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ABSTRACT OF DISSERTATION
ESSENTIAL COMPETENCIES OF EXCEPTIONAL
PROFESSIONAL SOFTWARE ENGINEERS

This dissertation presents adifferential study of exceptional and non-exceptional
professional software engineers in the work environment. The first phase of the study
reports an in-depth review of 20 engineers. The study reports biographica data,
Myers-Briggs Type Indicator test results, and Critical Incident Interview datafor 10
exceptional and 10 non-exceptional subjects. Phase 1 concludes with adescription of
38 essentia competencies of software engineers. Phase 2 of this study surveys 129
engineers. Phase 2 reports biographical data for the sample and concludes that the
only smple demographic predictor of performance is years of experience in software.
This variable is able to correctly classfy 63% of the cases studied. Phase 2 dso has
the participants compl ete a Q-Sort of the 38 competenciesidentified in Phase 1 Nine
of these competenciesare differentially related to engineer performance. A 10variable
Canonica Discriminant Function is derived which is capable of correctly classifying
81% of the cases studied. This function consists of three biographica variables and
seven competencies. The competencies related to Persona Attributes and
Interpersona Skills are identified as the most significant factors contributing to

performance differences.

Richard T. Turley
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Colorado State University

Fort Callins, CO 80523
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CHAPTER 1
INTRODUCTION

The wide range of intersubject variability has been treated

as a source of variance that must be compensatedfor in experiments

on other factors. At the same time, however, the source and properties

of this variance represent important research questions in their own right.1

Individual differencesin performance between software developers2 have been
noticed and measured. Differences have been treated as a source of undesirable
variance and significant steps are taken to factor it out. This research is astudy of this
variance in an effort to improve the productivity of al software developers.

This study is based on the premise that exceptional software engineers exhibit
different skillswhich they apply to the problems of software engineering. These unique
skills can be identified by careful differential study of experienced software engineers.
Further, once these skills are recognized, they can be transferred to the software
engineering population at large. Thus all software engineers can be taught valuable
improvement skills. These results provide a criterion for implementing improved
tool sets, and alow for the use of the appropriate engineers on each project.

The objective of this dissertation is to help unlock the potential of individua
software engineers. The study is based on the thess that:

IR. E. Brooks, "Studying Programmer Behavior Experimentaly: The Problem of Proper
Methodology,” Communications ofthe ACM, Val. 23, No. 4, pp. 207-213, April 1980.

2In this dissertation the terms software developer, software engineer, and programmer are used
interchangeably to refer genericdly to dl participants in the various aspects of the software life-cycle:
designers, coders, testers, and maintainers.



Highlyproductive software developers exhibit dramatically different
skﬁls, technigues, and attributes than others in the process of
programming. It ispossible to study these developers and discover
their unique skills, techniques, and attributes in programming.
The research proposes to answer the question:

What are the skills, techniques, and attributes used by skilled
programmers that are not used by less skilled programmers?

Assoftware costs and delivered lines of codeincrease, the need for more effective
software development becomes increasingly apparent [Boeh 88]. The complexity of
current designs are exceeding the capabilities of our top programmers. If the software
industry is to maintain its ability to deliver high quality software on reasonable
schedules, it will need to dramatically improveits ability to devel op software.

Much effort has been placed in the development of engineering approaches to
software development such as software tools, codingpractices, and test technology, but
the overwhelming determiner of software production productivity is still personnel and
team capability. Boehm [Boeh 81] found personnel and team capability to be twice as
important as the next most important productivity factor. By studying exceptiona
programmers, the individual capabilities which most influence performance can be
identified [Curt 81]. This research has potential implications for the teaching of
programming, the evaluation of programmers, and the selection of programmers.

Most research into the development of software focuses on the individua only
to the extent that individuals are members of alarger development effort. Although
the team is a critical component in software development, most research misses a
fundamental opportunity to identify and exploit the proven ability of highly talented
individual contributors. Weinberg, in histext ThePsychology of Computer Programming
[Wein 71], attacked this dilemma and observed that "Our profession suffers under an

enormous burden of myths and half-truths.” The industry has a great |ore about the



factors affecting software productivity, but few facts are known. Boehm cites a25-to-1
ratio between the most productive and least productive software developers and a
10-to-1 difference in their error rates [Boeh 88]. If the persona attributes of these
most productive individuals could be understood, a number of exciting opportunities
present themselves:

*  Understanding the characteristics of the most successful software developers
could lead to the improvement of all software developers.

*  Oncethe characteristics are understood, it may be possible to devel op specific
toolsets and aids to further increase the productivity of these individuas.

*  Avauablecriterion ofthe selection of software devel opersmay be discovered.

Brooks [Broo 87] suggeststhat the " conceptual essence” of software devel opment
requires that new paradigms be invoked for significant increases in software
productivity. He identifies the "use of great designers’ as one of five promising
approaches. Boehm [Boeh 83] defines seven basic principles of software engineering.
Principle 6 isto "use better and fewer people,” recognizing that individual performance
variations can overshadow other characteristics affecting development productivity.
An additional benefit to using fewer people is the reduction of communications
overhead required for a project. This recognition of the value of the individual
motivates this research.

Traditiona experimental approaches to meeting the above objective start with
an individual's experience and prejudices about software development [Broo 75]. A
technique for improvement is proposed, implemented, and tested [Shne 76, Curt 79].
The results of these experiments are then analyzed and often valuable results are

achieved.



This study breaks with tradition. The key is to start with individuals who are
acknowledgedfor their software ability. Thisstudywill focusexclusively on professional
software developers. The resultswill be more significant than studies of students since
they will be more generalizable into awork setting.

The focus on the top individua contributors breakswith the traditional emphasis
on the team. This study is not meant to diminish the value of the team but rather to
enhance it by ensuring that each individual is operating at peak productivity.

Chapter 2 of this dissertation will review the literature for results and methods
used in prior research on individual performance differences. Chapter 2 provides an
overview of the most important research approaches including tightly controlled,
well-defined experiments and less constrained, qualitative psychologica techniques.
Chapter 2 provides in-depth analysis of severa relevant smilar studies and builds the
casefor thetechniquesto be used inthisdissertation. The chapter specificaly addresses
Who to Sudy, Whato Study, and How to Sudy. The chapter explores the research
tools required to collect data. It dso discusses the statistical analys's techniques used
to andyze the data.

Chapter 3 presents the specific research method and design to be used in this
dissertation. It provides the specifics of how subjects are seected for study, how the
research instruments are administered and anayzed, and how the results are captured.
Chapter 3 indicatesthat the researchis divided into two phases. Phase 1 corresponds
to the qualitative portion of the research in which the competencies associated with
the job of software engineering are first uncovered. Phase 2 corresponds to the
quantitative portion of the research in which the competencies discovered in Phase 1
are vaidated and considered on a differential basis between exceptiona and

non-exceptional performers.



Chapter 4 presents the data collected in both Phase 1 and Phase 2. It presents
the biographical data for the entire sample in order to characterize the population
under study. Itreviewsthebiographical informationonadifferential basisto determine
if any smple predictors of performance exist. Chapter 4 dso presentsthe competency
information. The Phase 1 portion presents the competencies discovered and discusses
the process of creating asingle list of competencies from multiple sources. The Phase 2
portion presents the results of a sorting exercise in which participants rank order the
Phase 1 competencies relative to the individua's actual behavior. Findly, the
competencies are considered on a differential basis between exceptional and
non-exceptional performersin order to determine which competencies are associated
with exceptiona performance.

Chapter 5 discussesthe data of Chapter 4 and presentstheresearchresults. These
results include individual biographical characteristics aswell individual competencies
which are related to exception performance. Further, Chapter 5 develops a model
capable of predicting exceptional or non-exceptional performance based upon aset of
predictor variables.

Chapter 6 discusses the implications of this research and reinforces the work's
most important results. The chapter aso discusses some areas of research for further

consideration.



CHAPTER 2
REVIEW OF PRIOR RESEARCH

Theinvestigator who is well
versed in the literature now has a
set of expectations the data can defy.3

This chapter will review the prior research relevant to this dissertation. The
chapter opens with a review of basic research agpproaches and proposes a
behavior-oriented approach to studying the process of software engineering. The
chapter continues by critiquing significant research done in the area of software
psychology related to individual performance. The chapter continues to explore the
questions of What to Sudy, Who to Study, and How to Sudy. The chapter proposes
specific research tools and statistical anadlysis techniques as appropriate for this

dissertation.

2.1 Research Approaches

Numerous researchers have attempted to catalog the ream of possible research
approaches applicable to behavior-oriented software engineering [Shne 80, Mora 81,
Bas 86, Curt 80, Curt 87]. Ingenerd, the approaches lie aong a continuum between
tightly controlled, well defined experiments which may have limited generalizability
and more broadly defined, less constrained studies which dsress quditative
psychological techniques. Researchers approach the problem from either aComputer

Science or a Psychology point of view. The Computer Science perspective stresses

3G. McCracken, TheLongInterview, Sage University Paper Series on Qualitative Research Methods,
Vol. 13 Newbury Park, CA, p. 31, 1988.



understanding the effect of formal education and problem structure on individual
performance. The focus is on individual skills and techniques. The Psychology
perspective focuses on individua personality and problem solving approach. These
psychology studies attempt to discern the individua's personality attributes and how
they relate to solving problems.

The merger of these two perspectives resulted in the new field of Software
Psychology. Software Psychology is first discussed in Weinberg's classic text The
Psychology of Computer Programming [Wein 71]. Weinberg proposes four fundamental
approaches to the study of programming: Introspection, Observation, Experimentation,
and Psychological Measurement. Irltrospection IS a process in which a programmer
analyzes his own thoughts and skillsin an attempt to use self-evaluation as a discovery
mechanism. Observation alows an impartial observer to see what a programmer IS
doing but not why he is doing it.

Experimentation allows for measurement of the observed result but at the cost of
being too focused. At issue here is a tradeoff between the scope and the generalizability
of theresearch. A rigid experiment is generally of narrow scope and provides detailed
results within its domain. Such a narrow scope may not allow for sufficient
generdlizability of theresults. For example, adetailed study onthe effect of indentation
on comprehension of FORTRAN programs by first year students does not generalize
to a conclusion for experienced professionals, or to other programming languages or
environments. ‘

Psychological Measurement may provide the richest and most fertile ground for
research. This area probes the fundamental mental and psychologica processes at
work in the developer's mind. Since thisfield isinitsinfancy, the clarity and precision

of the results are weaker.



Shneiderman [Shne 80] proposes a smilar hierarchy of research methods. His
listincludes: Introspection, Protocol Analysis, Case Studies/FieldStudies, and Controlled
Experiments. Protocol Analysis is a structured form of Introspection merged with
Observationinwhich awritten or recorded transcript is generated by an experimental
subject and analyzed by the researcher. Shneiderman points out that Case Studies/Field
Sudies lack the experi mental controls necessary to provide Satistically significant
results. He favors Controlled Experiments which limit the independent variables,
control for bias, measure the dependent variables, and perform statistical analysis.

The bulk of the research conducted to date has favored the tightly controlled
experimental approach. A number of studies have attempted to correlate easly
measured a priori factors which couid be a basis for predicting programming
performance. These studies have shown mixed results. Evans and Simkin [Evan 89]
studied studentsin an entry-level business computer classin an attempt to predict class
performanceand test results. The Evansand Simkinstudy collected 34 easly measured
demographic, academic, experience, and behavioral variables. The researcherstried
to correlate these variables with perfofmance. Evans and Simkin could not account
for more than 23% of the variation in performance bésed upon these 34 variables.

Onthe other hand, Chrydler [Chry 78] was ableto explain over 85% of thevariance
in performance based on only thirteen program variables and five programmer .
variables. A major distinction between these two studies is that Evans studied novice
programmérs inuniversity classeswhile Chryder studied experienced programmersin
industry. Given that Chryder found that only thirteen of the program factors studied
proved significant while all five of the programmer factors Were significant, it is clear
that in the study of experienced software engineers individual programmer differences

are significant, and programmer differences may be among the most significant factors.



As afurther note on the Chryder study, five factors were found to explain more
than 80% of the variance in performance. Four of these factors were attributes of the
program under development: number of input files, number of control breaks in logic,
number ofinput edits required, and number ofinputfields required. The most significant
programmer factor was programmer experience at thisfacility. The other programmer
variables were: number of months of programming experience, number of months of
programming experience using the COBOL Ianguage; number of months of experience
using the specific COBOL language compiler to be used for the subject program, and
number of months of experiencein programming business applications. Therewas ahigh
degree of interdependence among al of the programmer variables.

In agamilar study Moher and Schneider [Mohe 81] studied both students and
professionals searching for factors which could predict programming performance.
Moher and Schneider collected answers to 78 biographical questionswith 53 of those
relating to specific programming experiences. The questions fell into the categories |

-of general demographic information, general educational background, computer
science education, general programming experience, and specific programming
experience. For students, nearly every biographical item proved to be correlated
significantly with the performance measures. Themodel generated was ableto explain
45-55% of the performance variability across 3 programming tasks. By contrast, only
one of the background measures were useful for predicting performance for the
professionals. The only outstanding biographical predictor of performance was the
number of years of programming experience. The study found that differences in
performance of up to 3.1 could be explained well by differences in the number of years

programming experience.



The foregoing research suggests that smple predictors of performance (beyond
sample experience) do not exis. Searching for these predictors may be misplaced
effort. This dissertation includes such asearch in order to verify that smple predictors
of performance do not exist. Thedissertation emphasizesabehavior-oriented approach
to researching the actual process of software engineering. This behavior-oriented

approach provides greater understanding asto the "why" of exceptiona performance.

2.2 Comparable Studies and Critique

~ Variance ofprogramming performance attributable
to individual differences between the programmers almost
obscured the difference related to the programming mode*

Many papers discuss éxperiments in software engineering performance [Curt 79,
Shne 80, Para 90]. Thefour papersdiscussed in detail below illustrate the currentstate

of the art in research in software engineering performance.

2.2.1 MCC Study of Designers

Guindon et. al. [Guin 87a, Guin 87b] report a study inwhich three experienced
software developers were videotaped during the process of deveioping a design
solution. Each subject provided a solution to a distributed systems design problem:
Design an N-Ziftcontrol system to be installed in a building with M floors. The researchers
observed that the development processwas not linear. Rather, the designers operated
simultaneoudly at various levels of abstraction and detail. That is, subjects moved

frequently between the problem domain and the solution domain. Inaddition, subjects

4Chrysler describing the Sackman study:
E. Chryder, "Some Basic Determinants of Computer Programming Productivity,"
Communications of the ACM, Voal. 21, No. 6, p. 473, June 1978,



exhibited ahighly iterative, interleaved and loosely ordered process over the life-cycle

points ofrequirements, design, and code. Each desi'gner exhibited amarkedly different

approach to design.

*

The first sub%ect was atrained software engineer with a Masters of Science
degree in Software Engineering and five years of experience. He used a
meta-schema about desgn which dlowed an exploration of the problem
environment before adopting aninitial andfinal solution. That is, this designer
focused on theprocess of design rather than on the design itself.

The second subject was a Ph.D. candidate in Computer Science with lessthan
three years of experience in logic programming. He did not consder
aternative solutions and utilized a generate-simulate-debug strategy. This
individual was too quick to focus on the initial solution without considering
altlernatlves. He aso had difficulty integrating al of the constraints on the
solution.

The third designer held aPh.D. in Electrical Engineering and had more than
tenyears of experiencein communications systems and hardware architecture.
He was most familiar with the problem domain and used specialized design
schemas relevant to distributed sysems. This desgner decomposed the
problem into smaller subproblems and then addressed those with "standard"
solutions from his design repertoire.

Guindon [Guin 88] recognized that an intrinsic aspect of system design is that

requirementsareincomplete and ambiguous. Hence akey part of designisclarification

and completion of the requirements. The observed design activities fell into three

categories.

D
2)

3)

Mental and external simulations of scenarios in the problem domain.

Understanding and formalization of the requirements.  This included
abstraction of critical point and testing of the consistency of requirements
againgt their own knowledge.

Definition, representation, and mental or external simulations of the design
solution at various levels of abstraction.

A fundamental conclusion from this study was that designers complete their

desgns by shifting between design activities and between different domans of

knowledge at different levels of abstraction. Strict top-down design approaches were

not exhibited. Guindon refers to this process as serendipitous or opportunistic design.



Guindon's study identifies the significant design process control strategies and
recognizes that any design can be amixture of these:

*  design methoddriven, when the design processis underlied by a design method
providing aplan for the design process,

* heuristic driven, when the design process is underlied by heuristic rules to
reduce complexity,

* %oal driven. when the o!egégn processis underlied by aproblem decomposition
plan in relevant speciaized design schemas,

* positiondriven, aswhenthe design processisunderlied by asmall set of apriori
Issues and selected values on these 1ssues,

* datadriven, aswhen the desgn process is underlied by an exploration of the
8rob_l|em environment and recognition of partial solutions at various levels of
etal,

*  repair driven. aswhen the design process is underlied by the need to debug or
repair afaulty aspect of the solution, especidly in a generate-simulate-debug
strategy. '

The selected design strategy proved to be a function of the individual subject's
experience. This led to the conclusion that the cognition process for software
development is highly dependent upon the domain experience of the subject.

Of particular interest in this study was the use of an observationa technique for
gathering information. The videotaping of the experiment alowed the researchersto
listen to the subjects speak as they described their design process in order to obtain
thinking aloud reports. Also, collecting the notes used in the designs allowed the
researchers to reconstruct the actual design sequence. The Guindon experiment
impliesthat itisrealisticto obtain significant resultsthrough observation. Thisresearch
proposes the significance of understanding the cognitive process as an important step
in predicting performance.

| The Guindon study used protocol analysis where the researchers listen to the
subjects description of their development process in order to uncover the cognitive

factors at work in design. Guindon clearly illustrates the value of studying individuals



in order to uncover the cognitive process. Since the study used a limited sample size,
no general conclusions can be drawn. However, the design processes uncovered

warrant further investigation.

222 Evans - Simkin Study of Student Proficiency

The Evans-Simkin study represents the use of a structured, scientific, controlled
experiment approach to conducting research. The formalism applied in this study
shows how issues of apersona psychology can be adequately quantified and studied.
Evans and Smkin study multiple possible causal factors in the search for performance
indicators. Although the final dependent variables were clear performance metrics
(grades), the independent variables included easily collected biographic information,
measured problem solving skills, and psychologica profiles.

Evans and Smkin [Evan 89] studied studentsin an entry-level business computer
classto determine:

1 What is the best way to measure a person's understanding of computer

concepts?

2. What factors best predict this understanding?

3. How can we measure cognitive processes that might also predict this
understanding?

4. If we can measure cognitive processes, which are the best predictors?

The study started with a 100-question survey administered at the beginning of
the semester.  This survey collected demographic information, performed
pwchol ogica profiling, and evaluated general problem solving skills. The dependent
variables in the study were exam and homework grades.

Each dependent variable was tested to see if it could be predicted by the
independent variables. Therewas adifferent result for each dependent variable. For

example, four variables best accounted for the variability in homework scores. high



school math courses, typing skills, sensing, and age.. Sengng is one of the Myers-Briggs
Type Indicator scales and indicates that the personwould rather work with known facts
than to lookfor new possibilities and rel ationships. However, theBASICprogramming
score relied on computer access, mother's occupation, the ability to speak a second
language, the letter-set problem-solving variableS, and the degree of student
introversion to explainitsvariability.

In conclusion, the authors note that:

"No single set of variables - demographic, behavioral, cognitive, or
problem solving - dominated the others as a ’best’set ofpredictors
of student performance. Rather, the research results suggest that
several factors from all four areas may be useful in forecasting
computer apftitude.”

The Evans-Simkin study iIIustrat&s the problems associated with the search for
predictive factors and the use of student subjects. It is essentid to salect the correct
metric of successful performance. Inthe case of programming, itisnot clear that grades
congtitute the best metric. The study does not address the issue of which individuas
produced the best code or who completed their development in the most efficient
manner.

Looking for predictive factors for performance is always dangerous without a
supporting theory for explanation. Many factorswill correlate with performance (eg.

mother'soccupation) but may indeed havelittle to dowith the cause of the performance. -

The search for these causal factors must be based on theory.

SResults from a particular question used on a problem solving test. The question is
Indicate the set of letters that is different:
BCDE FGHI JKLM PRST VWXY
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The extension of results from the study of students to the realm of experienced
professonasisunclear at best. Since the correlation between grades and professiond
success is not high [McCl 73], there is no reason to expect the predictive factors from

a study of students to generalize to the study of professionds.

223 Kagan - Douthat Study of Learhing FORTRAN

The Kagan-Douthat study is an example of the use of extensve psychologica
testing in order to predict performance. Through the use of controls and Satistica
technigques, sgnificant predictability based on solely psychologica characteristics was
uncovered. The study points to the change in characteristics which become important
as experience increases. Since this study focussed on students learning to program, it
leaves open the issue of what happens as programmers become very experienced.

Kagan and Douthat [Kaga 85 posed the question, "Does a tendency fowards
introversion give students an ‘edge’in learning the science of computerprogramming?"
They also sought to determine if such an "edge" is persistent in time.

Three hundred twenty sx students enrolled in an introductory FORTRAN class
completed questionnaires to determine personality traits based on a number of
psychologica measures. These psychology measures were Eysenck's Personality
Inventory, the Crowne-Marlowe Socid Dedrability Scde, Self-Monitoring of
Expressive Behavior, the Hodlility Inventory, and a Type A Behavior measure. The
study found that "achievement inthe latter half of the course was significantly associated
with acluster of traits that fit the globa definition of ‘introversion’." They found that
temperament became more relevant to achievement as the course progressed. "In
sum, being relaxed, stable, and aware of one's sAf in asocia context was conducive

to achievement early in the course, while the tendency to be withdrawn, hard-driving,



and ambitious appeared conduciveto learning in thefinal portion of the course.” There
was no datistically significant difference between majors and non-majors in ether

temperament or achievement.

224 Love Study of Student Performance

The Love [Love 77] study illustrates the search for predictive factors in
programming performance. The search itsdf is fairly brute force in that awide array
(24 factors) of data are collected for each run of a student assgnment. Each factor is
considered in an analysis of variance caculation to determine the factors most likely
to be predictors of the observed performance variance. The study aso attempts to
relate human information processing abilities to computer programming performance.
The information processing ability is measured prior to the class assgnments and the
correlated with performance. Again, thisis astudy of student performance and leaves
open the issue of its relevance to professionds.

[Love 77] presents a study of computer science students. During the course of a
semester, each student submitted a cover sheet with each run of a class assignment.
The cover sheet asked the student to answer questions pertaining to that run of the
program. The questions covered a broad range of suspected performance factors
relating to the student's work style, environment, and state of mind.

The most significant variables affecﬁ ng the success of a particular run of the
program proved to be:

How many previous attempts the student had made to run the program.
The student's reported ability to concentrate.

The time of the day.

The time the student had spent in the design of the program.

The student's preparation time.

The time required to locate the previous error.

The student's reported overal confidence in this run.

NOoOORAWDN R



In addition, the study collected further dependent variables designed to assess

the basic kill level of each subject. The dependent human information processing

variableswere;

1

5.

Performance on a continuous paired-associates task. This task asks the
subject to "print out” from the programmer's memory the proper value for
one of 4 variableswhose assignments have been projected briefly onascreen.
The assgnments are made at avarying distance from the "print" request.
Digit-span. A variable length series of two digit numbers are presented at
th‘é rate of one per second. The subject is then asked to recdl the lig in
order.

Perception speed. Thisis aspeed and accuracy test for comparing strings of
digits in which the subject compares variable length pairs of strings to
determine if they are the same or different.

Subjective organization of words in a free-recall learning paradigm. The
subject is tested on the number of words correctly recaled and the degree
to which recalled words were clustered into semantic categories.

Classroom performance measured by grades.

Significant results include:

1
2.

© 0o

Students did a poor job of estimating the number of runs required to
completion. ’

The number of changes made in programs does not correlate linearly with
classroom performance. An "A" student is just as likely to require a few
changes or hundreds of changes to get their programs working.

Those students who performed well in the memory for programs experiment
aswell as those who had higher scores on the digit span test took fewer runs
to complete their programming assignments.

There was an inverse relationship between performance on the free recall
learning task and the number of logical errors reported in the programs.
Students who did well in remembering programs took longer to locate errors
In programs.

The longer one spent designing a program, the more runs required to

complete the program. The more time coding and keypunching a program,
the fewer runs.

Students with high scores on the perceptual speed test tended to make more
changes.

Students who wrote larger programs tended to make more changes.

Only two measureswere significantly related to scorein the classroom: mean
time to locate an error in aprogram, and frequency of syntax errors. (Course

grade seems to measure test-taking ability more than it measuresprogramming
performance as defined here.)
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10. The above results suggest two possible types of "A" students:
1. Thosewho areableto develop acorrect d é;orithm and implement

it without making any logical changes, an
%k PerSuTE the proctom & Sorvel cutecty. | Lo

One surprising result is #6, the lack of extra design time resulting in improved
productivity. It islikely that student assignments are not complex enough to benefit
from aformal design method. Instead, the time spent designing is wasted because the
problems are trivial enough to warrant jumping straight to coding. Perhaps, too, the
Inexperience programmer is not as capable in trandating adesign into actual working
code.

This study begins to merge issues of cognition with other predictive factors. It
attemptsto uncover those cognitive abilitieswhichare most closely related toimproved
performance. The study hypothesizes four programming related cognitive abilities and
attempts to correlate these with the performance metric of grades. None of these
hypotheses proved valid. This illustrates the danger of ashot in the dark approach to
uncovering the cognitive processes at work inprogramming. The proposed significant
cognitive abilities were cofrel ated with other méasures of performance (number of
runs to complete assignment, and number of logica errors.) This suggests that

measures of performance other than grades should be studied.



2.25 |ssue of Cognitive Science

In nature hybrid species are usually sterile, but
in science the reverse Is often true. Hybrid subjects
are often astonishinglyfertile, whereas if a scientific

discipline remains too pure it usually wilts.6

Curtis [Curt 87] proposes five psychologica paradigms most often used in
exploring programming problems:

1 Individua Differences.
2. Group Behavior.

3. Organizationa Behavior.
4. Human Factors.

5. Cognitive Science.

In this paper Curtis proposes that the Cognitive Science approach to the problem
is likely to be the most rewarding. Curtis notes that while the individua differences
paradigm provides a method for predicting performance differences among
programmers, it fails to offer an explanation of why these differences occur or how to
reduce them other than through selection. The paradigm of cognitive science seeks
to understand how knowledge is acquired, represented in memory, and how it is used
in solving problems.

Cognition in programming is a very complex problem which will take
extraordinary effort to solve. AISo, it is aproblem based more squarely in Psychology
than in Computer Science. This dissertation proposes a pragmatic approach to the
development of a cognitive model. It proposes to study the behavior of exceptiona
performers as it differs from that of non-exceptional performers. It is much easier to
collect data.onwhat someone does than onwhy they doit. This study will build amodel

of the behaviors associated with exceptional performance.

SFrancis Crick, What Mad Pursuit - 4 Personal View of ScientificDiscovery, Basic Books, Inc., New
York,NY,p. 150, 1988. '



2.2.6 Conclusons

These studies illustrate the current state of the art in research 'in’ the field of
SoftwarePsychology. These studies show that formal methods are being used to collect
meaningful resultsin the area of predicting programming performance. They indicate
that thisfield is replete with unsolved probl ems but that these research techni gues are
capable of provi ding sgnificant results. The research focuses on biographical
information, skills, and individua attributes as possible predictors for performance.

These studies aso show that open problems remain. Curtis [Curt 864] cites a
major problem with the research completed thus far. The studies emphasize student
subjects. The study of students can lead to two significant errors. First, novice
performance is probably substantidly different than experienced performance.
Second, student problems are generdly narrow and well defined. Thus the
generalizabilty of resultsto practicing professional sisquestionable. Theselargestudies
have aso focused on easily measured biographical data. The studies that have probed
an individual's approach or processes in depth have only been performed with a small
numbers of programmers.

In essence, these prior studies serve as the research prototype. The studies
discussed above have used many of the methods proposed and have studied the area
of interest inthisdissertation. Since theresultshave been significant, the above studies

imply that this research will produce substantial resuilts.
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2.3 Research Methods

Several papers suggest powerful approaches to conducting research inthe realm
ofSoftwarePsychology [Wels 74, Broo 80, Mohe 81, Shel 81, Mohe 82, Bas 86]. These
papers suggest appropriate answers to the questions of Who to study; What to study;
and How to study.

Theseresearch areas are clearly on the boundary between Computer Science and
Psychology. Thefield of Psychology providesthe experi mental methodology for formal
recording and analysis of field data. Much of this method springs from field studies
of other cultures. The Statistical methods used are aso critical to these studies. The
Psychology backdrop aso provi'des the connection to Cognitive Science. In order to
adequately address the research results obtained by psychology methods, connections
must be made to other areas of human task performance,

On the other hand, a Psychology-only approach to the study of programmer
performance is unjust. The Computer Scientist must guarantee the relevance of the
study by critiquing the research materials to ensure that they represent rea-world
software development. Also, it is the Computer Scientist who will be able to apply
these results to actual development situations. Thus, athough this research isin a

boundary areg, it is abona-fide and valuable area of Computer Science research.

2.3.1 Who to study

The subjects must be representative of the study population at large in order to
be able to generalize the results. The size of the subject pool must be large enough to
beableto ascribe statistical significanceto theresult. The subject pool must beuniform
with respect to the factors not under study in order to not be left with significant

unexplained variance in the result.

21



Most of the large studies to date have used student subjectsin order to keep costs
low. Thus, the programs studied were usually smdl and not very complex since they
were completed as part of aprogramming class. Results using student subjects are not
readily generalized to large, complex projects undertaken by experienced professona -
software engineers. A better approach is to study experienced engineers on the tasks

in which they are currently engaged.

232 What to sudy

Historically, the state of the art in Computer Science has been motivated by rules
of thumb for best practices. Experienced professionals would identify tools and
techniques that seemed useful and promote these asbestpractices. Thefield of Software
Psychology tries to quantify these results to make more substantiated
recommendations. The range of these items was generdly from the very specific to
the very general. On the specific end, notational differences in languages like
conditionas, control flow, and data types were studied to see their effect on
performance. More genera aong this continuum was the study of programming
practices like flowcharting, indenting, variable naming, and commenting. At the most
general end of the continuum was the study of tasks. Here the study of knowledge
representationand cognition are applied to the problems of learning, coding strategies,
and debugging. Itis at this more genera end of the What to study continuum that this
research will reside.

While studying these more general tasks, thié dissertation will focus on the study
of programmer characteristics. These fall generdly into two categories
software-independent characteristics and software-dependent characteristics

[Mohe 82]. Software-independent characteristics include physical characteristics,



generd intelligence, and formal education. Software-dependent characteristics
include prograrhming aptitude, programmer skill, programming experience, and
formal programming education. This dissertation will primarily study
software-dependent characteristics.

This dissertation will study competencies. A competency is any persond
characteristic or attribute that contributes to effective performance [Char 82]. A job
competency isany attributethat contributesto doing aspecificjob well. These attributes
can be specidized knowledge, an ability, aninterest, atrait, or amotivation. However,
they are not ajob competency unless they contribute to doing the job well.

The casefor studyingcompetence rather than intelligence was made by McClelland
[McCl1 73] in relation to the lack of predictive validity in current intelligence tests.
McCIeIIand argues that tests which sample job skills are the best predictor of
competence. In order to create the tests, the researcher must know which skills are
necessary to achiéve competent performance in aparticular job. The aim of this study

is to uncover these competencies,

2.3.3 How to study

Sheil [Shel 81] expresses the concern that the current state of research in this
field represents the pseudopsychology of programming and stresses the adoption of
formal research methods. In order to have an adequate study, the fundamentals of
behavioral research (psychometric theory, andyss of variance, and multivariate
techniques) must be employed. Studies range from the experimental applying a
rigorous, systematic method to a narrowly defined problem, to a discovery process

employing interviews and verbal protocolsto obtain awider, richer resultina broader

area.



The following sections will describe the research tools most appropriate for a
study of thissort. TheMyers-Briggs Type Indicator ispresented astool for determining
psychologica type. Thistool will be used in this dissertation to determine if significant
type differences exist between exceptional and non-exceptional engineers. The Critica
Incident Interview coupled with Protocol Analysisisused to uncover the competencies
associated with thejob of software engineering. Q-Methodology is used to rank order
the competenciesuncovered and to determineif any of the competenciesare associated
with exceptional performance. Finally, Discriminant Analysis will be discussed as a

statistical tool for developing a predictive model of exceptional performance.

