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Abstract 

In this paper we describe an experimental study conducted at McGill University in which 
we assessed the performance of different types of team organizations in terms of their 
effect on key process variables such as rework, defect density, review quality, cost of 
quality, productivity, etc. We also analyzed the ability to rank product quality fiom 
process data, prior to the completion of the projects. The qualitative analysis showed the 
benefits and disadvantages in working on a hierarchical team or a collaborative team 
organization. 
All those factors are also relevant when developers need to choose the best product, based 
on process data collected since earlier phases (prior to product delivery). Because of that, 
we also investigated and rank the processes in order to predict based on process data 
which product is most likely to be chosen by the client. In order to raalr key process 
variables, we (1) analyzed the quality fatures individually, (2) analyzed a selected set of 
variables and (3) did combinatorid (mathematical) analysis to see if any mecbcal  
results concur with the qualitative analysis accomplished. 
All the templates, and standards used in this empirical study followed the PSP[28] or 
Personal Software Process which addresses the people issue by developing a 
comprehensive strategy for personal improvement in software engineering. However, this 
study does not address only the personal soAware process, but also the team software 
process. There is currently little empirical information about what we can expect fiom 
development of software in teams as stated by [61]. 
The results confirm that different team structures impact process variables. Hierarchical 
teams outperformed cooperative ones in several different process variables. Another key 
finding was that ranking products b w d  on overall process performance features can be 
effective in helping the customer's product selection. 
These results will provide software organizations with a better understanding of how 
different organiaitional structures (teams) would help in assessing processes towards a 
high quality and high productivity product, as well as provide an understanding of the 
predictability of the customer in choosing the product in earlier phases of the sohare 
development. 



Resume 

Dam ce document, nous decrivons une experience faite a l'universite McGill, dans 
laquelle nous avons etudie la performance de different type d'organisations d'equipes par 
leur effet sur des variables cles des processus logiciels, tels que le besoin de retravailler 
sur le logiciel, la densite d'eneur, la qualite des revisions, le cout de la qualite, la 
productivite, etc. Nous avons aussi analyse la capcite d'ordonner les produits par qualite, 
avant leur achevement, en utilisant des domes sur les processus de developpement. 
Notre analyse quantitative demontre les avantages et inconvenients a travailler dans des 
equipes hiemchiques ou cooperatives. 
Tow ces facteurs sont aussi pertinents au moment ou les developpeurs ont besoin de 
choisir le meilleur produit, en se basant sur les domees sur les processus recueillies dam 
les phases de developpement precedentes (avant la sortie du produit). Pour cette raison, 
nous 
avons aussi etudie et ordonne les processus dans le but de predire, en utilisant les domees 
sur les processus, lequel des produits le client choisira Pour ordomer les variables cles 
des processus, nous avons (1) analyse les facteurs de qualite individuellement, (2) analyse 
un ensemble de variables selectionnees, et (3) fait une analyse combinatoriale 
mathematique) pour voir si Ies resultats mecaniques concordent avec l'analyse 
quantitative accomplie. 
Tous les patrons et standards utilises dans cette etude viement du PSP[28] ("Personal 
Sake Process"), qui adresse le probleme du personnel (developpeurs) a travers le 
developpement d'une strategie complete pour I'amelioration du persome1 en genie 
logiciel. Par contre, notre etude ne tient pas seulement compte des processus des 
developpeurs individuels, mais aussi des processusa l'interieur des equipes. Presentement, 
il y a peu d'information empirique sur ce que I'on peut spattendre du developpement dun 
logiciel en equipe [60]. 
Nos resultats confirment que les differentes structures d'equipe ont un impact sur les 
variables du processus. Les equips hiemchiques sont meilleures que les equipes 
cooperatives sur plusieurs des variables. Une autre decouverte cle est que 
l'ordonnancement des produits base sur la performance globale des processus peut etre 
efficace pour aider le client a choisir un pduit. 
Ces resultats vont apporter aux entreprises une meilleure comprehension sur la maniere 
que les structures d'equipe peuvent aider a evaluer les processus vers des produits de 
haute qualite et de grade productivite, ainsi qu'une comprehension de la possibilite de 
prediction du consommateur dans le choix du produit dans les premieres phases du 
developpement du logiciel. 
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1. Introduction 

Large software products cannot be developed or maintained by a single person. They 

must have teams to do it. As projects become larger, they require more formally 

structured mechanisms of integration and control. Therefore, it is of substantial 

importance to know what kind of team structure works better in which context. 

mere are several different types of software teams, e.g. hierarchical, collaborative, 

interdependent, synchronous, etc. 

It is difficult for s o h e  development organizations to know precisely the best team 

organization which conveys to higher productivity and quality in the development of a 

new sobare product. They also do not know precisely how to predict, based on process 

data, which product is most likely to be accepted by the customer. 

Most researchen acknowledge that organizational issues play a large role in determining 

the quality of products and processes [34]. 

Software development organizations are generally interested in improving the way 

software engineers work together because they see it as an efficient way to bring process 

enhancement benefits to their everyday work. They also see it as a way to avoid major 

costs in a rupture of a process improvement effort since you have software developers 

working together and knowing each other's tasks. Then, it is easier to always keep track 

of the team improvement achieved and identify teams that are not producing well, 

adjusting their structure accordingly without affecting considerably the main purpose or 

structure of the entire team. 
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There is a lack of empirical evidence on how software team structures could influence the 

software performance and how the final product quality could be predicted by the end- 

customer during the development process phases. In order to carry out a research study 

about the above mentioned topics, we conducted an experimental study. 

Many empirical studies have been carried out or described in the literature. For instance, 

Seaman [56] studied if the organizational structure had an effect on the amount of 

communication effort expended. 

Votta [67] investigated the variable effort in a long-term experiment to compare the costs 

and benefits of several different s o h e  inspection methods. 

Agresti [I] built a defect model, showing how relevant empirical measures can be 

combined in a single composite complexity measure that is manifested as software 

defects. 

At McGill, there was a context in place in which several teams were to cany out software 

development. This context provided an opportunity to investigate some specific aspects 

of team software processes. Specifically, two aspects appeared to fit naturally: 

1. The performance of different types of software teams (hierarchical and collaborative) 

given the same development constraints, in which we were concerned with 

productivity and quality issues that were derived mainly from effort and defect 

metrics. 

2. The ability to rank product quality from process data, prior to the completion of the 

projects. 

Considering the first aspect of this experiment, specifically in the formation of the teams, 

half of them were required to work according to a hierarchical team organimtiod 
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structure whereas the other half worked according to rules imposed by a collaborative 

team organizational structure. In the hierarchical team, all the software developers report 

their tasks and responsabilities to their supeMsor, who directly controls their tasks and is 

responsible for their performance. 

In a collaborative team organization, decisions are made by consensus and all work is 

considered group work in a "democratic" structured way. During the development 

process, from the very early phase of planning, the team putxipants followed nine well 

defined process steps, in which they kept track of important measures of defects injected 

and found per each phase, precise time spent in each development phase, meeting log 

recorded during team communication as well as other important quantitative metrics. 

Based on the data collcctcd during the development phases, we executed a performance 

analysis (based on software measurement throughout the use of software engineering 

metrics) and we analyzed and compared one type of team organization against the other. 

As an integral part of this experiment was the Team Software Process or TSP that is a 

structured set of process descriptions, measurements, and methods that can help soAware 

engineers improve their group performance. The TSP provides the forms, scripts, and 

standards that help software engineers working on teams, better characterize, assess, 

predict and improve their performance, as well as the quality of the final product (similar 

to the PSP concepts). In this experiment, we also utilized the same concept of improved 

versions in gathering and analyzing data within the nine development phases. 

Considering the second as* of our research, we ranked the product based on both 

process and product data whose process and product variables chosen were agreed 

bamm the two representatives, the expctimcntcr and the customer. They decided 
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(independently) on a set of metrics that addressed the significant measurement areas that 

they wanted to analyze. This rank considered basically different process performance 

issues as time spent in rework, defect rate, defect density, overall process yield, ctc. It 

was also classified product performance factors in which we measured functionality, 

maintainability and correctness. The customer provided the rank of the products based on 

the hctional requirements, estimated fix time of defects found during product post- 

release and number of defects found in product post-release. Both process and product 

rank are used to show if we can predict based on process/product performance, which 

product is most likely to be accepted by the customer. 

We also followed the GoaVQuestion/Metric paradigm, by mapping the measurement 

areas to improvement goals, and mapping these goals to corresponding features, stated in 

the form of questions and metrics. 

T h s  thesis focuses on the two described aspects. The results showed, in our data set, that 

the hierarchical teams presented a better performance in respect to process variables such 

as rework, defect's ficquency distribution, review quality, phase yield, overall process 

yield, cost of quality and managerial effort. In addition, we showed the results of the 

product ranking based on process and product data, in which the product chosen by the 

customer, was not necessarily the same product chosen by the experimenter, not 

supporting the prediction prior to the completion of the projects. 

Both results can provide software organizations with a better understanding of how 

different organktional structures (teams) would help in improving processes towards a 

high quality and high productivity product. 
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Chapter 2 of this thesis discusses related work on the subject; chapter 3 explains the 

experiment structure performed; chapter 4 shows the software development by teams; 

chapter 5 describes our research design, including the gods, questions and metrics; 

chapter 6 describes the data collection and validation while indepth data analysis and 

results are discussed in chapter 7 and chapter 8. Briefly we discuss the final analysis in 

chapter 9 and finally, we enumerate the limitations of our study and conclude it, as well 

as state the lessons learned in chapters 10 and 1 1 respectively. 
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2. Related Work 

In this chapter we present some background work which is related to our study. 

It is difficult to identify, control and manipulate factors that impact the success of 

softwarr development. One of the factors that has been identified but it is still not well 

understood is team organintion. Development processes and quality/productivity are 

affected by team organization. 

Most researchers acknowledge that social and organizational issues play a large role in 

determining the quality of products and processes [6 11. 

Although the concept of team organization is well supported in the organization theory 

literature [12] [5 11, it has not been adequately investigated for s o h e  development 

tern organization. 

In reality, there are few experiments of team organization in the process area [I 51. 



2. I. Tmm Organizations - An Overview 

Advanced development methods, software engineering practices, and robust 

prognunming languages help but they offer no guarantees in producing quality products 

on time and within budget. 

People are another crucial factor in the success of software projects [34]. However, 

people need to be organized into appropriate teams in order to yield acceptable results. A 

team is not just a collection of individuals. Rather, it is a distinguishable set of two or 

more individuals who interact interdependently and adaptively to achieve specified, 

shared, and valuable objectives [5 11. In this chapter, we discw the different types of 

teams; in particular, the hierarchical and collaborative teams and the pros and cons of 

these types of team organizations. 

Organization paradigms are variations in the way the working teams set priorities and 

deal with fimdamental issues in all human endeavors. These paradigms can also be 

mechanisms by which the groups control and coordinate their efforts on a common task. 

There are four distinct organization paradigms that can be used in development projects 

or other activity [I 21 : hierarchy, independent individuals, collaboration, and alignment 

with a common vision, as shown in Figure 1. 

Figure 1 is a map of the range of possible paradigms for human systems. At the corners 

are four "reference paradigms" corresponding to stereo-typical extremes distinguished by 

their reliance on differing assumptions about control (intrinsic flexibility) and 

coordination (group cohesion). The center arrow representing "antitheses" means a 

contrast between twq paradigms. In the right upper side, first we have the open paradigm 

that is based on adaptive collaboration, innovation with stability, and individual with 
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collective interests. The left lower pert shows the open paradigm's antitheses: the 

synchronous paradigm. It is based on effortless coordination through the alignment of 

members with a common vision. Such organizations keep their parallel action through 

tacit agreement and shared knowledge. 

In the right lower part, there is the closedparadigm, in which rules of operation promote 

continuity and highly valued stability kept through control. Such organizations are 

structured as pyramids with well-defined roles and decisions made by managers. 

The closedparadigm has its own opposite number in the random puradigm, that relies on 

the independent initiative of individuals for direction and decision making. Here, the 

fkeedom of the individual to create and act independently is considered more important 

than group intmsts. Such groups operates with a hewheeling informality that avoids 

fixed roles. Table 1 outlines each type of team coordination, priorities, the way of making 

decisions as well as the main objectives, style, focus and method of team building that 

best fits with each team paradigm. 
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Synchronous: 
Alignment 

Figure 1 - Organizational paradigms 1121 
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Paradigm 

Closed 

Strengths 

Stable 
security; 
preserves 
resources 

Random Creative 
Invention, 
promotes 
personal best 

Practical 
adaptation; 
information 
sharing 

Synchronous Quiet 
efficiency, 
smooth 
operation 

Weaknesses 

Genuine 
innovation, Ml 
use of individuals. 

Best 
Application 

Routine 
tactical 
projects. 

Dependable 
stability, efficient 
resource use 

Response to Repetitive 
change, open critical 

Creative 
breakthrough 

Eficient process, 
smooth, simple 
operation. 

Failure Mode 

Complex 
problem 
solving. 

Rigid 
enmeshment, 
mindless over- 
control. 

Chaotic 
disconnected, 
destructive 
competition. 

Chaotic 
enmeshment, 
endless 
processing. 
-- - 

Rigid 
disco~ection, 
drifting 
deadness 

Table 2 - Strengths and weaknesses of four organizational paradigms 1121 

2.2. Hierarchical vs. Collaborative Teams 

From the four types of teams described in Tables 1 and 2, we focus upon two particular 

ones - hierarchical and collaborative - as they are the subject of investigation in this 

thesis. 

Hierarchical organizational structures promote continuity and highly valued stability, 

maintained through control. On the other hand, collaborative organizational structures are 

based on adaptive collaboration and integrating innovation with stability and flexibility. 
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Hierarchical organintiom are structured as pyramids or hierarchies with distinct roles 

specified for each position in the hierarchy, opposed to the collaborative in which mles 

and responsabilities are flexibly shared (egalitarian model). Table 1 shows that the 

priorities assigned by the hierarchical are stability, the group and continuity, in contrast 

to the collaborative organization, in which the stability and change comes first and then, 

the effectiveness within the group. 

Information in a hierarchical team is controlled along lines of authority and decisions are 

made by managers (see column decision mking of Table 1 ). Specifications are handed 

down to subordinates for implementation [12]. Disloyalty is not tolerated, which is in 

contrast to the collaborative team structure that excels at solving complex problems, 

since they share information freely, combining different approaches [40]. 

The hierarchical style is directive and formalized, grouporiented and challenging. The 

typical methods utilized are policy statements, meetings, pilot projects and competitions. 

The collaborative style is explorative, cooperative, strategic, flexible and practical. The 

typical methods utilized are joint training, simulations and practice sessions, cooperative 

games and problem solving. 

The advantages of traditional hierarchies are stability and predictable performance [40]. 

However, they are relatively fhgile on innovation. Adaptive collaboration has also 

disadvantages since it can waste time in useless debates and mislead information. Table 2 

outlines the strengths and weaknesses of both teams, as well as the best and worst 

application of these team organizations in solving problems. The strength of an 

hierarchical organization comes to the fact that it promotes stable security and 

preservation of nsourccs, opposed to a collaborative one, whose strengths come fmm 
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information sharing and practical adaptation. The best application of the collaborative 

organization is on solving complex problems. For the hierarchical one, the best 

performance is achieved in executing routine tactical projects. 

While software teams have their best performance in solving specitic problems, they also 

have failure mode in performing others. The f ~ l u r e  mode in a collaborative organization 

can come from the chaotic enmeshment and endless processing that this team could 

promote, opposed to a hierarchical one that could fail as a result of a rigid enmeshment 

and mindless over-con~l. 

Table 1 makes clear that it is difficult to have just one perfect type of an organizational 

paradigm for software development problems. Software development projects involve a 

combination of complex problem solving with the need for innovation 

As Constantine [12] states, collaborative teamwork have many characteristics that make 

them appealing as the basis for software development. By understanding the 

hdamentals of all four organizational paradigms, an optimal combination of models can 

be constructed in order to fonn the basis for effective teamwork. 

2.3. Egoless Pmgmmming vs. Chief Pmgmmmer Twm 

We examine here some other possible team organizations for software development 

teams: the egoless programming team [69]and the chief programmer team [3]. 

