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PREFACE 

This paper is directed at the managers and supervisors of data processing 

professionals. It hopefully presents a clear picture of how a data processing 

organization should be organized in order to increase programmer productivity. 

Additionally, methods to measure prograrrmer productivity are described and the 

results of analysis of project data are presented. 

My thanks to Dr. Wayne A. Meinhart for his patience and guidance throughout the 

term of this paper. I also want to express my thanks to Phillips Petroleum 

Company for their Educational Assistance Plan which reimburses for education 

expenses. Additionaly, thanks to my husband, Don, and my daughter, Karen for 

their encouragement and support. 

iv 



TABLE OF COI\lTENTS 

Chapter 

I. INTRODUCI'ION 

I I. SURVEY OF THE LITERATURE 

III. THEDRETICAL FOUNDATION 

IV. ANALYSIS OF PRODUCI'IVITY INFLUENCERS 

Growth Need Strength 
Social Need Strength 
Motivati on Potential Scores 
Techniques 
Tools 
Training 

V. MEASURING PRODUCI'IVITY 

VI. SUMMARY AND CONCLUSIONS 

BIBLICGRAPHY 

APPENDIXES 

APPENDIX I - Organization Chart 
APPENDIX II - Actual/Budget Dollars, LT $50,000 
APPENDIX III - Acutal/Budget Dollars, $50,000 - $100,000 
APPENDIX IV - Actua l/Budget Dollars, GT $100,000 
APPENDIX V - Actua l/Budget Hours, Bar Graph 
APPENDIX VI - Actual/Budget Hours, Line Graph 
APPENDIX VII - Actua l/Budget Days, Bar Graph 
APPENDIX VIII - Actual/Budget Days , Line Graph 

v 

Page 

1 

2 

3 

6 

21 

28 

29 

30 
31 
32 
33 
34 
35 
36 
37 



CB..API'ER I 

JNI'RODUCI'ION 

The data processing (DP) industry, less than thirty years old, has a number of 

problems nationwide. Some of these problems include low productivity, high 

turnover, absenteeism, low company loyalty, low morale, high salaries and DP 

costs, shortages of qualified people, and a low level of motivation. Phillips 

Petroleum Company's Information Services (IS) Organization is not immune to 

these problems. In the l ast five years, 1980-1984, the total data processing 

costs increased 53%, while the total mnnber of DP employees remained almost 

constant. 

The Commercial Systems Development (CSD) Division, one of six IS divisions, 

provides maintenance, enhancement and development data processing services for 

all Staff Organizations including Comptrollers, Tax, Treasury, Human Resources, 

and Corporate Services. In addition, CSD provides development services for the 

four major Operating Groups. Mainte..n.ance and enhancement data processing 

services for the four Operating Groups are provided by data processing 

professionals in the Operating Groups. 

This paper will outline changes that have been implemented during the last five 

years that have increased the productivity o f the Crnrrrercial Systems 

Deve l opment Divis ion. Additional changes will be suggested to improve and 

measure productivity in the future . In order for CSD to attract , train, 

retain, and motivate high quality data processing professionals (analysts and 

programmers), the work environment must be structured to meet the needs and 

characteristics of this group. As a supervisor in CSD, I share the 

responsibility wi th other CSD supervisors and managers for developing and 

implementing positive changes in our work environmen-t. 

The goal of this paper i s to study and document factors that rnoti vate data 

processing professionals and to describe methods to measure programmer 

productivity. By doing the r esearch and writing this paper , I expect to have a 

better understandj~g of motivation f actors and productivity measurement. 
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CHAPI'ER II 

SURVEY OF THE LITERATURE 

There is a limited number of industry recognized experts in the field of 

motivating and managing data processing professionals and in measuring 

programner productivity. These experts have written and published a limited 

number of books and articles on the subject. Articles have been published in 

journals such as MIS Quarterly, Data Management , Harvard Business Review, and 

Journal of Applied Psycholoby. Four o f the mos t widely accepted authors, J. D. 

Cougar, R. A. Zawacki, R. L. Nolan, and G. Parikh, are referenced in this 

paper. Even though some books and articles have been published, there is not a 

large amount of research available. 

In addition to writing books and articles on the subject, the recognized 

~xperts offer consulting services to data processing organizations. Phillips 

Petroleum Company has used R. L. Nolan's finn Nolan and Norton. Video tapes by 

the experts are also available and have been ordered by Phillips for the use of 

the data processing personnel. 

Phillips Petroleum Company participates in the American Petroleum Institutes 

Subcommittee on Systems and Programmer Productivity . The member companies 

share infonnation at the subcarmittee meetings. 

Material from all the above sources as well as from coll eagues at Phillips 

Petroleum Company was used in writing this paper. 
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CHAPrER III 

THEDREI'ICAI.~ FOUNDATION 

Some of the unique needs and characteristics of the data processing 

professionals have been outlined by Daniel Couger and Robert Zawacki in their 

book Motivating and Managing Computer Personnel. 1 OVer one thousand data 

processing professionals were surveyed in a nationwide study. The survey 

instrument was the Job Diagnostic Survey developed by Hackman and Oldham. The 

Job Diagnostic Survey is designed to measure the five core characteristics, the 

three psychological states, and the moderating variable as defined in Job 

Characteristics Theory. 

The Job Characteristic Theory Model is as follows. 2 

1. 

2. 

3. 

4 . 

5 . 