2331 Myers-Briggs Cognitive Style Type Indicator

Smith was a classic computer nerd - A Hobbitlike

. little man, short on social graces and all but

innocent of (;)ersonal hygiene, with the chopped—gﬁ'
blond curls of afourteenth- century monk.

An abbreviated version of the Myers-Briggs Type Indicator (MBTI) was used by
Evans and Simkin [Evan 89] in their study of programmer productivity. This study
demonstrated correlation between the introversion, intuitive, and judging types and
performance on exams. A detailed description of the MBTI appearsin [Shne 80]. The
166 question format computes a score for four contrasting personality pairs. Table 2.1
provides a general descri ption of the quadrants used in the MBTI.

The Myers-Briggs Type Indicator's purposeisto identify, from self-report of easly
recognized reactions, the basic preferences of people in regard to perception and
judgement, o that the effects of each preference, singly and in combination, can be

established by research and put to practical use [Buro 89). The four preferences are

TFrank Rose, West of Eden - The End of Innocence at Apple Computer, Penguin Books, New Y ork,
NY,p.51, 1989.
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TABLE 2.1 Description of MBTT’s 4 Preference Scales8

EXTROVERT VS. INTROVERT

People who prefer extraversion tend to focus on the
outer world of people and the externa
environment. When you are extraverting, you are
energized by what goes on in the outer world, and
this is where you tend to direct your own energy.
Extraverts usudly prefer to communicate moreby
talking than by writing. They need to experience
the world in order to understand it and thus tend
to like action.

Peoplewho prefer introversion focus more ontheir
own inner world. When you are introverting, you
are energized by what goes oninyour inner world,
and this is where you tend to direct your own
energy. Introverts tend to be moreinterested and
comrortablewhen their work requires agood dedl
of their activity to take place quietly ingde their
heads. They like to understand the world before
experiencing it, and so often think about what they
are doing before acting.

SENSING VS. INTUITION

Oneway to "find out" is to useyour sensingfunction.
Your eyes, ears, and other senses tell you what is
actually there and actually happening, both inside
and outside ofyourself. Sensing is especially useful
for appreciating theredlities of asituation. Sensing
types tend to accept and work with what is "given”
inthehere-and-now, andthusbecomerealisticand
practical. They are good at remembering and
working with a great number of facts.

The other way to find out is through intuition,
which shows you the meanings, relationships, and
posshilities that go beyond the information from
your senses. Intuition looks at the big picture and
tries to grasp the essential petterns.  If you like
intuition, you grow expert at seeing new
possihilitiesand newways of doingthings. Intuitive
types value imagination and inspirations.

THINKING VS. FEELING

One way to decide is through your thinking.
Thinking predictsthe logical consequences of any
particular choice or action. Whenyou use thinkin:
you decide objectively, on the basis of cause an
effect, and make decisons by anayzing the
evidence, even including the unpleasant facts.
People with a preference for thinking seek an
objective standard of truth. They are frequently
good at analyzing what is wrong with something.

The other way to decide is through your feeling.
Fedling considers what is important to you or to
other people (without requiring it to be logicd),
and decides on thebasi s of person-centered values.
When making adecison for yourself, you ask how
much you care or how much personal investment
you have, for each of the alternatives. Those with
a preference for feeling like dealing with people
and tend to become sympathetic, appreciative, and
tactful. (Itis important to understand that theword
"feding,” when used here, means making decisions
based on values; it does not refer to your fedings
or emotions)

JUDGMENT VS. PERCEPTION

Those who take ajudging attitude (either thinking
or feding) tend to live in a planned, orderly way,
wanting to regulate life and control it. When you
use your judging function, you like to make
decisions, come to closure, and then carry on.
People with a preference for judging prefer to be
structured and organized and want things settled.
(It is important to understand that "judging” as
used here does not mean judgmental; any of the
types can be judgmental.)

Those who prefer a perceptive process when
dedling with the outer world (either sendng or
intuition) liketolivein aflexible, spontaneousway.
When using your perception, you are gathering
information and keeping your options open.
People with a preference for percelving seek to
understand life rather than control it. They prefer
to stay open to experience, enjoying and trusting
their ability to adapt to the moment.

8Isabel Briggs Myers, Introduction to Type, Consulting Psychologists Press, Inc., Palo Alto, CA, pp.

5-6, 1990.



assumed to interact in complex nonlinear ways to produce one of 16 psychologica
types. Each type is identified by a four letter set which relates to the dominant
preference on each of the four preference axes. Hence an ISTJ score relates to an
individual who scores as anIntrovert, Sensing, Thinking, Judgingpersonality type. Each
of the 16 possible types has significantly different attributes as described in [Isac 88].
Further, the MBTI can provide a continuous score [Myer 85] for each of the four

preference scaes alowing for statistical analysis of significant differences.

2332 Critical Incident Interviews

Flanagan [Han 54] provides an overview of the Criticd Incident Technique for
data collection. The technique was introduced during World War I in the Aviation
Psychology Program to study combat leadership and pilot disorientation. The
technique has since been refined and applied to measures of performance, measures
of proficiency, training, selection,job'design, equipment design, and leadership.

The critical incident technique attempts to discover the criticd job requirements
that have been demonstrated to have made a difference between success and failure
in carrying out animportant part of thejob assigned in asignificant number of instances.
The technique is based on two fundamental principles.

1 Reporting of facts regarding behavior is preferable to the collection of
interpretations, ratings, and opinions based on general impression.

2. Reporting should be limited to those behaviors that according to competent
observers, make a significant contribution to the activity.

The method congists of five magjor steps:

1 Determination ofthegeneral aim ofthe activity. The am should be clear s0
that subjects can comment directly on relevant incidents.

2. Development of plans and specifications for collecting factual incidents
regarding the activity.
3. Collection ofthe data. Thisis generally provided viainterview with the subject.

Thg etcet:chnique requires only the smplest types of judgements from the
‘supject. .
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4. Analysis ofthe data. The classification of the critica incidents is an inductive
process based on the analysis of al respondents.

S. Interpretation and reporting of the statement ofthe reguirements of the activity.

The technique of Protocol Analysis is described in [Webe 85 McCr 88]. The
technique trandates the verbatim copy of an interview to a generalized set of
cross-transcript results. By using aformal process, there is arecord of the andysis and
the relations identified can be tied to specific utterances in the origina transcripts.
The process itsdf is a movement from the specifié to the generad. One must be careful
to ensure that generalizations are valid and that meaning isn't changed in the process

The process moves from transcripts to results in the following stages. Stage 1
convertsanutterance to an observation by recognizingit assignificant. Until asentence
or phrase is identified as being relevant to the research, it has not entered into the
andysis. Inthis step the transcript is read carefully with the research question inmind
in order to identify those utterances that must be identified and collected for later
study. This happens individually for each transcript.

Stage 2 develops the logical relationships that occur in the transcript. These
relationships can be with the utterance itself, with the rest of the transcript, or with
previous literature. Stage 2 isthefirst step in generalization in that it begins to atach
meaning to the utterance and begins the process of classifying it.

Stage 3 refines the observationin relation to dl of the other Stage 2 observations
in &l of the available transcripts. This stage moves from the study of one transcript to
forming relationships across transcripts. The focus adso moves away from the
transcripts per se, and onto the observations themsalves.

In Stage 4 the researcher uses judgement to look for patterns of inter-theme

consistency and contradiction. Redundant themes are combined or eliminated.
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Themesthat do not appear useful for the research question are eliminated. All of the
themes must be smplified and clarified in order to best represent the datafrom which
they are derived.

Stage 5 creates the conclusions of the study by identifying and commenting on
the patterns across the themes derived from the entire interview process. This stage

results in the creation of the theses from the interview process.

2333 Q Methodology

The Q Methodology encompasses the Q-Sorting Technique, which is designed
to provide practical means for subjects to sort and researchersto analyze large lists of
items [McKe 88]. The method stresses the reliance upon the individual's perception
ofvalue in aset of statements as the actual dataunder study. The technique has along
history being first promoted by William Stephenson in the mid 30’s. His text on the
subject [Step 53] continuesto be asignificant source of information on the methodol ogy
and the technique.

In Q-Sort asubject is asked to rank order a set of items against a specific condition
of instruction. The ordering is quasi-normal in that it asks subjects to place the item
in one of alimited number of bins or piles. The number of items is expected to far
exceed the number of piles. Each pile maintains a specific relationship to the other
piles. The number of items to be placed in each pile is meant to be proportional to a
roughly normal distribution of the items. For example, if there were 10 items to
distribute across five piles, the first pile would have one item, the second pile would
have two items, the third pile would have four items, the fourth pile would have two
items and the fifth pile would have one item. This approximates a normal distribution

with the center pile being the center of the distribution.
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Criticd to the sorting is the condition of instruction. A subject may provide a
radically different sorting based upon the instructions given. For example, in this study
if a subject were instructed to sort competencies based upon the order which most
related to being exceptiond, there would be a different result than if the subject was
instructed to sort them relative to their own behavior on thejob. The same Q-sample
stimuli can even be used with thé same subjects under differentconditions of instruction

to study different aspects of an area.

2334 Statigtical Analysis

The technique of Predictive Discriminant Analysis is used to predict membership
of experimental units into two or more criterion groups [Hube 89]. This technique
uses a set of predictor variables and one criterion variable. The criterion variable is
agroupi ng variable with two or morelevels. That is, the andysis triesto pla_:e al of
the samples into two or more groups based upon the predictor variables. Predictive
discriminant andysis is a multivariate data-analysis method of the dependent type.
Hence it is related to other techniques like multiple correlation anadyss, canonical
correlation anayss, and multivariate analysis of variance (MANOVA).

The Discriminant Analysis is based on the following assumptions [Klec 80].

There are two or more groups that are being distinguished.
There are at least two cases per group. '

There can be any number of discriminating variables, provided that the
number of variables does not exceed the number of cases minus 2.

The discriminating variables must be measured at the interva level.

No discriminating variable may be a linear combination of other
discriminating variables. _
The covariance matrices for each group must be approximately equal, unless
gpecia formulas are used. '

Each group must be drawn from a population with a multivariate normal
distribution on the discriminating variables.

N o bk WDhpE
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Klecka comments on violating these assumptions. Discriminant anaysis seemsto be
robust enough to tol erate some deviationfrom the assumption of amultivariate normal
distribution on the discriminating variables and equal group covariance matrices. The
consequence of violating these assumptions is some reduction in efficiency and
accuracy. If the normality assumption is violated the procedure will be non-optimal
and result in a greater number of misclassifications.

Kleckanotes that "With largesamples, however, we can ignore the tests of significance
or interpret them ‘conservatively’ whenour data violate the assumptions. " This assumption
can be tested by observing the percentage of correct classifications of the cases under
study. If this number is high, the violations of assumptions is not considered harmful.

Other problems which can affect discriminant anadyss include large amounts of
missingdata, highly correlated variables, avariablewith zero standard deviationswithin
one or more groups, grosdy different group sizes, and outliers. Teds for these and
other conditions are supported by the SPSS/PC package used to generate the result
[Frud 87).

In particular, the variables used in discriminant analysis should be tested for
normality of distribution. This is accomplished in two major ways. First the skew of
the distribution is tested. Second the kurtosis of the distribution is tested. In both

cases, values of plus or minus 1.00 are considered acceptable for descriptive studies
such as this [Cohe 83].
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24 Conclusons

Two broad experimenta approaches can be gpplied to empirica research on
programming: tightly controlled experiments which are rigorous, systematic, and
narrow in scope, or less tightly controlled exploratory experiments which alow for
collection of awider and richer range of data [Curt 86b].

A number of critical issues arise in behavior-based studies of this type. First and
foremost, subject sdlection 'isycriticd. To study excdlence in performance, one must
be sure that excellence is observed! Prior research faced this problem in the study of
creativity in aresearch setting [Neid 64]. To ensure that excellence is observed, one
can create a suitable measure of excellence, refine the subject pool to ensure that only
excellent performers are in the study group, and provide an appropriate control group
for defining averageperformance. Subject selectioninvolves aseries of filteringcriteria
for further refining the group. The subject pool is further filtered by other objective
measures. Neidt, for example, considered performance ratings aswell asthereference
to entries in a research progress log. Much of the literature has confined itself to the
use of student subjects due to their 'availability and economy. The industria
investigations have generally studied only single individuals or very smal groups.

Figure 2.1 summarizes the research area by modeling the refinement of choices
as afunnel. The field of study for this dissertation is between Computer Science and

-Psychology. It uses psychology methods to study performance of software engineers.
The experimental design is broadly defined. That is, rather than creating atightly
controlled experiment in order to vaidate a particular resullt, this dissertation will
perform abroad study attempting to determine which competencies are most like the
behaviors of exceptional software enginéers. The experi mental method is protocol

analysis of critical incident interview transcripts. The subjects are al experienced
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software engineers rather than novices or students. Studies such as Moher and
Schneider [Mohe 81] demonstratethat there are significant differencesinthe attributes
of high performance students and professionas. This dissertation studies individuals.
Although much of the task of software engineering is a team effort, this dissertation
will study the role of the individua and individua behaviors. Findly, the dissertation

explores software dependent characteristics of the individual's performance.

RESEARCH AREA

COMPUTER SCIENCE-~+—————-————~PSYCHOLOGY FIELD OF STUDY

TIGHTLY CONTROLLED~——+BROADLY DEFINED / EXPERIMENT STYLE

INTROSPECTION - PROTOCOL ANALYSIS
\FIELD STUDY - CONTROLLED EXPERIMENT/ EXPERIMENTAL METHOD

 NOVICE «———— = EXPERIENCED/SUBJECT SELECTION

'NDIVIDUAL - TEAM - PROJECT,
COMPANY - BUSINESS STUDY SCOPE

"\ SW INDEP-~SWDEP/ STUDY DOMAIN

RT:10.18.91\ FUNNEL

FIGURE 2.1 Research Area Funnel



CHAPTER 3
RESEARCH METHOD AND DESIGN

The techniques of cognitive p?/chol ogical
experimentation can help resolve specific issues in
programming and explore the broader issues of programmer behavior.%

The research for this dissertation is divided into two phases. Phase 1 uses a
qualitativetechnique. Phase 1isintended to discover the competencieswhich may be
related to exceptiona performance. Phase 2 uses a quantitative approach to validate
the results of Phase 1 Phase 2 provides the datistical basis for the preliminary
conclusions reached in the Phase 1 work. Overall, the study is descriptive in nature.
The dissertation's intent is to describe the difference in competencies exhibited ‘by
Exceptional and Non-exceptional engineers. Further, the dissertation creates amodel
capable of predicting exceptional ratings based upon discovered competencies. This
predictivé model differs in two important ways from prior research attempts. Firt,
the predictive model will prove to be a complex rather than simple model of
performance. Simple predictorswill not work well. Second, the model will be heavily
based on behaviors rather than on demographics.

The research method relies oh atriangulation [Fiel 86] technique to provide
further validity of the results. Thistriangulationisillustrated inFigure 31 The basic
two phase structu.re of the study triangulates the data by 'two basic approaches:

qualitative and quantitative study. Further, the triangulation occurs in three major

9B. Shneiderman, "Exploratory Experiments in Programmer Behavior," International Journal of
Computer and Information Sciences, Val. 5, No. 2, 1976, p. 123
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forms. The study is triangulated by subject since Phase 1 surveys five R&D labs and
Phase 2 studies nine labs. In each phase, subjects are selected from three different
sites. Thesubjectsin Phase 1 areworking on three application types, while the subjects

In Phase 2 are working on five application types. This diversity of subjects dlows for

confirmation of results by different subject types.

DATA TRIANGULATION

PERSPECTIVE

< Engineers
e Managers

SUBJECT METHOD

« 5/ 9 R&D Labs * Questlonnaire
« 3 Sites « MBTI

« 3/ 5 Application Types e Interview

« Q-Sort

RT:10.18. 9N TRIANGL

FIGURE 31 Research Data Triangulation

The research is triangulated by method since multiple research methods are
working in concert to collect the data. The questionnaires provide one source of data
and the results from the questionnaire can be compared with the results from the other

instruments. The Q-Sort is atechnique for ranking lists of behaviors and will be used



to provide another view of the competencies first discovered in the Critical Incident
Interview. The MBTI used in Phase 1 provides another view of the psychological type
of the individua in the study. |

In Phase 1 each subject's behavior was studied to observe competencies. Each
subject was aso asked to directly identify additional competencies that they exhibit or
See ih others. Also, the manager of each lab was asked to identify the essential
competencies for exceptional performance. This use of engineers and managers to
identify competencies provides triangulation by perspective. Triangulation provides
further validity of the reéults by confirming the result from different viewpoints. The

following sections describe the use of this triangulation method in more detall.

3.1 Phase 1 Qualitative Data Phase

Behavioral ﬁmychology is the science
of pulling habits out of rats.10

The research objectives for Phase 1 were to:

1 Determine differential competencies of exceptional versus non-exceptional
software engineers, and

2. Determine the MBTI type profile of exceptional and non-exceptional
software engineers. '

Thisis the phase inwhich the research uncovers the set of competencies related
to exceptiona performance in software engineering. Phase 1 studies demographic

information, psychological type, and actual job activity in order to uncover as much

information as possible.

10Dr. Douglas Busch, from Peter's Quotations - Ideasfor our Time, by L. J. Peters, Willian Morrow
and Company, 1977:



3.1.1 Sdlection of Subjects

Thisstudy makesuse of two matched subject poolsin order to study the differences
between exceptional and non-exceptiond kills in software engineering.  The study
covers 10 subjects in each of the exceptional and non-exceptiona pools. The subjects
are matched by time in current organization. Thusif an exceptiona engineer with four
yearsin the current orgahi zationisidentified, asecond non-exceptional engineer With
approximately four years experience in the same organization is added to the study.
This approach controls for the effect of the organization on the individual's
performance. These differences could be clearer goas and objectives, better
management, or aparticular product type. The study does not attempt to control any
other factors since al are possible contributors to the exceptional performance under
study.

All subjects are professiona software development engineers from amajor U. S.
corporation with a minimum of two years of experience in developing software. Each
subject has successfully completed a project released to the end user. From here on
the population will be referred to as coming from The Company.

Subjects are selected by a supervisor selection process inwhich managersidentify -
the top performers in their organization. In a letter to the manager, the researcher
asked managers to identify an exceptional and average performing pair of individuals.
The pair should each havebeen inthe organizationfor approximately the same amount
of time. The manager was aso directed, "In order to ensure exclusiveness, no more
than 5% of your lab should be considered as exceptiohal " The guideline ensured that
the subject sample is indeed exceptiona. Note that this subject selection technique

introduces a series of biases on the part the manager doing the selection. Also, it



Introducesthe bias of the organi zation Snce ranking is an organizationa process. This
dissertationwill study theindividuals defined as exceptional by their managers. Hence
this manager bias is an inherent part of the research design.

Once the subjects were nominated, each was contacted to determine if they were
interested in participating since the study was to be strictly voluntary. Each subject
received aletter that provided the assgnment for each participant and asked each to
complete the Biographica Questionnaire and the Myers-Briggs Type Indicator Test
prior totheinterview. Theletter clearly indicated the voluntary nature of participating
in the research. Each subject was also provid}ed with a"standard" ethics disclosure as
shownin Appendix B Phase 1 Standard Ethics Protocol which indicates the nature of
the research and what will be done with the results. The ethics disclosure defined the
subjects' rights énd indicated their option to discontinue participation in the research
a any time. Findly, the note established the date, time, and place for the interview,
and indicated what the subject should expect.

3.1.2 Biographical Questionnaire
Thestudy usesaquestionnaire to gather descriptiveinformation about the subject
pool. The data are used to

1 Allow this datato be used by other researchers by adequately describing the
subject pool to make comparisons possible.

2. Vdidate that :
- Subjects represent experienced rather than naive programmers.

- Subject are a valid cross-section of developers covering different
language use, target applications, and devel opment environments.

3. Confirm or refute the following hypotheses relating to demographic and
academic information.

1 Exceptional engineers will make broader use of various too[s and
- methods, especidly acting asearly adopters of new tool s and techniques.
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2. Demographic and academic factors will not emerge as predictors of
performance.

3. Age and experience will correlate with performance, but will emerge

Sr(s) i?]tt.hreSho d effect where it will not be significant beyond a certain

The questionnaire is provided in Appendix A Phase 1 Biographica
Questionnaire and includes questions concerning education, on the job training,
experience, languages used, and methods employed. The questionnairewas pretested
many timesin order to determineitsappropriatenessand ease of use. It was extensively
modified as aresult of these pretests. This questionnaire was completed by subjects

prior to the opening of the Critical Incident Interview.

3.1.3 Critical Incident Interview
The Critical Incident Interview was conducted in a private room at the subject's
worksite. Each interview was tape-recorded, and the recordings were transcribed for
later use. The general outline of the interview is described in Appendix C Phase 1
Critical Incident Interview Outline. The interview was pretested to determine how
well it would flow. The interviews began with casual conversation to set the subject
at ease. Theinterviewer described the scope of the research and outlined the genera
flow of the interview. Once the subject was comfortable with the process, the tape
recorder was started and the interview began. The interview followed the basic
structure and practices defined in [Hori 89].
A typical interview began with an introduction smilar to the following one taken
from the transcript of the interview of subject #14.
What!'d likeyou to do is start off by thinking about a time which
hare. e it Waled o . pe I simers
development, software maintenance, testin{:], whatever it is, but a

time at which you feel you were at your personal best, and when
you've got one of those situations in mind, give me kind of a broad
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overview, a fifty word summary overview which is, how didyou get
involved in the situation, who were the other players, what was the
nature ofthe task, and then we'll come back and we'll walk through
g a%eepoPtyhgteE a; rl]c. gory detail to find our exactly what you did in each
The subject would then describe aparticular incident and the interviewer would
probe for clarification or increased depth of response. The interviewer used probes,
open-ended questions, questions of clarification, and reflective listening to keep the
participant on the subjects of interest. The only Way that the interviewer tried to direct
the conversation was to provide additional clarification or to move on to other topics.
The subject generally described two to three significant incidents in the course
of oneinterview. When each incident was corhpl eted, the subj ectwas asked to descri be
the critica skills or competencieswhich were essential to the successful completion of
thetask. At the end of the discussion of the subject's incidents, the subject was asked
to describe the list of essential competehcies for an exceptional software engineer.
With reference to the data triangulation mentioned above, the incidents formed one
set of data regarding competencies, the self-description of skills formed a second set,
and the description of essential competencies for exceptional software engineers
formed athird. All three sets of dataare used to create the list of competencies which
are subsequently validated in Phase 2. |
Data andysis of the Critica Incident Interviews proceeded by the method of
Protocol Analysis[McCr 88]. Here each written transcript .was reviewed and highlighted
to identifytasks, incidents, competencies, self-described skills, and identified competencies
for exceptional performance. Each transcript was reviewed individually to identify
consistent themes which could be generalized as competencies for that individual.
After each transcript wasrevi ewed individualy, the set of transcripts was examined to

Identify competencieswhich appeared across multipletranscripts. These competencies



were generalized and reworded as required in order to emphasize the smilarities.
However, great Carewas takento not over-generalize or distort the original meanings.
A st of behaviorswés identified based on al the transcripts and served as a detailed
explanation of the intent of the competency. At this point, original transcript text was
retained and attached to the competency as further definition. A final pass alowed
for the combination of related competencies into a Sngle competency.

All of the analysis to this poi nt was done blindly. That is, the transcripts were
tagged with an identification number and the researcher did not know the name of the
subject. Further the researcher did not know if the transcri ptswdefrom an exceptiona
or non-exceptional subject since these results were left in .a seded envelope. At this
point the identification of the exceptiona performers was made.

The next step of the process was to count thé number of subjects exhibiting an
identified competency fromeach of the exceptiona and non-exceptional groups. Those
competencies exhibited by few subjects were dropped from further consideration. In
general, at least three subjects had to identify a competency before it was retained.
However, if one exceptiona and one non-exceptional subject identified acompetency,
it was aso retained. |

The competencies identified from a subject's self-assessment of skills and from
the subject's opinion of which competencies are related to exceptiona performance
were dsoidentified and categorized. Thosethat appeared most often across transcripts
were retained and used in Phase 2 research.

Findly, each manager who had provided subjects for the Phase 1 research was
asked to identify the competencies used in selecting the exceptional subjects for study.

- The manager was asked to list the skills, knowledge, or attributes that differentiated
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exceptional performers from non-excéptional performers in the sudy. The
competencies identified most frequently across the five managers participating in the
study were aso used in the Phase 2 studly.

3.14 Phase 1 Method Summary

Figure 3.2 presents a summary of the Phase 1 research method. Phase 1 is
designed to identify the competencies of software engineers. Further, it will test the
biographical questionnaire. The Phase 1 subjects are drawn from five Company
divisons on three dtes and are active in the creation of three types of software
applications. Phase 1 studies 10exceptional and 10non-exceptional engineers. Phase 1
uses a biographical questionnaire, the MBTI, and the critica incident interview as
research instruments. Although testsfor difference are conducted in Phase 1, thetrue

value of Phase 1 liesin the identification of the competencies.
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DISSERTATION RESEARCH METHOD

Objectives: » Determine competencies of Software Engineers
* Test Biographical Questionnare

Population/Sample:
* 5 Company Divisions on 3 Sites
« Applications include: Test & Measurement, Embedded FW, CAD
« Selected 10-XP and 10~-NXP from population of 150 SW Eng

Instruments Analysis

« Biographical Questionnaire 1 Test for Difference

* Myers—Briggs Type Indicator 1 Test for Difference
2. Graphical Display of Results

¢ Critical Incident Interview 1 Protocol Analysis
2. Test for Difference

RT:10.19.91\METHODT

FIGURE 3.2 Dissertation Research Method (Phase 1)

32 Phase 2 Quantitative Data Phase
The research objectives for Phase 2 were to:

1 Validate the competenciesidentified in the Phase 1 research, and
2. Determine if asimple predictor of performance exigs.

This phase consists of an attempt to validate that the competencies identified in
Phase 1 are indeed significant and actually relate to performance. In particular, the

validation determines whether competencies hypothesized to be differential after
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Phase 1, arein fact differential. Further, the data collected in this phase are used to
build a predictive modd that uses the identified competencies to predict whether a

particular engineer will be ranked as exceptional or non-exceptional.

321 Sdection of Subjects

For Phase 2, the objective is to validate the results of Phase 1 against a broader
population. Thus the research pool was expanded both in quantity and diversty.
Matching for time in the organization was no longer required since the breadth of
participants was expected to make differences in experience in the organization no
longer relevant. In addition, the "exclusivity" of the exceptional label was relaxed to
alow for amore even mix of exceptiond' and non-exceptional engineers in the study.
This is a conservative approach in that alowing more subjects to be defined as
exceptional merely increases the risk that a competency will not be identified as
differential. However, the competencies that are shown to be differential are much
morelikely to be s0. The mix was aso changed to dlow for asufficiently large number
of exceptiona subjects to power the required statistics. _ |

Asin Phase 1, dl subjects are Company software engineers. AII engineers were
alowedto participateregardlessof length of service. Therewasnot the2 year minimum
experiencecriterion asin Phase 1. Managerswereinvited to havetheir labs participate
in the study via letter. The letter asked the participating lab managers to distribute
surveysto their entirelab on adifferential basis. Sev_enty percent of the surveyswould
go to non-excéptional performers and 30% of the surveys Wouid go to exceptiond
performers. The determination of exceptional vérsus non-exceptional Was again made
by the managers according to the criteriain afollow-on letter. The 30/70 split was to

be used asaguideline. However, themanagerswereto usejudgement andweredlowed
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to distribute exceptional surveys to more than 30% of their lab. This met with the
spirit of surveying based on performance. The managers were instructed to keep the
differential nature of the survey confidential.

When amanager elected to dlow their 1ab to participate in the study, he or she
recelved a set of survey packets to distribute to their engineers. Extra surveys of both
the exceptional and non-exceptional variety were d'i stributed so that the manager could
dightly skew the population based on the performance of the individuals in their
organization. Each packet contained al etter of instruction that outlined the assgnment
and clearly indicated the voluntary nature of the survey. Each packet included a
Biographical Questionnaire and a set of Q-Sort cards. The packet included a
pre-addressed return envel ope for returning the completed survey. This method kept
the results blind in that the researcher never knew the names of study participants or

their corresponding rating.

322 Biographical Questionnaire

The Biographical Questionnaire used in Phase 2 is presented in Appendix G
Phase 2 Biographical Questionnaire. Itisidentical to the Phase 1 questionnaire with
the following exceptions.

1 TheInterview Date and Subject|D Number were removed. In this phase of
the study, there were not multiple study products to relate as there were in
Phase 1 (MBTI, Questionnaire, and Interview Transcript) so these were no
longer necessary.

2. Company Division was added to alow for reporting of results by divison in
order to track response rates. Also, some managers agreed to participate on
the condition that they were able to see composite results for their own labs
relative to the full population. These separate results will not be presented
in this dissertation.

3. Thedegree ofEngineer was dre(zf)ged as adegree choice. Few engineers hold
this degree as it is only offered by two universities in the United States. In
addition, it caused some confusion with a major in engineering.
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4. The text was chanaPed to show that the only number used for Training Hours
was the grand total. Some respondents had troubl e classifying their training,
and the fina number is dl that is used in the study.

5. Further dlarification is provided in the description for Years of Experience in
order to éiminate confusion.

6. The MED answer was removed from the Language question. In Phase 1,
many subjects exhibited a "central tendency” and answered MED for Al
languages. Thiswas dropped in an attempt to increase variance. Also, the
directions were improved to better clarity what languages qualified. In
particular, the use of languages was scoped to those used professionaly.

7. The entire Method/Toolsection was dro%ped. This question proved difficult
for subjectsto answer as there was considerabl e confusionabout what was a
method or tool. Also, the results from Phase 1 were not significant.

8. A Results of Sorting Exer cise section was added to capture the results of the
Q-Sort activity.

The data collected via the biographica questionnaire was analyzed for difference
using statistical tests. Thetests used in this analysis come from the area ofAnalysis of
Variance. The t-test, Fisher'sExact Test, and Chi Square Test are used to determine if
the mean value of variables are significantly different. The Chi Square test is used for
distinguishing nominal values on a differential basis. For example, if we wished to
study the factor ofHighest Degree Heldfor exceptional and non-eXcepti ona engineers,
the Chi Squaretest is used since Highest Degree Held takes on mulltiple discrete values,
If the variable takes on only two vaues then Fisher's EXact Test isused. This occurs
for the study of the effect of Gender on exceptional performance. FinaIIy, variables
which take on continuous vaues are studied using the t-test. For example, studying
the effect of Years of Experience would require the use of the t-test. In al cases a
significahce level of 0.05 will be used which indicates that there is only aonein twenty
possibility that the observed difference does not répresent the actual population. These
tests of differencewill be used to further vali daté the results of the discriminant andyss

and offer further ingght into the data.



323 Q-Sort

The common denominator of success ... lies
in thefact that he or sheformed the habit of
doing things that failures do not like to do.11

The Q-Sort activity was to be completed as described in the letter in Appendix
F Survey Instructionsfor Participants. According to Q Methodology, a Q-Sort task is
normally completed by a subject with the help of the researcher. This smplified
approach alowed the subjects to complete the assignment on their own.

Each subject received a set of Competency Cards with one competency listed on
each of 38 3"x5" index cards as shownin Appendix H Phase 2 Competency Statements
. Thedirect manipulation attribute of the Q Methodology alows the subject to sort a
much longer list of items. A set ofPileMarker Cardsis dso included in order to prompt
the subject to create the correct number of piles and to include the correct number of
cards in eagh pile. Further, the Pile Marker Cards include prompts to remind the
subject of t'rje definition of the continuum across which the competencies are sorted.

Itis important to emphasize that the criterion for sorting the competency cards
IS the subject's own behavior. There are a multitude of possible criteriafor sorting
these competencies (most important, best for achieving a high rank, best for creating
defect-free code, ...) but to be compatible with Phase 1 results, only behavior-based
sorting makes sense. Recall that the original source of the competehcies was the
transcripts describing the Phase 1 subject's behavior. Hence from ava idaﬁon point
of view, actual behavior must be the criterion. Also, since the study is attempting to
predict an individua's classification (exceptional or non-exceptional,) behavior isthe

only observable criterion upon which to base thisjudgement.

HAlbert E. N. Gray, "The Common Denominator of Success" Insurance Sales, April, 1989.

46



3.24 Phase2 Method Summary

Figure 3.3 presents asummary of the Phase 2 research method. The objectives
of Phase 2 areto validate the competenciesidentified in Phase 1 and determinewhich
are differentially related to software engineer performance. Phase 2 d 0 provides a
predictor of performance. The sample for Phase 2 is drawn from nine Company
divisonswhose engineers participate in the development of five application types. The
total software engineering population inthese nine divisonsis 275 engineers. Phase 2
uses abiographical questionnaire to collect demographicinformation about the subject
pool. Phase 2 usesthe Q-Sort as ameans of rank ordering the identified competencies

based on the degree to which they match the subject's behavior.