The egoless programming team is the least formal and the oldest while the chief 

programmer team is the most specialized in its division of labor among team members. 

E~oless ~roPIf8mrning teams stress an open and democratic environment where the team 

works toward a team goal rather than individual ones. It removes code from the 
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programmer's private domain by instituting code exchange as a normal part of the 

development process. Encouraging a sharing of the programming process helps 

programmers find more errors sooner. 

This democratic type of team does not suggest specific functional responsabilities for the 

various team members; instead, the responsabilities assigned to individual members are 

determined by the capabilities of members and the system structure. 

However, this type of team does not adequately address the areas of management control, 

individual responsibility, motivation and evaluation, system integrity, leadership, 

decision-making and communication [48]. 

In contrast to the egoless programming team, the operating premise of the chief 

prommmer team employs a strict organizational structure in which discipline, clear 

leadership and functional separation are stressed. 

The nucleus of the chief programmer team consists of two experienced technicians, 

called the chief programmer and the backup programmer, and a clerical assistant called 

the programming secretary, as shown in figure 2. 

The chief programmer is the undisputed technical leader of the team who is responsible 

for the technical success of the project. SMe also designs, codes and tests every lines of 

code in the system. 



I Secretary 

Chief 
Programmer 

Administrator r Chief 
Programmer i 

L --- i Chief 
t 

I 
i 

Prognunmer i 
i 

Figure 2 - Chief programmer team organization (Baker and Mills) [3I 

With a visible leader, management controls can be easily implemented, communication 

can be simplified and deadlock situations in decision-making can be avoided. Functional 

nsponsabilities are delineated by specific fuactions that each member is assigned. Instead 

of relying on code exchange to improve product visibility, a programming secretary is 

employed to update programs and documents versions. 

The criticisms of this organizational structure center around the emphasis that is placed 

on the chief programmer. Since the major project responsibilities are assigned to the chief 

programmer, the other members may lack enthusiasm. Such a rigid structure is unable to 

build upon each individual's strengths and to improve upon each individual's 

weaknesses. 
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The chief programmer has not only too much power, but too many tasks as well. 

Therefore, the quality ofthe final product relies on his ability to perform all activities 

satisfactorily, stressing too much his role and therefore, jeopardizing the product quality. 

-- 

condition 
Difficulty of problem 
Size of program 
Creativity required 
Reliability requirements 

I Risk taking I Low high 

Table 3 - Favorable conditions for team typcs (Mantei) (431 

Duration of project I Short 
Team morale Low 

2.4. Related Studies 

Chief Programmer 
Simple 
Large 
Low 
Low 

Long 
High 

2.4.1. On Team St~ctures 

Egoless 
Complex 

Small 
High 
High 

\ 

A study by Mayfhauser [46] explains how to analyze software development team 

structures according to major structure attributes. As an example, two teams concepts 

were analyzed: the chief programmer team and the egoless programming team, which 

work attributes and people characteristics were favorable for them or were likely to cause 

problems. 

The study was carried out using task analysis and design [22], in which the author 

evaluated project's weakness and strenghts as a fimction of team structure and team 

Low 
Relaxed 

Modularity requirements High 
Schedule Tight 
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members characteristics. The author also provided statistical basis for choosing teams 

structures. This study did not focus on product and process quality. 

The findings show how the results of a task analysis could be used to build more 

successful software development teams, how to integrate learning and growth into the 

team concepts and how to modify potentially troublesome aspects of a team structure. 

2.4.2. On Communications 

Most researchen acknowledge that social and organizational issues play a large role in 

determining the quality of products and processes. As an important part of a team 

software process, is the communication among project members. 

Seaman (561 reported the issue of communication among members of a software 

development organization in an empirical study. The study uses both quantitative and 

qualitative methods for data collection and analysis. 

The results of this study indicate that several attributes of orguhtional structure do 

affect communication effort, but not in a straightforward way. In particular, the distances 

between communicators in the reporting structure of the organization, as well as in the 

physical layout of offices, affects how fast they can share needed information, especially 

during meetings. 

These findings provide an understanding of how organizational structure helps or hinders 

communication in software development teams. 
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2.4.3. On Programmer Productivity 

There are also surveys that have exposed the spread between best and worst in 

considering quantitative analysis. Jones [34] reports on the effects of various factors such 

as team organizations, language experience, timing constraint, software tools and others 

on programmer productivity and Boehrn [8] reports a difference of ten to one in 

programmer productivity for those working on similar projects. Boehm also states that 

personnel attributes and human relations activities provide the largest source of 

opportunity for improving software productivity. 

2.4.4. On Time Studies 

Votta and co-authors[67] investigated the variable effort in a long-term experiment to 

compare the costs and benefits of several different software inspection methods. 

They evaluated the software inspection methods by randomly assigning different team 

sizes, numbers of inspection sessions, author repair activities, and reviewers to each code 

unit. 

This research showed that time logs are, in fact, effective for capturing global 

information about activities. Also, they indicated that direct observations enable the 

researchers to comprehend activities that are not planned, such as the unplanned 

interpersonal interactions. 

.The implication of this study concerning teams is on meeting gains (defects that are first 

discovered at the collection meeting), team size and multiple session inspections. 
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On the average 33% of defects were meetings gains. It was also found that there is no 

difference in the interval or effectiveness of inspections with 1,2 or 4-reviewer teams 

whereas 2 sessions of 2-person teams were more effective than 1 session of 4-person 

teams (team sire). 

Multiple sessions methods rely on the assumption that several one person teams using 

specially developed defect detection techniques can be more effective than a single large 

team without special techniques, implying that the improvement will not come just from 

the structwal organimtion of the inspection, but will depend on the development of 

defect detection techniques. 

2.4.5. On Meetings 

Comparing two different group structures in understanding whether meetings provide or 

not a contribution to the review meeting process, is the work by Johnson [32]. 

In this control experiment, it was used real group vs. nominal group approach to gaining 

insight into the importance of meetings in software review. Real groups reflect a meeting- 

based approach to defect discovery and nominal groups reflect an individual-based 

approach to defect discovery. The data provided @al support for both of the assertions 

mentioned above. 

They observed that while the meeting-based review was more costly, it did not discover 

significantly more defects, and that related research suggests a mechanism for improving 

non-meeting-based review effectiveness (assertions of Votta and his colleagues). 

2.4.6. Summery 
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As Constantine states [12], it is difficult to have just one perfect type of an organizational 

paradigm for software development problems. According to Mayrhauser [46], the results 

of a task analysis could be used to build more successful soAware development teams. 

Seaman's [56] study indicates that several attributes of organizational structure affect 

communication effort. Votta and co-authors [67] evaluated software inspection methods 

by randomly assigning different team sizes, numben of inspection sessions, author repair 

activities, and reviewers to each code unit. The work by Johnson [32] compares two 

different group structures in understanding whether meetings provide or not a 

contribution to the review meeting process. 

2.5. Resemh Questions 

Although the above related work has one variable in common, team organizations, there 

is a lack of scientific knowledge on how different types of team organizations would 

impact key process variables such as defect rate, rework, cost, etc. Those variables are 

identified as key measures for process quality and they are explained in detail in section 

5.2.2 and 5.2.3. 

Process quality is the degree to which the product produced by the process matches the 

intended result. 

Thus, our work is based on the following research questions: 

What is the impact of different types of team orgarizatioas on key 

p r d p r o d u c t  variables? 

Based on proecar performance, could one predict which product u most likely to 

be accepted by the customer? 
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3. Experiment Framework 

This empirical study examines the effect of organization team on the performance of 

software development processes. Having defined the problem statement with the general 

approach in Chapter 1 (Introduction), we can now define our experimentation framework. 

An experimentation fitmewok helps structure the experimental process and provides a 

classification scheme for understanding and evaluating experimental studies[7]. 

Basili [7] has defined a fnunework for experimentation in software engineering. In table 

4, we present our adaptation of this framework. 

The fnunework consists of the following phases: 

definition of the study, 

6 planning, 

operation, and 

interpretation. 

We describe the key sub-components of each of these phases. 

The motivation of our study was our collzctirt i i t d  to better understand aspects of 

wftware development teams. Thus, the object of our study was team performance and 

product ranking. The purpose of our amdy was to investigate the impact of team 

organization on key process variables and to assess product ranking based on process 

data. 

The study type is a controlled experiment (as described in detail later). The metrics used 

to measure quality and productivity aspects arc both direct and indirect (see table 5, 
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planning). We used the GQM approach for measurements and the meeics were validated 

using procedures described by Meeger [60] and Yin [71]. 

Our study is a blocked subiect-~ro~ect that examines objects (e.g., defectdhour, effort, 

cost of quality, etc.. . ) across a set of teams. Blocking is an experimental design technique 

that divides the total number of experimental units into two or more groups or blocks of 

homogenous experimental units, eliminating variation within the blocks (see terminology 

in table 4 below). 

For our experiment, we had to collect class data from a software engineering course and 

validate it in order to ensure the integrity of the study. The fonns used to collect the data 

are shown in Appendix A. The criteria used to validate our study is shown in Chapter 7 

(Data Validation). Four tests were used: (1) construct validity, (2) internal validity, (3) 

external validity and (4) reliability. 

Finally, the fmdings from our experiment should be interpreted in a laboratory context 

and should be used to build hypothesis for external, large scale experiments or studies 
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Controlled Experiment n 

I-Definition of the Study 
Purpose 
1) Analyze the impact of team 

orgmimtions on key process 
variables 

2) Predict which product is 
most likely to be accepted by 
the customer 

Motivation 
Understand 

Object 
1 )  Team- 

performance 
2) Product rank 

--- -- - 

Metries Used (detailed in table 12) 

Perspective 
1) Experi- 

menter 
2 )  Customer 

QwIity and Productivitv (direct variables) 
Time 
Defects 
Number of Team Members 
Product Size 
Quablitv and P ruductivitv (indirect variabbles) 
Rework (MI. 1 )  
Defects Rate (M 1.2) 
Defect Density (M 1.3) 
Review Quality (M 1.4) 
Phase Yield (M 1.5) 
Overall Process Yield (M 1.6) 
Defect Removal Leverage (M 1.7) 
Appraisal Cost (M 1.8) 
Failure Cost (M 1.9) 
Total Cost of Quality (M1 .lo) 
Error Type Frequency (M 1 . 1  1 ) 
Effort (M2. I ,  M2.2, M2.3, M2.4, M2.5) 
Product Ranking (M4.1 and M5.1) 

Domain 
Team Organi- 
zation 

- -  

Measurement ~echdques 
Metrk Definition 
Goal-Question-Metric [5 ]  
Metric Validation 
Framework for Software Measurement Validation [60] 
Case Study Research: Design and Methods [71] 
Data Collection 
Forms, Templates, Scripts and Standards. (281 

Seope 
Blocked subject-proj ec t [7] 
1451 161 I 

Level of Measurement 
Ordinal/ranking 
Ratio 



IIl-Operation 

Group of homogenous experimental units. 
Complete specification of experimental test runs, including 
blocking, randomization, repeat tests, replication, and the assignment 
of factor-level combinations to exmxirnental units. 

Preparation 
Pilot Study 

IV-Interpretation 

All possible factor-level combinations for which experimentation is 
possible. 
A controllable experimental variable that is thought to influence the 
response. 

, Interpretation Context 
Laboratory 

Table 5 - ExperimenbCDesign Terminology (451 

Execution 
Data Collection 
Data Validation 

Analysis 
Quantitative 
Oualitative 

Table 4 - Experimentation Framework 

Extrapolation 
Sample Representativeness 

Impact 
Team Organizations 

, Process Evaluation 
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. . . . . . .  . . . . . .  
criteria 

. . 
G2,questions 

d metrics A. 
G2,question 
and metrics 

G2,question 
and metrics 

final product 
.r' 

r Rank Products based on 
Product Data 

I 

C 
Classify Product based on 

Product Data 

Classify Product based on 
Process Data 

'9. product classification 

4 

Validate Product Classifications [ Validate Product Classification 1 
product classification 1'' 

. . .  ../KeO . . . . . . . . . . . . . . . . . . . . . .  

./ Fi gum 5 - M u d  Ranking atcordin# 
t o ~ n d r c t  and proem data (G2). 
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In Figure 3, we illustrated in a "top level" model how the two goals are related in our 

experimental study. In the b e g i ~ i n g  of the experiment, product requiremcnts wcrc 

specified by the customer whereas the teams were formed by the instructor. This team 

formation strategy was adopted in order to characterize two different types of team 

organirations, necessary for the first goal of this research. The determination of the 

experiment goals, questions and metrics were defincd by the cxpcrimentcr during thc 

development process. In order to characterize the second god of this thesis, the 

experimenter determined a process rank criteria whereas the customer determined the 

product rank criteria in order to compute the product ranking. Basically, the two goals are 

the following: 

The first goal, illustrated in detail in Figure 4, is to analyze the impact of different types 

of team organizations on key process variables. This goal leads to a team-performance 

analysis. During the phases of PL, HLD, HLDR, DLD, DLDR, C, CR, CI and T (see 

Figure 4), we collected defect and productivity data (process variables) as well as product 

data This data was stored to be analyzed in terms of a team-performance perspective 

(first @) and to be used later to rank the product and the process. In Figure 4, the goal is 

represented in the "balloon" format as G 1 Q 1 (goal 1, question 1 and metrics related to 

them) and 0142. 

The second goal, illustrated in detail in Figure 5, is to predict, based on process 

perfonname, which product is most likely to be accepted by the customer. 

The process data used for the second goal was the same. The product data was also 

d y z e d .  Then, the pmducts were ranked, classified and validated based on both process 



McGi!! Uniwrsity - S c h l  of Computer Science Marcia Beatriz Cdcan te  

and product data. This lead to a comparative analysis in which the classification of 

products was contrasted. 

In order to investigate the research in detail, we expressed the goals in terms of 

hypothesis we want to explore, questions and metrics. This is described in section 5.3. 

AAer we state our hypothesis in quantifiable terms, we can then confirm or refute the 

hypothesis. Along, with the quantifiable hypothesis, we are going to characterize the 

relationship between the measures and the factors they intend to reflect. 



4. Software Development by Teams 

This study took place at McGill University in Montreal, Canada. The data was collected 

during the months of January, February, March and April 19%. The development project 

was a viewbased software process elicitation system which we explain in section 4.3. 

Before (planning phase) and during the development of this tool (design, code, reviews, 

inspections and tests), data was collected in each of the nine phases of the development 

process. 

4.1. Study Participants 

The study participants were the students of a team sohare engineering course at McGill 

University. 

The objective of the come was .for students to leam about devefopment of software in 

teams, playing pertinent roles, and measuring and analyzing the pducts developed and 

processes used. 

Among other topics, the course focused on paradigms for project management and 

organization, concepts and analysis of different types of team organizations, high-level 

system integration, software design, design reviews, software inspections, software 

testing, data structures, use of team software pracess templates for each of the nine 

development process phases and software quality management. 

From the students' penpective, the first goal involved the acquisition of both general and 

technical knowledge that ensured that they could apply abstract course material to 

practical situations. The second goal required team-oriented skills, effective 

communication eithcr in writing or verbally and project-oriented learning. Team skilts are 
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crucial since the team partners should be able to manage, cooperate, negotiate and 

persuade each other to achieve team objectives. 

According to Schlimmer [64] in his article team-oriented sofhvare pructicum, educators 

in s o h e  engineering courses should ensure that students learn both the theoretical and 

applied sides of programming and analysis. They also should learn how to work together 

with their pamers to create sohare effectively, and they need to be motivated not just to 

get their programs working but mainly to design highquality software. It is also stated 

that ideally, students should develop the ability to supervise, instruct, and mentor each 

other in the field where one has a strength corresponding to another's weakness. 

In our study, the responsibility for the success of each team lay with teaching assistant, 

the instructor and the project customer, who supervised and reviewed the data gathered 

and the program implemented. 

In this experiment, the students were grouped into 4 teams of 4 or 5 students, composed 

of both graduate and undergraduate levels. The team formation was done in a way that 

included both university levels (graduate and undergraduate) in order to balance their 

differences in skills and experience. Furthermore, they were also organized in two 

different types of team organizations, collaborative and hierarchical, described in detail in 

section 2.2. 