Five Core 

Characteristics 

Psychological 

States 

Skill Variety y 1. Feeling 

Task Identity of 

Task Significance - Meaningfulness 

Autonany 2. Feeling of 

Responsibility 

Feedback 3. Knowledge of Results 

I 
Moderated by Growth Need Strength 

Personal and 

Work OUtcanes 

1. High Intrinsic 

Motivati on 

2. High Quality Work 
_., 3. High Satisfaction 

4. I.o\'7 Absenteeism 

and Turnover 

A short definition of the variables in the model are listed below: 1 ' 2 

Skill Variety - The degree to which a job requires a variety of dif ferent 

activities in carrying out the work. The activities involve the use of a 

number of different ski lls and talents of the employee . 

Task Identity - The degree to which the j ob requires the completion of an 

identifiable piece of work, doing a job from start to finish. 
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Task Significance - The degree to which the job has a substantial impact on the 

lives or work of other people. 

Autonomy - The degree to which the job provides freedom and independence to an 

errployee in scheduling and doing the work. 

Feedback - The degree to which the employee receives information about his or 

her performance effectiveness from the job, supervisors and/or co-workers. 

Feeling of MeaningfuLDess - The degree to which the employee experiences the 

job to be valuable, worthwhile, and important. 

Feeling of Responsibility - The degree to which the employee feels accountable 

and responsible for the results of his or her efforts. 

Knowledge of Results - The degree to which the employee knows and understands 

how effective he or she is performing the job. 

Growth Need Strength - The degree to which an employee has a desire to obtain 

growth satisfaction from his or her work . 

Motivating Potential Score. A score indicating the potential of a job to 

ITOti vate an employee with a high growth need. 

Motivating 

Potential 

Score (MPS) 

= 

Skill Task Task 
+ + 

_V_ar_. ~i~e~t~y ________ I_d_en __ t_l_·t~y~----~S~i~gn~i~f~i~c_an~c_e X Autonomy X Feedback 

3 

For their study, Cougar and Zawacki expanded the Job Diagnostic Survey to 

include other variables including goal clarity, difficulty, acceptance, 

participation and feedback on goal accanplis:tnrent; informal dimensions; 

measures of satisfaction, general, co-worker, supervisor, and pay; growth 

strength, need for achievement , and existence need strength; computer problem 

dimensions; individual recognition; and compensation dimensions . The social 

need strength is the degree to which an employee wants to interact and 

socialize with other employees, both on and off the job. 

The r esults of the study indicates that tl1ere are some unique differences 

between the data processing professi onal and the general population. The data 

processing professionals have substantia lly higher Growth Need Strengths (GNS) 
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than other job categories. The data processing professional has a 

significantly lower Social Need Strength (SNS) than other professionals. In 

general, the Motivating Potential Scores (MPS) were high indicating that the 

data processing jobs and profession provide an opportunity for the growth 

needed. 

In his book, Programner Productivity , 3 Girish Parikh says that, "The key to 

improving progranmer productivity is in the three T's: 11 teclmiques, tools, and 

training. " There are techniques for both prograrrmers and for m=magers. The 

prograrrm.ing techniques are better ways of performing the job and making the 

nost of software tools available and the nost of tirre. The managerial 

techniques include developing standards and guidelines, evaluating programmer 

perfonnance and rroti vating programrrers. 'Ibols are the second "T" for improving 

productivity. There are many software tools available. There Im.lst be adequate 

information on how to use the tools. Data processing is a rapidly changing 

field . It is extremely important for programners to be trained to use the new 

tools and techniques, as well as to improve the skills they already have. It 

is equally important for the DP managers to have training. 
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CHAPI'ER IV 

ANALYSIS OF PRODUCI'IVITY INFLUENCER..S 

~~y changes have been made by Information Services and Commercial Systems 

Development Division management in the last five years, 1980-1984. Although 

the changes may have been made for a variety of organizational and 

environmental reasons, when the changes are analyzed based on the theoretical 

foundation presented in the previous chapter, it appears that the right 

decisions have been made. In the following sections, the changes made in each 

category, Grovlth Need Strength, Social Need Strength, Motivation Potential 

Scores, and on the three T' s, Techniques, Tools, and Training will be outlined. 

Growth Need Strength 

Because of their high Growth Need Strength, data processing professionals must 

have every opportunity to grow in their job setting if the company and the 

employees are to have maximum results. As stated by Thomas Peters and Robert 

Waterman in their l:xJok, In Search of Excellence, 4 the single attribute that 

uniquely characterizes America 's best run companies is their focus on 

motivation and development of their people. Peters and Waterman go on to say 

that "the manager's job is to keep the bureaucrats out of the way of the 

productive people". Following are several improvements that have been made in 

the Commercial Systems Deve lopment Division that take advantage of the Growth 

Need Strength of the data proce ssing professionals: 

• Reduced Bureaucratic Paperwork 

. Simplified Operating Procedures 

• Improved the Physical Environment 

• Provided an Active Training Program 

. Implement ed a DP Human Resource ~Bnagement Program. 

Reduced Bureaucratic Paperwork 

The number of r eports r equired of the unit supervi sors and project leaders has 

increased as Information Services has grawn from a small computing organization 
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of fewer than 100 employees in 1960 to an organization of over 1000 in 1984. 

