspection processes mature, effectiveness becomes more 

predictable (i.e. reduce variability between expected and actual 

number of major and minor issues found per thousand lines of code). 
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Hypothesis 9B As inspection processes mature, efficiency becomes more 

predictable (i.e. reduce variability between expected and actual 

number of major and minor issues found per inspection hour). 

Hypothesis 9C As inspection processes mature, yield becomes more predictable 

(i.e. reduce variability between the ratio of expected and actual issues 

found to total latent issues present at beginning of inspection). 

In some respects these hypotheses are notions about the nature of inspection 

process maturity. As inspection process mature, productivity is more predictable. This 

notion is true for both frameworks considered. In the proposed process maturity 

framework, predictability is expected as the emphasis shifts from process definition to 

effectiveness/yield and finally to efficiency/selectivity. Within the CMM framework the 

progression is implicit because a process can not be optimized unless metrics are in place 

and the metrics are used to continuously improve inspection processes. 

3.5 Assumptions 

Two assumptions affect the nature of research conducted in this dissertation. The 

first relates to use of students and the second to experimentation in a field setting. 

Assumption A. Student results cannot be easily generalized to industrial settings. 
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Student groups helped validate an early inspection tool prototype and were used 

in a controlled experiment (Rodgers, et. al. 1998). Although students helped evaluate 

ease of use for the SEMS prototype, their research contribution was marginal. Student 

groups have been used in prior inspection related research (Tyran 1993). Generalizing 

student results is difficult for numerous reasons. Most students do not have practical 

software development experience. Students study and become corporate interns in order 

to gain experience. Consequently, they are inexperienced and unrepresentative of 

professional software developers. Most universities do not have program coding 

standards or discipline to ensure a standardized development methodology. So what if 

the students are randomly placed into treatment groups? The subjects are not comparable 

to professional developers. Recognizing potential problems with student-based 

experimentation, a conscious decision was made to use professional developers in a field 

setting. 

Assumption B. Most software developers are unsympathetic to controlled 

experimentation. 

Research in a field setting is difficuh in part because of lack of experimental 

control that can be exercised over independent variables. Most software developers are 

under tight time pressures and find it difficult to accommodate research agendas. 

Randomizing development teams is a not practically feasible. As done by Genuchten, 

field results can be reported in a case study format; however quasi-experimentation 
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demands more rigor and some accommodation by software developers. Introduction of a 

new SEMS prototype tool provides motivation for participation in the quasi-experiment 

proposed in this dissertation. Surveys and interviews are granted in exchange for 

demonstration and use of SEMS inspection tool. From an experimental perspective, such 

an arrangement demands investigation into alternative explanations. Thus the solution 

does not come without cost. Such an arrangement is the basis for the proposed quasi-

experiment (in Chapter Seven). Simply stated, use of research tools and analysis is 

provided in exchange for research data and negotiated experimental controls. This is not 

perfect; however we now proceed with results. 
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CHAPTER 4: PRELIMINARY SURVEY: METHOD AND RESULTS 

"Hitching our research to someone else's driving problems, and solving those 
problems on the owners' terms leads us to richer computer science research." 

Fredrick P. Brooks, "The Computer Scientist as Toolsmith //" 

This chapter describes a survey of experienced inspectors concerning inspection 

process maturity and inspector proficiency. Topics include survey contents, methods, 

quantitative and analytical results, and qualitative discussion including theory building 

implications. This inquiry is exploratory and used as basis for research in later chapters. 

4.1 Survey Contents 

The three-part survey is attached as Appendix A. The first section requests 

participant background information. The second section covers inspection process 

maturity related perceptions. The third section covers inspector proficiency related 

perceptions. 

Three experienced inspectors reviewed a preliminary survey version. Based on 

their suggestions, changes were made, including replacing the term "reviewer" with 

"inspector" and adding question choices such as an expectation to "learn the inspection 

practice of the company". 

This survey is an exploratory devise. Most questions are open-ended or contain 

open-ended answer choices. Only one question (#10) measures a single construct related 

to process maturity. All other questions explore perceptions about aspects of the two 

primary constructs, process maturity and inspector proficiency. 
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The background information section contains seven questions (#1-7). Questions 

#2-6 cover date of survey completion, company name, position title, years of software 

development experience, and years with current employer. The last question #7 requests 

an approximate count of the number of inspections (including any form of software 

related review) during the last twelve months and during their entire career. Inspection 

counts are segmented into three categories (code inspections, design reviews and other 

formal technical reviews). 

The process maturity section contains twelve questions (#8-19). Question #8 

solicits the type and team composition of the participant's last inspection. Question #10 

solicits an assessment of process maturity using a framework loosely based on the 

Capability Maturity Model (CMM that consists of five levels: ad hoc, repeatable, defined, 

managed and optimized). Questions #18 and #19 solicit open-ended discussion about 

impact of process maturity and variability between inspections. The remaining eight 

questions cover nine different aspects: (1) expected accomplishments, (2) type of 

inspection, (3) inspector roles, (4) process formality, (5) volume inspected, (6) team 

composition, (7) type of defects, (8) number of anticipated defects originally expected to 

be found, and (9) number of defects actually found. Question #17 (number of defects) 

includes choices to indicate unknown quantities. 

The inspector proficiency section contains five questions. Questions #20-22 use 

seven point Likert scales to assess perceptions. Question #20 asks how important various 

factors are to the inspection proficiency construct. Question #21 asks whether specific 
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metrics indicate proficiency. Question #22 asks whether perceptions about proficiency 

should be considered when inspectors are selected and assigned to inspections. Most 

question choices are closely associated and labeled with similar wordings between the 

three questions. The choices are loosely categorized into (1) experience, (2) productivity, 

(3) review rate, and (4) efficiency. Questions #23 and #24 solicit open-ended discussion 

about past performance and formal recording of proficiency information. 

4.2 Survey Method 

Software developers with industrial software inspection experience completed this 

survey. The distribution was done through acquaintances and contacts at various 

companies and not randomly. Such selectivity reduces the ability to generalize findings 

to larger populations of software developers. However, selectivity provides insight from 

the perspective of experienced inspectors. Follow-up interviews were held with four 

survey participants in order to gain additional qualitative insights. 

Quantitative answers were used to assess underlying dimensions of the two 

primary constructs. Five different types of quantitative answers are included or derived 

fi-om the survey. Multiple choice answers are treated as qualitative variables and coded 

with a nominal value (true="r' or false="0"). Likert scale answers are coded with 

corresponding ordinal values (from 1 to 7). Numeric counts (such as number of 

inspections or defects expected) are coded with ratio scales; however these counts have 

little value within the following analysis other than to indicate whether the quantity is 

known or equal to zero. Instead, aggregated ordinal scales (unknown = "-1", zero value = 
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"0", and positive value = " 1") are used to characterize numeric count questions. Finally, 

aggregated counts of nominal values are used for several questions with similar answer 

choices and for which a count of similar choices is presumed to infer a stronger 

relationship (such as within question #11 to distinguish whether the reviewer comes from 

the same project, company, division, or development team). 

Exploratory factor analysis and linear regression are used to identify potential 

underlying dimensions for both major constructs (process maturity and inspector 

proficiency). This analysis is somewhat contrived because results are directly related to 

survey contents and structure. Regression analysis is used to determine factors related 

to individual maturity levels (ad hoc, repeatable, defined, repeatable, and optimized) and 

to overall maturity levels (1-5). 

Qualitative responses including interviews are summarized and used within the 

discussion section. Admittedly, this analysis is subjective and yet insightful. Appendix 

B lists all responses sorted alphabetically. 

4.3 Survey Quantitative and Analytical Results 

Now quantitative and statistically derived survey results are presented in survey 

presentation order (i.e. background, process maturity, and then inspector proficiency) 

4J.1 Background Results 

Forty-six experienced software developers participated representing twelve 

organizatiotis ranging from small to large software development firms, most developers 
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of internationally marketed software. Follow-up interviews were conducted with four 

survey participants. 

• Fifteen represent a single European-based international software-development firm. 

• Thirteen represent a single international hardware and software development firm 

with a reputation for mature processes. 

• Six represent small software development firms based in the United State and selling 

product in international markets. 

• Four represent other European software development firms most of which have 

multinational development efforts. 

• Eight were graduate students who also work for software development firms. Five of 

the eight are employees of a large international hardware and software development 

firm. 

Individuals were asked to participate based on having software inspection 

experience. On average, those surveyed represent 10.5 years of software development 

experience working 9.5 years with their current employer. On average within the last 

twelve months, they participated in 19.2 code reviews, 16.5 design reviews and 4.9 other 

formal technical reviews. Out of 75 individuals asked to participate 46 responded (61% 

return rate). This rate was higher for the 38 individuals that were directly asked to 

participate (with 33 responses and an 87% return rate). This compares to 37 individuals 

who were asked to participate by a Quality/Process Leader within a single large 
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international firm (with 13 responses and a 35% return rate). Nevertheless, individuals 

surveyed have significant inspection experience. 

4.3.2 Process Maturity Results 

Of all survey responses, the majority expected to find general defects (44 of 46) 

and specific types of defects (25 of 46). Other inspection expectations included 

requirement assurance, product usability, and known defect fix verification. Methods for 

assigning inspector roles varied widely (8 informally, 26 were assigned the same tasks, 8 

were assigned different main responsibilities, and 2 involved only one inspector). For 

most written standards and guidelines exist (28 of 46); however wide variations exist in 

how formally processes are defined (15 informally defined, 15 written processes, 19 

provided with defect codes and type classification, 25 checklists, 4 script, and 3 

scenarios). Most worked with individual inspection members on similar reviews 

numerous times previously (43 of 46 with 10 reporting an average of 11 times during the 

last twelve months). For most, inspectors came from the same project (29 of 46) and 

same development team (32 of 46). 

Significant process variations exist within mature development 

organizations. The thirteen individuals firom the same international firm stated that 

inspection practices for their last inspection process ranged the spectrum of process 

maturity (2 ad hoc, 1 repeatable, 4 defined, 3 managed, and 3 optimized). Interestingly, 

their organization is considered to be a mature (e.g. CMM level 4). Also interesting is 

that volume reviewed (by inspectors other than those firom the European software 
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development firm) was essentially bipolar. Six reported inspecting less than 50 lines of 

code or 5 pages; and seven others reported inspecting over 4,000 lines of code or 25 

pages. Only four had expectations about number of major issues to be found and only 5 

reported actual number of issues uncovered. Only one reported a significant number of 

issues uncovered (141 total issues of which 54 were major and 25 majors were 

anticipated based on 5,000 lines of code). Similar to findings reported for the single firm, 

last inspection processes ranged the spectrum of process maturity (8 ad hoc, 16 

repeatable, 14 defined, 4 managed, and 4 optimized). 

Appendix D contains factor analysis related to process maturity. The resulting 

dimensions give some insight into how experienced inspectors consider process maturity 

applied to inspections. 

Attempts to use regression to predict the overall process maturity level (firom 

question #10) resulted in a model with relatively low statistical significance (adjusted 

R" < .31). Following is the resulting regression formula: 

YPMM = 2.63-.74 X9expstd - .61X3 inform + . 73 X3prstd -. 79 XStlst 

Where: YPMM= inspection process maturity level (l=ad hoc, 2=repeatable, 3=defined, 
4=managed, and 5=optimized) 

X9expstd = expectation of helping establish standards [0=no; l=yes] 

X3inform = informal inspection process [0=no; l=yes] 

X3prstd = use of defect codes and types [0=no; l=yes] 

XStlst = first-time to work together during and inspection [0=no; l=yes] 
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Clearly this regression formula is simplistic; nevertheless it suggests less mature 

inspection processes lack standards, are informal, or first-time working experiences. 

Standardized issue classifications are used in more mature inspections. 

Similar regressions were run for individual maturity levels. Due to lack of 

statistical significance, models could not be generated for Levels Two (repeatable) and 

Five (optimized). For Level One (ad hoc), the following resulting model had some 

statistical significance (adjusted R" < .51): 

Yladhoc = .19 + .31 X9expstd + .26XSinform - .32 X3prstd +.22 X5tlst 

Where: Yladhoc = inspection process maturity level One (ad hoc) [0=no; l=yes] 

X9expstd = expectation of helping establish standards [0=no; l=yes] 

X3inform = informal inspection process [0=no; l=yes] 

X3prstd = use of defect codes and types [0=no; l=yes] 

XStlst = first-time to work together during and inspection [0=no; l=yes] 

This regression formula essentially is the same as the overall formula and with greater 

statistical significance. This might reflect that most inspectors have participated in 

immature inspections compared to participation in mature inspections. 

For Level Three (defined), the following resulting model has low statistical 

significance (adjusted < .25): 

Y4manage = -.09 + .15 X9expspc + .42 XI ap 1st + .19 X3prcode 

Where: Y4manage = inspection process maturity level Four (managed) [0=no; l=yes] 

X9expspc = expecting to find specific issue types [0=no; l=yes] 



101 

XIaplst = first-time experience [0=no; l=yes] 

XSprcode = standardized list of issue (defect) codes and types [0=no; l=yes] 

Again this model can not be used to predict a defined maturity level. The model simply 

suggests that in order for inspections to be managed, inspectors must expect to find 

specific types of issues, account for first-time experiences (especially those dealing with 

new situations), and use standardized classification schemes. 

433 Inspector Proficiency Results 

Regarding inspector proficiency, the survey contains five questions (three with 

Likert scale responses and two open-ended). Table 4.1 lists the three Likert scale 

questions, specifically (1) importance of proficiency factors, (2) acceptability of using 

proficiency-related metrics to select and assign inspectors to an inspection team, and (3) 

acceptability of subjective factors when inspectors are selected and assigned to 

inspections. 

Perceived high-value aspects of proficiency are technical skills (i.e. programming 

language for code inspections) and cognitive ability to find issues (i.e. experience and 

reputation for identifying problems). Of slightly less importance is experience as an 

inspector and development environment proficiency. Least valued is experience as an 

author being reviewed. 

Only one metric (number of prior inspections) is considered favorably as a metric 

to be used to select and assign inspectors. Inspectors are somewhat indifferent regarding 
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use of metrics (accuracy, efficiency, effectiveness, number of pages or lines of code 

inspected, and productivity). Most interesting is the lowest relative regard for actual 

review rate (how quickly one reviews material). 

Average 
Rank 

Standard 
Deviation 

In order to be a proficient inspector, how important are the following? 
• Programming language proficiency (for code 

inspections) 
6.0 1.0 

• Cognitive ability to find defects 5.9 1.1 
• Experience as an inspector 5.3 1.5 
• Development environment proficiency 4.9 1.3 
• Experience as an author being reviewed 3.9 1.7 

Assuming the following information can be record or derived about prior individual 
performance, how acceptable is it to use the following information to select and assign 
inspectors to an inspection team? 
• Experience (number of prior inspections) 5.0 1.4 
• Accuracy (percent of defects found per defects 

suggested) 
4.5 1.9 

• Efficiency (defects found per preparation hour 4.1 1.8 
• Effectiveness (number of defects per page/lines of code) 4.1 1.9 
• Experience (pages or lines of code inspected) 4.0 1.4 
• Productivity (defects found per meeting hour) 3.9 1.9 
• Review rate (pages/lines of code reviewed per hour) 3.7 1.8 

Assuming the following information can be recorded or derived about prior individual 
performance, how acceptable is it to use the following information to select and assign 
inspectors to an inspection team? 
• Experience with programming language 5.5 1.3 
• Experience as an inspector 5.1 1.4 
• Productivity as a person who can find defects 5.1 1.6 
• Efficiency as a finder of defects 5.1 1.6 
• Experience with the development environment 4.9 1.6 
• Review rate as a through and detailed inspector 4.5 1.8 
• Experience as an author of reviewed materials 4.0 1.7 

Table 4.1 Inspector Proficiency Survey Reponses 
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Inspectors appear to form opinions about inspector proficiency subjectively based 

on perceived experiences, perceived productivity, perceived efficiency and to a lesser 

extent review rate. There is apparent indifference to perceived experience as an author of 

reviewed materials. It appears that inspectors make subjective assessments; however 

they express concerns about recording or deriving prior individual performance. 

L. A 
in k* u U 

•B 
o 
u ts 

U 
cS 

(0 
Li. 

CO u. 
(0 
Li. 

CO u. 
(0 
u. Preliminary Survey question 

AAINSP 1 ° 10 1 2 Q#20A [1-7 Likert scale] 
ABAUTH 10 -17 -23 Q#20B [1-7 Likert scale) 
ACLANG -21 24 27 Q#20C [1-7 Likert scale] 
ADENVIR 13 19 0 OX 50 Q#20D [1-7 Likert scale] 
AECOGN 20 29 13 -1 00 Q#20E [1-7 Likert scale] 

BA1PRI 
1  ̂

17 5 ZO Q#21 experience#l [1-7 Likert scale] 

BA2PAGE 0 ~W 10 21 Q#21 experience#2 [1-7 Likert scale] 

BB1PERP 35 IT -5 21 Q#21 productivity#1 [1-7 Likert scale] 
BB2PREP 2 23 TRT 3 9 Q#21 productivity#2 [1-7 Likert scale] 

BB3MEET 11 19 •sr 6 0 Q#21 productivity#3 [1-7 Likert scale] 
BORATE 26 39 59 19 -30 Q#21 review rate [1-7 Likert scale] 
BDEFFIC 17 06 22 25 Q#21 efficiney [1-7 Likert scale] 
CA1INSP 7d S.i 0 30 23 Q#22 experience#l [1-7 Likert scale] 
CA2AUTH /a 26 -3 -4 -8 Q#22 experience#2 [1-7 Likert scale] 

CA3PR0G 11 17 
dl 

6 Q#22 experience#3 [1-7 Likert scale] 

CA4ENV 7 30 -6 -24 Q#22 experience#4 [1-7 Likert scale] 
CBPRODU 14 IT 21 T-" 33 Q#22 productivity [1-7 Likert scale] 
CCRATE 9 TT 26 1 -4 Q#22 review rate [1-7 Likert scale] 
CDEFF 11 -sr 23 23 7 Q#22 efficiency [1-7 Likert scale] 
Variance explained 0.7 2.6 Z1 1.5 Final Communality Estimates: Total = 13.524 

Factor 1 = prior inspection experience 
Factor 2 = perceived productivity 
Factor 3 = actual efficiency 
Factor 4 = programming language skill 
Factor 5 = cognitive and environmental awareness 

Table 4.2 Detail Level Factor Analysis - Inspector Proficiency 

A reason for exploring inspector proficiency is to identify related cognitive 

dimensions. The dimensions do not necessarily need to be sub-dimensions of inspector 
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proficiency, rather they need to provide additional insights into how experienced 

inspectors perceive proficiency. With process maturity, it was posited that a single metric 

might capture the essence; with inspector proficiency no single construct is anticipated. 

Using detailed level factor analysis (Table 4.2), inspector proficiency contains four 

significant dimensions. (1) Prior inspection experience relates to perceived prior 

inspection experience as an inspector (.83) or author (.72), to perceived importance of 

inspection experience (.75) or author (.58), and to recorded number of prior inspections 

(.81) or pages/lines of code inspected (.56). The emphasis is on prior inspection 

experience and as noted previously to a lessor extent on experience as an author being 

reviewed. Clearly prior inspection experience is an important dimension of inspector 

proficiency. (2) Perceived individual contribution relates to perception of being a 

thorough and detailed inspector (.86) and finder of issues (.85). In addition, this 

dimension relates to prior individual performance in terms of efficiency (.72 - number of 

issues found per issues suggested), and to lesser extents perceived effectiveness (.52), 

review rate (.48), and preparation effectiveness (.41). This dimension is less well defined 

than the first. There is a sense that it refers to a need to be an efficient and productive 

team member. (3) Evaluation metrics relates to the actual number of issues found per 

hour of inspection meeting (.96), in preparation (.92), per page or line of code (.76) and 

review rate (.58). Possibly this refers more to the need for tangible results given limited 

time constraints. (4) Technical skills relates to the perception of experience with the 

programming language (.86) and development environment (.58), as well as the 
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importance of programming language proficiency (.74) and development environment 

proficiency. 

4.4 Survey Qualitative Discussions 

The preliminary survey was an exploratory device. Quantitative and analytical 

results provide a relatively small portion of what was learned. Qualitative answers are 

included in Appendix B. While care must be taken to not place too much emphasis on 

any one comment, some provide useful insights. A subjective interpretation of meanings 

inherent in survey responses follows. 

4.4.1 Feedback Significance 

From Chapter Three, research question two asks. Can feedback dimensions that 

significantly improve productivity be identified and incorporated within a software 

inspection? While this question was not asked directly in the survey, the responses give 

some insights. 

Within the inspector proficiency section, new potential feedback dimensions 

are identified, specifically time availability, knowledge in the fimction of the code, level 

of project commitment, interest, motivation, and objectivity. Admittedly, most are soft 

additions and present measurement problems. Time availability is essentially a 

constraint; however it is a major consideration when inspectors are selected and directly 

affects inspection interval times. "Knowledge in function of the code" refers to '^local 

knowledge'^ and implies awareness of specific material being reviewed. It is possible 
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that local knowledge represents many sub-dimensions that are dependent on material 

being reviewed. The last four (level of project commitment, interest, motivation, and 

objectivity) are subjective assessments made by moderators before inviting inspectors to 

participate in the inspection. 

Concerns exist about use of feedback data. Commonly expressed is concern 

that feedback data will be used in personal performance evaluation. "Inspectors get the 

feeling, 'Big brother' is watching you." "This is personal data, and should not be used for 

other purposes." "Recording should be secure. Caimot be used for salary or employee 

reviews. May only be used for inspections." Another concern is cost of data collection. 

"It costs time for the administration of these figures." Personal success also brings 

concerns. "People may decide to find fewer defects if they know the more they find, the 

more review time they must spend." Finally, concerns exist for uncontrolled variables 

and misinterpretation of results. "If incoming products are high quality, inspectors may 

not find many errors. Management could take this as a sign of nonproductive inspectors. 

In fact feedback process may be very strong and minimizing incoming errors." 

Data reliability is an issue. A recurring theme is an observation that many 

factors are involved and as a result data might not be reliable. "There are a lot of factors 

involved and there are a lot of outcomes of inspections independent of inspectors. Data 

will not be very reliable." "In practice, this will not work because there will be too many 

factors which influence performance (complexity, functional knowledge, new and 

changed inspection material, experience in both programming and fimctional area)." 
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Capturing inspection feedbacii data is a change in existing paradigms. Most 

feedback data is not currently recorded. "We have never kept the kind of statistics that 

you are asking about." Even if captured, doubts exist as to information necessity and 

process formality. "Can it be measured in an objective way? The process is more 

important that the people. Don't blame the persons but the process." "We barely have 

time for reviews, much less all the formalization." 

Feedback mechanisms should be integrated within SEMS inspection tools. 

Providing access to easily quantifiable factors such as number of major issues expected 

and actually found is helpful and might have an impact on productivity. For more 

difficult to quantify factors like process maturity and inspector proficiency, the question 

is whether workgroups will recognize and support feedback integration within a SEMS 

inspection tool. 

4.4.2 Inspection Process Maturity Discussion 

From Chapter Three, research question five asks. How do inspection processes 

mature? The inspection process maturity survey section includes two open-ended 

questions related to this research question. Question eighteen asks. In your opinion, what 

impact (if any) does process maturity have on inspections? Question nineteen asks. In 

your opinion does process maturity vary between inspections within your organization 

and if so why? Forty-two of the forty-six participants responded to question eighteen (41 

of 46 responded to question nineteen). Only five of the responses (to question eighteen) 

suggested minimal or no impact. Most remaining comments support the assertion 
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that process maturity impacts inspections. An interesting line of reasoning was 

established in a follow-up interview. The participant asserted that the team composition 

is a given constraint, and "although people are more important, you must manage the 

process." Another insightful comment follows, "This is a soft issue; if the organization 

has experience, culture, and willingness to work along defmed routes, inspections are 

taken seriously and actually carried out and followed-up. In a low maturity organization 

it is difficult to actually prove effects of inspections and they tend to get postponed or 

canceled." 

Inspection process maturity relates to a feeling of being in control of results. 

In words of a survey participant, "the conviction of engineers that inspections can really 

get the defects out is impacted by process maturity: Do they really feel they are in 

control?" There is also a sense that inspections continue to evolve. "I think many groups 

are struggling with ways to come up with effective inspections and so are constantly 

trying new things." "Process maturity has a very large effect on the breadth and depth in 

all inspections, resulting in large reductions in product defects, reduced rework for 

defects, and decreased development cycle time." Comments regarding the nature of 

inspection process maturity follow: 

• "To leam more firom our defects and to become more predictable in predicting 

results." 



109 

• "(1) Make sure inspections are actually done; (2) make sure that inspections are 

actually done in the right way (speed!); and (3) make sure inspections are 

viewed as normal part of development." 

• "Efficient, effective inspection = find as much defects in an optimum time." 

• "Probably more mature = more inspections until you get inspections for 

inspections sake." 

Process maturity construct measurement is more complex than participant 

perceptions. As previously stated, participants within relatively mature organizations 

perceive wide variations in inspection process maturity. Dimng a follow-up interview, it 

was suggested that classification wording might imply "goodness" of personal practices 

and thus is difficult to assess. Process maturity is also subject to measurement 

dysfunction (Austin 1996) as illustrated in the following participant quotes. "Yes, 

although this is difficult to quantify." "Our process matures chaotically." "People will be 

less open about the inspections and their results." "People will not log if they think 

management will base performance evaluation of author on the results." "Counting is 

ridiculous especially if you have to justify what you find is over or under an expected 

amount." 

Further, process maturity should focus on how-to support teams. Teams own 

inspection processes as supported in following quotes. "Our goal is to find defects 

ourselves as a development team, not to create professional super-inspectors. Every 

member should inspect once in a while." "The team typically knows who are the good 
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inspectors. The data about it should be owned by the individual or the team." Follow-up 

interviews support this assertion. One participant observed that there are at most ten 

people in the world who have sufficient expertise to inspect their code. This observation 

appears to apply for both large and small organizations. In large organizations, 

inspection responsibility falls on development teams that usually consist of ten or less 

members. In small organizations, there might only be a few developers in the entire 

organization. One participant also noted, "smaller departments seam to be less 

disciplined." There is also a sense that these comments also relate to member support 

(contribution to participating group members) and group well being (continued 

functioning as an intact social unit) issues from McGrath's TIP Theory (McGrath 1984). 

Process maturity is directly affected by workload and project commitments. 

This assertion is supported by the following quotes. "Our environment is changing given 

shortened time-to-market constraints. We need to tailor processes to fit the life cycle." 

"Don't include a person that is not motivated to participate." Do not "increase overhead." 

"Inspection is not a popular pastime. Many of us find it drudgery even though it is of 

critical importance to quality. People may decide to find fewer defects if they know the 

more they find, the more review time they must spend." 

As processes mature, opportunity must be given to train new team members 

and transfer development knowledge. This assertion is supported in the following 

quotes. "A mature process tends to allow junior employees to have their work reviewed 

with less stress. They then learn faster and produce fewer defects the next time around. 
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Inspections are more open and objective, not a witch hunt" "Others ought to be included 

to improve their skills." "Other members can be in training." "Everybody needs to be in 

the game." From an organization responsible for maintaining large amounts of legacy 

code, the observation was made that inspections provide a significant source for training 

and knowledge transfer even when few defects are found. Individuals who maintain code 

will eventually retire and inspections provide a structured opportunity to transfer 

knowledge from senior to junior level team members. 

4.4.3 Inspector Proficiency Discussion 

From Chapter Three, research question four asks. What constitutes inspector 

proficiency? The inspector proficiency survey section includes two open-ended questions 

related to this research question. Question twenty-three asks. Should a person's past 

performance be considered when and inspection review team is formed? If so, how? If 

not, why not? Question Twenty-four asks. What concerns (if any) do you have about 

formally recording inspector proficiency information? 

Inspector proficiency is perceived as important. Only six of forty-three 

responses to question twenty-three imply that inspector proficiency should not be a factor 

in team formation. Three of the six are concerns about excluding less experienced 

inspectors and one other states privacy concerns about maintaining formal records of 

individual performance information. However, the discussion tenor is generally 

supportive of using inspector proficiency information. "A person should have a history 

as a constructive reviewer." "I want GOOD inspectors reviewing my code (designs, etc). 
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" "The team typically knows who are the good reviewers." "At least one person who can 

find defects is a must to make the review worthwhile." 

Inspector proficiency is multi-dimensional. This was suggested by factor 

analysis and confirmed in survey responses. A person's past performance should be 

considered "in limited circumstances where numerous factors are similar from one review 

experience to the next. Multiple criteria would need to be considered and an individual 

would likely need a profile to be used as a filter in subsequent select criteria. An 

individual with exceptional performance relative to C code for a video store 

checking/checkout application may be ill equipped for C code (same skill base) in a 

systems application." "It is important to know the weakness and strength of each team 

member, so the assignments can be made to suit each person's ability." Previously 

discussed were some potential proficiency dimensions (time availability, knowledge in 

the area of fiinction of the code, level of project commitment, interest, motivation, and 

objectivity). Additional considerations follow. Proficient inspectors should be a 

"Personal Software Process (PSP) trained, team player, able to catch the real major and 

deep defects." "Do they understand the companies programming standards? Can they 

read the code? Can they improve the code or design?" "If they do not understand the 

language, operating systems environment or the problem, they will not find as many 

defects." "The amount of defects that can be found is also dependent on the author. For 

inexperience authors, the expected error rate is higher. - If an inspector always gets an 
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experienced author, his rate of proficiency would look lower but he may the better 

inspector." 

Problem-solving skills are important. "Are they good engineers?" Inspectors 

need to have a "knack" and "see to the heart of the problem." "Only certain people can 

be considered good reviewers, or can learn to be good reviewers." "Some just have the 

knack." 

Individual proficiency differences are expected within inspection teams. 

Several comments were made about including inspectors with varying proficiency levels. 

"It is important to have some people in the group with moderate to high experience and 

success with inspections. Others ought to be included to improve their skills." "Not only 

look at positive attributes (implying the best do all inspections). Others also have to learn 

and gain experience. There is a balance in experience so people can learn from each 

other." "However the distribution of skill-level within our team is well known. We have 

a fairly small team so generally an inspector will have most team members present." 

"Our goal is to find defects ourselves as a development team, not to create professional 

super-inspectors. Every member should inspect once in a while." 

Perceptions about individual performance might be preferable to formal 

records of actual performance. Maintaining formal records adds overhead, forces 

formally defined metrics and raises privacy concerns. Can perceptions sufficiently 

measure individual proficiency? Most individuals are painfully aware of their 

inadequacies. To formally record painful information might not be advantageous. Also, 
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most team members have a sense of who to rely upon within their team. The assertion is 

supported by the following quotes. "If you can record the original error maker, you can 

record who can find the error." But recording "can hurt a person's privacy" "Sure, if I 

know that they are not checking details, I probably won't use them." "It is valuable 

information for performance evaluation. But I don't think it needs to be a formal process 

to record. A close working relationship among the team members would yield better 

information." "Don't waste time doing recording." 

Perhaps, the focus of inspector proficiency should shift to how-to-best 

support recognized expertise within an inspection process. Inspectors know when 

they are beginners or even productive team members who are expected to contribute. 

What might not be known is how to recognize and constructively use expertise. Thus 

there might be a need to manage a list of corporate or outside consulting inspection 

expertise. One of the follow-up interviews brought out needs for a non-team member 

with Windows/NT operating system expertise. What if the inspection was tailored to 

maximize knowledge transfer for specific questions asked of recognized experts? 

Inspection processes might be tailored to support expert inspectors. Perhaps 

inspection tools should interface with corporate personnel skill databases or to an external 

cottage industry of expert inspection consultants. If particular expertise is needed, enable 

the inspection team to identify and obtain appropriate expertise. Perhaps such an 

initiative addresses Philip Johnson's inspection reinventing point four, build 

organizational knowledge bases on review (Johnson 1998). 
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Formally recording inspector proficiency information appears to depend on 

organizational culture. The forty-one responses to question twenty-four are divided 

into eleven strongly supportive comments (favoring formal records) and eighteen strongly 

opposing comments. Many expressed concerns like "it is valuable information for 

performance evaluation. But I don't think it needs to be a formal process to record. A 

close working relationship among the team members would yield better information." 

The assertion that the response depends on the organizational culture is best stated in the 

following quote. "As with all data concerning a person, it can be used constructively or 

destructively. Whether formal recording should be used is a function of the person's 

organization personality." This finding also supports Robert Austin's research (Austin 

1996). Austin recommends that, for difficult-to-measure performance constructs, 

organizations need to either develop reliable measurement instruments or else rely on the 

team to do what is right without quantitative measures. "Reality: (1) some are afi:^d that 

if they find a lot of defects, the author will be punished in some way. (2) If the defect is 

found much later, the author is rarely held responsible." 

4.4.4 Review Rate Discussion 

Survey participants appear to place relatively little emphasis on review rates. 

Use of review rate is given a relatively low 3.9 ranking with a relatively large 1.9 

standard deviation (see Table 4.1). The observation is similar for the related issue of 

perceived thoroughness that is given a 4.3 ranking and a 2.0 standard deviation. The only 

quote related to thoroughness and indirectly to review rate states, "You want people who 



116 

spend time and find problems.". Apparently, this is an issue that many inspectors either 

do not remember or have forgotten the importance. 

4.4.5 Theory Building and Other Issues 

Within the collaborative framework (Figure 3.1), process maturity and inspector 

proficiency are presented as feedback dimensions within a collaborative inspection 

process. Are these constructs measurable and practically usable? 

Using a heuristics based on inspection practices might be more stable than 

using perceptions of maturity level. A heuristic was adopted based on a CMM 

assessment method. The heuristic requires demonstration of competence in all key 

process areas at the current and lower levels before being designated at that current level. 

For analysis purposes, qualitative answers were aggregated by how relevant they were to 

each process maturity level. Process maturity level was determined based on the 

presence of at least one indicator within the level and the lower levels (with the exception 

of level one - ad hoc for which no key process area is assumed). The only apparent 

difficulty with the heuristic occurred with an indication of a level five (optimized) 

process and none for level four (managed). In this case, the process was classified as a 

level five. For the thirteen participants from the single firm, the distribution changed 

significantly. Ten of the thirteen participants indicate either level four or five (which is 

more similar to their organization's level 4 CMM designation). Three participants 

indicated a level two (repeatable). Perhaps, process maturity should be assessed based on 

inspection practices within key processing areas in a manner similar to CMM. 
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Quantitative and qualitative findings generally support the proposed process 

maturity framework (shown in Figure 2.2). In this alternate phase-related framework, 

the category is not as important as understanding the support requirements for each phase 

and identifying how much associated support is required for the current inspection. One 

quote supports the notion that process mature in a non-linear maimer, specifically "Our 

process matures chaotically." As shown in the Table 4.3, factor analysis and previous 

qualitative observations can be categorized within such a firamework. Such 

categorization serves as a foundation for further defining and exploring each phase. 