The level of experience of each student was characterized at the beginning of the study. 

We used questionnaires for asking the students inforation regarding their studies status, 
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programming language experience and knowledge of design techniques. This information 

was used to form teams. 

The course properly prepared the jwticipants to use the new templates and standards 

necessary to gather consistent data and it introduced the use of new methods to solve 

realistic programming problems. For the course, all the necessary material for conducting 

the experiment had to bc prepared previously. For example, for training on inspections, 

all the data gathering fonns and inspections procedures had to be available, as well as the 

standards utilized. 

4.3. The Development Project 

The data gathered came from the implementation of an object-oriented project in C++. 

This project was a portion of a large view-based program called V-Elicit [66]. Each team 

worked on the development of a link between the tools X-Elicit [50] and V-Elicit which 

Turgeon 1661 calls process information editor. 

The tool V-Elicit, a view-based tool, provides technical support for eliciting 

systematically a software process model using multiple sources of information. Basically, 

V-Elicit has as input, multiple views fnrm different persons and it resalves problems of 

inconsistencies among people by doing elicitation from these different sources. 

In order to enter the information from each different user (infonnation source), it needs 

an editor that should be tailorable to the nu& of each person. 

This special editor had already been developed and it is called X-Elicit (501, which can 

be used for entering this information. This tool has already been used successllly for 

capturing and organizing process information but it does not have any notion of different 
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views. In order to solve that, the teams developed the process information editor, which 

creates one model per each view in the X-Elicit. 

In order to make %Elicit files understandable by V-Elicit and vice-versa, the project 

developed was an implementation of a module that tailored X-Elicit to the needs of each 

penon from which one elicited the information, and then read back the information 

entered into V-Elicit data structure. Having defined the main functionalities, there was a 

set of 13 functional and 10 non-functional ryirements to be followed, as well as 5 

documentation requirements. Those requirements were weighted according to a ranking 

schema defined by the customer shown in section 4.5. 

Among all 4 projects developed, specifically one with the best rank was selected to be 

integrated into the tool V-Elicit. The customer ranked the product in order to compare 

and select one of them according to a schema carefully chosen, as it is explained in 

section 4.5, product select ion by the customer. 

4.4. The Development Process 

During the project ,the teams performed welldefined process steps according to 

hierarchical and collaborative team's rule. The next sections explain how the experiment 

was performed. Section 4.4.1 explains the rules that were followed for the development 

process; section 4.4.2 enumerates the TSP forms used for data collection (process phases 

and correspondent data logs); section 4.4.3 lists all the phases and activities performed; 

section 4.4.4 shows the customer prticipation iu tlus experiment ad firlally section 4.4.5 

presents the instructor and assistant participation. 

4.4.1. Team's Rules 
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Colla born tive Team's Rules 
-- 

I .  Everybody is equal, "egole~s'~ team; 
2. There is just one person with authority for exceptional 
situations (deadlock); 

3. There is a judge in the team. She critiques the solution 
presented by its author (planning, design, coding, etc.); 
4. There is a "scriber" in the team. She  writes down all the key 
decisions made by the group on any given subject; - 
5. There is an "information manager", who knows what 
information is where. Sfhe stores all the group results, decisions, 
notes, etc. in a library and facilitates this information to any 
member of the erout, who needs it: 

Hierarchical Team's R u l ~  
1. There is one manager for the team who controls it entirely; 
2. The manager is the "final authority" for the planning phase. 
The other members are required to participate in the planning 
phase but they do not have power. All subsequent "task 
allocation" and monitoring of progress have to be done by the 
manager; 
3. Each team member (except the manager) designs, codes 
and tests hidher own modules: 
4. The integration of individuals results has to be done as 
directed by the manager; 
5. All technical difficulties of a programmer have to be 
discussed with the manager only; 

- - - - - - -- -- - -- - -- 

6. All decisions are made jointly in meetings; 
7. Tasks are assigned "dynamically" on a rotational basis to one 
or more people. For example, several people could be doing detail 
desijp or coding, individually; 
8. Reviews are done by others who have not "done" the activity 
(a1 temating). The initial reviews are done individually and 
privately. In the group, they bring their analysis results for 
discussion bv all the members: 

- -- -- - -  

6. All reviews are performed by the manager; 
7. Planning and review forms are to be filled and executed by 
the manager. All other forms will be filled by the 
programmers; 
8. Any communication between two programmers is strictly 
for "module interface'' purposes. Contentltechnical discussions 
are not admissible; 

9. The forms (planning, design, code, review, etc.) are filled by 
whoever is actually doing the task. The meetings are logged by the 
"scriber".For the time spent by the whole team doing technical 
work (e.g., reviews of plan, design, code, etc.), this is filled 

+ separately by the scriber as ''team data"; 

Table 6 - Teams' rule for this experiment 

9. The inspection is only performed by the manager. 
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4.4.2. Data Collection 

We enumerate the process phases and forms pertinent to each phase in the table below: 

1. Planning (PL) 

2. High Level Daign (E€LD) 

3. High Level Design Review 
(BLDR) 

4. Detailed Level Design (DLD) 

-- 

5. Detailed Level Design Review 
(DLDR) 

~ i e m  rebier ~~ol laborrt ive Staff Fom 
Studcat Questionruin Form 
tssue Tracking Lag 
Conceptual Design Template 
TSP Project Plan Summary 
Commuaicatioa Log 
Team Time Log 
Developer component Cycle Summary Form 
Issue Tracking Log 
Communication Log 
TSP Project Plan Summary 
Functional Specification Template 
State Specification Template 
Logic Specifiation Template 
Operational Scenario Template 
Defect Recording Log 
Developer Component Cycle Summary Form 
Team and Individuak Time Logs 
Issue Tracking Log 
Communiation Log 
TSP Project Plan Summary 
Defect Recording Log 
Developer Component Cycle Summary Form 
Team and Individuals Time Logs 
Issue Tracking Log 
Communication Log 
TSP Project Plan Summary 
Defcct Recording Log 
Developer Component Cycle Summary Form 
Team and l n d ~ d u a b  Time Lags 
Functional Specification Template 
State Specification Template 
Logic Specification Template 
Operational Scenario Template 
Issue Tracking Log 
Communication Log 
TSP Project Plan Summary 
Defect Recording Log 
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7. Code Review (CR) 

8. code kpeetion (CI) 

9. Software Testing (T) 

Design Review Checklist 
Team and Individuals Time Lop 
Issue Tracking Log 
Commuoicatioa Log 
TSP Project Plan Summary 
D e f ~ t  Recording Log 
Team and Individuals Time bgs  
Issue Tracking Log 
Communication Log 
TSP Project Plan Summary 
Defet Recording Log 
C++ Code-Review Checklist 
Developer Component Cycle Summcuy Form 
Term and Individuals Time 
Issue Tracking Log 
Communication Log 
TSP Project Plan Summary 
Def& Recording Log 
Developer Component Cycle Summary Form 
Team and individuals Time Logs 
Team Code Inspection Preparation Checklist 
Team Code Insmction Premtion Checklist 
Issue Tracking Log 
Communication Log 
TSP Project Plan Summary 
Defe  Recording Log 
Developer Component Cycle Summary Form 
Team and Individuals Time Lags 
Test Report Template 

Table 7 - Process phaws and forms pertinent to each pbaM% 

The items in bold correspond to the most important forms specifically utilized to collect 

the data for this experiment. Moreover, we show all the highlighted forms in the appendix 

A of this thesis research. Now, we explain them briefly: 

HierarchicaUCo~Iabomtive Staff Form 

It describes the team profile, including the type of team organization, the team number, 

the project number, the team members that compounds the structure with their complete 

names, identification numbers, e-mail addresses, phone and role within the team. The 



McGiII University - kbI of Computer Scier~e Marcia Beatriz Cmlumte 

difference between the hierarchical and collaborative form is that the hierarchical form 

has roles to fill in (since it is needed to difierentiate the manager fiom programmers) and 

the collaborative does not have (all the team members have the same roles). 

Student Ouestionnaire Form 

It identifies the team participants, their educational background, computer related job and 

which computer tools they are familiar with (database, spreadsheet, statistical tools, 

software development twls). It also shows their self-appraisals (main known 

programming language, total lines of code written in this language, design techniques 

utilized, programmer-productivity, de fect-quality, etc. ) This form gives a good personal 

evaluation of the developer and it was a key document for the team formation. 

Communication Rocording Log 

In the hierarchical team, the communication between two programmers was stored in the 

communication log. In the collaborative teams, the decisions were made jointly and they 

were also stored through the use of the communication log. 

The purpose of this form is fur recording the communication between team member at 

each project phase. The difference between this log and the meeting log is that it contains 

the field "sender message section" and "receiver message and feedback section", in 

which both developers (sender and receiver) willing to communicate formally should fill 

them upon the need to set an important meeting (not a casual communication). 

Details of each field in this form are explained in "Communication Recording Log 

lnstntctiom" in appendix A. 

Meetinn Recording Log 
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These forms have the same purpose as the communication log, except that the meeting 

was previously requested and notified in advance through the communication log (sender 

and receiver sections). 

During the meeting, one of the team partners (it should not be the manager in the 

hierarchical team) enters the topic being discussed, the time spent in the topic, the role of 

the person who presents the topic, the conclusion and the action that should be taken, the 

execution deadline, the role of the person responsible for the execution and the time spent 

on constructing the message. 

Term md Individuals Time Recordinn Lop 

This form is for recording individual time spent in each development phase. In the 

planning, review and inspection phases of the hierarchical teams, just the manager is 

supposed to fill out this form. 

Basically, the team members should fill the time spent (in minutes) for each phase, as 

accurately as possible. The details of this form can also be found in appendix A. 

Defect Recordinn Lop 

This form is used to gather data on each defect found in development phases as you 

detect and correct them. Those defects are usually found in review, compile, inspection 

and test phases. 

Basically, the team members should enter the defat type found (that comes from the 

defect standard form), the time spent to fix them, as well as the development phases 

injected and detected. The details of this form can also be found in appendix A. 
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4.4.3. TSP Phases and Activities 

In this section, we describe the development phases adopted and their respective 

performed activities: 

Phase I Process Pbrse 
PL 1 Planaian 

I BLDR ( High Level Design Review 

I DLD I Detailed Level Design 

I DLDR I Detailed Level -inn Review 

I T I Test 

Pbast Activities I 
PR: Program Requirement 
SP: Staff Phn 
CD: Conceptual Design 

CP: Compik 1 
DO: Documentation 
R: Review 
RW: Rework 
0: Othem 
R: Review 
RW: Rework 
0: Ofhers 
UT= Unit Tat 
IT: Integration Tat 
PM: Poat Mortcm 

Table 8 - Proce~ phases and respective rctivitks 



MffiiII University - S c b l  of Computer Scie~xe M d a  Beatni C'Imte 

In any phase of the software development, the person that performed meetings with other 

team members regarding the development of the project, completed a Communication 

Recording Log / Meeting Recording Log and recorded the time spent in the Time 

Recording Lo% using the phase activity abbreviation CO or communication activity for 

any development phase. This communication activity couki include meetings among 

team members, messages sent via electronic mail, discussion groups, doubts being solved 

among two or more teammates (team interaction when a problem arises). 

Notice that specifically in the review ohases, all the time spent in redesigning, re-coding, 

re-compiling, fixing one or several defects and other activities that involves redoing any 

part of the process phases, was accounted in the phase activity "RW' or rework. The 

activity "0 or others includes events such as meetings, documentation or form filling. 

4.4.4. Customer Participation 

The customer provided the product requirements necessary to the project development as 

well as gave assistance and feedback in order to make the task understandable. The 

customer also presented the data structures in class and gave hints in how the algorithm 

should work. She presented existing functions to be used in different algorithms, in order 

to help students start the implementation fsster and not spend tm  much time 

understanding all the existing software. 

At the end of each development phase, the customer provided effative comments that 

made the correction of defects possible as well as guided the students in the programming 

activity. The comments were useN either for the design or coding phases because the 

customer corrected the product p&nent to those phases. 



The design phases were not accounted for the final product evaluation, as it can be seen 

in section 4.5. 

Furthermore, the customer was also responsible in grading the product in all the nine 

phases as well as chose the best one out of the four groups. 

4.4.5. Instructor and Assistant Participation 

The overall responsibility for the successful operation ofthe team software engineering 

classes lay with the instructor and his assistant. In addition to instructing on such topics as 

software team organizations, project planning and management, technical topics, and 

guiding the exploration of projects; they helped troubleshoot teams' course problems. 

This was essential if the team members were to excel at team projects as well as in their 

regular course work. 

The instructor and assistant were available for confidential discussions to help treat 

interpersonal difficulties that could have arisen. Rather than just trying to discuss class 

assignments, the graduate assistant was also available to discuss in a noncritical 

environment. This enabled teams to discuss freely about the projects and allowed 

knowledge sharing between students and instructor/assistant. 

4.5. Product Se/ection by the Cuslomer 

The product selection was based on the demos performed by the customer. The grade 

criteria chosen was dated to the conformance to the requirements. 

The customer selected the less costly system (that would require less time fixing 

remaining defects). 
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Therefore, the god was to choose the best product according to the conformance to 

requirements (hctionality and correctness) and maintainability. The programs were 

evaluated while they were running (during the demo) and both design and code were not 

even checked during the customer selection. 

The product quality fatures chosen as the criteria used in the rank are explained in detail 

in section 5.2.3.1. They are basically correctness, maintainability and functionality, and 

their correspondent data collected is shown below (Tables 9 and 10). 
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Table 9 - Data on Functionality 

Requirements 
FR1 
Flu 
FR3 
FR4 
m5 
mi5 
FR7 
FR8 
FR9 
FR10 
FR11 
FR12 
FR13 

NewFR 
m1 
NFR2 
NFR3 
NFR4 
m 5  
NFR6 
NFR7 
NFR8 
NFR9 
m 1 0  

CT1 

10 
5 
10 
10 

10 

5 
5 
10 
10 
10 

5 

Functionality 
CT2 
10 
10 
10 
10 
10 
10 
10 
10 
5 
10 
10 
10 
5 

t 0 

10 
10 
10 
10 
10 
5 

5 

HT1 

5 
5 

10 

- 5 
5 

10 

5 
5 
10 
10 
10 
5 

10 

ET2 
10 
5 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

1 0 
10 
10 

10 
10 
10 
10 
10 
5 

5 
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Corrtxtacss and Maintainability 
I Fault no. post-release 1 Estimated Time to Fix (H) Severity I L.glrrdf-- I 

3 2 4 
4 1 

Table 10- Data on 
4 

I HT2 
5 
5 

15 
28 

2 
I Correctmessand 

Maintainability 
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Notice that in Table 9, under the column f~ncrionulity there is the acronym NewFR or 

new hctional requirement that was introduced at the end of the development process. 

Only one team provided a new requirement that, in fact, was important for the customer 

at the selection stage. Tables 9 and 10 describe the data collected by the customer. This 

data was available for the experimenter only at the end of her selection process (product 

selection based on process data) in order to prevent the occurrence of any bias. There is a 

legend besides Table 9 explaining the assigned values 10,s and 0 for each functional and 

non-functional requirement. Then is also a legend besides table 10, explaining what the 

severity values stand for. 

I Values from tables 9 - 10 I 

Table I1 - Product rank based on product data 

The upper part of Table 1 1 shows the total values that came out from Tables 9 and 10. 

The first columnfimctionaiity is the summation of the weights given to each hctional 

and non-hctional requirement divided by the total number of requirements. The second 

column correctness is the total number of defects post-release for each software 

development team, whose definition is shown in section 5.2.3.1 The third column 

maintai~bifity is the totd estimated time in horn to fix the temaining defects. 
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The lower part of Table 1 1 is the weight assigned to each team according to their 

qualifications in each particular feature. The tank varies from I to 4, where 1 means the 

worst team in any category and 4 means the best one. Since we have only 4 teams, the 

weight scope was limited to 4. 

The column totals fiom Table t 1 shows that the teams CT2 and HT2 had the same score. 