The W1it supervisors and project leaders lead lll1its and project teams of six to 

twelve people. In the past, they were required to prepare many different 

reJ:X>rts every m:::mth. The reJ:X>rts were evaluated as to their usefulness and 

need. Currently only four rronthly reJ:X>rts are required . They are the rerx:>rt 

of major activities and accor\l)lishrrents during the rronth, the projections of 

next rronth' s activities, the staffing report which lists the assignments, their 

duration, and tLme required of each programmer/analyst, and the project 

staffing rep::>rt which lists all members of the project team, their role, their 

time required, and the duration of the assigi1l'l'ent. 

Much of the information and data required in the reports is in the autcmated 

project/resource tracking system, PC/70. An automated reporting system has 

been developed to extract some of the information and data from the PC/70 

System and to refonnat it to produce some of the four reports . There are plans 

to expand the automated re}X)rting system to produce additional parts of the 

required reports. The plans include having the reports transmitted 

electronically to the recipients rather than printing and routing paper 

reports. The reporting system has many special reports available from a 

selection rrenu that can be used by managers, supervisors , project leaders, and 

team members. Sorre of these reports include active projects, completed 

projects, projects by customer, and projects by individual programmer. 

Additionally, the reporting system is flexible so that future report.ing 

requirerrents can be added. 

S~lify Operating Procedures 

Just as the m.nnber o f required reports had grown, the number of r equired 

procedures had a l so grown. M.any of the procedures started out as a rreans to 

standardize work, to provide separation of function, and to insure adequate 

security. Some of the procedures have been perceived by many programner/ 

analysts to be productivity inhibitors. 

Under the leadership of the CSD Division manager, who was narred the manager in 

1982, many of the procedures have been studied by specially appointed task 
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forces. The task forces have made recommendations that have been implemented 

to reduce some of procedures. The task forces have been ccmprised of the 

analyst/programmers who are working with the procedures daily instead of being 

comprised of supervisors or individuals f r om Managerrent Services who are not DP 

professionals. 

One task force studied the Resource Access Control Facility (RACF) security 

procedures. Programmer/analysts can experience a delay of one hour to one day 

in responding to problems with production jobs if they don't have access to the 

data files used in production. The Security Administrator strongly recorrmends 

that programmers not have access to data files. Our CSD management supports 

the programners having read, but not update, access to the major files in the 

applications for which they have responsibility. The task force made four 

broad reco:n:11rendations for improvements in the training, procedures, reporting, 

and in the RACF software. Many of the recCJII1ll.e_ndations have been implemented 

and others are in process or are scheduled. The CSD Division manager has asked 

the Security Group for a status periodically so they are aware of his interest 

and support in streamlining the procedures. 

Another task force studied the Production Certif ication process required to 

install new jobs in production and to make changes to jobs already in 

production. It had taken from five to fifteen working days to install new or 

changed jobs in production. The task force composed of prograrrrrers, production 

services, and security personnel studie d the procedures and recommended 

improvements so that jobs can now be installed in one to three days. 'Ihe t.iJne 

required was reduced partially by giving the unit supervisor the authority to 

approve and sign off on many types o f changes that previously r equired the 

approval of the Qua l ity Control group . 

Another task force was app:>inted to r evi ew the Documentation Library 

requirements. Many items of documentation on all programs and jobs were 

required to be in the secured Documentation Library . Many programrers kept a 

duplicate set of documentation at their desk so i t ~~uld be easily avail able 

instead of checking the documentation out o f the library. The task force's 
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recommendation of keeping a minimum amount of documentation in the Library has 

been implemented. All other documentation is kept at the programmer' s desk. A 

follow-on task force is now looking at completely eliminating the documentation 

library in the near future because the i terns that are currently filed there are 

also stored electronically. 

In addition to the specially appointed task forces, there are five 

Participative Action Teams (PAT) that study and recOJ:mend ways to improve the 

CSD environment. The PAT Teams are based on the Theory Z participative 

management philosophy. 

Improve Physical Environment 

The majority of the CSD data processing professionals are located in the seven 

year old Information Center (IC). Each programmer/analyst has an individual 

cubicle with an L-shaped desk, two hanging bins, and a file cabinet. When DP 

professionals were first in the IC building, the computer terminals were 

located in pool areas. There was one terminal for every tv.D prograrnmers . This 

resulted in having to wait for a terminal sane of the tirre. Al so, it was not 

convenient because the programmers often left something at their desk that they 

needed at the tenninal. In the last two years, tenninals have been installed 

on every prograrnmer's desk. Also, the furniture has been rearranged in some 

cubicles to give more floor space and to match the programmer ' s arrangement 

preference. Improvements can still be made. The older style terminals are 

being replaced by newer smaller models designed with ergonc:mics in mind. These 

new models have tilt adjustments that are more convenient for people of all 

heights to use. As terminal table s are available, they should be moved to the 

cubicles so the terminals can be placed on them rather than on the desk. This 

gives extra desk s pace that many programmers want. 

Provide an Active Training Program 

In the r apidly changing data processing industry, it is necessary for 

professionals to keep up with technology by on-the-job training, self study, 

and formal classroom instruction. On the average, ten working days, (eighty 

hours) , of training is scheduled for each employee per year. The actual 
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training scheduled is determined by the employee with his or her immediate 

supervisor. Several factors including skill levels, current assignments, and 

future assignments wanted and available are considered in scheduling the 

training for each individual. 

There are several options for receiving training including self study video 

courses, terminal based instruction courses, in-house taught courses, Human 

Resource taught classes and outside vendor courses. A comprehensive course 

catalog describing each course, the audience, the skills addressed and other 

pertinent info~JUation has been developed and is available to all programmers. 