Whether three phases is sufficient or necessary remains unresolved. 

Process Effectiveness / Efficiency / 
Definition Phase Yield Phase Selectivity Phase 

Factor • Process • Anticipated and • Specific or 
Analysis formation actual results targeted issues 

(S3),(D8) (CI) (10) 
• Inmiature • Standardized • Non-recurring 

process (Dl), corporate issues (D9) 
(D2), (D6), practices (D4) 
(Dll) 

• Informal • Recurring issues • first-time 
process (D3) (D5) experiences 

(D12) 
• Process • Learning 

formality(C2) experience (D7) 

Qualitative • Team • Review rates • Being in control 
Reponses ownership 

• Training • Workload and • Knowledge 
project transfer 
commitment 

Where; (S#)=summary level factor; (D#)=detail level factor 

Table 43 - Categorization of Factors and Responses by Process Maturity Phases 
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Inspector proficiency is multi-dimensional. From a theory building perspective 

the nature and content of the dimensions need to be proposed. Based on survey 

responses, inspector proficiency sub-dimensions include inspection experience, technical 

skills, local knowledge and problem solving ability. Other important factors are time 

availability, level of project commitment, interest, motivation and objectivity. 

Perceptions about individual performance might be preferable to formal recordings of 

actual performance. Perhaps, the focus of inspector proficiency should shift to how-to-

best support recognized expertise within an inspection process. Inspection processes 

might be tailored to support expert inspectors. 
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CHAPTER 5: VALIDATION OF PRIOR CASE STUDY 

"Good metrics and good data often have the following unacceptable properties: 
1. They have too much noise, too much spread around the trend line. 
2. They have too little impact (proof that object-oriented methods make you 

6 percent more productive is to depressing to consider). 
3. They often prove the opposite of what you want to prove." 

Tom DeMarco 
Essay 2, Why Does Software Cost So Much? Page 37 (DeMarco 1995) 

This chapter validates findings of Genuchten's prior case study at Baan Company 

(Genuchten, Comelissen, and Dijk 1998). Sections include (1) Background and 

Alternative Explanations, (2) Validation Method, (3) Validation Results, and (4) 

Validation Discussion. An alternative explanation (inspector proficiency) is identified 

and explored. Inspection data subsequent to the prior case study are examined to 

determine whether prior results sustained over a longer period of time. Baan Company 

eventually minimized use of the generalized EMS for technical reasons; however 

additional issues where discovered that effect both subsequent research and prototype 

development. 

5.1 Background and Alternative Explanations 

Chapter One contains a description and reported results of the prior case study 

(sections 1.3.2 and 1.3.3). A task in validatmg results is identification of alternative 

explanations. Several Baan moderators suggested that wiio participates in an 

inspection might have more impact than the process or other factors. Thus they 

referred to the significance of highly proficient inspectors. This suggestion was not made 
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in reference to the prior case study findings that are referenced in Baan inspection 

training materials and are widely known among inspectors. However, the suggestion 

started a course of action to identify highly proficient inspectors and ultimately to 

consider whether proficiency might contribute to prior reported results. Cook and 

Campbell refer to this as a selection bias and recommend explicit consideration before 

drawing conclusions about causality. Selection refers to differences between the kinds of 

people in one experimental group compared to another (Cook and Campbell 1979). In 

this case those using generalized EMS inspections might include more highly proficient 

inspectors than those using face-to-face paper-based inspection. 

Other potential alternative explanations (or threats to internal validity) 

identified by Cook and Campbell include maturation, instrumentation, and history 

(Cook and Campbell 1979). Maturation refers to when an observed effect results from 

respondents growing older, wiser, stronger, more experienced during the experimental 

period. While encompassing inspection process maturity, maturation also focuses on 

inspection results over time and team continuity. Do results for either treatment grow 

stronger or weaker over time? Joseph McGrath whose research primarily focuses on the 

impact of group interactions over time (McGrath 1988) also shares this concern. 

Instrumentation is a threat if methods by which measurements are taken change during 

the period. A potential instrumentation threat is a systematic change in captured metrics 

(such as line of code counting). History is a threat when an event occurs during the 

experimental period that directly effect results and is not a variable of research interest. 
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Potential historical threats include changes in inspection processes or even the nature of 

documents being reviewed. There are additional threats (i.e. testing, statistical regression, 

mortality, ambiguity about direction of causal inference, imitation of treatments, 

compensatory equalization of treatments, compensatory rivalry, and resentful 

demoralization); however none are considered to be potential threats to the prior case 

study. 

Consideration also needs to be given to what was not reported. Genuchten 

identified preparation rate as a major independent variable and reported results within 

three rate ranges (i.e., 201-300, 301-400, and 401-500 lines per hour). What happened 

when preparation rate was greater or less than in reported categories? Were results 

consistent with published findings? 

5.2 Validation Method 

Validation methods include analysis of prior study and subsequent period data, 

observations and inquiry. Appendix E contains detailed inspection data upon which the 

prior case study was based (after encoding potentially confidential information, 

reclassifying and deleting some inspections as subsequently described). Appendix F 

contains detailed inspection data upon which the 1998 subsequent study is based 

Inspection data from the prior case study were examined. The intent was to 

verify calculations, match Genuchten's records with current inspection records, and 

consider potential impact of excluded inspections (too slow or too fast of preparation 

rates). Results are presented in following sections of this chapter. Suffice it to say that 

significant issues are uncovered. The most significant is that adjustments were made in 
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the analysis to reflect direct communications with moderators that are not contained in 

current inspection records. Genuchten carefully annotated most changes and his 

assumptions appear reasonable. For various reasons that will be described, some 

different assumptions are made that result in a slightly different analysis. The major 

change relates to how to classify a series of inspections that cover a single program. 

Genuchten chose to aggregate two or more inspections based on overall preparation rate. 

For example assume 1,500 lines of code are reviewed in three 500-line segments. 

Genuchten counted three separate inspections; however he used aggregated preparation 

rates for each of the three segments (say 350 lines per hour). Calculated separately each 

review would be categorized into three separate categories (e.g. 250, 350, and 450 lines 

per hour). In part this was done due to conflicting line count information within 

inspection records (i.e., count for total lines being reviewed for all inspections versus 

count for lines for the specific segment being reviewed). An alternative classification 

method (preferred in this dissertation) is recording inspections based on the preparation 

rate for only the portion of code being reviewed (and not aggregated). 

Genuchten deleted certain inspections because they involved unique review 

situations, such as cross-department reviews. Unfortunately notation of such unique 

reviews is not contained within current inspection records; therefore Genuchten's 

assumptions must be considered. Results before and after these deletions are compared. 

In order to obtain a higher inspection count, Genuchten included inspections from 

a development group that only conducted face-to-face paper based inspections (and no 

generalized EMS inspections). A possible reason is that Genuchten was familiar with 

moderators and confident as about their inspection data. It could be argued that such 
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inclusion is reasonable; however conservatively these inspections are excluded from the 

final revised analysis. 

One final set of adjustments is made. Genuchten included reviews of documents 

greater than 1,000 lines of code. During the revised analysis it was noted that at least 

some results from these documents appeared to be outliers in a statistical sense 

(disproportionately affecting results); therefore inspections of all larger documents are 

deleted from the revised final analysis. 

Disproportionate participation by highly proficient inspectors constitutes a 

selection threat to internal validity. Highly proficient inspectors were identified using 

two methods. First moderators were asked to nominate one or two inspectors that they 

personally considered best. In addition, moderators indicated for what type of review the 

nominated inspector was best and their reason for nominating the individual. Second, an 

analysis was conducted based on peer reviews in order to identify the best peer review 

inspectors. A peer review is a two-person review that is more informal than a full 

inspection. A peer inspector reviews program code produced by the second reviewer (i.e. 

the author). The author removes all known issues prior to the peer review. The peer 

reviewer, and not the author, finds most issues during the review. Thus peer review data 

is used to identify reviewers that consistently find more issues than other reviewers. 

Conservatively, inspectors must participate in more than three peer reviews to be 

considered peer proficient. This eliminates individuals that participated in only a few 

issue latent reviews. The intent is to identify individuals that consistently perform well in 

peer reviews and then consider whether such performance carries over into full 

inspections. The next analytical step is to determine how well these highly proficient 

inspectors effected results during full inspections. Unfortunately, though recorded in 
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inspection data logs, individual contributions are not carried forward in inspection 

database records. Instead average productivity for all groups in which inspectors 

participate are compared. This is analogous to comparing average basketball team scores 

for all-star players with the main difference that inspector composition is not as stable as 

basketball team composition. While not perfect, results are interesting and suggest 

significant impact. Then impact of proficiency on the prior case study is considered. 

Potential maturation threats include trends during the period and changes in 

team composition. Analyses are done to explicitly consider both threats. 

Four instrumentation threats are considered. These issues arise from data 

integrity problems encountered during prior case verification. First is identiflcation of 

generalized EMS inspections within current inspection records. Second is line of code 

counts contained on current inspection records. Third is number of recorded 

inspectors. Fourth is aggregation of issue counts such that the number of issues 

discovered during an inspection are combined with other inspections. Genuchten's 

records are used for the pilot period; however the question must be resolved as to whether 

current inspection records can be used to analyze subsequent activity. 

Discussions were held concerning historical threats. While none were 

discovered during the inspection period several potential events occurred subsequent to 

the pilot study that must be considered in order to analyze subsequent activity. 

Individual preparation and review rates are considered for ongoing impact. 

This analysis uses all available inspection data to consider whether preparation and 

review rates are of continuing significance. An additional aspect of this analysis is to 

determine whether review rate can be considered as a viable substitute for individual 

preparation rate. 
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Subsequent period inspections are analyzed to consider whether previously 

reported results were sustained. In a manner similar to the prior study, 1998 

inspections are considered. 

53 Validation Results 

Following are results of seven analyses: (1) reclassification of prior case study, (2) 

inspector proficiency analysis, (3) maturation analysis, (4) instrumentation analysis, (5) 

historical analysis, (6) preparation and review rate analysis, and (7) subsequent period 

analysis. 

5.3.1 Reclassification of Prior Case Study 

Table 5.1 contains a summary of reported results from the prior case study. EMS 

refers to generalized EMS inspections. Paper refers to face-to-face paper-based 

inspections. Genuchten reported effectiveness and efficiency. However he was unable to 

report yield (because it is not consistently calculated and is not recorded). Note the tables 

also include inspections that were excluded from the original analysis because the 

preparation rate was either too slow or too fast (less than 200 lines per hour or over 500 

lines per hour). Three additional statistics are shown. First, average number of lines of 

code is shown. There are no discemable differences within the three categories 

previously reported. Second, average preparation rates appear to fall in the middle of the 

classification ranges (with a small exception in the 401-500 line per hour categories). 

Notice the over 500 line per hour previously unreported category, average preparation 

rates jump to about 1,000 lines per hour. Third, number of inspections considered in the 

study is shown. As stated in the prior study, each of the three reported classifications 

contains more than twenty observations. Number of inspections with preparation rates of 



126 

over 500 lines per hour appears high (approximately 46% of the total number of 

inspections recorded). Further discussions revealed that subsequent efforts were made to 

reduce average preparation rates in order to improve overall effectiveness and efficiency. 

Preparation Effectiveness Efficiency 
Rate Majors/kloc reworked Majors / hour 

lines/hour EMS paper EMS paper 
<200 14.1 18.4 -23% 0.378 0.565 -33% 

201000 12.9 9.0 44% 0.538 0.371 45% 
301<400 8.5 5.8 47% 0.438 0.357 22% 
401<500 6.9 6.6 5% 0.392 0.460 -15% 
over 500 4.6 2.1 119% 0.551 0.266 107% 
grand total 6.0 4.6 30% 0.459 0.390 18% 

Preparation Review Size Average Number of 
Rate Lines/inspection Preparation Rate Inspections 

lines/hour EMS paper EMS paper EMS paper 
<200 226 226 163 179 11 6 

201000 243 403 250 238 30 20 
301<400 310 387 342 345 38 59 
401<500 436 443 419 427 20 23 
over 500 946 818 998 1013 70 104 
grand total 539 570 540 542 169 212 

Table 5.1 Prior Case Study Summary 

Table 5.2 reclassifies inspections based on preparation rates for individual 

segments inspected instead of based on aggregated preparation rates for all segments 

inspected. Also included are all originally considered inspections (thus an increase of 47 

previously excluded inspections). The largest reallocation occurs in the 201-300 line per 

hour category that increases due to segments for which other portions were reviewed at 

faster rates. The most significant decrease comes for the over 500 lines per hour category 

(now comprising about 40% of the total). The average preparation rates in the 401-500 

line per hour category are more centrally located than the original classification. Review 
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sizes appear reasonable comparable. The most significant differences are in effectiveness 

and efficiency results. Interpreting these results casts a slightly different story; however 

additional adjustments are need before doing so. 

Rate Effectiveness Efficiency 
lines/hour Majorsykloc reworked Majors / hour 

EMS paper EMS paper 
<200 18.4 17.4 6% 0.514 0.536 -4% 

201000 9.3 9.5 -2% 0.354 0.464 -24% 
301<400 6.8 6.4 7% 0.252 0.423 -40% 
401<500 8.9 5.2 71% 0.587 0.319 84% 
over 500 4.7 2.2 113% 0.569 0.295 93% 
grand total 6.2 4.5 39% 0.460 0.382 20% 

Rate Review Size Average Number of 
lines/hour Lines/inspection Preparation Rate Inspections 

EMS paper EMS paper EMS paper 
<200 221 261 171 167 15 17 

201000 277 390 257 271 44 40 
301<400 319 420 357 359 39 62 
401<500 388 395 456 456 18 23 
over 500 1003 823 985 1029 66 104 
grand total 556 570 541 539 182 246 

Table 5.2 Reclassified Including All Prior Inspections 

Table 5.3 deletes most previously excluded inspections. Fifteen originally 

excluded inspections are however included because there was no documented reason for 

exclusion in the records. This is not to say that their exclusion was unwarranted. It is 

just to be conservative. None of these exclusions appeared to be statistical outliers. The 

most observable impact is subtle changes in the 301-400 line per hour preparation 

category. EMS inspections appear to be more effective within this category as compared 

to the last analysis. 
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Preparation Effectiveness Efficiency 
Rate Majors/kloc reworked Majors / hour 

lines/hour EMS paper EMS paper 
<200 18.3 16.9 8% 0.529 0.522 1% 

201000 9.9 9.9 0% 0.437 0.483 -9% 
301<400 8.0 5.6 44% 0.382 0.379 1% 
401<500 9.0 6.3 44% 0.571 0.366 56% 
over 500 4.7 2.3 110% 0.569 0.300 89% 
grand total 6.2 4.5 39% 0.510 0.580 34% 

Preparation Review Size Average Number of 
Rate Unes/inspection Preparation Rate Inspections 

lines/hour EMS paper EMS paper EMS paper 
<200 222 261 169 167 14 17 

201000 276 390 257 271 26 40 
301<400 338 412 330 360 31 59 
401<500 362 417 454 429 15 26 
over 500 1003 823 985 1029 66 102 
grand total 608 570 588 539 152 244 

Table 5.3 Reclassified with Original Inspections Only 

Two final adjustments are made. First paper inspections are deleted for 

development groups that did not conduct generalized EMS inspections. Second 

inspections of code in excess of 1,000 lines are deleted. This results in 88 fewer 

inspections than originally considered (34 within the three categories reported in the prior 

study) and a deletion of more paper inspections compared to generalized EMS inspection 

(56 compared to 32). The impact of deleting larger code segments (in the over 500 line 

per hour category) is to greatly reduce average preparation time from about 1,000 lines 

per hour to less than 800 lines per hour (787 and 814 respectively). Another impact is 

reduction in average review size to about 460 lines for both treatments. 
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Preparation Effectiveness Efficiency 
Rate Majors/kloc reworked Majors / hour 

lines/hour EMS paper EMS paper 
<200 19.0 19.7 •5% 0.548 0.441 24% 

201000 9.9 8.2 21% 0.437 0.331 32% 
301<400 8.0 7.7 4% 0.382 0.422 -10% 
401<500 9.0 6.3 44% 0.571 0.348 64% 
over 500 5.3 3.2 64% 0.505 0.309 64% 
grand total 7.3 5.6 32% 0.475 0.353 35% 

Preparation Review Size Average Number of 
Rate Lines/inspection Preparation Rate Inspections 

lines/hour EMS paper EMS paper EMS paper 
<200 222 224 169 154 14 10 

201000 256 359 257 266 28 28 
301<400 332 345 330 347 31 34 
401<500 362 394 454 423 15 20 
over 500 715 612 787 814 49 64 
grand total 457 458 4S6 458 137 156 

Table 5.4 Prior Study Final Analysis with Exclusions 

Results are not as convincing as originally presented. In total, generalized 

EMS inspections are 32% more effective and 35% more efficient; however the story is 

not as clear within preparation rate categories. First note that number of inspections in 

the 401-500 line per hour category falls below the previously established threshold of 

twenty inspections. While effectiveness rises above 50% for greater than 400 lines per 

hour categories, it falls between 201-400 categories. Paper inspection efficiency 

fluctuates as preparation rate increases. The efficiency trend for generalized EMS 

inspections is more stable with exception of decline in the 301-400 line per hour 

category. This might suggest that EMS inspections sustain efficiency at higher 

preparation rates. Appropriate is the quote at the beginning this chapter, specifically that 

good data has "too much noise, too much spread around the trend line (DeMarco 1995)." 



130 

5.3.2 Inspector Proficiency Analysis 

Thirty-four highly proficient inspectors were identified in the following manner. 

Eighteen moderators nominated thirty-two individuals (of which three were duplicate 

nominees). Of the thirty-two only twenty-four participated in recorded code inspections. 

The most obvious explanation for not participating is that many nominated individuals 

are senior architects and primarily participate in design reviews instead of code 

inspections. Eleven individuals were identified as being peer-proficient. Table 5.5 

summarizes the selection process for peer proficient inspectors. For the period 2/26/96 

through 1/12/99, 294 peer reviewers held 3,068 recorded peer reviews. Thirty-three peer 

reviewers found on average more than 50 major issues per thousand lines of code. 

Eleven of the thirty-three were selected as being peer review proficient based on having 

participated in more than three peer-reviews. Only one individual is both nominated 

and peer-proficient. The list of the remaining ten peer-proficient inspectors was 

provided to SEPG staff and several moderators. The general comment was that they have 

no reason to doubt that these individuals are good; however the individuals are not 

generally recognized as being most proficient. Ultimately, thirty-four highly proficient 

inspectors are considered (24 nominated, 11 peer-proficient, and 1 overlapping). 
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Table 5.5 Peer Proficient Selection Summary 

Table 5.6 is the proficient inspector analysis. 643 inspectors participated in 5,870 

inspections between late February 1996 and mid-October 1998. Nominated proficient 

inspectors participated in a total of 1,566 inspections (although double counting occurs 

when two or more participate in the same inspection). Peer-proficient inspectors 

participate in a similar count of 520 inspections. Average number of inspectors 

participating in an inspection was slightly higher for nominated inspectors' (4.1) and 

slightly lower for peer-proficient inspectors' (3.9) than the overall average (4.0). 



132 

Peer proficient inspectors tended to inspect fewer lines of code (447.1) than nominated-

proficient inspectors' (594.1) or the remaining inspectors' (640.9). 

Inspection team averages for; 
iNominatea 

Proficent 
Inspectors 

Heer 
Proficient 

Inspectors 
Remaining 
inspectors 

All 
inspectors 
combined 

Number or nominated 
proficient inspectors 34 1 • 35 
Number or peer proncient 
inspectors 1 11 - 12 
Number or remaining 
inspectors 34 11 553 597 

643 
Number or inspections times 
number of inspectors 1,566 520 12,297 14,383 
Average number or 
inspectors per inspection 4.1 3.8 4.0 4.0 
Average number or lines 
inspected 594.1 447.1 640.9 494.8 

Total preparation and 
meeting time in minutes 268.3 314.9 429.0 259.1 
Average lines per hour 
review time 132.9 85.2 89.6 114.6 

Effectiveness Metrics: 
Major issues per thousand 

lines of code 
74.B 
149% 

S8.0 
176% 

45.3 
91% 

i)U.U 
100% 

Minor issues per thousand 
lines of code 

16.1 
141% 

17.5 
153% 

10.6 
93% 

11.4 
100% 

Table 5.6 Proficient Inspector Analysis 

Nominated-proficient inspectors tended to review at a faster review rate (132.9) 

compared to peer-proficient inspector's (85.2) and remaining inspector's (89.6). 

Inspections with nominated-proficient inspectors found 49% more major issues 
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than the overall average. Inspections peer-proficient inspectors found 76% more 

major issues than the overall average. Individual contributions are probably more 

pronounced because team averages are used for computations and not individual 

contributions. Thus highly proficient inspectors make a significant difference related 

to inspection effectiveness results. 

Preparation Effectiveness Efficiency 
Rate Majors/kloc reworked Majors / hour 

lines/hour EMS paper EMS paper 
<200 19.0 19.7 -3% 0.548 0.441 24% 

201000 9.9 8.2 21% 0.437 0.331 32% 
301<400 8.0 7.7 4% 0.382 0.422 -10% 
401<500 9.0 6.3 44% 0.571 0.348 64% 
over 500 5.3 3.2 64% 0.505 0.309 64% 
grand total 7.3 5.6 32% 0.475 0.353 35% 

Preparation Number of Proficient Number of 
Rate Inspector-Inspections Inspections 

lines/hour EMS paper EMS paper 
<200 14 6 14 10 

201000 32 24 28 28 
301<400 53 31 31 34 
401<500 25 7 15 20 
over 500 67 52 49 64 
grand total 191 120 137 756 

Table 5.7 Proficient Inspectors Impact on Prior Case Study 

Table 5.7 summarizes impact of proficiency on the prior case study. For 

convenience much of Table 5.4 contents are repeated within Table 5.7. Most inspections 

during the prior case study contained at least one highly proficient inspector. For the 

137 generalized EMS inspections, 191 highly proficient inspectors attended individual 

inspections (thus 1.39 highly proficient inspectors per EMS inspection). For the 156 face-

to-face paper-based inspections 120 highly proficient inspectors attended individual 
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inspections (thus 0.77 highly proficient inspectors per face-to-face paper-based 

inspections). 

Participation by iiighly proficient inspectors appears to contribute 

significantly to differences reported between generalized EMS inspections and face-

to-face paper-based inspections. Thus selection cannot be eliminated as a threat to 

internal validity. 

5.3.3 Maturation Analysis 

Figures 5.1 and 5.2 (on the next page) plot inspection effectiveness by inspection 

date for the revised prior study. Although U-end lines are shown for both graphs, 

statistical significance is very low (R" < .20). Nevertheless EMS inspections visually 

appear to be improving slightly and face-to-face paper based inspections appear to 

be relatively stable. EMS treatment improvements might be due to several factors. 

Initially moderators were encouraged to use EMS inspections. By the end of the study 

period only those moderators favoring EMS continued its use. During the early study 

period it appears that EMS inspections are slightly less effective than face-to-face paper-

based inspections; however quickly the relative advantage is reversed. Maturation 

might be occurring in a direction favorable to EMS inspections. 

Twenty-eight moderators participated in the revised prior study. Seven 

moderators each conducted more than twenty inspections considered in the revised prior 

study (totaling 203 out of 285). On average the remaining twenty-one moderators 

conducted 5.5 inspections (six conducted 1 inspection; seven conducted 2-5 inspections, 

4 conducted 6-10 inspections, and 4 conducted 11-19 inspections). 
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Moderator Total Weighted Averages 

Ikav jkbv elhj ogni \mapw\ nsrp trwf Analyzed ems paper 
Number of moderated inspections 

ems 2 0 2 9 28 24 11 76 
paper 22 29 38 17 6 1 14 127 
total 24 29 40 2S 34 25 25 203 

preference paper paper paper mixed ems ems mixed 

Count of inspections with: 
3 inspectors 5 8 16 13 3 9 7 61 
4 inspectors 19 21 24 11 15 16 17 123 
5 inspectors - - - 2 16 - 1 19 

average 5.8 3.7 3.6 3.e A 4 5.5 .^.8 3.8 3.9 3.7 1 

Number of 8 16 21 23 16 14 18 116 
inspectors 

Average number 6.0 5.8 5.0 8.7 6.6 4.7 3.9 5.9 5.752 5.752 
of inspections 
per inspector 

Average number 5.0 3.8 3.0 2.3 4.6 2.9 2.5 3.3 5.470 5.468 
of inspections 
per non-author 

Table 5.8 Inspection Team Continuity Analysis 

Table 5.8 contains an analysis of team continuity for the seven most active 

moderators during the prior study. Six of the seven conducted both generalized EMS and 

face-to-face paper-based inspections. Three conducted predominately face-to-face paper-

based inspections. Two conducted primarily generalized EMS inspections. The 

remaining two conducted both and slightly favored generalized EMS inspections. On 

average 3.8 inspectors participated in the inspections. There does not appear to be a 

systematic bias in terms of number of participating inspectors (3.7 for EMS and 3.8 

for paper). Inspection team composition changes significantly between inspections. 

Thus little opportunity exists to observe individual group maturation. More interestingly, 

participation appears to be a function of time. This is noted in that individual 

inspectors participated in about 5.7 inspections during the period studied, of which 3.5 
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involved participation as a non-author inspector (2 as an author). The preceding 

observations are true regardless of inspection process or volume of inspections conducted 

by a given moderator. It appears that moderators consider how much an individual has 

participated and give them continuing access as both author and inspector. The 

perception shared in Chapter five ("everyone needs to be involved") apparently applies. 

Maturation does not appear to be a significant threat based on trends and team 

composition. 

53.4 Instrumentation Analysis 

Baan SEPG staff made available 5,870 inspection records covering the period 

from late February 1996 through mid-January 1999. The records come from their Fagan 

Inspection System (FIS) and only cover completed inspections. Three significant issues 

effect ability to analyze impact of generalized EMS inspections subsequent to the 

prior study. During early 1999, Baan SEPG significantly upgraded the FIS system and 

hopefully will address these issues. Genuchten dealt with these issues directly with 

moderators and by personal involvement during the study period. 

First, inspection types (i.e. face-to-face paper-based or generalized EMS) are 

not recorded in FIS inspection records. Two practical methods exist for determining 

whether inspections are EMS inspections. Inspection room location is recorded for less 

than 20% of the inspections. Because EMS inspections are held in a very small number 

of locations, you can develop a list of potential EMS inspections. However not all 

inspections in those locations are EMS inspection. Another searching strategy is to 



138 

identify potential EMS inspections by moderator preference and then to verify based on 

personal records of the moderators. Obviously this is a significant problem that directly 

effects a study of generalized EMS inspections. 

Second, recorded lines of code appear to present data integrity problems. As 

shown in Figure 5.3 (on the next page), about 54% of recorded inspections indicate 

reviews of less than 100 lines of code or more than 1,000 lines of code. 11% indicate no 

lines being reviewed. Either the moderator did not enter line counts or recorded total 

number of lines reviewed in another code-segment being reviewed. Unfortunately, the 

result is that effectiveness and efficiency statistics must be derived at the aggregated level 

(as done by Genuchten). As previously described aggregating review segments can be 

misleading and is not a preferred method for conducting the analysis in this dissertation. 

Upon further investigation it appears that some moderators record number of pages being 

reviewed and not logical lines of code. This also produces misleading statistics. Just how 

much impact this has is unknown. However 1 % of the inspections indicate 1 -5 lines and 

include a high proportion of page counts. Without auditing inspection records, an 

assumption is made to only consider inspection records that indicate review of more than 

100 lines of code. Similar to assumptions made in the revised analysis of the prior study, 

the upper threshold is set at 1,000 lines of code. Thus inspections of more than 1,000 

lines of code are not considered. 9% of recorded inspections are above the upper 

threshold. Many of these inspections contain total line counts being reviewed in several 
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segments (for which other segments show zero lines). Again considering these 

inspections also is misleading and requires inspection aggregation. 
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Figure 53 Histogram for Lines of Code Reviewed 

Third, data integrity problems exist for the number of participating 

inspectors. Double counting appears to occur in some but not all records. Fortunately 

inspection records usually identify participating inspectors by name. In some cases 
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double count occurs because the author is recorded as author and also inspector (and 

occasionally also moderator). In other cases an individual inspector is recorded twice. 

The number of inspectors is used in preparation and review rate calculations. The 

practical solution is to compare number recorded against the list of recorded inspectors. 

In general, with regards to EMS inspections, lines of code and recorded number of 

inspectors, Genuchten's records and annotated comments are more believable and reliable 

than current inspection records. Thus data integrity problems exist that severely limit 

use of FIS records for analysis of subsequent inspection activity. 

5.3.5 Historical Analysis 

Use of generalized EMS inspections greatly diminished during 1998 because 

of technical support problems related to EMS software and room availability (given 

only two inspection rooms that support the generalized EMS software tool). The installed 

version of the generalized EMS software is based on a 16-bit architecture and both 

performance and technical support issues arose. During late 1998 support for the general 

EMS software was briefly withdrawn and subsequently moderators who otherwise 

favored EMS inspections were forced to conduct face-to-face paper-based inspections. 

During early 1999 technical issues were resolved and moderators resumed some use of 

generalized EMS inspections. Choice of inspection tools is left to moderators and not 

dictated by Baan SEPG. Even before technical difficulties a relatively small group of 

moderators primarily used generalized EMS inspections and most did not. For many 
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EMS facilities are not conveniently located or extra administrative effort (to set-up and 

transfer resulting issue descriptions) is considered too much. 

Inquiry was made concerning whether additional events occurred that might 

influence results. In part based on results of the prior study, moderators were strongly 

encouraged to target individual preparation rates at 250 lines per hour. To the extent that 

this initiative was effective, it increases ability to draw conclusions from comparable 

inspections. Baan experienced significant financial and market pressures during 1998; 

however economic conditions did not directly impact inspection practices. In the groups 

studied downsizing did not occur and the mix of inspectors should not have changed 

significantly. As a result of financial pressures staff growth was curtailed. Thus 

inspection practices possibly matured given relatively few new inspectors and stability in 

the pool of existing inspectors. Even so such maturation should not favor one form of 

inspection over the other. Otherwise there were no known events that should have 

directly affected effectiveness or efficiency of inspections. Thus there are no known 

historical threats to internal validity for studies of the subsequent year following the 

prior study. 

5.3.6 Preparation and Review Rate Analysis 

A first step in conducting subsequent period analysis is to consider whether 

individual preparation rate is of continuing importance. Also of research interest is 

whether findings based on review rates are comparable to those of preparation rates. The 

following analysis is based on inspections of documents larger than 100 lines and smaller 

than 1,000 lines of code (as justified previously). Not all-remaining inspections can be 
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used. For some preparation time is not recorded. When individual preparation does not 

occur, preparation occurs during the meeting. Inspectors prepare during the first portion 

and log issues during the second. In such cases review rate can be calculated and 

preparation rate cannot. This occurred much more than expected. Review rates can be 

calculated for 2,464 inspection; however preparation rates can be calculated for only 

1,145 inspections. Given large number of inspections analyzed in both categories, results 

should not be materially affected. 

Figures 5.4 through 5.7 graph inspection effectiveness and efficiency compared to 

preparation and review rates respectively. Each graph contains considerable variation 

due in part to code quality, inspector abilities and process maturity. Trend line is shown 

for each graph. An associated regression equation is listed in the bottom right comer. 

Statistical significance is very weak for each trend (R" < .20); however general 

impressions can be formed. Also for the review rate effectiveness graph, a log function is 

used instead of a linear line (because it seamed more appropriate based on plotted data). 

Figures 5.4 and 5.5 visually suggest that preparation rate and review rate 

migiit be inversely related to inspection effectiveness. Although both graphs appear 

similar, the review rate graph is more seductive because it suggests patterns of decreasing 

effectiveness as review rate increases. 

Figure 5.6 and 5.7 contain descriptive statistics and graphs of category averages 

for both preparation and review rates. Using single factor between-subjects analysis of 

variance there is a significant difference between at least two categories. For 

preparation rate the result is significant, and is summarized as F(5,1138) = 11.23, 

p < .001. For review rate the result is not significant and is summarized as 

F(3,1140) = 0.88,/; <.45. 
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Based on the graphs and confidence intervals, preparation and review rates 

appear to be inversely related to inspection effectiveness to a point and then not so. 

Thus slower rates are not sufficient predictor of effectiveness and there is only 

support for an inverse relationship within narrow ranges. 

Preparation rate categories 
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frapanaon rain 
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I Review Rate categories 
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Figures 5.8 and 5.9 suggest a similar pattern for inspection efficiency. Again 

the review rate graph is more seductive (though statistically less significant) and suggests 

further exploration. Figure 5.8 highlights the relative number of inspections that fall 

around or below the 250 lines per hour target (suggesting that efforts to target preparation 

rates were somewhat successful). 

5.3.7 Subsequent Period Analysis 

Lacking ability to identify generalized EMS inspections occurring after the prior 

study greatly reduces opportunity of subsequent period analysis. Nevertheless, the 

following analysis is presented. 

In order to identify EMS inspections several methods were used. First, 27 

potential EMS inspections were identified based on recorded inspection room. This list 

was further reduced based on whether the moderator previously hosted an EMS 

inspection. Second, Baan SEPG sent an email to currently active moderators in divisions 

that previously participated in EMS inspections. The moderators replied by indicating 

whether they primarily host paper or EMS inspections. 23 stated preference for paper and 

6 stated preference for EMS. Then inspection records were searched based on moderator 

preferences and previous stated selection criteria (100 lines < document size < 1,000 

lines). Out of 270 potential inspections, only 72 inspections are usable. Excluded are 

221 inspections of documents under 100 lines of code and 57 documents over 1,000 lines 

of code. 38 EMS insp)ections are reported out of an identified pool of 78 inspections. 

Only 34 paper inspections are used out of a total of 192 potential. Detail inspection 
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records were examined for each inspection reported to make sure that the number of 

inspectors recorded matches the associated list of recorded inspectors. The extremely 

small sample sizes are a problem; however the selection process was not biased 

based on productivity factors. 