Theoretically, both teams achieved excellence and so, both of them could have been 

chosen to be integrated in the customer's system. However, the customer selected the 

product fiom CT2, since HT2 had more serious problems with memory (difficult to find 

and fix). Another criterion that the customer has implicitly used for choosing CT2 was 

that one of the students has agreed to help in fixing some of the post-release defects. 

After the demo, the additional time spent by the student was 3 hours and the customer 

spent another extra 1 1 hours to fix the remaining defects in the integration phase. 
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5. Research Design 

An empirical study has an implicit or explicit research design. The design is a logical 

sequence of experimental test runs that connects the empirical data to the study's 

research questions. The experimental design is an important phase because it guides the 

investigator and allows himher to draw inferences concerning causal relations among the 

variables under investigation, establishing hypotheses and contents that gives a strong 

foundation to the research. In this chapter, we describe the rationale for choosing a 

particular experimental design, what the other research techniques are and why we 

discarded other design alternatives. 

Isoftware Engineering Investigations 1 

ExperimenQ: Case Studies: Surveys: 
Research in the Research in the Research in the 
Small Typical 

3 1 

- - 

Figure 7 - Invatigation types I391 

There are three kinds of investigation techniques, Kitchenham [38]: (a) formal 

experiments, (b) case studies and (c) surveys. 

A survey is a study of a situation to try to document relationships and outcomes. In 

software engineering, one combines a set of data to determine how the population reacted 

to a method, technique or to determine relationships. We did not decide to use this 

research technique, because in surveys, one tends to compare results with similar studies, 



as well as there is no control over the situation, that is not the case of our research since 

we have controlled variables. 

A case studv is a research technique where you identify key factors that may affect the 

outcome of an activity and then document it. There is a strong preference for case studies 

in conducting evaluations in industrial settings, where variables are difficult to control. 

There are a good set of examples of case studies as the experiences of ADA and an 

Object-Oriented design method [68]. 

However, we did not follow this strategy [6 I]. 

A formal experiment is a rigorous, controlled investigation of an activity, where key 

factors are identified and manipulated to document their effects on the outcome. 

We chose a formal experiment rather than a case study, because it requires more control 

and hence, it involves a small number of people (or groups) and outcomes. As 

Kitchenham [39] states, a formal experiment is "research in the smafr'. 

In quasi-experimental designs, it is recognized that there are many variables that are 

difficult to control (as one would attempt to do in a formal experiment) [l 11. In 

particular, subjects are not assigned to treatment and control groups randomly, resulting 

in nonequivalent groups. To illustrate this point, we take a simple example. Assume we 

were to evaluate a new quality method by letting a team of people use it (the treatment 

group), and comparing their performance to another team that does not use the new 

quality method (the control group). In a fonnal experiment one would assign subjects to 

the two groups randomly (e.g., using random number tables). 

For a project in an industrial setting, this approach may not work because of the setting 

and because there are other objectives to the study. For instance, there may be specific 
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individuals that you want to be in the treatment goup. Also, there may be a diffusion of 

treatment fiom the treatment to the control groups if they are in close physical proximity 

and/or if they interact extensively on a regular basis. If there is difThion of treatment, 

then the control group will no longer serve the no-cause-baseline bction, and the two 

groups will be more similar than planned. 

However, becaw our project i s  an academic study and we matched the subjects 

according to pre-information data collected fiom them, it is possible and appropriate to 

conduct an experimental study rather than a quasiexperimental one. Moreover, it is 

difficult to have a diffusion of treatment, since in academia, students have other courses 

in which to spend more time and when they are working in specitic tasks such as the team 

software process, they are focused in their group, rather than discussing and exchanging 

information with other groups. 

This research study was ~ ~ c i e n t l y  simple (otherwise it may take too long and may 

overload the as yet novice personnel) and it was also elaborated enough to be credible 

and to provide feedback for tailoring the technology. 

The advantage of conducting an experiment in parallel with a training course was that the 

participants did not lose the knowledge as the time passes and they could still have 

continuous improvement when feedback was provided. Then, it was also critical that the 

participants in this project acquired adequate training in the new concepts of team 

software process and management. 
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5. I. Independent and Dependent Variables 

Because it is important to identify the factors [58] that could change, as a result of 

applying the measurement treatment, we now identi@ some of the dependent variables. 

De fect-density ; 

Number of Defects; 

Source Lines of Code; 

Total Effort; 

Effort per phase for each team structure; 

Process rework; 

Productivity (focused on particular phases); 

Quality; 

Cost of Quality 

Independent variables or state variables are used to distinguish the "control situation" 

from the "experimental" one in a formal experiment. The state variable is a factor that 

characterize our experiment and influence our evaluation results. In our context, they are 

the team organizations: 

Collaborative; 

Hierarchical, 

Some factors allow us to have complete control over them. The degree of control over 

factor levels is an important consideration in choosing an experimental design. In our 

experiment, we characterize the following fixed-effects: 
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a Project requirements; 

a Product requirements; 

a Customer; 

Customer Environment; 

a Insttructor and Teaching Assistantship; 

Instruction and Students Support; 

a Deadlines; 

a Development Environment; 

In d o n  5.4 we explain our choice of design and we investigate the treatment 

combination 



McGill Uniwrsity - Schuol of Cmpurer Science 

w 

b is important that empirical work in sohare engineering help strengthen the framework 

by explicitly defining concepts, terminology and definitions used in the empirical work. 

This is the purpose of this section with reference to our work. 

5.2. 'I. Personal Skills 

5.2.1 .I. Average Job Experience 

We can define this measure as the average [45] of the working experience of all members 

of a given team in person-months. We considered the unit month, because students were 

not experienced enough to have years of job experience. 

l ~ v e r a ~ e  Job Experience: z:, ETpi l n 

I ETpi = Experience of Team Partner i 
a = number of team participants 

5.2.1.2. Average Programming Experience 

We can define this measure as the team average [45]of total programming months, 

including the programming time spent both in university and jobs. With this measure, 

indirectly we can observe the competence of the students in programming (since they 

specify each language they know and the lines of code developed for each of them). We 

also considered the unit month, because students tbat did not have any job experience 

before, could just have a few months of programming in the university. 
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Avenge Programming Experience: z,:, EPpi/ n 

E g i  = Programming Experience of Teum Partner i 
n = number of team participants 

5.2.1.3. Average Grade Point Average or G.P.A. 

We can define this measure as the team average [45] of the final grade obtained in the 

Team Software Process (TSP) course. 

lepi = G.P.A. of Term Partner i 
n = number of team participants I 

5.2.1.4. Frequency Distribution 

The frequency distriiution is used to calculate how frequently the values of a certain 

variable occur in a sample. 

In our study, we use frequency distribution by taking the percentages of graduate and 

undergraduate team partners that composed the four software development teams. 

Histograms are among the most common displays for illustrating the distribution ofa set 

of data Therefore, we show our experiment resuits in this format. 

l~requency Distribution: Tabular and graphical description of the1 
percentage valua (frequency) of graduate and undergraduate 
students within the team, 

5.2.2. Key Process Features 

5.2.2.1. Phase Yield (MI .S) 



The measure we used to calculate every design, review, inspection and test phase yield is 

called the yield of a phase and it refers to the percentage of defects found in any of the 

phases. This measure provides insights into the quality of any software development 

phase [30]. 

Phase-Yield = 100L(@tfecb removed in P) I (Defcets removed in P + Wet)) 
IP = P b u a  @LO, DLD, CI, ht, IN) 
l ~ e t  = Net eserpcs in any phase or defects that still remain in the phases I 

5.2.2.2. Appraisal Cost (MI .8) 

Appraisal cost is the cost of evaluating the product to deternine its quality level. 

Appraisal cost includes activities such as design, in-process inspection, product 

maintenance and testing. In PSP, Humphrey [28] emphasizes that the quality of a process 

or product is dependent on the quality of its review. So, in the appraisal COQ formula 

that we used for this study, this concept is applied. 

Appraisal COQ = 100 * (DR time + CR time) I Total development time 
DR = Design Review 
CR = Code Review 

5.2a2.3. Failure Cost (MI .a) 

Failure costs are the costs of rework, repair or failure in case the defects appeared before 

shipping a product to customers. In terms of formula, failure costs are the total cost spent 

in compile and test. The compile and test times are included in the failure costs because 

defect-£he compile and test times are small compared to the defect-present times. 

C 

Failure COQ = 100 * (CP time + T time) I Total development time 
CP = Compile 
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5.2.2.4. Total Cost of Quality (M1.10) 

The cost of quality includes costs incurred in the pursuit of quality or in performing 

quality related activities [54]. Cost of quality provides a baseline to identify opportunities 

for reducing costs and it also provides a basis of comparison among several process 

activities. Juran [36] describes this measure as a way to "quantify the size of the quality 

problem in a language that will have impact on upper management". In the study of 

teams, this issue shows different perspectives, specifically because in our study the team 

structures have different management approaches: one that is centralized and rigorous 

and another independent and distributed. The cost of quality (COQ) [28] is defined as 

follows: 

qotal . COQ = (Appraisal COQ + Failure COQ) 
Appraisal COQ = 100 * (DR time + CR time) I Total development time 
Failure COQ = 100 * (CP time + T time) I Total development time 

5.2.2.5. Error Type Fquency (MI .I 1) 

Because we want to know the most expensive error types to fix, we calculated their 

frequency distriiution. The error type frequency calculates the distribution percentage of 

a poutlcular type of defect in any of the development phases. The distribution of defects is 

mentioned by Hetzel[25] as a typical and basic defect measurement. He emphasizes that 

this measure enables to spot common factors contributing to the defect-prone modules 

and help to identify and learn about a common muse as well as improve the process in 

the future. 
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This measwe is also a good indicator of how frequently a type of error appears in the 

software development process and which types of errors are causing most delays (cost). 

After identifying the most expensive types of errors to fix, one could then involve 

techniques to increase the quality of a determined phase. As mentioned by Joyce [35], 

highquality software is possible if the right technique is used. The definition for error 

type frequency: 
L 

Error Type Frequency: Tabular and graphical description of the 
percentage valuer (frequency) of key error types within the 
s o h a r e  development process in each team organization. 

5.2.2.6. Team Effort (11112.1) 

Effort is listed as one of the 25 factors which are considered to be significant 

determinants of productivity[U]. In order to calculate team effort, we summed up all the 

individual effort, including the manager effort. 

We estimated effort as: 

I Effort = IEi :i E T Penon-weeks 
1-1 

L 

mi = Individual Effort Team Partner i 

I n = number of team participants 
Nde: Effbtt is a muanin@id mimure used to caIcnlate pmdhctivw. 

5.2.2.7. Team Effort per Phase (M2.2) 

We are interested in calculating the team effort per development phases. The effort is 

known as person-weeks, penon-months or person-years devoted to the main software 
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build up to the pint of full operational capability [SS]. It includes all the development 

staff (team-members). 

We calculated the team effort per phase as: 

- -  - -- - 

Effort = IEi ;i E T, IEi E P person-weeks 
l=l 

= Individual Effort of Team Partner i 
= Number of Team Participants 
= Team 
= Phases (HLD, DLDR, DLD, DLDR, CR, C, Cl, T) 

5.2.2.8. Technical Effort (MZ.4) 

We calculate this measure by accounting the time (person-weeks) spent by the team 

members in performing activities within the phases of design, code, compile and test. 

We named the effort of these phases as technical because it excludes management 

activities such as initial planning (staff allocation), training of personnel and other non- 

technical activities (341. 

5.2.2.9. Mat~gerkl Effort (M2.5) 

We calculate this measure by accounting the time (person-weeks) spent by the team 

members in performing activities within the phases of plan, review and inspect. 

5.2.2.10. Team Productivity (M2.6) 

It is important to notice that the hierarchical and collaborative teem productivity 

calculations consider the sum of their partners' effort in all the process phases of the team 
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software development process. The same occurs when calculating the team's lines of 

code, since we counted the whole code for each of the team's product. In this study, 

productivity is calculated as [49] [8][36]: 

I Size(Pn) = number of lincs of code delivend in the team product Pn. 
Derived from M2.l a d  product size (explained below) 

5.2.2.1 1. Product Size 

Although the term "lines of code" or UX: is still not standard (there are 11 major 

variations according to [34]), it is still widely used in many organizations. 

Counters of LOC can be designed to count physical lines, logical lines with or without 

using a coding standard. We used the logical LOC counter, whose logical linecount 

standard was established by our group (appendix A). Although there are many ways to 

establish logical counting standards, the important thing is to be consistent across the 

teams. 

5.2.3. Process Performance Features used in the Ranking 

The following subsections explain all the quality and productivity features that were used 

in the ranking (based on process data) of the products. 

5.2.3.1. Rework (M1.1) 

Rework is the number of horn (or minutes) spent in fixing a specific type of defect 

(isolating and correcting it) in all the review phases, inspection and test phases. In our 
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study, there are ten different type of defects, which are shown in appendix B, fonn defct 

standard, 

= X Fir_Time-Phase-R 
Fir-Time-Phase-R = Total fir time of defects detected in phase R 
for the team 
R = Review pbasa(BLDR, DLDR, CR, CI and T) 

5.2.3.2. Defect Density (M1 .S) 

Before explaining how we analyzed the defect density, it is meaningful to mention that 

the term defct refers to bothfauits and errors in our study. Either in error detection 

during the software process or during the software implementation, both are considered 

defects to us. Thus, defect density is defined as [49][54][55]: 

- - - - . - . 

Defeet ~ e a s i t ~ ( ~ n ~ ~ e f e c s ( ~ a ) / ~ i z c ( ~ n )  
#Defects@) = Total number of defeftr detected in the team system r 
Sn during review, inspection, compile and t a t  phases. 
Size(S) = number of Lines of code delivend in the team system Sa. 

5.2.3.3. Review Quality (MI .4) 

The quality of review is an important measure because it shows if the process performers 

are actually doing understandable designs, saving implementation time by h e w i n g  the 

design before coding, hylng to identify defects before compiling and even detecting more 

errors during compilation time [28][14]. 
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We are going to show measures of review quality considering the phases in which were 

performed review activities such as design reviewing, code reviewing and code 

inspection 

The measure we used to calculate review quality was review yield and it refers to the 

percentage of defects found in review phases at the time of the review [30]. In our study, 

the review quality calculation is valid since it was also performed unit testing and 

integration testing. 

Review-YieM = lOO*((Defects removed in It) I (Defecb removed 
in R + RNet)) 
R = Review pbases(BLDR, DLDR, CR, CI ,CP a d  T) 
Wet = Net escapes in the phases or defeets that still remain in 
the phases. 

5.2.3.4. Overall Process Yield (MI .6) 

The definition of a qualified process is the one that meets the user's need to efficiently 

produce quality products [72]. Thus, one should be highly concerned with the 

significance of this measure since it is the software engineers role to strive for excellence 

in quality. 

The process quality yield is one important measure that should be distinguished from 

other measures of quality. However, there are several ways to measure it. One should 

establish the criteria that fits better to their real world problem, according to the product 

features being developed or the extension of the project. In this thesis research, we 

investigated our process quality by the formula below [28]: 
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Proau-yield = 100 *( Defects removed before CI'P/@efkcM 
removed before CP+ D c f ~ t s  removed into CP and T)) 
I 

CP = Coapiie 
T = Test 

5.2.3.5. Defect Removal Leverage (MI .7) 

According to Humphrey [28], DRL or Def'ect Removal Leverage is a measure of the 

relative effectiveness of various defect removal methods, specially in comparing review 

phases (HLDR, DLDR, CR, CI and CP) with the test phase. It is a good quality indicator 

at both the project and process levei [54]. The same measure is named DRE or Defect 

Removal Efficiency by Pressman [54], although the formula is defined differently. We 

are going to use Humphrey's definition. 

D m )  = Defefb/borrtR) 
D e f e o u r ( T )  

Defectdbour = 60*(numbcrdefmb-removd-in-pha~ R) 
R = Review pbases(BLDR, DLDR, CR, CI and CP) 
T = Test phase 

In order to interpret the result, it is useful to say that the DRL finds n times as many 

defects per hour of review time as it finds per hour in test, since it is a ratio measure. 