DISSERTATION RESEARCH METHOD

(Cont}
PHASE 2

Objectives: « Validate, Rank Order, and ldentify Differential Phase 1 Competencies
« Determine Predictor of Performance

Population/Sample:
¢ 9 Company Divisions on 3 Sites -
e Applications include: Test & Measurement, Embedded Firmware,
CAE/CADICASE Software, Graphics, O/S :
e 275 Surveys Distributed, 129 Responses (46.9%}

Instruments Analysis
® Bijographical Questionnaire % 1 Test for Difference

s Q-Sort 2. Discriminant Analysis

RT:10.19.9NMETHOD2

FIGURE 33 Dissertation Research Method (Phase 2)
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CHAPTER 4
DATA PRESENTATION

\What we are witnessing now is a return to the

descriptive statistics of the nineteenth century,

completing unfinished business left overfrom that

era. ... In descriptive statistics, you see things,

butyou cannot test them in aformal way. In mathematical
statistics, you may test for somethingpreconceived, butyou
may overlook somethingyou hadn't built into the test.12

This chapter presents the data collected in both Phase 1 and Phase 2 of the study.
Thisreport is divided into each of the two phases. In each phase, the study sampleis
described. The datafor each phase are reported first as they relate to the sample as
awhole. Findly, the data from each phase are reported on a differential basis to
determine if datisticaly significant differences exist between the responses from
exceptional and non-exceptional software engineers. All data reported in this
dissertation were analyzed using SPSS/PC [Frud 87].'

The data presented in this chapter represent the triangulation discussed earlier.
The data are triangul ated in time since the Phase 2 study was conducted approximately
nine months later than the Phase 1 study. The data support the notion that time did
not affect the results and the Phase 2 results are consistent with the Phase 1 results.
The data are dso triangulated by study subject. In Phase 1 the interviewees give two
separate responses. They discuss their behavior, which forms one observation, and
they report the competencies they consider important, which forms a second

observation. The managers of the groups studied aso report the competencies they

12Dr., Peter Huber quoted in: ForAll Practical Purposes: Introduction to Contemporary Mathematics,
W. H. Freeman and Company, New Y ork, p. 169, 1991. ’
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consider important. Thisformsthethird observation. Findly, the study is triangul ated
by method. In Phase 1 an interview technique is employed. In Phase 2 a survey
technique isused. The power of these multiple triangulations is that the results are

shown to be consistent across time, responses, and methods.

4.1 Phase 1 Qualitative Data Collection

Phase 1 represented the qualitative portion of the research study in which the
research aimed to capture the relevant competencies of software engineers. The study
covered ten exceptional and ten non-exceptional engineers from five R& D labs across
three Company sites. These organizations produce applications software and
embedded microprocessor firmware. Table 4.1 summarizesthe populationfromwhich
the study participants were drawn. The #Engineers represents the total of engineers
of dl disciplines in the total population. The #SW Engineersindicates the number of
engineers that the managers describe as software engineers. The #StudyParticipants
indicates how many engineers from the total population participated in the Phase 1
study. The .number IS even since it represents the matched set of exceptional and
non-exceptional engineers paired for time in the organization. Finaly, the % of
Exceptional SW Engineers is the ratio of #ExceptionalSW Engineers Sudied to the #SW
Engineers in the population. |

The fotal number of engineers in the participating divisons was 252. These
organizations were selected for study based upon their willingness to participate, and
convenient geographical proximity. The number of Software Engineers in these
divisonswas 150, or 60%. If we assume that the Phase 1 research sampled the best
10 Software Engineers out of this population, we find that the subjects represented the

top 6.7% of the software engineersin theselabs. Thismatcheswell with the assgnment
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TABLE 4.1 Population Summary (Phese 1)

(n=20)

POPULATION SUMMARY TOTAL
#Engineers 252
#SW Engineers 150
#Study Participants 20
#Exceptional SW Engineers Studied 10

% of Exceptional SW Engineers} ~ 6.7%

for the lab managers to supply as exceptional the top 5% of their labs.

4.1.1 Biographical Questionnaire

The Biographical Questionnaire shown in Appendix 3.1.2  Biographica
Questionnaire was used to collect descriptive information for the population under
study. Tables 4.2 through 4.8 provide this information for the population a large.

Fifteen subjects representing 75% of the sample were male. Five subjects
repre_senti ng 25% of the sample were female. The 3 to 1 ratio of males to femalesis
consistent with published reports [Pear 90] that women constitute only 30% of the
employed computer scientists.

The mean age of the subjectsinthe Phase 1 sample (n=20) was 3345 years. The
values ranged from 27 to 42 years. The Phase 1 subjects are generally older and there
is abroad range in their ages.

The subject pool iswell educated as shown in Table 4.2. The mean number of

degrees held is 16. The number of degrees held ranges from one to three. Half of



the subjects (n= 10) had compl eted two degrees. Few subjectshave partially completed
degrees as shown by the mean of only 0.15 partially completed degrees per subject.
Fully 85% (n= 17) of the subjectsare not currently part way through adegree program.

TABLE 4.2 Subject Education (Phase 1)

(n=20)
FREQUENCY | % of TOTAL| CUMM %

# DEGREES COMPLETED

1 9 45% 45%

2 10 50% 95%

3 v 1 5% 100%
# DEGREES PARTIALLY

COMPLETED
0 17 85% 85%
1 3 I 15% 100%

Another way to look at educationis by theHighest DegreeHeld shownin Table 4.3.

Sixty five percent of the subjects (n=13) completed a Bachelors degree as the highest

vdegree. Thirty percent (n=6) have completed a Masters degree. Only one subject
held aPh. D. All subjects held at least a Bachelors degree. |

TABLE 4.3 Highest Degree Held (Phase 1)

(n=20)
HIGHEST DEGREE FREQUENCY % OF | cumm
HELD TOTAL %
Bachelors 13 65% 65%
Masters 6 30% 95%
PhDj 1 5% -100%
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There is a preponderance of Electrical Engineering degrees held as shown in
Table 4.4. Fully haf of the engineers (n=10) in the Phase 1 study held such adegree.
Thisrelated to three factors about the subjectsin this study.

TABLE 4.4 Maorsfor Degrees Held (Phase 1)

(n=20)

MAJORSFOR { FREQUENCY % of
DEGREES HELD SUBJECTS!
Electrical Engineering 10 50%

Computer Science 7 35%
Computer Engineering 3 15%
Mechanical Engineeringﬂ 3 15%
Math 2 10%

Physics 1 5%

Chemistry, 1 5%

Molecular Biology 1 5%

1 Tota will exceed 100% since some subjects held multiple degrees.

1 The Company has historically been an Electrical Engineering company. An
employer will most often hire workers smilar to those already on thejob.

2. Most of the subjects for the Phase 1 study are older and more experienced.
AComputer Science degreeisnewer and tendsto beheld by younger workers.

3. Many of the divisions surveyed in Phase 1 are developing firmware or
electronictest software. Theseapplicationsare much closer tothehardware
than higher level applications and often attract and require engineers who
can easly move between the electrica engineering and software disciplines.

For these reasons this skew toward Electrical engineering graduates is not a concern
in this study.

The mean number of training hours completed in the past two years by study

participants (n=20) is 117.70 hours. Completed training ranged from zero to 306
contact hours. This training included college classes, corporate classes, seminars,

self-study, and any other area considered significant to the subject. For formal classes
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contact hours is the number of hours spent in the classroom. For self-study, contact
hoursisthe number of hours spent in self-training. The subjectsreported awi de’range
of training hours and the mean indicates that engineers spend a significant amount of
time each year in training. The 117 training contact hours over two years reported
corresponds to amost aweek and a half of training per subject per year.

Table 45 illustrates the number of Languages and Methods applied with Low,
Medium, and High skill. Low skill was defined as "novice user, little experience.”
Medium skill was defined as "comfortable, some experience, familiar." High skill was
defined as "expert, lots of experience, well versed." For languages, the ranges for each
category are comparable. There is some tendency to know more languages with
increasing kill level as shown by the mean value of languages known increasing from
1.1 a Low Skill to 2.45 at High Kill.

TABLE 45 Language/Method Usage (Phase 1)

(n=20)
LANGUAGES MEAN RANGE
High Skill 2.45 0-6
Medium Skilj 180 05
~ Lowskll 110 | o4
METHODS/TOOLS
High Skilll 105 0-4
Medium Skill ~ 1.00 05
Low Skilf 035 0-2

The Methods/Tools questions showed mixed results. The skill definitions were
the same as for Languages. The prompt provided was "describe the software

engineering methods and tool s that you use now or inthepast inyourjob. For example,



SA/SD, Y ourdon, Jackson, McCabe, Halstead, ..., but be sure to include anything you
feel is rdevant." In general, subjects were confused about exactly what was a tool or
method. Some subjects responded with very high level tools like structured design and
object-orienteddesign while others responded with very low leve tools like make and
awk. Due to the vagueness of the question, the range of the results, and the similarity
of the responses at the Medium and High levd, the results are inconclusive.
Table4.6 defi nesthework experience of the Phase 1 subjects. Thetableisdivided
into quadrants. The first quadrant reports the experience inyears for subjectsworking
in Software Engineering at The Company. With amean of 7 years, this consiitUtes the
greatest amount of experience for the subject pool. The range of 2 to 15 years
substantiates that no subject had less than 2 years of experience and shows that very
experienced engineers are ‘also in the study. The other quadrants show various
combinations of Software Engineering versus Non-Software Engineering work at The

Company and other companies.

TABLE 4.6 Work Experience (Phase 1)

# YEARS SOFTWARE NOT SOFTWARE
EXPERIENCE ENGINEERING ENGINEERING
MEAN RANGE nt MEAN RANGE nt
Company 7.03 2-15 20 175 0-65 8
NOT Company 0.68 0-7 4 0.65 0-10 3

1  Indicates the number of subjects with non-zero values. The mean and range stili describe the full sample of n=20.

The least expérienced engineer studied had 5 years of experience spread across

al four quadrants of Table 4.6. The mean years of total experience across al four



guadrants of Table 4.6 is 10 years. The maximum total years worked in the sampleis
20 years. This again substantiates that the subject pool for the Phase 1 research is
indeed experienced.

All of the preceding datawere anayzed for statistical Significance when studied
on a differential basis. That is, dl of the data were split between Exceptional and
Non-Exceptional subjects and compared. The Fisher's Exact Test is used to compare
nominal variables with only two values (e.g. gender.) Thet-test isused to compare the
means of ordinal values (e.g. training hours.) All test were performed looking for a
ggnificance of 0.05 or better. Snce this was such a small sample, no significant
differences were expected. The results of these tests are summarized in Table 4.7.

Years at Company in Software are significantly related to Exceptional Performance
with the 2-tail t-test calculated value of -3.21 and a caculated probability of 0.007. The
significance of experience indicates that although the design of the study matched
engineers for length of service in their current organization, the research design did
not match them for total experience. Hence the study did not remove experience as
a determining factor for exceptiona performance. The failure to remove experience
as a determining variable could be due to a number of factors. The subjects were to
be selected on a matched basis for time spent in the organization. This definition of
matched experience did not control for experience of each subject prior tojoining the
organization. One subject could, for example, have worked many more years
developing software in another Company organization beforejoining the current one.
Further, one subject may have been in the organization for the same amount of time,
but spent much of that time in arole other than software engineering. At any rate,
years spent in Software Engineering at The Company emerges as a significant
differentiator in the Phase 1 studly. |



TABLE 4.7 Testsfor Difference (Phase 1)

(n=20)
VARIABLE TEST CALCULATED CALCULATED
TEST VALUE SIGNIFICANCE
LEVEL!
(2 Tail)
GENDER Fisher's Exact 1.000
AGE T -0.88 0.388
#Degrees Completed T -1.55 0.139
#Degrees Partially Completed T 0.60 0.556
Highest Degree Held T -1.55 0.139
Training Hours T -0.40 0.691
Languages - High Skill T 201 0.059
Languages - Medium Skill T 0.00 1.000
Languages - Low Skill T 0.95 0.355
Languages - Total T -0.55 0.586
Methods - High Skill T -1.67 0.112
Methods - Medium Skill T -0.73 0.476
Methods - Low Skill T 0.33 0.749
Methods - Total T -1.53 0.143
Years at Company in Software T 321 0.007 **
Years at Company NOT in T 0.54 0.598
Software
Years NOT at Company in T 1.46 0.176
Software
4 Years NOT at Company NOT T -2
in Software
Total Years Worked T -2.09 0.056

1 Differencesare considered statistically significant when the calculated significance is less than 0.05. These are marked with

2. Not calculated since one or more samples had no variance.

Table 4.8 presents the information about Years at Company in Software on a

differential bass. The mean time at the company for exceptiona performers is



significantly higher at nine years than for non-exceptiona performers at 5 years. The
rangeis much broader for exceptional engineerswith thelongest length of servicetwice

that for the Iongest length of service of a non-exceptional engineer.

TABLE 4.8 Years at Company in Software - Differential (Phase 1)

(n=20)
Years at Company MEAN STD RANGE
in Software DEV
Exceptional 9.05 3.59 4-15
Non-Exceptional 5.00 175 2-75

This section has described the demographic characteristics of the sample studied.
It indicated that the sample represented an experienced and well educated pool of
software engineers. With the exception of the experience variable, no demographic
data were significantly different between the exceptional and non-exceptiona
sub-samples.  The lack of other datisticaly significant differences indicates
experimenta control of the other variables or speaks to the uniformity of the sample.

4.1.2 Myers-Briggs Type Indicator

All 20 Phase 1 subjects completed theMyers-Briggs TypeIndicator test. Theresults
are summarized on adifferential basisin Figure 4.1. The figure shows the distribution
of al the Phase 1 study participants according to one of 16 personality types. The
figureisorganized insuch away that each cdl islocated next to cdlswhich are different
in only one of the four MBTI characteristics. The rows and Col umns are labelled with

the attributes which are valid in that row or column.
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FIGURE 41 MBTI Results (Phase 1)

Looking first at the overadl distribution of subjects, we see that there is a

preponderance of the Introvert type amongst the entire subject pool. Eighteen out of



twenty exhibit this type. Prior studies of engineers dso found a significant tendency
toward the Introvert types. Also, the Introvert tendency is consistent with the
Kagan-Douthat study of students learning FORTRAN [Kaga 85] which found a
tendency toward introversion in higher performing programming students. Further,
there is a tendency toward the Thinking type with 17 out of 20 exhibiting it. Prior
studies dso found the tendency toward Thinking types in engineers. The Thinking
tendency indicates that engineersrely on logic and analysis of cause and effect in their
decision making, rather than emphasizing the effect of decisions on people and their
feelings. Infact, computer specidists exhibit the thinking preference 67% of the time
in broader studies [Myer 85].

The most frequent classification for exceptiond performersisthe INTJ (Introvert,
Intuitive, Thinking, Judging) type. Amongst mae college graduates, the INTJ type
occurs only 10% of the time [Myer 85]. Hence these exceptiona engineers differ from
the population at large. The pattern displayed in Figure 4.1 is typicd of R&D
organizations.

The differential continuous scores are captured in Table 4.9. Scores below 100
favor the first preference listed in the pair while scores above 100 favor the second
preference listed. Statistical analys's of these scores viathe t-test reveaed that there
were no significant differences between the scores. Thisindicatesthat persondity type
isnot agood predictor of performance. This could also be aresult of the small sample
size. Since the MBTItest is time consuming to complete, and somewhat expensive to
distribute and score, and since the results from Phase 1 were inconclusive, the test is
not used in Phase 2.

59



TABLE 4.9 MBTI Differential Scores (Phase 1)

(n=20)
Exceptional Non- T-Test Calculated T-Test
Exceptional §- Value Significance
Levelt
(2 Tail)
—
Extrovert - Introvert 128.6 117.0 -1.45 0.165
Sensing - Intuitive 109.0 ' 100.8 -0.76 0.456
Thinking - Feeling 794 774 -0.20 0.841
Judging - Perceiving 90.8 96.4 0.43 0.673

1 Differences are considered statistically significant when the calculated significance is less than 0.05.



41.3 Critical Incident Interviews

\

Even though Ifeel like I'm good at it, its always

~ been very mysterious to me, | mean, you start with this

gigantic mass of information, andyou have to sift through

itfairly rapidly to take out the pieces thatyou need, and

even though Ifedl like | do itfairly well, I've never known

why, you know, isit brain chemistry, or isit something that

somewhere because of some fourth grade teacher I picked it up,

and it's always been just kind ofthis innate thing that I'vefelt
comfortable doi ngg(. And so | do think about this a good bit at times

and | really don't know whether it was because ofgenes that | got or
because of some chemical imbalance in my brain or because some teacher
had a real efect on me at some point that | don’t even remember now.13

This section discusses the results gleaned from the analysis of 20 interview
transcripts. It describes the method employed and discusses the decisions made during
the identification and classification processes. This sectio'n describes competencies.
Competenciesaretheskills, techniques, and attributesof job performance. Thissection
describes the three different sources of competencies: subjects describing their own
behavior, subjects reporting the competencies they think are related to exceptidna
- performance, and managers describing the competencies of the subjectsthey sélected
as exceptiona. Findly, the section describes how these competencies from three
sources were merged into asingle list of 38 competencies.

Critical Incident Interviews are structuredinterviewsdesigned to probe asubject's
behaviorsto isolate the skills essential to success onthejob [Flan 54]. The procedure
for completing these interviewsis quite formal, and requires certain key behaiviors on
the part of theinterviewer. Theinterviewer must not lead theinterview inany particular

direction. Rather, the unfolding of the subject's story should itself guide the interview

13From the transcript of Subject #20.
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process. Asasubject describes aparticular incident, the interviewer should only probe
for more detall or to clarify certain points. The actua direction of the interview and
the sdection of which topics are important must be left to the subject.

The 20 Critical Incident Interviews yielded a massve amount of data. Each
interview lasted, on average, two hours. Hence the full set of data conssts of 40 hours
of taped interviews. The transcription of these tapes produced amost 20,000 lines of
text with over 200,000 wordsj ust for the subject responses. Thesefigures do not include

the interviewers prologue or any questions or probes.

4.1.3.1 Identified Competencies

This section describes the set of competencies identified through the analyss of
thetranscriptswhilefocusing onthe behaviors subjectsdescribed. The essential process
IS to extract important competencies by converting fhe subject's description of a
Situation into an observation.

These competencies were derived from the andyss of the interview transcripts
viaProtocol Anaysis [McCr 88]. Each transcript was reviewed and each observation
was marked to identify incidents and competencies. Anincident was aparticular event
or project which the subject described in detail in response to the prompt: Describe a
time during your career as a Software Engineer which, for you, was a personal best.
Generaly the interviews were able to cover two or three incidents in two hours.

Competencies are identified by marking the skills, knowledge, or personal
attributes the subject aluded to while describing their role in the incident. Each
observation of one of these skills, knowledge, or attributes is marked with its location

in the transcript. A key phrase, usually in the subject's own words, is used to record

62



the observation. Since the subject was only given generd directions and not prompted
to focus on aparticular area, the skills, knowledge, and attributes discussed were only
those the subject chose to express.

Each interview transcript was studied to identify al the possible competencies
exhibited by the subject. As these competency "fragments" were collected within a
transcript, they were organized by related topics. Whenever possible, multiple
observations were collapsed into a single competency with multiple examples. Care
was taken not to over-generalize aconcept in order to collapse these sets of fragments.
Each transcript analysis resulted in a set of exhibited competenciesfor that individual.

When al 20 of the transcripts had been analyzed in this manner, the researcher
collected the identified competencies across the interviews and created asingle list for
al 20 subjects. Common competencies identified across transcripts were combined
into a single competency statement. The observations from each transcript were
merged into asingle list whenever competencies were coalesced. These observations
were still marked with their location in the source transcript. Each grouping of
competency fragments was given a name to help identify and summarize the
competency observed. The fina result of this process was a list of 53 competencies
requiring 42 single spaced pages of description. When this single list was compl eted,
it was again anayzed in an attempt to further reduce the number of competencies by
identifying concepts which could be merged. This produced a final list of 38
competencies. This is coincidentally the number of competencies used later in the
Q-Sort process. However, this relationship is purely accidental.

The process of selecting which of these competencies to retain for further
consideration was both subjective and objective. ltwas subjective inthe sensethat the

competency must be clear and narrowly enough defined to express aspecific knowledge,



skill, or attribute. The processwas objectivein that the competency had to be expressed
by at least one exceptional and one non-exceptiona subject, or by three or more
different subjects before itwould be included for further consderation. The next pages
describe the 38 identified competencies in more depth. The pages aso describe the
process of refining this list to the final list of 27 competencies retained in this step.
The competencies are discussed from the most frequently exhibited to the least
frequently exhibited in the interview transcripts. The fina 27 competencies are
described in more depth with key behaviors and illustrative examples in
Appendix [XREF].

41.3.1.1 Retained Identified Competencies

The competency Uses Decomposition Design Techniques was exhibited by 16
subjects. The major themes of this competency include top down, modular designs
with a prioritized set of aternatives. They emphasize decomposition and keeping
specifications in sync with implementations. These sdbjects see the value in desgn
itself. As one subject put it, "Just doing agood design to start with because [it makes]
therest of it ... apiece of cake." Interestingly, some subjects describe the lack of design
or forma method for design. Hence this competency will make an interesting scale
from those who value and do design to those who don't value and hence ignore this
step. |

A collection of different competencies were merged to form the Team Oriented
competency. The competency ofInteracts with Other Engineers forms the badis for the
Team Oriented competency. In general, the interaction with other engineers
demonstrated apreference for promoting the team results over individua results. The

subjects described interactions with other engineers that stressed cooperation,



peacemaking, and constant communication. The subjects described team dynamics
which lead to high synergy and significant team results. The category of Influencing
Otherswas aso combined to form the Team Oriented competency. Subjects described
techniques they would use to convince another engineer of their point of view.
Generally they stressed the non-confrontive interaction style they used to achieve their
results. The Extensions of Another's Ideas and/or Efforts competency was aso merged
in Team Oriented. This category described how subjects would leverage off another
person's ideas to create a synergigtic, improved result. Findly, the Prefers to be Left
Alone category was a so merged with Team Oriented. Thisareaisreally the antithesis
of Team Oriented andwill be measured by a low value on Team Oriented. Constructed
as shown, the Team Oriented competency appeared in 14 of the interview transcripts.

The Use of Prototypes competency relates to how the subjects used prototypes in
design. In particular, many subjectswere clear in their own minds that prototypes are
used primarily to assess critical performance metrics prior to actual implementation.
They attempt to not alow their prototypesto be converted directly into afinal product.
The do, however, make good use of prototypes to make important design decisions.
One subject was 0 determined that his prototype not be turned into aproduct that "I
explicitly didit inLISP so that | could throw it away and start over." As another subject
notes, "l felt very strongly that what | had done was not meant to be evolved into the
real product. .. They took the prototype that | had worked on andjust basically turned
itinto the real thing, and that piece of code, that one segment is the biggest nightmare
of this whole project and one of the reasons that we kept having major schedule
problems on it." One other subject notes the value of the prototype by saying, "By
doing alittlebit of prototyping, it really drove some decisionsthere." Fourteen subjects

alluded to the use of prototyping in their interviews.



Thirteen subjects Write/AutomateTestsin Parallel with Coding. This competency
expressed two important attributes. First, subjects created test suites as the same time
they developed their code. This alowed them to complete the bulk of their testing
and verify their modules at the same time that they completed their implementation.
As one engineer putsit, "I'm one that will code apiece and thenwill probably take the
time to write some kind of shell around to test.” The second attribute of these tests
was that they were automated to alow regression testing of the code as changes were
made. Another engineer says, "We aready had set up about 500 automated tests in
our test suite, and we were adding to that aswe went along, so as anew areawould be
developedwe'd try and write anew test for it so that it could be automated. Engineers
used these tests to ensure reliability at the module level as they developed their
products.

Many subjects described the level of Unique Knowledge they had coming into a
job and indicated that this knowledge was essentia to their_succeﬂi The examples
here tended to be along the lines of having recently taken a particular class that was
relevant to the subject or having pursued the knowledge as apersonal area of interest.
In certain casesit related to the specific domain knowledge of the problem to be solved.
In other cases it related to the skills or tools knowledge required to get thejob done.
Thirteen of the 20 subjects related information substantiating this as an important
competency. It was retained for further analysiswithout further combining with other
competencies.

Twelve subjects expressed a tendency to take Pride in Quality and Productivity.
The subjects felt that the very essence of good engineering was in the quality of the
resulting product and the personal productivity with which it was accomplished. In

this competency the pride is paramount. This is how these individuals want to be



measured. The qudity and persona productivity is their persona badge of honor.
The subjects seem to link quality with productivity often, which is why they appear in
the same competency. One subject particularly enjoyed the challenge of writing code
to be ddiveredin Read Only Memory (ROM.) Sincethis make softwarevery expensve
to change, the whole attitude about defectsis different. The subject notes, "The mind
set that most people had was that you developed this code and then burn it in ROM
andyou don't ever get to changeit. ... Wéwould never have admitted to ourselvesthat
it was okay to have defects in the software.”

Twelve subjects exhibited the competency of ObtainstheNecessary Training. Here
subj ects seek the required documentation for their current project, take classes hel pful
in completing the assignment, keep current by reading trade or technical journal's, and
improve skills and awareness by attending conferences. As one subject states, "l had

to gain more depth in the operating system structure, in constructs and facilities that
| are available with Windows(®), Preséntati on Manager(R), Macintosh(R), and even a
little bit on the UNIX(®) machinewith X®) and MOTIF®)." This competency isdso
related to Direct Application of Classroom Trainingwhich is listed below under rejected
competencies.

Eleven subjects referred to the competency of Focus on User or Customer Needs.
These engineers were driven to produce products reflecting the true needs of the
customer or end user. The subjects described situations in which they used or
proactively collected customer datain order to define aproduct. The subjects valued
the customer and felt success only when the end user appreciated their products.

Eleven subjects described situations in which they Seek Help from Others. The
subjects describe situations in which they use others to significantly improve their own

work result. Subjects would use others to review their work and offer suggestions for
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improvement. The subjects even viewed the inputs from others as away to grow as an
individual. They would contact othersto get ideas about how to approach aparticular
problem. They would cal othersin a attempt to find the answer to a specific problem.

In the Proactive/lnitiator/Driver competency, subjects demonstrated that they
influenced the course of aproject by choosing to becomemore actively involved. They
wouldinfluence othersintheir decisions about design or organizational structure. They
would look forwaysto surrhount barriers and remove obstacles. One subject described
a situation in which she attempted to get project decisons made. "I Would publish
memos, and | published adecision sincethe steering committee did cometo adecision,
| published the decision, and everyone went, *No, no, no, you can't publish adecision;
who are you to do this?' Eleven subjects exhibited the Proactive/Initiator/Driver
competency.

Many subjects exhibited a Proactive Role with Management in an attempt to move
aproject in the direction they favored. This proactivity took the form of lobbying a
manager for a specific point of view, creating demonstrations to give a clearer picture
of a desired direction, creating portions of a product on their oWn time, and raising
Issues to management when they threatened to interfere with project progress. One
subject described a situation in which he and another engineer worked in their spare
timeto create aproduct definition. "We created project schedule; We created resource
requirements, We created the overall product plan at a high level." Ten subjects
exhibited this competency somewhere in their interview o it was retained for further
consideration.

Many subject described situations in which theyLeverage or Reuse Code.  Subjects
looked for sources of code that they could use directly in a current design. As one

subject put it, "I'm up for steding anything | can, soit'sthe throw out the *not invented



here’ attitude. ... There are other places where | can make contributions rather than
rewriting someone else's stuff.” Other subjects emphasized designing their own code
S0 it was readily reused. Ten subjects described incidents in which they exhibited the
Leverages or Reuses Code competency. Of course, some subjects took an alternate
point of view. One notes, "l really wanted to rewrite everything and of course my
manager wouldn’t let me."

The Use of Sructur e Techniques competency describes a very pragmatic approach
to the use of formal methods. In general, these subjects emphasized the use of these
techniques as acommunication aid duringjoint devel opment or when adesign needed
'to be passed on to another individual . These subjectsdid not, as agroup, see structured
techniques as a panacea for design, but as a useful tool in certain situations. This
competency was exhibited by nine subjects in the study.

Nine subjects described their Response to Schedule Pressure in the course of the
interviews. In general, the subjects described the aspects of the design that they felt
forced to sacrifice when a project fell behind schedule. When schedule pressure hit,
these subjects were forced to provi de incomplete documentation, perform inadequate
Ingpection or testing, and failed to completely design the product. This is a negative
competency in that it describes aresult not usually praised by management. However,
it realistically portrays the conflict the subjects faced.

In the Methodical Problem Solvi ng Approach competency subjects describe
situations in which they used a careful method for solving problems. They would build
mental or physical system modelsto enhance their understanding of the problem. The
category of Debugging Approach wés merged into thiscompetency. Here subjectswould
design well controlled experiments to efficiently locate the problem's cause. As one

subject described the process, "We drew several partial successes, each of which gave
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The Sense of Vision competency was combined with the Goal Setting competency
to create the Driven by a Sense of Mission competency. The combined competency was
referred to by six subjects overall. Both of these categories expressed the sense that
the individual was clear on the gods they were trying to achieve and was driven to
achieve them. This competency expresses the concept of focus and shared direction
among team members. It dso relates to the sense that they were working for a higher
purpose rather thanjust ajob. This new competency is retained for further andyss.

In the Use of New Methods or Tools competency subjects described situations in
which they sought out the best approachesfor completing their tasks. They recognized
value in new tools and methods and proactively searched for these. As one subject
notes, "l spent enough time looking into a new debugger which was a different one
than the standard MS-DOS(®R) one, because it was much easier to look at structures
and things like that; It made it a lot more productive too." This competency was
described by five subjects. |

Four subjects described the situations in which they Schedule and Estimate Well
on their projects. There seemed to be two forms of the situations described here. One
group showed a high degree of concern for schedules and took pride in being able to
estimate project schedulewell. Subjectsfromthisgroup report creating good schedules
and then meeting them. The other group in this areashow low concernwith scheduling
or describe having done apoor job of scheduling. As one subject put it, "I don't think
I'mthat good at estimating. Theyjust kind of take aslong as they take, and thenthey're
done, that'skind of how | seeit." |

The competency of Uses Code Readingto Ensure Final Code Quality was exhibited
by four subjects. This category grew out of a more general Coding Style area. Upon
closer anadysis of the observations in this category, it became apparent that the key
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concept expressed here was the theme of code reading inthe production of high quaity
code. The subjects broke into two groups on this theme. One group viewed code
reading as apublic team activity while another viewed it asaprivate individual activity.

The Lack of Ego competency describes the degree to which subjects are open to
the ideas of others and don't feel that they need to be the source of al good idess.
Subjects describe conflict situations in which issues are discussed in a very heated
manner, but personal attacks are never made. This competency was exhibited by four
subjects.

The Srength of Convictions competency describes the subjects who express a -
principle base in their actions. They describe a strong sense of personal involvement
inthejob and describe the personal integrity of theindividual. One subject described
a situation where he was asked to adlow a prototype to be developed directly into a
product by another engineer. He described his continued objections to the notion,
resulting ultimately in his being labelled as uncooperative. However, he stuck to his
convictions. This competency was uncovered in three of the interview transcri pts.

Three subjects exhibited the competency of Willingnessto Confront Others. Here
subjects are reluctant to let aconflict smmer and will openly confront another person
in order to resolve it. The engineers would raise this issues with other engi neers or
with managers. ‘

Three subjects exhi bited the Mixes Personal and Work Goals competency. Here
subjects found ways to dign their project goals with their own persona development
gods. These subjectslobby with their managersto receive the work assignmentswhich

match their own personal desires.
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TheHelps Others competency was expressed by two subjects during the interviews.
One subject described their role as alab-wide consultant to help with scheduling issues
and people issues. Another subject described situations in which he helped others
accomplish their tasks, oftenwithout being asked. The Helps Others competency isa
natural analog to the Seeks Help from Others competency. It is curious that while 11
subjects described seeking help from others, only two described giving help to others. |
Thismay bea natural outcome of the sUbj ects deciding just what the important topics
areintheinterview. They may not adequately value their help to others.

41312 Rejected Identified Competencies

Some of the competencies were rejected from further consideration. These
competencies could be dropped if either they wereill-defined or if they were expressed
by too few of the participants. Since thé subjects selected to topics to discuss in the
interviews, this does not mean that these competencies are not impbrtant. It could
aso mean that they are important but assumed. Many of the competencies will
reappear when subjects define which competenci&sv they think are important for
exceptional performance. The competencies removed from further andysis a this
stage are discussed below.