The catalog is up]ated as courses are changed, added, or deleted. 

Also, an automated system to schedule and track the training has been develoP2d 

and installed. The t raining plans for each individual are l oaded in the 

sys t em. The plans include the course and the rronth the course is needed. The 

Training Section then schedules the classes, arranges for instructors, reserves 

rooms, and orders the class materials needed. Notice s are sent to the student 

and to his or her supervi sor whe n the classes are scheduled. Additionally a 

tra ining status r eport is produced rronthly and sent to all supervisors for each 

person in their unit. The training plans can be revised at any t ime during the 

year as needs change. A tra ining inventory report, showing all tra ining each 

person has r eceived since the ir employment, is also produced and distri buted to 

each person and to their irrrnediate supervisor . 

Implement a DP Human Resource Management (DPHRM) Program 

As outlined by Richard L. Nolan in his book, Managing the Data Resource 

Function, 5 there are four components of a DPHRM program; training, htm1an 

resource planning , profes s i onal development , and perf ormance management. ~1e 

training component \vas discussed in the previous section. The performance 

:management component is wel l developed through the cc:mpany wide Work 

Planni ng /Performance Review (WPPR) process. Each employee , working with his or 

her supervisor est ablishe s wor k p l ans and object ives . The accornplishrrents are 

r eviewed periodically during the year . The human resource planning component 

i s also wel l developed by the Human Resources Staf f. Since per f ormance 
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management and human resource planning are not unique to the DP professional, 

they will not be discussed in rrore detail in this paper. 

A professional develop-rent component has been developed specifically for the DP 

professionals in the Data Processing Human Resource Management program. The 

program provides criteria for assessing the skill levels of each person in the 

DP job positions; entry-level programmers/analyst, junior programmer/analyst, 

programmer/analyst, senior programmer/analyst, and system specialist. The 

assessment of an employee's level on eleven skills is done jointly by the 

employee and his or her inmediate supervisor. The employee' s skill level is 

then cc:mpared to the standard for that skill in their job grade. I f a 

discrepancy exists, then a decision can. be made as to what kind of training 

and/or assigrurents can be made to bring the skill level up to standard. 

If training is the answer, a training plan is developed and loaded into the 

training system as described earlier. If an assignment is the an~r, the 

immediate supervisor schedules the assignment for the individual. 

The second p::>rtion of the DPHRM program is career planning. Opportunities for 

DP professionals in each of the six IS Divisions as well as in the Group 

Organization have been identified. Charts showing possible rroves for each job 

position have been developed and are used during employee/supel-visor 

discussions. The employee's career goals and moves the employee is interested 

in are documented and entered in an automated-system. Additionally, specific 

knowledge areas are documented. When there are openings for DP professionals 

in a specific area, a list of people that have previously said they are 

interested in that area is produced from the automated system. This is one way 

candidates for different jobs, both lateral moves and promotions, are 

identified. 
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Social Need Strength 

Since data processing professionals have low social need strength, special 
programs must be developed to insure adequate communication between co-workers 
and supervisors in CSD and with the end users in the Staff Organizations and 
Operating Groups for which computing services are provided. This need for 
corrmunication skills has already been recognized by Information Services 
management and several programs are already in place to address this problem. 
Following is a short description of some formal classroom courses. 

Technical Report Writing - especially designed for data processing 
report and project requirements. 

• Oral Presentations Workshop - a class to develop oral presentat ion 
skills using video playback • 

• Effective Presentations - includes information about preparing 
transparencies and other visual aids • 

. Effective DP Communications - a class taught by an outside vendor 
that highlights different communication styles • 

• Advanced DP Communications - a continuation of the above course with 
more emphasis on oral presentations . 

• Conducting Effective Meetings - a new course tl1at stresses the 
responsibilities of all participants in rneetD1gs. 

Specialized courses for supervisors and project leaders are a lso available and 
include Project Management, Leadership Effectiveness, and Performance 
Counseling. In addition video courses including Put It In Writing, Face to 
Face Corrmunications, and How to Run Productive Meetings are available. 
Communication skills, both oral and written, are assessed in the DPHRM program 
and classes to address training needs are scheduled. 

There are additional tl1ings being done to improve communications within the 
organization. (See organization chart, Appendix I). Uni t and project meetings 
are scheduled on a regular bas is to keep everyone informed of the current 
status of work assigmrents and projects. The Section, Branch and Division 
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Managers schedule meetings with their employees in order to communicate short 

and long range plans and to answer questions. In a more info:rmal mode, unit 

and section social gatherings are scheduled. I have a Christmas luncheon for 

all employees in my section and a summer picnic for all employees and their 

families. 

Motivating Potential Scores 

In order for data processing professionals to regard their job as providing 

them with a growth they need, the jobs rrn.1st be designed and work assignments 

made to include the five core characteristics outlined in the Job 

Characteristics Theory Model2 • Specific actions have been taken and 

recommendations for each characteristic follow: 

Skill Variety - A major CSD reorganization occurred in November 1982. From 

1978 till then, CSD had been organized in two Branches, Systems Analysis 

(SA) and Systems Irnplerrentation (SI). The SA branch was responsible for 

the analysis tasks on major projects. The SI branch was responsible for 

the prograrrming tasks on the projects. After the reorganization, the SA 

and SI branches were canbined and CSD was organized to correspond to the 

Groups and Staff Organizations for which we provide DP services. So 

instead of having employees who work primarily as ana lysts or primarily as 

programners, the roles have been combined and assignments are made to 

individuals that require both analysis and programming skills. 