Preparation Effectiveness Efficiency 
Rate Majors/kloc reworked Majors / hour 

lines/hour EMS paper EMS paper 
<200 - 1.4 -100% - 0.039 -100% 

201000 16.4 5.9 175% 0.908 0.337 169% 
301<400 15.9 11.2 42% 1.327 0.551 141% 
401<500 3.3 6.7 •52% 0.336 0.994 -66% 
over 500 4.3 4.5 -4% 0.951 0.673 41% 
grand total 9.2 5.6 66% 0.999 0.578 73% 

Preparation Review Size Average Number of 
Rate Lines/Inspection Preparation Rate Inspections 

lines/hour EMS paper EMS paper EMS paper 
<200 136 236 181.33 161.7 1 3 

201000 281 337 227.63 234.19 10 8 
301<400 372 468 341.78 341.23 11 4 
401<500 462 521 414.06 443.72 2 4 
over 500 593 683 846.53 669.22 14 15 
grand total 428 518 436.28 427.64 38 34 

Number ot Prottaent 
Preparation Inspector' 

Rate Inspections 
lines/hour EMS paper 

<200 1 3 
201000 10 8 
301<400 2 4 
401<500 2 4 
over 500 14 15 
grand total 29 34 

Table 5.9 1998 Subsequent Period Analysis 

Table 5.9 simimarizes the subsequent period analysis. There are only 4 

inspections for preparation rate of less than 200 lines per hour and only 6 in the 401-500 

lines per hour category. 29 (out of 72 total) inspections were in the over 500 lines per 
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hour category. Code review size appears comparable for both types of inspection. 

Average preparation rates are also comparable. Now withstanding EMS inspections 

appear to be more effective and efficient than paper inspections. In total, EMS 

inspections are 66% more effective and 55% more efficient. 

Within the 201-300 preparation rate category, EMS inspections are 

significantly more efTective and efficient than paper inspections. For effectiveness, 

EMS inspections averaged 16.4 major issues per thousand lines of code (10 inspections) 

compared to 5.4 major issues per thousand lines of code (8 inspections). Using a single-

factor between subjects analysis of variance, a significant effectiveness difference exists 

and is summarized as F(l,16) = 8.3, < .01. For efficiency, EMS inspections averaged 

0.908 major issues per hour (10 inspections) compared to 0.337 major issues per hour (8 

inspections). Using a single-factor between subjects analysis of variance, a significant 

efficiency difference exists and is summarized as F(l,16) = 6.72, p<.02. 

Compared to prior study results (in Table 5.4), 1998 results are consistent. 

EMS effectiveness continued to improve (going from an average of 7.1 to 9.2 majors per 

thousand lines of code). Paper inspection effectiveness remains constant at 5.6 majors 

per thousand lines of code. Within the 250 line per hour targeted preparation rate 

category, EMS inspections were significantly more effective (16.9 majors per thousand 

lines of code compared to 5.6). EMS inspection effectiveness also improved firom .46 

majors per preparation hour to .999 (which is supported by an improving effectiveness 

trend). Paper inspections also improved from .276 to .578 majors per preparation hour. 
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Although drawing conclusions in any one category is difficult and compounded by small 

sample size and expected variations. Unlike the prior study, highly proficient 

inspectors participated more in the paper inspections (averaging 0.76 per EMS 

inspections and 1.0 per paper inspections). EMS inspections were more effective even 

though there was relatively less participation by highly proficient inspectors. 

5.3 Validation Discussion 

The seven analyses generally support prior study findings. The following 

discussion focuses on research questions and hypotheses from Chapter Three. The 

discussion is divided into three sections (collaboration, feedback, and specialized EMS 

tool development). 

53.1 Collaboration Research Implications 

Research Question One asks whether collaboration tools improve software 

inspection productivity. Based on the prior study and preceding seven analyses an 

expectation continues that collaborative tools in fact improve productivity. The 

difference is seen most when the preparation rate is within 201-300 lines per hour range. 

A number of other contributing factors must also be considered most notably presence of 

highly proficient inspectors. 

Propositions were made concerning effectiveness and efficiency of generalized 

EMS inspections. Both propositions are supported with testable hypotheses. The first 

follows: 

Hypothesis IA Generalized EMS inspections significantly increase effectiveness 

(discovery of major and minor issues per thousand lines of code) given 
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individual preparation rate of201-300 lines of code per inspector per 

hour of EMS inspection logging compared to face-to-face paper-based 

inspections. 

During 1998, the efTectiveness hypotheses is strongly supported. EMS 

inspections averaged 16.4 major issues per thousand lines of code (10 inspections) 

compared to S.4 major issues per thousand lines of code (8 inspections). Using a single-

factor between subjects analysis of variance, a significant effectiveness difference exists 

and is summarized as F(l,16) = 8.3, p < .01. The major reservations are small sample 

sizes, data integrity problems and apparent anomalies within faster preparation rate 

categories. 

Hypothesis IB Generalized EMS inspections significantly increase efficiency (major 

issues discovered per hour invested in preparation and inspection 

meeting) given individual preparation rate of 201-300 lines of code 

per inspector per hour of EMS inspection logging compared to face-

to-face paper-based inspections. 

During 1998 the efficiency hypotheses is also strongly supported. EMS 

inspections averaged 0.908 major issues per hour (10 inspections) compared to 0.337 

major issues per hour (8 inspections). Using a single-factor between subjects analysis of 

variance, a significant efficiency difference exists and is summarized as F(l,16) = 6.72, 

p<.02. 

The presence of highly proficient inspectors might have affected the prior study 

results; however no such affect is seen during the 1998 subsequent period results. In fact 

more highly proficient inspectors participated in paper inspections than in EMS 

inspections. Additional explanations include improved EMS inspection process and more 
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practiced EMS inspectors. Thus generalized EMS inspections might re-enforce existing 

good practices. 

5.3.2 Feedback Research Implications 

Research Question Two explores whether feedback dimensions that significantly 

improve productivity can be identified and incorporated within a software inspection. 

Potential feedback dimensions explored within this chapter include preparation and 

review rate, perceived and recorded proficiency, and aspects of process maturity. 

Research Question Three explores how review rate relates to number of issues 

discovered during an inspection. Individual preparation rate considers time spent prior to 

the inspection meeting. Review rate considers time spent in preparation and during 

meeting. Proposition Six states that review time must be sufficiently deliberate in order 

to discover issues during an inspection. Two testable hypotheses are derived. 

Hypothesis 6A Individual preparation rate is inversely related to the number of 

issues discovered. 

This hypothesis has weak statistical support. Although strong support exists that 

differences occur between ranges. In the lower ranges, individual preparation rate 

appears to be inversely related to the number of issues discovered. A bottom appears to 

occur in the 401-500 line per hour category and it is possible that faster preparation rates 

can be slightly more productive (though not as productive as the slower categories). 

Thus individual preparation rate is weakly supported as being inversely related to 

the number of issues discovered. Notwithstanding the most deliberate preparation 

rates result in significantly more issue discoveries. 

Hypothesis 6B Review rate is inversely related to the number of issues discovered. 
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This hypothesis is statistically inconclusive. Review rate is an even weaker 

predictor of issues. Again it is possible that most productive reviews occur within two 

categories (1-100 lines per hour and 201-300 lines per hour). While patterns within 

review rate data suggest diminishing returns to scale, the statistical significance of review 

rate is less than preparation rate. Further investigation is need to better understanding 

whether these trends hold over more inspections and what contributes to this 

phenomenon. 

Preparation and review rate appear to be necessary but not sufficient to 

explain productivity. Neither provides statistically significant prediction of individual 

inspection results. Regardless of the rates, no or few issues are discovered during many 

inspections. There appears to be minimum points after which higher rates produce 

slightly higher productivity. Thus you either need to be deliberate (i.e. slow enough 

preparation and review) or much faster. Inspection might occur at fairly high rates and be 

productive if the inspector knows what they are looking for or if once discovered latent 

issues suggest other related issues (implying that the inspector finds one and the author 

finds other related issues). Nevertheless capturing and calculating both individual 

preparation and review rates should be considered. This should be done if for no other 

reason than to avoid rates that result in minimal productivity or to force explicit 

consideration of preparation and meeting time targets. 

Within this chapter, importance of recording actual inspector performance 

was realized. In Chapter Four, inspectors stated preference for perceptions of 

proficiency, and yet the most effective inspections are those that include peer proficient 

inspectors compared to nominated inspectors. Proposition Eight states that inspector 

proficiency is a significant fiictor in productivity (i.e., groups with more proficiency are 



154 

more productive than groups with less proficiency). Two testable hypotheses were 

derived. 

Hypothesis 8A Groups containing perceived high-proficiency inspectors are 

significantly more effective than groups without such highly proficient 

inspectors regardless of inspection type. 

This hypothesis is statistically inconclusive (p<.687). Nevertheless presence of 

perceived high-proficiency inspectors is a major consideration. It would be interesting to 

explore how such perceptions are formed. Within this study it appears that systems 

architects and designers are perceived to be highly proficient. Assuming that proficiency 

is multi-dimensional, such individuals might be very helpful in only certain types of 

inspections. 

Hypothesis 8B Groups containing highly-proficiency peer-review inspectors based 

on actual performance are significantly more effective than groups 

without such highly proficient inspectors. 

This hypothesis is strongly supported (p<.0056). Surprising is that such 

individuals do not appear to be generally recognized. Only one individual was both a 

perceived and peer review proficient inspector. Thus the challenge is to identify such 

individuals in a non-threatening manner. This suggests that recording actual inspector 

performance is necessary in order to identify highly proficient inspectors. Using peer 

review inspections is one means to identify highly proficient inspectors. Another would 

be to record individual contributions during inspections. While this information is 

captured in the inspection logs, it needs to be formally recorded. To the extent that 

proficiency is multi-dimensional, it would be helpful to develop inspector profiles and 

record what types of issues the inspector find over time. 
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Research Question Four explores how inspection processes mature. Historical 

trends and team composition were examined. While neither appeared to be threats to 

internal validity, both historical trends and team composition should be considered as 

indicators of process maturity. EMS inspections appear to becoming slightly more 

productive over time. 

5.3.3 Specialized EMS Tool Development Implications 

Requirements for specialized EMS tool development are not explicitly covered in 

the chapter. However, the following related issues were raised. 

Instrumentation threats pointed out the need exists for consistently defined 

inspection metrics. Examples include line of code count, number of inspectors, and 

indication of inspection tool support. A need exists for logical line of code counting 

standards and methods for insuring that the proper line counts are recorded for each 

segment being reviewed. The number of inspectors should be verifiable and derived by 

the specialized EMS tool. Inspection records should include an indication as to the 

process and tools used during the inspections (i.e. face-to-face paper-based, generalized 

EMS, specialized EMS). 

Inspection metrics should be captured automatically. Examples include 

effectiveness, efficiency and yield calculations (at both individual and group levels). 

Unusual inspections should be highlighted. Genuchten excluded cross-

department inspections. Similar subjective criteria as well as objective criteria should be 

established and moderators should be asked to identify or explain unusual inspections. 

Unusual inspections include those in which productivity and process metrics are outside 
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expected ranges. For example, effectiveness or efficiency is much higher than normal. In 

such cases, unexpected metrics should be automatically pointed out to the moderator and 

explanations recorded. 

These tool development issues are reconsidered in Chapter Seven. Chapter Six 

presents a survey that supports quasi-experimentation and explores collaborative 

differences between face-to-face paper-based inspections and generalized EMS 

inspections. 
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CHAPTER 6: BACKGROUND SURVEY: METHOD AND RESULTS 

"There were two major reasons for using experimental designs in theoretical and 
practical research in field settings. The first was an increasing unwillingness to 
conduct experimental tests in controlled-and usually laboratory-settings that were 
irrelevant fitr both theory and practice. The second arose out of a dissatisfaction 
with non-experimental alternatives for inferring causation." 

Thomas D. Cook and Donald T. Campbell, Quasi-Experimentation Design & 
Analytical Issues for Field Settings Page 9 (Cook and Campbell 1979) 

First a brief confession. This chapter was to feature a quasi-experiment 

comparing SEMS inspections and highlight the dissertation. Fate destined otherwise. 

Plans and hopes for its contents are on hold due to circumstances beyond the author's 

control. What remains is minimal and yet insightful. The overall dissenation thrust has 

been changed slightly to include Chapter Seven, a discussion of the SEMS inspection tool 

upon which this chapter was to have rested. The last section in Chapter Seven includes 

plans and expectations for the proposed quasi-experiment. 

This chapter presents a background and collaboration survey. The survey will be 

used before, during and at the conclusion of the quasi-experiment. This chapter 

summarizes initial results including testable collaboration related hypotheses. Sections in 

this chapter include (1) survey method, (2) survey results, and (3) survey discussion. 

6.1 Background Survey Method 

Appendix G contains the Background Survey'. The survey is designed for 

completion in less than ten minutes and contains thirty-six questions plus four 

administrative items (requests for name, email, time to complete, and whether they want 
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summary statistics from the study). The questions consist of twenty-two multiple choice 

(including seven-point Likert scales), seven numeric (requests for years or days), and 

three open-ended (i.e. company name, explanation of personal opinion, and additional 

thoughts). 

The survey contains two major sections. The first is a background section that 

concerns the survey participant's software development and inspection experience. The 

background section concludes with two questions concerning personal opinions about 

whether source code inspection benefits outweigh required effort. The second section is a 

collaborative assessment and contains twenty-five questions grouped in six topical areas. 

Six questions frame perspective and technology used during a typical inspection. Seven 

questions relate to what extent does the surveyor personally do specified activities during 

a typical inspection-logging meeting. Five questions relate to what extent their inspection 

team does specified activities during a typical inspection-logging meeting. Two 

questions relate to individual preparation planning and actual time spent. Three questions 

relate to feelings about inspections and more specifically affective rev^d (feelings of 

satisfaction or dissatisfaction). The last question is an open-ended question related to 

opinions about paper-based versus collaborative tool support for software inspections. 

The survey was initially broken into two separate surveys (background and 

collaboration). This anticipated that participants would complete the background survey 

only once and then complete the collaboration survey several times during the course of 

• The HTML version of the survey is accessible at 
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the quasi-experiment. However, based on initial field testing several participants 

preferred combining the collaboration survey within the background survey and then 

offering the collaboration survey alone for subsequent usage. 

The survey was originally written and revised in English. Because most Baan 

employees speak Dutch, a Dutch version was also developed. Additional revisions were 

made to make sure that both Dutch and English versions are identical in meaning. Dutch 

responses to open-ended questions were translated and the English translation is used 

within this dissertation (although Dutch comments and English translations are included 

in Appendix H). Most participants completed the Dutch version and answered open-

ended questions in Dutch. 

The main survey purpose is to test collaborative hypotheses (2-5 in Chapter 

3). Each hypothesis tests whether more of one type of activity occurs than another type. 

Consideration was given to asking surveyors to allocate time or effort between types of 

activities; however it was recognized that doing so is very difficult for numerous reasons 

(including multi-tasking, and remembering how much time without keeping detailed 

records). Instead the question asked is, "To what extent did you (or your team) do the 

following?" This question enables a more subjective assessment; however hopefully one 

that is sufficient to determine whether more of one type of activity occurs than another 

activity. In addition, activities are fi-amed in terms that are more comfortable to an 

http://demo.cmi.arizona.edu/cr/surveys/ 
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inspection process. Instead of asking about "convergence", the question refers to 

"classifying or removing duplicate issues." 

The original intent was to compare answers over time by the same individual 

covering different inspection treatments. Doing so is expected to produce stronger 

factors and better experimental controls. Instead inspectors were invited to complete two 

background surveys (one from an EMS and another from a paper inspection perspective). 

Another unfortunate aspect of this is that it is impossible to control who complete the 

survey and from what perspective. From a longer-term perspective, results presented 

provide an initial validation of the survey instrument and provide insight into the 

hypotheses. The results are not as reliable as originally desired. 

Nevertheless the survey is designed for testing the following four hypotheses. 

Hypotheses 2. Significantly more conveying communication than convergent 
communication occurs during inspection meetings without regards to the 
type of inspection (i.e. face-to-face paper-based inspections, and 
generalized EMS inspections). 

Hypotheses 3. Generalized EMS inspections involve significantly more deliberation 
compared to face-to-face paper-based inspections. 

Hypotheses 4. Generalized EMS inspections require significantly less attention for 
communication compared to face-to-face paper-based inspections. 

Hypotheses 5. Generalized EMS inspections require significantly less attention for 
information access compared to face-to-face paper-based inspections. 

Following are questions that address each of previously underlined concepts. In 

addition the "distraction" concept is also presented. 

Conveying communication: 

• To what extent does your team describe or explain issues defects [oral or written]? 
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Convergent communication: 

• To what extent does your team classify or remove duplicate issues (defects) ? 

Deliberation: 

• To what extent do you personally actively search for issues (defects) in source 
document? 

• To what extent does your team look for new issues (defects) ? 

Communication: 

• To what extent do you personally talk to other inspectors about issues (defects)? 
• To what extent do you personally write or type issues (defects) on a log or into a 

computer system? 
• To what extent does your team describe or explain issues defects [oral or written]? 
• To what extent does your team classify or remove duplicate issues defects) ? 

Information access 

• To what extent do you personally listen to others describe issues defects)? 
• To what extent do you personally read descriptions of issues defects recorded by 

others? 
• To what extent do you personally access information contained in checklist or 

reference materials? 

Distraction 
• To what extent do you personally wait or do tasks unrelated to issues including 

administrative tasks and distractions)? 
• To what extent does your team handle administrative tasks such as logging time and 

finding documents? 
• To what extent does your team deal with distractions (such as room condition, 

technology problem, and non-issue-related discussions)? 

Table 6.1 summarizes how questions relate to concepts of research interest. 

Ideally, factor analysis identifies the theorized concepts. Several factors reduce the 

usefulness of factor analysis. First, individuals do not necessarily completing two 

surveys (one for each type of inspection). Thus the comparison is between individuals 

that do not necessarily share the same mental frames. In addition, answers are based on 

perceptions of inspections that might have occurred several months previously. This is a 



162 

problem because if the individual prefers paper inspections and they evaluate EMS 

inspections their response might be biased. Thus factors might relate more to perceptions 

than actual occurrences during a specific inspection. 

c o 

O 3 >. H* 2 8 
E " 2 

J Question label j j § 1 i 5 
19 talk 

20 write 

21 listen 

22 read issues 
A 

23 search X 
24 access info X 
25 wait X 
26 describe X 
27 classify 8 X 
28 look X 
29 administer 

30 distract 

Table 6.1 Relationship of Background Survey Questions to Research Concepts 

The other questions are designed to assess inspection specifics and attitudes of 

survey participants. Because surveys were not tied to specific inspections, question 

thirteen (From what perspective are you answering the following questions?) was added 

to make sure that the participant properly firamed subsequent answers (as either and EMS 

or paper inspection). Question eighteen was designed to identify technology specifics 

firom which the inspection treatment can also be derived. Both questions are similar and 

caused confusion for initial participants. Consequently question eighteen was dropped. 

A question that was not asked, but should have been is what role the participant played 
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during the inspection. In the quasi-experiment the role is somewhat controlled and 

icnown. With invited participation, the role is unknown. 

6.2 Background Survey Results 

Appendix H contains results from the background survey (simple statistics and 

comments). Results must be carefully interpreted. While participants are experienced 

inspectors, their responses are perceptions and in general not based on current 

experiences. This assertion and additional results are now presented. 

Eighteen inspectors completed twenty-five surveys (seven completed two 

surveys). Surveys were completed during the two-week period from June 14 through 

June 28, 1999. On average survey participants had over 5 years of software development 

experience of which over four were with the Baan Company. They have worked for over 

three years on development projects similar to their current project and for over five years 

with graphical user interfaces. Six individuals participated in six or fewer inspections 

within the last twelve months. On average individuals participated in over fifteen 

inspections (with the highest being twenty-four) within the last twelve months. Over 

their career, they participated in over 120 inspections (20 minimum and 500 maximum). 

Six out of eighteen are PSP trained. Thus survey participants are experienced 

inspectors. 

Unfortunately participants last participated in an inspection on average a half-year 

previously. Only four participated in an inspection during the prior two weeks. Sixteen 

out of twenty-five responses are based on inspections that took place 100 or more days 
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prior to the survey. Thus the survey is primarily based on perceptions and not 

current recollections. 

As expected paper and EMS inspections differ regarding timing of when issues 

are recorded and read by inspectors. Issues are recorded in a computer system after 

paper-inspection logging meeting and during preparation for EMS inspections. Issues are 

first read when entered into the manual log for paper inspections and by the start of the 

meeting for EMS inspections. 

The overwhelming opinion is that benefits resulting from source code inspections 

DO NOT exceed effort required to actually conduct the inspections. Comments help 

clarify this opinion. "Inspection are useful, but not for all code, the benefits depend on 

the size and complexity of the scripts. " "I have no idea (no data); if you look at the 

parties involved to solve a defect from the field with the accompanying costs, I do belief 

in the benefit. The reason for me to do inspections is that I want to deliver good work. " 

Several answers appear to also suggest the benefit of inspections during design and prior 

to program code. "Get the defects out of the product as soon as possible in a certain 

phase will result in shorter follow-up phases (less defects to be fixed). Inspections save 

time." 

Most do not know whether they spend enough time in preparation. Opinions are 

divided as to whether enough time is spent to discover major issues. Most are somewhat 

skeptical that inspections accomplish something. Most do not enjoy participating in 

inspections and consider inspections to be boring. While participants feel slightly better 
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about participating in paper inspections the difference is statistically insignificant 

[F(l, 23) = 0.05, p < .83]. However differences appear to exist between those with 

recent inspection experience that are not reflected statistically and that can only be 

analyzed when enough surveys are gathered from those that have recently participated in 

an inspection. 

Seventeen surveys were answered based on perceptions of paper inspections. 

Eight based on EMS inspections. Seven of the eight were second surveys (the participant 

answered from both paper and EMS perspectives). 

Following are interesting comments from question 36 (tool support for 

inspections). The first three comments come from paper inspection perspectives. The 

last two comments come from EMS inspection perspectives. 

• Most work is being done in preparation, during the inspection sometimes things pop 
up as a result of short explanations/discussions. 

• High Documents are often distributed but are hardly used. It is often not clear which 
checklist should be used. Planning rework is not done properly. There is hardly ever 
control on rework, just as re-inspection. The kind of inspector determines the kind of 
defects that are found to a large extent (experience determines the number of Majors 
found to a large extent). 

• I do not see a lot of value in the electronic meeting system. It was too much work for 
the moderator. I do not agree with the fact that it results in more Majors. 

• Inspectors like the possibility to do electronic preparation. 

• Prerequisite for an electronic inspection is that the system works. Moderator can 
execute a lot of administrative tasks (for example remove doubles). Inspectors are 
forced' to log defects, so the preparation is often better with electronic inspections. 
There is less work after the meeting for the moderator, as compared with a paper 
inspection. There is less noise during the meeting (sometimes it is too silent, some 
conversation should be allowed). 
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Although not with great expectation, factor analysis was used to determine latent 

dimensions within the collaborative questions (#19-30). Table 6.2 presents the results. 

The left side repeats the theorized relationships (Table 6.1) and the right side presents 

factor loading. 
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Table 6.2 Background Survey Factor Analysis Loading 

The factors do not relate well to theorized concepts with several possible 

exceptions (factor 3 might be "convey" and factor 2 might be "distractions"). Additional 

work is needed to develop a reliable instrument for measuring underlying concepts. 

Nevertheless a very simple approach is taken herein. The Likert scales answers are 

compared using single-factor between-subjects analysis of variance. Though not 

desirable, this analysis should conservatively establish whether significant differences 

exist. 
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6.3 Background Survey Discussion 

Hypotheses testing results are now presented along with discussions as to 

potential implications. Because of limitations related to participation and statistical 

methods used all results should be considered as exploratory and need to be 

replicated in a more controlled manner (such as a quasi-experiment). 

Hypothesis 2 Significantly more conveying communication than convergent 

communication occurs during inspection meetings without regards to 

the type of inspection (i.e. face-to-face paper-based inspections, and 

generalized EMS inspections). 

This hypothesis is supported. Answers to question 26 (describe) are compared 

with question 27 (classify or remove). For paper inspections the hypothesis is 

statistically significant and summarized as follows F(l,33) = 11.664, p <.002. For EMS 

inspections the hypothesis is only weakly supported and summarized as F(l,14) = 1.66, p 

< .22. However it appears to be strongly supported based on the response of the only 

participant with recent (within two weeks) inspection experience. 

Hypothesis 3 Generalized EMS inspections involve significantly more deliberation 

compared to face-to-face paper-based inspections. 

This hypothesis is statistically inconclusive. Answers to questions 23 (search) 

and 28 (look for issues) are combined and compared between paper and EMS 

perspectives. Average EMS scores are higher than paper scores suggesting EMS 

inspections involve more deliberation. However score distributions for both types of 

inspections are essentially bipolar and greatly reduce the ability to draw conclusions. The 

statistical support is summarized as F(l, 23) = 0.72, p < .40. The statistical power is 

11.6% (at 5% significance level) due to both the low sample size and high variances. It 

is extremely important that this concept be measured immediately after an 

inspection and not months later. Check of four inspectors (3 paper and 1 EMS) with 

recent inspection experience suggest stronger support for the hypothesis (7.3 paper 
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average versus 13 EMS). Thus results are considered inconclusive and deserving of 

additional testing. 

Hypothesis 4 Generalized EMS inspections require significantly less attention for 

communication compared to face-to-face paper-based inspections. 

This hypothesis is weakly supported. Answers to questions 19 (talk), 20 

(write), 26 (describe), and 27(classify) are combined and compared between paper and 

EMS perspectives. The statistical support is sununarizedas F( 1,23) = 3.8, p<.064. For 

the four inspectors with recent inspection experience the results are more dramatic 

(12 paper average versus 6 EMS). 

Hypothesis 5 Generalized EMS inspections require significantly less attention for 

information access compared to face-to-face paper-based inspections. 

This hypothesis is strongly rejected. In fact the opposite direction of the 

hypothesis appears to be weakly supported. Answers to questions 19 (talk), 20 (write), 

26 (describe), and 27(classify) are combined and compared between paper and EMS 

perspectives. The statistical support is summarized as F(l, 23) = 3.65, p < .07. For the 

four inspectors with recent inspection experience the results are less dramatic 

(8.33 paper average versus 8 EMS). It is possible that use of EMS inspections enable 

more information to be accessed. A survey comment from a paper inspection 

perspective suggests this possibility. "High Documents are often distributed but are 

hardly used. It is often not clear which checklist should be used. " 

Further testing is strongly suggested for all of these hypotheses. At best these 

results are exploratory. The results however generally support the theoretical 

framework upon which this dissertation is founded. In addition introduction of the 

SEMS tool (discussed in the next chapter) is intended to produce even more dramatic 

results than generalized EMS inspections. 
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CHAPTER 7: SPECIALIZED EMS DEVELOPMENT 

"Tools can be enormously helpful, but they alone will not fully solve software 
engineering's problems. Neither will process alone. Both are needed to obtain 
a balanced result Improved tools, in fact, are needed in most aspects of the 
software process. They can improve productivity, reduce errors, simplify 
routine tasks andfree engineers for more creative work" 

Watts Humphrey 
A Discipline for Software Engineering. Reading, Massachusetts: Addison-

Wesley Publishing Company, 1995. P26 

This chapter describes a specialized EMS inspection (SEMS) tool with focus on 

collaboration and feedback aspects. This chapter is based on several years of prototype 

development efforts and lessons learned. The first section provides background on 

collaboration and feedback aspects of face-to-face paper-based inspections and 

generalized EMS inspections. The second section describes the SEMS tool, how 

collaboration and feedback are incorporated, and lessons learned. The concluding section 

discusses building theoretical aspects with the SEMS tool including two views on 

collaboration, testable hypotheses and proposed quasi-experiment. 

7.1 Collaboration and Feedback Support Background 

SEMS inspection tools should provide better collaboration and feedback support 

than face-to-face paper-based and generalized EMS inspections. Following is a 

discussion about how the SEMS inspection tool is better and how it was developed. 

7.1.1 Face-to-face Paper-based Inspection Comparison 

A SEMS inspection tool enables collaboration. Collaboration implies people 

working together in order to accomplish a task or objective. For inspections, the tool 
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allows more than one individual to work at the same time and supports their interactions. 

The tool supports issue-related dialogs and helps structure inspection roles. 

A SEMS inspection tool should support a Fagan-style inspection process 

similar to face-to-face paper-based inspections. The SEMS tool was initially designed to 

match what occurs during an inspection as opposed to changing the process. Supporting 

a Fagan-style inspection provides a baseline upon which changes can be evaluated and 

allows comparisons with prior inspection results. 

A SEMS tool should preserve what is best about traditional Fagan-style face-

to-face paper-based inspections and eliminate inherent weaknesses. Let us consider 

strengths and weaknesses from the perspective of the Collaborative Framework (Figure 

3.1) and associated underlying theories. 

As shown in Chapter Six, face-to-face paper-based inspection meetings are 

synchronous (low parallelism and high feedback). Media Synchronicity Theory posits 

that high synchronicity best supports new group and convergent communications. When 

inspection teams first meet, effort is needed to communicate expectations and define 

roles. Face-to-face communications arguably are best for new group communication. 

Though an advantage of face-to-face meetings, convergent communication is less of an 

issue due to the nature of Fagan inspections. To the extent that communication is 

required to classify issues or discuss improvement plans, face-to-face is well suited; 

however Fagan inspection culture greatly discourages convergent communication. A 

SEMS should be capable of being synchronous in order to support new group and 

convergent communications. 
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Some of the greatest advantages of face-to-face paper-based inspections are 

structural simplicity and measurability. Structural simplicity refers to the fact that an 

inspection process is simple. When an inspector knows their defined role, they can 

participate in a straightforward and simple maimer. During individual preparation you 

identify issues and come to the logging meeting prepared to communicate what you 

found. During the logging meeting you tell what you found, listen to issues found by 

other inspectors, and possibly identify additional issues. A SEMS inspection tool needs 

to provide similar process simplicity. With regards to measurability, inspection metrics 

are usually captured during Fagan style inspections; whether metrics are captured on 

paper or via a computer system should not matter. One benefit of a SEMS should be 

automatic capture of key inspection metrics without additional effort by inspectors. 

For example, moderators need to count number of issues found for each inspector and by 

severity (major versus minor) and by issue (defect) category. Depending on how many 

issues are found this effort can take several minutes during an inspection meeting. 

Capturing counts of issues found should be an advantage of a SEMS tool. 

Because inspection meetings involve conveyance communication (Eureka! I 

found an issue!), potential exists for a media mismatch and thus improvement. It can be 

argued that much conventional Fagan inspection wisdom addresses inherent weaknesses. 

For example, the admonition to find issues and not discuss them is a means of reducing 

synchronicity during a face-to-face meeting and thus focusing conveyance 

communication. Another disadvantage of one-at-a-time (single-thread) communication is 

production blocking (individuals do not contribute due to lack of time or opportunity). 
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A SEMS tool should support low synchronicity (high parallelism and low feedback) 

and be better suited to conveyance communication. 

7.1.2 Generalized EMS Inspections 

The primary inspection advantage of a generalized EMS is low synchronicity for 

conveyance communication. A SEMS should support low synchronicity similar to a 

generalized EMS. Specifically, SEMS should allow for parallel input by inspectors. 

A significant weakness of generalized EMS inspections is administrative effort for 

moderators. Table 7.1 lists typical generalized EMS moderator instructions. In addition 

to regular responsibilities, EMS moderators must set up EMS sessions and upon 

completion take extra measures to print reports and transfer issue-related information to 

the inspection database system. SEMS should minimize administrative requirements. 

Demands for an easy to use interface start with administering sessions and progress 

through seamless interfaces with review documents and inspection database systems. 

Some moderators envision a process in which they designate documents, inspectors and 

minimal inspection information. Then the SEMS fetches review document(s), 

standardized checklists, and reference materials and then fully setup the inspection 

session. If administrative effort is very high, moderators will not use the SEMS. 

Moderators are main sponsors of inspection tools; they will support a tool as long as it is 

proven to be productive for both inspections as a whole and their personal efforts in 

particular. 
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Generalized EMS Moderator Inspections 
1. START THE MACHINES 

login for leader; 
user ID: leader 
password: ******* 
participants: parti 
(for participants no password required) 

2. OPEN FOLDER 
Go to 'folder* button and select 'inspection logs' 

3. SELECT YOUR INSPECTION 
Inspections are identified by Product Group, Date, Time 
Select your inspections and open the activity. 
Adjust the buckets with the page numbers to the number 
of pages in your inspection. Buckets can be added by 
the 'bucket plus' button. The name of buckets can be 
adjusted in the 'categorizer' pull down menu by 'edit 
category'. 
STANDARD LIST OF PAGE 1-10 CAN BE IMPORTED AS TEXT 
ITEMS AND CUTTED AND PASTED TO CATEGORIES (ANOTHER 
IDEA: STANDARD PUT PAGE 1-10 THERE WHILE PREPARING THE 
AGENDA) 

4. LOAD THE DEFECTS FOUND IN PREPARATION. THERE ARE THREE WAYS TO DO THIS: 
• THE DEFECTS ARE SUBMITTED BY MAIL BEFORE THE MEETING TO THE MODERATOR 

WHO COMBINES THE DEFECTS INTO ONE LIST. THE MODERATOR BRINGS HIS LIST In a 
DOS ASCII (not UNIX) format in disk. They can be loaded in the 'edit' pull down by 'import text file' 

• THE PARTICIPANTS BRING THEIR DEFECTS WITH THEM ON A DISK AND USE THE 
PRIVATE LIST OPTION TO LAOD THE DEFECTS. THEY WILL BE SUBMITTED TO THE 
GROUP ONLY WHEN THE MODERATOR INDICATES THAT HE/SHE WANTS TO RECEIVE 
THE DEFECTS FOR A CERTAIN PAGE OR SECTION. 

• THE PARTICIPANTS USE GROUPSYSTEMS FROM THEIR OWN WORKPLACE AND SUBMIT 
THE DEFECTS FROM THEIR OWN WORKPLACE, EITHER DIRECTLY TO THE GROUP, OR 
IN THEIR PRIVATE LIST. 