Motivationsemerged asacatch-all category describing abroad range of responses.
The motivations category included responses from 1 subjects. The category generaly
referred to the specific things that motivated and individual on thejob. The category
contains references to those things the individua likes and does not like to do.
Particular examples of things subj.ects liked to do include buildi ng mental models,
enjoying the tasks of thejob, working alone, and pushing hard. Things the subjects did

not like to do include playing on computers, documentation, and worki ng aone. The
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competency of Acceptance of Difficu/Stuations was merged with Motivations since it
described the personal response to frustration and hence related to the motivation of
theindividual. Since the Motivations category was rather ill defined, and many of the
key points were included in other competencies, the motivation competency was
dropped from further consderation.

Direct Application of Classroom Training is highly related to the cOmpetency of
Obtains Necessary Traini hg above. Since only three subjects expressed this somewhat
different competency, it was dropped as a separate item.

Flexibility related to subjectswho were able towork competently in many different
areas on aproject. It aso relates to the willingness of the individual to take on these
multiple roles. This competency was dropped from further consideration since only
two subjects described these activities.

Two subjects exhibited a competency of Recognizes Need for Leadership. Here
the subjects expressthe need for leadership intheirteams and frustrationthat no leader
emerged. The category recogni zés the need for someoné to ulti mateI'y settle disputes
among peers.

Two subjects describe their Use of Metrics in creating or analyzing designs. One
used performance metrics to asses the quality of a solutions. The other used design
metrics to measure progress in the design.

The competency ofEnjoys Freedom of Action was exhibited by two subjects. It
relates to the degree to which the indivi dua can be self-directed in completing
assignments. It is rejected from further consideration since it appears in only two

transcripts.
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The competency of Celebrates Successwas observed in only one subject, hence it
was not included in any further study. The subject described the celebration that he
and histeam engaged in to recognize their results. He also described situationswhere
team members would take time to congratul ate others on their individual successes.

One subject exhibited atrait of Pursuing Multiple Parallel Paths in accomplishing
his objectives. He described atrait of keeping multiple design paths active in parallel
with the expectation that most would fail to succeed, but overdl much progress was
made. This competency was not pursued since only one subject described it.

One subject described the use ofAutomation for the creation of test suites useful
in the design of his product. The concept of building tests in paralel with code is
captured elsewhere, but the concept of automation is dropped from further
consideration. '

One subject exhibited the competency of Wants to Try New Things. Thiswas an
attitude that the more variety he experienced on thejob, the more he enjoyed hiswork.
It is related to the very genera category of Motivation above and is dropped from

further consideration.

41313 Summary of Identified Competencies

The full andyss of the retained competencies idehtified from Protocol Analysis
of the transcripts in included in Appendix [XREF]. Table 4.10 lists these retained
competencies in summary form. The competency names are suggestive, but the
appendix should be consulted for the full definition. The competencies were analyzed
on adifferential basis using the Fisher's Exact Test. The score used for this test was
the number of subjects which described behavior exhibiting this competency. Only
one of the competencies exhibited significant differences based on application of
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Fishers Exact Test with a 2-tail probability looking differentially at exceptiona and
non-exceptional subjects.  Use of Prototypes was significantly different with a 2-tail
computed significance level of 0.0108. This is especidly noteworthy given that the
- sample sizeis s0 low. None of the rest of the competencies exhibited significance a
the 0.05 leve or better. This is not surprising given the small sample size of 20.

The identification of competencies of software engineers is an important result
inits own right, evenif they are only threshold competencies. Threshold competencies
are those competencies which are important to the job and are exhibited equally by
exceptional and non-exceptiona performers. These will lend significant insight into
the job of software engineering.

This section presented the set of competenciesidentified viaprotocol analyss of
20 Phase 1 Critical Incident Interviews. The section discussed the method used, defined
each competency discovered, rationalized the merging of related concepts, and

identified those competencies worthy of further analysis in Phase 2.
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TABLE 4.10 Retained Competencies from Transcript Anayss (Phase 1)

COMPETENCY NAME # Exceptional #
' Subjects Non-Exceptional
_ Subjects
Uses Decomposition Design Techniques 7 9
Use of Prototypes 10

Team Oriented

Writes/ Automates Tests in Parallet with Coding

Possesses Unigque Knowledge

Obtains the Necessary Training

Pride in Quality and Productivity

Seeks Help From Others

Proactive/l nitiative/Driver

Focus on User or Customer Needs

Leverages/Reuses Code

Proactive Role with Management

Uses Structured Techniques for Communication

Methodical Problem Solving

Responds to Schedule Prressure

Emphasizes Elegant and Simple Solutions

Driven by Desire to Contribute

Sense of Fun

Driven by a Sense of Mission

Use of New Methods or Tools

Schedules and Estimates Well

Uses Code Reading to Ensure Final Code Quality

Lack of Ego

Mixes Personal and Work Goals

Willingness to Confront Others

Strength of Conviction
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Helps Others
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4.1.3.2 Self-Described Competencies

This section reports the responses given when the subjects were asked to name
the skills, knowledge, or personal attributes most important in helping them achieve
their successintheincident described. The subjects were prompted for this response
by avery open-ended question. Hencetherepliesare presumed to be the competencies
considered most significant by the study participants.

Each subject enumerated those competencies which they felt most contributed
to their success. A summary list was created for each subject. All summary lists for
each of the 20 subjects were combined into a single list of competencies. Related
competencieswere merged to form asingle competency. The number of subjects, both
exceptional and nOn-exceptionaI , expressing the competency was noted. What follows
Is adescription of these self-described competencies. The descriptions are ordered by
the number of subjects mentioning the competency.

The competency ofPer severance was noted by thirteen subjects. It relates to the
extrawork, discipline, stubbornness, compulsiveness, dedication, and willingness to
work hard on atask. One subject described histesting experience as, "Testing istedious,
but if you're disciplined and have aprocedure you get through it; It took 60 hours per
week."

Twelve subjects described Knowledge as essentiad to the completion of their
assgnments. They describe particular skills, knowledge of the problem domain,
knowledge of the solution domain, and genera familiarity with the type of work as
being significant in completing their tasks. One subject put it as, "'l think | was the best
person suited for this mainly because | knew the most about the overall operation of

the program to begin with, the diagnostics program, as far as how it ran and dl the
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intricacies of it, because | had done the most work on it earlier.” This competency is
highly related to the Possess Unique Knowledge competency uncovered in the protocol
andyss.

Teamwork was frequently mentioned as an important competency for success,
This afea included recogni zing and using the strengths of others, ability to work with
others, being senditive to others, takingjoint ownership, and paying attention to more
than the technical agpects of aproject. One engineer summed up thisway, "l think a
lot of timeswe overva uethetechnical skills and underval ue the people skillsfor people
that are in technical pogtions” Twelve subjects identified this as a key competency.
This competency is related to the Team Oriented competency from protocol anayss.

Eleven subjects identified Skills/Techniques as a key competency. They cite
comfort with design techniques, debugging skills, technology choices, and technica
and software devel opment background as keys to their success. One subject identified
his own unique skill thisway, "There probably aren't that many people ... who can run
through assembly language these days and do it with any kind of panache" This
competency is related to the Use of Methods and Tools competency from protocol
anayss.

These subjects defined Thinking as the ability to think algorithmically and
structuredly. They saw value in being able to build models in their mind, ability to
structure problems, ability to think of alternative solutions, and being able to seebasic
structure and basic theory. As one subject notes, "I'm afairly good problem solver, |
think | can gather information and extract the part of the information that's relevant

to my problem and then apply it to a solution."
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Eight subjects valued Communication as a key to success. They defined this as
making sure that they understand others, engaging in constant communication,
responding to new ideas, being open, and being sensitive to others in conversations.
One subject notes that, "Communication is paramount, technology has been less
important.”  This competency is related to the Uses Structured Techniques for
Communication from protocol analyss.

The competency of Learning was considered key by many subjects. This
competency is defined as being able to pick up new techniques quickly, awillingness
to learn and train yourself, and afocus on improving skills. One subject describes the
concept as, "It's sointerdisciplinary - you've got to bewilling to do anything and believe
you can do it with training as well as the people who are aready doing it." Learning
was expressed as an important competency by seven subjects. This competency is
related to the Obtains Necessary Training competency from protocol analyss.

Five subjects related Desire to Do as an important competency. They defined it
as abias for action, sense of urgency, being results oriented, and awillingness to try
things. One subject described the skill as the ability to, "Just jump right in and start
working - you develop the capability.”

Five subject found that Challenge was essentia to their performance. They cite
curiosity and enjoying working in new areas asimportant. This competency isrelated
to the Driven by a Desire to Contribute competency identified in protocol andysis.

Subj ects describe the competency of Attention to Detail as the ability to deal with
complexity, and being detail oriented. One subject notes that, "[I’'m] good at taking a
lot of detail from severa different things and getting it into my mind al the same time
and kind of working on it and munching it around in my head." This competency was

identified by four subjects.
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Four subjectsidentified Thoroughness as animportant competency. They define
thisasmaking sure dl paths are covered, being methodical, being organized, and being
overcautious. One subject described his experience, "l just had areal fear of ever being
in that situation [lots of defects in code]; ... | just went dowly and ovérdid if anything."

Four subjects identified Innovation as key to their success. They defined this as
having crestiveideas. One subject sates, "l liketo think of aternatives, being crestive
and ... practical at the same time."

The Conviction competency was identified by four subjects as being important in
their own success. They defined conviction as belief in the project or product, doing
the right thing, and sdling projects. This competency is related to the Strength of
Convictions competency identified 'in protocol analysis.

Four subjects indicated that Seeks Help is an important competency. They value
the encouragement provided by other people. They see it asimportant to know when
you don't have enough knowledge and go and get help. It is aso important to dlow
othersto critici Ze One's work or to give new input. This competency is related to the
Seeks Help from Others competency identified in protocol andyss.

Three subjects identified Experience as an essential competency for success. They
defined this as prior experience with a similar project.

Three subjectsidentified Prototyping asimportant to their success. They defined
prototyping asan approachfor demonstrating feasibility and asastart onimplementing
the most feasi ble aternative. This competency is related to the Use of Prototypes

competency identified in protocol anayss.

8l



The Desire to Improve Things competency was identified by three subjects as
important for their success. They defined this as not being satisfied with the status
quo, setting high persona expectations and gods, and giving yourself time for
Improvement.

Two subjectsidentified Scheduling as in important competency. Thiswas defined
as planning ahead, and schedule setting ability. Although this would normally have
been below the cut line, it was retained for consideration since it is related to‘the
Schedules and Estimates \Well competency identified from protocol anaysis.

S mpl icitywasidentified by two subjects as essentia totheir success. They defined
this as an aversionto complexity, simplifying things as much aspossible, and not letting
aproblem get too complex. One subject found that, "A little bit of vision that we cduld
dothingsby rethinki ng thingswe could do thingssimpl er andmore elegantly." Although
this competency would normally have fallen below the cut line, it was retained for
consideration since it is related to the Emphasizes Elegant and Smple Solutions
competency identified from protocol anayss.

Two subjects identified Quality as an important competency. They defined this
as making sure the result is readable, a concern for reliability, and a commitment to
high quality. This competency is retained since it is related to the Pride in Quality and

Productivity competency identified in protocol anayss.



Additional competencies were identified that were not included in any further
andyss. These were generdly those competencies that were mentioned very
infrequently by subjects. Those competencies excluded from further study are listed
below.

Attitude

Judgement

Mentoring

Reputation for Being Right
Knowing What's Going On
Inquisitiveness

Responsive to Customer Needs

| nvolvement

Willingness to Take Risks
Ability to Ded With Uncertainty
Consistency

Pride

Thorough Testing

Patience

Maintaining a "Big Picture" View
Clarity

Incrementa Investigation
Hexibility

Lax Management

Break From Problem

Fear of Having Something Bad Happen
Ability to Create Win/Win Situation
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Many of the competencies appear in other portions of the analysis and will be included

for that reason.

The full table of the competencies is included in Appendix E Self-Described
Competencies. Table4.11 shows the retained self-described competencies in
abbreviated format. The # Exceptional Subjects column indicates the number of
exceptiona  subjects who expressed this competency. Likewise, the
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# Non-Exceptional Subjects column does the same for the non-exceptiona subjects.
All competencies were tested for significant difference on a differential basis for
exceptional and non-exceptional subjects using a2-tailed Fisher Exact Test. None

were found to be Statistically significant differences.

TABLE 4.11 Retained Self-Described Competencies (Phase 1)

COMPETENCY NAME "~ # Exceptional #
Subjects Non-Exceptional
Subjects

-

Perseverance

Knowledge
Teamwork

Skills / Techniques
Thinking
Communication
Learning

Desire to Do

Challenge
Attention to Detall

Thoroughness

Innovation

Conviction
Seeks Help
Experience

Prototyping

Desire to Improve Things
Schedules Well
Simplicity

Quality
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This section has presented the competencies that engineers indicated were

important to their successonthejob. One set of these competencies hasbeen retained
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for further analysis. As second set of competencies was mentioned too infrequently
to warrant further consderation. Note that many of the competencies cited by
engineers as being important to their own success, are in fact the same competencies

identified from the andyss of the transcripts.

4.1.3.3 Manager Described Competencies
This section presents the competencies that managers fedl differentiate their
exceptional performers from their non-exceptional performers. This data further

contributes to the triangulation of the results by providing another source of datafor

describing essential competencies.



Thefollowing list of competencies was created by asking the lab managerswho
participated in Phase 1 of this study: What are the Knowledge, Skills, or Attributes that
differentiate your exceptional performers from your non-exceptional performers? They
arelisted in order of frequency of mention. Therewerefivelabsinvolvedinthe Phase 1
study and hence five managers answered this question. The number in parenthesis
following the competency indicates the number of managers, out of five, who offered
this as a differential competency. There was no discusson with these managers to
provide further elaboration on these competencies.

Skilled in Architected Approach to Software Engineering (3)
Breadth of View and Influence (3)
Technical Expertise in Problem Solving and Implementation (3)
Breadth of Knowledge and Experience (3)
Leadership (2)

. People Skills and Teamwork (2)
Technica Judgement (2)
Positive Attitude / Can Do Approach / Sdf Starter (1)
Willingness to Understand Different Disciplines and Make Tradeoffs (1)
Religiously Following Best Design and Testing Approaches (1)
Consistent Performance (1)
Flexibility (1)
Expertise That is Sought (1)
Reliable (1)
Accurate Schedules (1)
Pleasant Surprises (1)
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Many of these competencies are similar to the ones either identified in the analysis of

the transcripts or cited by engineers as those leading to exceptiona performance.

4.1.3.4 Summary of Competencies
Table 412 summarizes the competencies identified from the multiple sources
listed above. The item number column indicates which competency card located in

Appendix H Phase 2 Competency Statementsdescribesthe competency inmore depth.



TABLE 4.12 Retained Competency Summary Table (Phase 1)
| (n=20)

Self-
LABEL COMPETENCY Derived Described Manager

[tem #1  Team Oriented 14 12 2

ltem #2  Seeks Help 11 4

Item #3  Helps Others 2 1 1

Item #4  Use of Prototypes 14 3

ltem #5  Writes/Automates Tests with Code 13

ltem #6  Knowledge A 13 12

Item #7  Obtains Necessary Training / Learning 12 7

Item #8 Leverages/Reuses Code 10

ltem #9  Communication / Uses Structured Techniques for 8 8

Communication

ltem #10 Methodical Problem Solving 9

ltem #11 Use of New Methods or Tools 5

ltem #10 Schedules and Estimates Well 4

Item #13 Uses Code Reading 4

Item #14 Design Style 16

Item #15 Focus on User or Customer Needs 11

Item #16 Response to Schedule Pressure 9

ltem #17 Emphasizes Elegant and Simple Solutions 8

Item #18 Pride in Quality and Productivity 12
11
10
8
7
6
4
3
3
3

N

ltem #19 Proactive/Initiator/Driver

ltem #20 Proactive Role with Management .

Item #27 Driven by Desire to Contribute

Item #22 Sense of Fun

Item #23 Sense of Mission

ltem #24 Lack of Ego .

Item #25 Strength of Conviction

Item #26 Mixes Personal and Work Goals

Item #27 Willingness to Confront Others

Item #28 Thoroughness

Item #29 Skills / Techniques

Item #30 Thinking

Item #31 Desire to Do / Bias for Action

Item #32 Attention to Detall

Item #33 Perseverance

Item #34 Innovation

Item #35 Experience

Item #36 Desire to Improve Things

ltem #37 Quality

Item #38 Maintaining a "big picture" view / Breadth of View
and Influence
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The Derived category refers to those competencies extracted from the anays's
of the interview transcripts. They represent those areas which the subject chose to
discuss during their narration about their experiences. The number in this column
reflects the number of subjects which described behaviors related to this competency.

The Self-Described columnref eré to the competencies offeredwhen subjectswere
asked to describe the skills, knowledge, and attributes associated with thelr successful
performance on projects. The number inthe column indicates the number of subjects
which expressed this competency as important to their success.

TheManager columnrelatesto the competencies suggested when managerswere
asked what are the skills, knowledge, or attributes which differentiate the exceptional
and the non-exceptional performersintheir labs. The number inthe columnindicates
how many of the 5 managers participating in Phase 1 cited this competency as
important.

The competencies with the most occurrences from the most sources were given
preference for further study. The competencies derived from the protocol anaysis
were considered to be more important than the competencies offered directly by the
engineers or the managers. This is becauée this study is based on the notion that
behaviors associated with high performance are the unit of study. Competencieswhich
are validated by multiple sources are considered to be more important than
competencies which come from only one source. Finaly, some degree of judgement
was applied to pick the best and most complete set of competencies to study further.
An arbitrary limit of 38 final competencies was imposed in order to make subsequent
study practical.
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Table 4.13 summarizes the competencies which have been rejected for further
Study. In some cases thiswas due to overlap with competencies which were included
above. Inmost cases it was due to the fact that few people identified the competency,

or it was not validated by multiple sources.

TABLE 413 Rejected Competency Summary Table (Phase 1)

(n=20)
Self-
COMPETENCY Derived  Described Manager
Flexibility 2 1 1
Judgement 2 2
Skilled in Architected Approach to Software Engineering 3
Technical Expertise in Problem Solving and Implementation 3
Leadership 2
Willingness to Understand Different Disciplines and Make 1
Tradeoffs

Religiously Following Best Design and Testing Approaches 1
Consistent Performance 1
Reliable 1
Pleasant Surprises 1
Testing 4 1

Direct Application of Classroom Training 3

Enjoys Freedom of Action 2

Celebrates Success 1

Pursues Muitiple Parallel Paths 1

Recognizes Need for Leadership 2

Use of Metrics 2

Automation 1

Wants to Try New Things 1

Attitude 2

Reputation for Being Right 1

Knowing What's Going On 1
Inquisitiveness 1

Involvement 1

Wilingness to Take Risks 1

Ability to Deal With Uncertainty 1
Consistency 1

Timing and Dumb Luck 1

Patience 1

Clarity 1

Incremental Investigation 1

Lax Management 1

Break from Problem 1

Fear 1

Win/Win 1




This section has compl eted an analysis of three sources of competencies:. protocol
anaysis of interviewee transcripts; self-described competencies of interviewees, and
differential competencies proposed by managers. The section described these
competencies in depth, and indicated which competencies should be merged into a
single competency. All the competencies were identified and subjected to aweighting
scheme in order to determine which competencies should be retained for further

anaysis. Thefinal 38 competenciesto be retained were summarized in asingle table.

4.1.4 Summary of Phase 1 Data

This closes the presentation of datafor Phase 1 of the research. This data has
described the population from which the sample of 20 Phase 1 subjects was drawn.
The data show that the biographical information collected does ‘not relate to
exceptional performance with the exception of Years at Company in Software. This
variable will be examined closaly in Phase 2. The Myers-Briggs Type Indicator test
did not reveal any dtatistically significant differences between exceptional and not
exceptiona performers. It did reved apreponderance oflntuitive and Thinking types
in the full study sample. The search for competencies revealed a rich set of
competencieswhichwarrant further study. A set of 38 competencies has been selected

for further study in Phase 2.



4,2 Phase2 Quantitative Data Collection

Phase 2 forms the validation portion of the research project. It attempts to
validate the results of Phase 1 and provide apredictive model of performance based
upon the competencies discovered in Phase 1  Phase 2 repeats the study of
demographic information from Phase 1 in order to again validate that no simple
predictors of performance exist. Phase 2 andyzes the competencies discovered in
Phase 1 to determine which are a$ociated with exceptional performance. Findly,
Phase 2 collects the data required to see if amodel, albeit complex, can be proposed
to explain the difference in performance between exceptional and non-exceptiona

performers.

421 Subject Selection ,

This study surveyed Software Engineers in nine Company divisons. All were
located in the same geographicad area. The divisons represent a broad range of
software development including languages and compilers, test and measurement
software, graphics system software, embedded firmware for hardware control, and
CAE/CAD/CASE gpplicationssoftware. Table 4.14 indicatesthetotal responserates
to the survey from dl of the samplev population. |

Of the responses provided in Phase 2, only four were unacceptable due to being
Incompletein some of the major independent variables. The remainder of this analysis
considers only valid surveys for each variable under study. Hence there will be some
variation in the reported number of samplesn. The response rate of close to 50%is
a strong result and may wdll indicate the levd of interest in this information at the
Company studied. The sample of 129 participants provides sufficient statistical power
to complete the study. The response rates for exceptional and non-exceptional
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TABLE 4.14 Population Summary (Phase 2)

POPU_LATION SUMMARY TOTAL
Surveys Distributed 275
Total Responses 129
Response Rate 46.9%
# Exceptional Responses 41
# Non-Exceptional Responses 88
% Exceptional 31.8%
% Non-Exceptional 68.2%

performers was close to identical. Thirty percent of the surveys were distributed to
exceptional performers and 70% of the surveys were distributed to non-exceptibnal
performers. Thereturn rates of 31.8% exceptional surveys and 68.2% non-exceptional
surveys closely match this distribution ratio.

422 Biographical Questionnaire

This section discusses the descriptive statistics collected for the population at
large. The data are compared with the Phase 1 resultsto ensure that the samples are
gmilar. The data are aso analyzed for normality so that subsequent statistical steps
will be valid. Distributions will be considered normal when both the skew and kurtosis
of the data are within the range of plus or minus 1.00. The Biographica Questionnaire
used to collect this information in presented in Appendix G Phase 2 Biographical
Questionnaire. Tables 4.15 through 4.23 present the data from Phase 2.

Table 4.15 presentsthedistribution of subjectsby gender. ThePhase 2population
Isvery smilar to the 75/25 split shown in Phase 1. This is taken as an indication of
the population at large for Software Engineers at The Company. The skew is out of
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range on gender indicating that the population is not normally distributed. Thisis a
reflection of the population itsdf. This ratio of males to females is consstent with
published reports [Pear 90] that women constitute only 30% of the employed computer

scientigs.

TABLE 4.15 Subject Gender (Phase 2)

(n=128)
GENDER FREQUENCY % of TOTAL
Female 27 21.1%
Male] 101 78.9%

Skew = -1.385 Kurtosis = -0.84

Table 4.16 presentsthe age of Phase 1 participants. The mean age of 3245 years
Iscomparable to Phase 1I'smean of 3345 years. Therangeisbroader in Phase 2. Part
of that isdueto not limiting the survey to engineerswith two or moreyears of experience.
Also, alarger populationisjust more likely to have some older participants. The skew

and kurtosis show that the sample is normal with respect to age.

TABLE 4.16 Subject Age (Phase 2)

(n=121)
AGE MEAN STDDEV | RANGE
32.45 5.68 22-49

Skew = 0718, Kurtosis = 0376

Table 4.17 presents the educationd information for the Phase 2 subj ects. Agan
the subject pool is well educated with over 53% of the sample holding two or more

degrees. The Number of Degrees Completed are normally distributed as indicated by



askew of 0539 and kurtosis of 0119, The Number of Degrees Partially Completed is
quite skewed toward the no degrees completed end with a skew of 1698 and akurtosis
of 1.724. Thisis because 103 of the 129 subjects had no partially completed degrees.

TABLE 4.17 Subject Education (Phase 2)

(n=129)
FREQUENCY | % of TOTAL] CUMM %
# DEGREES COMPLETED

None 2 1.6% 1.6%

One 58 45.0% 46.5%

Two -56 43.4% 89.9%

Three 12 9.3% 99.2%

Four 1 0.8% 100%

# DEGREES PARTIALLY
COMPLETED

0 103 79.8% 79.8%

25 19.4% 99.2%

2 1 0.8% 100%

AsshowninTable4.18,40% of thesubjectsholdaM aster'sdegree astheir highest
degree. Thisreflectsawell educated subject pool and correspondswell with the Phase 1
finding.

Table 4.19 indicates the frequency with which subjects held certain popular
degrees. For each of the Computer Science, Engineering, and Mathematics degrees,
the table notes the frequency with which at least one degree is held with that major by
the subject pool. Over 74% of the subjects held at least one degree in Computer
Science. Thisisin contrast to arate of only 35% inthe Phase 1 subjects. Thismay be



dueto the fact that Phase 2 subjects come from abroader population and the additional
labs surveyed produce Operating Systems, Graphics Systems, and A pplication Software

TABLE 4.18 Highest Degree Held (Phase 2)

(n=125)
HIGHEST DEGREE | FREQUENCY | % OF | CUMM
HELD TOTAL %
None 2 1.6% 16%
Bachelors 68 54.4% 56.0%
Masters 50 40.0% 96.0%
PhD|| 5 4.0% 100%
Skew = 0477; Kurtosis = -0.238

products. These groups may be more likely to hire these graduates.

TABLE 4.19 Majorsfor Degrees Held (Phase 2)

(n=125)
DEGREE HELD FREQUENCY % OF TOTAL
. SUBJECTS
HOLDING
DEGREE1
Computer Science? -9 75.2%
Engineering3 49 39.2%
Mathematics 26 20.8%
1 Degrees held will exceed the number of study participants since participants
hold multiple degrees.
2. Computer Engineering degrees are double counted in Computer Science and
Engineering.
3

Includes all disciplines of Engineering - Electrical, Computer, Mechanical, ...




The number of subjects with Engineering degrees is dill strong at 39%. Again,
thisis in keeping with the culture of The Company. Finaly, the next most frequently
cited degree was in Mathematics with over 20% of the population reporting at least
one degree in this field.

The meannumber of hours of training inthe past two years smilar for the Phase 2
and Phase 1 subjects. Phase 2 subjects (n=125) completed 102 hours of training on
averagein the past two years, while Phase 1 subjects (n=20) completed 117 hours on
average. Thistraining included college classes, corporate classes, seminars, self-study,
and any other area considered significant to thé subject. It is normalized to contact
hours. For formal classes this would be the number of hours spent in the classroom.
For self-study, this is the number of hours spent in the form of study. The Phase 2
subjects reported arange of zero to 683 hours of training in the past two years. The
high end of this range is more than double in the Phase 2 pool over the Phase 1 pool.
The skew vaue in for training of 2.196 indi catesvthat the distribution of training hours |
is not normally distributed. Further, the kurtosis value of 5490 indicates that the
distribution of training hours is peaked in certain areas. The distribution has alarge
peak at zero hours with sixteen subj ects reporting no hours of training in the past two
years. Thedistributionis aso skewed. The median valueis 50 hours indicating avery
small but long tail of the distribution into the higher values of training hours.

The Languages variable covered in Table 4.20 shows another non-normal
digtribution. Thereis both high skew and kurtosis on thisvariable. The mean number
of languages known with high skill a 2.7 is comparable to the Phase 1 value of 2.5.
The low skill value of 17 is higher than the Phase 1 value of 11 but can be at least
partially explained by the removal of amedium skill category for the answer. The total

languages row shows amore normal variable that has no problemwith its kurtosis and



isonly dlightly over the skew limitvalue. Sincethelanguagestotal variable more closaly

matches a normal distribution, this is the variable which will be retained for further

study.
TABLE 4.20 Language Usage (Phase 2)
(n=125)
_ LANGUAGES MEAN RANGE | SKEWNESS| KURTOSIS
High Skill 2.696 0-10 1519 4141
Low Skill 1720 0-8 1432 3.703
Total Languages 4.416 1-11 1.084 0.844

The variables presented in Table 4.21 indicate the years of experience subjects
have with the Company and outside of the Company. Further, the table indicates the
years of experience the subjects have in Software Engineering and outside of Software
Engineering. The mean number of years worked at The Company in software
engineering dropped from7yearsin Phase 1to 6 yearsinPhase 2. This canbeexplained
by the fact that Phase 2 surveyed all software engineersin each lab and did not specify
aminimum experience criterion. Thisisdemonstrated by the low end of the range for
this variable being 05 years. The number of years spent in software engineering at
the Company shows acceptable kurtosis and nearly acceptable skew. The rest of the
variables are not normally distributed. Thisisto be expected giventhereatively smal
number of subjects who have non-zero years of experience in these areas. A new
variable, Software Total, was calculated. This variable'is more normal as shown by
skew and kurtosis. Itisadsothevariable measuredin previous studieswhich attempted
to predict performance [Chry 78]. Thisisthe variablewhichwill be retained for further

analysis.
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TABLE 4.21 Work Experience (Phase 2)

(n=123) -
YEARS SOFTWARE NOT SOFTWARE
EXPERIENCE ENGINEERING ENGINEERING
MEAN | RANGE| SKEW | KURT| n?§ MEAN | RANGE| SKEW | KURT | ni
Company 5974 | 0519 1028 | 0.996| 123§ 1191 | 0-105| 2345 | 4.729 | 33
NOT Company|| 0.974 | 0-10 2421 | 591 | 37§ 0374 | 012 | 5663 | 37.470| 14
Software Total || 6.948 | 0.67-20] 0991 | 1.068| 123
1

Indicates the number of subjectswith non-zero values. The reported statistics still describe the full sample of n =123,

The Total Years Worked variable in Table 422 shows acceptable skew but
unacceptable kurtosis indicating unusually high peaks in the distribution. The mean

valuein Phase 2is 15yearslower thanin Phase 1. Again, this can be explained by the

fact that Phase 2 was open to al lab members regardless of the amount of experience.

TABLE 422 Totd YearsWorked (Phase 2)

(n=125)
TOTAL YEARS MEAN STD DEV RANGE SKEW KURTOSIS
WORKED
8.565 5.036 0.67-31 1.000 2.142

4221 Differential View of Descriptive Statistics

Table 4.23 presents the biographical guestionnaire information on a differential
basis. The table lists each variable collected or generated. It indicates which test is

used to determine statistical significance. The Chi-Square test is used to test for

gatistically significant differences between categorica variables such as gender. The
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t-test is used to test for statistically significant differences between ordinal variables.

For each test, the n isincluded to indicate the number of samplesused inthetest. The

calculated test values and calculated significancelevels are dso provided. Significance

levels which fall within the 0.05 significance range are marked with **".

TABLE 4.23 Tedsfor Difference (Phase 2)

VARIABLE TEST n CALCULATED CALCULATED
TEST VALUE SIGNIFICANCE
LEVEL!
(2 Tail)
GENDER Chi-Square 128 0.28 0.594
AGE T 128 -1.44 0.153
#Degrees Completed T 129 -0.07 0.946
#Degrees Partially T 1129 -0.18 0.854
Completed
Highest Degree Held T 129 0.25 0.801
CS Degree Held? Chi-Square 129 0.34 0.560
Engineering Degree Held? Chi-Square 129 0.25 0618
Math Degree Held? Chi-Square 129 0.34 0.560
Training Hours T 129 196 0.052
Languages - High Skill T 129 -0.75 0.456
Languages - Low Skill T 129 0.07 0.945
Languages - Total T 125 041 0.684
Years at Company in T 127 5.13 0.000 **
Software
Years at Company NOT in T 127 0.26 0.799
Software
Years NOT at Company in T 127 0.86 0.393
Software
Years NOT at Company NOT T 127 110 0.272 °
in Software .
Total Years in Software T 123 -3.75 0.000 **
Total Years Worked T 129 -2.87 0.005 ** .

1 Differences are considered statistically significant when the calculated significance is less than 0.05. They are marked with
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Table 4.23 indicates that three biographica variables are associated with
exceptional performance: Years at Company in Software, Total Years in Software, and
Total Years Worked.

423 Q-Sort Results

This section reports the results of the Q-Sort exercise portion of the Phase 2
survey. The %cﬁon first reports the results from the full sample and indicates that the
results are normally distributed. Then the section reports the results of a differential
view of the datafor exceptiona and non-exceptional subjects. ‘The section identifies
those competencies which are associated with this difference in performance.