5.2.3.6. Appraisal as % of COQ 

The measure "appraisal as a percentage o f  total quality costs" is derived from the 

formulas explained in sections 5.1.2.2. and 5.1.2.4. The formula is [28]: 

~ p p r r h l  as 96 of COQ = 100 * (Appraisal COQJ Total cW) I 
derived from M1.8 md M1.10 
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5.2.4. Product Quality Attributes used in the Ranking 

5.2.4.1. Comtnetm, Maintainability and Functionality 
(nn5.1) 

In the standard IS09 126 (IS0 199 1 ), software quality is defined as: 

"The totality offearures und char~cteristics of a sofhwe product that bear on its ability 

to sat i s -  stated or implied needs ': 

Hence, quality is divided into six categories: functionality, reliability, efficiency, 

usability, maintainability and portability. 

The standard also claims that any component of software quality can be defined in terms 

of one or more aspects of the six factors. In our study we used the factor functionality and 

maintainability and we included one sub-factor called correctness to measure our final 

product, mainly because the customer or product maintainer identified those quality 

factors as good candidates to identify the conformance to the system specification, 

timeliness and degree of perfection. Indeed, the system specification and the post-release 

software testing was done by the customer, as well as the choice of the product quality 

items defined below. 

According to Gilb [20], the measures of correctness and maintainability are useful 

indicators for the team project as well as for the customer. Here we define these 

measures: 

I 
- - 

Cornetaem It is the degree to which the software pel.rorms its required 
fu~~ction. The most common measure for correctness is defeet density, where 
a defect is defined as a verified lack o f  conforunce to requitemeah. 

In our study, we related number offiuIts ((pot-reIeme) to correctness, instead of using 

the metric defect density as stated in the definition above. This is because defect density 
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tell us more about the quality of the defect found in the reporting process than about the 

quality of the product itself [60]. 
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MainbinrbiH : It is the ease with which a program can be corrected if an 
error is encountered, adapted if its environment changes, or enhanced if the 
customer dceita a change in requirements. There b DO way to measure 
maintainability directly; therefore, we mart asc indirect oaca r 

The customer, that evaluated the final product, used the memc estimated time tofu an 

error in tbe software post-release because there is a relationship between this memc and 

the factor maintainability. Also, it was assigned a scale fiom one to five according to the 

severity of each. One can see the relationship between time tofu and maintui~bilify in 

the experience fiom Hitachi [65] and also described in the book [54]. In fact, they use the 

term "spoilage" that is the cost to correct defects encountered after the software has been 

released to its customers or users. The cost can be related to time if the project cost is 

plotted as a fiction of time. tlence, with this time firnction, the team software manager 

can determine whether the maintainability of the software produced is improving. 

I Funetionalitv: It is 8s- by evaluating the f a t u n  set and capabilities of 
the program, the generality of the functions that are delivered, and the 
security of the overall system [471. I 
Functionality is a software quality factor that is part of the extensively used acronym 

FURPS-hctionality, usability, reliability, performance and supportability. These factors 

can be used as important quality metrics for each activity in the software process or in the 

software development. 

In our experiment, we linked functionality with the requirements that were most likely to 

be met fully or as the client wanted. In the beginning, there was a list of bctional 

requirements that were defined by the client. Basically, there were general bctional 
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requirements numbered fiom one to thirteen (FR 1,. . . ,F'R 1 3) including also 

documentation requirements numbered fmm one to five @R I,. . . , DRS).There were also 

non-hctional requirements numbered from one to ten (NFR I JFR2.. . . ,NFR 1 O), as well 

as a new functional requirement specified later during the software development phase, 

according to a new feature introduced by one of the teams (that in fact became very 

important during the software post-release phase). 

The rank criteria used to evaluate the functional requirements was according to the 

following legend: 

I 10 1 Requirement met Fully. I 

Weight Ma tive 

I 0 I Not met under any circumstances. I 
5 

Then, according to the average score given to both hctional and non-functional 

Requirement met partially. 

requirements, it was found the final product quality rate (in a scale that varies fiom 1 to 

10) for the factor hctionality. 

The details, analysis and comments of the results found for any of the product features 

mentioned above were discussed in seetion 4.5 and chapter 7. 
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S03. Goals, Questions and A(e#cs 

The team software process requires a measurement mechanism for feedback and 

evaluation in answering questions associated with an assessment of a software process. 

Since the critical part of such effort is the definition of metrics, we used G/Q/M or 

GoaVQuestioa/Metric [5] pamhgm. This method has been used to help in the definition 

of an experimental design. For instance, [49] has used it to define the independent 

variables in a controlled study in which the goal was to assess the impact of reuse on 

software productivity and quality. 

The G/QM paradigm is an efficient mechanism because it allows us to have a topdown 

process view, enhancing our main research objectives and focusing on important 

questions that associates objective and subjective metrics. It is important to notice that: 

'Since the measuring device has be constructed by the observer ... we have to remember 

that what we observe is not nature in itself; but nature exposed to our method of 

questioning. " 

(Werner Karl Heisenberg (1 901 - iW6), in "Physics and Philosophy" [1958]) 

Now, in order to formalize our G/QM framework, each of the next steps needs to be 

defined: 

I . Characterize the woiect bv identi fvinn the aoals; 

A goal is related to objects whose measurements are products e.g deliverables, 

documents; processes e.g. activities related with effort and resources e.g. hardware, 

software, pernnnel[5]. We stated the following main goals: 
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GI: Analyze the impact of different types of team organizations on key process 

variables; 

G2: Based on process performance, we want to investigate if it is possible to predict 

which product is most likely to be accepted by the customer. 

2. Define auestions based uwn the various relationshi~s between the goals and metrics; 

As we want to characterize the way the accomplishment of our goals is going to be 

performed, we used questions related to them. 

The questions or comtmcts related to the main goals an illustrated on table 4, with their 

respective detailed questions. The main questions are described as follows: 

a i m ) :  General Question j related to Goal i 

The detailed questions are expressed with numbers and letters according to the order they 

appear in the table and the questions they are related to (e.g. Ql A, QZA, Q3A, etc.). 

3. Instantiate the demndent and independent variables by develo~ina the metrics which 

provide data for our auestions; 

A state variable is a factor that characterize the research project and influence our final 

results. They are called independent variables and in our case it is the orgatizttional 

structure hierarchical and collaborative. The other values affected by changing the 

independent outcome are the dependent variables. They are explicitly shown in the 

section 5.1 above. 

The metrics are considered as the independent and dependent variables needed to the 

analysis of our results. 

The metrics related to our research questions are illustrated on Table 12, with their 

respective units of measurement. 
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4. Validate the goals. auestions and metrics; 

We explain the details of our validation criteria in Chapter 7, data validation. 

5. Analyze the final data gathered to intmret the goals; 

We explain the data analysis in complete details in Chapter 8. From the data collected, 

we expressed several rounds of final results that led us to the conclusion, so that we could 

use our findings to draw up analysis of team-performance and product comparisons. 

6. Selection according to product classifications; 

We want to analyze if a good development process is also reflected in the f d  quality of 

a product Hence, we consider product fatures using both process and product data Both 

the experimenter and the customer defined a selection schema to rank the products 

according to chosen attributes. It is important to emphasize here that this rank is a 

subjective measure and although we present direct quantitative results, its interpretation 

depends on the researcher and customer's point of view. 

The process performance features used in the ranlung are listed in section 5.2.3 and the 

product attributes used in the ranking in section 5.2.4. Section 4.5 shows the product rank 

based on product data Section 8.2 shows the product rank based on process data. Finally, 

in chapter 9, we compare both results and analyze qualitatively the products obtained, 

showing the product with the best performance and drawbacks of some approaches. 

7. Internet the nds. 

This phase, explained in chapters 9 and 10, is the study interpretation process. It consists 

of [7]: 

Interpretation Context; 

Extrapolation; 
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Impact. 

Here we evaluate and interpret both our direct resuits and indirect ones, as well as the 

purpose of this research and which other tasks could contribute and could enhance this 

experiment in order to have further validation, replication or feedback. 

Now, our complete G/Q/M model with a detailed explanation follows: 
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5.4. Grperimentd Design 

5.4.1. Factors vs. Blocks 

In our experiment, we want to investigate two team structures and their effects on 

productivity and quality on the process and product. Then, we have a two-factor 

experiment: one factor is the productivity and the other is quality. Our experiment tests 

a 1 + n2 different treatments, where n 1 is the factor "productivity" and n2 is the factor 

"quality" as defined by Pfleeger [6 1 ] 

Since we know the number of factors, we can now use blocking to improve the 

experiment's precision. In our experiment we are interested in whether hierarchical teams 

are better than collaborative teams, consequently quality and productivity should be 

treated as blocking variables. 

Factors are also used because we are deciding among hierarchical and collaborative 

teams in a determine set of conditions or circumstances. 

5.4.2. Crossed Factors 

Once we decided on the appropriate number of experiment factors, we selected a 

structure that supports the investigation and answers our research questions. 

The design of an experiment can be expressed in a notation that reflects the number of 

factors and how they relate to the different treatments. Factors are variables considered 

for the subject under investigation (team organizations). Crossed factors occur in an 

experiment when each level (property) of the factor has a hdamental property that is the 

same for every level of other factors For example, in table 13, either hierarchical team 



organizations or collaborative ones have the same factor process in which productivity 

and quality have the same property. 

Table 13 has two levels of factor team structures and one level of process yielding 4 

possible treatments in all. 

Crossed Team Orgrniutions 

Hierarchical Teams (HT) I Collaborative Teams (CT) 

Quality and 

Prodwtivay 

I Process Wl I Process CTI I 
I Process HT2 I Process Cn I 

Tabk 13 - Crogcd design for the first research question 

We also want to investigate if it is possible to predict based on process performance 

which product is most likely to be accepted by the customer. We analyzed product 

features based on process and product data, in order to show consistent results in our 

comparative analysis (quality measures that were careNly chosen by the customer and 

the experimenter). 

We illustrated below, the crossed design for our second research question: 

I Crossed I Process I 
D & Q ~  I Hierarchical T&S (HI') Collaborative Teams (CT) I 
Product I Perfomwce Features 1 Performance Features 

1 Performance Features I Performance Features 

Table I4 - Crossed Design for the m a d  research question 
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6. Data Collection 

The data collection forms which we were used to capture individual data in a given team 

were those designed for Personal Software Processes (PSP) by Humphrey [26] . 

Those related to team data were designed by the software engineering group at McGill 

University for the team software engineering course. 

We used several different data collection techniques (see Appendix A for sample forms): 

Questionnaires 

Logs 

Templates 

Checklists 

Databases 

Spreadsheets 

Communication reports 

Summaryrepocts 

Automatic LOC Counters 

The logs and templates used in this study were all explained by process phases in detail in 

section 4.4 (development process). In the begi~ing of our study, previously to the team 

formation, there were questionnaires that were filled by the subjects in order to perform 

team assignment without bias. Our validation process included monthly interviews, 

quarterly data reviews, training provided to data-suppliers, special instructions and 

customer feedback, as shown in Chapter 7. In addition to the instructor and assistant 

effort, the students also evaluated their own data in form of graphics, spreadsheets and 
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documents. These helped them identi@ some goals according to the data available, as 

well as use metrics to quantify their objectives, 

The main criteria for grading the students was the quality of the data collected. This 

helped them collect detailed and accurate data The following are the steps in which we 

performed our data collection process: 

In the planning phase we arranged an initial questionnaire for students' background, 

in order to evaluate the level of experience and knowledge. This form was meaningfd 

to the team formation and it helped in selecting members without any bias, 

distributing them equally into hierarchical and collaborative teams. The team staff 

form was filled by the instructor and the assistant after members were selected - 
accordingly, including the roles pertinent to each of the members. 

The customer provided the product requirements necessary to the project 

development during the team software engineering classes, along with constant 

assistance and feedback through e-mail and individual help. The customer also 

presented existing bctions to be used in different algorithms, in order to help 

students understand the product implementation and make the task of filling forms 

easier. The project was carefully chosen in order to make students follow the PSP 

[28] correctly, developing their own spreadsheets to measure LOC counters for size 

estimation, measure their effort for time estimating and use their meeting time more 

effectively. At the end of each development phase, the customer provided effective 

comments that made the correction of defects more visible. 



Af'ter the planning phase, the team participants continuously gathered data while 

designing, coding, reviewing, inspecting and testing their product The relevant data 

came from communication logs, team time recording logs and defect recording &. 

In the last stage, called post-mortem, subjects completed the summarv rewrts and 

evaluated their data. 

At the end of each phase, data was checked and validated by the assistaat, The nature 

of data is such that if not collected properly at one phase, its consequences would 

appear at other phases also. The conection method done at each phase allowed data 

that was not collected properly at one place, be corrected afterwards. 

Feedback was always provided after correction of data The reported defects were 

informed to the subjects by the assistant and the customer, as well as comments on 

how we1 they were foUowing defect andcouating standards. The customer provided 

feedback concerning programming issues such as coding (algorithms, data structure, 

etc.) whereas the assistaat was responsible to correct and give fedback on any of the 

data forms (planning, design, testing, etc.). It was during the feedback process that 

grades were ass@ to subjects. This forced them to provide better data in the next 

process phase. Special attention was provided at the beginning of the study where 

subjects were asked to comt calr.lllntions, graphs and Qcuments in which data had 
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been misinterpreted. Once data entries were corrected, vaiidated and graded, no 

further modifications were required 

All the steps described above contributed to reliable data. The description of our data 

validation process is shown in detail in the following chapter. 
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7. Data Validation 

Software measurement plays an important role in understanding and controlling software 

development processes and products. Consequently, validation of data is critical to the 

success of software measurement. We are using well-defined, already existing metrics in 

our study. 

However, some experimenters have already noticed some problems in metric validation. 

For instance, Henderson [24] emphasized that software engineering metrics need to take 

more care in its use of mathematics in order to gain credence in the scientific and 

engineering communities. Fenton [I 81 suggested that a metric must obey the 

representation condition of a measurement theory, so that intuitive understanding of some 

attribute is preserved. 

According to Pfleeger [60], there is one basic method of testing the validity of our 

measures: 

"Empirical vdidation, which cowoborates that measured vafues of attributes are 

consistent with values predicted by modefs involving the attribute. " 

Most of our metrics were objective. Consequently, those metrics do not cause any 

uncertainties in ways of validation and because they are also described in past models, 

with their main usage. 

According to Jones [33], we have consistently characterized each metric, and have then 

f a iWly  followed the definitions, since in chap!er 5 we show a detailed description of 
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the metrics utilized in this thesis, along with its reference to other authors that have used 

the same metrics. 

For instance, objective metrics such as productivity (LOCMour), defect density 

(defects/LOC), effort (minutes) and many others do not need a detailed explanation in 

their use, since they are unambiguous and they have been used on numerous occasions in 

previous studies, such as: 

Daskalantollstkis [13] used several known measures of quality and productivity to 

illustrate his goals. 

Melo [49] also described measures of productivity, defect density and size in his 

study's independent and dependent variables. 

C hillarege [9] showed statistical defect models and qualitative causal d y s i s  to 

emphasize the importance of those measures on software quality, that is also shown in 

other technical paper. 

Therefore, the relation between the constructs and the variables is clear, e.g*, Defects/Size 

represents Defect Density directly. 

In the next section we describe the methods we have used to test the integrity of this 

research. 



McGiil Uniwsity - S c b l  of Computer Science Marcia Beatrii Cmicante 

Four tests have been used to establish the quality of any empirical design [7 11: (a) 

Construct validity, (b) Intetnal Validity, (c) External Validity and (d) Reliability. We 

describe all of them below: 

7.2.1 . Construct Validity 

This test establishes valid operational measures for the experimental study. There are 

three experimental study tactics to establish construct validity: 

Multiple sources of evidence 

We used several data collection forms, as described in chapter 6. Our validation process 

included monthly interviews, quarterly data reviews, training provided to data-suppliers, 

special instructions and customer feedback. Meeetings had their idonnation recorded in 

minutes. During the entire process, all documents were examined and reviewed. 

Chain of evidence 

All information gathered in the data collection process through questionnaires, logs, 

templates, checklists, databases, spreadsheets, communication reports, summary reports, 

and automatic LOC counters were conveniently kept in a spreadsheet with their 

respective scripts. Therefore, the chain of evidence was maintained. 