5. START THE PARTICIPANTS 
hand button to start 

6. GO THROUGH THE DOCUMENT PAGE BY PAGE OR SECTION BY SECTION 
go to the next page and use the 'match view option in 
the 'group' pull down menu 

7. MAKE A REPORT 
go to 'file' pull down menu 
select report and make report by putting your activity 
in a report 
OPEN THE REPORT 
Wordpad will be opened, file can be saved in Wordpad 
using 'save as' 
REMOTE PREPARATION 
START THE USERS 
INCLUDE THE DOCUMENT TO BE INSPECTED AS HANDOUT 

Table 7.1 Generalized EMS moderator instructions 



174 

V |fl .,hw«K.'?;n/->4-'ll>^47I il -.n-.p-i/iMl! 
-leisi ^ P» £* fitfVitar fta« flpHm ^ndaw H* 
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Figure 7.1 Generalized EMS Fixed-Format Input 

Fixed-format input is a major factor for generalized EMS inspections. For face-

to-face paper-based inspections, issues are recorded in a paper log with columns for 

individual fields. For generalized EMS inspections each inspector record issues in a 

prescribed fixed-format. Figure 7.1 shows the format for a SEMS inspection. While the 

format is comparable to paper-based inspections, the recording is done by each inspector 

and not by the moderator. Because more individuals are recording issues, the opportunity 

for errors increases. Thus a SEMS should provide fixed format input and verify input 

data (such as issue severity and type). 
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7.13 Preparation Rate Target 

Working with inspection moderators, SEPG staff establishes preparation rate 

targets (e.g. 250 lines per hour). The target is communicated during training sessions to 

all inspectors and monitored by inspection moderators. Moderators complete inspection 

data logs, as shown in Figure 7.2. In order to calculate line and page counts, moderators 

also attach source document(s) to inspection data logs. 

FAGAN INSPECTION DATA LOG 
Date: 12/8/98 

Time: 2:30 PM 

Room: P 1.06 

Document wmd2110 

Part: 2 out of 3 

To be reinspected: No {Yes  /  No}  

Inspection Number: 154 

Preparation Author Inspector 1 Inspector 2 Inspector 3 Moderator 

Name: Jose Duffy Christ! Sally 

Actual Prep.Minutes 66 50 70 56 

# of majors 2 0 i 1 

# of minors 12 5 6 0 

Meeting: 

Meeting time Icickoff: minutes = 0 hours 0 minutes 

Meeting time logging: 3r minutes = 0 hours 35 minutes 

# of majors logged: r 2 found during inspection 
# of minors logged: iS 1 found during inspection 

Rework: 
# of majors reworked: 8 

# of Minors reworked: 12 

Rework effort: m-minutes = 3 hours 20 minutes 
Date rework finished: "TJTnW 

Figure 7.2 Fagan Inspection Data Log 
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Individual preparation rates can be calculated based on the inspection data log, but 

are not explicitly captiu-ed. To make the calculation you count lines of code or number of 

pages for the document being reviewed multiply by 60 minutes per hour and divide by 

the number of individual preparation minutes. Even if preparation times are correctly 

entered, significant variation can occur in the line of code count. A SEMS should 

incorporate a logical line of code counter and automatically calculate individual 

preparation or review rate targets. 

7.2 Specialized EMS Tool 

CoReview is a SEMS inspection tool that is accessible through the World-wide-

web at http://cmidev.cmi.arizona.edu/CoReview.html (logon = "guest" and password = 

"guest"). The tool was designed from an EMS perspective and not an inspection 

analytical perspective. The intent is to support inspections in a manner pleasing to 

inspectors and then add analytical functions as necessary. Design favor is given to 

simplicity over complexity and flexibility over discipline. 

7.2.1 Tool Development and Environment 

Development tools and operating environment evolved over a two-year period. 

The evolution is partially based on advances in Java and distributed technology. The 

original server was character-based and written in Delphi (object-oriented Pascal). The 

inspection application code was written in Java and upgraded several times along with 

newer Java versions and better supporting tools. The underlying database also evolved 
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significantly along with the administrative module (now known as CRAdmin). A 

relational database underlies CRAdmin and captures session information including 

inspectors, documents, and issue flags. The current operating environment is shown in 

Figure 7.3. 

Administrative 
Relational 
Database 

Server (Delphi) 

Inspector 1 
(Moderator) 

Inspector 2 
(Author) 

Inspector 3 Inspector 4 

CRAdmin ~ 
Client Java 

Administrative 
Application 

CoReview -
Client Java 
Application 

CoReview ~ 
Client Java 
Application 

CoReview • 
Client Java 
Application 

CoReview -
Client Java 
Application 

Figure 73 Specialized EMS Operating Environment 

7.2.2 Specialized EMS Tool Description 

How is SEMS (CoReview) used? Following is a typical inspection, beginning 

with session setup and proceeding through individual preparation, logging meeting and 
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ending with author rework. The following narrative addresses inspection moderators 

with a step-by-step how-to guide on CoReview use and not how-to conduct an inspection. 

• To set-up a SEMS inspection session, start the Internet browser and log onto URL 

location for CRAdmin. The location should be behind a corporate firewall and 

secured. 

• After several moments, CRAdmin Java applet downloads and you press the login 

button. A login frame shown in Figure 7.4 appears. You enter your logon name and 

password. 
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Figure 7.4 CRAdmin Login Screen 

• Sign-in dialog frame shown in Figure 7.5 appears and then select "Actions" followed 

by "New". 
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Figure 7.5 CRAdmin Sign-in Screen 

• You enter basic inspection information: name of document being reviewed, estimated 

start and end dates, and narrative descriptions including instructions for inspectors as 

shown in Figure 7.6. 
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Figure 7.6 CRAdmin Add New Session 
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• You transfer (FTP) the document being reviewed to the CRAdmin directory. 

• You select document(s) to be reviewed as shown in Figure 7.7. 
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Figure 7.7 CRAdmin Select Documents for Review 

• You select an appropriate checklist as shown in Figure 7.8. If necessary you modify 

or add a checklist (although not shown) using CRAdmin. 
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• You invite inspectors to participate as shown in Figure 7.9. 
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Figure 7.9 CRAdmin Select Inspectors to Participate 

• Your inspection session is now established. You inform inspectors that the inspection 

session is ready for individual preparation. Possibly send email notices when the 

inspection session is established. 

CRAdmin continues to evolve and needs better interfaces with source code 

libraries, reference documents and standardized checklists. In addition features related to 

preparation and review rates are not integrated; rather they are currently implemented as 

spreadsheets and will be presented after the discussion of CoReview. However 

CoReview is a SEMS tool and as such is highly tailored to inspection needs. 

• You are now ready to start individual preparation. To do so log onto the CoReview 

URL location. Again URL location should be behind a corporate firewall and 

secured. 
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After several moments, CoReview Java applet downloads and you press the login 

button. The login frame shown in Figure 7.10 appears. You enter logon name and 

password. 
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Figure 7.10 CRAdmin Login Screen 

The inspection selection dialog frame shown in Figure 7.11 appears and you select the 

appropriate inspection session. 
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The pJu^a IS approaoately lOMB Howtrtr. mott eupei»J«<r» applets ate mofug dM <Aiecaoa. so youwJ be abk .:l 
T -ai- ar_a»-aL 

Figure 7.11 CRAdmin Inspection Selection Screen 
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• The CoReview main screen shown in Figure 7.12 appears. 
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Figure 7.12 CoReview Main Window 

CoReview main window is constructed via Java. Issue flags and inspection 

information is also contained in an administration relational database that is co-located on 

the server. Depending on document sizes, CoReview main window takes a few moments 

to load. During document loading, you might notice a screen message referring to 

document loading completion percentage. 

CoReview main window is divided into four areas. At the top, the first area 

contains pull down menus for common actions such as file saving, exporting, and report-

generating. In the middle, the second area contains source documents to be reviewed. 

Each document file is loaded into its own tab section. You might notice colored issue 

flags within the document. The third area is a user area that shows icons and names of 

participating inspectors. If the inspector is currently logged into the session, their name is 
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shown in dark letters, otherwise the lettering is light gray. In Figure 7.11 only one 

inspector is logged into the session. The fourth area shown at bottom is status fields 

include inspector name, filter status (which will be covered later), inspection phase 

(initially set to individual preparation) and line number (location of the cursor position in 

graphical documents). 

You navigate a session window via keyboard or mouse. Notice the scroll bar on 

the right side of the document area. In addition you use the "view" pull down menu to 

"go to" a specified line or find a specified word or phrase. In practice, program code 

should be loaded with line numbers showing visually (although this might require 

coordination with how the source code is extracted from the source library). 

Review and reference documents are HTML pages (and thus support pictures and 

other graphics). To open a reference document you select the reference pull-down menu 

and then select the desired reference document. A new browser window will open to 

show the document. You can read, print, and save a document using regular browser 

menus. 

• You add an issue flag by first selecting a line (with mouse cursor notice red 

highlighting on text selection) and then double clicking. The Add-Flag firame shown 

in Figure 7.13 then appears. 
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Figure 7.13 CoReview Add Issue Flag 

Each issue flag consists of a set of attribute values. The number and type of 

attributes shown in this dialog box were established within CRAdmin during when 

inspection session setup. In Figure 7.12, the issue flag consists of type (e.g. assignment, 

interface), severity (e.g. major, minor), repeat indicator (for issues that you do not want to 

count separately from a prior similar issue), and comments (for further description and to 

conduct a issue-specific dialog with other inspectors). Attributes might be mandatory or 

optional (again this is established in the setup). You might notice that issue flag colors 

change depending on attributes chosen and patterns established in the setup session. 

When you complete entering each issue you select "Ok" to record the issue. 

• You display and review existing issues by highlighting an issue flag location and 

double clicking the mouse. The Display-Flag frame shown in Figure 7.14 appears. 
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Figure 7.14 CoReview Display Existing Issue Flags 

If more than one flag is located at a location, each is shown with a tab for each 

issue flag. Notice the four status choices. The default is "unique" which is to say that the 

issue is unique and presumed valid. Duplicate indicates that the issue duplicates another 

issue flag (possibly found by another inspector). Repeat is the same as indicated in the 

Add Flag frame and indicates that the flag repeats a previous flag. False positive 

indicates that the issue is a non-issue. Due to the nonjudgmental nature of Fagan-style 

inspections, it is presumed whatever status is indicated is correct. Thus there is no voting 

or indication of whom changed the flag status. Last action taken is presumed correct. 

For Fagan inspections this assumption should be acceptable. When an issue is raised 

during individual preparation, it is presumed to be a valid and unique. When the Alter is 

on (more about filtering later), inspectors cannot see issues raised by other inspectors; 
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when the filter is off all issues are shown. During logging meetings (and presumably 

when the filter is off) it is possible to detect duplicate issues. After the meeting, the 

author of the reviewed document designates false positives. 

Additional comments are entered in the issue display fi-ame. This allows a dialog 

to naturally occur regarding a specific issue. Such a dialog is evidence of collaboration 

and is highly focused because it does not require attention of all inspectors (rather only 

those who chose to open the issue flag). The dialog might question issue classification or 

it might be further clarification for the author concerning the issue. It is hoped that use of 

written dialog will provide a tangible trail that can be subsequently analyzed. 

• When you start and end an inspection meeting, you need to change phase and 

possibly filtering options. Figure 7.24 shows how you select pull-down menus in 

order to change both options. Phase options are (1) individual preparation, (2) 

logging meeting, and (3) author rework. Filter options are (1) "individual level" 

which is the same as filter "off," (2) "user level" which is the same as filter "on" and 

(3) "group level" which allows viewing of issues within a review group. Group level 

filtering accommodates cross-division formal acceptance reviews such as contractor 

acceptance reviews or reviews across military branches. 
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Figure 7.15 CoReview Changing Phase and Filter 

• When you finish a phase, you print a status report by selecting "Reports" pull-down 

• Upon completion of an inspection, you (or the SEPG staff) prepare an export file of 

issue attributes by selecting "File" pull-down menu. The export file is stored in CSV 

format. CSV format is a designated character delimited text file and is automatically 

read by Microsoft Excel and most database systems. 

Although usability testing is not covered in this discussion, inspectors find 

CoReview to be simple and easy to use. Usually only a few minutes of introduction is 

required before inspectors feel comfortable using CoReview. 

CoReview does not contain extensive analytical capabilities however such 

capabilities are assumed to be available extemally. Therefore a design issue is how to 

extract and interface. The current interfaces are status reports and export files. 

Moderators have asked for a better interface to source code libraries including the ability 

to branch to reference code sections. Doing so requires tight coupling with the source 

code library systems. CoReview assumes that the source document being reviewed is a 

menu. 



189 

one-time snap shot and does not attempt to capture historical review versions. Doing so 

would greatly complicate the interface. The perceived beauty of CoReview is simplicity 

and demands for incorporating complexity must wait future research questions and 

additional funding. 

7.2 J Lessons learned 

Numerous lessons were learned during prototype development. Some more 

painful than others and all stand tribute to a highly iterative and evolving process. Some 

more significant lessons include: 

• Graphical document support complicates the user interface. From an inspector's 

perspective, an objective is to make documents appeeir on screen as naturally as 

possible and to provide visual cues with issue flag icons. For text based documents, 

issue flags were placed at the end of each textual line; however with graphical 

documents such distinction is blurred. Is the end-of-line a line break? Where do you 

place flags within pictures? Graphical documents are pixel based and flags must be 

placed into a pixel location. CoReview associates issue-flag location with either a 

character in a textual line or a point within a picture. Doing so requires additional 

progranmiing effort including document page scrolling, line wrapping when resizing 

frames, and flag selection within pictures and on text lines. 

• Transportability demands a high price. While Java is supported within 

Microsoft's Internet Explorer and Netscape browsers, differences between these 

browsers are non-trivial. Significant differences also exist between versions of the 
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same browser. Supporting multiple browsers is demanding and requires an ongoing 

maintenance commitment. 

• Industrial grade collaborative server applications are difficult to implement. 

Most research centers are not geared to develop robust networking code that has 

adequate error trapping and performance characteristics. CoReview and CRAdmin 

function adequately; however the underlying server is not yet capable of handling 

larger document sizes. To do so requires a significant server upgrade. Performance 

degrades significantly for documents with more than 500 lines of code. In practice, 

inspections are done on large documents that are subdivided into smaller inspection 

segments. It is unacceptable to take several minutes loading document or even more 

than five-second-response time between when an issue flag is selected and when it is 

displayed. Perhaps a solution is using independent applications. Nevertheless the 

current CoReview bottleneck is the server application. Updating the server 

application is proceeding and plans for a comprehensive quasi-experiment await the 

outcome. 

• Seamless administration and analytical capabilities require significant effort. 

CoReview is a prototype SEMS inspections tool. Although numerous administrative 

features and an interface for analytical tools are operational, a fully f\mctioning 

industrial tool needs a seamless source code library interface and a moderator-fnendly 

administrative interface. Such requirements are essential and yet they are non-

collaborative and have not been the focus of research interest to date. 
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7.2.4 Collaboration Support 

CoReview is designed to enable collaboration. Exactly how does CoReview 

enable collaboration? In many respects the answer to this question waits usage in 

inspections and iterative refinements. In the following discussions four design aspects 

(information access, communication, deliberation, and feedback support) based on the 

Collaborative Framework in Chapter Three are considered. 

Information Access Support 

Information access is supported with visual display, checklists, reference 

documents and status reports. Visual display refers to the fact that CoReview uses a 

visual paradigm. Documents and issue flags are visually displayed. An assumption is 

made that implicit meanings will evolve for flag shapes and colors. Resulting visual cues 

should reduce attention required for information access. Checklists, reference documents 

and status reports are available within CoReview. It is hoped that having access to all 

relevant material on a desktop will reduce effort required to access supporting materials. 

As discovered in Chapter Six, more information might be accessed and used during 

inspections. Resulting impacts on productivity and quality needs to be further studied. 

Communication Support 

Communication is supported with user icons, dialogs, chat windows and 

visual cues. User icons provide sense of presence especially for distributed inspections. 

Knowing who is present and currently active should help communications. Dialogs are 

highly focused in the sense that they are contained either within an issue flag fi-ame or in 
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a chat window. Comment authors are identified within each comment (although 

CoReview could be modified to provide anonymous communication). An assumption is 

made that knowing the source of the comment is natural and acceptable within inspection 

teams. Chat windows can be used between individual inspectors or among all inspectors. 

Figure 7.16 shows how CoReview provides visual cues that a chat session is occurring. 

Dialog boxes similar to cartoon dialog is shown for the first line of chat communication. 

A regular chat window contains the entire dialog. Use of chat windows is anticipated 

during individual preparation when the issue filter is on (you can not see issues entered 

by other inspectors and yet you know that they are currently preparing). Another 

anticipated use is capture of non-issue related discussions such as process improvement 

suggestions or even casual conversations during distributed inspections. Hopefully chat 

windows provide a comfortable method for communication when inspectors are not face-

to-face and even so if the nature of the communication needs to be recorded. 
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Figure 7.16 CoReview Chat Session Visual Cues 
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CoReview supports both conveyance and convergent communication. Issue 

conveyance is done visually, through recording of classification attributes, and through 

issue related dialogs between inspectors and author or moderator. Convergent 

communication is supported through synchronization features. The moderator can 

select the "view" pull down menu followed by "synchronize" action. Doing so sends a 

dialog box to each active inspector asking whether they want to synchronize. If they 

respond "yes" their view is set to the same location as the moderator (or whoever requests 

synchronization). Synchronization features are expected to evolve and possibly be 

integrated with multi-media capabilities. Doing so enables an asynchronous kick-off 

briefing in which the moderator or author walks inspectors through source documents in a 

synchronized maimer. Also consider situations in which an inspector requests help with 

issue categorization or inspection scenario. The initial development focus is support for 

conveyance communication; however convergent communication needs are expected. 

The field question is to what extent convergent communication is required during 

industrial inspections. Historically, convergent communication has been discouraged; 

however it has not been supported in a manner similar to CoReview. 

Deliberation Support 

Deliberation is supported with cognitive cues and filtration. How do you 

focus attention on finding issues? CoReview does so visually and hopefully cognitively. 

Based on a "What you see is what you get" (WYSIWYG) paradigm, CoReview provides 

visual cues regarding inherent significance. For example square flags are minor issues 
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and can for the most part be ignored; however a large number of square flags might raise 

concern that major issues are still present. Subtler is issue color-coding. Is it possible 

that seeing a number of assignment issues causes an inspector to look for more 

assigrunent issues or somehow better focus their deliberation? Filtration goes to the heart 

of controlling the nature of deliberation during an inspection. If the filter is on, inspectors 

can not see issues raised by other inspectors. During individual preparation does it help 

to know what other inspectors are finding or does it inhibit deliberations? The answer to 

this question is a research question and is used to distinguish inspection treatments within 

the proposed quasi-experiment. 

Hopefully, CoReview minimizes attention required for information access and 

communication and maximizes deliberation. Feedback from initial testing has been 

favorable. The impact of such features on industrial inspections is remains to be studied. 

7.2.5 Feedback Support 

Although CoReview provides visual feedback (as described in Media 

Synchronicity Theory), support for the feedback dimensions of interest in this dissertation 

are not directly provided. Thus following is a discussion about how feedback occurs 

presently and how it might be incorporated within a SEMS inspection tool. 

Preparation and Review Rate Support 

Preparation and review rate should be supported with time capturing, logical 

line of code counting, and individual target feedback. Most likely, time capturing 

can only be partially automated. Time spent using CoReview is not necessarily total 
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time spent during an inspection (for example it would not include time spent reviewing 

materials before logging into CoReview). More problematic is capturing time 

interruptions during preparation. It is possible to capture time automatically; however 

inspectors must be able to manually enter or correct calculated time. Recording time 

spent during logging meetings presents similar problems. Again the solution might be to 

capture time based on when a phase is set and allow manual override of time calculations. 

Importance of issue categorization and logical line of code counter is well documented by 

Watts Humphrey (Humphrey 1995). Integrating logical line of code or document page 

counter within CoReview would be helpful. Line and page counters are analogous to 

word counts within word processing software. Within Microsoft Word invoking a word 

count is as simple as highlighting a section of text and selecting a pull-down menu. 

Individual preparation and review rate targets should be incorporated 

within CoReview and made part of inspection processes. Figure 7.17 is a revised 

inspection data log that can be used to calculate time and yield targets. Figure 7.18 

shows time and yield targets. Both forms are currently implemented as Excel 

spreadsheets. Fairly complex analytical assumptions and calculation formulas are 

contained within the spreadsheet. The analytical assumptions include a yield calculation 

based on historical trends and potentially other independent variables (such as code 

section or author). The preparation time target calculation considers preparation rate and 

review rate targets. It would be helpfiil to include confidence intervals for both time and 

yield calculations. Most probably the nature and complexity of the target calculations will 
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change over time; however, the human interface needs to remain relatively simple. 

Moderators can use a spreadsheet to estimate preparation and meeting time and then 

communicate time targets to inspectors. In the longer-run underlying assumptions and 

targets should be incorporated within SEMS inspection tools. A more interesting 

question is whether active use of such targets modifies inspector behavior and produces 

more predictable results (as predicted in Proposition Seven). 
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Figure 7.17 Revised Inspection Data Log 
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Time: 2:30 PM 
Part 2 

Inspection Number 154 
Histoncal Averages 

Input Parameters Planned Actual slower <- V -> faster 

Lines of Codes 257 257 
# of Inspectors 4 4 
Preparation Rate (lines per hour) 250 261 96 141 267 358 
Meeting Time (minutes) 45 35 

Total Review Rate (lines per hour) 145 164 75 100 150 175 

Defect Yield Estimates 
Majors per k(oc (historically) 17 23.3463 84.1 68.3 45.2 36.5 
# of Majors found 4 6 22 18 12 9 

Time Estimates 
Preparation Time (min) 247 236 313 
Logging Meeting Time 180 140 180 

Minutes for Inspection Team 247 37B 313 minutes 

Preparation Time (min) 62 59 78 
Logging Meeting Time 45 35 45 

Minutes per inspector average 107 94 123 minutes 

Planned Actual 
1 

larget 

Figure 7.18 Inspection Yield and Time Targets 

Process Maturity Support 

Support for inspection process maturity is less obvious than review rate targets. 

From a slightly different theoretical foundation (Poole's Adaptive Structuration Theory 

(Poole and DeSanctis 1990)) an issue is predicting how inspection processes evolve over 

time and providing capabilities to support evolving needs. Again word processors 

provide an analogy. Most word processors contain features that most users are total 

unaware until needed. The features support a wide range of word processing 

sophistication ranging from novices who need tutorials and want to type a simple letter to 

graduate students preparing dissertations with complex formatting similar to this one. 

For discussion purposes, assume the Proposed Inspection Process Maturity 

Framework (shown in Figure 2.2) and the associated three phases: (I) process definition. 
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(2) effectiveness / yield, and (3) efficiency / selectivity. How should a SEMS tool 

support inspection process maturation within these three phases? During process 

definition, the SEMS inspection tool should provide help and training 

documentation for new inspectors and standardized issue checklists and attribute 

files for moderators. Most likely SEMS tools will affect process definition in 

unanticipated manners that need to be observed. During effectiveness / yield phase the 

tool should support inspection metrics capture and analysis. Previously described 

time and yield targets are examples. Yield calculations are especially helpful. Watts 

Humphrey advocates "rhino" calculations based on capture / recapture statistical methods 

used in wild life management (Humphrey and Over 1999). A major practical problem 

with using such a technique is computational complexity and additional moderator effort. 

Such computations can be incorporated within a SEMS tool and greatly reduce or 

eliminate extra moderator effort. During the efficiency / selectivity phase, SEMS tools 

should support inspection scenarios, automated checking tools and orthogonal 

defect classification analysis. As it becomes more difficult to find issues, SEMS tools 

should support separate scenarios and checklists for individual inspectors. Is also 

possible to incorporate an intelligent agent or an automated checker to flag potential 

issues for subsequent inspector review. Like compilers, automated checkers might better 

address certain issue categories (such as naming standards). Two major practical 

problems with orthogonal defect classification (ODC) are inconsistent classification and 

untimely analysis (Chillarege, et. al. 1992). At a minimum SEMS tools should allow 



199 

different types of classifications based on attributes. For example a major issue should 

require severity (i.e. major), type and other orthogonal classifications (some of which 

might be automatically derived). A minor issue should require only severity (i.e. minor) 

and type classification. With regards to timely analysis, it would be interesting to provide 

meaningful linkages between ODC analytical information and inspectors. For example, 

what are the most likely types of issues to be found and how have those issues been found 

previously. Incorporating ODC support is non-trivial. The beauty of a SEMS is that 

considering possibility of such features is technically feasible and primary challenges are 

human factors. 

Ultimately the nature of SEMS tools will need to radically change in order to 

support broad instead of deep inspections. What do you do when the quality is so high 

that very few latent errors exist? One answer is to support highly focused inspections that 

cover significant volumes of materials being reviewed. For example you know that the 

most likely source of latent issues is error trapping. Do you use simulation tools or 

exhaustive testing? Does the inspection tool search vast amounts of code looking for 

potential problems and then present the breadth of information in a usable manner. Such 

a problem is not this dissertation's focus. It might make an interesting future journey. 

Inspector Proficiency Support 

Inspector proficiency support should focus on supporting individual 

inspectors and enabling expert inspectors. Philip Johnson's (University of Hawaii) 

efforts now focus on providing analytical capabilities to the individual inspector. The 
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idea is to provide inspectors (especially authors) with inspection data that can be used to 

improve personal performance. Why not provide inspectors with personal inspection 

profiles? A position possibly unique to this dissertation is to argue that such a profile 

might be as useful to inspectors as it is to authors. Inspector profiles are potentially less 

threatening and just as insightful because they can subsequently be used to cultivate 

proficient inspectors. 

Author Moderator 

Source Referecne 
ocument Materials 

Review 
Process 

Inspection Team 
Expert Inspector 
(e.g. retired worker, 

paid consultant) 

Figure 7.19 Expert Inspector Support 

Figure 7.19 graphically illustrates expert inspector support. How can you 

leverage expertise? Why not enable inspection teams to obtain focused expertise when 

deemed appropriate? Would inspection teams be willing to invite recognized expert 

inspectors to answer questions or review documents looking for specific issue categories? 

Assume an inspection team recognizes potential impact of a new technology within 
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source code being reviewed. The author or moderator poses a question and then finds an 

available expert inspector using a file that contains information about experts (e.g. who 

the are, what they know, their past inspection history, their current availability). The 

SEMS inspection tool should accommodate experts by structuring the dialog between the 

inspection team and the expert. Upon completion expert inspectors might also be willing 

to record informed opinions about the quality of review documents and the inspection 

request. In addition, inspection moderators and authors might also be willing to evaluate 

usefulness of the expert inspector. Such an information exchange is interesting because it 

constitutes an assessment of both process maturity and expert inspector proficiency. 

Exploring such a situation is a suggested future research activity. 

7.3 Building Theory with a SEMS Tool 

A SEMS inspection tool can be used to validate a comprehensive inspection 

theory such as set forth in this dissertation. Following are discussions about two views 

on collaboration, testable hypotheses, and a proposed quasi-experiment. 

73.1 Two Views on Collaboration 

When is collaboration appropriate? Is it sufficient to collaborate during logging 

meetings only? Is it better to collaborate during both preparation and meeting? For 

discussion sake, assume collaboration primarily occurs when teams work together. More 

specifically, using CoReview assume collaboration occurs when inspectors respond to 

issues raised by other inspectors. Thus the filter is "off' and issue flags are visible. The 

question is when should the filter be turned off, during individual preparation or during 
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the logging meeting? Restated slightly different, should the preparation phase be 

collaborative or non-collaborative? 

With non-collaborative preparation, peer pressure is a motivating factor. 

Prior to the logging meeting, inspectors individually prepare and record issues in the 

SEMS. During preparation, the filter is on and inspectors can only respond to issues 

personally recorded. When the logging meeting starts, the filter is turned off and all 

issues are displayed. Once the filter is turned off, prior individual contributions stop. In 

face-to-face paper-based inspections inspectors do not have to disclose their issue list 

until during the logging meeting. They might signal a certain number of major and minor 

issues at the beginning of the logging meeting; however they can simply state "me too" 

for issues found by other inspectors. Assuming an inability to falsely signal, inspectors 

have more peer pressure in the sense that they do not want to be unprepared and let their 

team down. Thus, more peer pressure occurs during a SEMS inspection with non-

collaborative preparation than face-to-face paper-based inspections. 

With collaborative preparation, cognitive synergy is a motivating factor. If 

the filter is turned off during individual preparation, inspectors view and respond to 

issues raised by other inspectors. In some respects inspections become extended logging 

meetings in which inspectors collaboratively look for issues during preparation and hold 

a joint meeting in order to resolve issues and take one last joint look at the document. 

Cognitive synergy refers to the possibility that inspectors consider issues raised by other 

inspectors when they form personal issue searching strategies. An inspector might not 
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bother recording an issue if it is already raised. At most they make a supporting 

comment. Will this produce lazy inspectors and encourage "group-think"? Or is this 

approach more efficient and effective? From a collaborative perspective it is posited that 

SEMS inspections with collaborative preparation are most productive. Attention required 

for information access and communication are minimized and deliberation attention is 

maximized. 

73.2 Testable Hypotheses 

SEMS inspections provide a rich area to explore collaboration-related 

propositions and testable hypotheses. Following are hypotheses based on propositions 

stated in Chapter Three, followed by three new propositions and associated hypotheses. 

Proposition 2. For group communication processes in which conveyance is the 

goal, use of media with low synchronicity (low feedback and high 

parallelism) will lead to better performance. 

Similar to the results reported in Chapter Seven, conveyance of issues is a primary 

goal of an inspection. Use of a SEMS does not change the basic nature of an inspection. 

This leads to a simple extension of the testable hypothesis. 

Hypothesis 2 Significantly more conveying communication than convergent 

communication occurs during inspection meetings for: 

C. SEMS inspections -with non-collaborative preparation, 

and 

D. SEMS inspections with collaborative preparation. 
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Proposition 3. Group productivity is a function of tlie degree to which 

participants can focus on deliberative processes toward goal 

attainment. 

Comparisons can be made between the four treatments {SEMS with and without 

collaborative preparation, generalized EMS and face-to-face paper-based inspections). 

Although six pair wise combinations (and twelve if you separate preparation and logging 

meeting) are possible, three additional hypotheses are presented. 

Hypothesis 3D SEMS inspections with non-collaborative preparation involve 

significantly more deliberation during the logging meeting compared 

to face-to-face paper-based inspections. 

Hypothesis 3E SEMS inspections with non-collaborative preparation involve 

significantly more deliberation during the logging meeting compared 

to generalized EMS inspections. 

Hypothesis 3F SEMS inspections with collaborative preparation involve significantly 

more deliberation during both preparation and logging meeting 

compared to SEMS inspections with non-collaborative preparations. 

Proposition 4. Team productivity is an inverse function of the amount of 

attention required for communication. 

Similar to Proposition Three, three additional propositions are presented. 
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Hypothesis 4D SEMS inspections with non-collaborative preparation require 

significantly less attention for communication during the logging 

meeting compared to face-to-face paper-based inspections. 

Hypothesis 4E SEMS inspections with non-collaborative preparation require 

significantly less attention for communication during the logging 

meeting compared to generalized EMS inspections. 

Hypothesis 4F SEMS inspections with collaborative preparation require significantly 

less attention for communication during both preparation and 

logging meeting compared to SEMS inspections with non-

collaborative preparations. 

Proposition 5. Team productivity is an inverse function of the attention required 

for information access. 

Three additional hypotheses are presented. 

Hypothesis 5D SEMS inspections with non-collaborative preparation reqidre 

significantly less attention for information access during the logging 

meeting compared to face-to-face paper-based inspections. 

Hypothesis 5E SEMS inspections with non-collaborative preparation require 

significantly less attention for information access during the logging 

meeting compared to generalized EMS inspections. 

Hypothesis 5F SEMS inspections with collaborative preparation require significantly 

less attention for information access during both preparation and 
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logging meeting compared to SEMS inspections with non-

collaborative preparations. 

Proposition 10. SEMS inspections witii non-collaborative preparation increase 

efficiency, effectiveness and yield of issue discovery given sufficient 

individual preparation rates when compared to face-to-face paper-

based inspection. 

A SEMS is considered better structured for collaboration-based inspections than 

generalized EMS or face-to-face paper-based inspections. Proposition Ten states that 

SEMS inspections with non-collaborative preparation should be better than face-to-face 

paper-based inspections in terms of effectiveness, efficiency, and yield. 

Hypothesis I OA SEMS inspections with non-collaborative preparation significantly 

increase effectiveness (discovery of major and minor issues per 

thousand lines of code) given individual preparation rate of 201-300 

lines of code per inspector per hour compared to face-to-face paper-

based inspections. 

Hypothesis lOB SEMS inspections with non-collaborative preparation significantly 

increase efficiency (major issues discovered per hour invested in 

preparation and inspection meeting) given individual preparation rate 

of 201-300 lines of code per inspector per hour compared to face-to-

face paper-based inspections. 
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Hypothesis IOC SEMS inspections with non-collaborative preparation significantly 

reduce yield (percent of major issues found to total latent issues) 

given individual preparation rate of 201-300 lines of code per 

inspector per hour compared to face-to-face paper-based inspections. 

Proposition 11. SEMS inspections with non-collaborative preparation increase 

efficiency, effectiveness and yield of issue discovery given sufHcient 

individual preparation rates compared to generalized EMS 

inspections. 

SEMS tools are tailored to inspection processes. Compared to generalized EMS 

inspections, the anticipated collaborative impact is to increase deliberation and reduce 

attention required for information access (the document is displayed along with reference 

materials) and communication (issues are visually identified and discussions held within 

the context of an individual issue). Therefore SEMS inspections should be better than 

generalized EMS inspections in terms of effectiveness, efficiency and yield. 

Hypothesis J lA SEMS inspections with non-collaborative preparation significantly 

increase effectiveness (discovery of major and minor issues per 

thousand lines of code) given individual preparation rate of 201-300 

lines of code per inspector per hour compared to generalized EMS 

inspections. 



208 

Hypothesis I IB SEMS inspections with non-collaborative preparation significantly 

increase efficiency (major issues discovered per hour invested in 

preparation and inspection meeting) given individual preparation rate 

of 201-300 lines of code per inspector per hour compared to 

generalized EMS inspections. 

Hypothesis IIC SEMS inspections with non-collaborative preparation significantly 

increase yield (percent of major issues found to total latent issues) 

given individual preparation rate of 201-300 lines of code per 

inspector per hour compared to generalized EMS inspections. 

Proposition 12. SEMS inspections with collaborative preparation increase 

efficiency, effectiveness and yield of issue discovery given sufficient 

individual preparation rates compared to SEMS inspections with 

non-collaborative preparation. 