Table 4.24 presehts the results of the Q-Sort activity on the survey. Participants
sorted a set of 38 competencies into a quasi-normal distribution of seven piles. Each
pilewas assigned aninteger valuefrom zeroto Sx. Zero meansLeast LikeMyBehavior
while sx meansMost LikeMy Behavior. For each survey, the Q—Sort itemwas assigned
the integer value associated with the pile that the subject placed it into. Table 4.24
presents the mean value of this scorefor al subjectsfor eachitem. Thetableis sorted
by the mean Q-Score for the full sample of both exceptional and non-exceptional
engineers. The skew and kurtosis numbers indicate that dl Q-Sort items are normally
distributed.

The competencies contained in Table 4.24 are sorted by the mean score of al
study participants. This sorting confirms that competencies are indeed exhibited more
or less frequently by the study participants. The mean values of competency scores
range from 4.168 to 2.024.



TABLE 4.24 Q-Sort Competency Responses

(Sorted by Mean Score of Full Sample)

(n=125)
STD
LABEL COMPETENCY MEAN DEV SKEW KURT
ltem #37 Concern for Reliability and Quality 4168 1324 -0590 0.351
Item #15 Focuses on User or Customer Needs 3912 1314 0507 0.266
Item #30 Strong /-’:‘rpalytic Skills - Ability to Think and 3880 1383 0.051 -0.857
Visualize
ltem #21 Driven by Desire to Contribute 3864 1110 -0.086 0.064
ltem #2 Seeks Help From Others 3672 1288 -0.032 -0.222
ltem #18 Takes Pride in Quality and Productivity 3632 1298 -0138 0426
ltem #17 Emphasizes Elegant and Simple Solutions 3584 1265 0.197 0.085
ltem #34 Innovative 3432 1266 0.107 -0.154
ltem #22 Enjoyﬁ,| Chgllenge of Assignment 3.400 1524 0.006 -0.381
- Has Fun
ltem #32 Pays Close Attention to Detail 3352 1504 0.174 -0.739
ltem #8 Leverages/Reuses Code 3312 1292 0128 -0.132
Item #28 Perseverance 3304 1444 0.040 -0.573
ltem #24 Stresses Solution over Source of Solution - 3256 1069 0.154 0.098
Lack of Ego
Item #1 Team Oriented 3.176 1476  0.088 -0.450
ltem #29 Mastery of Skills and Techniques 3.136 1279  0.047 0.106
Item #10 Uses Methodical Problem Solving Approach 3.128 1114 0.098 -0.239
ltem #36 High Personal Expectations and Goals 3.112 1172 0.023 -0.112
ltem #5 Write/Automates Tests in Parallel with Code 3.080 1418 -0.023 -0.276
ltem #19 Takes Initiative to Identify Ways of Completing 2.984 1.085 0.109 -0.271
- Important Tasks
Item #35 Prior Experience 2960 1340 0.115 -0.153
ltem #7 Obtains the Necessary Training 2896 1230 -0.010 -0472
ltem #38 Maintains "Big Picture” View 2896 1565 0.252  -0.569
Item #13 Use(sj C(?.de Reading to Ensure Final Code 2832 1372 -0205 -0.443
uality
ltem #7717  Uses New Tools or Methods 2816 1352 0.242 0.293
ltem #14 Uses Decomposition Design Techniques 2744 1361 -0.089 -0.090
ltem #31 Driven by Bias for Action and Sense of 2.616 1590 0.262  -0.457
Urgency »
ltem #12 Schedules and Estimates Well 2608 1447 0.146 -0.272
ltem #3 Helps Others 2,608 1497 0.169 -0.560
ltem #33 Methodical, Organized, and Cautious 2.560 1682 0.215 -0.711
ltem #25 Exhibits and Articulates Strong Beliefs and 2544 1644 0032 -0.856
Convictions
ltem #27 Willingness to Confront Others 2520 1377 0.033 -0.391
Item #23 Driven by a Sense of Mission 2504 1182  0.333 0.264
ltem #4 Uses Prototyping to Assess Design 2488 1423 0366  -0.130
ltem #26 Mixes Personal and Work Goals 2440 1316 -0.062 -0.222
Item #20 Proactively Attempts to Influence Project 2320 1619 0.428 -0.405
Direction by Influencing Management
Item #6 Possesses Unique Knowledge 2168 1236 0.039 -0.337
Item #16 Responds to Schedule Pressure by Sacrificing 2.072  1.607 0.260 -0.901
Parts of Design Process
ltem #9 Uses Structured Techniques for 2024 1434 0291 -0.567

Communication




Table 4.25 ligs the results of at-test comparison of meansfor each of the Q-Sort
‘Competencies.  The means are caculated separately for exceptional and
non-exceptiond performance and tested for difference. Thetwo meansare considered
different when the calculated significance levd is less than 0.05. These are denoted
by **'inthetable. Thetableissorted by the mean scores of the exceptiona responses.
The Delta column represents the number of placesthat aparticular competency moves
Initsrank order when sorted by exceptional meansrather than sorted by thefull sample
means.

Table 4.25 demonstrates that nine competencies show statistically significant
differences in the mean values reported by the exceptiona and non-exceptional
engineers. Thus 24% of the 38 identified competencies are related to the difference
in performance of exceptional and non-exceptional engineers. The five competencies
which have a higher mean for exceptiona performers are:

Heps Others.

Proactively attempts to Influence Project Direction by Influencing
Management.

Exhibits and Articul ates Strong Beliefs and Convictions.

Mastery of Skills and Techniques.

Maintains "Big Picture” View.

The four competencies which have a higher mean for non-exceptiona performers are:

Seeks Help from Others.

Responds to Schedule Pressure by Sacrificing Parts of Design Process.
Driven by Desire to Contribute.

Willingness to Confront Others.

W DN
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This section presented the results of the Q-Sort exercise for sorting 38
competencies. The section presented the data for the full sample indicating that each
competency'sstatisticswerenormally distributed. Thefull samplereport dsoindicated



TABLE 4.25 Differential Q-Sort Competency Responses - T-Test Results
(Sorted by Mean Score of Exceptional Responses)

XP NXP SIG

MEAN MEAN TEST  LEVEL!
DELTA LABEL COMPETENCY (n=40) (n=85) VALUE (2Tail
o ltem #37 Concern for Reliability and Quality 4050 4.224 068 0.497
o Item #15 Focuses on User or Customer Needs 4025 3.859 -0.66 0512
o Item #30 S\t;on%]II Analytic Skills - Ability to Thinkand 3.925 3.859 -0.25 0.804
isualize
+2 Item #18 Takes Pride in Quality and Productivity 3.750 3576 -0.70 0.488
+2 ltem #17 Emphasizes Elegant and Simple Solutions 3.725 3518 -0.85 0.395
-2 Item #21 Driven by Desire to Contribute 3.550 4012 220  0.029 **
+8 Item #29 Mastery of Skills and Techniques 3500 2965 -222  0.028 **
+20 ltem#3  Helps Others 3500 2188 499  0.000 **
-1 Item #34 Innovative ) 3.425 3.435 004 0.966
+12 |tem #38 Maintains "Big Picture” View 3425 2647 266  0.009 **
-2 ltem #22 Enjo%s Challenge of Assignment - Has Fun 3.325 3.435 038 0.707
-7 ltem #2  Seeks Help From Others 3325 3835 210 0.038 **
0 Item #24 - Stresses Solution over Source of Solution 3.250 3.259  0.04 0.966
- Lack of Ego
+6 Item #35 Prior Experience 3250 2.824 -167 0.097
-5 Item #32  Pays Close Attention to Detail 3.225 - 3412 0.65 0519
+3 Item #19 Takes Initiative to ldentify Ways of 3100 2929 -082 0414
Completing Important Tasks
-3 Item #1  Team Oriented 3.050 3235 065 0515
-7 ltem #8  Leverages/Reuses Code 3050 3435 15 0120
-2 Item #36 High Personal Expectations and Goals 3.050 3141 0.40 0.687
-8 ltem #28 Perseverance ' 3.000 3447 163 0.107

+9 Item #25 Exhibits and Articulates Strong Beliefs ~ 2.975 2341 204 0.044 **
and Convictions

+13 Item #20 Proactively Attempts to Influence 2925 2035 295 0.004 **
Project Direction by Influencing
Management
+4 Item #12 Schedules and Estimates Well : 2900 2471 - -156 0.122
-8 Item #10 Uses Methodical Problem Solving 2900 3235 158 0117
Approach : :
-7 ltem #5 Writz/ Automates Tests in Parallel with 2775 3224 166 0.099
Code
+6 Item #23 Driven by a Sense of Mission 2750 2388 -161 0.111
-3 Item #11 Uses New Tools or Methods 2700 2871 0.66 0513
-3 Item #14 Uses Decomposition Design Techniques 2700 2765 025 - 0.805
-3 Item #31 Driven by Bias for Action and Sense of 2675 2588 -0.28 0.777
Urgency
-9 |tem #7  Obtains the Necessary Training 2,600 3.035 186 0.065
-8 ltem #13 U(sges I_Code Reading to Ensure Final Code 2550 2965 159 0.115
uality ’
-1 Item #4  Uses Prototyping to Assess Design 2550 2459 033 0.740
+3 ltem #6  Possesses Unique Knowledge 2325 2.094 -097 0.332
0 Item #26 Mixes Personal and Work Goals _ 2250 2529 111 0.270
-6 Item #33 Methodical, Organized, and Cautious 2.150 2753 189 0.061
5 Item #27  Willingness to Confront Others 2125 2706 223 0.027 **
+1 ltem#9  Uses Structured Techniques for 2050 2012 -0.14 0.890
- Communication :
-1 Item #16 - Responds to Schedule Pressure by 1600 2294 229  0.024 **

Sacrificing Parts of Design Process

1. Biffeglges are considered statistically significant when the calculated significance is less than 005. These instances are
enot y hE ti'




that there is a reported difference between the competencies considered to be Most
LikeMy Behavior and the competencies considered to beLeast LikeMy Behavior. This
was demonstrated by the broad range of mean values for the competencies.

This section dso presented the results of the Q-Sort exercise on a differential
bass T-test analyss of these results demonstrates that nine competencies are

associated with the differences between exceptional and non-exceptional performers.

424 Discriminant Analysis

Thissectionreportsthe Discriminant Analysis r&ultsdf thesurvey data. 1tbegins
by analyzing the correlations of variables since highly correlated variables cannot be
used in the analyss. The section defines the variables to be used in the analysis and
provides a rationale for their selection. The section reports the results of the full
discriminant analysis and closes with the results of a practical analysis using fewer
variables,

Discriminant Analysisis atechnique used to predict membership inagroup based
on a set of predictor variables and one criterion variable [Hube 89]. The anaysis
presumes that the predictor variables are normally distributed, not highly
cross-correlated, and that no predictor variable is a linear combination of other
predictor variables [Klec 80]. The next few paragraphs will discuss the predictor
variables with respect to these criteria.

All predictor variables, biographical data and competencies, were analyzed for
cross-correlation. Table 4.26 lists the correlation values for statistically significant
correlations at the 0.05 level which have a correlation coefficientgreater than 0.6. A
correlation at the 0.6 level explains 36% of the variance in one variable through the

use of the other variable.
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TABLE 4.26 Cross-Corrdations of Predictor Variables!

(n=121)
AGE YEARS IN | TOTAL YEARS | TOTAL YEARS MATH
SOFTWARE | IN SOFTWARE| EXPERIENCE | DEGREE?
AT COMPANY _

AGE - 1.000 0.638 0.766 0.766
YEARS IN 1.000 0.883 0.735
SOFTWARE AT
COMPANY
TOTAL YEARS 1.000 0.791
IN SOFTWARE
TOTAL YEARS 1.000
EXPERIENCE
MATH DEGREE? ‘ 1.000

#LANGUAGES /| #LANGUAGES /| #LANGUAGES

LOW SKILL HIGH SKILL TOTAL
#LANGUAGES / 1.000 0.656
LOW SKILL .
#LANGUAGES / 1.000 0.728
HIGH SKILL '
#LANGUAGES 1.000
TOTAL
DEGREES HIGHEST

COMPLETED DEGREE HELD
DEGREES 1.000 0.828
COMPLETED
HIGHEST 1.000
DEGREE HELD

1 All correlations are significant at the 0.05 level or better.

Table 4.26 demonstrates a clustering of age and experience variables which are
highly intercorrelated. Thisis to be expected as those engineers who are older are
much morelikely to have more experience. Itispresumed that experience rather than
age is the important variable here. Since not al of these variables can be used in the |
subsequent discriminant andyds, Total Years in Software is selected as the most
appropriatevariable. Itisconsistent with the choice madein prior literature [Chry 78]
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and is the most intuitively appealing. Hence Age, Years in Software at the Company,
and Total Years of Experience will not be used. The Math Degree? variable was only
correlatedwith age. Since agewill not be usedinthe anayss, the math degreevariable
can be used. |

There is dso a high correlation between the Number ofDegr'ees Completed and
the Highest Degree Held. Again, this is natural as engineers who earn subsequent
degrees tend to receive higher degrees. The Highest Degree Held is selected as the
most natural choice between the two variables.

As one would expect, #Languages Total correlates both with #Languages/ High
Sill and #Languages/ Low ill. Hence this analysis will use the total languages
variable.

None of the 38 competency variableswere correl ated with each other or with the
biographical Variables a alevd of 0.60 or better. Hence dl wiII be used in the
subsequent discriminant analyss.

Table 4.27 reports the variables from Phase 2 which violate the normality
criterion of plusor minus 1.00levels of skew or kurtosis. The gender skewisareflection
of the underlying population and hencewill beincluded infurther anaysis. The number
of degrees partially completed is dropped due to its distribution and due to the fact
that it represents a response from only 26 of the sample of 129, |



TABLE 4.27 Non-Normal Variables (Phase 2)

VARIABLE SKEW KURTOSIS n
Gender -1.385 -0.840 128
# Degrees Partially Completed 1.698 1.724 261
Training Hours 2.196 5.490 125
# Languages - High Skill 1519 4141 125
# Languages - Low Skill 1432 3.703 125
# Languages - Total 1.084 0.844 125
Years Software at Company 1.028 0.996 123
Years Not Software at Company 2.345 4.729 332
Years Software Not at Company 2.421 5.961 372
Years Not Software Not at Company 5.663 37.470 142
Years Total in Software 10991 | 1.068 123
Years Total Experience - 1.000 2.142 125

1 Number of subjects with one or more partially completed degrees. Statistics are calculated on full sample
of n=129,

2. Number of subjectswith non-zero number of yearsin this category. Statistics are calculated on the full sample
of n=

The training hours variable exhibits a strongly skewed distribution with its peak
at the low end of training hours and with a long tail in its distribution at the high end.
Training hours is an important variable to retain for further anaysis. The fact that it
isnot normally distributed will underpower its satisticsin further analysis. Hencethe
conservative approachis to include thevariable since it will only enter the discriminant
function if it is a Significant effect.

The total number of languages known variable had already replaced the low and
high skill versions of the variable due to high cross-correlations. Also, the total number
of languages known exhibits much better skew and kurtosis characteristics.

The set of experience variables listed exhibit non-normal characteristics. Thisis
especidly true of the variables for which relatively few subjects reported non-zero

vaues. Since there is dso a high intercorrelation among these variables, the Years



Total in Softwarevariable is selected as the stand in for al other experience variables.
It hasthe best skew characteristic and corresponds most closely with the variables used
inthe literature,

Thevariables remaining in the andysis at thispoint are listed in Table 4.28. The
variableslisted in Table 4.28 were entered into a stepwise discriminant analysis using
Wilks’ method. A total of 122 cases were used in the analysis. The results of the 24

step process are summarized in Table 4.29.

TABLE 4.28 Retained Variables for Discriminant Analysis

VARIABLE

Gender

Highest Degree Held
Computer Science Degree?
Engineering Degree?

Math Degree?

Training Hours

Total Years in Software
Total Number of Languages
ltem #1 thru ltem #38

Table 4.29 showé that 49% of the variance (1 minus Wilks’. Lambda) can be
explained by the 20 variables remaining in the Canonical Discriminant Function
followingthe analysis. The more significant resultisdemonstratedin Table 4.30. Here
we see that the function composed of the 20 variablesin Table 4.29 is able to correctly
classify over 86% of the cases collected in this study.



TABLE 4.29 Full Discriminant Analysis- Summary Table

(n=122)
Action Vars Wilks* _

Step Entered Removed In Lanbda Sig. Label

1 1TEM#3 1 .83854 . Hel ps O hers ,

2 sw.TOr 2 .76331 .0000 Total Years Software Experience

3 ITEM#31 3 .7247 .0000 Driven by Bias for Action / Ugency
4 LANG_TOT 4 6932 .0000 Total Languages used Professionally

5 ITEM#27 5 .60 .0000 willingness fo Confront Qhers

6 ITEM#25 6 .64644 .0000 Exhibits and Articulates Strong

7 1TEM#28 7 .62845 .0000 Perseverance )

8 ITEM#23 8 .61493 .0000 Driven by a Sense of M ssion

9 ITEM#16 9 .5%993 .0000 Responds to Schedul e Pressure

10 MATH_DEG 10 .58024 .0000 Math Degree Held? ,

11 ITEM#4 11 .57852 .0000 Uses Prototypes to Assess Design

12 1TEM#12 12 .56804 .0000 Schedules and Estimates wWetl

13 1TEM#38 13 .55790 .0000 Maintains "Big Picture" View

14 1TEM#O 14 .55016 .0000 Wses Structured Techniques for Comm
15 1TEM# 15 .54255 .0000 Team Oriented :

16 ENG_DEG 16 .53526 .0000 Engineering Degree Hel d? o
17 1TEM#18 17 .5280 .0000 Takes Pridé in"Quality and Productivity
18 TRAINING 18 .52393 .0000 Total Training Hours _

19 1TEM#13 19 .51692 .0000 UWes Code Reading to Ensure Final
20 ITEM#15 20 .51101 .0000 Focuses on User or CQustoner Needs
21 ITEM#38 19 - .51579 .0000 Maintains "Big Picture" View

22 ITEM#4 18  .51986 .0000 Uses Prototypes to Assess Design

23 1TEM#5 19 51465 .0000 Writes/Automates Tests in Parall el
24 1TEM#10 20 .50901 .0000 Uses Methodical Problem Solving App

TABLE 4.30 Full Discriminant Analysis - Classification Results

No. of Predi ctoed Goup l\/tirrbership

Actual Goup Cases
G oup 0 83 73 10
NON-EXCEPTIONAL 88. 0% 12.0%
G oup 1 40 7 3
EXCEPTI ONAL 17.5% 82. 5%

Percent of "grouped" cases correctly classified: 8. 18%

Classification Processing Summary
125 Cases were processed. o
0 Cases were excluded for nissing or out-of-range group codes.
2 Cases had at least one missing discrimnating variable.
123 Cases were used for printed output. ’

As a practical refinement, the discriminant andysis was rerun over the same
variables but only alowing the first 10 variables of Table 4.29 to enter the Canonical

Discriminant Function. This was an attempt to create a more tractable predictor



function which could be more readily used in practice. The full discriminant anaysis
presented in Table 4.29 was analyzed to recognize that after the first 13 variables
entered the discriminant function, the subsequent variables explained less than 1% of
the remaining variance. Thiswas deemed asapractica cutoff for additional variables.
Further, the eleventh and thirteenth variables entered (Item#4and ltem#38) were
subsequently removed from the full andyss. Thiswas taken as an indication that the
eleventh, twelfth, vand thirteenth variables were not important to retain for further
andysis. Hence the analysis was stopped with only the first ten variables allowed to
enter the Canonical Discriminant Function. Table 4.31 provides the classification
results for the reduced case of 10 variables. The function of 10 variables is able to
correctly classify over 81% of the cases collected in this study. This means that,

practically speaking, thisten variable function is as valuable as the full twenty variable

function.

TABLE 4.31 Limited Discriminant Analysis - 10 Variables

Classfication Results

No. of Predicbed Group M:einbership

Actual Goup Cases
Group 0 83 68 15
NON- EXCEPTI ONAL 81. 9% 18.1%
Group 1 40 8 32
EXCEPTI ONAL 20. 0% 80. 0%

Percent of "grouped" cases correctly classified: 81 30%

Classification Processing Summary
125 Cases were processed
0 Cases were excluded for missi ng or out-of-range group codes.
2 Cases had at least one mssing discrimnating variable.
123 Cases were used for printed output.
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Figure 4.2 shows the explained variance for the discriminant anadyss using the
tenvariablesidentified. Thetotal variance explained by thesevariablesis41%. The
Helps Others competency explains 16% of the variance in the sample. The Total Years
Softwar e Experience variable explains another 8% of the variance in the sample. The
Biasfor Action competency explains 4% of the variance of the sample. All other

variables explain less than 3% of the variance of the sample.

EXPLAINED VARIANCE

HELPS RXZ  YEARS SW ZZ4 ACTION TOTAL LANG £77] CONFRONTS JEl
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FIGURE 4.2 Explained Variance of 10 Variable Discriminant Function

This section presented the results of the Discriminant Analyss of the study
variables. The section discussed the criteriafor including variablesin the analysis and
presented the rationale for limiting the variables considered. The section presented

the results of the full discriminant andyss resulting in a Canonical Discriminant



Function of 20 variables capable of correctly classifying over 86% of the cases used in
the study. Finaly, the section presented arestricted Canonical Discriminant Function

with only ten variables capable of correctly classifying over 81% of the cases in the

study.

425 Summary of Phase 2 Data

The Phase 2 portion of this research has collected data from over 120 subjects
al of whom are experienced professional software engineers engaged in the creation
of software products. The biographical portion of this data describes awell educated
and experienced sample from the population at large. The only biographical data
demonstrating a statistically significant relationship to exceptiona performance are
years of experiencevariables. These experience variables, alongwith age, show ahigh
degree of cross-correlation and are replaced with the single variable of years of software
engineering experience in further anayss.

The analysis of the competency scores from the Q-Sort exercise shows nine
competencies are statistically related to performance under univariate anaysis. Five
of these competencies are more related to the behavior of exceptiona performers
whilefour of the competencies are related to non-exceptional performers. Whenusing
the multivariate technique of discriminant analysis, the research discovered that an
equation of twenty variables is able to co‘rrectly classify the exceptional and
non-exceptional cases under study 86% of the time. A simplified equation of only ten

variables provides correct classification 81% of the time.

43 Summary of Data Presentation
Chapter 4 presented the data collected from both Phase 1 and Phase 2 of this

research. Thedataaretri angul ated intime ance Phase 1 occurred approximately nine



months before Phase 2. The dataaretriangulated by method. Phase 1 used aCiritica
Incident Interview technique coupled with Protocol Anadysis to collect and identify a
Set of competenciesrel ated to exceptional performance of software engineers. Phase 2
verified these competencies using Q-Methodology to rank and weight the importance
of these competencies. Finaly, the data aretriangul ated by sourcesince both engineers
and managerswereusedinPhase 1toidentify competencies. Thesethreetriangulation
methods led to a strong val idation of the identified competencies as being very
important to professional software engineers.

Both Phase 1 and Phase 2 aso collected biographical information about the
sample population in an attempt to identify any smple predictors of pérformance. The
descriptive information about these sampleswas quite consi stent acrossthe two phases.
Each sample proved to be generaly mae, well educated, and well experienced. In
both phases, experience did emerge as a differential attribute associated with
exceptional performance. Thus, more experience seemsto lead to higher performance.
This is certainly not a counterintuitive result.

When looking at dl the factors associated with exceptiona performance,
experience did not emerge as the predominant predictor. The discriminant analyss
of al predictor variables showed that although experiencewas afactor, there are many
other factors associated with high performance. It isthe combination of the identified
competencies with experience which proved able to explain the rhost_ difference

between the exceptional and non-exceptional groups.



CHAPTER 5
FINDINGSAND CONCLUSION

S0 he spent most of his time submerged in chaos,

knowing that the longer he put off settingnto a

fixed organization the more difficult it would become.

But he felt sure that sooner or later some sort of format

would have to emerge and it would be a better onefor his having waited.14

This chapter presents an andyss and interpretation of the data reported in
Chapter 4. This chapter draws conclusions from the anaysis of the data and interprets
theresultsin light of the literature inthisfield. Thischapter first discusses theunivariate
datistica analysis and attempts to draw conclusons from the analyss of each of the
predictor variables in isolation. Then the chapter considers multivatidte statistical
anaysis and discusses the models proposed for predicting whether individuals are
exceptiona or non-exceptiona performers. The chapter closes with a proposed
dynamic system model of performance based on the competencies identified in this

research and on the level of an engineer's experience.

51 Univariate Analysis

Table 4.23 presented the results of a differential analysis of the biographical
questionnaire data. The table shows that threevariables, Yearsat Company in Software,
Total Years in Software, and Total Years Worked, are dl related to exceptiona
performance with their calculated significance levels from a 2-tailed t-test each less
than 0.05. Table 4.26 indicates a high degree of intercorrelation among these same
variables. Thisindicatesthat thereis basicaly one concept at work in the relationship

4Robert M. Pirsig, Lila: An Inquiry into Morals, Bantam Books, NY, 1991
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between these experience variables and performance. This result is consstent with
the result found by Chryder [Chry 78] in his study of professional software developers.
Chryder found that severa experience variables and age were dl highly correlated.

~ This dissertation concludes that experience is indeed a significant predictor of
performance. Thisis particularly true when the experience is in software engineering
and the experience is received at the company where a subject dill works. It seems
that either companies reward the experience at their own company more, or the
experience at the company is more relevant to the tasks of that company. Hence this
experience is more vauable. ;

The experience variable by itsdf is not a satisfying predictor of performance.
Operating by itself it is only able to correctly classify 63% of the 123 cases from this
study. Although this is 13% more than the 50% correct classification provided by
chance, it is not too powerful a result. Although experience is important, it iS not
enough. No other biographical variables are smply related to performance. These
other variables will become important again as multivariate statistics are considered.

The competencies areidentified and reported in Table 4.24. The competenci 6
can be further organized into fourcategori&s, Task Accomplishment,Personal Attributes,
Situational Xills, and Interpersonal Skills as shownin Table 5.1. The cdmpeténci& in
each category of this table are listed in rank order based upon the mean competency
score for the entire sample.

The categories shownin Table 5.1 form natural clusters of related competencies.
Task Accomplishment competencies are those competénci&s most closdly related to
the unique skills or capabilities required to.compl ete the task a hand. Many of the
competencies are specific to the production of software, for exampl e Leverage/Reuses

Code, Mastery of Sills and Techniques, Uses New Tools or Methods, and Uses Code



TABLE 5.1 Competencies by Category

Task Accomplishment » T-Test! Discrim?

Leverages/Reuses Code

Uses Methodical Problem Solving

Mastery of Skills and Techniques XP
Write/Automates Tests in Parallel with Code
Prior Experience

Obtains the Necessary Training

Uses Code Reading to Ensure Final Code Quality
Uses New Tools or Methods

Schedules and Estimates Well

Uses Prototypes to Assess Design

Possesses Unique Domain Knowledge

Uses Structured Techniques for Communication

_Personal Attributes

Driven by Desire to Contribute NXP

Pride in Quality and Productivity

Enjoys Challenge of Assignment - Sense of Fun

Stresses Solutions over Source of Solutions - Lack of Ego

Perseverance NXP
Higa(h Personal Expectations and Goals

Takes Initiative to Identify Ways of Completing Important Tasks

Maintains "Big Picture” View XP

Driven by a Bias for Action and a Sense of Urgency XP
Methodical, Organized, and Cautious

Driven by a Sense of Mission XP
Exhibits and Articulates Strong Beliefs and Convictions XP XP
Mixes Personal and Work Goals

Proactive Role with Management XP

_Situational Skills

Concern for Reliability and Quality

Focuses on User or Customer Needs

Strong Analytic Skills - Ability to Think and Visualize

Emphasizes Elegant and Simple Solutions

Innovative

Pays Close Attention to Detall

Uses Decompositions Design Techniques

Reslgon_ds to Schedule Pressure by Sacrificing Parts of the NXP NXP
esign Process

Interpersonal  Skills

Seeks Help From Others NXP

Team Oriented

Helps Others XP XP
Willingness to Confront Others ) NXP NXP

1 Entriesindicate which competencies have statistically significant differences for exceptional and non-exceptional performers.
Those competencies related to exceptional performance are marked XP. Those competencies related to non-exceptiona
performance are marked NXP.

2. Entriesindicatewhich competencies entered the canonical discriminant function of tenvariables. Those competenciesrelated
to exceptional performance are marked XP. Those competencies related to non-exceptional performance are marked NXP.



Reading to Ensure Final Code Quality. Other competencies in this category relate to

, the knowledge required to accomplish the task. For example, Obtains the Necessary
Training and Possesses Unique Domain Knowledge refer to the unique knowledge
required for the particular task. Findly, the competency of Prior Experience relates to
the degree to which famili arity with the task itsdlf isimportant. One subject describes
his view of the need for the ability to acquire new sKills as, "It's so interdisciplinary,
you've got to be willing to do anything and believe you can do it with training as well
as the people who are aready doing it."

Personal Attributes are those competencies which describe inherent traits of the
individual. These are generally presumed to be competencies which are independent
of the task itself. Many of these competencies relate to the personal motivation of the
individual. For example, Driven by a Desire to Contribute, Driven by a Biasfor Action
and a Sense of Urgency, Driven by a Sense of Mission, and High Personal Expectations
and Goals dl relate to internal motivations and drive of the individual. Other
competenciesin this category refer to the generic behaviors of the individuals applied
indl circumstances. For example, Methodical, Organized, and Cautious, Takeslnitiative
to Identi]yWays of Completing Important Tasks, and Proactive Role with Management
dl refer to the actions an approaches of an individua in completing a task. One
engineer described his struggle in learning which results were worth fighting for, "
need to be less stubborn on the things that don't matter so that | can save my wind for
the ones that do matter."

Situational Xills are the competencies which relate to the process by which an
individual completes atask. These competencies will be stressed or de-emphasised
depending upon the nature of the current task. For example, Focuses on User or

Customer Needs, Emphasizes Elegant or Smple Solutions, and Uses Decomposition
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Design Techniques dl relate to the basic approach an engineer takes in solving a
particular problem. The competencies stress the how of solving aproblem. As one
engineer explains the difference between technica knowledge and customer needs,
"The technical aspects are fairly clear for the kinds of products we do here at [the
Company]. .. They're mostly challenging with respect to the design and customer
usage.

| nter personal ills describe the competencies related to the interactions among

engineers. The competencies of Seeks Help from Other, Team Oriented, Helps Others,
and Willingnessto Confront Other al describe theway engineersinteract. One engineer
described an essential skill as, "The ability to work with different people from different
areasthat have different concernsfrom mine andyet be able towork with themtowards
acommon end."

This collection of competencies is asignificant contribution in its own right. All
competencies listed are important even if they prove to not be differential between
exceptional and non-exceptional performers. Thelistisimportant becauseit describes
al the competencies found in software engineersinthis study. The list of competencies
provides awell rounded view of the extent of skills, knowledge, and attributes required
for a software engineer to be successful in their job.

Table 5.1 indicateswhich competenciesare considered differential viathe T-test.
Those competencieswhich are differential are highlighted inbold. The T-Test column
indicates whether the competency is associated with exceptional (XP) or
non-exceptional (NXP) performance. Five competencies are associated with
exceptional performance and four competencies are associated with non-exceptional

performance viathe t-test.



The competencies associated with exceptiona performance, Mastery of Skillsand
Techniques, Maintains "Big Picture" View, Exhibits and Articulates Srong Beliefs and
Convictions, Proactive Role with Management, and Help Others generally cluster around
the theme of external focus. The exceptional engineer is differentiated by behaviors
associatedwith externalization. The behaviorsare directed at people or objects outside
theindividual. The exceptiona engineer takes abroad view of situations and develops
strong convictions about how to proceed. The exceptiona engineer drives toward this
vision by proactively working with management to set goals on directions for the team.
The exceptiona engineer dso helps other engineers in an attempt to ensure the full
success of the project. The one internal skill exhibited by exceptional engineers is
Mastery of Skillsand Techniques. Thisisa more salf-directed competency and reinforces
the fact that engineers need to be completely capable in their own discipline before
they achieve the exceptiona status related to an external focus. One engineer in the
study states, "My perception of someone who is successful is not someone that knows
the most, it is someone who can use the knowledge théy do have the best."

The non-exceptiona engineer is associated with four competencies, Driven by a
Desire to Contribute, Responds to Schedule Pressure by Sacrificing Pans of the Design
Process, Seeks Helpfrom Others, and Willingness to Confront Others. Here the unifying
themeisoneof internal focus. These competenciesal relateanindividual actinglargely
alone attempting to completetasks. The interactionwith othersiseither one of seeking
help or one of confrontation. These engineers find that they give in to the externd
schedule pressure and sacrifi»ce parts of the design process that they would rather not
sacrifice. The motivation of the non-exceptiona engineer comesfrom apersonal desire
to contribute. This contrastswith the exceptional engineer who takesthe broader view

and works to influence project direction.