Key data-suppliers review experiment report 
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A feedback report was always given to each subject, along with comments, as shown in 

Chapter 6 in detail. Overall, these feedback reports made sure that the data was not 

deficient in correctness, consistency or completeness. 

7.2.2. Internal Validity 

Consistency checks were made such that the data in various forms matched with each 

other. Logical validity tests were also done to evaluate if the values of variables were 

accordingly. Data values given by subjects on comcted assignments were compared 

against those provided by them in databases. All both of them were also checked in their 

final data analysis report, since it would reflect any previous errors mistakenly done. 

Concisely, all internal validity tests were made to ensure data correctness 

7.2.3. External Validity 

Here we establish the domain to which this study's findings can be generalized. 

First, the team software engineering classes included PSP, which has been used 

increasingly in universities as well as industries [3 11. In addition, team structures 

(hierarchical and collaborative) have existed in many settings. Furthermore, the s o h e  

project involved a real customer (who was involved in the feedback process) and the 

project was an "enhancement" task rather than "design from scratch". 

Hence, we believe that the results of our study have significance in organizational setting. 

Nonetheless, our experiment involved only four groups and thus there is a need to 

replicate this study for further understanding in its results. 
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7.2.4. Reliability 

Because this experiment followed guidelines and w e l l d e f d  documents for data 

gathering as well as kept an updated database since the very beginning of the study, its 

reliability was accomplished- This datahue Lepta11 the information inchtomlogical 

order (by process phases) in which it was collected. 

The G/Q/M model also helped us identify the goals, purposes and memcs that details the 

questions asked to collect data. Therefore, we are confident that our variables have high 

effectiveness and the metrics and content validity are strongly related. 
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8. Data Analysis 

This chapter presents a detailed analysis of the collected data, whose validity was 

carefblly checked. By anaiyzing the data gathered, one can assess the impact of different 

types of team organizations on key process variables. 

Our experiment consisted of 4 teams (2 hierarchical and 2 collaborative), each 

corresponding to 9 phases (planning, design, etc.). Associated with each team were values 

for each of the independent and dependent variables. Also we had 4 or 5 subjects within 

each data point to be analyzed. Therefore, the total number of subjects is 18 (2 x 4 + 2 x 

5). Spreadsheet and database packages were used for analyzing this data as well as 

graphic packages to plot different charts. Our data analysis mostly involved the 

constructions of histograms to display distribution of individual variables (frequencies). 

The reason is that they show the variability and capability of the process under 

investigation. 

Our amlysis method basically consisted of creating subsets of data based on values of 

one or more variables and then creating tables, histograms, line charts and others. 

In this section we analyze our two goals separately. As a reminder, we relisted them for 

convenience: 

G1: Analyze the impact of different types of team organizations on key pracess 

vatiables. 
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G2: Based on process performance, we want to investigate if it is possible to predict 

which product is most likely to be accepted by the customer. 

8.1 Goal f :  Analyre the impact of dWlierent types of team 
organizations on key process variab/es 

This section deals with our first goal G 1 and its different set of questions (see section 5.3) 

For our first goal, the structure of our data was: 

Each hierarchical and collaborative teams (HT1, HT2, CTI, CT2) contribute to one 

experiment data point. 

There were 9 (PL, HLD, HLDR, DLD, DLDR, C, CR, CI and T) interactions (hence a 

total of 9 x 4 = 36 data points). 

All sets of 36 data points had several different key attributes such as rework, defect 

density, etc. to be analyzed (see metric definition, section 5.2). 

The following table lists each of the key attributes we will be evaluating for the team 

organizations in this section: 

I Defect rate I Figure 9 

Quality Related Attributes 
Key Attributes 

Time s~ent on rework 
Graph Reference 

Fime 8. Table 14, Table 15 

Defect density 
Review quality 

Figure 10, Tables 1 7,18, 19 and 20 
Figure 11 

-- - -- --- 

Phase yield - ~ i ~  12, Table 2 1 
Overall process yield 
Defect removal leverage 
Appraisal cost 
Failurc cost 

Figure 13 
Figure 14 
Figure 15 
Figun 16 

, Total cost of quality 
, Error type frequency 

Figure 17 
Figure 18, Table 22,23,24 and 25 
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Productivity Related Attributes 
. Team effort I Figure 19 i 

8. I. 1. Impact of team organizations on time spent on rework (QI A) 

-- 

, Team effort per phase 
Technical and Managerial effort 

, Productivity 

Figure 8 shows rework as the fix time of defects in review, inspection and test phases and 

their impact on different organizational structures (see section 5.2.3.1). Rework is a key 

Figure 20 
Figure 2 1, Table 26 
Figure 22 

metric that contributes to the maintainability of the product. 

QlkTime spent on Rework 

Figure 8 - Time spent on rework per organizational structure. 

Description 
Comments, messages 
Spelling, punctuation, typos, instruction format 
Change management, library, version control 
Declaration, duplicate names, scope, limits 
Procedure calls and references, UO, user formats 
Error messages, inadequate checks 
Structure, content 
Logic, pointers, loops, recursion, computation, 
fimction defects 

Type no. 
10 
20 
30 
40 
50 
60 
70 
80 

Type name 
Documentation 
Syntax 
Build, package 
Assignment 
Interface 
Checking 
Data 
Function 
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Table 15 - Defect Type Standard by Humphrey 1281 

90 
100 

Table 16 - Rework per Defect Types 

Table 16 also shows rework, but in terms of defect types. We also present the defect type 

standard in Table 15 for purpose of analysis (shown also in appendix A). 

From both the figure and tables above, we present some key points: 

1 )  A total of 73% of rework was spent by cooperative teams while only 56% came from 

the hierarchical team organizations. Most of the rework, in both teams, was identified 

in testing phases, despite the reviews in earlier phases of the software development 

process. 

2) In addition to our above analysis, even more dramatic results from Gerald Weinberg 

and Gary Okimoto (701 indicate that 80% of all errors are found in just 2 % of the 

modules. Thus, when testing s o h e ,  one might consider that where one finds errors, 

the percentage of finding more is even bigger. Therefore, all the defects pointed by 

System 
Environment 

Configuration, timing, memory I 
Design, compile, test or other support system 
problems 
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both teams are still a small fiaction of the ones that are still remained in the final 

version. 

Defects of type assignment (40) and function (80) were the ones most costly to be 

fixed in both types of team organizations. The reason fbr the higher cost of those 

defacts is that they are the most used in programming and the ones that take more 

time to identify (logic, pointers, loops, recursion, computation, function, declaration, 

duplicate names, scope and limits). 

The re-occurrence of defects of type data (70) is due to the fact they took a lot of team 

effort to be correctly identified (although the total number of defects of this type per 

team organization is quite small). The defect type 70 incidence on CTI was 5.6%, on 

CT2 was 13.9%, on HTI was 4.6% and only 2.55% for HT2. 

One of the causes of the high rework rate for defect type data (70) was the lack of a 

proper debugging tool which would force the students to dump the content of all 

variables. 

The average rework ratio between hierarchical teams and cooperative ones is 1.27 

(including all phases). 

8.1.2. Impact of team organizations on defect rate (QIB) 

Figure 9 shows the defect rate in each design, code and code inspection phases. This 

metric contributes to the successful management of s o f i  development projects. 
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Figure 9 - Defect rate per organizational structure 

We identify some key points according to the figure above: 

1) The first phase of any software development is an understanding on the requirements 

given by the customer. Therefore, the data from the high level design was evenly 

distributed, showing neither a collabotative nor a hierarchical organizational structure 

data correspondence. The percentage of defects per hour found in high level design is 

30.29% for CT 1, 1 0.5 1 % for CT2%, 25.1 8% for HT 1 and 37.90% for HT2. This 

shows the high percentage of defects in high level design if compared to other phases. 

2) The same high percentage of defects occurs in the code phase, where 3 1.7% defects 

per hour were found for CTI, 43.36% for CT2,44.04% for Wl and 26.5% for HT2. 

The ''coding" curve (phase C) indicates that all four teams had higher rates compared 

to another process phases. 

3) During the test phase, there was a si@cant decrease of defect rates for all four 

teams. Team CT2 had an even lower percentage ( 1.94%). This is due to the fact that it 
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injected more defects per hour in critical phases such as code and code inspection and 

consequently less during testing. In any case, it is more cost-effective to reduce the 

impact of defects by preventing them to occur. 

4) Hierarchical teams had an average of 17.77 defects per hour while cooperative ones 

stand on 3.15 defects per hour. 

8.1.3. Impact of team organizations on defect density (QI C) 

Figure 10 shows defoct density versus organizational structure. Defect density is the 

number of defects found in a system over the number of per KLOC contained in this 

system. This measure is considered for phases of review, inspection, compile and test. 
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Q1C:Defed Density per Team 

Figure 10 - Team organizations versus defect density 

I Tobl 1 52 1 24.2424242 I 100.00 I 
Table 17 - Distribution of CTl 's defect density across phases 

CT1 

HLDR 
DLDR 

CR 
CI 

I 

Compile 
Test 

Table 18 - Distribution of C T 2 ' s  defect density across phases 

r 

No. 
Mecb 

2 
4 
18 
4 
11 

CT2 

, HLDR 
, OLDR 

CR 
CI 

- Compile 

Meet D e ~ i t y  

0.093240093 
0.18M80186 
0.8391 60839 
0.1864801 86 

i 0.512820513 

NO. 
-. 

. 4 
93 
32 
21 
94 

(%I 

3.85 
7.69 
34.62 
7.69 
21 .15 

13 1 0.606060606 

Test [ 26 
I 

25.00 b 

mf. lliaii& 
0.951701 166 
22.1270521 I 
7.61 3609327 
4.996431 121 
22.3~9774 

-- 

Ratio (%) 

1.48 
34.44 
11.85 
7.78 
34.81 

6.1 86057578 9.63 
TOW I 270 I 64.2308287 100.00 
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HLDR 6 6.9848661 23 7.59 
DLDR 4 4.65657741 6 5.06 

Table 19 - Distribution of HT 1 's defect density across phases 

, Compile 
Test 
Total 

25 
21 
79 

HLDR 
OLDR 

CR - -  

& 9 3.397508494 
; Compile 12 4.53001 1325 

Table 20 - Distribution of HT2's defect density across phases 

29.1 0360885 
24.447031 43 
91.967404 

- ------ I 

12.50 
16.67 

Test 
Totrl 

We identify some key points and additional ones according to the figure and tables above: 

I )  Team HTI had a very high defect density because the number of lines of code was 

considerably smaller than the other teams. HT 1 had a total of 9 1.96 defects/KL,OC 

while HT2 had only 27.18 defects/KLOC. 

2) CT2 had a total of 64.24 defects per KLOC while CTI had only 24.24 defects per 

KUH3. This is almost 1/3 of CT2 defect density. 

3) The highest concentration of defects per KLOC for HT1 was detected in Compile 

(3 1 54%) while for Cf12 was in CR (26.39%). 

4) The highest concentration of defects per LOC for CTl was detected in CR (34.62%) 

while for CT2 was in Compile (34.81%). 

31 -64 
26.58 
100 

9 
9 
19 

3.397508494 
3.397508494 
7.1 72517931 

19.44 
100.00 

I 4  
72 

12.50 
12.50 
26.39 

5.28501 321 3 
27.180068 
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5) On the average, hierarchical teams had a higher defect density (59.57 defects/KL,OC) 

than collaborative ones (44.24 defects/KLOC). 

8.1.4. Impact of team organizations on review quality (Q1 D) 

Reviews were designed to provide regularly scheduled monitoring of project status. It is 

important to gather quality data, regardless of the type of review. The concept of review 

quality is explained in section 5.2.3.3. Review quality is measured in phases in which 

were performed review activities such as design reviewing, code reviewing and code 

inspection. Figure I 1 shows review quality versus organizationd structure. It is important 

to r e d l  that we are using the PSP review quality formula that emphasizes the importance 

of reviewing the code before compiling it. 
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Q1O:Review Quality 

Figure 1 1 - Team organizations versus review quality 

We identify some key points and additional ones according to the figure above: 

CTI had an efficiency of 65% in finding defsts before compile against 49.79% in 

CT2. Most of the CTl 's defects removed before compile came from CR ( 1  7 defects) 

while 2 defects were removed in HLDR, 3 in DLDR and 4 in CI. In CT2,32 defects 

were removed in CR while most of them were found in DLDR (40 defects). 

HTI had 47.13% of review quality while HT2 had 71.08%. Most of HTl 's defects 

found before compile were in CR (1 8 defects) while 5 were removed in HLDRDLDR 

and only 4 in CI. In HT2, most of the defects were also removed in CR (19 

defects)while 9 were removed in HLDRfDLDRfCI 

In the average, cooperative teams performed poorer reviews (57.39%) than 

hierarchical ones (59.95%) by a slight difference of 2.5 5%. 
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8.1.5. Impact of team organizations on phase yield (Q1 E) 

Phase yield shows the percentage of the total defects removed in any development phase. 

However, it is even more important to look at specific phases such as review, compile 

and inspection because they have essential process data. One variable that relates to this 

measure is "Net Escapes " - defects injected before or during the phase, and found later. 

Q1 E: Phase Yield 

HLDR DLDR CR CI 

R w b w  Plums 

Figure 12 - Phase yield per team organization's review phases 

We identify some key points according to the figure above: 

1) In the hierarchical teams, HT 1 had 10Ph yield in high-level design review (HLDR) 

while HT2 had yield of 8 1.8 1%. HT 1 achieved maximum yield because the value of 

its "net escapes " was 0 (see formula definition from section 5.2.2.1). In DLDR, HT2 

had less than 50% of yield while HT1 had half HT2's yield Both hierarchical teams 

had high yield rates in CR (85 -71 % for HT 1 and 67.9% for HT2) and similar ones in 

CI (36.36% for HTI and 33.33% for m2). 
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2) In cooperative teams, CTI and CT2 had high DLDR yield rates (75% for CTI and 

67.8% for CT2). CT2 had a CI yield rate three times better than CT 1.  

3) Except for the DLDR phase, in the average hierarchical teams outperformed 

cooperative ones in all other phases of review, as shown in the table below. 

Average % Phase Yield 
(CTs) 

I HLDR . 32.5 

Table 21 - Average phase yield in both team organizations 

Average % Phase 
Yield (HT's) 

90.90909 q 

, OLDR 
CR 

8.1.6. Impact of team organizations on overall process yield (Q 1 F) 

Figure 13 shows overall process yield per each type of team organization. For more 

information about this metric, please refer to section 5.2.3.4. Process yield refers to the 

quality of the process being measured. The higher the yield, the higher the process 

quality. 

71.39831 
61.31 31 3 

36.18421 
76.78571 
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Q1 F:Overall Process Yield 

C71 m Ht1 

Term Olganizrtions 

Figure 13 - Overall process yield per team organizations 

Some key points follow: 

1 ) In the hierarchical teams, HT2 had the best process quality over H'I' 1 (69.4 1% against 

2) In the cooperative ones, there was a slight difference of 3.15% between the two. 

3) In the average, hierarchical team organktions outperformed cooperative ones by a 

margin of 10.26%. 



8.1.7. Impact of team organizations on defect removal leverage 
(QW 

Defect removal leverage is a useful measure in comparing various process phases with 

test phases (refer to section 5.2.3.5) and get the relative effectiveness of one particular 

process phase at removing defects. It is also known as a measure of the filtering ability of 

quality assurance and control activities as they are applied throughout all process 

development phases. 

Q l  G:Defect Removal Leverage 

HLDR DLDR CR CI Compile 
0.vdopmsnt Phases 

Figure 14 - Defect removal leverage per development phases 

CP CTl 
CT2 

0 HTl 
P HTZ 

Some important points follow: 

1) In CTl, it was found more than 2 times as many defacts per hour of HLDR time as it 

was found per hour in test. In CT2, its DRL was 5.41. CT2 had a much higher 

effsctiveness in dl other process phases compared to test, except in CP (compile). 



2) In hierarchical teams, Hn outperformed FIT1 because it also had a higher 

effectiveness in all process phases compared to test, except in CR and CP. 