Additionally, assignments are made that require the use of new 

technologies, such as online systems, telecommunications, and personal 

computers. 

Task Identity - Instead of assigning a large project team of eight to ten to 

work on one large project, which was done prior to November 1982, projects 

have been structured to be a series of smaller incremental projects that 

can be assigned to a project team of two to three people. There are 

advantages to this technique in addition to a person doing a job from start 

to finish. A series of small projects are easier to plan, estimate, staff, 
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schedule, and complete. The end user is more satisfied as new capabilities 

are installed incrementally rather than waiting for the total system to be 

installed at a future date. 

Task Significance - Corrmunication by supervisors and project leaders is 

extremely important for the employee to see the importance of the work they 

are doing. As mentioned earlier, regular unit and project meetings are 

scheduled as a means to show each employee how his or her assignments fit 

into the overall project work. Additionally, the analyst/ programners work 

directly with the end user of hi s or her programming product to see how it 

fits into the overall business of the company. They are encouraged to 

learn the business of the end user so they will be in a better position to 

recommend enhancements that will improve the operating efficiency of the 

computer systems. 

Autonomy - By restructuring a large project to be a series of small incremental 

projects, more autonomy and responsibility can be given to each employee. 

As mentioned earlier, operating procedures have been simplified as a result 

of task force recommendations. Peters4 pointed out that management should 

not hold employees on so short a run that they cannot be creative. 

Controls have been relaxed, where appropriate, while employees are held 

accountable for results. In my section, each primary programmer tracks the 

actuals against the budgets for their systems. They work with the end 

users to set the next year's budgets for the systems . 

Feedback - There is a great deal of feedback from a programming job itself. By 

analyzing, designing, coding, testing, and debugging a program to run 

successfully, an. employee has a sense of accomplishment. There is also 

feedback f r om co-workers and supervisors . A quality wor k program whereby 

peers review a person's work by "walkthroughs" has been implemented. This 

is a technique suggested by experts such as Yourdon6 . Feedback has also 

increased as emphasis has been placed on communication, l eadership, and 

counseling skills as described earlier . The DPHRM and WPPR programs both 

provide a formalized forum for feedback on performance. 
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Techniques 

Many new techniques have been installed in CSD since the reorganization in 

1982. Three major programs, Project ~nagement Strategies, Project Management 

Assessment, and the Quality Incentive Program will be outlined. 7 

Project Management Strategies 

Prior to 1982, the emphasis was on large projects composed of five phases in 

the project life cycle as follows: 

. Project Initiation - defining and documenting the scope of the project 
and benefits, estimating the time and cost of project and securing 
approval for the project to continue • 

. System Requirements Definition - gathering and documenting information 
about the functions the application system must include. 

• Functional Design - defining the system m::xiel, inputs, outputs, and 
reports . 

• System Architecture and Development - designing in detail the reports, 
screens, inputs, outputs, controls, and the database is done during 
architecture. Designing and developing the programs, testing, and 
implenentation planning are done during development. 
System Installation - activities in this phase include the system test, 
operation turnover, user training, start up and system acceptance, and 
project wrap up . 

The strategy used to manage the large projects was linear. All phases wer e 

done as a part of one large, monolithic project. Instead of using only one 

management strategy, a contingency approach to project management is 

recommended, using the strategy or combination of strat egi es that mos t 

effectively deal with the varying project characteristics. The choice of the 

appropriate management strategy can increase the probability of a project being 

successful. Using the wrong strategy can increase the risk. Five s trategies , 

feasibility , linear, incremental, design/construction, and evoluti onary , are 

currently being used to manage projects. Recommended uses of the five 

strategies follow: 

Feasibility. If project ini tiat ion is going to take longer than two 

"Y.Beks or if the problem is complex and not well understood by the 

request er or by the project t eam, a feasibility project can be funded . 
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This allows for a realistic determination of project risk and for the 

definition of the scope and objectives of one or more development 

project . 

. Linear. This strategy represents the traditional approach to project 

management used by most DP organizations. All phases of the project and 

the entire scope of the project are addressed as a single project. This 

approach appears to be best suited to projects that are small, highly 

structured, have a cooperative user, and for which there is no urgency 

for implementation. 

. Incremental - This strategy defines a family of related projects which 

provide user capabilities at defined intervals. Assuming that business 

functions are properly defined, segregated and prioritized, this strategy 

can be effective in dealing with large projects that have low structure, 

when the project has some degree of urgency, when the environrrent is 

changeable or unstructured, or when the requirements are ambiguous at the 

detailed level. 

Design/Construction. This strategy involves separating the linear life 

cycle into two maj or parts - a design project and one or more 

construction projects. This approach appears to be best suited to 

projects that are large, when the environrrent is changeable or 

unstructured , when the requirements are ambiguous, when there is no 

pressing urgen~J for implementa tion, and when there is a cooperative 

user . 