The distinction between collaborative and non-collaborative preparation could 

have been made in propositions ten and eleven; however non-collaborative preparation 

was chosen because the resulting inspection is more similar to a traditional Fagan-style 

inspection. Collaboratively enabling the preparation phase moves towards a distributed 

inspection. Nevertheless collaboration during preparation is considered better than non-

collaboration as stated in proposition twelve and following testable hypotheses. 
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Hypothesis 12A SEMS inspections with collaborative preparation significantly 

increase efTectiveness (discovery of major and minor issues per 

thousand lines of code) given individual preparation rate of 201-300 

lines of code per inspector per hour compared to SEMS inspections 

with non-collaborative preparation. 

Hypothesis 12B SEMS inspections with collaborative preparation significantly 

increase efficiency (major issues discovered per hour invested in 

preparation and inspection meeting) given individual preparation rate 

of 201-300 lines of code per inspector per hour compared to SEMS 

inspections with non-collaborative preparation. 

Hypothesis 12C SEMS inspections with collaborative preparation significantly 

increase yield (percent of major issues found to total latent issues) 

given individual preparation rate of 201-300 lines of code per 

inspector per hour compared to SEMS inspections with non-

collaborative preparation. 
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New testable hypwtheses related to SEMS inspections are summarized in Table 12. 

Subject of Proposition Hypotheses 

Conveying > Convergent H2C SEMS H2D SEMSc 

Deliberation H5D SEMS>FTF H5E SEMS>EMS H5E SEMSoSEMS 

Communication H6D FTF>SEMS H6E EMS>SEMS H6E SEMSoSEMS 

Information Access H7D FTF>SEMS H7E EMS >SEMS H7E SEMSoSEMS 

Effectiveness HI OA SEMS>FTF H12A SEMS>EMS H13ASEMSc> 

SEMS 

Efficiency HI OB SEMS>FTF H12B SEMS>EMS HI3B SEMSOSEMS 

Yield HIOC SEMS>FTF H12C SEMS>EMS H13C SEMS> EMS 

Where: FTP = face-to-face paper based inspection 

EMS = generalized EMS inspection 

SEMS = specialized EMS inspection with non-collaborative preparation 

SEMSc = specialized EMS inspection with collaborative preparation 

Table 7.2 Summary of Collaboration Hypotheses for Specialized EMS inspections 

7.3.3 Proposed Quasi-experiment 

First a confession is in order. As mentioned in Chapter Seven an original intent 

was to conduct a quasi-experiment and test the hypotheses contained in the last section. 

Yet beyond the author's control was the fact that the server application was not robust 

enough to handle the industrial volume. The server application was the foundation for a 

number of other unrelated collaborative research projects and significant efforts are being 

made to replace the server and "get back on track." Unfortunately the timeline for doing 

so and the need to complete this dissertation are incompatible. Yet there is a somewhat 

empty feeling and the following narrative are "best laid plans" that await a more robust 
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server. They constitute a proposed quasi-experimental design that will be executed as 

soon as possible. 

Dependent and Independent Variables 

Three productivity-related dependent variables are effectiveness, efficiency 

and yield. Of the three, yield has not been evaluated analytically in this dissertation. 

Yield is the ratio of issues discovered to total latent issues begiiming. Latent issues must 

be estimated. At least two methods should be considered. Watts Humphrey advocates 

"rhino" calculations; however even he admits controversy exists concerning confidence 

intervals. Although more statistical research is needed, rhino calculations should be 

considered. Another method is to estimate the number of latent issues based on historical 

data including author and program location. Both methods should be considered. 

Three independent variables are inspection treatment, review rate, and 

recognized proficiency. Four inspection treatments are considered: (1) face-to-face 

paper-based inspections, (2) generalized EMS inspections, (3) SEMS inspections without 

collaborative individual preparation, and (4) SEMS inspections with collaborative 

preparation. Review rate is preferred over preparation rate because of the distributed 

nature of the fourth inspection treatment. As discussed in Chapter five recognized 

proficiency refers to the number of nominated or peer proficient inspectors participating 

in the inspections. 
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For moderators with preference for face-to-face paper-based inspections: 
• '/2 are randomly assigned to do the following: 

... FTF SI FTF FTF ... PTE S2 SEMSc SEMSc .. SEMSc S3 
• Vi are randomly assigned to do the following: 

... FTF SI SEMS SEMS ... SEMS S2 SEMS SEMS SEMS S3 

For moderators with preference for generalized EMS inspections: 
• Vi are randomly assigned to do the following: 

... EMS SI EMS EMS ... SEMS S2 SEMSc SEMSc .. SEMSc S3 
• Vi are randomly assigned to do the following: 

... EMS SI SEMS SEMS ... SEMS S2 SEMS SEMS SEMS S3 

Where: FTF = face-to-face paper based inspection 
EMS = generalized EMS inspection 
SEMS = specialized EMS inspection with non-collaborative preparation 
SEMSc = specialized EMS inspection with collaborative preparation 
S1 = background survey 
S2 = collaboration portion of background survey 
S3 = collaboration portion of background survey 

Table 73 Proposed Experimental Design 

Experimental Design 

Proposed experimental design is tivo one-by-three interrupted time series 

with switching replications as illustrated below in Table 7.3. Two separate 

experiments are proposed because moderators tend to favor either face-to-face paper-

based inspections or generalized EMS inspections. It is improbable that face-to-face 

moderators will be willing to host generalized EMS inspections. Therefore dividing 

inspections into two separate groups based on moderator preference for either face-to-

face EMS inspections or generalized EMS inspections is recommended. Given this initial 

separation, it is then recommended that moderators be randomly assigned to either 

conduct inspections as usual or to conduct a SEMS inspection without collaborative 

preparation. After a period of time ui which a number of inspections are conducted, the 
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control group (those continuing inspections as usual) will be asked to conduct SEMS 

inspections with collaborative preparation. Background surveys will be taken for all 

inspectors prior to the beginning of the quasi-experiment. The collaborative portion of 

the background survey will again be taken in the middle and at the end of the quasi-

experiment. 

Inspection Administration 

Identify and control for nominated / peer-review proficient inspectors within 

participating inspection teams. Work with moderators to make sure that such individuals 

are equally represented within the four treatments. This can be done by random 

assignment or maintaining a log in which you insure that the ratio of highly proficient 

inspectors to total inspectors is roughly equal between treatments. 

For each inspection, moderators should: 

• Assess whether the inspection might be significantly different than a normal 

inspection (more difficult or less difficult). If so, notify SEPG staff who will maintain 

a list of inspections to be excluded from analysis. 

• Determine target and planned preparation and review rates. Use the Inspection Data 

Log and Planning spreadsheet (shown in Figures 7.16 and 7.17). Moderators should 

make a spreadsheet copy for each inspection. 

• Communicate planned preparation rates to inspectors before individual preparation 

begins. 
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• Remind inspectors to complete surveys (during first, middle, and final weeks of quasi-

experiment as described in the experimental design above and in the following survey 

administration discussion). 

• Document information necessary to make Rhino calculation at the end of preparation 

phase. For those using CoReview, status reports (printed at the end of individual 

preparation) are sufficient. 

• Complete Inspection Data Log spreadsheet and send (hard or soft) copy to SEPG 

staff. 

For each CoReview inspection: 

• Moderators provide the following details and documents necessary to set up a 

CoReview session: inspection details (top portion of an Inspection Data Log including 

the list of inspectors and their anticipated roles), source code, reference documents, 

and checklist. 

• SEPG staff set-up CoReview session by doing the following: 

- Create a session directory. 

- Place line numbers in source code and place text (or html) file in session 

directory. 

- Place reference documents in session directory. 

- Add CoReview session and participating inspectors. 

- Point CoReview to source and reference documents. 

- Reference or add checklist to CoReview. 
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- Make sure filter and phase settings are properly set for each session. Phase should 

be set to individual preparation. Filter is set at user level for a non-collaborative 

preparation and at group level for collaborative preparation. 

• Moderator notifies inspectors that CoReview session is ready fi)r individual 

preparation. 

• At beginning of the logging meeting, moderator prints status report and then changes 

phase and filter settings. Phase is changed to logging meeting and if necessary filter 

is set to group level. 

• At end of logging meeting, moderator changes settings, prints status report. Phase is 

set to author rework. 

• During rework phase, author uses CoReview to indicate false positives and add flags 

for additional issues discovered during or after logging meeting. 

• At completion of rework phase, moderator prints final status report and creates 

export transfer file. 

• Moderator or SEPG staff convert and load export file into inspection database 

system. 

Survey Administration 

• Send memo regarding survey participation to developers that might participate in an 

inspection during the quasi-experiment. 

*1* As soon as possible, complete background survey including collaboration survey. 

The collaboration survey is best completed unmediately after an inspection; however 
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they can complete it initially thinking about the last inspection in which they 

participated. 

• Every week, send compressedfile of survey directory to trodgers@cmi.arizona.edu 

• Middle week of quasi-experiment, have moderators ask inspectors to complete a 

second collaboration survey immediately after an inspection. An individual needs to 

do this only once. 

• After using CoReview four or five times, inspectors should complete usability survey. 

• During last week of quasi-experiment, inspectors should complete collaboration 

survey immediately after an inspection. Again, an individual needs to do this only 

once. 
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CHAPTER 8: DISCUSSION AND CONCLUSION 

"Solving a problem simply means 
representing it as to make the solution transparent." 

Herbert A. Simon 
The Sciences of the Artificial, page 153 (Simon 1969) 

This chapter concludes the dissertation. Sections include (1) collaboration 

findings, (2) feedback findings, (3) practitioner implications, (4) research limitations, 

(5) alternative explanations, (6) future research, and (7) significance and conclusion. 

8.1 Collaboration Findings 

This dissertation explores one research question related to collaboration. In 

Chapter Three, Research Question one asks, do collaboration tools improve software 

inspection productivity? Sufficient evidence exists to suggest that a generalized EMS 

tool make a difference compared to face-to-face paper-based inspections. A major 

contribution of this dissertation is development of a SEMS inspection tool and an 

expectation that SEMS will also have a significant impact on inspection productivity. 

Seven testable hypotheses were developed based on five propositions. The first two 

validate the productivity phenomenon. The remaining five examine how and why this 

phenomenon occurs. Detailed results are presented in Chapters Five and Six and 

summarized in Table 8.1 

Chapter Five validates the findings of a prior study by Genuchten (Genuchten, et. 

al. 1999). Explicitly considered are threats to internal validity (selection, maturity, 

instrumentation, and history). Selection through presence of highly proficient inspectors 
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cannot be ruled out during the prior study; however it is not a problem in the subsequent 

period in which findings are strengthened. Maturation does not appear to be a significant 

threat based on trends and team composition. Instrumentation is a problem in the 

subsequent period with regards to records of inspection typo (i.e. face-to-face paper-based 

or generalized EMS), lines of code, number of participating inspectors, and total issues 

recorded in one review for a multiple segment review. These data integrity problems 

severely limit the use of FIS records for analysis of subsequent inspection activity. 

Nevertheless sufficient subsequent inspections were obtained to derive statistically 

significant conclusions. There are no additional known historical threats to internal 

validity for studies of the year following the prior study. Subsequent period inspections 

are analyzed to consider whether previously reported results were sustained. EMS 

inspections appear to be more effective and efficient than paper inspections. In the 

subsequent period, e subsequent period analysis, EMS inspections are more effective 

and efHcient than face-to-face paper-based inspections when the individual 

preparation rate is sufHciently deliberate (201-300 lines per hour). Hypotheses lA 

(regarding effectiveness) and IB (regarding efficiency) are strongly supported in this 

analysis. 

Table 8.1 summarizes collaboration-related hypotheses results. In spite of lack of 

quasi-experimental controls and how the background survey was collected (in Chapter 

Six), most hypotheses are supported with regards to why EMS inspections are more 

effective than face-to-face paper-based inspections. Significantly more conveying 
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communication than convergent communication occurs during inspection meetings 

without regards to the type of inspection (Hypothesis 2). While it is not proven that 

EMS inspections involve significantly more deliberation compared to face-to-face 

paper-based inspections (Hypothesis 3), the results are inconclusive and support appears 

to exist among participants that participated in an inspection during the two weeks prior 

to survey completion. EMS inspections require less attention for communication 

compared to face-to-face paper-based inspections (Hypotheses 4). 

Subject of Proposition Hypotheses Results 
Effectiveness HI A EMS>FTF Strongly Supported ^ 
Efficiency HIB EMS>FTF Strongly Supported * 
Conveying > Convergent H2A FTF Strongly Supported' 

H2B EMS Weakly Supported' 
Deliberation H3 EMS>FTF Insignificant' 

/Inconclusive & iowpower 

Communication H4 FTF>EMS Weakly Supported' 
Information Access H5 FTF>EMS Strongly Rejected' 

Weak support for opposite and at odds with Focus Theory 

Where: FTF = face-to-face paper based inspection 

EMS = generalized EMS inspection 

^ For 201-300 lines per hour preparation rate during small subsequent period sample and prior 
study. 
* Based on 25 surveys of which 16 reference inspections over 100 days previously 

Table 8.1 Summary of Collaboration Hypotheses Results 

Only Hypothesis 5 is strongly rejected and at odds with Focus Theory. 

Generalized EMS inspections require MORE attention for information access 

compared to face-to-face paper-based inspections. It is possible that EMS inspections 

enable more information to be accessed without adversely affecting productivity. It may 

be that more looking at checklists trigger finding more defects. Thus, Focus Theory may 
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be too simplistic for explaining code inspections. Further investigation is needed to 

validate this finding and understand whether such attention has an adverse or positive 

effect on productivity. Attention to information access might have positive impact if it 

results in cognitive synergies. 

8.2 Feedback Findings 

This dissertation explores four research questions related to feedback dimensions. 

In Chapter Three, Research Question Two is most broadly stated, specifically. Can 

feedback dimensions that significantly improve productivity be identified and 

incorporated within software inspections? Several new and potential feedback 

dimensions are knowledge in the function of the code, level of project commitment, 

interest, motivation, and objectivity. While fairly subjective, these feedback 

dimensions are worth further exploration. Most worthy is "knowledge in function of the 

code" and is labeled as "/oca/ knowledge." Also in Chapter Four, experienced inspectors 

provided insights into appropriateness of feedback mechanisms within inspections. They 

expressed privacy and data reliability concerns. Capturing much feedback data is a 

change in their existing paradigms. Historical data integrity problems created challenges 

in Chapter Five. Finally it was recognized that feedback mechanisms should be 

integrated within inspection tools. 

Research Question Three asks, what is the nature of review rate related to the 

number of issues discovered during an inspection? In Chapter Four, survey participants 

appear to place relatively little emphasis on individual preparation or review rate. 
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In Chapter Five, proposition six states review time must be sufficiently deliberate in order 

to discover issues during an inspection. Three testable hypotheses were developed based 

on two propositions. Proposition Six states that review time must be sufficiently 

deliberate in order to discover issues during an inspection. Two testable hypotheses 

suggest that preparation rats (hypotheses 6A) and review rate (hypotheses 6B) are 

inversely related to the number of issues discovered. An inverse relationship implies that 

average number of issues discovered continuously declines as the rate increases. 

Historical patterns are more complex than anticipated. In both cases number of issues 

discovered decrease to a minimum and then appears to increase slightly at higher rates. 

In addition, a wide variance exists in issues discovered regardless of rate. Individual 

preparation rate is weakly supported as being inversely related to number of issues 

discovered and the most deliberate preparation rates result in significantly more issue 

discoveries. Although visually appealing, review rate is statistically insignificant as 

being inversely related. Preparation and review rates are necessary but not sufficient 

to explain productivity. 

Research Question Four asks, what are the determinants of inspector proficiency? 

In Chapter Four, experienced inspectors were surveyed concerning inspector proficiency. 

Inspector proficiency is perceived to be important and multi-dimensional. Using 

factor analysis of survey responses, inspector proficiency contains at least four significant 

dimensions: (1) prior inspection experience, (2) perceived individual contribution, (3) 

evaluation metrics, and (4) technical skills. Problem-solving skills are important. 
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Individual proficiency differences are expected within inspection teams. Perceptions 

about individual performance might be preferable to formal recordings of actual 

performance. Perhaps, focus of inspector proficiency should shift to how-to-best support 

recognized exi)ertise within an inspection process. Inspection processes might be tailored 

to support expert inspectors. 

Two testable hypotheses related to inspector proficiency were developed based on 

Proposition Eight, that states inspector proficiency is a significant factor in productivity. 

Both hypothesize that groups containing high-proficiency inspectors are significantly 

more effective than groups without such highly proficient inspectors regardless of 

inspection type. The difference between the hypotheses is how inspector proficiency is 

determined. For Hypothesis 8A, moderators were asked to nominate highly proficient 

inspectors based on perceptions. For Hypothesis 8B, historical peer-review inspection 

results were used to identify the most proficient inspectors. Detailed results were 

presented in Chapters Five. Only one individual is both nominated and peer-proficient. 

Inspections with nominated-proficient inspectors found 49% more major issues than the 

overall average. Inspections peer-proficient inspectors found 76% more major issues 

than the overall average. Notwithstanding averages, single-factor between-subjects 

analysis-of-variance establish a statistically significant impact of peer-review proficient 

inspectors. The impact of nominated proficient inspectors is statistical inconclusive. 

Thus participation by highly proficient inspectors results in significantly more 

efTective inspections. 
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Research Question Five asks, how do inspection processes mature? In Chapter 

Four, experienced inspectors were also surveyed concerning inspection process maturity. 

Significant inspection process variations exist witiiin mature development 

organizations. Process maturity relates to a feeling of being in control of inspection 

results. Process maturity construct measurement is more complex than participant 

perceptions. Further, process maturity should focus on how-to support teams. Process 

maturity is directly affected by workload and project commitments. As processes mature, 

opportunity must be given for training of new team members and transferring 

development knowledge. 

Using factor analysis, three dimensions of process maturity were uncovered. 

First, anticipated and actual results that contain four sub-dimensions (unknown number of 

expected issues; unknown amount of materials reviewed; unknown actual results and use 

of scripts; and first-time experiences). Second, inspection process formality contain a 

sub-dimension (standardized corporate practices). Third, issue type and inspections role 

expectations contain four sub-dimensions (informal inspection process; division of 

responsibility; and finding specific issues not on a checklist). In addition identified were 

six sub-dimensions related to maturity level transitions (helping establishing standards for 

an ad hoc process; looking for known issues during transition from ad hoc to repeatable; 

moving from repeatable to defined maturity; first-time leeiming experience; finding 

specific issues, and transition from defined to managed maturity). 



224 

In Chapter Three a maturity framework was presented based on three overlapping 

phases (process definition, effectiveness/yield, and efficiency/selectivity). In chapter 

Four, quantitative and qualitative findings generally support the proposed process 

maturity firamework. In Chapter Seven support for this fi-amework is suggested within 

the SEMS tool. During process definition, SEMS inspection tools should provide help 

and training documentation for new inspectors and even standardized issue checklists and 

attribute files for moderators. During effectiveness / yield phase SEMS inspection tools 

should support capture and support of inspection metrics. During the efficiency and 

selectivity phase, SEMS inspection tools should support inspection scenarios, automated 

checking tools and orthogonal defect classification analysis. 

An alternative process maturity firamework was explored based loosely on the 

Capability Maturity Model (Humphrey 1989). In preliminary survey contained in 

Chapter Four, the CMM fi-amework was explored. Three weakly significant regression 

equations were derived. In the first (YPMM = 2.63 - .74 X9expstd - .61 X3 inform + .73 

X3prstd -.79 XStlst), process maturity is positively correlated with previously established 

standards and negatively with expectation of establishing standards, informal process and 

first-time experience. In the second (Yladhoc = .187 + .31 X9expstd + .26 X3inform -

.32 X3prstd +.22 XStlst), ad hoc maturity is related to an expectation of establishing 

standards, informal process and first-time experience while negatively with previously 

established standards. In the third (Y4manage = -.09 + .15 X9expspc + .42 Xlaplst + .19 

X3prcode), managed maturity is associated with experience finding specific types of 
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issues, managing first-time experiences, and standardized list of issue codes and types. 

Using a heuristics based on inspection practices might be more stable than using 

perceptions of maturity level using the CMM framework. 

Eight testable hypotheses were developed based on four propositions. Detailed 

results are summarized in Table 8.2. Unfortunately four hypotheses were untested. 

Hypothesis seven was not tested because of inability to conduct a quasi-experiment and 

observe whether review rate feedback makes results more predictable. In addition to lack 

of quasi-experiment, hypotheses 9A, 9B, and 9C were not observable within historical 

inspection records because the underlying premise of inspection team continuity was not 

present as anticipated. 

Subject of Proposition Hypotheses Results 

Inverse relationships to issues discovered: 

H6A Preparation rate weak support t 
H6B Review rate statistically inconclusive t 

Review rate feedback 7 (not tested) 

Highly proficient inspectors 

8A Perceived (nominated) statistically inconclusive' 
88 Actual performance strong support * 

Process maturity measured by predictability 

9A effectiveness (not observable) 

9B efficiency (not observable) 

9C yield (not observable) 
^ Based on three years of inspections considering only if 100 < lines < /, 000 and time is recorded 

Based on aggregated averages covering three years 

Table 8.2 Summary of Feedback Hypotheses Results 
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8.3 Research Limitations 

The major contributions of this dissertation are a validation of a case study at the 

Baan Company and development of a SEMS prototype inspection tool. Both 

contributions involve limitations on ability to generalize findings. 

While Baan Company has an excellent development reputation, it is only one 

development environment. Conclusion and observations might not generalize to 

other companies and development environments. Even within Baan, only several 

development divisions were studied in depth. In part, the SEMS inspection tool was 

developed in order to replicate the study in additional organizations. 

The impact of yield has not been considered. The dissertation has focused on 

effectiveness and efficiency. A potentially more revealing focus would be yield, the 

percentage of issue removed to total latent issues. It is possible (although improbable) 

that EMS inspections were conducted on program code that contains more latent issues. 

Baan has conducted internal analysis to identify issue latent programs. This analysis, as 

well as rhino calculations (Humphrey and Over 1999), can be used to conduct such a 

study. Doing so will require a concerted and coordinated effort over time because yield 

calculations are not currently required. 

Impact of EMS inspections within newly formed groups has not been 

considered. This limitation was alluded to within Chapter Two during the discussion of 

Media Synchronicity Theory (MST) (Dennis and Valacich 1999). As promised in 

Chapter Two, anecdotal support is now presented that EMS inspections might not be as 

productive as face-to-face paper-based inspections. Both EMS inspections and pilot use 

of the SEMS inspection tool have been championed thus far unsuccessfully in two 
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organizations. Both organizations have not historically conducted inspections. Thus 

newly formed inspection groups conducted EMS inspections. In both cases, use of EMS 

inspections was not sustained or considered to be particularly productive. It can be 

argued an inspection culture is a prerequisite for EMS inspections. As posited by MST, 

face-to-face paper-based inspections might be more productive than EMS inspections in 

similar newly formed inspection groups. 

Previously discussed as instrumentation threats, inspection records present 

data integrity problems that severely limit use of historical records for analysis of 

subsequent inspection activity. Sufficient subsequent inspections were obtained to derive 

statistically significant conclusions. However, it is possible that conclusions might have 

been different if additional EMS inspections or paper inspections had been included. A 

presumption exists that those included are representative inspections. 

The SEMS tool is a prototype and continues to evolve. Chapter Eight 

describes current tool status as well as potential future enhancements. While it is 

designed to incorporate collaborative features and is based on theoretical considerations, 

it has not yet been validated in a field setting. Until such validation occurs, impact of a 

SEMS tool on inspections is anticipated, but unknown. Another limitation of the present 

SEMS tool is lack of feedback mechanism integration. Hopefully this dissertation will 

encourage fiiture consideration of review rate and proficiency feedback features. 

8.4 Alternative Explanations 

Some alternative explanations have been explored and are now summarized. 

Most notably is impact of highly proficient inspectors. In Chapter Five, presence of 

highly proficient inspectors is a selection threat to internal validity to findings of the prior 
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study. While selection threat was not a problem in the subsequent period analysis, 

presence of highly proficient inspectors should be considered in any future study. 

In Chapter Six, affective reward was considered. Like a Hawthorne effect, EMS 

inspections might be more productive because inspectors are temporarily motivated to 

perform. However within Chapter Six it was shown that inspectors consider EMS 

inspections to be slightly more boring and less productive than paper inspections. EMS 

inspections are apparently less socially satisfying and yet more productive. Further 

exploration of affective reward is warranted. 

In Chapter Seven, two views of collaboration are presented. In one collaborative 

preparation is posited to encourage cognitive synergy. In the other non-collaborative 

preparation increases peer pressure. The extent to which collaboration occurs needs to be 

explored further. An advantage of the SEMS tool is that it enables exploration of such 

issues. 

8.5 Practitioner Implications 

Following are findings of interest to inspection practitioners. 

EMS Tools can reinforce good process. Tool more likely will be rejected when 

participants have a bad process because it magnifies inherent process weaknesses. 

Manifestations of bad process include inadequate preparation, not following rules, and 

not using checklists. Conversely if you have a good process, you are able to use 

effectively use the tool. 

EMS inspections are more productive than paper; however moderators must 

be convinced and accept a changed administrative role. Much of the traditional 

moderator role of issue compilation and writing shifts to setting up the inspection session 
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prior to meeting and sense making/facilitation during inspections. In addition, 

moderators must compensate for instabilities in EMS technology. Following are 

insightful comments from a strong EMS supporting moderator. "Prerequisite for an 

electronic inspections is that the system works. Moderator can execute a lot of 

administrative tasks (for example remove doubles). Inspectors are forced' to log defects, 

so the preparation is often better with electronic inspections. There is less work after the 

meeting for the moderator, as compared with a paper inspection. There is less noise 

during the meeting (sometimes it is too silent, some conversation should be allowed).''' 

Many moderators remain unconvinced about the value of EMS inspections, as stated by 

the following paper-inspection supporter. '7 do not see a lot of value in the electronic 

meeting system. It was too much work for the moderator. I do not agree with the fact that 

it results in more majors. " Nevertheless, this dissertation supports the value of EMS 

inspections and recognizes moderator acceptance as a technology adoption barrier. The 

hope is that a SEMS inspection will overcome negative aspects of generalized EMS 

inspections and better support moderators and inspectors needs. 

Develop and support inspectors. Research continues focusing on supporting 

authors of inspection documents (Johnson, 1998). Of potential equal value is supporting 

inspectors. In the same maimer that an issue (defect) profile is given to authors, it should 

also be provided to inspectors. An inspector should be encouraged to examine what type 

of issues they historically discover and develop improvement strategies for finding new 

types of issues. Moderators should consider historical patterns of issue discovery when 

they form inspection teams and take active measures to compensate potential deficiencies 

(including assigned inspection roles and use of issue-discovering scenarios). 
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Actual data speaks better than perception with regards to inspector 

proficiency. Although inspectors prefer perceptions and are apprehensive about use of 

actual performance data, peer review proficient inspectors are more productivity than are 

nominated inspectors. Thus actual data is better than perceptions. Worth exploring is 

whether a combination of perception and actual data produce even better productivity. 

Strongly recommended is discrete capturing of actual inspection data. The value of such 

data is in recognition of highly trained inspectors and training of existing inspectors. 

Another interesting application would be to explore whom and how difficult major issues 

are uncovered. 

Identify the most proficient inspectors and support them. If an individual is 

highly proficient, they should be nurtured and valued. Their inspection assignments 

should be made strategically to best match their abilities and to maximize knowledge 

transfer. Given multi-dimensional proficiency, highly proficient inspectors most likely 

perform best in certain situations. Further predicting such situations is difficult; however 

once encountered their inclusion is desirable. A scenario of how this might be 

implemented follows. Assign highly proficient inspectors to fewer regular inspections 

and encourage their participation as a consulting inspector in non-assigned inspections. 

As issues arise during inspections, moderators can ask consulting inspectors to review 

highly targeted issues. To do so, a moderator poses the following. 'We found XYZ 

issue. Can you spend 30 minutes looking at the code for additional XYZ-type issues plus 

anything else that you might notice?" In addition to this invitation, the moderator needs 

access to profiles of highly proficient inspectors and measures need to be taken to not 

overwork any one inspector (thus highly proficient inspectors are assigned to fewer 

regular inspections). 
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Explore EMS/SEMS inspections using incremental experimentation. 

Adoption of new technology like SEMS tools needs to be done incrementally. Because 

software developers are tool-centric, early adopters will include those eager to adopt new 

tools and least resistant to change. However wide-scale adoption must be done carefully 

and based on empirical data. Doing so in a quasi-experimental setting is a small price to 

pay for studying whether a new tool is in fact more productive than an old one. Even 

though this dissertation supports EMS inspections as being more productive than paper-

inspections, conclusive proof waits a quasi-experiment and replications in additional 

organizations. Instead of an ongoing emotional battle, incremental experimentation is 

recommended. 

8.6 Future Research 

This dissertation has journeyed down an exploratory path. The journey ahead is 

rich with possibilities. Future research needs to continue with theory and SEMS tool 

development. Potentially the most interesting future research will address distributed 

inspections and knowledge management through expertise transfer. These challenges are 

now presented. 

Future research should be theoretically grounded. The results of this 

dissertation and the anticipated quasi-experiment should include a synthesis of underlying 

propositions and hypotheses of this dissertation. In effect such syntheses incorporates 

aspects of Media Synchronicity Theory and Focus Theory. Adaptive Structuration 

Theory (Poole and DeSanctis 1990) and TIP Theory (McGrath 1988) also provide 

interesting avenues of inspection-related inquiry. 
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An expectation continues that SEMS tools in fact make a productive 

difference. This dissertation explored SEMS within a software inspection context. 

Many other contexts exist. These findings can also be replicated using different SEMS 

tools. University of Oulu's WiT tool (Tervonen and Haijumaa 1998) is a prime example 

of another SEMS tool that can be used to replicate findings of this dissertation. 

Exploration can also be done on feedback integration within inspection tools. 

As recognized in the LEAP initiative at the University of Hawaii (Johnson 1998), a need 

exists for portability of metrics by individual developers. LEAP support is envisioned as 

a kind of "personal information assistant" for developer's software engineering skill set. 

Integration of such tools within a SEMS provides a potential avenue of inquiry. In 

Chapter Five some SEMS needs were identified that require future research. The content 

and implementation of inspector profiles is one such avenue. Others include consistently 

defined inspection metrics, automated capture of key metrics, and highlighting unusual 

inspections. Individual preparation and review rate targets should be incorporated and 

made part of inspection processes. 

Chapter seven recommended SEMS tool requirements. Such requirements should 

be evaluated and explored. Further study is needed to determine how to best support 

inspection process maturity. During process definition, SEMS inspection tools should 

provide help and training documentation for new inspectors and even standardized issue 

checklists and attribute files for moderators. During the effectiveness / yield phase, 

SEMS inspection tools should support capture and support of inspection metrics. During 

the efficiency and selectivity phase, SEMS inspection tools should support inspection 

scenarios, automated checking tools and orthogonal defect classification analysis. In 

addition the technical requirements of a SEMS are worthy of future exploration. 
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Exploration can be done related to lessons learned and presented in Chapter Seven 

(graphical document support, transportability, industrial grade collaborative server, and 

seamless administration and analytical capabilities). 

Distributed software inspections present a ricii avenue of inquiry. In part 

research is warranted because distributed inspections make sense in organizations such as 

Baan Company in which development is distributed globally and systems are highly 

integrated and interdependent. From TIP Theory (McGrath 1984), distributed inspections 

must consider member support (contribution to participating group members) and group 

well being (continued functioning as an intact social unit). Possibly the most difficult 

challenges for distributed inspections are how to provide senses of individual 

accomplishment and inspection team continuity across departments and cultures. Few, if 

any organizations, currently support distributed inspections. One benefit of focusing on 

inspections as a distributed process is what is currently known about inspections provides 

a rich context for speculating on the nature of distributed processes. Certainly, it should 

be much easier to enable distributed inspections than many other less understood 

processes. 

An interesting aspect of inspector proficiency is recognition of expertise. Because 

most development groups are relatively small, the question is not who is the beginner or 

even the moderately proficient developer; rather who is an expert in an area in which the 

group needs help. This expertise might be of a temporary nature while members of the 

group acquire knowledge or of a specific technical nature outside the interests of the 

development team. For example consider knowledge of a relatively new operating 

systems during a conversion effort or of a specific devise characteristics during 

development of a device driver. The development team might want to develop internal 
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expertise regarding the new operating system and rely on outside expertise for specific 

devise characteristics. The main point being that the inspection process should support 

inclusion of an outside expert within the inspection process. 

Support of expert inspectors also creates an opportunity to facilitate 

knowledge transfer and assess processes. Assume that the inspection team seeks an 

outside expert. It would be desirable to determine how well the expert worked with other 

groups in the past and to determine availability of the expert to participate. Upon 

completion, the team is also in a position to evaluate how well the expert contributed. On 

the other hand, the expert is uniquely qualified to evaluate the inspection process and the 

task assigned. Facilitating exchanges between inspection teams and expert inspectors 

might provide insights into use of inspection agents and more basically knowledge 

transfer. At a minimum, doing so builds organizational knowledge bases on review as 

suggested in Chapter Two (Johnson 1998). 

Another avenue of potential inquiry is to apply time-series statistics to 

inspection data. Feedback is implicit within time-series statistics and quality 

practitioners. Box and Luceno have succinctly addressed how to apply statistical process 

control by monitoring and feedback adjustment (Box and Luceno 1997). Feedback is 

explicitly included in process monitoring techniques such as Shewhart charts, 

exponential-weighted-moving-average charts, and cumulative sum charts. Process 

monitoring continually checks the desired state of the system with the current state and is 

used to adjust the process. Work by Box and Luceno can be applied directly to software 

inspections. 
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8.7 Significance and Conclusion 

This dissertation is the beginning of a journey and not the end. The expectations 

have not yet been realized. They continue to bum brightly. The journey so far has been 

significant and marked by several milestones. 

This dissertation applies primary collaborative process research to code 

inspections. EMS inspections are shown to be more productive than face-to-face paper-

based inspection in a field setting. 

Collaboration and feedback dimensions within inspections are explored. 

Explanations of the collaborative phenomenon are presented within a theoretical 

framework along with testable hypotheses. Inquiry is made concerning some previously 

unexplored feedback dimensions (review rate, inspector proficiency and inspection 

process maturity). Experienced inspectors are surveyed regarding process maturity, 

inspector proficiency, and collaborative aspects of inspections. 

Based on theory and experiences, a specialized EMS (SEMS) inspection tool is 

developed and a quasi-experiment proposed. Initial results using the SEMS tool are 

reported and suggestions made for future enhancements. In short a foundation is laid for a 

series of future research inquiries. 