3) In HLDR, hierarchical teams outperformed cooperative ones by an average difference 

of 0.53; in DLDR, CR, CI and CP, cooperative teams were better by an average 

difference of 2.95,7.52,5.59 and 2.24 respectively. 

8.1.8. Impact of team organizations on appraisal cost (Q1 H) 

Figure i 5 shows appraisal cost of quality per team organizations. Appraisal cost is the 

cost of evaluating the product to determine its quality level (refer to section 5.2.2.2.). 

CTl CT2 Mt HT2 

t ~ o r g n ~ s  

Figure 15 - Appraisal cost per team organizations 

Some key points follow: 

1 ) In hierarchical teams, HT1 outperformed FIT2 by a difference of 1 1.53. 

2) In cooperative ones, CTI outperformed CT2 by a difference of 5.46. 
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3) In the average, cooperative teams had a higher appraisal COQ (15.33) than 

hienuchical ones (12.70). This implies that cooperative ones spent more time(higher 

cost) over their total time, executing reviews both in design and code. 

8.1 .B. Impact of team organizations on failure cost (Q1 I) 

Figure 16 shows failure cost of quality per team organizations. For fhther information 

about this measure, refer to section 5.2.2.3. 

Figure 16 - Failure cost per team organizatioas 

Some key points follow: 

1) In cooperative teams, CT I outperformed CT2 (less failure cost) by a difference of 

1.28. 

2) In hierarchical teams, HT2 outperformed HTI (less failure cost) by a difference of 

23-16. 
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3) In the average, cooperative teams had a bigger failure COQ (36.23) than hierarchical 

ones (30.49). This implies that cooperative ones spent more time over their total time, 

executing compilation and test activities (higher failure cost). 

8.1.1 0. Impact of team organizations on total cost of quality (Q 1 J) 

Figure 17 shows the total cost of quality per team organizations. The cost of quality 

includes costs incurred in performing quality related activities (refer to 5.2.2.4) 

CT1 CT2 M 1  
Team Orgmfzations 

Figure 17 - Cost of quality per team organizations 

Some key points follow: 

1) In cooperative teams, CTI outperformed CT2 by a difference of 6.74. 

2) In hierarchical teams, HT2 outperformed HT 1 by a difference of 1 1.63. 

3) In the average, hierarchical teams had a better cost of quality (43.19) than cooperative 

ones (5 1.56). This implies that in terms of cost, hierarchical teams performed their 

activities with higher quality and reduced cost 
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8.1.1 1. Impact of team organizations on error type frequency (Q1 L) 

Figure 18 shows the frequency distribution of defects per team organizations. This 

measure is also a good indicator of how frequently a type of error appears in the software 

development process and which types of errors are causing most delays (cost). Therefore, 

we will show additional graphs showing the errors that are most costly to fix. 

Q1 L: Frequency Dlrtri butiorr 

Figure 18 - Frequency distribution of error types across team organkitions 

Some key points follow: 

I )  In both cooperative teams, the most frequent types of error were 20 (syntax) and 

80(fimction). In CT1, over the total number of defects, the first most fraluent was 80 

(42.86%), followed by type 20 (23.2 1 %) and type 50 (1 2.50%); In CT2, over the total 

number of defects, the first most fnquent was aiso 80 (29.29%), followed by 40 

(22.59%) and 20 (19.67). 
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2) In both hierarchical teams, the most frequent types of enor were also 20 (syntax) and 

80(bction). In W1, over the total number of defects, the two first most frequent 

were 20 and 80 (27.27%) followed by type 100 (17.05%). In Hn, over the total 

number of defects, the first most frequent was 80 (30.59%), followed by 40(17.65%) 

and type 20 (12.94%). 

3) Overall, cooperative team organizations had higher frequency of defects compared to 

hierarchical ones. For example, in the average cooperative teams had 12.5 more 

defacts of type 20 and 22 more defects of type 80 than hierarchical ones. 

However, an additional detailed analysis is needed, including the total fix time per 

development phases where the defects were injected. 

DLD - 6% 

Table 22 - Fix time (minutes) per development phases where defects were injected 
(cooperative teams) 

[ T 
CT2 
PL 

, H L D  
, DLD 

C 
CP 
T 

- -  

9 

10 
47 
15 
46 
14 
0 
0 
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Table 23 - Fix time (minutes) per development phases where defects were injected 
(hierarchical teams) 

Defects of type Zqsyntax), 4qassignment) and 80(hction) were more present. They 

appeared in high numbers in their Frequency of occurrence (frequency distribution) as 

well as the ones most expensive to fix (tables 19 and 20). The rest of defects were more 

or less uniformly distributed among the other defect types. 

Most of the defects were injected in coding (C) and design (DLD) phases. In cooperative 

teams, specifically in coding phases, CTI injected defects that took more than 3 horn to 

fur and CT2 injected defects that took more than 36 hours to fix. In hierarchical teams, 

also in coding phases, HT1 injected defects that took more then 24 hours to fix and HT2 

injected defects that took more than 10 hours to fix. Among all the defmts injected in 

coding phases, the most expmsive ones were of type 20,40 and 80. The explanation for 

the majority of type 80 defects discovered is that this defact is related to the most 

common defects found in programming (pointers, loops, logic, fhctions, computation 
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and recursion). It can also be observed that defects related to assignment (type 40) 

generally required more time to tix. 

CT1 I Total Fix Time I 

L 

DLDR 76 1 

CT2 I Total Fix Time I 

I DLDR ! 220 

Table 24 - Total fix time (minutes) per development phases where defects were removed 
(cooperative teams) in ascending order. 

HT1 I Total Fix Time 
I 

Total Fix Time 

CP 
CI 
CR 

DLDR 

513.5 
325 

1 283 
255 

Table 25 - Total fix time (minutes) per development phases where defects were removed 
(hierarchical teams) in ascending order. 

CP 
CR 

k 

CI 
I 

DLDR 

In cooperative teams, most of the defects were identified in CR (table 2 1). In CT 1, most 

of defects were identified in testing phase followed by CR, DLDR, CI and CP. In CT2, 

most of defects were found in CR followed by DLDR, CP, CI and T. 

177 
160 
157 
128 



Hierarchical teams followed almost the same pattern in identifjing defects (table 22). For 

both hierarchical teams, most of the defects were identified in testing phases followed by 

CP. C1, CR and DLDR were the phases with the most defects for HTI after CP phase and 

CR, CI and DLDR for HT2. 

8.1.1 2. Impact of team organizations on team effurt (Q2A) 

Figure 19 shows the number of person-weeks per each type of team organization. 

Eftoft per Team (QU) 

Figure 19 - Person-weeks per team organimtions 

Some key points follow 

1) Compared to CT 1, CT2 spent 2.1 1 additional person-weeks to perform software 

development according to the same requirements. 

2) Compared to HT2, HTI expended 38.82 additional person-weeks to perform the same 

software development activities. 

3) In the average, hierarchid teams spent more time performing their software related 

activities (37. i 8) than cooperative ones (27.52). 
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8.1 -13. Impact of team organizations on team effort per phase (Q2B) 

Figure 20 shows person-weeks per team organization's development phases(refer to 

section 5.2.2.6). 

Team Effort per Phase(Q2B) 

Figure 20 - Person-weeks per team organization's development phases 

According to the figure above, key points are discussed: 

1) Both cooperative and hierarchical teams spent a lot of their times in coding and 

testing phases. One of the reasons for this unbalanced load was the fact that they did 

not produce a design with a lot of depth. In coding phases, CT1 spent 8.53 person- 

weeks while CT2 spent 5.2 1. HTI spent 18.29 person-weeks while HT2 spent only 

5-35. 

2) In cooperative teams, the maximum effort in CTI was expended in coding phase, 

followed by testing (5.82 person-weeks) and code inspection (3.80 person-weeks). in 

CT2, the maximum effort was exj~ez8ed in testing followed by detailed level design 

(6.57 person-weeks) and coding (5 -2 1 person-weeks). 
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3) In hierarchical teams, the maximum effort in HTI was expended in coding phases, 

followed by testing ( 14.57 person-wee b) and detailed level design (6.43 person- 

weeks)). In HT2, the maximum effort was spent in coding, followed by detailed level 

design (3.30 person-weeks) and testing (2.69 person-weeks). 

4) Phases other than detailed design, coding and testing, exhibited a relatively closer 

difference in the effort expended. 

8.1.14. Impact of team organizations on technical and managerial 
effort (QZC and Q2D) 

We calculate technical effort as the time (person-weeks) spent by the team members in 

performing activities such as design, coding, compile and test. Managerial effort is the 

time spent in activities such as initial planning (e.g.: staff allocation), reviewing 

(including code review) and inspecting. 
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Technical vr. Managerial Etrort(Q2C and Q2D) 

Figure 21 - Technical and managerial effort percentage per team organizations 

Table 26 - Technical and Managerial percentages per team organizations. 

Some important points follow: 

1) In cooperative teams, CTI executed a lower percentage of effort in technical 

activities (68.29%) if compand to CT2 (71.53%). On the other hand, CT1 had a 

better performance in managerial activities (3 1.71% against 28.47%). 

2) In hierarchical teems, HTI had a higher effort percentage than HT2 (79.29% against 

74.72%), while HT2 had a better performance in managerial activities. 

3) In the average, cooperative team organizations are much better in technical activities 

(5 7.46%) than hierarchical ones ( 1 2 53%) while hierarchical team organizations 

perform better managerial activities (87.47%) than cooperative ones (42.54%). 

Teams 

CTl 
CT2 
HT1 
HT2 

Effort 
Tech. 

18.07 
20.44 
44.88 
13.28 

%Man 

31.71154 
28.46728 
20.70603 
25.28369 

%Tech 

68.288459 
71.532719, 
79.29397 

74.716309 

Effort Man. 

8.39 
8.14 

1 1.72 
4.49 

Total 

26.46 
28.58 
S.60 
17.77- 
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8.1.1 5. Impact of team organizations on productivity (Q2E) 

Hierarchical and collaborative team productivities show lines of code over the sum of 

their partners' effort. For more information about the way this measure was calculated, 

refer to section 5.2.3.8. 

Plloducthrity -s Tmm O r g n b t h s  (02s) 

- _-1m-- - - 

Figure 22 - Productivity per type of team organizations 

We show some considerations: 

CT2 had a higher productivity ( 14.7 1 LOCRiour) than CT 1 ( 10.13 LOCRiour). The 

difference in their productivity is 5 LOC/Hout. Therefore, CT2 is 18.42% more 

productive than CT I.  

cfI;! had a much higher productivity (1 4.9 1 LOC/Hour) than HI' 1 (2.43 LOCMour). 

The difference in their productivity is 12.5 LOCMour. Therefore, HT2 is 72% more 

productive than HTI. 

In the average, cooperative teams had a productivity of 12.42 LOCMout while 

hierarchical ones had an average of 8.67 LOCHOW. Hence, cooperative teams are 

more productive by a slight difference of 3.75 LOCRIour. 
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8.2. Goal 2 Based on process pfbnnmnce, is it possible to predict 
which product is most likely to be accepted by the customer. 

The experimenter decided subjectively on a number of process quality metrics that was 

indirectly related to the customer's product quality attributes. The criteria for choosing 

our ranking variables (rework, appraisal as percentage of COQ, process yield, review 

yield, DRL, defect density and number of defects per hour) was based on a subjective 

analysis in which we identified a match with the customer's product quality attributes 

(see Table 27). Most of the process variables considered in our ranking table were 

analyzed in section 8.1 . 

The decision on the metrics to be used was discussed by the experimenter and customer 

before the actual results were presented. The product selection by the customer was made 

independently from the experimenter, in order to avoid any bias in the experiment. 

The chosen process variables reflected both partial and overall process performance 

results because they wen calculated first per review and inspection phases and then for 

the whole development process. 

Tabk 27 - Process quality fmhra related to product attributes 

Product Attribute 
Correctness 

Maintainability 

Functionality 

Related Proem Quality Featuns 
- Defectshour 
Defect density 
Review Yield 
Rework 
Appraisal as % of COQ 
Process Yield 
Defect Removal Leverage (DRL) 
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In order to calculate process performance features, we need to use metrics of almost all 

development phases (upon completion). For example, in order to calculate process yield, 

values of defects injected and removed in all phases are required because its calculation 

involves defects removed before and after compile. The subsections below (8.2.1. and 

8.2.2.) explain the ranking of the products based on process data (per phases and overall). 

The variables (explained in section 5.2) used to rank the products per phases were 

rework p h e  yield defct removal leverage, defict dimity and number of defcts per 

hour. 

The variables used to rank process pefionnance (overall) were the same as per phase, 

however the variable appraisal as percentage of cost of quality was also considered. 

Notice that for the overall rank, obviously the variable process yield had to be used 

(instead of phase yield - per phase). Those chosen process variables influence directly the 

quality of the product and they are well known and used by other researchers [26][49][56] 

[611. 

Each ranking table contains all of the above mentioned set of selected variables. Each 

variable was ranked from 1 to 4 according to the team performance in any category. The 

1 value signifies the worst team and 4 the best one (since we have only 4 teams). In our 

product ranking table per review and inspection phases, we have a set of 5 variables, 

composing a maximum total rank per team of 20 (5 x 4). In our product ranking upon 

project termination, the table contarhs 7 variables. Therefore, the maximum total ranking 

per team is 28 (7 x 4). We assumed an equal weight schema because all the variables 

were equally important in our rank, considering that they all influence directly the quality 
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of the product We determined the following criteria for our ranking schema (review 

metric definition in section 5.2.): 

In order to measure the extent to which a program satisfies the customer's 

requirements (correctness), we consider number of defcts per hour in all review 

phases and defict density as good indicators of process quality features that reflects 

customer satisfaction in earlier phases of a development process. The lower the 

number of defers per hour and defect densip, the higher the number of points in our 

product ranking. 

In order to measure the degree to which the program can be maintained 

(maintainabilitv), we ranked the effort required to fix defects in review, inspection 

and test phases (rework) and the yield in design revicw phases (review yield). Rework 

is a good indicator of maintainability because based on the amount of rework done in 

phases previous to project termination, one can have an estimate of the amount of 

work still required to be done. Review yield is also a good indicator because as more 

efficient the design review was, the less maintenance is needed in postdevelopment 

phases. The lower the rework and the higher the review yield, the higher the points in 

our ranking. 

In order to essess the degree to which the program meets a set of bctional 

requirements and capabilities (hctionality), we considered appraisul as percentage 

of COQ, overall process yield and DRL (defect removal leverage) as good metrics to 

be accounted in our rank. Appraisal as percentage of COQ is a good metric to track 

progress improvement and compare products; process yield shows the degree to 

which the product produced by the process matches the customer's requirements and 
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D M  indicates how many defects were found in review phases compared to test. The 

higher the appraisal COQ, the process yield and the DRL, the higher the number of 

points in our ranking. 

8.2.1. Ranking of products in different phases based on process 
quality features 

We recall our second goal, whose first question is: 

Q1A: What is the product ranlring in different phases (specifically in review and 

inspection phases) of the development process? 

We are ranking the product in review and inspection phases to observe if it does make a 

difference to make predictions about the final product much earlier in the development 

process. The following is the rank per phases: 

Tabk 28 - Product ranking in ELDR 

Table 29 - Product ranking in DLDR 
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Table 30 - Product making in CR 
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I CI I Rework I Phase Yield1 DRL I Defect I No. Team 
Score 

12 
14 
11 
13 

. 

Team Rank 

I 

CT2 
HT2 
CTl 
HT1 

Table 31 - Product ranking in CI 

Recalling section 4.5 in which we describe the product selection by the customer, we 

noticed a small difference between the top two teams. However, the customer final 

selection was CT2, HT2, HTI and CTI respectively. According to the product ranking 

per phase shown above, the only phase that could match the same selection as the 

customer is CR (code review). However, HTl and HT2 had the same scores which do not 

completely conform with the customer's team sequence. Hence, we can conclude from 

the above product ranking tables that the customer cannot predict based on results of 

earlier development phases, which product could most certainly be accepted by h i d e r .  

Therefore, ranking products in different phases is not uniform across team types. 