. Evolutionary. This strategy builds and installs a prototype or model 

system as quickly as possible. The system i s then refined and modified 

to meet the users needs. This approach appears to be best sui t ed for 

projects when urgency exists, when the requirements are vague, undefined, 

or continually changing, and when the system is innovative. This 

strategy uses prototyping which corresponds to the "do it, fix it, try it 

orientation toward action instead of the analyzing it, debating it, 

complicating it" described in In Search of Excellence 4 . 
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The next two programs are used to ensure project success. There are three 

criteria that we try to meet on all projects; produce a quality product that 

satisfies the customer's requirements, complete the project on time, and 

complete the project within budget. Using the appropriate management strategy 

and the Project Management Assessment Program helps complete a project on time 

and within budget and the Quality Incentive program helps produce a quality 

product that satisfies the customers requirements. 

Project Management Assessment Program 

The overall objective of the Project !1anagement Assessment Program is to 

provide information to the project team that will ensure project success. The 

reviewers are experienced project leaders that possess consulting and project 

management skills. There are four formal types of reviews. 

The Initial Plan review occurs after the Initiation Phase is completed 

and tl1e User Requirements Phase has begun. 

A Progress Review can occur at any time. It could be a follow-up review 

resulting from a prior review. 

. A Completion Review occurs four to six weeks prior to the end of a phase. 

• A Special Review can occur at any time. This review concentrates on a 

specific deliverable such as a phase plan or management strategy 

approach. 

A review normally takes two weeks. First the r eviewer talks to ·the projec t 

leader to get the information that will be analyzed. This information includes 

items such as the project plan including any PERT networks , Gantt charts, 

schedules, project objectives , assumptions and management strategy. Also 

estimating worksheets, risk analysis, phase deliverables, proj ect status 

reports, funding and change control forms and pro j ect correspondence are 

reviewed. 

After the r eviewer analyzes the information, he or she sets up interviews with 

the project l eader, lead prograrrmer , project t eam member s , and key users. 

After the interviews are ccmpleted, the reviewer prepares a Review Report . The 
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rep::>rt contains a brief surrmary of the project scope, a brief sumnary of the 

current status of the project, and any recommendations for the project team. 

In addition to the formal reviews which are scheduled by a supervisor or 

project leader, any analyst/progranmer can request an informal review. An 

informal review can review any aspect of a project. The review can be used as 

on-the-job training. 

Quality Incentive (QI) Program 

The objective of the QI program is to help ensure that a quality product that 

satisfies the custaner•s requirements is produced. The program is built on the 

philosophy that the supervisor is resp::>nsible for the quality of the product 

and of the service to the custaner, and that all involved personnel are 

resp::>nsible for evolving the producing environments capacity to produce quality 

products. Prior to the major r eorganization in 1982, there was a separate 

Quality Control group that reviewed all programs and jobs. They had the 

authority to approve or reject any program or job. Y.lith the intrcx:luction o f 

the QI program the function of this group was changed from one of control to 

auditing. The authority to approve or reject programs and jobs was given to 

the unit supervisor and the producing professionals. 

The Quality Incentive program is a series of 11 structured walkthroughs u 6 

scheduled at various times during the project . The reviews may be a formal 

meeting, an informal individual review at one 's desk, or waived i f there is not 

a justifiable reason for having the review. The reviewers are other 

analyst/programmers, peers of the producer. This process in addition to 

helping produce a quality product , a lso plays an i.Jni::ortant part in training and 

personnel development. Other benefits include producing better documentation 

and providing a means to introduce new t e chniques, tools, approaches, ideas , 

and expertise into a unit. An additional advantage is that a review gives 

another opp::>rtunity to locate and de fine errors, omissions, and inconsistencies 

in a set of de liverable s. 
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Tools 

There are many tools available to the analyst/programmers at Phillips Petroleum 

Company. As new tools are available in the DP industry, individuals are 

a ssigned to evaluate the tools and to make recc:mnendations as to their 

usefulness in CSD. A cc:rnprehensi ve Tools Catalog has been developed and is 

available to ev~J DP professional both in hardcopy and by inquiry on their 

terminals. Additional, a rronthly Technical Representatives rreeting is held. 

The use of tools, as well as other information on hardware and software, is 

discussed at these meetings. A representative from each unit attends and 

reports back to all members of their units in unit rreetings. Additionally, 

minutes of the meetings are printed and distributed to each analyst/programmer. 

The minutes are also available by inquiry on the terminals. 

A current project, the development of an autowated analyst/programmer 

workbench 8 , is an effort to tie the tools available together on the 

programner's terminal and to help define what additional tools are needed. The 

basic philosophy of the workbench is to automate functions, not j ust to provide 

tools. The high-level progranming functions that are t o be automated are: 

develop a module 

. conduct integration testing 

conduct system testing 

put a job in production 

. maintain a module 

These functions are the mos t common ones performed by the analyst/programmers. 

When a function is automated, not only the technical steps, but also the 

procedural or administrative steps associated with the function vJill be 

automated. 

Another aspect of the workbench is to continue to elllninate as much paper as 

:r::ossibl e . This is not just "e lectronic mail" in the sense o f just sending 

memos back and forth . As :many things as possible will be deve loped online and 

will be kept online instead of printing them on paper. This aspect is already 
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being accomplished in respect to documentation that previously was filed in the 

Docum::mtation Library but is now stored online. As previously mentioned under 

the task forces, the library is being eliminated. The dOC'l.ID'entation required 

for the QI reviews is now created online and transmitted to the reviewers for 

their review instead of sending them paper copies. 