Frederick P. Brooks observed that "the computer scientist is a toolsmith - no 

more, but no less (Brooks 1996)." He contrasts the scientist who is interested in 

discovery of facts and laws and who builds in order to study, with the engineer who 

studies in order to build. Brooks considers computer science as engineering and not a 

scientific discipline. The intent is to not argue Brooks' point, rather to point out the 

engineering aspects of software inspection and software process improvement. Software 
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inspections constitute a significant aspect of software development and as such are an 

important aspect of software process improvement. In this dissertation, considerable 

emphasis has been placed on studying inspections as a primary collaborative process with 

potential in a distributed contest and building a SEMS tool to support inspection 

processes. Returning to Brook's observation, most of the contribution relates to the role 

of toolsmith. 

This dissertation provides a foundation upon which others will follow and of 

continuing interest to both academia and industry. We can build tools that make us more 

productive within groups. This dissertation suggests that this is a worthy quest. The 

journey will continue! 
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APPENDIX A - FAGAN INSPECTION DETAIL DESCRIPTION 

Fagan inspections are well scripted and when done formally produce consistent 
results. Participants in a Fagan inspection are referred to as inspectors and perform one 
or more of the following roles [Fagan, 1976 #39; Ackerman, 1989 #92]]. 

Author is the individual responsible for effecting changes to the document being 
reviewed (and usually, but not necessarily, is the same person who wrote 
it). The author's role at the inspection meeting is to address specific 
questions that the reviewer is not able to answer, and to detect issues 
(defects) similar to other reviewers. Authors are primarily responsible for 
determining validity and resolution of the issues raised. 

Moderator is responsible for organizing and managing the inspection. The moderator 
ensures that the inspection procedures are followed, and that the other 
inspectors perform their responsibilities for each step of the inspection 
process. During the inspection, the moderator also looks for issues 
(defects) similar to other reviewers. 

Reviewer is a problem finder during the inspection. All inspectors can be reviewers, 
including the author and moderator, regardless of their other roles. It is 
the reviewer's role to find defects, not offer solutions. 

SEPG staff supports the inspection process (as a member of the software engineering 
process group). 

Editor is responsible for recording inspection meeting results and preparing the 
final report (and is possibly the moderator or a SEPG staff)- The editor is 
also referred to as the recorder or scribe. The role is to record and classify 
all defects detected and to assist the moderator in preparing the other 
inspection meeting reports. 

Reader leads the team through the work in a complete and logical fashion during 
the inspection meeting. The reader is prepared to describe the various 
parts and functions of the work, paraphrasing the material, in detail, at a 
moderate pace suitable for thorough examination. The reader is usually 
the moderator or a reviewer other than the author. 
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Although variations exist between recognized inspection experts and practitioners, 
Fagan inspections follow a six-step process that is described below [Fagan, 1976 #39; 
Ackerman, 1989 #92]. 

Step 1. Planning the inspection includes the following tasks: 

• Establish schedule for completion of the inspection. 

• Choose inspectors and invite them to participate. 

• Define one or more specialist defect checking roles to assign to reviewers. 

• Divide source material into chunks that can be reviewed in less than a couple of 
hours. 

• Determine rates at which source material should be reviewed (measured in lines 
of code per hour or pages per hour). 

• Based on historical analysis, determine the estimated number and nature of issues 
to be discovered. The focus is usually on the number of major issues and possibly 
the anticipated distribution of major issue (defect) types. 

• Determine whether individual task strategies are needed to target efforts on 
specific types of anticipated issues (defects). Searching strategies include use of 
checklists (listing issue types), checklists (listing review process tasks), and 
scenarios (such as an automated review tool that focuses attention on specific type 
of issues). 

• Obtain and distribute supporting documents (source documents, rules, and 
checklists) 

• Prepare suggestions for improvement objectives and strategies for meeting them. 

• Ensure that selected documents are clearly marked, lines numbered and copied. 

• Ensure that inspection team members get copies, or access to electronic copies of 
relevant documents. 

• Agree on inspection meeting time and reserve a meeting space. 

• Log time spent in phase for moderator and author. 

Step 2. Overview (kickqff) meeting is considered optional and includes the following 
tasks: 

• Familiarize inspectors with their roles. 

• Assign task strategies (such as checklists, scripts and scenarios) to reviewers. 

• Hand out source and reference materials (including relevant rules and checklists). 

• Author or moderator describes materials to be inspected. 
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• Resolve general questions about the documents being checked or reference 
materials. 

• Inform inspectors about target logging rates and anticipated number of issues to 
be found. 

• Establish inspection targets (for example 'more than 70% of issues logged to be 
majors') 

• Identify and agree to suitable new tactics for meeting inspection targets (for 
example "slow down during individual preparation from last time in order to 
achieve an optimal review rate"). 

• Log time spent in overview meeting by all participants. 

Step 3. Individual preparation (issue identification) includes the following tasks: 

• Individually study inspection materials (source and supporting documents). 

• Complete preparation before time agreed to hold the inspection meeting. 

• Focus efforts on major defect issues. 

• Contact the moderator early if reviewer encounters difficulties, or suspects that 
the inspection team's time might somehow be wasted. 

• Log time spent during individual preparation phase. 

Step 4. Inspection meeting includes the following detailed tasks: 

• Moderator leads a formal sequential examination of the inspection material. 

• Communicate and record potential issues (defects) identified during individual 
preparation in the issue log. 

• Identiiy additional issues found during the inspection meeting that were not found 
during individual preparation. 

• In rare situations, determine whether potential defects are in fact actual defects. A 
strong presumption exists that reviewers raise potential issues and the author 
resolves whether they are in fact valid (and this is normally done after the 
inspection meeting). 

• Record improvement suggestions and questions of intent to the author. 

• Log time spent in meeting and issues found during the inspection meeting. 
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Step 5. Rework (check) includes the following detailed tasks that are normally done by 
the author: 

• Review issues previously logged. 

• Assess how to change the source document. 

• Assess whether the issue is valid and whether it is properly classified. If not, 
indicate it as a "false positive" or correct the classification. 

• If necessary, clarify issues and potential misunderstandings with other reviewers 
or peers. The moderator is normally included in the process if there is an 
unresolved conflict. 

• Correct the source-document (although not the previously reviewed documents). 

• Note in issue log that an appropriate change has in fact been made. 

• Voluntarily improve any of the documents, rules, or checklists. 

• Log time spent and number of issues corrected. 

Step 6. Follow-up includes the following detailed tasks that are normally done by the 
moderator and possibly the author: 

• Verify satisfactory resolution of identified defects. 

• Check that all listed issues are acted on in writing. 

• If necessary, reschedule a follow-up inspection that repeats the appropriate prior 
steps. 

• Report final inspection metrics including issue counts and time spent for all six-
inspection steps. 

• Enter inspection data into a permanent record such as a database and verify that 
the entry is correct. 

• Check that improvement suggestions are sent to appropriate process owners. 
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APPENDIX B - PRELIMINARY SURVEY FORMAT 

Introduction and Purpose of Survey 
/ am researching code inspection processes and want to explore the impacts of process maturity and 
reviewer proficiency on the inspection process. The following 24-question survey is being distributed to 
software developers in a number of diverse organizations. Individual information gathered IS STRICTLY 
CONFIDENTIAL. Let me know your email address only if you are interested in obtaining the resulting 
research paper including survey results. Feel free to contact me directly if you have additional questions 
or suggestions. 
Thanks for you help. 

Background Inrormation: 

The following information is gathered in order to understand your software development background and 

in how many inspection you have participated. 

1. (OPTIONAL) Your Name and email address: 
2. Date: 
3. Company: 
4. Position Title: 
5. Years of software development experience: 
6. Years with current employer: 
7. Approximately how many inspections (formal technical reviews) have you participated in as a 

code author or reviewer? 
during last 12 months during entire career 

a) code inspections; 
b) design reviews: 
c) other formal technical reviews: 
d)= (a+b+c):total number of inspections 



242 

Process Maturity Related Questions 
Maturity is the condition of being fully-grown or developed. Inspection processes can be considered more 
mature as they become established, predictable, and ultimately managed. Process maturity does not 
necessarily imply formality or predictability. By formality, I mean that the process does not have to be 
formally defined as long as the participants understand their roles and expectations. By predictability, I 
suggest that a process can be mature (in the sense of being well established) and yet ineffective. For 
example, a mature process would be one in which the participants know exactly how many defects they are 
expected to find and are given opportunity to manipulate the results. 
For this section, answer questions based on the last inspection in which you were a reviewer. 

8. Describe the nature of the inspection {type and composition of review team}: 

9. What did you expect to accomplish? (select all that apply) 
help establish standards 
find general defects 
find specified defect types 
learn the inspection practice of the company 
other describe: 

10. What (maturity level) best describes your inspection process? (select one) 
student/cross-cultural (lacking development experience between reviewers) 
ad hoc/chaotic/informal (new or infirequent use of code inspections) 
repeatable (code inspections have been done on a somewhat regular basis) 
defined (the process, standards and defect types are well understood) 
managed (number of defects to be found is anticipated based on experience) 
optimized (process is or can be tailored to find specific types of defects 

can be manipulated by the reviewers) 

11. Which of the following applied to the inspection? (select all that apply) 
student project first-time experience 
reviewers came from same project reviewers came from same company 
reviewers came from same division reviewers came from same development team 

12. How were reviewer roles defined? (select one) 
informally 
all or most reviewers were assigned the same task to find defects 
each reviewer was assigned a different main responsibility 
other method (please describe): 

13. How formally was the inspection process defined? (select all that apply) 
informally written process 
written standards and guidelines defect codes and types 
checklist scripts 
scenarios for specific defect types 

14. Approximately how much was inspected? (indicate all that apply) 
lines of code: unknown 
pages for review: unknown 
other measurement (include description): 

15. What best describes the composition of the review team? (select all that apply) 
first time to work together 
worked together numerous times {about reviews during last 12 months} 
worked with individual members on similar reviews numerous times previously 
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16. For what type of defects were you looking? select one 
unknown 
those indicated in a checklist or defect list 
specific pre-designated types such as: 

17. How many defects did your review team anticipate and then find during the inspection? 
Number of defects you originally expected to find : 

total number of defects:: unknown 
major defects " unknown 
minor defects unknown 

Number of defects you actually found: 
total number of defects: unknown 

major defects: " unknown 
minor defects unknown 

18. What impact (if any) does process maturity have on inspections? More specifically, does the 
nature of the inspection change as the process matures? 

19. Does process maturity vary between inspections within your organization and depend on factors 
such as team composition? 

Reviewer Proficiency Related Questions 

Proficiency refers to the ability to do something very well. Reviewer proficiency specifically refers to the 
ability to find defects in another person's work. 
My main question is whether reviewer proficiency can or should be assessed formally or informally. The 
thrust of the following questions is to assess acceptability and appropriateness of reviewer proficiency 
information. 

20. In order to be a proficient reviewer, how important are the following: 
(using a 7 point scale where I == no consideration; 3 = little consideration, 
5 = moderate consideration; 7 = high consideration), 
a) experience being reviewed as an author I 2 3 4 5 6 7 

you have reviewed before 
b) experience as an author being reviewed 1 2 3 4 5 6 7 

you have been reviewed before 
c) programming language proficiency 1 2 3 4 5 6 7 

you understand the development language 
d) development environment proficiency 1 2 3 4 5 6 7 

you understand the operating environment 
e) cognitive ability to find defects: 1 2 3 4 5 6 7 

you have experience and reputation for identifying problems 
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21. Assuming the following information can be recorded or derived about prior individual 
performance, how acceptable is it to use the following information in order to select and assign 
inspectors to an inspection team? (using a 7 point scale where I = no consideration; 3 = little 
consideration, S = moderate consideration; 7 = high consideration). 

expenence: 

productivity 

review rate 

efficiency 

I 
1 
I 2 

(number of prior inspections) 
(pages of lines of code inspected) 
(number of defects per page/lines of code) 
average number of defects per quantity inspected 
(# defects found per hour of inspection preparation) 12 3 4 
(^defects found per hour of inspection meeting) 12 3 4 
(lines of code reviewed per hour) 12 3 4 
how quickly one reviews material {too slow or too fast is not good} 
(% of defects found per defects suggested) 12 3 4 
percentage of "real" problems to perceived problems 

5 6 7 

22. Assume that inspector proficiency information is not formally recorded or available, what 
factors should be considered when inspectors are selected and assigned to inspections? (using a 7 
point scale where I = no consideration; 3 = little consideration, 5 = moderate consideration; 7 = high 
consideration). 

experience; as inspector 1 2 3 4 5 6 7 
as an author of reviewed materials 1 2 3 4 5 6 7 
with the programming language 1 2 3 4 5 6 7 
with the development environment 1 2 3 4 5 6 7 

productivity as a person who can find defects 1 2 3 4 5 6 7 
review rate: as a finder of defects 1 2 3 4 5 6 7 
efficiency as a finder of defects 1 2 3 4 5 6 7 
other factor(s) (please specify): 

23. Should a person's past performance be considered when an inspection review team is formed? If 
so, how? If not, why not? 

24. What concerns (if any) do you have about formally recording inspector proficiency information? 
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APPENDIX C - PRELIMINARY SURVEY RESPONSES 

Background Information: 

1. Your Name and email address 46 surveys 30 supplied names 

2. Date: from 1/22/98 to 3/4/98 and 12/7/98 to 12/12/98 

3. Company: 12 companies represented 

4. Position Title: / President, 6 director/managers, 3 scientist/researchers, 
27 developer/engineers, 6 programmers, 3 quality support 

5. Years of software development experience: 
average=I0.5, minimum=2, maximum=38, StDev=7.9 

6. Years with current employer: 
average=9.5, minimum=I, maximunF=30, StDev=7.6 

7. Approximately how many inspections (formal technical reviews) have you participated in as a 
code author or reviewer? 
during last 12 months minimum average maximum 

a) code inspections: 0 19.2 200 
b) design reviews; 0 16.5 250 
c) other forma! technical reviews: 0 4.9 50 
d)= (a+b+c):total number of inspections 0 36.6 450 

during entire career 
a) code inspections; 0 191.1 5,000 
b) design reviews: 0 93.2 1,000 
c) other formal technical reviews: 0 50.2 1,000 
d)= (a+b+c):total number of inspections 1 311.6 6,500 

Process Maturity Related Questions 

8. Describe the nature of the inspection {type and composition of review team}: 
• I person (me) reviewing a peer's code change 

• I person peer review of APAR 

• APAR review - this is a review of a code fix. That is this was not the review of a newly designed 
and codedfunction, but a fix for a code bug that was discovered 

• Code inspection of several KLOC. Team was composed of both very experienced and minimal 
experienced developers 

• Code inspection Team: just software engineers 

• Code inspection, 3 experienced software engineers as inspectors, complex code 

• Code inspection, not really experienced engineers. From my experience, experienced engineers 
are of major importance. 

• Code inspection The review team consisted of two people, myself and another experienced coder 
(7 or more years with the product) 

• Code InspectiorL The review team was build of software engineers who are responsible for that 
area of coding and did contain I not so experienced SE, I very experienced SE in this area and 1 
experienced SE without knowledge in this area. 
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Process Maturity Related Questions (continued) 

8. Describe the nature of the inspection: (Continued) 
• Code review - used requirements and pseudo code to review source. Panel was users 

and other programmers. 

• Code review (will code work, does it solve problem, is the code maintainable) Two 
reviewers of different technical experience 

• Code review for fixing a small defect. I was the sole inspector 

• Code review inspection. I was the only inspector of some code written by a programmer 
in my department 

• Code review of release comprising ofnew and changes to released code. Size was -I2K. 
Five developers plus 2 programmers as inspectors 

• Code review Four very experienced (in terms of years on the product) people 
• Code review, 4participants; experience level: 10, 4, 2, I, years, II00 LOC 

• Code review, no electronic inspection, results are logged on paper. 3 inspectors and I 
moderator, checklist not used for categorizing errors. 

• Code review, software developers 

• Code reviews, include software engineers and coders 
• Code walk through. Coder/developer presented s/w to peers and team leader. One 

member of requirements team was also present. 

• Code, 3 people (author, QA, other team) 
• Design and code review of a change to an existing product. I was the only inspector. 

• Design conformance / code effectiveness 
• Design review with 2 other team members. Went through scenarios for client program. 

Identified and listed all necessary components and dependency existed among them. 

• Evaluation of algorithm for the control, guidance, and navigation of air frames Team of 
s/w engineers, GNC engineers to assure s/w functional requirements were achieved with 
adequate precision. 

• Experimental as part of Bill Saint's development team. We began using the code review 
tool at the end of last semester. 

• Fagan inspection of external design (team: user, application architect, application 
engineer, quality engineer, moderator, scribe) 

• Fagan inspection on functional design; I moderator, 5 inspectors, I author / scribe 

• Find errors. Go for better code. 

• For most inspections, / was the moderator. When Baan started with inspections 
(Nov.93), we went through the source (page by page) and when something in the 
corresponding checklist was assigned to the error. Now we went for every item on the 
checklist 

• Formal design review with members of development team in 2 categories - intimate with 
work item under review, not intimate but knowledgeable in subject area. 
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Process Maturity Related Questions (continued) 
8. Describe the nature of the inspection: (Continued) 

• I was hired by a French Optics company to review their software development process. 
The review team consisted solely of myself. 

• I went over with one of my programmers a section of code they were having problems 
with. 

• Inspection of Functional Design, two experts present. 

• Last inspection was on a terms & definition list of Baan Maintenance (I documentation 
engineer, I producer consultant, 2 software engineer, program manager) 

• Nature of the inspections" "code walkthroughs" which are basically code verification and 
design validation review team: myself and one other engineer 

• Review of missile guidance section which includes a sensor, computer and software 

• Review panel consisted of technical experts from HW and SW disciplines, customer and 
project management." 

• Sotirce code inspection, author, 2 inspectors, moderator 
• Source code inspection, company code, 6 persons participated 

• Source inspection; composition: software engineer. Senior Software Engineer, Project 
Leader 

• This was a Baan inspection to review content and related documents of a project 
management plan. All required roles (moderator, scribe, author, etc.) were fulfilled, and 
all minor and majors were noted for late use. 

• Three people including code author going through the code line-by-line raising questions 
and making suggestions. 

• Typical Fagan inspection with designated moderator, 3 inspectors, try to reduce 
discussions and focus on defect finding during meeting. Sources to be inspected are 
selected based on defect density found in test or the field. Focus on defect detection. 

• We do inspections according to the method Fagan described. We developed our own 
checklists and we described our process in a manuai We track information about the 
inspections (e.g. number of inspections, preparation time, execution time, number of 
defects 

• When a module is built, before it is fully integrated. We have team members look at the 
interface to objects and modules, test objects, and review the code. 

9. What did you expect to accomplish? (select all that apply) 
yes no 
13 33 help establish standards 
44 2 find general defects 
25 21 find specified defect types 
9 37 learn the inspection practice of the company 

other describe: 
• assurance compliance to requirements 

• concentrate on product usability 
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Process Maturity Related Questions (continued) 

• conformance to existing design 

• find defects earlier in the life cycle 

• knowledge transfer 
• lay groundworkfor future integration with server side design 

• leam the development process 

• process followed 

• test code review tool 

• verify that known defect was properly repaired and no new defects introduced 

• verify that requirements were met 

10. What (maturity level) best describes your inspection process? (select one) 
count 
0 student/cross-cultural (lacking development experience between reviewers) 
8 ad hoc/chaotic/informal (new or infrequent use of code inspections) 
16 repeatable (code inspections have been done on a somewhat regular basis) 
14 defined (the process, standards and defect types are well understood) 
4 managed (number of defects to be found is anticipated based on experience) 

_4 optimized (process is or can be tailored to find specific types of defects 
46 can be manipulated by the reviewers) 

11. Which of the following applied to the inspection? (select ail that apply) 
count 
0 student project 
2 first-time experience 

20 reviewers came from same project 
27 reviewers came from same company 
26 reviewers came from same division 
32 reviewers came from same development team 

12. How were reviewer roles defined? (select one) 
count 
8 informally 

26 all or most reviewers were assigned the same task to find defects 
8 each reviewer was assigned a different main responsibility 

other method; 
• 5 members as formal panel to pass or fail, others to comment and write problems they saw 

• Minor changes that could be looked at independently were assigned to one reviewer 

• no roles defined 

• One inspector in total 

• Only one inspector 

• Some portions are on a checklist 
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Process Maturity Related Questions (continued) 

13. How formally was the inspection process defined? (select all that apply) 
count 
15 informally 
IS written process 
28 written standards and guidelines 
19 defect codes and types 
25 checklist 
4 scripts 
3 scenarios for speciflc defect types 

14. Approximately how much was inspected? (indicate all that apply) 
count minimum average 

lines of code: 24 5 1,453.5 
pages for review: 21 1 73.5 
other measurement: 
• 20 pages in two inspection meetings 
• Also reviewed context code 
• Used a profiler on certain critical sections 

15. What best describes the composition of the review team? (select all that apply) 
count 
6 first time to work together 

13 worked together numerous times 
{about 10.5 reviews during last 12 months. min=l, max=30} 

32 worked with individual members on similar reviews numerous times previously 

16. For what type of defects were you looking? select one 
count 
19 unknown 
22 those indicated in a checklist or defect list 
6 specific pre-designated types, such as: 

• code works, solves problem, well documented 

• design faults 

• interfaces and general flow 

• logic errors, inefficient coding, architectural problems 
• non-compliance to s/w functional requirements 

• syntax, logic, efficiency (real-time embedded system), coding standards, adherence to 
system environment (RAM/ROM) 

maximum unknown 
12,000 12 
1,703 13 
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Process Maturity Related Questions (continued) 

17. How many defects did your review team anticipate and then find during the inspection? 
count minimum average maximum unknown 

originally expected to find : 
total number of defects: 16 0(9) 13.4 120 30 
major defects: 18 0 (11 )  3.9 25 28 
minor defects 14 0 (10 )  9.4 100 32 
actually found: 
total number of defects: 27 0 (5 )  208 5,092 19 
major defects: 28 0 (11 )  5 .1  54 18 
minor defects 15 0 (5 )  16.0 120 21 

18. What impact (if any) does process maturity have on inspections? IVIore specifically, does the 
nature of the inspection change as the process matures? 
• A mature process tends to allow junior employees to have their work reviewed with 

less stress. They then leam faster and produce less defects the next time around. 
Inspections are more open and objective, not a "witch hunt" 

•  ( I )  m a k e  s u r e  t h e y  a r e  a c t u a l l y  d o n e ,  ( 2 )  m a k e  s u r e  t h a t  t h e y  a r e  a c t u a l l y  d o n e  i n  t h e  
right way (speed!), and (3) viewed as normal part of development. 

• affects effectiveness (number of defects found) 

• Allot, for the process of the inspection but also the maturity of the total development 
process determines the amount and quality of inspections done. Also the conviction of 
engineers that inspections can really get the defects out is impacted by the process 
maturity: do they really feel they are in control?? The availability of checklists, HO 
docs and everything is also heavily depends on the process maturity. 

• Among groups of developers with well-understood processes, inspections can be done 
more efficiently and the product will have a minimum level of stability. 

• Before we started with assessments/SIP (1995) we did not do any formal inspections at 
all. 

• better qualified FI, uniformity, you can learn Jrom it. 

• Certainly it makes inspections far more effective 

• Efficient, effective inspection = find as much defects in an optimum time 

• Everyone in the organization is aware of how to do an inspection and the fact a good 
inspection really influences the quality of the product. 

• Hard to say because I don't know of any "mature" inspection process in my company / 
division / department / etc. 

• Having inspections contributes significantly to process maturity 

• I do not think it is really necessary. 

• I don't feel our software process is very mature (level 2 perhaps), but I am able to 
recognize level I problems easily since we have matured beyond this level. 

• I think a great influence. You need a good well deflnedprocess. 
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Process Maturity Related Questions (continued) 
18 .  What  impact  ( i f  any)  does  proces s  matur i ty  have  on  inspec t ions?  More  spec i f i ca l ly ,  does  the  nature  

of the inspection change as the process matures? (Continued) 
• / think it has much impact; unless you know what you are looking for, you will not find 

may (severe) defects. Structuring will guide you in the process of finding defects. 
• I think it helps to determine if the review was done correctly and if it was effective. 
• Increased process maturity can lead to higher probability of effective inspection. 
• Inspections are becoming a way of life. [All defects were logged "remarks" because of 

an internal document.] 
• Inspector's experience and knowledge of the software product 
• It has been difficult to convert from one major project to the next. Going from DOS 

code inspections to Windows, to 32 bit, we have found that each environment has its 
own process. 

• It is predictable how many defects should be found. If expected and actually found 
have a great difference the reason for this difference should be searched for (e.g. was 
it a bad inspection or are the expected figures wrong) 

• It is very important, but in the case of APAR reviews the maturity is in the experience 
level of the inspector. 

• It makes inspections more efficient, but I am not sure if it influences quality or defects 
found. 

• more focus on different defect types 
• more time to be spend 
• Neutral or negative effect with a checklist or a list of expected items to find, inspectors 

tend to lose creativity and get lazy. 
• None 
• Only a minor impact - The largest impact related to the quality of a review is the 

experience of the reviewers. Experience both in coding and the product/design of what 
is being reviewed 

• People are more apt to accept an established process and therefore to discover a few 
errors that would otherwise be passed on. 

• Probably more mature = more inspections until you get inspections for inspections 
sake 

• Process maturity assures total requirements converge 
• Process maturity ensures that the inspections meet the quality standards of the 

organization. 
• Process maturity has a positive input - more of the reviewers have a structured way to 

look at the design. Designs become more uniform quality. 
• Process maturity has a very large effect on the breadth and depth in all inspections, 

resulting in large reductions in product defects, reduced rework for defects, and 
decreased development cycle time. 

• Reduces the amount of time required to complete the review. 
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Process Maturity Related Questions (continued) 
18 .  What  impact  ( i f  any)  does  proces s  matur i ty  have  on  inspec t ions?  More  spec i f i ca l ly ,  does  the  nature  

of the inspection change as the process matures? (Continued) 
• So far little. 
• Some, proficiency might have greater impact 

• Strong impact - inspections are key to software quality and are themselves influenced 
heavily by process maturity 

• This is a soft issue; if the organization has experience, culture, and willingness to work 
along defined routes, inspections are taken seriously and actually carried out and 
foUowed-up. In a low maturity organization it is difficult to actually prove the effects 
of inspections and the tend to get postponed or cancelled. 

• To leant more from our defects and to become more predictable in predicting results. 

• Using proper check lists will increase the number of majors found 
• We rarely have code inspections in my current area. 

19. Does process maturity vary between inspections within your organization and depend on 
factors such as team composition? 
• I do not know. 

• I do not think it cares much. 

• / think this varies because different people are involved with different experience and 
knowledge of the business. 

• it varies depending on the type of inspection, the process maturity for document FD is more 
complex than for coding. 

• NA - only one inspection 

• No 

• No 

• No opinion on this. 

• No, / think all the process are immature. 

• No. Our inspections are well documented and defined 

• Not all apply PSP, others Just started PSP. Some are Just hackers and not interested 

• Our process matures chaotically, therefore some formal methods are required to mature 
further. 

• Process maturity varies - the process is not yet mature enough to overcome the personality of 
the person in charge and their likes/dislikes 

• Process maturity varies little, but inspection effectiveness is impacted by shortened schedule 
time to hold inspections. 

• Some really dig into contribute. Others pass the hours and collect their pay. The latter fail to 
have ownership. 

• The more inspections that are conducted the more mature our process becomes. Also, the effort 
expended on the inspection is critical 
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Process Maturity Related Questions (continued) 
19. Does process maturity vary between inspections within your organization and depend on factors such 

as team composition? (Continued) 
• fVe are small and are usually working on a variety of projects with tight time lines. 

Inspections are used to solve problems and keep everyone on the path but only if 
needed. Not enough people to inspect on a regular schedule. 

• We have never kept the kind of statistics that you are asking about. Difficult to answer. 
• We rarely have code inspections in my current area. 
• Yes - experiences and the team 
• Yes - our organization consists of a mixture of individuals with prior experience inside 

and outside the company that contributes to variance in process maturity (applied V5. 
documented). 

• Yes, became experienced inspectors are busy and also need to train new inspectors. 
Also the needed amount of time cannot always be given toward the inspection because 
of the workload problems. 

• Yes, different experience levels 
• Yes, different groups have different cultures or norm to do thins. Also, mature process 

requires a lot of efforts and consistency. Not every group is willing to pay the price. 
• Yes, Due to rapid growth, not enough stability in the organization. For people just out 

of university inspections are more or less unknown. 
• Yes, experience of inspectors has effects 
• Yes, experienced people are not always available. They often only participate in 

inspections of critical parts. 
• Yes, for new and critical sources or designs maturity will be higher 
• Yes, from project to project, moderator to moderator because we are not mature 

enough 
• Yes, I think Baan Apps has more experience with inspections than Baan Tech has. 

With experience a better process materializes. The size of departments matters; 
smaller departments seam to be less disciplined. 

• Yes, / think many groups are struggling with ways to come up with effective inspections 
and so are constantly trying new things. 

• Yes, it depends on the way moderators are leading the inspection and on the expertise 
of the inspectors. 

• Yes, process maturity has steadily increased with time. 
• yes, reason: process awareness differs per manager 
• Yes, since some inspectors findfar fewer errors than others. 
• Yes, standards not broadly applied 
• Yes, the process depends on the behavior of people and if they spend the time they 

should spend. 
• Yes, there are differences between development groups. 
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Process Maturity Related Questions (continued) 
20. Does process maturity vary between inspections witliin your organization and depend on factors such 

as team composition? (Continued) 
• Yes, use of checklists, kind of checklists, experience of inspectors included, use of "high 

documents" during inspections 

• Yes. It depends on the overall value the individual team places upon inspections. If 
they value it, a more mature process will be used. 

• Yes. The product(s) we work on are very large and sophisticated. There are several 
functions of which some areas have "matured" more than others, also few people. 
People change and areas of responsibility change, varying the expertise of the 
individuals in the various functions. 

20. In order to be a proflcient reviewer, how important are the following: 
(using a 7 point scale where I = no consideration; 3 = little consideration, 
5 = moderate consideration; 7 = high consideration). 

counts for following: 1 2 3 4 5 6 7 avR. 
a) experience as an inspector 0 2 5 4 14 8 13 5.3 
b) experience as an author being reviewed 4 5 12 6 11 5 3 3.9 
c) programming language proficiency 0 0 0 4 10 13 19 6.0 
d) development environment proficiency 0 1 5 9 19 5 7 4.9 
e) cognitive ability to find defects 0 1 0 3 11 13 18 5.9 

Reviewer Proficiency Related Questions 

21. Assuming the following information can be recorded or derived about prior individual 
performance, how acceptable is it to use the following information in order to select and assign 
inspectors to an inspection team? (using a 7 point scale where I = no consideration; 3 = little 
consideration, 5 = moderate consideration; 7 = high consideration). 

counts for following: 1 2 3 4 5 6 7 avp, 
experience: (number of prior inspections) 1 2 4 5 18 10 6 5.0 

(pages or LOC being reviewed) 1 5 11 13 9 4 3 4.0 
productivity (# defects per page/lines of code) 2 4 11 7 9 5 6 4 .1  

(# defects per hour of preparation) 5 2 10 7 10 7 4 4 .1  
(#defects per hour of meeting) 6 3 8 10 7 7 4 3.9 

review rate (lines of code reviewed per hour) 6 5 8 11 9 1 5 3.7 
efficiency (% defects found per suggested) 3 3 5 8 11 7 8 4.5 
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Reviewer Proficiency Related Questions (Continued) 

22. Assume that inspector proficiency information is not formally recorded or available, what 
factors should be considered when inspectors are selected and assigned to inspections? (using a 
7 point scale where I = no consideration; 3 = little consideration, S = moderate consideration; 7 = 
high consideration), 

counts for following: 12 3 4 5 6 7 avg. 

experience: 
as inspector 0 15 3 10 9 7 5.0 

as an author of reviewed materials 2 5 11 10 9 4 4 4.0 
with the programming language 0 0 0 6 13 17 9 5.5 
with the development environment 0 0 5 8 19 5 7 4.8 

productivity as a person who can find defects 0 0 5 3 14 14 8 5.2 
review rate: as a finder of defects 0 1 9 7 11 10 5 4.5 
efficiency as a finder of defects 0 1 6 7 12 8 11 5 .1  

other factor(s) (please specify): 
• Familiar with the subject mater (purpose & design requirements) 

• Familiarity with the reviewed products 

• Functional knowledge (high-level. Business) 

• Functional/technical knowledge of the to be inspected area. 
• Insight - Can they understand the process the program is supposed to do? 
• Interest, Time availability, knowledge in the area of function of the code 

• Knowledge of Electronic Meeting Systems 

• Level of commitment to project 

• Motivation, attitude to quality / improvement 
• Objectivity - when more than one method is acceptable, all are correct 

• PSP trained, team player, able to catch the real major and deep defects 
• Some just have the knack 

• Team spirit and positive attitude 

• Yes, for resource scheduling 
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Reviewer Proficiency Related Questions (Continued) 

23. Should a person's past performance be considered when an inspection review team is formed? 
If so, how? If not, why not? 
• In limited circumstances where numerous factors are similar from one review 

experience to the next. Multiple criteria would need to be considered and an 
individual would likely need a profile to be used as a filter in subsequent select criteria. 
An individual w/exceptional performance relative to C code for a video store 
checking/checkout application may be ill equipped for C code (same skill base) in a 
systems application. 

• Depends on goal. Understanding of code /design is more important. 

• Difficult: might be food for the organization However, privacy seems to be more 
important to me. 

• If there are potentially enough inspectors, yes. Performance indicators 

• In practice, this will not work because there will be too many factors which influence 
"performance" (complexity, functional knowledge, new and changed inspection 
material, experience in both programming /functional area) 

• It is not very important, because every software engineer should do inspections and 
learn how to do inspections 

• It should be considered, but length of experience is not as important as the ability to 
see to the heart of the problem. 

• No, because also inexperienced people can contribute to an inspection. 

• No, if a person is new in the company, he/she should also get experience by 
participating. 

• No, it can improve a person's inspection skills. 

• No, then some developers will always be invited for every inspection. 
• No. It is not very relevant and it hurts the person's privacy. 

• No. Not the persons, but the inspection process experience should be considered. 
• Only his knowledge of the subject matter and tools being used. 

• Past performance is largely irrelevant in the real world: whoever is available does the 
review 

• Sure, if I know that they are not checking details, I probably won't use them. 