~ One way of viewing these characteristics is to place them in the context of
experienced versus inexperienced individuals. Many of the competencies related with
non-exceptional performance can be viewed as the behaviors of an inexperienced
engineers. When an éngineer first begins a career, they will be unsure of their skills
and capabilities. As aresult, they will concentrate heavily on their own performance
and exhibit an internél focus. As they mature in the job and become more confident
of their kills, théy will begin to take abroader view and be more proactive in setting
project direction. This explains the fact that experience was shown to be differential
characteristic of exceptional performers.

The relationship between experience and the competencies exhibited by
exceptional performers does not explain al of the difference in the sample, however.
Many experienced software engineers never become exceptiona. These experienced
engineers fail to exhibit the externally focussed competencies éven after many years
of experience. It would seem that if there is a relationship between experience and
certain key competencies, that the mechanism by which experience reinforces or
transfersthe key competencies doesn'twork for dl individuas. Thisraisethe question
of how competencies are reinforced. Why do some software engineers use their
experience to develop the competencies associate with exception performance while
others do not? This question is beyond the scope of this dissertation, but indicates a
significant direction for future research. |

This section has described the results of univariate analysis of biographical and
competency variables. Experience emerged as the single biographical variable
associated with exceptional performance. Nine competencies are differentially related
to performance. The full sat of 38 competencies fall naturaly into four categories.

Task Accomplishment, Personal Attributes, Stuational Skills, and Interpersonal Skills.



The competencies related to exceptiona performance are dso related to experience.
The competencies related to non-exceptional performance are indicative of an
inexperienced individual. Thus the experience variable is itsdf related to the

competencies Which differential exceptiona from non-exceptiona performance.

52 Multivariate Analysis

Table 4.29 presented the resUIts of a stepwise discriminant anaysis alowing al
retained variables to enter into a sngle Canonica Discriminant Function. As shown
in Table 4.30, this equation of 20 variables is able to correctly classify over 86% of the
123 casesused inthe study. Inan effort to make the results more tractable, the andyss
was rerun with the same variables but only alowing the first 10 variables to become
part of the Canonica Discriminant Function. This smplified equation of 10 variables
is till able to correctly classify 81% of the 123 cases studied as shown in Table 4.31.

The three biographicd variables which entered the Canonical Discriminant
Function of 10 variables are Total Years of Software Experience, Total Languages Used
Professionally, and Math Degree Held?. The Tota Years of Software Experience and
Math Degree Held? variables are of the same sSgn indicating that each is associated
with exceptional performance. The inclusion of the experience variable is consistent
with the univariate andyds above. It is dso consstent with the literature [Chry 79
andwithintuition. The entry of the Math Degree Held?variableis somewhat surprising
and did not appear in any prior literature. Since Math Degree Held? did not emerge
as differential via the t-test, it may not be strongly correlated with exceptiona
performance. Rather it may be one of many variables capabl e of explaining asignificant
amount of variance at that particular point in the stepwise discriminant anadysis. This

variable may be a stand-infor any variable related to education.



The Tota Languages Used Professionally variable entered the Canonica
Discriminant Function with a different sign indicating that it is related more to
non-exceptional performance. This is inconsistent with prior studies which show a
correlation between the number of languages known and performance. In this
dissertation the subjects were asked to identify those languages they had actually used
professionally. Other studies asked which languages the subject was familiar with.
This dissertation result suggests that in-depth knowledge and use of fewer languages
is related to higher performance. |

The seven competencies which entered the limited discriminant analysis function
of 10 variables are highlighted in bold in Table 5.1. The Discrim column indicates XP
or NXP to indicate if the competency is related to exceptional or non-exceptional
performance in the Canonica Discriminant Function. The competencies which
entered the Canonical Discriminant Function vreI ated to exceptiona performance are
Driven by a Biasfor Action and a Sense of Urgency, Driven by a Sense of Mission, Exhibits
and Articulates Strong Beliefs and Convictions, and Helps Others. The competencies
which entered the Canonical Discriminant Function related to non-exceptional
performance are Perseverance, Responds to Schedule Pressure by Sacrificing Parts ofthe
Design Process, and Willingness to Confront Others.

The results of this discriminant anaysis could be used for software engineer
selection. The biographical variables of experience, languages used, and math degree
are easily obtained from the individual. Behavior based interviewing can be used to
extract a score on each of the seven competencies used in the analysis. The Canonical

Discriminant Function can then be used to predict the individual's performance.



Perhaps a better use of this result isto use it as atool to improve performance
of existing software engineers. Once engineers know what differentiates performance
they can modify their behaviors in order to achieve better results. The assumption
hereisthat most of the identified competencies are exhibited by al engineersto some
degree. By emphasizing and reinforcing the competencies exhibited by the exceptional
performers, the performance of dl software engineers can be improved.

Four of the competencies selected by discriminant analysiswere dso vamong the
nine competenciesidentified as differential viathe t-test. Thisis one indication of the
congstency of the results. The cluster of competencies for exceptiona and
non-exceptional performance by the discriminant analyss continue to reinforce the
internal/externalfocus of the competencies on a differential basis. The competencies
rel ated to exceptional performance continuetorelateto overdl project or teamresuilts.
The 'competencieﬁ associated with hon—exceptional performance 4ill relate to the
individual and the individud's performance,

One further insight can be gleaned from Table 51. With two exceptions, dl of
the competencies selected as differential by the t-test and the discriminant anaysisfall
into the broad categories ofPersonal Attributes and Interpersonal Skills. Thisis avery
sgnificant result. It indicates that the most important characteristics leading to
exceptional performance are not skills associated with the task. Rather, personal
characteristics and interpersonal interactions are the things that differentiate
performance. Thus skills unique to the person prove to be the most important. One
study participant notes, "I have not seen one project fail because the engineers lacked
technical knowledge." Another participant says, "I'malot morewilling not to question
somebody'sjudgement or talent and just let them do it because | have to understand
that they're a talented person too, and they're going to do the right thing as opposed
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to before, thinking my way.” A further study participant notes, "It's interesting, you
could get into the attributes of the personal, because | think that is the major key,
actually, ... that is bascaly one of the mgor keys as to whether something's going to
work, partly the interaction persondlities, but partly the mindset, the attitude about
which we approach the project with." These quotes indicate the understanding on the
part of study participants of the importance of persona and interpersona skills and
attributes. |

The primacy of personal and interpersonal skills and attributes is further
reinforced by reviewing the competencies suggested by managers asrepresenting their
exceptional performers. Here competencies like Breadth of View and Influence,
Leadership, People Skillsand Teamwork, and PositiveAttitude reinforce the notion that
the external focus of the engineer is critically important to achieve exceptiona
performance. One manager described these critical attributes as, "Big picture seen,
overdl architect, expertise that is sought, excellent technical judgement, self-starter,
reliable, accurate schedules, pleasant surprises.” These are the sorts of characteristics
that managers use to rate an engineer's performance.

This discussion indicates that the important competencies for software engineers
may be largely task and situation independent. If thisis true, the results contained
within this dissertation would be very generalizable. The results could apply to other
software engineers not part of this study. The results may apply to other engineering
or even non-engineering disciplines. Further study is required to determine if thisis
indeed the case.

The multivariate anadyds shows a rationship to the univariate andyss. The
experience factor continues to be as important in the multivariate anaysisit isin the

univariate analysis. Two additional biographical competencies enter the 10 variable

1



Canonical Discriminant Function: Total Languages Used Professionally and Math
Degree Held?. Four of the seven competencies which enter the discriminant function
are also differential on a univariate andyss. The differential competencies from
univariate and multivariate analyss cluster in the Personal Attributes and I nter per sonal
ills categories indicating that performance is not differentialy related to task or
Situationa ills.

The earlier discussion on the purpose of the biographica questionnaire posed
three hypotheses to be considered in this dissertation. The first hypothesis was that
exceptiona engineers would make broader use of various tools or methods, especidly
acting as early adopters of new tools and techniques. The datain this research failed
to support this hypoth&sis The Phase 1 survey of tools and methods was inconclusive.
Further, athough exceptiona engineers did differentially exhibit the Mastery of Skills
and Techniques competency, they did not differentialy exhibit the Uses New Tools or
Methods competency. Thisindicates that excepti ona engineers are masterful with the
tools they do use, but they are not more likely to be early adopters of new tools.

The second hypothesis was that academic and demographic factors would not
emerge as predictors of performance. This proved to be true in this research. No
demographic factor other than experience was differentially related to performance.
The third hypothesis was that age and experience would correlate with performance,
but would emerge as a threshold effect where they would not be significant beyond a
certain point. This aso proved true. The cluster of experience variables were

differentially related to exceptional performance. However, experience aonewas not
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an extremely good predictor of performance. Thus experience is importants toe
exceptiona performance, but although it is necessary for exceptiond performamoeeitt

IS not sufficient.

53 Dynamic System Mode of Performance

Figure 51 presents a dynamic system model of performancel>. The medédl i
based on the notion that competencies, experience, and performance are alt! relited
by a set of cause and effect relationships. The model aso accounts for the feedbaakk
inherent in the system and hel ps to explain the interrel ationship of experience andithie:
competencies.

Theleft Sde of the modd lists the competency categories associated withrsoffwars:
engineers. The categories of Personal Attributes and Inter personal Skills are highliglited
since they represent the differential competencies for software engineers. The centsw
of the model defines the broad category of experience. It is composed of the differentiail
experience variables of Years at Company in Software, Total Yearsin Software, andiTotal
Years Worked. The right side of the model defi hes the measured output to the systenm.
It is the performance category assigned to the individual software enginesr.

The system starts with a new software engineer at the beginning of the: caneen:..
This person has set of competencies defined by prior experience. Largely this: is the:
training the person received in school. The competencies are directly related! tw thie
behavior of the individual. It is these behaviors that begin the process of gaiming
experience.

15Model proposed by Professor Charles O. Neidt.



COMPETENCIES EXPERIENCE PERFORMANCE

/ TASK ‘\\
ACCOMPLISHMENT

‘ —— %PTI ONAL
PERSONAL YEARS
ATTRIBUTES SOFTVARE
SITUATIONAL YEARS %

SKILLS AT NON-
COMPANY EXCEPTI ONAL
INTERPERSONAL
K SKTLLS /

A
'T I EXPERI ENCE ‘

APPRAISAL

RT:10.18.91\MODEL

FIGURE 51 Dynamic System Model of Performance

Experience corresponds to applying behaviorsin order to achieveresults. Asan
engineer gains experience in the employer's company and in the field of software
engineering, they begin to achieve their results. The very process of gaining this
experience alows for many opportunities to improve upon behavior patterns in an
attempt to become more effective. This experience forms the first feedback loop. As

an engineer finds behaviors which help to achieve intermediate gods, these are



reinforced and developed. Behaviors which prove to be unsuccessful in abhieving
intermediate results are modified until the correct results are achieved. Thusthe actua
experience of attempting to complete tasks forms important, behavior modifying
feedback. The significance of thisfeedback was not lost on one engineer who described
his experience.

| don’tthink that all Software engineers are equal, you know, some

have more experience, andyou definitely haveto weigh that. Some

people have more experience with tools, you have to weigh that.

Some people have more self confidence and can put across an aura

of knowing what they're talking about when they don't. And ifou

do treat everyone equally, thenyou canfall into the trap oflistening,

perhaps listeni n%_to the Wronq person or discounting someone who

really has something reasonable to say.

Theright side of themodel showsthe appraisal portion of themodel. Hereresults
are evauated relative to some measure, and the engineers performance is classfied
as either exceptional or non-exceptional. This appraisal forms the second important
feedback loop. The feedback affects experience since the appraisa is used to select
futuretasksfor the engineer. Very poor performance might mean no more experience
a dl! Very good performance generaly results in even more chalenging tasks. The
appraisal also provides feedback to the competencies. An engineer will modify their
own behaviors as a result of the appraisal feedback. This serves to enhance or
deemphasize certain competencies.

This model is valuable in that it alows for discussion of the process by which
exceptional performance is created. It also alows for discussion of why individuals
with smilar years of experience continue to exhibit different levels of performance.
In some cases the very nature of the experience may bevastly different. Although two
engineersmay have Ssmilar yearsinasimilarjob, the actual work assgnment may have

been very different. Failure to achieve the expected results on an early assgnment



may lead to future assignments which fail to develop the required competencies for
exceptiond performance.  This is because management will not give the more
challenging assgnmentsto thosewho have not achieved exceptiona resultsinthe past.
This severs the important feedback of experience to competencies. The value of a
positive experience is highlighted by one engineer in the study who described the
norma method of putting new, inexperienced engineers into mainstream project
assgnments.

Some people might say that that'sgood, it's trial byfire, personally

| think that tends, ifthey do, you give themthe opportunity to succeed

or fail Ifthey do succeed, | mean you're going to have a tiger on

your hands, and that's great when that happens, but if they fail,

ol oe! sooe ot TTEEhe wher O TStk Imghn e ben

more injustfitting the person with thejob.

Engineers may aso fail to develop their competencies if the appraisal feedback
loop is broken. This can occur either when management fails to provide adequate
performance appraisal or when the individual engineer fails to make proper use of the
gppraisa data. In ether case the engineer falls to develop and reinforce the
competencies required for exceptional performance. |

The Dynamic System Model of Performance developed in this section provide
some additional insight into the relationship between experience factors and
competencies in achieving exceptional performance. The modd illustrates two
important feedback loops. Experience is fed back to the competencies and should be
used to reinforce the essential competencies required for exceptional performance.
Performance appraisal is fed back in two ways. First, it modifies the individual's
assignments and hence dtersthe experience. Second, the appraisal feedback modifies
an individual's competencies and behaviors. Failure to achieve an exceptional level

of performance may be explained by failure in these feedback loops.



54 Summary
This chapter has described the results of this dissertation. H guré 5.2 presents a
summary of theresults. The chapter discussed univariate and multivariate andys's of
thedata. Experience emerged asthe sole biographical variablerelated to exceptiona
performance. There was no smple predictor of peformance. Thirty eight
competencies of software engineers were identified. Nine of the competencies are
differentialwith five of them associated with exceptional performance and four of them
associated with non-exceptiona pérformance. The competencies are placed into one
of four categories. Task Accomplishment, Personal Attributes, Stuational Skills, and
[Interpersonal Skills. The combination of univariate and multivariate anaysis of the
competencies led to the insight that Per sonal Attributes and I nter per sonal Skills are most
closaly linked with performance differences. Skills associated with thetask or situation
did not generally emerge as differential. A practica equation of ten variables was
shownto correctly classify 81% of the 123 casssinthe study. Findly, adynamic system
model of performance was proposed to explain the linkage between experience and

competencies.



KEY RESULTS

38 Competencies of Professional Software Engineers
Simple Predictors of Performance Don't EXist

9 Competencies are Differential

A (Complex) Predictive Model of Performance Exists

Proposed Dynamic System Model of Performance

RT:10.19.9NKEY

FIGURE 5.2 Key Research Results




CHAPTER 6
FUTURE DIRECTIONS FOR FURTHER STUDY

_ ~ Getitright or let it alone,
The conclusionyoujump to may beyour own. 16

This dissertation presents the results of an investigation of the competencies and
demographicswhich contribute to the performance of professional software engineers.
The research finds significant predictors of performance. The dissertation discussed
the role of experience in performance. The dissertation dso presented the 38
competenci es associated with software engineering. Further, the dissertation presents
. the differential competencies associated with high performance. The research
identifies the importance of Personal Attributes and Interpersonal Skills to exceptiond
software engineers. Findly, the dissertation presents a practical predictive model of
performance capable of correctly classfying over 81% of the 123 cases in this study.
All of these results are combined in the creation of the Dynamic System Model of
Performance. This final chapter will discuss some of the implications of this research
aswdl asits deficiencies. The chapter will suggest areas of further research.

Figure 6.1 presents a summary of the implications of this research. The
dissertation presents implications for further research, education, and practice. The
research reported provides avaluable set of 38 competencieswhich canform the basis
of further studies into performance differences for software engineers. These 33

competencies express a broad range of behaviors required of a software engineer.

16James Thurber, Further Fablesfor Our Time (New Y ork, 1956)



Since the competencies covered behaviors wel beyond ssimple task accomplishment,
it's clear that future research should be careful to consder these non-task skillsin the
design of future studies. One interesting result from this dissertation is that skilled
subjects are able to complete complex research instruments without guidance. The
Q-Sort is generaly conducted with the researcher act ng as afacilitator. Inthe present
research, the Q-Sort was sent to the subjects and they completed, it ontheir own. Given
that only two out of 129 subjectsincorrectly completed the Q-Sort, it seemsthat complex
tasks are feasiblefor research methods with highly skilled subjects. Further, the survey
response rate of 47% demonstrates asurpﬁ singwillingness on the part of the subjects
to participate. This could be due to the level of interest that the subjects had in the
area and their interest in the survey task itself.

Inthe areaof education, this dissertation research concludesthat educators need
" to stress the Interpersonal Skills and Persona Attributes as part of an engineer's
preparation. Generally, education focuses on the tasks associated with the discipline
under study. Although this task training is important, the differential skills are not
task oriented. The educational process should support the development of
interpersonal skills and personad attributes through the creation of learning situations
which stress these competencies. Team-oriented assgnments may be useful for
developing these traits. |

Thisdissertationresearch bearsdirectly ontheinterviewing and hiring procedures
In industry. This research suggests that behaviora interviewing stressing the
differential traitsidentified may bethebestway tolocate exceptional employees. Note,

however, that interviewing based on the differential competencies may be
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inappropriate for recruiting recent college graduates. Since the competencies were
identified by interviewing experienced engineers, they may be different than the
competencies of exceptiona recent graduates.

The research results can aso be used to improve the employee development and
appraisal processes. The Dynamic System Model of Performance suggests the
connection between appraisal and performance. One questionraisedin t_he discussion
of the Dynamic System Model of Performance is the degree to which the feedback
loops of Experience and Appraisal are active for non-exceptiona engineers. Perhaps

the failure that occurs for non-exceptional engineers is a breakdown of either the



experience or the appraisal feedback loop. If an engineer isunableto learn from their

- own experience and refine their own competencies based upon this experience, they
will fail to make the required improvements in their own competencies. Without the
refinement of these competencies, the engineer's behavior will not change. Without
the behavior changes there is no change in results and no change in appraised
performance. |

The performance appraisa is the second feedback loop in the mode. If this
feedback fails to modify the engineer's emphasis on competencies, again there will be
no behavior change. Failurein this feedback loop may be more significant since this
aso affects the actual assignments an engineer will receive. Management typically will
only provide the most challenging assignments to the top performers. If an engineer
falls to receive these chéllenging assgnments, the very nature of their experience
changes significantly. The engineer is not as challenged and the experience feedback
received is not asvauable.

Thisdiscussionsuggeststhat thetwo feedback |oops of the Dynamic System M odel
of Performance are important paths for an engineer's devel_opment. Managers can
assig in the development of engineersin two important ways. Managers can provide
the challenging assignments which will give the engineer the opportunity to enhance
their competencies. Managers can aso provide appraisa feedback which reinforces
the competencies shown to be associated with exceptional performance. If managers

.stress the vaue of and encourage the development of Personal Attributes and
Inter personal Skills the engineer will improve these competencies. By reinforci ng the
competencies associated with exceptional performance, the manager will aso

encourage the behaviors and results associated with exceptiona performance.



Figure 6.2 summarizes the future directions for further research from this study.
To a certain extent the results described in this dissertation may be thought of as a
description of the Company and its culture as much as of the individual engineers. The
classification method for exceptional and non-exceptional engineerswas management
selection.  Although the selection system has an objective base, any performance
appraisal ultimately has a high subjective component. This subjective component is a
reflection of theindividual doing the appraisal. Itisaso areflection of the organization
in which the manager resides. In this light it is interesting to note the behaviors
associated with non-exceptional performance. In particular, the competencies of Seeks
Help from Others and Willingness to Confront Others could be a reflection of the
organization itself and its desire to suppress behaviors associated with these
competencies. The culture of the organization may not alow for confrontation and
may attempt to suppress it by associating it with low performance. Also, the culture
may set the expectation that only non-exceptional performers need help from others.
This concept of organizational impact on the observed competencies was not
researched since the study population was from a single organization. The impact of
the organization and its appraisal system on observed competencies deserves further
study.

Future research should consider exploring the key cultural differences in the
population. First, thereare corporate cultureswhich encourage and discourage certain
behaviors. Some companiesvalue consensus and team approachesto problemsolving.
Other companies stress the value of individual efforts. Each culture studied could
result in somewhat different competencies identified. Second, there are geographic
differences even in the same company. Since each loca regionin the U.S. has certain

differences, these differences will be reflected in the workplace. Further, the
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management of each geographic location may develop its own subculture resulting in
differences related to geography. Findly, there are vast differences due to ethnic
cultures. Certain ethnic groups exhibit markedly different traits from other groups.
For example, some groups may vaue conflict as aproblem solving mechanism while
other ethnic groups may suppress dl conflict in favor of harmony. This will clearly

result in different behaviors on the part of individuals.



The research performed in this dissertation considered gender only to the extent
that it might be apredictor of performance. Theresearch couldbe extended to consider
differencesingender. One female study participant noted some of the potential gender
differences in interacting with other engineers.

/ have this idea that there’s agender-related trait. ... Ingeneral, the
uys | work with are very focused on what they do, and if [my mae
ss| or someone comes and wants to solve a problem, wants me
to help him solve a problem, ke’ll start asking me these specific
questions that will lead up to the answer to the problem, and it's a
very narrow corridor that he can thinkin, and a woman will tend to
say, "Well, this is my problem. What are the thingsyou can offer?"
And it's a more broad type of way of looking at things.
Future research could address gender issues and attempt to determine if competencies
are gender related.

All the conclusions reached in this dissertation are based on the behaviors
reported by study participants. The original Critical Incident Interviews required
participants to describe what they did on their jobs. The Q-Sort exercise asked
participants to sort the competencies on a scale from Least Like My Behavior to Most
LikeMyBehavior. The presumption throughout has been that the subject actually did
report upon their behaviors. The danger of this form of research is that participants
might actually report competencieswhich they valuerather than behaviorsthey actudly
exhibit. If thiswere the caseinthis study the conclusionswould be somewhat different.
If subjects reported behaviors they value rather than behaviors they exhibit, the link
between exhibited behaviors and performance appraisal would be weakened. This
research has relied on careful instruction in an attempt to ensure that subjects did

report on behaviors exhibited rather than valued.



The competenciesidentified in Phase 1 of this research may not be complete in
that they may not cover dl the competencies exhibited by software engineers. In
particular, a significant list of competencies was dropped from further study after
Phase 1 since they had been mentioned by few Phase 1 participants. These and other
competencies may be required to complete the set of competencies for software
engineers. Also, the precise statement of competencies should be studied to ensure
that they express the underlying competency. All competencies in this study were
written in a attempt to make them equally positive. However, it seems clear that the
Respondsto Schedule Pressure by Sacrificing Parts ofthe Design competency was "val ued"
low due to its appearance at the bottom of the rank ordered list of competencies. All
competency statements should be refined to ensure that they correctly and neutrally
express the coreidea. Findly, the content of each competency should be tested to
ensure that thereis common agreement across study participants as to the meaning of
the competency. Each competency should have precisely the correct set of key
behaviors associated with it.

Asin all studies that allow for the voluntary self-selection of subjects, thereisthe
concern that the subjects who chose to participate are different from those who did
not choose to participate in some meaningful way. A future study should consider this
Issue and attempt to study both groups and look for differences.

Thisdissertation research suggests aset of replication studiesto verify and expand
itsresults. Inorder to claim any form of generalizability, the study should be replicated
with software engineers from more than one company. Thereis apossbility that the
results of this research are closgly correlated with the culture and environment of the
company studied. Thus replication at other companies, in other industries, with other

physical environments are appropriate. Theissue of application type aso entersinto



thisdiscussion. Thisdissertation covers software engineers devel oping system software,
application software, and embedded microprocessor software. In order to be
generdizable, the results must be shown to be independent of application type.
Preliminary study of the data from this research seems to indicate that these results
are independent of application type. However, the sample sizes for each of the three
application types was too smal to draw any statistically based conclusions.

Another aspect of generalizability has to do with the phase of development in
which the engineer is engaged. Most of the participants in this study were involved in
the development of new software. Some were involved in the maintenance of existing
products currently on the market. Without studying a broader range of software
engineering activities, it will be impossible to tell if the results of this research will
apply to them as well.

This dissertation reports significant results in the identification of the
competencies of software engineers, in the predictive model for identification of
exceptional software engineers, and in the creation of a Dynamic System Modd of
Performance. This chapter discussed extensions to this study that would provide
significant extensons to the result. This dissertation represents asignificant personal
effort for an extended period of time. As one study participant noted about himsdlf,
"it's been five years, no wonder I'm sick of it!" | look forward to seeing the results that

others are able to achieve building upon thisresearch.
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A Phase 1 Biographical Questionnaire

Interview Date

Subject ID Number

Sex M F

Age

For each degree that you have completed or begun, please complete the following. Circle the appropriate

response or fill in the blank.

Degree ASSOCIATE BS BA MS MA ENGINEER PhD OTHER:
Major CS CE EE MATH PHYSICS OTHER:
Status COMPLETED PARTIALLY-COMPLETED

School ‘

Degree ASSOCIATE BS BA MS MA ENGINEER PhD OTHER:
Major CS CE EE MATH PHYSICS OTHER:
Status COMPLETED PARTIALLY-COMPLETED

School

Degree ASSOCIATE BS BA MS MA ENGINEER PhD OTHER:

Major CS CE EE MATH PHYSICS OTHER:
Status COMPLETED PARTIALLY-COMPLETED

School

Degree ASSOCIATE BS BA MS MA ENGINEER PhD OTHER:
Major CS CE EE MATH PHYSICS OTHER:
Status COMPLETED PARTIALLY-COMPLETED

School

Inthe LAST 2 YEARS, how much training have you completed relevant to software engineering including
any formal study toward a degree? The unit of measure is ’contact hours.” That is, time tina
classroom for formal training, and time spent studying for self-study. Hence a semester long college class
might be expressed as 3 contact hours aweek for 15 weeks for atotal of 45 contact hours. Also include
corporate training classes, consultant seminars, and self-study. ‘

# CONTACT} COLLEGE J CORPORATE

SEMINARS

SELF-STUDY] OTHER

HOURS

TOTAL Training Contact Hours
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Complete the following table with the number of years of experience at the Company and elsewhere

indicating whether your work was Software Engineering or aot. Include any full time employment once

beginni n% you;’oro essional career. Hencejobsbetween degrees count while summer jobs during college
e tot

don't. T of dl values in the table should sum to your total years of experience.
# YEARS SOFTWARE NOT SOFTWARE
EXPERIENCE| ENGINEERING | ENGINEERING
COMPANY
NOT
COMPANY

TOTAL Years EXperience

For each programming language used, complete the following:

LANGUAGE SKILL LEVEL'7

Use the following table to describe the software engineering methods and tools that you use now or in
the past in your job.

METHOD,/TOOL 8 SKILL LEVEL'7

17seifdescribed skill leve:; _
HIGH:  expert, lots of experience, well versed
MED: comfortable, some experience, familiar
LOW: novice user, little experience

18Fqr example, SA/SD, Y ourdon, Jackson, McCabe, Halstead, ..., but be sure to include anything you feel is relevant.
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B Phase 1 Standard Ethics Protocol
ETHICS PROTOCOL

(To be read by interviewer before the beginning of the interview. One copy of this form should be left with
the respondent, and one copy should be signed by the respondent and kept by the interviewer.)19

Hello, my name is Rick Turley. | am aresearcher on a project entitled POSE: The Process of Software
Engineering.

Thisprojectisbeing conducted asaPh.D. di ssertationinthe Department of Computer Scienceat Colorado,
State University.

| am the principa investigator and may be contacted at (XXX)XXX-XXXX or aoooooccoccocooooooco
should you have any questions.

Thank you for your willingness to participate in this research project. Your participation is very much
appreciated. Just before we start the interview, | would like to reassure you that as a participant in this
project you have severa very definite rights.

*  Firdt, your participation in this interview is enti rely voluntary.
* You are free to refuse to answer any question at any time.
*  You are free to withdraw from the interview at any time.

*  This interview will be kept strictly confidential and will be available only to members of the
research team.

*  Excerpts of this interview may be made part of the final research report, but under no
circumstances will your name or identifying characteristics be included in this report

*  Aspart of this stud?; you will be taking the Myers-Briggs Type Indicator Test. You are free to
not answer any of the questions on this test and may decline to take the test at dl.

| would be grateful if you would sign this form to show that | have read you its contents.

(signed)
(printed)
(dated)

Badaptedfrom: G. McCracken, The Long Interview, Sage University Paper Series on Qualitative
Research Methods, Vol. 13 Newbury Park, CA, p. 69, 1988.
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C Phase 1 Critical Incident Interview Outline

The structure and ohilosophy of theinterview is drawnfrom [Hori 89]. The purpose of the Critical Behavior
Interview is to find out what people actualy do in critical job Stuations. It 1s a systematic method for
gathering detailed information describing how a job is actualy performed and what differentiates
exceptional performance from average performance. It identifies the knowledge, skills, abilities, and
motivation which contribute to outstanding performance. The technique assumes that past behavior
predicts future performance.

Ingeneral, the technique focuses on learning about the background, thoughts, feelings, behavior, dialogue,
and outcome of a Sgnificant example situation. The interview technique proposes key questions to ask:

1  Getting Background
"Take me back to the beginning of the situation. How did it start?"

"How did you first come to be involved in that situation?'

2. Getting Thoughts
"What were you thinking?"'

"What was going through your mind a the tune?"

3. Getting Feelings
"What were you feeling when that happened to you?'

"What was your reaction?"
4. Getting Behavior
- "Wha did you do?'
"What was the next thing you did?"
5. Getting Dialogue
"What did you say to him/her/them?"
- "Canyou tel me what the exact words were?"

6. Getting Outcomes
"How did it al turn out?'

"What was the final result?’
NOTES
*  note team Size of described project and program
*  note gpplication type
*  noteindustry type
*  note user type (end user, internal user, externa user, systemintegrator, ...)
*  probe managing or mentoring activities of subject
*  towhat extent is domain knowledge afactor?
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Introduction

(5 minutes)

Purpose:

1
2.
3.

comfortable atmosphere.

Establish a comfortable, relaxed tone. Set the stage with small talk.

Choose a comfortable seating arrangement.

Open the interview by explaining its purpose.

The history of software engineering is long and varied. Most of the research in thisfield has
focused on software tools and methods. Generally, the industry has lookedfor a ’sitver bullet’
in the form of new technology. This has been true despite significant research indicating the
significance of the role of the individual in software development. Much of the research into
'software psychology’ has emphasized the effect of different tools and techniques on the
productivity of individuals. In this research, there have been performance differences of up to
22:1 in completing the task under study. Most research has chosen to view this as ‘sample
variance’ and account for it statistically. I'm attempting to study these differences directly by
looking at the individuals doing thejob of software engineering.

You have been selected by your management to participate in a study of software engineering
excellence.  The purpose of this study is to identify the key skills, behaviors, and knowledge
required to be an exceptional software engineer. 1will be using the data from this interview and
30-40more like it to build aprofile which will be later validated by surveying a larger population
of software engineers. This profile will be used to determine the attributes of exceptional software
engineers in order to influence training and development. .

This is a ’research interview’ 0 | neéeg&/ou_ to be as specific as possible and assume | know
nothing aboutyourjob. | also may need to interrupt or cutyou offat times in order to get the
desired level of detail. _

Briefly outline what ground will be covered in the interview.

ThisBroc&ss will take approximately 2 hours and include a review of the preliminary survey of
your background which you have already completed. This will focus on your education and
experience in software engineering. This will befollowed by an in-depth interview covering some
of your particular experiences in software. The interview will follow the critical incidence model
used in behavioral interviewing. You have already completed the Myers-Briggs Type Indicator
test designed to assess your personality profile.

Ask permission to record the interview on tape, and assure the person of the confidentiality of the

interview process. Complete the ethics protocol.