There are ffi3.!1Y benefits from using a 'WOrkbench. Primarily it is IIDre 

productive because the tools needed to perform the analyst/programmer 's job are 

irn:nediately available on their terminals. Other l:enefits include simplifying 

the training of new hires, easier introduction of new tools by incorporating 

them in the appropriate functions and a significant reduction in paper handling 

·and storage. 

Training 

Training is the third "T11 identified by Girish Parikh3 . Since both the 

develop-rent of an active training program and the implementation of a DP human 

r e source management program were described in the Growth Need Strength Section, 

they will not be de scribed again here. 

20 



CHAPI'ER v 
MEASURING PRODUCI'IVITY 

There is no easy way to measure productivity. Productivity , as it applies to 

the application development and maintenance environment, might best be defined 

as "producing and maintaining better applications at a declining cost"9 . 

Another measurement of productivity defined by Mr. Albrecht of IBM is expressed 

as a ratio of value divided by cost. Tb increase the value of that ratio, the 

quality of systems must increase more than the cost of producing those systems 

increases, or system quality (value) must decline at a slower rate than the 

cost of maintaining them, or finally, the most probable indication of increased 

productivity, quality increase and costs decline. 

Mr. L. T. Herrmann of Shell Oil Co. in a paper entitled "Productivity and 

Performance Measurement in Systems Developrnent"10 described many of the 

problems we have experienced in rneasuring productivity. Three i terns, quantit y, 

cost, and quality, must be measurable. Using the three measures, a 

productivity ratio of output quantity to input quantity can be calculated. The 

ratio can thf'..n be canpared to a standard . Quantity, such as lines o f code, 

number of programs, jobs, e tc, and cost are directly rreasurable. Quality 

Ireasurement is more difficult and most likely will inc lude some subjective 

r a tings. I t is a lso difficult to ge t agreement on a standard. 

A corrm::m measure that has been used by the DP industry as a measure of 

productivity is lines of code. The number of lines of code produced by each 

project and the cost of the project is collected. By dividing the number of 

lines of code by the cost, an average cost of each line of code can be 

calculated. On the positi ve side, lines of code are easy to count. But , there 

are seve r a l problems with using lines of code as a measure of productivity . 

The rneasure does not account for differences in language, technology, or 

complexity. CSD has collected lines of code data on projects, but the 

management r ecognizes the problems with using it a s a measure of productivity. 
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The major effort of CSD, to date, to rreasure productivity has been to collect 

budget and actual data for all projects. Using the criteria for a successful 

project defined earlier, completing a project on tirre and within budget, the 

performance of CSD can be tracked from 1981 thru 1984. 

Analysis of Project Data 

Data on CSD normal completion projects in three size categories has been 

collected and analyzed. The three size categories are: 

• projects with costs less than $50,000 

• projects with costs from $50,000 to $100,000 

. projects with costs greater than $100,000. 

The types of data canpared are: 

actual project dollars to budget dollars 

• act ual project hours to budget hours 

. actual project days to budget days. 

The number of projects completed jn each size category has remained relatively 

constant from 1981 - 1984 as shown in the fol lowing table: 

Year l--LT 50K--I--50-100K--I--GT 100K--I Total 

1981 194 23 28 245 

1982 180 27 28 235 

1983 200 33 34 267 

1984 171 22 24 217 
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An improvement from 1981-1984 in the percentage of completed projects by the 

percentage variance of actual project dollars to budget project dollars for 

projects in each size category is shown in the fol lowing tables: 

Year 

1981 

1982 

1983 

1984 

Year 

1981 

1982 

1983 

1984 

Year 

1981 

1982 

1983 

1984 

+ -10% + -25% + - 50% + -75% 

36% 32% 16% 6% 

46% 26% 18% 4% 

45% 29% 16% 5% 

51% 27% 16% 4% 

Projects LT $50,000 

Actual Project Dollars to Budget Dollars 

+ -10% + -·25% + -50% + -75% 

17% 39% 13% 30% 

22% 33% 30% 4% 

52% 24% 9% 0% 

64% 18% 9% 0% 

Projects $50,000 - $100,000 

Actual Project Doll ars to Budget Dollars 

+ -10% + - 25% + -50% + -75% 

36% 29% 21% 7% 

50% 21% 11% 7% 

41% 29% 26% 0% 

54% 25% 13% 8% 

Projects GT $100,000 

Actual Project Dollars to Budget Dollars 
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+ ->75% 

10% 

5% 

3% 

2% 

+ ->75% 

0% 

11% 

15% 

9% 

+ ->75% 

8% 

11% 

3% 

0% 



Improvement is also shown from 1981-1984 in the JJercentage number of completed 

projects by the percentage variance of actual project hours to budget project 

hours for projects in each size category as shown in the following tables: 

Year + -10% + - 25% + -50% + - 75% + ->75% 

1981 47% 31% 13% 2% 6% 

1982 54% 22% 17% 5% 3% 

1983 59% 20% 13% 4% 5% 

1984 57% 29% 9% 2% 3% 

Projects LT $50,000 

Actual Project Hours to Budget Hours 

Year + -10% + - 25% + -50% + - 75% + ->75% 

1981 9% 45% 9% 36% 0% 

1982 29% 14% 36% 7% 14% 

1983 32% 32% 4% 8% 24% 

1984 44% 22% 11% 11% 12% 

Projects $50,000 - $100,000 

Actual Project Hours to Budget Hours 

Year + -10% + -25% + -50% + -75% + ->75% 

1981 33% 25% 8% 0% 33% 
1982 38% 31% 6% 6% 19% 
1983 33% 39% 22% 0% 6% 
1984 52% 29% 14% 0% 5% 