• The team typically knows who are the good inspectors. The data about it should be 
owned by the individual or the team. 

• Yes - but should not be the deciding factor. Don't include a person that is not 
motivated to participate. 

• Yes - It is important to have some people in the group with moderate to high 
experience and success with inspections. Others ought to be included to improve their 
skills. 
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Reviewer Proficiency Related Questions (Continued) 
23. Should a person's past performance be considered when an inspection review team is formed? If so, 

how? If not, why not? (Continued) 
• Yes and No. There should be at least one known inspector who is considered a good 

inspector. However, the review should take into consideration any new person so they 
can learn from the experience. 

• Yes for some of the team. Other members can be in training. Use the time and 
availability of the people that have found errors before. 

• Yes, at least one experienced person should attend. Inexperienced persons have to be 
present also to become experienced. 

• Yes, but not only look at positive attributes (implying the best does all inspections). 
Others also have to leam and gain experience. There is a balance in experience so 
people can leam from each other. 

• Yes, but only to get a good mix of experienced and inexperience people. There must 
always be a learning effect 

• Yes, but persons of lessor experience who have not become established as 
unproductive should be included also to build their experience base. 

• Yes, do they understand the companies programming standards? Can they read the 
code? Can they improve the code or design? Are they good engineers? 

• Yes, how: track number and type (major vs. minor) of defects found and compare those 
to the number and type of defects found in all following phases. If those defects found 
in the following phases could have been found during the inspection... 

• Yes, however the distribution of skill-level within our team is well-known. We have a 
fairly small team so generally an inspector will have most team members present. 

• yes, if you want effectiveness. No, if you accept a learning curve for inspectors (they 
have to get experience somewhere) 

• Yes, it is important to know the weakness and strength of each team member, so the 
assignments can be made to suit each person's ability. Also, some deadline and 
timetable can be constructed to check the progress. 

• Yes, past performance should be considered. Inspectors should be chosen using their 
track record of quality insight into problems/defects (although this is difficult to 
quantify). 

• Yes, should measure downstream of inspector. Did downstream user find defects that 
this inspection point should have found? 

• Yes, the right persons are important. A team with experienced people shows, in 
general that more defects are found. 

• Yes. A poor inspection performance may prove that an individual does not have the 
qualifications to be inspecting software. 

• Yes. At least one person who can find defects is a must to make the review worthwhile. 
• Yes. If they do not understand the language, operating systems environment or the 

problem, they will not find as many defects. 
• Yes. Only certain people can be considered good reviewers, or can leam to be good 

reviewers. 
• Yes. A person should have a history as a constructive reviewer. 
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• Yes. Capabilities, strengths, interests are exposed in successive reviews, and can be a 
focal point in future efforts. Emerging abilities can also be identified and used for 
future reviews. 

• Yes. Does the person participate? 
• Yes. His/her expertise in the programming language and content is important 
• Yes. How many errors that person generates. 
• Yes. If some ones past performance is very bad. I think first the reason why should be 

searched for before you include the person in an inspection. 
What concerns (if any) do you have about formally recording inspector proficiency 
information? 
• As with all data concerning a person, it can be used constructively or destructively. 

Whether formal recording should be used is a function of the person's organization 
personality. 

• being Judged on it by management at salary appraisals. 

• Can hurt a person's privacy. 
• Can it be measured in an objective way? The process is more important that the 

people. Don't blame the persons but the process. 

• Each and every review is unique. There are scores of factors involved that preclude 
estimating or anticipating the number of defects to be found. An individuals experience 
or "success rate" in a given review may be entirely irrelevant in another review. A 
limited few (certainly the exception case) could be expected to have consistent 
sustained proficiency. 

• How would it be gathered and what would it be based on? 

• I do not think that it is useful. This information which could be used wrongly, which I 
would strongly object to. This will also have adverse consequences. 

• I have no concerns. 

• If incoming products are high quality, inspectors may not find many errors. 
Management could take this as a sign of nonproductive inspectors. In fact feedback 
process may be very strong -> minimizing incoming errors. 

• If it is used to exclude inspectors completely it is a poor choice. If it is used to balance 
a team or to help inspectors leam it should be helpful. 

• If you can record the original error maker you can record who can find the error. 
• In a small company, it allocates scarce resources on an endeavor that might only 

produce marginal returns. 

• Increased overhead 

• Inspection is not a popular pastime. Many of us find it drudgery even though it is of 
critical importance to quality. People may decide to findfewer defects if they know the 
more they find, the more review time they must spend. 
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Reviewer Proficiency Related Questions (Continued) 

24. What concerns (if any) do you have about formally recording inspector proficiency information? 
(Continued) 
• Inspectors get the feeling, "Big brother is watching you." It cost time for the 

administration of these figures. 
• It is valuable information for performance evaluation. But I don't think it needs to be a 

formal process to record. A close working relationship among the team members 
would yield better info. 

• It will be related strongly to somebody's experience as software engineer 

• judgement 

• No, I think it's a good idea. 
• None 

• None 
• None - as long as it is used - do not waste time doing recording 

• None. 

• None. 
• None. 
• None. But who has time? I know who is good and who is not (Santa Claus) 
• None. I want GOOD inspectors reviewing my code (designs, etc). I would much 

rather find the problem now than in a customer shop. Reality: (I) some are afraid that 
if the find allot of defects, the author will be punished in some way. (2) If the defect is 
found much later, the author is rarely held responsible. 

• Of course it should only be used for the purpose of improving the inspection process. 
Therefore, this information should be shielded from others as much as possible. Best 
case would be to have only moderators have access to this information. 

• Our goal is to find defects ourselves as a development team, not to create professional 
super-inspectors. Every member should inspect once in a while. 

• People can think that they will be personally judged about their results. 

• People will be less open about the inspections and their results. 

• Privacy 

• privacy /judgement 

• Proficiency information may not be accurate. Software jobs vary in complexity and 
language. The software reviewed varies in quality defects found, etc. may thus be 
completely unrelated to the skill of the inspector. 

• Rating can encourage carelessness in not understanding the author's approach to the 
fimctional Requirements. 

• Recording should be secure. Cannot be used for salary / employee review. May only 
be used for inspections. 
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Reviewer Proficiency Related Questions (Continued) 
25. What concerns (if any) do you have about formally recording inspector proficiency information? 

(Continued) 
• Selection process not based on how well someone understands the technology. 

• Should not be used during appraisals. 

• The amount of defects that can be found is also dependent on the author. In experience 
authors, there is an expected rate to be higher - If an inspector always gets an 
experienced author, his rate of proficiency would look lower but he may the better 
inspector. 

• There are a lot of factors involved and there are allot of outcomes of inspections 
independent of inspectors. Data will not be very reliable. 

• This is personal data, should not be used for other purposes. 
• We barely have time for reviews, much less all the formalization. 
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APPENDIX D - PRELIMINARY SURVEY FACTOR LOADINGS 

Summary Level Factor Analysis - Process Maturity 
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X7DEFEXP 

X8DEFACT 

Variance explained 

a: 
eg 
Q£ 

O O 
•— I— 
o o 
< < 
Li. u. 

1 44 db 

1 /b 

-13 •i'i 
-15 

CO q: 
O 
o 

Preliminary Survey question 

Q#10 [coded 0-5] 

Q#ll [0-6 based on # selected] 

Q#12 [0-4 based on # selected] 

Q#13 [0-7 based on # selected] 

Q#14 [O=unknown l=known] 

Q#15 [0-2 based on # selected] 

Q#16 [0-2 based on # selected] 

Q#17 expected [0=unknown l=known] 

Q#17 actual [O=unknonw l=known] 

Final CommunalHy Estimates: Total = 5.3347 

Factor 1 = productivity expectations 
Factor 2 = formality 
Factor 3 = type and role expectations 

Using summary level factor analysis (Appendix D), process maturity contains 

three major dimensions (with Cronback's alpha = .55). Summary level implies that 

each survey question is summarized into an interval-scale metric instead of being 

separated into separate mixed categorical and nominal scale metrics (Sheskin 1997). Each 

dimension is briefly described along with significandy positive and negatively correlated 

variables with larger than a ± .40 correlation. The first dimension relates to anticipated 

and actual results based on number of issues expected (.79 correlation) and actually 

found (.76). To a lessor extent anticipated and actual results are generally known among 

teams or individuals who have worked together (.51) and who also know the volimie of 
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what was reviewed (.61). The second dimension relates to inspection process formality 

(i.e., how formally the inspection process is defined - .85 correlation) and extent to which 

inspections are widely adopted within their organizations (.76). To a lesser extent, more 

formal inspections are considered to be more matiire using the CMM framework (.56). 

The third dimension relates to issue type and inspections role expectations. 

Inspections focus on specific types of issues (.73) and prescribe specific roles to 

inspectors (.61). To a lessor extent these expectations are without regards to how much is 

inspected (-.50) and positively related to working relationships within existing 

inspections teams (.51). 

Using detailed level analysis, process maturity contains thirteen significant 

dimensions (as shown on following pages). The dimensions can be grouped loosely into 

four categories. The first three categories are the three dimensions from the previous 

summary level analysis. The fourth category relates to transitions between maturity 

levels. 
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Detail Level Factor Analysis - Process Maturity 

CM CO m to a a oe o: a: cc o o o O O o w h" H* t— o o o o o 
< < < < < < u. u. U. UL u. LI. 

IT o h-O < 

YPMM -34 
Y1ADHOC 6 

Y2REPEAT 16 
Y3DEFINE 13 

Y4MANAGE -18 
Y50PTIM -37 

X9EXPSTD 9 
X9EXPGEN 4 
X9EXPSPC 14 
X9EXPLEA 2 
X1INSPEC -6 
XIAPIST 8 
X1APPJT 19 

X1APC0MP -5 
X1APDIV -20 

X1APTEAM -9 
X2INF0RM -26 

X2SAMTSK JO 
X2DIFTSK 

20 -5 
10 8 

16 -22 

20 51 
6 -31 eg 

-191 -55 

18 -33 29 39 

nr -11 

0 -13 

-14 -28 

4 
X3INF0RM 9 
X3WRITTN 17 
X3PRSTD 15 

X3PRC0DE 0 
X3CHKLST -28 
X3SCRIPT -1 

X3SCENAR 5 
X4V0LUME -4 
X4UNKLOC -7 
X4UNKPAG 1 

X5T1ST 7 
X5T0GTHR 6 

X5TSIM -12 
X6TYPUNK -4 
X6TCKLST -2 
X6TSPEC 6 

X7NUMEXP' 
X7T0TUNK' 
X7MAJUNK" 
X8ACTUAL"^ 
X8ACTUNK 21 
X8MAJUNK 34 

Variance explained 6.3 5.7 3.2 3.1 2.6 

Factor 1 = no expected # of defects 
Factor 2 = unknown source size 
Factor 3 = infoimality 
Factor 4 = within company and division 
Factor 5 - checklist and known defect types 
Factor 6 = do not know actual defects found use scripts 
Factor 7 = 1st time together learning experience 

Preliminary Survey question 

Q»10 [coded 0-51 

Q#10 2nd choice l"ye3 0-no 

Q#10 3rd choice l=ye3 0=no 

Q#10 4td choice l=ye3 0=no 

Q»10 5th choice l=yes 0=no 

Q»10 6th choice l->yes 0-no 

Q# 9 Ist choice l=yes 0=no 

Q# 9 2nd choice l^yes 0=no 

Q* 9 3rd choice 1-yes 0-no 

Q# 9 4th choice l=yes 0=no 

Q»ll 1st choice 1-yes 0-no 

Q#ll 2nd choice l»yes 0-no 

Q#ll 3rd choice l"yes 0-no 

Q#ll 4th choice 1-yes 0-no 

Q»ll 5th choice 1-yes 0-no 

Q#ll 6th choice 1-yes 0-no 

Q»12 1st choice l-yes 0-no 

Q#12 2nd choice l-yes 0-no 

Q*12 3rd choice 1-yes 0-no 

Q#13 l3t choice l=yes 0-no 

Q#13 2nd choice 1-yes 0-no 

Q#13 3rd choice l-yes 0-no 

Q#13 4th choice l-yes 0=no 

Q#13 5th choice 1-yes 0-no 

Q»13 6th choice 1-yes 0-no 

Q#13 7th choice 1-yes 0-no 

<3»14 1st choice l=ye3 0-no 

Q»14 2nd choice 1-yes 0-no 

Q»14 3rd choice 1-yes 0-no 

Q#15 1st choice l=yes 0-no 

Q#15 2nd choice 1-yes 0-no 

Q»15 3rd choice l-yes 0-no 

Q#16 Ist choice l-yes 0=no 

Q»16 2nd choice l=yes 0=no 

Q#16 3rd choice 1-yes 0-no 

Q#17 1st choice l-yes 0-no 

Q#n 2nd choice l-yes 0-no 

Q#17 3rd choice 1-yes 0-no 

Q#18 Ist choice l-yes 0=no 

Q*18 2nd choice l-yes 0=no 

Q#18 3rd choice l=ye3 0=no 

= 33.422 
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o CM cn 
CO O) T-  ̂o; cr cr (T q: o: O O O O O O h- h- h- H H ^ o o o o o o < < < < < <  
LX. U. LL U. U. U. 

["521 ® -15 
-iJU -14 j 49 I 

-7 HBST 

YPMM 1 26 31 -37 7 23 
Y1ADH0C 5 0-2 

Y2REPeAT -14 -14 -18"^ 
Y3DEF1NE 10 -7 -30 -11 

Y4MANAGE 6 -11 fTTl 8 31 -3 
Y50PTIM -5 I 46 I a -26 -5 -22 

X9EXPSTD -10 -4 fWI -4 -3 
X9EXPGEN 4 10 -5 8 -42 
X9EXPSPC 7 17 \~rr\ -18 -12 -35 
X9EXPLEA|"g51 -6 ^ST -16 36 -11 
XIINSPEC^TT^ 9 6 -3 0 -4 
X1AP1ST -4 3 12 
X1APPJT 0 26 

8 
19 16 

X1APC0MP 18 -2 -13 
15 -19 

-6 

-5 

2 
-6 

0 8 
7 

14 32 -15 -1 
9 -1 17 14 

X1APDIV -7 
X1APTEAM 
X2INF0RM 
X2SAMTSKn 

X2DIFTSKf 
X3INF0RM 
X2WRITTN^ 

X3PRSTD^ 
X3PRC0DE -2 -14 25 13 
X3CHKLST -2 
X3SCRIPT -23 

-5 
-3 

-16 

3 
-4 
-6 

-21 

-32 26 -31 19 
30 3 -20 8 

1 

2 -25 
17 -12 

11 -11 

-8 

13]-13 
13 

X3SCENAR -6 -19 -4 -40 
X4VOLUME -7 -3 -2 -6 
X4UNKL0C 9 1 0 9 -16 
X4UNKPAG 0 -2 23 4 14 

X5T1ST -6 -2 12 -8 6 
X5T0GTHR -13 -5 37 -7 -16 

X5TSIM 25 -15 10 35 -4 
X6TYPUNK -8 -38 -3 -9 -17 
X6TCKLST 9 -32 -2 6 20 
X6TSPEC 6 -1 16 -5 

X7NUMEXP -6 12 2 -14 
X7T0TUNK -8 -5 14 14 6 
X7MAJUNK 7 11 -2 -1 -9 
X8ACTUAL 5 7 11 2 1 
X8ACTUNK -9 -5 6 12 0 
X8MAJUNK 9 -1 -4 5 0 

Variance explained 1B 1.7 1.S 1.2 f.2 

13 
3 
3 

-6 

-21 

-7 
0 
-1 

0 
4 
-8 

6 
15 

Preliminary Survey question 

Q#10 (coded 0-5) 

Q#10 2nd choice l=yes 0=no I 

Q#10 3rd choice l=yes O-no) 

Q#10 4td choice l=yes O=nol 

Q#10 5th choice l=ye3 O-no) 

Q#10 6th choice l=yes O-no] 

Q# 9 1st choice l"yes 0=no] 

Q# 9 2nd choice l=yes O-no) 

Q# 9 3rd choice l=yes O-no] 

Q#9 4th choice 1-yes O-no] 

Qttll 1st choice l"yes O-no) 

Q#ll 2nd choice l»yes O-no) 

Q#ll 3rd choice l»yes O-no] 

Q#ll 4th choice 1-yes O-no] 

Qttll 5ch choice l-yes O-no J 

Qttll 6th choice l"yes O-no) 

Qt»12 1st choice l=ye3 O-no] 

Qt»12 2nd choice l-yes O-no] 

Q#12 3rd choice l=yes O-no) 

Q#13 1st choice l"yes O-no) 

Q#13 2nd choice l-yes O-no] 

Q#13 3rd choice 1-yes O-no] 

Qttl3 4th choice 1-yes O-no) 

Ql»13 5th choice 1-yes O-no] 

Q#13 6th choice 1-yes O-no] 

Qttl3 7th choice l=yes O-no) 

Q(tl4 1st choice 1-yes O-no] 

Qt»14 2nd choice 1-yes 0=no] 

Qt»14 3rd choice l=yes 0=no] 

QttIS 1st choice l=yes O-no) 

Q#15 2nd choice l-yes 0=no] 

Q#15 3rd choice 1-yes O-no] 

Q#16 1st choice 1-yes O-no) 

Q#16 2nd choice 1-yes O-no) 

Q#16 3rd choice l=yes 0=no] 

Q#17 1st choice l=yes O-no] 

QtH7 2nd choice 1-yes O-no) 

Q#17 3rd choice 1-yes O-no] 

Qt»18 1st choice 1-yes 0=no] 

Q#18 2nd choice 1-yes 0=no] 

Qttia 3rd choice 1-yes O-no] 
Final Communality Es mates: Total = < = 33.422 

Factor 8 = new tasks written process 
Factor 9 = finding spedfic issues not on a checidist 
Factor 10 = pmm4 - finding spedfic issues 
Factor 11 = pmml - helping establish standards 
Factor 12 = 1st time experience 
Factor 13 = pmm2 to pmm3 getting away from general defects 
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The thirteen factors are now listed in their order of factor significance (i.e. amount 

of variance explained) and subsequently discussed within each summary category: 

(1) Unknown number of expected issues (6.34), 

(2) Unknown amount of materials reviewed (5.70), 

(3) Informal inspection process (3.22), 

(4) Standardized corporate practices (3.07), 

(5) Looking for known issues during transition from ad hoc to repeatable maturity 

(2.61), 

(6) Unknown actual results and use of scripts (2.17), 

(7) First-time learning experience (1.93), 

(8) Division of responsibility (1.75), 

(9) Finding specific issues not on a checklist (1.67), 

(10) Finding specific issues and transition fi-om defined to managed maturity (1.47), 

(11) Helping establishing standards for an ad hoc process (1.21), 

(12) First-time experience (1.19), and 

(13) Moving from repeatable to defined maturity (1.08) 

The first category (anticipated and actual results) contains four factors from the 

detailed analysis. Factor One (unknown number of expected issues) relates to not 

knowing the number of issues originally expected (-.90) and indicating an unknown 

expected number of total issues (.87) and major issues (.87). Factor Two (unknown 

amount of materials reviewed) relates to not knowing how much was reviewed (-.92) 

and indicating as unknown the lines of code (.89) or pages reviewed (.88). Factor Six 

(unknown actual results and use of scripts) relates to not knowing how many issues 

where actually found (-.79) and indicating as unknown the number of total issues (.73) or 

major issues (.69). Most interesting is the extent to which use of scripts is associated 
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(.59). Possibly inspectors perform their role without considering the actual results. 

Factor Twelve (first-time experiences) relates to associating the experience (.87) with a 

need for guidance via scenarios (.68). Note the four dimensions within this category 

(anticipated and actual results) focus on unknown results and first time experiences. Do 

inspectors have a notion that inspection results are expected; however their actual 

performance is less than expected? 

The second category (inspection process formality) contains only one factor 

from the detail analysis. Factor Four (standardized corporate practices) relates to 

working within the same company (.96) or division (.94) and the wide adoption of 

inspection practices with in their organization (.84). 

The third category (issue type and inspections role expectations) contains three 

factors from the detail analysis. Factor Three (informal inspection process) relates to 

informally defined roles (.88), informal inspection processes (.74), and to a lesser extent 

working together numerous times (.40). Informal processes are negatively related to 

finding general issues (-.69), assigning inspectors issue-finding tasks (-.55), using 

standard classifications of issue type and severity (-.49), and working together on similar 

review (-.54). Factor Eight (division of responsibility) relates assignment of different 

inspection responsibilities (.83), providing a learning experience (.65) and using written 

standards and guidelines (.53). Factor Nine (finding specific issues not on a checklist) 

relates to looking for pre-designated issue types (.95), without using a checklist (-.42) and 

a perception of an optimized level-five process maturity (.46). 
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APPENDIX E - PRIOR CASE STUDY DATA RECLASSIFIED 

Legend for inspection data that follow: 

Column Headings 
Group 
Date 
Insp# 
# Inspectors 
Prep.Min. 
Majors 
LOG 
Proficient 

Development group pseudo-label to maintain confidentiality 
Inspection date 
Inspection number within the development group 
Number of participating inspectors 
Preparation time in minutes (for all inspectors) 
Number of major issues reworked 
Lines of code inspected 
Count of highly proficient inspectors who participate 

Presentation Order 
• Sorted by treatment (generalized EMS followed by face-to-face paper-based) 
• By development group pseudo-label (alphabetically) 
• By inspection date (ascending) 

Group 
Date 

Insp# # Inspectors Prep.Min. MeeiMin. MAJORS LOC Proficient 

generalized EMS 1-200 lines/hour 

B 5/12/97 134 3 420 240 4 447 1 

B 7/23/97 167 3 240 90 18 264 1 

B 8/7/97 186 4 240 30 3 199 1 

B 8/21/97 176 3 240 45 1 238 1 

B 8/22/97 176 3 225 30 5 238 1 

B 9/10/97 211 4 330 60 2 211 1 

B 9/16/97 217 3 150 60 1 154 3 

B 9/17/97 196 3 270 45 3 208 

B 9/17/97 196 3 270 30 4 208 1 

B 9/18/97 196 3 315 30 1 208 1 

B 9/18/97 196 3 225 30 2 208 1 

B 9/19/97 196 3 330 45 5 208 

B 9/29/97 261 5 225 30 4 150 1 

B 11/6/97 327 5 315 45 6 168 1 
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Croup 
Date 

# Inspectors Prep. Min. Meet.Min. MAJORS LOC Proficient 

Generalized EMS 201-300 lines/hour 

A 5/21/97 157 3 180 53 2 273 1 

B 4/21/97 112 3 315 50 5 398 

B 6/12/97 145 3 330 75 6 498 1 

B 6/26/97 157 3 180 70 9 216 

B 6/27/97 156 3 150 45 0 216 

B 7/18/97 160 3 180 30 1 254 1 

B 7/18/97 160 3 180 30 2 254 1 

B 7/25/97 167 3 180 60 0 264 

B 7/30/97 169 3 240 30 2 304 1 

B 7/30/97 172 3 150 45 0 236 1 

B 7/31/97 171 3 135 45 3 162 1 

B 7/31/97 172 3 150 45 0 236 1 

B 8/7/97 187 4 255 60 6 237 1 

B 8/8/97 186 4 225 45 2 199 1 

B 8/8/97 187 3 145 53 2 237 1 

B 8/12/97 190 4 240 60 0 291 1 

B 8/19/97 192 3 135 45 0 207 

B 9/4/97 197 3 150 20 2 202 1 

B 9/9/97 211 4 215 60 4 211 1 

B 9/11/97 211 4 180 45 4 211 1 

B 9/19/97 196 3 135 20 2 208 1 

B 9/23/97 235 4 255 50 2 295 1 

B 9/23/97 235 4 255 50 2 295 

B 9/24/97 256 2 135 15 4 292 1 

B 9/26/97 254 4 150 30 0 182 1 

B 9/26/97 255 4 205 18 1 182 1 

B 9/26/97 256 2 155 15 6 292 2 

D 8/27/97 27 4 300 90 4 315 2 



269 

Group 
Date 

InspM # Inspectors Prep.Min. Meet.Min. MAJORS LOC Proficient 

Generalized ElVIS 301-400 lines/hour 

B 5/30/97 137 4 330 120 3 492 3 

B 6/13/97 145 3 270 45 3 498 1 

B 6/13/97 145 3 240 75 2 498 1 

B 6/19/97 156 4 300 60 1 494 1 

B 7/16/97 162 3 135 60 1 281 1 

B 7/18/97 164 3 150 90 1 263 1 

B 7/21/97 159 3 180 45 3 367 

B 7/29/97 170 3 120 20 1 238 2 

B 8/5/97 178 4 210 60 3 285 2 

B 8/11/97 186 4 120 30 2 199 1 

B 8/11/97 190 4 200 60 0 291 1 

B 8/20/97 192 3 105 45 5 207 3 

B 8/21/97 192 3 115 50 8 207 3 

B 8/22/97 192 3 120 45 1 207 3 

B 8/22/97 192 3 105 45 1 207 3 

B 8/25/97 192 2 75 90 5 207 2 

B 9/16/97 194 3 210 45 2 385 3 

B 9/17/97 212 3 180 60 3 316 3 

B 9/17/97 218 3 120 40 8 243 3 

B 9/18/97 213 3 165 45 3 297 3 

B 9/19/97 214 4 130 30 0 199 3 

B 9/23/97 235 4 230 30 1 295 2 

B 9/24/97 235 4 225 60 3 295 2 

B 9/25/97 235 4 210 30 3 295 2 

B 9/30/97 216 4 210 30 0 292 

B 9/30/97 264 5 305 45 3 332 

B 10/1/97 264 5 305 50 3 332 

B 10/2/97 264 5 260 35 1 332 

B 8/26/97 193 3 150 45 4 271 

C 5/7/97 56 5 750 125 3 833 2 

C 9/5/97 56 5 633 110 7 833 2 
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Group 
Date 

Insp# U Inspectors Prep.Min. Meet. Mm. MAJORS LOG Proficient 

Generalized EMS 401-500 lines/hour 

A 5/1/97 129 3 150 60 2 357 1 

A 5/15/97 141 2 150 110 1 549 1 

A 7/10/97 220 4 134 45 3 275 2 

B 2/26/97 50 4 210 45 3 364 3 

B 6/11/97 144 3 270 100 7 696 1 

B 6/26/97 156 4 245 60 1 494 1 

B 7/21/97 159 3 150 60 7 367 3 

B 7/30/97 170 3 90 30 0 238 2 

B 7/31/97 169 3 120 30 5 304 1 

B 8/6/97 178 3 105 80 6 285 2 

B 8/26/97 192 2 50 68 10 207 2 

B 9/22/97 235 4 165 30 0 295 2 

B 9/26/97 235 4 165 30 1 295 2 

D 8/29/97 28 4 165 60 1 300 1 

D 9/5/97 35 4 225 60 2 406 1 

Generalized EMS 501+ lines/hour 

A 4/18/97 106 4 360 105 16 760 

A 4/25/97 106 3 225 120 6 760 

A 5/13/97 140 3 150 80 1 636 

A 5/21/97 158 4 285 112 3 816 3 

A 5/22/97 160 3 165 80 4 483 

A 5/22/97 158 4 150 131 11 816 

A 5/23/97 158 4 235 150 11 816 3 

A 6/4/97 184 3 90 80 3 494 

A 6/5/97 187 3 135 100 12 957 

A 6/10/97 172 3 120 too 3 526 2 

A 6/13/97 165 4 265 75 2 771 

A 7/16/97 239 4 210 60 1 826 

A 9/1/97 283 3 150 40 1 922 

A 9/1/97 284 3 140 45 4 922 2 

A 9/2/97 285 3 150 30 4 922 2 

B 2/14/97 51 3 300 120 1 973 

B 2/18/97 53 3 270 60 5 981 

B 2/25/97 53 3 270 60 0 981 2 

B 2/25/97 48 4 165 90 8 907 

B 3/5/97 74 3 215 110 10 897 3 

B 3/6/97 76 3 120 140 3 645 1 

B 3/7/97 77 3 155 67 5 696 3 

B 3/14/97 73 3 150 140 1 810 3 

B 3/18/97 76 3 210 120 4 645 1 

B 3/20/97 76 3 150 240 3 645 1 

B 3/25/97 97 3 285 120 4 951 
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Group 
Date 

InspH # Inspectors Prep.Min. Meet.Min. MAJORS LOC Proficient 

Generalized EMS 501+ lines/hour (Continued) 

B 3/27/97 97 3 150 80 0 951 1 

B 4/8/97 103 3 195 60 5 836 3 

B 4/10/97 105 3 225 93 2 990 1 

B 4/10/97 103 3 150 80 4 836 3 

B 4/16/97 102 3 75 60 0 727 

B 4/17/97 105 4 210 50 2 990 1 

B 4/18/97 103 3 120 87 0 836 3 

B 4/24/97 103 3 115 80 4 836 3 

B 4/29/97 118 4 255 60 1 835 4 

B 5/6/97 131 3 180 60 6 631 1 

B 5/7/97 131 3 180 60 9 631 1 

B 5/13/97 132 3 150 60 6 519 3 

B 6/12/97 145 3 165 30 0 498 1 

B 6/12/97 145 3 145 30 0 498 1 

B 7/17/97 163 3 120 90 2 348 1 

B 7/21/97 159 3 105 50 0 367 3 

B 7/22/97 166 3 100 30 1 341 2 

B 8/26/97 193 3 90 45 3 271 2 

B 8/27/97 193 3 80 45 2 271 2 

B 8/27/97 193 3 75 45 4 271 2 
C 2/26/97 77 5 280 0 2 549 1 

C 5/12/97 56 5 270 110 4 833 2 
C 6/17/97 100 5 270 120 3 611 

Group 
Date 

Insp# # Inspectors Prep.Min. Meet.Min. MAJORS LOC Proficient 

paper 1-200 lines/hour 

A 7/4/97 218 3 195 60 0 140 

B 10/8/97 215 4 325 45 0 228 1 

B 10/9/97 215 4 420 40 0 228 1 

B 10/22/97 272 6 465 45 6 208 
C 6/6/97 100 3 360 100 5 337 1 
C 7/17/97 102 4 315 70 10 140 1 
C 7/18/97 102 4 195 50 9 140 1 

C 9/16/97 76 3 360 155 4 351 

C 12/9/97 69 3 390 70 6 307 

D 8/13/97 23 4 300 105 4 160 1 
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Group 
Date 

Insp# # Inspectors Prep.Min. Meet.Min. MAJORS LOC Proficient 

paper 201-300 lines/hour 

A 2/26/97 51 3 270 120 3 450 1 

A 6/4/97 183 3 255 80 4 401 

A 7/16/97 261 3 160 0 0 236 

A 8/20/97 273 3 90 30 1 105 

A 8/22/97 275 3 105 60 2 170 

B 9/4/97 no 3 510 90 0 735 

B 10/8/97 215 4 240 45 0 228 2 

B 10/10/97 215 4 240 30 0 228 2 

B 10/20/97 272 6 330 60 2 208 

B 10/23/97 272 6 330 30 2 208 

C 6/10/97 100 3 270 100 3 337 1 

C 6/11/97 101 3 240 93 9 375 1 

C 6/13/97 101 3 255 133 0 375 I 
C 6/18/97 100 3 210 87 6 337 1 

C 9/9/97 122 3 420 80 5 534 

C 9/15/97 75 3 285 200 2 441 2 

C 9/19/97 76 3 240 50 4 351 

C 10/6/97 81 3 330 140 4 531 1 

C 10/7/97 58 4 405 90 3 444 1 

C 10/8/97 58 4 480 120 5 444 1 

C 10/8/97 81 3 360 153 8 531 1 

C 10/10/97 58 4 375 70 4 444 1 

c 9/7/97 131 3 135 30 1 216 1 

D 9/19/97 41 4 360 60 2 326 3 

D 9/23/97 41 4 270 40 2 326 4 

D 9/30/97 64 4 270 60 6 335 

D 10/6/97 65 2 150 35 2 370 

D 10/7/97 65 2 180 35 2 370 
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Group 
Date 

InspU # Inspectors Prep.Min. Meet.Min. MAJORS LOC Proficient 

paper 301-400 lines/hour 

A 2/24/97 50 3 225 100 3 390 1 

A 2/27/97 52 2 105 45 1 285 1 

A 3/11/97 378 3 135 40 5 245 

A 6/2/97 177 2 60 45 1 174 

A 6/10/97 222 4 240 63 0 382 

A 7/15/97 250 4 165 45 1 251 

A 8/18/97 272 3 110 30 4 188 1 

A 8/19/97 265 3 70 15 0 150 i 

A 8/21/97 274 3 105 55 1 201 

A 8/28/97 282 3 105 30 1 185 

A 9/4/97 277 2 105 45 0 340 

A 9/10/97 314 3 180 80 1 330 3 

A 10/20/97 329 4 240 45 3 337 1 

A 10/30/97 365 4 225 30 3 356 

B 4/10/97 i l l  3 330 90 2 560 1 

B 9/30/97 216 4 221 30 0 292 1 

C 6/12/97 100 3 165 53.4 2 337 1 

C 6/17/97 100 3 180 86.6 5 337 1 

C 7/3/97 88 4 286 65 2 425 3 

C 7/4/97 88 2 146 100 2 425 2 

C 8/1/97 132 3 300 75 2 643 1 

C 9/4/97 79 3 270 60 4 587 1 

C 9/16/97 75 3 255 67 8 441 2 

C 10/13/97 81 3 240 107 2 531 1 

D 8/8/97 22 4 360 60 3 480 1 

D 8/14/97 23 4 120 60 0 160 1 

D 8/22/97 26 4 270 90 6 450 1 

D 9/12/97 38 4 270 60 0 424 

D 9/16/97 41 4 255 40 2 326 3 

D 10/1/97 64 4 210 40 10 335 1 

D 10/2/97 64 3 195 60 10 335 1 

D 10/3/97 64 3 170 60 3 335 1 

D 10/9/97 66 3 120 30 2 241 

D 10/10/97 66 3 125 45 1 241 
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Group 
Date 