This research is completely voluntary onyour part. You may choose to not answer any question
andyou may terminate the process at any point. | would like to tape record the interview so
that 1t can be transcrlbed{or later analysis. Ifat any timeyou feel uncomfortable with the taping,
just let me know and | will turn off the recorder. Excerpts of this interview may be part of the
final research report, but under no circumstances wilf your name or identifying characteristics
beincludedin thisreport. Ifyou are comfortable with continuing at thispoint, wouldyou please
sign the ETHICS PROTOCOL which explains these provisons.  THANK YOU! -

Do you have any questions before we begin? ,
*** TURN ON TAPE RECORDER ***

To brief the person about the areas to be covered in the interview and to establish a



Background Information

(10-15 minutes) , o

Purpose: To get an overview of the person's recent job history and accomplishments.
Mechanism: Complete the Biographical Questionnaire.

Key Situations

(40-120 minutes)

Purpose: To find out exactly what the person did to achieve specific accomplishments and deal with
difficulties or frustrations.

Situation #1:High Point

1 Establish a trangition from the background information to this next part of the interview.
2. Ask the person fo the first key situation; ahigh point.

- "Tdl me about atimein the last year or two that was areal high point for you, a time when
you were able to accomplish something you felt really good about, or a time when you felt
especidly pleased with something you did. First, give me a brief overview of the situation so
I know what you're going to be telling me about, and then well go back for the details.”

L et the person think about a situation and begin to tell you about it.

When the person has focused on a situation of the appropriate scope indicate that this is what you
arelooking for and probe for details.

When the ﬁerson has related all the details ask for another replay with emphasis on what theperson
did, what they said, what they thought about i, and what the outcome was.

6.  When sufficient detail is received, dose the discussion on this topic.
Situation #2:High Point

Repeat as above to obtain a second situation description.
Situation #3:Low Point
Repeat as above to obtain a low point situation description.

Inasking about lowpoint situations, it isimportant not to ask simply for asituation where the person
felt frustrated because the person may recdl asituation where something happened to him but in
which he had little if any direct involvement. Instead, you want a situation where the person felt
frustrated as aconsequence of something he attempted or had an active roleintrying to bring about.

Additional Situations

Repeat as above allowing the person to define the situation domain - thejob area or experience topic that
he/she wants to talk about.

Final Situation _
Repeatfor afinal high point situation to leave the interview on a positive note.
Closng

o ~w

(10-20 minutes)

Purpose: To get examples of how the person demonstrated qualities that she considers to be strengths
_ and to adlow time for her quetions.

Allow the person to summarize higher experience by reflecting on some of her strengths.

Ask the person to give alist of capabilities, characteristics, and areas of expertise for their job.

Ask the person about training or other development opportunities that the person believes were
especidly beneficial to him during his career. .

Close the interview by thanking the subject for time spent and offering to answer any questions.
Note what phrases the subject considers to be the earmarks of an exceptional programmer.

A WP



D Derived Competencies from Transcript Analysis

TEAM ORIENTED
# Subjects # Incidents
Exceptional| 9 14
Non-ExceptionaI" 5 10
Fisher's Exa_c1l 0.1409
Test (Two Tail)|
Definition: Values synergy of group efforts and invests the effort required to create group

solutions even at the expense of individua results.

Associated Behaviors:

*  Baances the strengths and weaknesses of other team members.
*  Recognizes synergy of group efforts and invests personal time and energy to leverage it.

Promotes constant communication among team members using such techniques as
brainstorming sessions, travel, phone cals, email, or just sitting close together.

* Shows concern for the fedings of others. Treats otherswith respect. Attemptsto create
buy-in for decisions.

*  Guides or influences others.

*  Promotes the development of shared values on the team.

*  Exhibits commitment to the whole project, not just the assigned part.

*

Illustrative Examples.

The knowledge needed to be there on both ends topull it all together, but also the synerg?_/, just
the two people working together and kicking ideas around and trying things, and when wefinally
figured out the missing ingredient that made it all come together. ... Fundamentally we needed

the kﬁowl edge of both of us to pull it off, although there was some synergy just from working
together.

It was important to have two ofus in that we tended to pick up different things and bounce back
andforth the ideas.

We have really %ood team dynamics. We tend to have lots of interaction; we tend to, uh, to
sharer:] ideas veryfluently, and we tend to think of ideas in theprocess of conversations with one
another. '

We spent a lot oftime trying to communicate, that was the key thing, | think.

We'd have a problem, we'd sit down and look through the code together or try to figure out
what's going on, do SA's, or D's, %/ou know, structured analysis on the board, white boards,
next to each other, and, uh, try tofigure out what's the best way to work on something. We'd
try to partition the program so that, uh, we had a very defined interface between us.

Myfirst goal was to establish myself, get their respect. ... Thefirst thing was to encourage other
people and make sure thatyou mean no harm to them.



Tryingto let ever%/one get their say in. ... Build some kind of consensus. ... Encourage people.
Tryl n to get them to open up and Saly what they're thinking. ... Letting people be the way they

want to
Some NOT Examples:.

[ was doing it myself, which tends to make things go quicker when you work with someone. .
| think one of the best things is that | get left alone a lot. ... | tend to hide. ... Everything I' ve

done was by myself, basically.



SEEKS HELP FROM OTHERS
# Subjects # Incidents
Exceptional| 4 - 6
Non-ExceptionaIﬂ 7 12
Fisher's Exa_c<1 0.3698
Test (Two Tail)
Definition: Proactively seeks the assistance of others in learning, résearching, designing,

understanding, debugging, or checking results.

Associated Behaviors: o
*  Asks previousimplementers to explain their designs.
* Asks other engineers to critique or evauate a desgn.
*  Surveys othersto create aligt of aternatives.
*  Contacts others to help solve problems.

[llustrative Examples:

Ihad to go to other peoplefor information on things that| didn't know. ... Thereis an engineer
who worked on the original projectportingit, that1 was able to go ask questions ofivhen | came
up with a list and couldn'tfigure it out instead of bangi r&g arg head. | have a tendency to really
try and figure it out myself for too long before | go an people for help. | waste time that
way. ... | went and asked one of the designers of the input who did the original port ... also the
other designer. ... | was callingpeople all over theplace, in the Kernel lab, strings and notes.
And there is no clean way to do it, | determined. ... | ended up calling someone in the Kernel
lab who had some ideas and said here's a way to do it. ... | rely pretty heavily on some other
people in the lab who | would consider to be hackers to go in andplay with this andfind out
what all theproblems are and come up with solutions. ... I'm not afraid of trying to call anyone
in HP. ... | tried to_glve it to people that | consider to be UNIXgurus to go and test out with it,
because | knew | didn't have the |arge knowledge base that some other people did. ... | talked
with product marketing and product support to find out what would they, what would people
expect. And | also, | calledpeople in X. ... Talking with marketing andfinding out what do you
think the customers are going to expect.



HELPS OTHERS
# Subjects " # Incidents
Exceptional 2 7
Non—ExceptionaI" 0 0
Fisher's Exag:t“ 0.4737
Test (Two Tail)
Definition: Spends a significant amount of ti me assi ng others in the completion of their tasks

or influencing broad organizational direction.

Associated Behaviors:

Acts as alab-wide consultant for process or product issues.

Reviews, directs, or influences the work of other engineers.

Takes over tasks from other engineers in an effort to complete the project.
Teaches engineering <Kills. '

* ¥ F X

Ilustr ative Examples:

[ILtended to be likely to get done early and either pick up other portions of the code, go help
other people on theproject, or occasionally get drawn into outside things such as management
consulting or other investigations. ... Istill get asked to go out and gofor a walk and let's talk
about something that's bothering me, and consulted in terms ofcode reviewing, Sometimes
peo(i:)le will come over and say | wrote an algorithm that does this, and couldyou glance at it
and see if you find any bugs, so consulting in terms of both coding and people issues.



USE OF PROTOTYPES
# Subjects # Incidents
Exceptional| 10 10
Non-ExceptionaI“ 4 4
Fisher's Exactu 0.0108
Test (Two Tail)

Definition:  Uses a prototyping method to assess key system parameters before designing the final
product. Avoids usng prototype as final implementation.

Associated Behaviors: _ _

Uses prototypes as a mechanism for incremental development of a product.
Attempts to not dlow prototype to become the final product. _

Uses prototype to assess critical aress like performance and time estimates.
Prototypesin paralld with the detailed design phase.

EE

[Hustrative Examples:
Subject created a prototype of a vertical dlice partiallty implementing the key areas in order to
assess the likely system performance and estimate effort.

[The] strategy was to try and provefeasibility and investigate schedule by doing a portion of the
work as a prototype.

It was simply for performance measurements and to see what it would take to start and do some
of this from scratch. ... |felt very strongly that what | had done was not meant to be evolved
into the real product. ... they took the prototype that | had worked on andjust basically turned
it into the real thing, and that piece of code, that one segment is the biggest nightmare of this
whole project and one of the reasons that we kept having majorschedule problems on it.

The purpose of the prototype was to communicate it to management and to other people.

| explicitly did it in LISP so that | could throw it away and start over.

By doing a little bit ofprototyping, it really drove some decisions there.

| guess the idea was to prototype at least a few of them to get a little better perspective on
performance.



WRITES/AUTOMATES TESTS WITH CODE
' # Subjects # Incidents
Exceptionalf 9 9
Non-Exceptional 4 4
Fisher's Exa(_:t“ 0.0573
Test (Two Tail)

Definition: ~ Appliesincremental testing techniques during code development such that given module
achieves ahigh degree of rediability by the time it's completed.

Associated Behaviors _ _ _
*  Creates tests in pardle with the creation of code. _
*  Automates tests 0 they can be run frequently throughput design.
*  Tegts frequently during development to ensure reliability at the module leve.

[Hlugtrative Examples

I'm one that will code a piece and then will probably take the time to write some kind of shell
around to test. '

The test phase on our project was actually, | think, overlapped immediately from the very [first]
algorithm | developed. So let's say my algorithm, let's say there's 30 modules in my algorithm,
| would have mechanismsfor testing everypiece in between there or try to. Uk, one of the things
we did, and these were graduallyput in, but we collected over a thousand differentpages, some
of them from customers and things like that, we put ‘e all into optical media and then we
wrote automatic, uh, test scripts that would go andgenerate the intermediate datafor each one
ofthose things ifyou wanted to, so | couldgo on a thousand different pages and ook how well
thisfirst algorithm worked, or at any place in the middle | could print out the results.

I rt]ended to do a lot of testing during the implementation phase, rather than waiting for Q4
phase.

We already had a set up about 500 automated testsin our test suite, and we were adding to that

as we went along, S0 as a new area would be developed we'd try and write a new testfor it that
could be automated.

I'd try to test each ogject by itself as | implemented it. ... | didn't keep anyfancy test scaffolds
for each one individually. [t'sjust that I'd try to run afew tests of the object by itself where it

-wasfeasible to verify or to ease the integration process later on.

Most of the code that | write | usually develop a test run, a regression testfor each module, so
| can actually do a module, run a little harnessfor it, and then do actual testing on it, and that
way | can see some result. '

I think the thing that we did the best ... is we thoroughly tested our modules, our portion of the
code. ... We wrote shells that wouldjust test our portions of the code and ran it, ran millions
ofimages through it by the time we were done, just repeating the same set over and over and
over and could work out defects.
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I’li code it, and then compile it and try it, you know rather than taking a bigproject and coding
the whole thing and then see ifit all works, and beginning to work like that, | take the chunks,
and each chunk as | build it, | try to wring it out at that time, so that as | add things to it, and
begin toput the blgproiect together or program, whatever itis, tryto have each ofthe individual
pieces tested pretty well already when | put it together.

| wrote sets of tests that | would run every now and then on components whose values | knew,
... whenever | made major changes, or just every time Igot real antsy about it, you know, every
so often | would go in and | would run this test set that covered a lot of different components.



KNOWLEDGE

# Subjects # Incidents
Exceptionall 7 7
Non—ExceptionaI“ 6 6
Fisher's Exac 1.0000
Test (Two Tail) :

Definition: At thetime of assgnment, possessesthe unique skills or knowledge required to accomplish
" the task at hand.

Asociated Behaviors:

*  Possesses the necessary domain knowledge and sKills required for thejob.
*  Previousto assgnment, and on own initiative, becomes an expert in agiven area.

[lustrative Examples

/ tended to understand the objectness of object-oriented design to a little more extent.
understood the theory.

The success thingfor me was having the right mixture of hardware and software experience so
| could really understand what this hardware was doing. ... | had had a lot of experience in
assembly before and knew a lot oftricks.

Imeanyou hadto learnto understandECGs. Themedical content wasmuch more challenging
and interesting than the computer sciencepart of it.

| knew more about the host systems than they ever did, because of my background on other
stuff that | had done.

One of myformer assignments was, | wrote the majorityofthat dia(};]nost_i csprogram in thepast,
the tests themselves. ... | was veryfamiliar with thisprogram and how it ran.



OBTAINS THE NECESSARY TRAINING
, # Subjects # Incidents
Exceptional 6 7
Non-Exceptional 6 8
Fisher's Exact 1.0000
Tes (Two Tall)f

Definition:  Actively seeks the necessary training required to complete the assigned task.

Associated Behaviors:
*  Seeks out documentation required to understand current assignmen.
*  Takes classes which will directly help in the completion of the current assignment.
*  Keegps current by reading trade or technical journals.
*  Improves skills and awareness by attending conferences.

[llustrative Examples:

I'm one that learns through that kind of actually textbook approach in some sense. Sojust |
read through a lot of the documentation.

Took an object-oriented programming class. . _
Hired a consultant to teach a course in structured analysis and design.
Brought in a testing consultant toward the end of the project. :
Kept up with trade publications, took coursesfrom universities.

| sat down and read the manualsfor a week ... and then looking over some old code.

| spent a few weeks just sort of going over manuals and going over documentation | was able
to get on previous generations of the compiler to see what some of theissues really were.

| did a lot of reading ofall the documentation that had been generated to date during the original
investigation.

I've had to gain more depth in the operating system structure, in constructs andfacilities that
are available of windows, presentation manager, Macintosh, and even a little bit on the UNIX
machine with X and Motif. :

I'm afirm believer that ifyou have attitudeyou can force the skills because | certainly didn't
have the skills on Objective C and | picked it up pretty quick.

| gathered the ZRS’s and the schematics for the boards that were interesting, the ones | would
be calibrating and makinﬁ measurements on. And | started gettingfamiliar with the hardware.
I'had a general idea of what they could dofrom the system ERS and then | started looking at
the individual boards and the different groups of components, the different functional areas on
those boards, just to find out specifically what they could do.
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LEVERAGES/REUSES CODE

# Subjects # Incidents
Exceptionall 5 6
Non—Exceptionaﬂr 5 6
Fisher's Exactl 1.0000
Test (Two Talil)|

Definition: Proactively attempts to leverage other ma?ineer's efforts by using their code or designs
and attempts to leverage own effort by making their code reusable.

Associated Behaviors.
*  Looks for code or code fragments which can be reused.
*  Dedigns and codes so that effort can be reused.

lllustrative Examples: .

"No way are we going to startfrom scratch on this. Let'sgo with the, uh, let's look into this
MAC APP."

The other, | think, big boon of thisproject was it was true reuse, true reuse across platforms.

I'm up for stealing anything | can, so it's the throw out the *rotinvented here’ attitude. ... There
~are other places where | can make contributions rather than rewriting someone else's uff.

| then went and looked and tal ked to afriend in California who was in technical support of the

1000 computers andjust got from their goodies tape some utilities they had written to do — not
identical but similar sorts of things.

I'm a bigfan on stealing things that are appropriate.

One of the biggest things that | did, and this was my own décisjon, was J said that I'm not goin
to make a separate driverfor the microchannel; I'm going to make a driver that works on bot
the mi ((j;_ré)(channel and the AT backplane, and it'll be self-configurable so that we can have the
same disks.

What | did was | found someone in the building was working on user interface, and I took his
user interface;it wasjust really easy to take the interface, the interface beinga bunch of procedures
that would get certain things up on screen, and then | took the, someone else was working on
the scanner library, stuff that would make the scanner do different things, and | just basically
put them together. .

We needed a way to tie in the standard in and standard out types to shell processes, basically
wejust stole that out of one ofthe manuals. '
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USES STRUCTURED TECHNIQUES FOR
COMMUNICATION
# Subjects # Incidents
Exceptional 6 7
Non-Exceptional 3 3
Fisher's Exac 0.3698
Ted (Two Tail}l

Definition:  Takes advantage of the tools and techniques of structured design in order to understand
and communicate designs, but does not follow the complete formalism of the approach.

Associated Behaviors:

*  Uses structured techniques (such as Structured Analysis and Design, Hierarchy Charts,
..) & ameans of joint development and communication.

Uses structured techniques as a mechanism for passing off a design or part of a design
to another engineer for Implementation.

Views structured techniquesas just another tool whichcan be appliedto certain problems,
" rather than as a panacea.

*

*

. Hlustrative Examples.
They call me the ‘bubble lady.’

We started using these bubbles tojust explain the different, the main, the two main screens that
would show up and then you could use the SA approach in that you can bubble down then,
you know, and expand it down, and we did some of that in aspect with the user interface and
theflow through it. '

Structured des %n wasn't the panacea, the cure all things, partly due to inexlperience, partly due
to 7ack oftools to help enforce some of the things that we wanted to do. ... It got results quicker
and the results were what we wantedfor the product.

Just doing that top context diagram to me is a real important ¢ing, because thenyou can really
starlt talking about it and wrapping yourmind into it pretty good. ... It was a good communication
tool.

We did do hierarchy charts andflow diagrams. We did not maintain them through the life of
theprogram; they were basically ajump start tool. We did review those with the rest of the team.

| took some of the loosest concepts of structured anal?/sis andjust drew diagrams on the white
board and asked them ifthey were right. ... Ifelt like | could be confident that all the boundary
conditions were easily understandable and were confined and simplified.

I'm sure that I'kind of remember going back andpulling out the diagrams we'd drawn, and that
provided our means of communication agair forusto discuss and under stand each other meant.
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METHODICAL PROBLEM SOLVING
# Subjects # Incidents
Exceptionaqr 6 6
Non-Exceptionall 3 4
Fisher's Exact 0.3698
Test (Two Tail)
Definition: Uses methodical approach in understanding and solving problems.

Associated Behaviors:
*  Buildsmental or physica system modelsto enhance understanding and visualization.
*  Designs wel controlled experiments to efficiently resolve problems.
*  |nvedsin the development of test tools to solve problems.

[Hlustrative Examples _ _
We drew several partial successes, each of which gave us enough confidence that we were on
the right ¢rack, but each of which introduced additional problems that needed to be solved.
[figured if| understood the system — the problem would be apparent.

It helped that we kind of workedfrom the %round ugb We were not taking large things and trying
to break them apart; we were building them. ... So we'd build up the biggest things we could,
and then we'd look at special cases.

Some NOT Examples:

That was a |ot of trial and error. | would come up with what | thought would work and then |
had a lot of write statements, you know, print statements in my code so that when | press a
character | would see what would come out on the other end and whether RMB was going to
get screwed up or not.
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USE OF NEW METHODS OR TOOLS
# Subjects # Incidents
Exceptional| 4 4
Non-Exceptionalﬂ 1 1
Fisher's Exac: 0.3034
Test(TwoTail)
Definition: Seeks to improve performance or results through the use of new tools or methods.

Asociated Behaviors

*  Recognizes value in new tools or techniques.
Proactively seeks out new tools or methods to solve problems.
Useswork assgnment as away to learn new tools or methods.

*
*

Ilustrative Examples:

Igot to update it in terms of the kinds ofimplementation approaches, the technology that it was
built on, went to full object oriented implementation instead of the very ad hoc Pascal version
ofit before. ...1"ve been doing object orientedprogramming since before it was a popular thing.
I've probably been doing itfor seven or eightyears in variousforms, and to me it clearly has so

-many benefits and so many different ways, especially in terms of the things | did on thisproject.
Becauseyou start out modeling the problem domain instead oftaking the traditional structured
analysis design approach, and that has had tremendous benefits in terms ofthe maintainability
and modifiabilityof this compiler.
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SCHEDULES AND ESTIMATES WELL
‘ # Subjects # Incidents
Exceptional] 4 4
Non-Exceptiona*[ 0 -0
Fisher's Exap'i[ 0.6285
Test (Two Tail)
Definition: Shows a strong concern for schedules and estimates schedules well.

Associated Behaviors,
*  Maintains persona "rules of thumb" for schedule estimation.
*  Refines schedule estimates based on measured progress.
*  Meets schedules.
*  Schedules viatask breakdown and successve refinement.

[llustrative Examples:

We de-rated it b){]about 50% or something, 10 take into account |learning code and some ofthe
other engineers that we knew we weregoing to get. ... \We were about 50% short. ... We used the
information gainedin actually doingsomeporting and turning on to estimate more closely what
we thought It would take, and we refined these estimates constantly as we went through the
project.” ‘ :

The overall project had a schedule problem, personally | didn't. Each one of my milestones |
was meeting, I met my 50% scheduleson all ofthe portions that I waswor king on and throughout
the project | wound up taking on more of other people’s. ... | know how to set schedules and |
know how to get my work done. ... Experience, you krnow, 1've been working herefor 12 and a
half years and | used to mess up a Jot, and now I'm getting to where | don't mess up.
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USES CODE READING

# Subjects # Incidents
Exceptionall[ 3 3
Non-ExceptionaI“ 1 1
Fisher's Exact 0.5820
Test (Two Tail)

Definition: Uses code reading and other group development techniquesto ensurefinal code qudlity.

Associated Behaviors.
*  Asksfor others to code read their work.
*  Participates in the code reading of other engineer's work.

[llustrative Examples.

/ ended up reading all ofmy code twice and | helped read two other people's code in non-author
code reading, and that was very beneficial.

When I finished that, | had what | thought was a reasonable amount of code, | went to this
other person that I work with, and | said, would you code read this, and rather than sitting down
in aformal code review, which would have been a waste of timefor both of us, hejust took it
home one night [and] read it.
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DESIGN STYLE
# Subjects # Incidents
Exceptiona 7 9
Non-Exceptional 9 10
Fisher's Exact 0.5820
Test (Two TaiI)J
Definition: Uses decomposition design techniques relying on visua representation of designs.

Creates structured designs, generaly without using formal techniques.

Associated Behaviors:
*  Keeps design specification in sync with the actual implementation.
Enumerates andprioritizes (design dternatives, defects, ...)
Follows atop-down design method using decomposition to successively refine the design.
Recognizes value of up-front design in leading to a successful implementation.
Takes modular approach in order to reuse as much of the design as possible.
Uses pictures to communicate and understand designs.

* % o 3 %

llustrative Examples .

One of the few times I've seen a design kept up to spec with the actual implementation, and |
think we did a fairly goodjob of that. :

W.just took a real modular approach. Instead ofdesigninga dual-channel algorithm one more
time, were going to take two existing copies of the single-channel algorithm and feed their
information to a resolver, which will combine the information.

There was allon? period of drawing up lists of a half dozen or so candidates for things that
would be profitable to go investigate and looking at risk benefit sorts ofthings on each of them
an((j1 %1()09 ng which one had the highest expectation of a payoff, and which one was worth going
and doing. -

Just try to think of the smallest natural procedures andfunctions that makes sense. There's no
formal structured design or anything like that. ... Particularly small ones where theprograms ...
usually I feel quite freeto go ahead and use global variables... as long as | document thoroughiy.

We didr]‘t end lots and lots of hours doing structured design or structured analysis or DFDs
or anythinglikethat. A¢ thesametime, those techniqueswereinvolvedin, atleastin my opinion,
in any intelligent assessment of software task.

I kind ofhad this idea of breaking theproject up in chunks, thinking of the different things that
needed to be done, you know, breaking it offin tasks, and taking one task at a time. So 7kind
of went to the heart of what would make it work or not, you know, getting the interrupts in
ﬁroperly, counting them doing all the interrupt routines to make sure | didn't lose pulses, you

now, not get too many, and that kind of thing so | started there. ... | really like to work on
small tasks, if you will, and iterate on it. I'll code it, and then compile it and try it, you know
rather than taking a big project and coding the whole thing and then see if it all works, and
beginning to work like that, | take the chunks, and each chunk as| build it, I try to wring it out
at that time, so that as | add things to it, and begin to put the bigproject together or program,
What(ﬁver it1s, Itry to have each of the individual pieces tested pretty well already when I'put it
together.
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[ think in pictures, so | typically, on any problem, | sit down and | start drawing.

| took each card, broke it down to itsfunctionality, functional blocks, and then looked at each
of those and described then that basically would turn into an Auto Cal set, and then | would

describe what | envisioned doingfor thatfunctional block, and then I'dgo talk to the hardware
guys about does this make sense, is this zow you think it works.
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FOCUS ON USER OR CUSTOMER NEEDS
# Subjects # Incidents
Exceptionall 6 6
Non-ExceptionaI" 5 6
Fisher's Exa_ctl 1.0000
Test (Two Tail)
Definition: Considers customer or user input and feedback to be an essentia ingredient in the design

of products.

Associated Behaviors: _ _
* Proactively attempts to obtain customer and user input and feedback for products.
*  Measures project success in terms of customer satisfaction.

[llustrative Examples.

It was well received by the customers. Because that point of view carried up into doing a lot of
things that were very beneficial topeople. There were some capabilities that it had in that system
that haven't been matched in our next two generations of systems that we’ve done. ... Taking
these fuzzy requirements that we were formulating and coming up with a solution for our
customers was a real fun part of that project, because there was no precedent.

As we went through the process of interviewing these people, | learned a lot about Macintosh
developers. |learned a lot about how they thought, what their issues were, how theygot to where
the;(/j v(vgre, what the kind of things were that they valued, and how they went about creating
product. -

And then when | got everything exactly right —just for the heck of it, | brought in a couple of
people and say, you know, in a user testing type of situation, uh, different types of people, |
brought in about three, | think, and say, "Here, do it." And | wanted to sit back and watch them
just breeze through it, and of course, they didn't; you know, they got caught in different places.



RESPONSE TO SCHEDULE PRESSURE
# Subjects # Incidents
Exceptional“ 4 4
Non-ExceptionaI“ 5 5
Fisher's Exa_cl“ 1.0000
Test (Two Tail)
Definition: In response to schedule pressure, sacrifices important parts of the desigh process.

Associated Behaviors:
In response to schedule pressure: .
provides incomplete documentation.
does not adequately inspect or test product.
does not Prototype or adequately design risky parts of product.
hands off parts of design or test to others.

E I S

Ilustrative Examples:
We were so pushed all the time that we never really had a lot oftime to do some of the things
that we wanted to do like walkthroughs and things like that.

We had a schedule pressure and we ne\/er did, even thozéght the schedule kept dipping out, we
never did have a block of time in which | couldgo in and do it right.

In hindsight, the overall thigg dlipped out, and there was enough time to have done that part
right, and | wish | had pushed harder for it.

Subject's comments about continually being asked to pull up a schedule:  No matter how
goodyour intentions areyou can’t resist thepressure to come up with the right answer to that.

We didn't have all the automated tests done that we had really committed to.

I think it's one of these things that we didn't spendthe time up front, and that was because of
schedule or perceivedpressure of schedule that we did notfeel we had the time to prototype and
play with some of these things, and we thought well, we thought it would be mle-basezfl but we
had not clue, Zhad no clue, how complex the whole thing would turn out to be. And that'sjust
naive expectations, | guess.

Didn't have a lot of desigh documentation because | was under a real guh at the time.
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Definition:

'EMPHASIZESELEGANT AND SIMPLE
SOLUTIONS
# Subjects # Incidents
Exceptional 5 5
Non-Exceptiona 3 3
Fisher's Exac 0.6499
Tes (Two Tail)

Cére%ates solutions which are degant and ssmple and adlow for easy extenson to future
needs. _

Associated Behaviors

*  Vauessmple solutions.

*

*  Applies sStructureto ill defined problems and problem domains.

[ustrative Examples:

| guess that's why | thought it was kind of neat because the elegance in itis that it was so smple
to get it down on a piece of paper

| built the ASSEMBLER to have a concept of modules and exporti ngi names and importing
|

names to try and do encapsulation of ideas, so | was trying to bulld kind of a structured
ASSEMBLER.

| couldn't wait to get back to the hierarchy charts and clean them up. Zjust want everythingto
bejust nice and neat and real easy to understand and real easy to communicate and reallyfits
into the realities of the hardware also.

This allowed us to do more than what we needed to do. It was moreflexible than what we really
needed, which | Ziked, because that means in thefuture, not knowing what's coming up next,
this is a lot moreflexible, I'm not constrained, 1'm not up against a hard limit already, | have
a lot more room, so there's a lot of flexibility in this of stuff we probably don't need to use, but
itfits all of our cases.

171

Designs genera solutions which will be easily extendible, even if it's not currently needed.



PRIDE IN QUALITY AND PRODUCTIVITY
# Subjects # incidents
Exceptional“ 6 7
Non—ExceptionaI" 6 7
Fisher's Exact 1.0000
Test (Two Tail)
Definition: Takes pride in producing defect free products on schedule in minimum time.

Asociated Behaviors: _ _
*  Takes pride in meeting or beating schedules.
*  Takes pride in achieving low defect counts.
*  Takes pridein achieving high productivity and accomplishing significant amounts of work
over short periods of time.

[llustrative Examples:

| felt pretty good because as a result of using that | was able to increase | think the ?uality of
my code a lot, | ended up with onefourth the bug rate of the next closest person, so I 1elt pretty
good about that.

That code has been very, verygood. | don't think wefound any defects in it, or maybe one. It's
probably, in terms of defects, the best code I've ever written.

Typically this compiler that I'm working on, it would have taken anywhere from three to five
people for two years to make. And | did the bulk of it in ayear by myself.

The mind set that most people had was thatyou developed this code and then bum it in ROM
and%ou don't ever get to change it. Once it's in ROM, you don't get to go out and replace all
the ROMs in peopl€'s instruments, so it had to be right. The legacy of that was still carrying
over to us when we did this. We would never have admitted to ourselves that it was okay to
have defects in the software.

| think probably the thing that | look back on about that is there’s been very few defects against
thispart of the code. Not to brag or anything like that but ...

[We] sold a boatload of them andjust didn't have significant defect issues.

We beat it to death and we've gotten veryfew complaintsfrom thefield, veryfewproblems have
come up, and so the now the product's been stablefor a coupleyears.
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PROACTIVE/INITIATOR/DRIVER
# Subjects # Incidents
Exceptional] 6 11
Non-ExceptionaIlr 5 9
Fisher's Exact 1.0000
Test (Two Tail)
Definition: Takesthe initiative to identify ways of completing important tasks. Influences others to

consider alternative approaches.

Associated Behaviors:
*  Proactively completes projects or tasks that they consider important.
*  Influences others in design, organizational structure, ... :

*  |dentifies ways to surmount barriers and remove obstacles.

[llustrative Examples:

/ was not satisfied with it because | kept making these various proposals, not do it, go do a
driver, you know, both of those | thought would have been a better alternative than doing it
partially (?) and when it looked like | was going to lose that case, then | went off and did
somethinganyway to make it better, andthat isthat on my own, I didr't even talk to management
about this, Ijust went and extended it to support the MUXcard. -

| tend to beproactive in solving these, | wouldgo over to someone's desk, or say let'sgo take a -
walk, or sometimes | would go to management and say, let'sgo take a walk.

We were the two that had the most free time and so we would either individually or jointly go
in and pick bugs up out of there and track them down.

Subject describes a significant, wccessful project which was started by two engineers who had
3 f}/ISIOH of what should be done andjust did it - even when they should have been doing a
ifferent job.

| would publish memos, and | published a decision since the steering committee did come to
adecision, | published thedecision, and everyonewent, "No, no, no, you can’t publish adecision;
who are you to do this?"

Some of the equipment | couldn #get. | went up to Fort Collins; | went up to their lab, and |

brought my tests and spent an evening up there and tried szuff. ..1 can go to Fort Callins, you
know, to test that.

| decided ... we better do this. ... | went back and said we don’thave time in the schedule to do
it, but I'll just make time. | did it because Ifelt it was important.
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PROACTIVE WITH MANAGEMENT
# Subjects # Incidents
Exceptiona“ 5 9
Non-ExceptionaI“ 5 7
Fisher's Exac1 1.0000
Test (Two Tail)
Definition: Proactively attempts to influence project direction by influencing management.

Associated Behaviors: : _

Discusses issues concerning other engineers with manager. _ _

Attempts to set project direction and make project decisons by influencing manager.
Make specific resource or assignment recommendations to management.

Promotes product ideas through demos or sdling of idess.

* Ok X F

[llustrative Examples:

Eventual(ljy [my managers] came up with a project strategy that looked very similar to the one
that | had worked out with him prior to that, so1 was reallyproud to be able to somehow, even
at the very lower level, prod people to come up with a product strategy, and | did that only
because | had to know how to specify my product, and | wasn't going to just do it the way
someone had attempted, had told me to.