8.2.2. Ranking of products based on process performance features 

We recall our second goal, whose second question is: 

Q1B: What is the product ranking based on process data upon project termination? 
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Table 32 - Product ranking based on process data upon project termination 

Rework Appr. % 
COQ 

DRL Process 
Yield 

Review 
Yield 

Def. 
Densitv 

Team 
Rank 

# 
Def./Hour 

TotalRank 
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Again, the customer final selection was CT2, HT2, HTl and CTI respectively. The 

reason behind the product selection fiom CT2 is that they fixed post-release defects that 

were easier to correct, as opposed to HT2 which had serious post-release errors 

(memory). However, both of them would have the same product ranking according to 

certain product attributes. Please recall section 4.5 for detailed information on the 

customer's product ranking. Table 33 shows two different rankings by the customer; one 

based on hard data (functonality of the product) and another based on error fixes, what 

shows the slight difference presented by the teams CT2 and HT2. 

Customer Ranking 
Based on pduct  I Based on other 

Table 33 - Customer Ranking based on two different perspectives 

performance 
HT2 
CT2 
HT1 
CTI 

According to the product ranking upon project termination shown in Table 32, the teams' 

sequence selected by the experimenter matched the customer's team selection. However, 

HT2 had a better performance (difference of 5 points) than CT2 in a process data wise. 

HTI and CT1 had the same score difference if compared to the customer's product 

ranking. Hence, we can conclude fiom the above product ranking based on process data 

that the customer could have predicted which product would most likely be selected by 

himher, based on process data upon project termination. Therefore, according to our 

results, ranking products based on overall process performance features can be effective 

in helping the customer's product selection. 

considerations 
CT2 
HT2 
HT1 
CT1 
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In addition to our subjective analysis, we also performed combinatorial analysis 

(mechanized) in order to show which combination of which variables would result in the 

experimenter's team selection (same team sequence). This combinatorial analysis was 

implemented in C++ programming. We declare the variables as a matrix of 4 x 7 

elements (each of the 4 teams contains 7 ranking variables). We implemented a function 

that fust executes all possible combinations with the whole set of ranking variables. At 

each interaction, the score of the teams for that combination (sum of each variable's 

grouping) is calculated As soon as the first interaction with the whole set of variables is 

terminated, the program executes a second combination minus one of the ranking 

variables (element). 

The results showed that the lower the number of process quality variables used in the 

rank, the more inconsistent the results, although most of the possible combinations 

(>72%) showed the same teams HT2 and CT2 as the top ones (same experimenter's 

match). The remaining teams (CTI and HTl) presented a broader variation because their 

ranking differs widely according to the exclusion of any critical variable (the ones in 

which they have the highest individual rank). Therefore, a combination of a dense 

selection of metrics provides consistent and accmte results in the quality of the product 

ranking based on process data. Moreover, those results should be carefilly evaluated 

since they deal subjectively with process performance features. In order to have a better 

understanding of these results, fiather empirical studies of this nature should be 

conducted. 
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9. Results 

The next two subsections present a s m a y  of our analysis with respective results. First, 

we present our findings concerning the relationships between the process variables and 

the team organizations (first goal). Then, we examine the product ranking upon project 

termination and the other one based on results of earlier development phases, to see what 

patterns emerge from different ranking tables (second god). 

9.L The impact of d m n t  fypes of team organizations on key 
process vanab/es 

Here we try to understand the soAware development process in teams, showing process 

variables that were the most influenced by different team structures. 

Overall, hierarchical team organizations had a higher positive impact on process variables 

as their members coordinated and performed software related activities more efficiently 

and accurately. So, we will start emphasizing their outstanding points. 

Because there is just one key person (the manager) assigned only to plan, design, review 

and inspect, it seems that this can substantially reduce the amount of rework due to 

reviews and inspection (but not testing) - 56% in hierarchical teams opposed to 73% in 

cooperative ones. Another factor that could have influenced the reduced amount of 

rework is the assignment of determined roles of the hierarchical team's members by their 

manager, allowing them to focus in the field they are concentrating on, in a regular basis. 
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Hierarchical team organizations also showed small incidence on one type of defect that 

takes more team effort to be identified (70-data). Wi had a 4.6% incidence and IiT2 had 

only 2.55% incidence. fhis is due to the re-occurrence of this type of defect. This could 

be explained by the fact that they pertbnned slightly better reviews (60% of review 

quality) than cooperative ones (57 %). Except for DLDR, hierarchical teams 

outperformed cooperative teams in all other phases of review (HLDR, CR and CI). Both 

hierarchical team organhtions had high yield rates in CR and CI (85.71% and 36.36% 

for HT1; 67.996 and 33.33% for Hl'2respectively). They also spent less time executing 

reviews in design and code (lower appraisal COQ). 

The management impact on those results is enormous, since she could concentrate only 

on activities such as planning and review, as well as filling forms that could have taken a 

lot more of team effort to be executed. In consequence, more quality time was spent in 

important activities by other team members. 

The overall process quality of hierarchical teams was better than cooperative ones by a 

difference of 10.26%. On average, hierarchical teams had a better cost of quality (COQ) - 

43.19% - than cooperative ones - 5 1.56%. This explains why it is important to have a set 

of policies, guidelines and procedures determined by a manager, such that any 

information can be stored and analyzed in a consistent way (one person is doing the 

whole documentation) and increasing the quality of software development activities. 

In both teams, defects of type 2qsyntax) and 8qhction) were the most frequent. 

Hierarchical team organizations had a lower frequency of defects compared to 

cooperative ones. On average, they had 13 less defects of type 20 and 22 less defects of 



type 80 than cooperative ones. Hierarchical teams also performed better managerial 

activities such as planning, reviewing and inspecting. 

Since the manager has to guide all the programmers on hider team, the level of "in- 

depth" awareness of a particular programmer's work would likely be limited. This had a 

direct bearing on the reviews and inspections, since the manager, to the best of hdher 

abilities cannot identify all the design or coding defects. This limitation resulted in an 

increased time spent in testing the system because defects which would be expected to be 

weeded out in review phases, emerge only during the course of testing of the system. 

Hierarchical team organizations spent considerable time in the coding phase which could 

have been significantly lower if the detailed design had been meticulous. However, the 

''team structure" was such that only the manager was in direct contact with a programmer 

and the programmers were mutually isolated. It was observed that this "isolation" 

introduced a considerable constraint on the "intellectual" resource in the team (high 

stability). Consequently, whenever the manager and the programmer were unable to 

proceed beyond a design obstacle, they could not seek opinions from other programmers 

in the team since the other ones were well aware of only their part of the project. Thus, as 

the programmers learnt more about the intricate details of the project, they were able to 

tackle these issues in the coding phase which required more effort. 

On the other hand, cooperative teams had the lowest percentage of defects per how 

injected in design, code, code inspection and testing (average of 3.15 defectdhour). Part 

of this outstanding result is because their members work together in solving problems and 

have a higher level of communication. While one is designing or coding, sharing 
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information is critical to reduce defe-ct rate (that is why defect rate is a key management 

variable). 

Considering the relative defect removal effectiveness of DLDR, CR, CI and Compile 

compared to test (W), cooperative teams outperformed hierarchical ones by an average 

difference of 2.Y 5,7.52,5.59 and 2.24 in those phases, respectively. It is important to 

notice that one of the prime characteristics of this team organization is its effectiveness in 

performing activities and fast adaptation, what could explain their high DRL coefficient 

@lease recall section 8.1.7). 

Cooperative team organizations spent more time (higher cost) executing activities such as 

design and code. This can be explained by its deficiency in processing results rapidly. 

Cooperative teams also spent more time executing compilation and test activities (higher 

failure COO). 'L'hs could be explained due to the bigger time frame they need to 

complete some activities that require common decisions (since they bring their results 

together for fiaher discussions with all members). Therefore, this could lead to an 

extended time to perform those activities. On the other hand, they could have spent more 

time reviewing design or code because they are more likely to review each other's tasks. 

In this team structure, most of the defects were identified in code review. This could be 

explained by the fact that cooperative team organizations excel in solving complex 

problems (they detected more bugs in the most difficult phase to find them - with no 

compilation and debugging tool). 

The results corroborate that different team structures (with their paradigms, strengths and 

weaknesses) produce different output results (fiom software development) in respect to 

key process variables. 
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9.2. Prediction of what product is most likely to be accepted by the 
customer based on both pmcess and product data 

Again, the customer final selection was CT2, HT2, HTI and CTI respectively. The 

reason behind the product selection from (TIT is that they fixed post-release defects that 

were easier to correct. On the other hand, HT2 had memory problems with their post- 

release errors. However, both of them had the same product ranking depending on the 

product attributes chosen. 

From this perspctive, the product ranking upon project termination based on process 

data (experimenter's ranking) matched the customer's team selection. Therefore, 

according to our results, ranking products based on overall process performance features 

can be effective in helping the customer's product selection. Table 34 is a summary of 

our second goal in which it shows the customer's team ranking as well as the 

experimenter's team ranking in different phases of development (HLDR, DLDR, CR and 

CI) and overall. The dark shadow color shows the teams that matched the customer's 

team ranking and the light shadow color highlights the ones that matched the 

experimenter's team ranking. Overall, there were 9 combinations of ranking results in 

different development phases that matched the customer's team selection and only two 

that matches the experimenter's team selection. 

Therefore, we can conclude that the customer cannot predict based on results of earlier 

development phases (parbal), which product could most certainly be accepted by hidher. 

Therefore, ranking products in different phases based on process data is not uniform 

across tern types. 
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Customer's Process Quality Feature Experimenter'r 
s 

Ranking Ran king I 

HLDR DLOR CR CI 
CT2 HT2 
HT2 CT2 
HTI CT 1 I . . . . . . . . . . . . . . . . .  1 .  C T ~  HT1 
CTS H T ~  C T ~  . . . . . . .  : HTI CT1 

Tot. Customer 1 /4 2i4 1 2/4 
Tot. Experimenter 0 0 0 2/4 

.......................... ...................... 
:::: :t:t::::::::t;:::.:;:::: ............................ ............................. ......................... Match Customer Ranking 

Match Experiment. Ran king 

Table 34 - Customer's Ranking versus Experimenter's Ranking 
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10. Conclusions and Lessons Learned 

The resuits of our first goal corroborate that different team structures impact process 

variables according to the their distinct key features (paradigms, strengths, weaknesses, 

etc..). Hierarchical teams outperformed cooperative ones in several different process 

variables such as rework, defect's frequency distriiution, review quality, phase yield, 

overall process yield, total COQ and managerial effort. Cooperative teams outperformed 

hierarchical ones in other process variables such as defwt rate, defect removal leverage, 

effort, technical effort and productivity. 

The results of our second goal confirm that ranking products based on overall process 

performance features can be effective in helping the customer's product selection 

opposed to ranking in earlier development phases. 

However, it is important to note that one study is not enough to conclude on the impact of 

team organizations and on the team ranking in different phases of the software 

development process. There is a need for more data points that could lead to more 

quantitative studies to validate finther our results. In general, this study is useful to 

practitioners and researchers because it gives insight into team performance for a cluster 

of process variables. 



APPENDIX A - SOFTWARE COLLECTION-FORMS AND STANDARDS 
Team software process forms, instructions, scripts and standards 



Collaborative and Hierarchical Staff Form Instructions 

Purpose 
Header 

Collaborative and Hierarchical Staff Form 

To hold team membcn general data 
Enter the following: 

Team Members 

Team #: 
Team Members: 

The assigned team number 
The assigned project number 
Today's date 

For each team member, enter the following: 
The team member's number, a sequential number starting with 1 ; 
The team member's name and student ID; 
The team member's e-rnail address; 
The tcam member's phone number ; 

. The team member's role: Mana~er or Programmer. 

Project #: Date: / / 

b s t  Name 
1. 

First Name Student ID E-mail Phone Role 



M i i l l  University - Schooi of Computer Science Mmcia Beatni Cmicante 

TSP Hierarchical Process S c r i ~ t  
purpose I To guide development teams in perlorming programs using 

Responsible Agent(s): 

Entry 

Task 

a hierarchical team structure. 
Team members : Manager, Designer, Progmmmer and 
Tester 

Planning (PL) 

High-Level Design (HLD) 
High-Level Design ReviewmDR) 
Detailed-Level Design @LD) 
Detailed-Level Design Review 
@LDR) 

Exit I Criteria 

Input Items 
, Project Requirements 
Process Forms and Standards 
Hierarchical Staff Form 
Submission Schedule 
Stop Watch (optional) 

, Code (C) 
Code Review (CR) 
Team Code Inspection (CT) 
Test (T) 
Post Mortem (PM) 

, Full fi tested Source Pro 
Completed Hierarchical Staff Form from the team; 
Completed TSP Project Plan and Developer Component Cycle from the team; 

f Completed Conceptual Design, Task Planning and Schedule Planning Templates from 

Source 
Management 
Management 
Management 
Management 

Manager 

Designer 
Daimer 
Designer 
Designer 

- the team; 
Completed Operational Scenario, Functional Template, State Specification and Logic 

TSP:Hierarchial Planning 
Seript 

, PSP3:ELD Script 
PSP3:HLDR Script 
PSP3:DLD Script 
PSP3:DLDR Seript 

, Progr. 
Progr. 
Manager 
Tester 
Manager 

Specification Template from the team; 
Completed Design, Team Code Inspection Preparation and Code Review Checklists 
. from the team; 
Completed Team Code Inspection Preparation Log from each inspector, and Team 
Code Inspection Collection Log from the team; 
Completed Test Report from the term; 

, Completed Issue Tracking Log from the team; 
Completed PIP form from each role; 
Completed Defect Recording Log fmm the team; 

Phases (Abbreviation): 

. PSP3:Coding Script 
PSP3:CR Script 
TSP:Team CT Script 
PSP3:Test Script 
PSP3:Post Mortem Script 

I Compktd Time Recording Log and Cmrununication Recording Lug from the team; 1 
I Completed Meeting Recording Log from the team. I 

I 

Responsi- 
ble Agent: 

References 
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TSP Colhbontivc Process S c r i ~ t  
purp~se 

Yroecm Logs, Fomr and Standards I Management I 

To wide development teams in pedorming programs using a 
collaborative team structure, 

ible A~ent(s): I Team members : Developers 

Coliaborative Staff Form I Management I 

Input Itcms 
Project Requirements 

Submission Schedule 
Phases (Abbreviation): 
Planning (PL) 

Source 
Managemem t 

High-Level hi6 (HLD) 

High-Level Design Review 
(aLDR) 

Detailed-Lcvel Design (DLD) 

Detailed-Level Design Review 
(DLDR) 
Code (C) 

- - 

Code Review (CR) 

Team Code Insmxtion (Cn 
Tat (T) 
Post Mortem (PM) 
Criteria 

Responsible Agent: 
All Developers 

Individual 
Developer and 
Team 

Developer rod 
Team 
Individual 
Developer 
Individual 
Developer 
Individual 

Individual 
Developer 
All Developers 
AII Developers 
All Developers 

I Management 
References 
TSP:Collaborative Planning 
Script 
PSP3:HLD Script 

PSP3:DLD Script 

PSP3:DLDR Script I 
PSP3:Coding Script 

PSP3:CR Script 

TSP:Tearn CI Script 
PSP3:Test Scrim 
PSP3:Post Mortem Script 

Fully tested Source Program from the team; 
Completed Collaborative Staff Form from the tam; 
Completed TSP Project Plan Summary Form from the team; 
Completed Developer PSP Plan Form a d  Developer Component Cycle Summary Form 
from each deve10per; 
Completed Conceptual Design. Task Planning and Schedule Planning Templates from 
eacb developer; 
Completed Operational Scenario, Functioaal Template, State Specification and Logic 
Specification Template from eacb developer; 
Coaplctcd Design, Team Code Inspection Preparation and Code Review Checklists from 
each developer; I 
Completed Team Code Inspection Reparation Log.from each inspector, and Team Code 
Inspection Collection Log from the team; 
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Completed Test Report from each dweloper; 
Completed Issue Tracking Log fmm each dweloper; 
Completed PIP form from each developer; 
Completed Defect, Time, and Communication Recording Logs from each developer; 

- -- 

r~ornpleted Meeting &cording Log from the tam. I 
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