Insp# # Inspectors Prep.Min. Meet.Min. MAJORS LOC Proficient 

paper 401-500 lines/hour 

A 6/12/97 228 4 150 45 0 274 

A 9/1/97 277 3 140 30 1 340 

A 9/24/97 299 3 120 30 0 288 

A 9/25/97 299 3 105 15 0 288 

A 9/26/97 299 3 105 15 0 288 

A 10/9/97 315 3 105 30 1 259 

B 3/12/97 80 3 210 55 2 537 

B 3/14/97 81 3 180 60 2 459 

B 5/2/97 133 4 270 60 8 470 I 

C 6/27/97 74 5 195 45 2 309 1 
C 6/30/97 74 5 195 35 0 309 1 

C 7/2/97 66 5 405 120 5 640 1 
C 10/1/97 89 4 330 64 7 586 

C 10/2/97 89 4 300 119 9 586 

C 10/3/97 89 4 345 150 5 586 

C 10/17/97 94 3 255 140 6 669 

C 10/24/97 171 5 315 90 4 473 1 
D 9/17/97 39 4 135 45 0 271 1 

D 9/30/97 63 5 300 60 0 462 1 
D 10/8/97 65 2 105 40 1 370 
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Group 
Date 

Insp# # Inspectors Prep.Min. Meet.Min. MAJORS LOC Proficient 

paper 501+ lines/hour 

A 2/17/97 47 3 165 80 0 507 

A 2/19/97 49 3 165 120 2 714 1 

A 6/2/97 176 3 no 67 1 896 

A 6/3/97 179 3 240 40 0 839 

A 6/3/97 221 4 210 60 1 596 

A 6/5/97 185 3 120 40 0 649 1 

A 6/5/97 188 3 105 80 3 607 1 

A 6/5/97 233 4 345 60 2 890 1 

A 6/6/97 186 3 150 80 7 696 3 

A 6/6/97 188 3 75 80 0 607 1 

A 6/9/97 194 3 180 60 1 560 

A 6/9/97 195 3 90 20 1 703 

A 6/11/97 225 4 240 too 3 582 1 

A 6/11/97 226 4 240 65 0 558 1 

A 6/12/97 227 4 180 45 1 417 1 

A 6/12/97 229 4 210 35 1 566 1 

A 6/13/97 196 3 120 80 0 720 

A 6/13/97 197 3 105 67 0 554 

A 6/16/97 205 3 105 67 1 548 

A 6/17/97 206 3 60 47 0 380 

A 6/18/97 232 4 120 30 1 643 

A 6/18/97 276 3 150 93 1 652 

A 6/19/97 208 4 105 50 2 486 

A 6/19/97 240 4 210 60 1 676 

A 6/19/97 249 4 285 90 2 801 

A 6/20/97 207 3 120 27 1 367 

A 6/23/97 209 4 205 40 2 801 

A 6/23/97 241 4 195 60 0 676 

A 6/25/97 212 4 240 600 4 669 1 

A 6/25/97 276 3 85 60 0 652 

A 6/27/97 213 4 225 75 3 784 

A 8/13/97 262 3 180 67 4 921 1 

A 8/14/97 263 3 125 67 3 921 1 

A 8/15/97 264 3 120 105 1 921 1 

A 8/20/97 266 3 75 20 2 442 

A 8/21/97 267 2 75 45 1 442 

A 8/26/97 278 3 125 25 1 798 

A 8/27/97 279 3 110 20 5 798 3 

A 8/28/97 280 3 110 35 3 798 1 

A 8/29/97 281 3 105 30 3 798 1 

A 9/3/97 277 3 90 40 0 340 1 

A 9/4/97 304 3 85 45 1 273 1 
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Group 
Date 

Insp# # Inspectors Prep.Min. Meet.Min. MAJORS LOC Proficient 

paper 501+ lines/hour (Continued) 

A 9/5/97 306 3 110 30 1 1684 3 

A 9/22/97 299 2 60 60 0 288 1 

A 10/21/97 330 4 165 55 5 393 2 

A 11/5/97 385 3 105 45 2 696 1 

A 11/7/97 386 3 90 30 2 696 1 

B 3/1/97 33 3 300 120 3 974 1 
B 11/6/97 345 3 80 30 2 400 1 
C 5/27/97 93 5 240 110 2 600 1 
C 6/19/97 100 3 120 47 1 337 1 
C 8/1/97 132 3 151 60 2 643 I 
C 8/29/97 79 3 210 60 3 587 1 
C 10/10/97 81 3 180 60 1 531 1 
C 10/27/97 171 5 195 40 2 473 1 

D 6/26/97 63 4 180 45 21 462 

D 7/10/97 21 3 150 150 0 900 1 

D 8/19/97 24 4 180 60 1 601 1 
D 9/9/97 38 4 120 50 5 424 3 
D 9/10/97 38 4 90 60 0 424 3 
D 9/24/97 41 4 120 45 3 326 3 
D 10/20/97 70 4 150 56 3 512 

D 10/21/97 70 2 90 75 0 512 1 
D 10/22/97 70 3 120 75 0 512 1 
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APPENDIX F -1998 SUBSEQUENT PERIOD INSPECTION DATA 

Legend for inspection data that follow: 

Column Headings 
Group Development group pseudo-label to maintain confidentiality 
Date Inspection date 
Insp# Inspection number within the development group 
# Inspectors Number of participating inspectors 
Prep.Min. Preparation time in minutes (for all inspectors) 
Meet.Min. Meeting time in minutes (for all inspectors) 
Majors Number of major issues reworked 
LOG Lines of code inspected 
Proficient. Gount of highly proficient inspectors who participate 

Presentation Order 
• Sorted by treatment (generalized EMS followed by face-to-face paper-based) 
• By development group pseudo-label (alphabetically) 
• By inspection date (ascending) 

Group Date Insp# # Inspectors Prep.Min. Meet.Min. Majors LOC Proficient 

Generalized EMS 1-200 lines/hour 
A 3/2/98 389 5 225 30 0 136 1 

Generalized EMS 201-300 lines/hour 
B 11/10/98 146 4 610 56 6 514 

B 12/16/98 161 4 318 1316 5 279 1 
C 9/4/98 1 5 540 0 5 392 1 
B 10/30/98 123 4 270 65 7 249 2 
A 11/5/98 513 4 251 73 6 233 

B 10/23/98 119 3 275 62 8 349 

A 11/5/98 520 4 120 30 3 119 

A 11/3/98 510 4 120 30 1 130 

B 11/5/98 139 4 192 41 5 222 1 
B 11/12/98 148 5 344 49 0 326 1 
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Group Date InspU # Inspectors Prep.Min. Meet.Min. Majors LOC Proficient 

Generalized EMS 301-400 lines/hour 

B 10/27/98 122 4 215 100 2 274 2 

B 1/30/98 538 4 325 45 2 421 3 

A 11/9/98 521 4 315 80 6 420 

B 11/6/98 140 4 289 55 6 390 

B 2/10/98 550 5 315 70 4 358 4 

B 11/6/98 141 4 420 88 27 599 1 

A 11/5/98 522 4 84 43 0 121 

A 11/2/98 508 4 170 53 1 246 

B 10/28/98 124 4 215 105 6 323 2 

B 1/28/98 537 4 335 70 2 522 3 

B 10/29/98 120 4 255 90 9 417 1 

Generalized EMS 401-500 lines/hour 
B 1/22/98 532 4 315 65 1 534 3 

B 2/13/98 551 4 220 40 2 389 3 

Generalized EMS 501+ lines/hour 
B 1/21/98 531 4 226 60 2 485 3 

B 11/10/98 143 4 240 120 19 578 3 

A 11/3/98 511 4 110 0 1 297 

A 11/6/98 519 4 210 100 7 570 

A 3/10/98 390 4 150 45 0 431 2 

B 1/26/98 536 3 165 55 1 646 3 

A 1/29/98 379 3 180 60 0 770 

B 11/11/98 143 4 240 225 0 878 3 

A 10/13/98 466 4 135 45 2 563 1 

A 10/13/98 466 4 80 30 0 345 1 

B 7/21/98 6 4 155 65 4 690 2 

A 2/20/98 387 3 150 45 0 909 1 

B 7/24/98 6 4 120 60 0 653 2 

A 3/3/98 389 5 110 30 0 492 1 
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Group Date InspH # Inspectors Prep. Min. Meet.Min. Majors LOC Proficient 

paper 1-200 lines/hour 
C 5/12/98 320 4 375 65 1 229 1 
C 5/4/98 319 4 285 120 0 200 1 
C 5/8/98 319 5 480 130 0 280 1 

paper 201-300 lines/hour 
C 1/12/98 88 4 385 60 2 346 2 
A 2/9/98 378 3 180 105 0 222 
C 5/6/98 319 5 450 100 0 340 1 
C 11/24/98 72 4 480 110 13 468 1 
C 4/29/98 319 5 330 135 1 260 1 
C 11/26/98 72 4 600 100 0 595 1 
C 12/17/98 32 3 165 0 0 221 1 
C 5/11/98 319 5 255 135 0 240 1 

paper 301-400 lines/hour 
C 2/13/98 227 4 450 90 10 569 I 
C 11/10/98 24 3 260 70 4 452 
C 9/30/98 35 5 285 60 3 352 1 
C 11/9/98 23 3 240 60 4 500 1 

paper 401-500 lines/hour 
C 2/4/98 91 3 170 30 1 384 1 
C 3/5/98 299 3 135 70 2 331 
C 11/26/98 31 3 270 45 1 668 
C 11/4/98 15 3 270 60 10 700 2 
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Group Date Insp# # Inspectors Prep.Min. Meet.Min Majors LOG Proficient 

paper 501+ lines/hour 
C 1/8/98 285 4 255 95 5 556 
C 10/20/98 52 4 285 105 5 (A1 1 
B 1/20/98 530 5 285 55 0 525 
C 9/18/98 16 6 540 75 2 830 1 
C 9/15/98 10 5 315 60 5 611 1 
C 9/11/98 9 5 390 60 4 762 1 
C 9/10/98 8 6 470 120 9 794 1 
C 10/2/98 41 5 330 90 5 692 1 
C 10/15/98 47 4 255 90 1 732 1 
C 11/9/98 17 3 60 0 0 300 2 
C 11/9/98 16 3 135 0 2 700 2 
C 11/5/98 13 3 160 110 4 865 
C 4/21/98 2 5 270 90 4 900 2 
c 4/24/98 2 5 270 90 0 900 2 
c 2/3/98 90 4 80 30 0 424 1 
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APPENDIX G - BACKGROUND SURVEY FORMAT 

Inspection Survey 

Thank you for participating in the inspection related surveys. There are a series of surveys that you will be 
asked to complete at different times during the next few months. This is the initial survey that captures 
your background information and your assessment of collaboration during an inspection. Your responses 
will be held in confidence. Several inspection groups in your company as well as inspection groups from 
other companies will complete the surveys. The individual responses will not be shared with your 
employer. Rather statistical summaries and general comments are available upon request. 
Completing this portion of the survey should take about ten (10) minutes. Again thanks for your help and 
let's begin. 

(1) Your company 
Background Information: 

YOUR PRIOR EXPERIENCE 
(2) What was your academic field of study? 

(3) What was your highest academic degree? 

(4) Years of software development experience 

Select 
1 = Computer Science 
2 = Management Science 
3 = Management Information Systems 
4 = Other 

Select 
1 - Bachelors (HBO) 
2 - Masters (University) 
3 - Doctorate 
4 - Other 

(5) Years with current employer 

(6) Number of inspections during last 12 months 

(7) Number of inspections during career 

(8) Number of years on development projects similar to your current project 

(9) Years of experience with GUI environments (such as Windows, Mac, X): 

(10) Are you PSP certified? No 
Yes 
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PERSONAL OPINIONS 
(11) How strongly do you agree or disagree with the following statement. 
I believe that the benefits resulting from source code inspections exceed the effort required to actually 
conduct the inspections. 

1 - Strongly Disagree 
2 
3 
4 
5 

6 
7 - Strongly Agree 

(12) Please explain. 

Collaboration Assessment: 
In this section, you are asked about the nature of collaboration during an inspection. Please base your 
answers on only one of the following types of inspections (EMS-based, face-to-face paper-based) so that 
all of your answers will be in relation to that type. Select the type in question 13 before answering the rest 
of the questions. 
(13) From what perspective are you answering the following questions? 

(1) Face-to-face paper-based inspections 
(2) Generalized EMS inspections 

(GroupSystems) 

(3) Specialized EMS inspections (CoReview) 

(14) About how many days have passed since your last similar inspection meeting? 

(15) What best describes a typical working relationship during a similar inspection? 

Select 
(1) First time as group 
(2) Inspected together a few times 
(3) Inspected together numerous times 

(16) When are issues (discovered during your individual preparation) formally recorded into a computer 
system? 

Select 
(1) Prior to meeting 
(2) During logging meeting 

(3) After logging meeting based on manual 

(17) For issues discovered during individual preparation by inspectors (other than yourself), when can 
you first read the description of their issues? 

Select 
(1) Prior to meeting via computer system 
(2) Start of logging meeting when able to see other issues entered 
(3) During logging meeting when entered into computer system 
(4) During logging meeting when recorded on a manual log 
(5) After logging meeting or not at all 
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(18) What best describes the technology used during the logging meeting? 

Select 

(1) Face-to-face paper-based 

(2) CoReview (specialized EMS) 

(3) GroupSystems (generalized EMS) 

(4) Other 

During a typical issue logging meeting, to what extent DO YOU PERSONALLY DO the following? 
(19) Talk to other inspectors about issues (defects) 
(20) Write or type issues (defects) on a log or into a computer system 
(21) Listen to others describe issues (defects) 
(22) Read descriptions of issues (defects) recorded by others 
(23) Actively search for issues (defects) in source document 
(24) Access information contained in checklist or reference materials 
(25) Wait or do tasks unrelated to issues (including administrative 

tasks and distractions) 

Select 
1 - very little 
2 
3 
4 
5 
6 
7 - very much 

During a typical issue logging meeting, to what extent DOES YOUR TEAM DO the following? 
(26) Describe or explain issues (defects) [oral or written]. 
(27) Classify or remove duplicate issues (defects). 
(28) Look for new issues (defects). 
(29) Handle administrative tasks (such as logging time and finding 

documents). 
(30) Deal with distractions (such as room condition, technology 

problem, and non-issue related discussions). 

Concerning your individual preparation prior to a typical logging 
meeting, how strongly do you agree with the following statements? 
(31) I know how much time I should to spend preparing. 
(32) I spend enough time to discover most major issues. 

Selcct 
1 - very little 
2 
3 
4 
5 
6 
7 - very much 

Select 
1 - Strongly Disagree 
2 
3 
4 
5 
6 
7 - Strongly Agree 

Concerning your feelings about a typical inspection, how strongly do 
you agree with the following statements? 
(33) We really accomplished something during the inspection. 
(34) I did NOT enjoy myself. 
(35) This was a boring inspection. 

Select 
1 - Strongly Disagree 
2 
3 
4 
5 
6 
7 - Strongly Agree 
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(36) Please provide any additional thoughts that you might have regarding paper-based versus 
collaborative tool (GroupSystems or CoReview) support for software inspections. 

(37) Do you want to receive summary statistics and flnal analysis 
from this study? 

No 
Yes 

Please provide your email address and name in order to identify yourself in subsequent surveys. 

(38) Your email address 

(39) Your name 

This completes this portion of the survey. About how long did it take to complete the survey? 

minutes 

Make sure to SUBMIT SURVEY when you finish! 

Again thank you for your participation. 
Tom Rodgers TRodRers(a),cmi. arizona. edu 
(520) 621-1860 USA 
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APPENDIX H - BACKGROUND SURVEY RESULTS 

Background Information: 
date 

6/14/99 beginning date 
6/28/99 ending date 

25 total surveys captured 
(7) participants completing two surveys (EMS + paper perspective) 

18 total number of participants 

2 What was your academic field of study? 

Paper EMS Total Key 

6 - 6 I CompSci 
2 - - - 2 Management Science 
3 2 2 4 3 MIS 
4 9 6 15 4 Other 

total 17 8 25 
average 2.82 3.75 3.12 

minimum 1 3 1 
maximum 4 4 4 

stddev 1.42 0.46 1.27 

What was your highest academic degree? 

Paper EMS Total Key 

/ 4 1 5 I Bachelors (HBO) 
2 9 4 13 2 Masters (University) 
3 2 2 4 3 Doctorate 
4 2 1 3 4 Other 

total 17 8 25 
average 2.12 2.38 2.20 

minimum I I 1 
maximum 4 4 4 

stddev 0.93 0.92 0.91 



Years of software development experience 

Paper EMS Total 

I - - -

2 4 2 6 
3 2 5 

4 3 2 5 

5 2 - 2 
6 - - -

7 1 1 2 
over 7 4 1 5 

total 17 8 25 
average S.88 4.38 5.40 

minimum 2 2 2 
maximum 24 10 24 

stddev 5.51 2.77 4.80 

Years with current employer 

Paper EMS Total 

I 2 1 3 

2 3 2 5 
3 4 1 5 
4 5 2 7 
5 1 - 1 
6 1 I 2 
7 - - -

over 7 1 1 2 

total 17 8 25 
average 3.88 4.63 4.12 

minimum 1 1 1 
maximum 15 15 15 

stddev 3.16 4.47 3.55 

Key 

U of years 

Key 

# of years 
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6 Number of inspections during last 12 months 

Paper EMS Total Key 

0 2 1 3 

/ - - -

2 - - -

J - - -

4 - 1 1 

5 1 - 1 
6 1 - 1 
7 - - -

over 7 13 6 19 

total 17 8 25 # of inspections 

average 13.47 19.13 15.28 
minimum - - -

maximum 50 50 50 
stddev 11.39 17.37 13.48 

Number of inspections during career 

Paper EMS Total Key 

total 17 8 25 § of inspections 

average 89.41 193.25 122.64 
minimum 20 30 20 

maximum 500 500 500 
stddev 121.07 159.93 140.27 

Number of years on development projects similar to your current project 

Paper EMS Total Key 

/ - 1 1 
2 5 2 7 
3 4 1 5 
4 5 2 7 
5 1 2 3 
6 1 - 1 
7 - - -

over 7 - - -

total 16 8 24 # of years 

average 3.12 3J25 3.16 
minimum - 1 -

maximum 6 5 6 
stddev 1.41 1.49 1.40 
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Years of experience with GUI environments such as Windows, Mac, X): 

Key Paper EMS Total 

1 1 2 
1 - 1 
2 - 2 
4 3 7 
5 3 8 
1 - \ 

1 - I 
over 7 2 I 3 

total 17 8 25 
average 5.06 5.25 5.12 

minimum 1 1 1 
maximum 15 14 15 

stddev 3.07 3.77 3.23 

# of years 

10 Are you PSP certified? 

Paper EMS Total 

/ 5 2 7 
2 12 6 18 

total 17 8 25 
average 0.29 0.25 0.28 

minimum - - -

maximum - - -

stddev - - -

11 How strongly do you agree or disagree with the following statement. 
I believe that the benefits resulting from source code inspections exceed the effort required to 

actually conduct the inspections. 

Paper EMS Total Key 

I 7 5 12 I Strongly Disagree 
2 5 1 6 2 
3 3 - 3 5 
4 - - - 4 
5 1 - 1 5 
6 - 2 2 6 
7 1 - 1 7 Strongly Agree 

total 17 8 25 
average 2.24 2.38 2.28 

minimum 1 1 1 
maximum 7 6 7 

stddev 1.64 2.26 1.81 
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12 Please explain. 
From a face-to-face paper-based inspection perspective: 

Has nothing to do with believing. Data must prove it. 

Inspecties zijn zinvol, maar dat geldt niet voor alle code. De opbrengst hangt af van de omvang en 
de complexiteit van de scripts. [Inspection are useful, but not for all code, the benefits depend 
on the size and complexity of the scripts./ 

Uit inspecties icunnen veel fouten worden gehaald omdat de source code integraal wordt bekeken. 
/Many defects are found in inspections because source code is viewed as a whole.) 

Hoe eerder fouten worden gevonden, hoe goedkoper het is. |the earlier you find defects, the 
cheaper! 

ik heb hier eigenlijk geen idee van (geen cijfers); als Je in ogenschouw neemt de diverse 'lagen' die 
een defect vanuit het vetd passeert met de bijbehorende kosten, dan geloof ik het we! voor mij is 
reden van inspecties: goed werk leveren |l have no idea (no data); if you look at the parties 
involved to solve a defect from the field with the accompanying costs, I do belief in the 
benefit. The reason for me to do inspections is that I want to deliver good work.) 

Wei mee eens wanneer je inderdaad de kosten/baten in de gaten houdt. Hoe groter/complexer de 
software hoe meer het belang van inspecties wordt. Dit geldt cok sterk voor de samenhang van de 
software met andere software (interfaces) en de impact van de software. |I do agree if you look at 
the cost/benent. The larger/more complex the software, the more important the role of 
inspections. This holds for the relation of software modules with other modules (interfaces) 
and the impact of the software.] 

From an EMS inspection perspective: 
experience shows, both personal and the books 

Zo snel mogeiijk de fouten uit je product verwijderen in een bepaaide fase zal resulteren in kortere 
vervoig fase (minder fouten optelossen). Inspecteren ievert dus tijd op. [Get the defects out of the 
product as soon as possible in a certain phase will result in shorter follow-up phases (less 
defects to be fixed). Inspections save time.] 
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Collaboration Assessment: 
13 From what perspective are you answering the following questions? 

Paper EMS Total Key 

/ 17 - 17 I paper 
2 - 8 8 2 EMS 
3 - - - 3SEMS 

total 17 8 25 
average 1.00 2.00 1.32 

minimum 1 2 1 
maximum 1 2 2 

stddev - - 0.48 

About how many days have passed since your last similar inspection meeting? 

Paper EMS Total Key 

/ 
2 
3 
4 
5 
6 

- - -

7 I 1 2 
over 7 16 7 23 

total 17 8 25 # days 
average 114.59 205.88 143.80 

minimum 7 7 7 
maximum 360 360 360 

stddev 110.19 102.10 114.12 

What best describes a typical working relationship during a similar inspection? 

Paper EMS Total Key 

I - - - I 1st time 
2 11 5 16 2 few times 
3 6 3 9 3 numerous 

total 17 8 25 
average 2.35 2.38 2.36 

minimum 2 2 2 
maximum 3 3 3 

stddev 0.49 0.52 0.49 
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16 When are issues discovered during your individual preparation formally recorded into a computer 
system? 

Paper EMS Total 

/ 2 7 9 
2 - - -

3 15 1 16 
total 17 8 25 

average 2.76 1.25 2.28 
minimum 1 1 1 
maximum 3 3 3 

stddev 0.66 0.71 0.98 

Key 

1 prior 
2 during 
3 after 

17 For issues discovered during individual preparation by inspectors other than yourselO, when can 
you first read the description of their issues? 

Paper EMS Total Key 

/ - 4 4 I Prior computer 
2 1 3 4 2 Start meeting 
3 - 1 1 3 During meeting 
4 16 - 16 4 manual log 
5 - - - 5 Afterward or not 

total 17 8 25 
average 3.88 1.63 3.16 

minimum 2 1 1 
maximum 4 3 4 

stddev 0.49 0.74 1.21 

During a typical issue logging meeting, to what extent DO YOU PERSONA LL Y DO the following? 

19 Talk to other inspectors about issues defects) 

Paper EMS Total Key 

I - 2 2 I very little 
2 5 2 7 2 
3 2 3 5 3 
4 4 - 4 4 
5 5 1 6 5 
6 1 - 1 6 
7 - - - 7 very much 

total 17 8 25 
average 3.71 2.50 3.32 7-point Likert Scale 

minimum 2 1 1 
maximum 6 5 6 

stddev 1.36 1.31 1.44 
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During a typical issue logging meeting, to what extent DO YOU PERSONALLY DO the following? 

20 Write or type issues defects on a log or into a computer system 

Paper EMS Total Key 

/ 3 - 3 / very little 
2 3 1 4 2 
3 2 3 5 3 
4 2 1 3 4 
5 4 3 7 5 
6 1 - 1 6 
7 2 - 2 7 very much 

total 17 8 25 
average 3.71 3.75 3.72 7-point Likert Scale 

minimum 1 2 1 
maximum 7 5 7 

stddev 2.02 1.16 1.77 

During a typical issue logging meeting, to what extent DO YOU PERSONALLY DO the following? 

21 Listen to others describe issues defects) 

Paper EMS Total Key 

I - - - I very little 
2 1 1 2 2 
3 1 1 2 3 
4 3 3 6 4 
5 3 2 5 5 
6 7 1 8 6 
7 2 - 2 7 very much 

total 17 8 25 
average 5.18 4.13 4.84 7-point Likert Scale 

minimum 2 2 2 
maximum 7 6 7 

stddev 1.38 125 1.40 
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During a typical issue logging meeting, to what extent DO YOU PERSONALLY DO the following? 

22 Read descriptions of issues defects recorded by others 

Paper EMS Total Key 

I 13 - 13 I very little 
2 1 1 2 2 
3 1 - 1 3 
4 - 1 1 4 
5 2 4 6 5 
6 - 2 2 6 
7 - - - 7 very much 

total 17 8 25 
average 1.65 4.75 2.64 7-point Likert Scale 

minimum 1 2 1 
maximum 5 6 6 

stddev 1.37 1.28 1.98 

During a typical issue logging meeting, to what extent DO YOU PERSONALLY DO the following? 

23 Actively search for issues defects in source document 

Paper EMS Total Key 

I - - - I very little 
2 4 1 5 2 
3 3 1 4 3 
4 5 3 8 4 
5 1 I 2 5 
6 3 1 4 6 
7 1 1 2 7 very much 

total 17 8 25 
average 3.94 4.38 4.08 7-point Likert Scale 

minimum 2 2 2 
maximum 7 7 7 

stddev 1.60 1.60 1.58 
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During a typical issue logging meeting, to what extent DO YOU PERSONALL Y DO the following? 

24 Access information contained in checidist or reference materials 

Paper EMS Total Key 

I 1 - 1 I very little 
2 4 2 6 2 
3 8 3 II 3 
-/ I 2 3 4 
5 1 1 2 5 
6 2 - 2 6 
7 - - - 7 very much 

total 17 8 25 
average 3.18 3.25 3.20 7-point Likert Scale 

minimum 1 2 1 
maximum 6 5 6 

stddev 1.38 1.04 1.26 

During a typical issue logging meeting, to what extent DO YOU PERSONALLY DO the following? 

25 Wait or do tasks unrelated to issues including administrative tasks and distractions) 

Paper EMS Total Key 

I 8 3 11 I very little 
2 5 4 9 2 
3 2 - 2 3 
4 - I 1 4 
5 I - 1 5 
6 1 - 1 6 
7 - - - 7 very much 

total 17 8 25 
average 2.06 1.88 2.00 7-point Likert Scale 

minimum 1 1 1 
maximum 6 4 6 

stddev 1.48 0.99 1.32 
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During a typical issue logging meeting, to what extent DOES YOUR TEAM DO the following? 
26 Describe or explain issues defects[orai or wrinen]. 

Paper EMS Total Key 

/ - - - I very little 
2 - 1 1 2 
3 1 4 5 3 
4 6 1 7 4 
5 3 2 5 5 
6 7 - 7 6 
7 - - - 7 very much 

total 17 8 25 
average 4.94 3.50 4.48 7-point Likert Scale 

minimum 3 2 2 
maximum 6 5 6 

stddev 1.03 1.07 1.23 

During a typical issue logging meeting, to what extent DOES YOUR TEAM DO the following? 
27 Classify or remove duplicate issues defects). 

Paper EMS Total Key 

I 2 3 5 I very little 
2 4 1 5 2 
3 4 1 5 3 
4 2 2 4 4 
5 3 1 4 5 
6 2 - 2 6 
7 - - - 7 very much 

total 17 8 25 
average 3.35 2.63 3.12 7-point Likert Scale 

minimum 1 1 1 
maximum 6 5 6 

stddev 1.62 1.60 1.62 



296 

During a typical issue logging meeting, to what extent DOES YOUR TEAM DO the following? 
28 Look for new issues defects). 

Paper EMS Total Key 

/ - - - I very little 
2 4 - 4 2 
3 4 2 6 3 
4 2 1 3 4 
5 3 3 6 5 
6 3 2 5 6 
7 1 - 1 7 very much 

total 17 8 25 
average 4.00 4.63 4.20 7-point Likert Scale 

minimum 2 3 2 
maximum 7 6 7 

stddev 1.66 1.19 1.53 

During a typical issue logging meeting, to what extent DOES YOUR TEAM DO the following? 
29 Handle administrative tasks such as logging time and finding documents). 

Paper EMS Total Key 

/ 3 1 4 1 very little 
2 6 6 12 2 
3 1 - 1 3 
4 3 1 4 4 
5 3 - 3 5 
6 1 - 1 6 
7 - - - 7 very much 

total 17 8 25 
average 3.00 2.13 2.72 7-point Likert Scale 

minimum 1 1 1 
maximum 6 4 6 

stddev 1.62 0.83 1.46 
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During a typical issue logging meeting, to what extent DOES YOUR TEAM DO the following? 
30 Deal with distractions such as room condition, technology problem, and non-issue related 

discussions). 

Paper EMS Total Key 

/ 4 I 5 I very little 
2 7 2 9 2 
J 3 4 7 3 
4 1 I 2 4 
5 1 - I 5 
6 \ - 1 6 
7 - - - 7 very much 

total 17 8 25 
average 2.47 2.63 2.52 7-point Likert Scale 

minimum 1 1 I 
maximum 6 4 6 

stddev 1.42 0.92 1.26 

Concerning your individual preparation prior to a typical logging meeting, how strongly do you agree 
with the following statements? 

31 I know how much time I should to spend preparing. 

Paper EMS Total Key 

I 5 2 7 1 Strongly Disagree 
2 5 2 7 2 
3 2 1 3 3 
4 2 2 4 4 
3 2 - 2 5 
6 1 - 1 6 
7 - 1 1 7 Strongly Agree 

total 17 8 25 
average 2.65 3.00 2.76 7-point Likert Scale 

minimum 1 1 1 
maximum 6 7 7 

stddev 1.62 2.00 1.71 
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Concerning your individual preparation prior to a typical logging meeting, how strongly do you agree 
with the following statements? 

32 I spend enough time to discover most major issues. 

Paper EMS Total Key 

I 1 2 3 I Strongly Disagree 
2 4 2 6 2 
3 4 - 4 3 
4 2 - 2 4 
5 5 3 8 5 
6 I 1 2 6 
7 - - - 7 Strongly Agree 

total 17 8 25 
average 3.53 3.38 3.48 7-point Likert Scale 

minimum 1 1 1 
maximum 6 6 6 

stddev 1.46 2.07 1.64 

Concerning your feelings about a typical inspection, how strongly do you agree with the following 
statement? 

33 We really accomplished something during the inspection. 

Paper EMS Total Key 

/ 2 3 5 I Strongly Disagree 
2 9 3 12 2 
3 3 - 3 3 
4 1 - 1 4 
5 1 - 1 5 
6 1 2 3 6 
7 - - - 7 Strongly Agree 

total 17 8 25 
average 2.59 2.63 2.60 7-point Likert Scale 

minimum 1 1 1 
maximum 6 6 6 

stddev 1.33 2.13 1.58 
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Concerning your feelings about a typical inspection, how strongly do you agree with the following 
statement? 

34 I did NOT enjoy myself. 

Paper EMS Total Key 

/ - - - I Strongly Disagree 
2 - - - 2 
3 1 1 2 3 
4 3 2 5 4 
5 6 2 8 5 
6 6 3 9 6 
7 1 - 1 7 Strongly Agree 

total 17 8 25 
average 5.18 4.88 5.08 7-point Likert Scale 

minimum 3 3 3 
maximum 7 6 7 

stddev 1.01 1.13 1.04 

Concerning your feelings about a typical inspection, how strongly do you agree with the following 
statement? 

35 This was a boring inspection. 

Paper EMS Total Key 

I - - - 3 Strongly Disagree 
2 - - - 2 
3 3 1 4 3 
4 4 - 4 4 
5 6 3 9 5 
6 4 4 8 6 
7 - - - 7 Strongly Agree 

total 17 8 25 
average 4.65 5.25 4.84 7-point Likert Scale 

minimum 3 3 3 
maximum 6 6 6 

stddev 1.06 1.04 1.07 
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36 Please provide any additional thoughts that you might have regarding paper-based versus 
collaborative tool GroupSystems or CoReview support for software inspections. 

From a face-to-face paper-based inspection perspective: 
Ad vraag 35: Dit is per inspectie verschillend. (Questions 35: this is dinerent per inspection) 

Het meeste werk wordt gedaan tijdens de voorbereiding, tijdens de sessie komen er soms nog 
dingen adhv korte uitleg/disccusies. (Most work is being done in preparation, during the 
inspection sometimes things pop up as a result of short explanations/discussionsj 

High Documents worden meestal wel uitgedeeld maar slecht gebruikt. Niet duidelijk welke 
checklist er moet worden gebruikt. Vaak oude checklist. Met het inplannen van rework wordt 
slecht rekening gehouden. Controle op rework is er bijna nooit, evenals herinspecties. Het 'soort' 
inspecteur is erg bepalend voor de gevonden fouten (ervaren iemand bepaald in hoge mate de 
gevonden majors). (High Documents are often distributed but are hardly used. It is often not 
clear which checklist should be used. Planning rework is not done properly. There is hardly 
ever control on rework, just as re-inspection. The kind or inspector determines the kind of 
defects that are found to a large extent (experience determines the number of Majors found 
to a large extent).( 

Ik zie niet veel in een electronisch systeem zoals het stond op de ventana. Het was veel Ce veel 
werk voor de moderator. Ook dat het meer majors opieverd ben ik het niet mee eens. (I do not see 
a lot of value in the electronic meeting system (Ventana). It was too much work for the 
moderator. I do not agree with the fact that it results in more Majors.[ 

Het nog maals loggen van majors in tcs is onnodige verspilling. Dezelfde informatie kan al uit het 
fls worden gehaaid. (Relogging the Majors in TCS is a waste of time. The same infrmation can 
be retrieved from the FIS.) 

From an EMS inspection perspective: 
Inspectors like the possibility to do electronic preparation. 

Voorwaarde voor electronische inspectie is dat het systeem werkt. Moderator kan vooraf heel veel 
administratieve zaken afhandelen (bv. dubbelen emit halen). Inspecteurs worden 'gedwongen' om 
fouten te loggen, dus voorbereiding is vaak beter bij electronische inspecties. Achteraf voor 
moderator minder werk dan bij papieren inspectie. Minder rumoer tijdens meeting (soms wat te 
stil, er mag best gepraat worden). (Prerequisite for an electronic inspections is that the system 
works. Moderator can execute a lot of administrative tasks (for example remove doubles). 
Inspectors are 'forced' to log defects, so the preparation is often better with electronic 
inspections. There is less work after the meeting for the moderator, as compared with a 
paper inspection. There is less noise during the meeting (sometimes it is too silent, some 
conversation should be allowed). ( 
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