The thing that was actually one ojthe neater parts ofit is selling the ideas. ... 1t did require doing
a data sheet, getting all the project manager in the section turned on about it so that when the
section manager kind offinas out about it, you know it sort of got the green light to go ahead.
... Thepower of the demo can never be underestimated. ... We already had something running
once we got the section manager into it. Of course, theyjust start doing back flips when they
seethat. So it'spretty important around here to have a demo of some sort to really get things

going.
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DRIVEN BY DESIRE TO CONTRIBUTE
# Subjects # Incidents
Exceptionalf 5 6
Non-ExceptionaI“ 3 3
Fisher's Exacﬂ 0.6499
Test (Two Tail)
Definition: Values the sense of accomplishment which comes from making a direct contribution.

Associated Behaviors: _
* Seeks assgnments where they can contribute.
Feds rewarded by the chance to contribute.

*

[llustrative Examples:
| felt like | was really making a contribution. ... The part that was really satisfying about that

job is we could make impact on a large number of projects, and we could make impact on sort
of the culture of HP.

1 j?tst felt really good because | had a major part to play in that ¢ing both in the hardware and
software.

| was able to make a contribution in this area, atleast byputtingsomethingin that was not even
in the original plan.

| was able to introduce significant new technologies in the lab, and | reallyfeel good about the
results that we came out of it with.

Ifind it much more satisfying if I feel like I'maccomplishing something occasionally, you know,
rather than doing a lot of work that it doesn't seem likeyou're getting much done.

At the time it seemed like a contribution.
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SENSE OF FUN
# Subjects # Incidents
Exceptionall 5 9
Non-ExceptionaI" 2 2
Fisher's Exact 0.3498
Test (Two Tail)
Definition: Enjoysthe chalenge of the assignment and the sense of accomplishment from completing

it. Just plain has fun at work.

Associated Behaviors:
*  Looks forward to going to work.
*  Derives a sense of accomplishment from work.
*  Enjoys the chalenge of a tough assignment.
*  Driven by the reward of doing something new and different.

[llustrative Examples:

Thefun was the challenge of testing something that nobody had any idea of how to test. .. In
this case, nobody had ever done this before. Nobody knew how to do it. ... It'sfun tojust trying
to think of ways to try to trick the software.

It was for me personally a tremendously fruitful kind of a project, and it was very, very cool to
do thefirst thing that the company had ever done on this specific platform.

It was a fun one, it'srare thatyou get to do something maybe in the course of a month like that

from start to finish and write some new code in and deal with the whole algorithm and go
through a complete, mini design cycle.

176



SENSE OF MISSION
# Subjects # Incidents
Exceptional[[ 4 4
Non-ExceptionaI" 2 2
Fisher's Exa_ct“ 0.6285
Test (Two Tail)
Definition: Driven by a sense of mission and clearly articulated gods to achieve a specific resullt.

Associated Behaviors: _ -
*  Creates and articulates clear and specific goa statements.
*  Drives project effort to achieve specific goals.

[llustr ative Examples:

We were veryfocused on theﬁroblem we were trying to solve rather than the process of how we
weretryingto solve it. ... We knewthat we had to develop that test system. We became, let'ssay
sofocused on solving thisproblem — andthe team was very small, so the communications and
thingsweren't aproblem. ... |think a lot of it isjust thatfocus on the goal ofwhat we were doin
rather than becoming enamor ed oftheprocesses. ... Wehadavision in the sense thatwe believ
that this would turn into something big.

We really knew what we were doing, ... we knew when we weregoing to be done, so that kept us
focused on what we had to do.

We weren't creating a single product, we created product strategy. We understood very clearly
a&g{t}l powg)t where we were goingfor at leastfive years. We understood what the generations
n to be.
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Definition:

LACK OF EGO

# Subjects # Incidents
Exceptionall 3 4
Non—ExceptionaI“ 1 1
Fisher's Exact 0.5820
Test (Two Tail)

Stresses the solution over the source of the solution. Doesn't care where a good idea
comes from and doesn't feel the need to promote their own idess.

Associated Behaviors,

* F 3k F

Allows others to re-write an ideathey’ve created. '

Allowsuse of adiscoveryprocess for others to come to see the value of their idess.
Discussesidess, not positions.

Focuses on the end result, regardless of who creates the solution.

[llustrative Examples. : .

So both being skeptical and very argumentative, we had some fairly heated discussions about
how we thought it ought to be, but it was very little ego involvedin it.” | mean it was trying to get
the algorithm right, and we really didn't care whose idea it was that worked, as long as we got
the right structure.

The ability to put aside your own ego and say, "Youknow, we are workingfor the same thing,
andyou and| need each other; you need me as much as | needyou andtry and remember that,
and I'm not here to hurtyou; I'm here to kelpyou, andyou're here to help me."
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STRENGTH OF CONVICTIONS
# Subjects # Incidents
Exceptionall 2 2
Non-ExceptionaII[ 1 1
Fisher's Exac 1.0000
Test (Two Tail)
Definition: Exhibits and articulates strong beliefs and convictions. Acts in accordance with these

beliefs, even when it is counter to specific management direction.

Associated Behaviors

* Argg&s forcefully for ific point of view.
*  Risks performance ranking in an effort to secure the best solution.
*  Actsin accordance with beliefs rather than soldy based on assignment.

[lustrative Examples:

As a matter ofprinciple, subject objected to handing off a prototype since it was _not.origi nally
intended to be product quality. Atfirst | objected, and second | objected, and third | objected,
andfinally fourth, | was being called uncooperative.

There was even consideration of dropping the functionality of that out, but | felt pretty strongly
about it, so that's why | actually, that's another reason why | ended up tackling it, because |
thought it was really important that we did that part of it.
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E Sdf-Described Competencies

software. )

Ability to write code in a
particular language.

Knowledge and background for
particularjob.

Technical expertise.

technique background.
Skills at programming the PC.
Knowing the existing compiler.
Knowing about object-oriented
proaches.
new about drivers.
A base knowledge of HP-UX and RMB.
Knowing X-Windows. o
Having the knowledge of the different
relays. ) .
Domain knowledge, the file system, etc.
A EE-like background knowing how bits
and bytesreally work. .
“| think | was the best person suited for
this mainly because | knew the most
about the overall operation of the
program to begin with, the diagnostics
program, asfar ashow it ran and all the
intricacies of it, because | had done most
of thework on It eartier. ... | didn't have
to learn something new to begin to know
what to do to implement it. ... | already
had the knowledge of how it worked, S
that was a real plus.”
"My job was ajob that a true software
person wouldn't have done, couldn't have,
don, because it was 0 tied in with the
haroware."

Competency Definition Examples #XP | #NXP| Fisher's
. Exact Test
(Two Talil)
Perseverance | Extrawork. "| think it's more a matter of persistence | 6. 7 10000
Keeping at a problem until it is| than any particular brilliance.” :
solved. " guessit re?w red somebody who was
Stubbornness. . gong to test thoroughly enough and be
Keeps plugging away at stuff. | disciplined enough to write code that was
Discipline. high on reliability." .
Thoroughness. "I'm a perfectionist and | like to see
Compulsiveness. things done cleanly and correctly, none of
Willingness to work hard. this spaghetti code or any of that stuff.”
Followthrough. "l am very disciplined.”
Dedication. " will keep up my hierarchy charts."
Perfectionism. o "Just some tenacity, just sticking with it
Keeping things moving. even though it was apparently not getting
Commitment. - anywhere, although redisticaly, in
Motivation / Self-Motivation. | refrospect, when you don't think you're
Staying motivated in spite of gettmg anywhere, you typically are
tedium. ecalise you're at [east narrowing down
possibilities, you're eliminating things,
even though you haven't found anything
yet, you're at least eliminating things and
getting the problem smaller."
"l just pursued it until it convgaried."
Driving to do tedious work quickly.
Finding the work challenging.
"Testing is tedious, but if you're
disciplined and have a procedure you get
through it. It took 60 hours per week.
Knowledge Having a background in Assembly language and speed-up 6 6 1.0000




Teamwork Working with someone else Recognizing that in some cases the 1.0000
that had different strengths andj strengths of the other members of your
being able to feed off each team are going to be stronger than your
ity k with peopl Reo hat it's b

ility to work with people. nizing that it's best to not try to get
Relationship with other people. yc?l???dea adopted for the sake of that ?t's
Team worked well. your idea
Ability to work with al of thesej Being the initiator to work together.
?eople, especialy through all | "I think a |ot of times we overvalue
he problems. technical skills and undervalue the

Ability to put aside your own | people skills for people that arein
e}go. ) technical positions” )

eeping people happy and Being able to work well together with
motivated in areally tense other people. . . .
Situation. Being able towork in a positive way with
Being sensitive to users and peop?e . . i
service people. 'I'm a lot more willing not to question

| Working with people - personal { somebody’s judgement or talent and just
interaction. let them do e | have to understand
Joint ownership. that they're a talented person too, and
Being able to deal with they’re going to do the right things as
diversely motivated to before thinking, my way.”
organizations, real time. "The ability to work with different people;
Understanding of the global from different aress that have different
issues of rolling aproduct and | concerns from mine and yet be able to
how people and playersfit work with them towards a common end.
together. "| tend. to work best in groups with
Paying attention to more than { discussion about things.
just the technical aspects of a :
project. )
Skills / Comfort with multiple Ability towrite quick utilities— Led to 1.0000
Techniques structured techniques. &ick_ tests.

Debugging. : ill in usingxdb.

Certain technology choices.
Technical and software
development background.

The object-oriented approach helped
here - we could add people more easily.”
Troubleshooting ability.

Comfortable with the tool environment.
"There probably aren't that many people
.. who can run through assembly
1a_ngua§c these days and do it with any
kind of panache."”

Code reading - being able to read
%nother engineer's code and understand
It

Reuse.




Thinking

Thinking algorithmically and
structuredly. .
Being able to see the basic
theory and basic structure.

Ability to build models in your
mind.

Ability to structure problems.

Analytica kills.

Ability to go in and identify

what the problem is.

Ability to find solutions to
problems.

Ability to visudize what's going

on in the whole system.

Ability to understand the

design.

Ability to look at aproblem

and produce a solution
matched to the problem.

Spends time thinking.

fBemg able to think on your
eet

Thinking of aternative
solutions. )
Skillsin terms of bresking a
design into smaller chunks and
approaching it in a systematic
Wi

a. .
Being able to follow structure
and protocol.

"| think that structuring problems is
related to the building of models.”

"l was able to understand the design, the
communications, theprotocols, and the
data interchanges.” )
"I've been thinking about that at various,
different levels, you know, hacking on it
m?/]self, looking at competitors' things,
other people in the company what they
have done, and things like that. So felt
pretty well versed on the problem.”

| like to get the problem down to
something that | can get in my head and
munch it over in my head."

"I'mvery good at réally worki ng_t_hrough
it, the detail and boundary conditions
and what makes it work, what makes it
break, and that kind of thing."

"I'm afairly good problem solver, | think
| can gather information and extract the
part of the information that's relevant to
my problem and then apply it to a
solution.” = )
"To me, engineering is probiem solving."
"Being able to pick up on the protocol or
standard and conform to that and getting
a quick understanding of it."

1.0000

Communication

Making people understand that
| had heard them, and rather
than just letting them walk
away, we would talk through
some of theissues,
Constant communication with
other engineers.
Receptive.
Open-mindedness.
Responsive to new idess.
Communicationone-on-one
and within groups.
Interpersonal kills.
People ills.
Inter-organization
(éor_nmunlcatlon.

eing open.
Reasgna%?g diplomacy or
sensitivity.

| would try to make them see some of they
points that maybe they hadn't thought
about. They were more comfortable with
the fact that | listened when a decision
came out and it didn't mesh with the
input they had given.

"Being able to St down with the
marketing people and play marketing guy
for awhile”

"Communication is paramount,
technology has been lessimportant.”

10000

Learning

Being able to pick up new
techniques quickly.

Specific trai ninP. )
Willingness to [earn and train
yourself. )

A belief that you can pick up
knowledgein any new area.
Focus on improving skills.

Advanced course in microprocessors.
"It's o interdisciplinary — you've got to
be willing to do anything and believe you
can do it with training as well as the
[l:geoplewho are already doing it."

aking software classes - fitting classes
together. )
"| can start from nothing and accumulate
the databases that T need and sift from
that the information that really pertains
to the problem, and then organize that
data in away that then | can solve the
problem."

10000

Desireto do

Bias for action.

Sense of urgency.
Desireto d% tr%/job.
Results oriented.

Drive. ]
Get going on something.
Try things.

"If | hadn't pushed, I would not have
done this Barticular project that quick."
"I’m here because | want to be"

" want to see results at the end of the

d .I
"?{Jstjump in and start working - you
develop the capability.”

05820




Attention to Ability to deal with complexity. | "I can keep track of alot of that kind of 1.0000
Detall Detail oriented. stuff in my head, as far as mentally
Writes everything down. integrating or synthesizing a system view,
: sy of the design, and eventually coming
out then with realizing that on paper.”
"I dsowritein my lab notebook any little
thing that goes wrong or any little
anomaly or anything, | write that down in
such away that | can go back. ... 'm very
conscious of *where there's smoke,
there's fire."
Look at corner cases.
I'm "good at taking a lot of detail from
sverd different things and getting it into
my mind &l the same time and kind of
working on it and munching it around in
my head."
Thoroughness | Making sure dl pathsare "l just had areal fear of ever being in 10000
; covered. i that situation [lots of defectsin code]. ...
Being methodical. I just went dowly and real carefully and
Being organized. overdid if anything."
Being overcautious.
Innovation Cregtiveideas. "I like to think of alternatives, being 10000
cregtive and ... practical a the sametime.”
Conviction Belief in the project or product.| "We had to go out and sdll this to other 1.0000
Doing the right thing. divisons, we even had to convince one
Selling projects. division ... to drop a proprietary system
, they were working on in favor of this.”
"l have to stick to'my convictions.”
"The biggest thing there is being aware of
just what for your own given
organization, how does that work?"
Experience Prior experience with similar 10000
} project.
Prototyping Approach of demonstrating Start to implement the most feasible 1.0000
feasibility aternative.
Seeks help Values encouragement by other] "Coming up with questions that | 0.0867
people. couldn't find the answers to and then
_c]gm ng and asking other people.”
he ability to know when you don't have
, enough knowledge and to'go get help. -
Allow people to criticize or give new
inputs.
"I'just look at what other people have
done and ask them why."
Desireto Not being satisfied with the Constantly looking for better tools, 02105
improve things | status quo. . better approaches, and better
Setting high persona technologies. Giving yourself time for
expectations and gods. improvement.
Challenge Enjoyingworking in new areas. | *The customers would have more 04737
Curiosity. functionality or better performance and
that it would be actually
challenging and interesting job."
Scheduling Planning ahead. 04737
Schedule setting ability.
Simplicity Simplifying things as much as | "l was trying to purposely stay away from 04737
Rlos' e very complicated solutions.”
ot |etting it get too complex. | "Alittle bit of vison that we could do
Trying to make it smple. things by rethinking things we could do
Aversion to complexity. things smpler and more elegantly.”




Quality

Making sure the result is
readable o
Concern for reliability.
Commitment to high quality.

04737




F SurVey Instructions for Participants

DIRECTIONS

1 Biographica Questionnaire
The objective of this questionnaire is to determine if any demographic, educational, or experience

vari

ables best characterize the Company's Software Engineering population.

Please compl ete the questionnaire indicating the information requested. In dl cases, make your
best attempt to answer the questions. If you get stuck on any questions, please get in touch with

me.

2. Com

Save the RESULTS OF THE SORTING EXERCI SE portion until you complete step 2.
petency Sorting Exercise

The objective ofthis exercise is to determine which job competencies identified in the Phase 1 research
best characterize the Company's Software Engineeringpopulation. You will sort these competencies
based on how well they describe your behaviors on thejob, especially when you're performing azyour
best. Try to think ofthe best software experienceyou've had and use that to guide selection of which
attributes best describe your behavior on thejob.

3 Mail t

Be sure that you have a clear desk or table to work on before you start. Y ou will be placing 3
x5 cardsin one of 7,0|Issoyou need space to spread these out. Find the supplied pilemarkers
in the envelope and lay these out on your table in order from number 6 on your leu to number
0 on your right. These pile markers are annotated to remind you that column 6 represents
those competencies that are most like your behavior and column O represents those
competencies that are least like your behavior.

Read through dl 38 competency cardsto become familiar with them.

Sort dl of the cards into 3 piles of any number of cards. Place to the left the cards which include
the competencies which best describe your behavior in the process of software engineering.
Place to the right those cards which include competencies which least describe your behavior
in the process of software engineering. Place those cards with competencies about which you
are unsure in the middle pile.

During the sorting you will spread the items in piles under the pile markers, while maintaining
the general left-center-right relationships.

Sdect the 2 items which most strongly relate to your behavior on thejob as a software engineer.
Think in particular about those tuneswhich have been apersona best for you. Place thesetwo
cards under the column marker labelled 6. The order of these cards under the marker is not
important. All will receive the same score,

Now sdlect the 2 itemswhich least reflect your behavior onthejob as asoftware engineer. Place
these under the column marker labelled O.

Continuein thisway, alternating between the | eft and right sides of the distribution, placing the
indicated number of cards below each column marker. Fed free to move any card at any time
should you change your mind about which competencies are most closdly related to your actual
behavior. All that mattersis that the right number of cards eventually are found beneath each
column marker. Try not to take too long agonizing over the placement of any one card. Y our
firstimpulse for placing the card is probably the best. If it helps, you canjot a short phrase that
captures the essence of the competency directly onto the card as a prompt to usein sorting.
Review %/our groupings to be sure that they accurately reflect your behavior while completin
your software engineering assignments. Move any cards you wish to better reflect whi
competencies most apply to you doing your job. Now record the item identification numbers
found in the lower right hand corner of each card in the appropriate column on the back of the
BIOGRAPHICAL QUESTIONNAIRE.

If you have any questions, don't hesitate to give me a cdl at T-229-2340 to ask for help.
he completed BIOGRAPHICAL QUESTIONNAIRE and al survey materials to me via

interoffice mal in the pre-addressed envelope provided.

THANK YOU FOR YOUR PARTICIPATION!



G Phase 2 Biographical Questionnaire

Sex M F
Age
HP Division
For each degree that you have completed or begun, please complete thefollowing. Circle the appropriate
response or fill in the blank. '
Degree ASSOCIATE BS BA MS MA PhD OTHER:
Major CS CE EE MATH PHYSICS OTHER:
Status COMPLETED PARTIALLY-COMPLETED
School )
Degree ASSOCIATE BS BA MS MA PhD OTHER:
Major | CS CE EE MATH PHYSICS OTHER:
Status COMPLETED PARTIALLY-COMPLETED
School
Degree ASSOCIATE BS BA MS MA PhD OTHER:
Major CS CE EE MATH PHYSICS OTHER:
Status COMPLETED PARTIALLY-COMPLETED
School '
Degree ASSOCIATE BS BA MS MA PhD OTHER:
Major CS CE EE MATH PHYSICS OTHER:
Status COMPLETED PARTIALLY-COMPLETED
School

Inthe LAST 2 YEARS, how much training have you completed relevant to software engineering including

any formal study toward a degree? The unit of measure is ’contact hours.” That 1s, time spent in a

classroom for formal training, and time spent studying for self-study. Hence a semester long college class

might be expressed as 3 contact hours aweek for 15 weeksfor atotal of 45 contact hours. Also include

corporate training classes, consultant seminars, and self-study. The table below is designed to jog your

memor%dabout classes taken. The only number to be used in the study isthe TOTAL Training Contact
ours below.

# CONTACT| COLLEGE | CORPORATE| SEMINARS | SELF-STUDY OTHER
HOURS

TOTAL Training Contact Hours

(Continued on back...)



Complete the following table with the number of years of experience at the Company and elsewhere
indicating whether your work was Software Engineering or not. Include any full time employment once
beginningyour professional career. Do notinclude part-timejobswhilein school, co-ops, SEED positions,
research assistantships, or teaching assistantships. Hencejobs between degrees count while summer jobs
during college don't. If you were managing an activity during this period, dso include this tune in the
appropriate cel. Thetota of dl vauesin the table should sum to your total years of experience.

# YEARS SOFTWARE NOT SOFTWARE
EXPERIENCE| ENGINEERING ENGINEERING
COMPANY
NOT
COMPANY

TOTAL Years Experience

For each programming language used professionaly, complete the following: ﬁCount language variants as
asinglelanguage. Forexample, Cand C+ + areconsideredas onelanguage. Also, variousformsofAssembly
language are considered as one language.)

LANGUAGE SKILL LEVEL Sdf-described skill level:
HIGH LOW HIGH: expert, lots of experience, well versed,
HIGH LOW used on many projects
HIGH LOW LOW: novice user, little experience,
HIGH LOW used on few projects
HIGH Low
HIGH LOW
HIGH LOW
HIGH LOW

Please fill in the following table after completing the attached statement sorting exercise. Place the
app({opriate item numbers in each column of the table, in the same category into which you sorted your
cardas.

RESULTS OF SORTING EXERCISE

Most Like My Behavior . Least Like My Behavior
6 5 3 2 1 0
2 @ C1=>> () @ 2

1

1]
T e

[EETEETTT




H Phase 2 Competency Statements




DEFINITION

| value the synergy of group efforts and invest the
effort required to create group solutions, even at
the expense of my individual results.

KEY BEHAVIORS

ol balance the strengths and weaknesses of other
team members.

ol promote constant communication among team
members using techniques such asbrainstorming
sessons, travel, phone cals, e-mail, or just being
physically close to the rest of the team.

ol recognize synergy of group efforts and invest
personal time and energy to leverageit.

Item #1

DEFINITION

| proactively seek the assistance of others in
learning, researching, designing, understanding,
debugging, or checking results.

KEY BEHAVIORS

ol ask previous implementers to explain their
designs.

ol ask other engineers to critique or evauate my
designs.
ol survey others to create ligts of aternatives.
Item #2

DEFINITION

| spend asignificant amount of tuneassisting others
inthe compl etion of their tasks or influencing broad
organizationa direction. ‘

KEY BEHAVIORS

of at as_a lab-wide consultant for process or
product issues.

ol review, direct, or influence the work of other
engineers.

ol as3g other engineerswiththeir tasksin an effort
to complete the project.

ol teach engineering skills to other engineers.
[tem #3

DEFINITION

| use a prototyping method to assess key system
parameters before designing the final product. |
avoid usng my prototypes as  find
implementations.

KEY BEHAVIORS

ol use prototypes as a mechanism for incremental
development of a product.

ol attempt to not alow my prototypes to become
the final product. '

ol use prototypes to assess critical areas like
“performance and tune estimates.

ol prototype in paradlel with the detailed design
phase.

Item#4

DEFINITION

I apply incremental testing techniques during code
development such that a given module achieves a
high degree of reliability by the timeit's completed.

KEY BEHAVIORS
ol create testsin parallel with the creation of code.

ol automate tests so they can be run frequently
throughout design.

ol test frequently during development to ensure
reliability at the modulelevel.

Item#5

DEFINITION

At the time of assignment, | possess the unique
skilrl\s Oé knowledge %qui red to accomplish the task
at hana.

KEY BEHAVIORS |

ol possess the necessary domain knowledge and
skills required for thejaob.

oPrior to an assignment, and on my own initiative,
| become an expert in agiven area.

Item #6




DEFINITION

| actively seek the training needed to complete the
assigned task.

KEY BEHAVIORS

ol seek out documentation required to understand
my current assignment.

ol take cdasses which will directly help in the

completion of the current assignment.

ol keep current by reading trade or technica
journals.

ol improve my skills and awareness by attending
conferences.

Item #7

DEFINITION

| Froactively attempt to leverage other engineers
effort by using their code or designs. | attempt to
leverage my own effort by making my code
reusable.

KEY BEHAVIORS

ol look for code or code fragments which can be
reused.

ol design and code so that my effort can be reused.
' Item #8

DEFINITION

| take advantage of the tools and techniques of
structured desgn in order to understand and
communicate designs, but do not necessarily follow
the complete formalism of the approach.

KEY BEHAVIORS

ol use structured techniques (such as Structured
Analysis and Design, Hierarchy Charts, ..) as a
means of joint development and communication.

ol use structured techniques as a mechanism for
passing off adesign or part of adesign to another

engineer for implementation.

oI view structured techniques asjust another tool
which can be gpplied to certain problems, rather
than as a panacea.

I[tem #9

DEFINITION

| use amethodical approach in understanding and
solving problems.

KEY BEHAVIORS

ol build mental or physica sysem modds to
enhance my understanding and visualization of
the problem.

ol designwell controlled experiments to efficiently
resolve problems.

ol invest in the development of test tools to solve
problems.

Item#10

DEFINITION

| seek to improve Ferformance or results through
the use of new tools or methods.

KEY BEHAVIORS

ol proactively seek out new tools or methods to
solve problems.

ol use my work assignment as away to learn new
tools or methods.

ol recognize value in new tools or techniques.
Item#11

DEFINITION

| show a strong concern for schedules and |
estimate schedules well.

KEY BEHAVIORS

ol maintain personal "rules of thumb" for schedule
estimation.

ol refine schedul e estimatesbased on my measured
progress.

oI schedule via task breakdown and successive
refinement.

ol meet schedules.
[tem #12




DEFINITION

| use code reading and other group development
techniques to ensure final code quality.

KEY BEHAVIORS

ol participate in the code reading of other
engineers work.

ol ask for others to code read my work.

ol participate in brainstorming and other group
development techniques.

Itemy13

DEFINITION

| use decomposition design techniques relying on
visua representation of desgns. | createstructured
designs, generally without using formal techniques.

KEY BEHAVIORS

ol keep design specification in sync with the actual
implementation. ' '

ol follow a top-down desgn method using
decomposition to successvely refine the design.

ol take a modular approach in order to reuse as
much of the design as possible.

ol use pictures to communicate and understand
designs. .
Item#14

DEFINITION

| consider customer or user input and feedback to
be an essentid ingredient inthe design of products.
KEY BEHAVIORS

ol proactively attempt to obtain customer and user
input and feedback for products.

ol measure project success in terms of customer
satisfaction.

Item #15

DEFINITION

In response to schedule pressure, 1 am forced to
sacrifice important parts of the design process.
KEY BEHAVIORS

0 Inresponse to schedule pressure | am forced to
provide incomplete documentation.

0 When schedules dip, | do not have time to
adequately inspect or test the product.

0 When pushed to pull up a schedule, | will not
prototype or adequately design risky parts of
product.

Item #16

DEFINITION

| create solutionswhich are elegant and smple and
dlow for essy extenson to future needs.

KEY BEHAVIORS

ol value smple solutions.

ol design genera solutions which will be easly
extended, even if it's not currently needed.

oI apply structure to ill defined problems and
problem domains.

Item#17

DEFINITION

| take pride in producing defect free products on
schedule in minimum time.

KEY BEHAVIORS

ol take pride in meeting or beating schedules.

ol take pride in achieving low defect counts.

ol take pride in achieving high productivity and
accomplishing significant amounts of work over
short periods of time.

[tem #18




DEFINITION

| take the initiative to identify ways of completing
important tasks. | influence others to consider
aternative approaches.

KEY BEHAVIORS

ol proactively complete projects or tasks that |
consider important.

ol influence others in design, organizational
structure, ...

ol identify ways to surmount barriers and remove
obstacles.

Item#19

DEFINITION

| proactively attempt to influence project direction
by influencing management.

KEY BEHAVIORS

ol discuss issues concerning other engineers with
my manager.

ol attempt to sat project direction and makeproject
decisons by influencing my manager.
ol make specific resource or

" recommendations to management.

ol promote product ideas through demosor sélling
of ideas to management.

assignment

Item #20

DEFINITION

| value the sense of accomplishment which conies

from making a direct contribution.

KEY BEHAVIORS

ol seek assignments where | can contribute.

ol feel rewarded by the chance to contribute.
Item#21

DEFINITION

| enjoy the chalenge of the assignment and the
sense of accomplishment from completing it. | just
plain have fun at work.

KEY BEHAVIORS

ol look forward to going to work.

ol derive a sense of accomplishment from work.
ol enjoy the challenge of atough assignment.

ol amdrivenby the reward of doing something new
and different.

Item #22

DEFINITION

I am driven by a sense of misson and clearly
articulated gods to achieve a specific result.

KEY BEHAVIORS

ol create and articulate clear and specific god
statements.

ol drive the project to achieve specific gods.
Item#23

DEFINITION

| stressthe solution over the source of the solution.
| don’t care where a good idea comes from and
don't feel the need to promote my own idess.

KEY BEHAVIORS

ol focus onthe end result, regardlessof who creates
the solution. '

ol dlow use of a discovery process for others to
come to see the value of my idess.

ol discussidesas, not positions.
ol dlow others to re-write an idea I've created.
Item#24

DEFINITION

| exhibit and articulate strong beliefs and
convictions. | act in accordance with these beliefs,
even when it is counter to specific management
direction.

KEY BEHAVIORS

ol act in accordance with my beliefs rather than
solely based on my assignment.

ol risk my Bgormar_]ce ranking in an effort to
secure the solution.

ol argue forcefully for a specific point of view.
: ' Item #25

 DEFINITION

I mix my persona and work goas by seeking or
tailoring assignments to my professional interests.

KEY BEHAVIORS

ol identify positions | would like to have and lobby
to receive them.

ol seek assgnments which will further my
professional development.

ol identify technica areaswhich I'd like to develop
andfindways to apply them to the project at hand.

Item #26




DEFINITION

| confront others when necessary to ensure a good
design or product solution.

KEY BEHAVIORS

oRather thanletting aconflict smmer, | will openly
confront another person in an effort to resolve it.

oI will raise atough issue of conflict with another
engineer to my manager in an effort to have it
resolved. ’

Itemt27

DEFINITION

| am thoroughin my assignment and persevere until
it's completed.

KEY BEHAVIORS

ol drive hard to complete even the tedious parts of
my assignment.

ol like to see things done cleanly and correctly.

ol gstick with assgnments even when it's not clear

that they're going anywhere. At lesst I'm
ellrglllnatmg things and making the problem
smaller.

Itemy28

DEFINITION

| have mastered the skills and techniques necessary
for good software design and implementation.
KEY BEHAVIORS

ol have a strong technicd and software
development background. «

ol am comfortable with multiple software desig
and implementation techniques.

ol have very strong software development sills
Itemy29

DEFINITION

| posses strong andytic ills that alow me to
visualize acomplex problem and create alternative
solutions

KEY BEHAVIORS

ol am able to see basic theory and basic structure
in aproblem.

ol am able to visuadize what's going on indde a
complex system. .

ol am ableto break alar

complex problem into
smaller, more manag

|e chunks.
[tem #30

DEFINITION

| am driven by a strong bias for action and sense
of urgency in completing my assignments. -

KEY BEHAVIORS

“ oWhen faced with atough problem, | don't hesitate

to get started. | develop the required capability
asl go.

ol am results Orie_nted and want to make progress
on aregular bass.

ol push mysdlf to achieve results quickly.
Itemy31

DEFINITION

| am detail oriented and able to ded with very
complex problems.

KEY BEHAVIORS

ol'm good at taking details from alot of different
sources and determining a good solution to a
problem.

oI keep track of lots of detail, either in my head or
ON Pape.

oI concern mysdlf with "corner cases' and other
seemingly inggnificant data, since this is often
where the breskthrough comes from.

Item #32

DEFINITION

| am very methodical, organized, and cautious in
my work.

KEY BEHAVIORS -

ol make surethat dl paths are covered in my design
and problem solving.

ol work dowly and carefully to avoid making
mistakes.

Item33

DEFINITION

| am innovative in my solutions to problems.
KEY BEHAVIORS

olliketo createaternativeswhich areboth creative
and practicd.

ol have crestive ideas and solutions to problems.
' Item #34




DEFINITION

My prior experience with Smilar projects leads to
my high performance on current projects.

KEY BEHAVIORS

ol use the experience gained on one project to
improve my solutions on subsequent projects.

ol find that the skills | learn on one project are
directly applicable to my next project.

Ttem#35

DEFINITION

I et high personal expectations and gods. | am
not satisfied with the status quo.

KEY BEHAVIORS

ol am constantly looking for better tools, better
technologies, or better problem solving
approaches.

ol give mysdf time to improve.
Ttem#t36

DEFINITION

| have a high concern for reliability and a strong
commitment to qudlity.

KEY BEHAVIORS

ol make sure that my products have few, if any,
defects.

ol work hard to be sure that my results are clear
and readable to others.

Item#37

DEFINITION

| maintain abroad "big picturé" view of my projects
in an attempt to influence the project direction.

- KEY BEHAVIORS

ol remain aware of what other engineers are doing
and suggest ways to better achieve project
objectives.

ol try to be surethat pro_%ect goals make sense, and
work to change them if they don't.

ol try tofit my project into the broader scheme of
division programs.

[tem #38
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