Projects GT $100,000 

Actual Project Hours to Budget Hours 
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Likewise an improvement is also shown from 1981 - 1984 in the percentage number 

of completed projects by the percentage variance of actual project days to 

budget project days for projects in each size category as shown in the 

following tables: 

Year + -10% + -25% + -50% + -75% + ->75% 

1981 41% 14% 15% 5% 25% 

1982 45% 13% 11% 7% 24% 

1983 49% 13% 13% 8% 16% 

1984 51% 16% 15% 5% 14% 

Projects LT $50,000 

Actual Project Days to Budget Days 

Year + -10% + -25% + -50% + -75% + ->75% 

1981 43% 26% 22% 9% 0% 

1982 37% 26% 19% 4% 14% 

1983 33% 21% 18% 9% 18% 

1984 52% 14% 14% 5% 14% 

Projects $50,000 - $100,000 

Actual Project Days to Budget Days 

Year + -10% + -25% + -50% + -75% + ->75% 

1981 50% 29% 4% 14% 4% 

1982 50% 29% 14% 4% 4% 

1983 65% 9% 12% 12% 3% 

1984 65% 13% 9% 9% 4% 

Projects GT $100,000 

Actual Project Days to Budget Days 
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The graphs of this data in Appendices II-VIII, shCMs that there has been an 

linprovement, as measured by the actual to budget variance, for the three types 

of project data for all size projects. 

Future Measures of Productivity 

Since budget versus actual data only shCMs part of the picture and can be 

misleading because it is based on estimates and agreements, an Application 

Productivity Measurement Program is being developed. The program is based on 

"Function Point Analysis", 9 developed by Mr. Albrecht of IBM. The process is 

currently employed by IBM and is being adopted for use by other companies such 

as Shell Oil Co., American Airlines, Exxon Chemicals, Standard Oil of Indiana , 
11 and Hallmark Cards, Inc. 

Function Points are calculated for an application by listing and counting the 

major data or control types: 

. External inputs such as screens or keyed inputs, 

• External outputs such as batch reports or screen reports, 

. Logical internal files - logical groups of data not physical 

files, 

• External interface files - files passed or shared betweP~ 

applications, and 

. External inquiries that come from users or from other 

applications. 

To yield a function point mnnber , the counts of the major data or control types 

are adjusted for processing complexity and t he degree of inf luence, from no 

influence to strong influence, of fourteen general project characteristics 

defined by Albrecht. Additionally, several attributes or factors that are 

expected to influence productivity such as the application size , customer 

maturity, developnent environment, project t eam maturity, whether the code is 

reused , rrodified or newly written, the tools that are availabl e , and the 

techniques used will be recorded for projects in addition to their cost and 

schedule data. 

26 



The function r,::oint number is used as a measure of the work-product. The 

work-effort is measured by the cost of the project. The work-product divided 

by the work-effort is called "productivity". This trend should be up. The 

work-effort divided by the work-pr oduct is called the unit cost. Its trend 

should be dovm. By using function r,::oints as a measure, it i s expected that 

productivity trends will be determined and the attributes or factors in the 

producing environment that have both a positive and negative impact on 

productivity will be i dentified. Wit h data on many projects over time, 

comparisons will became increasingly meaningful. 

According to Steve Drum.rond, Hallmark Cards, Inc., 11 function r,::oints indicate 

that prototypes appear more productive than the traditionally developed 

applications; purchased packages appear to provide more function per man-day 

invest ed than do in house developed systems; l ess experi enced staff often 

require more time to complete t asks than more experienced staff requires; 

revisions to existing systems require more manpower per function delivered than 

new application development; and large projects appear less productive than 

small projects. 
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CHAPrER 5 

SUMMARY AND CONCLUSIONS 

Based on this case study of the Commercial Systems Development Division of 

Phillips Petroleum Company, several factors should be considered when making 

changes in a Data Processing organization in order to increase productivity. 

As shovm by the project completion data, there has been an improverrent in 

performance from 1981 - 1984. Since this is not a controllable environment, it 

is not possible to prove the casual relationship each program has had on the 

improved performance. I believe the 1982 reorganization and all the programs 

that have been implemented since that time are responsible for the improvement. 

Based on my fifteen years exper i ence in the data processing industry, the 

results of Cougar and Zawacki's research are observable in the data processing 

environment. DP professionals do seem to have a high Growth !\Teed Strength, a 

relatively low Social Need Strength, and data processing jobs and the 

profession do provide an opportunity for the growth needed. Additionally, the 

three T' s 1 techniques, tools, and training are needed by data processing 

professionals. 

Even though some progress has been made in measuring DP productivity, there 

needs to be rrore developrent in this area. Function Point Analysis does s eem 

to be the best method available. As more companies start using this method and 

as they share their results, I believe ftmction };X)ints will become the standard 

produc-tivity measure in the DP Industry. 

I strongly recommend that any future changes in the environment consider a ll 

the factors outlined in this paper 1 Growth Need Strength, Social Need Strength, 

Motivating Potential Score, Techniques, Tools and Training. 

28 



BIBLICGRAPHY 

1. Cougar, J. D., and Zawacki, R. A., Motivating and Managing Canputer 

Personnel, (New York, Wiley, 1980) 

2. Miner, J. B. , Theories of Organizational Behavior, (Hinsdale, Illinois, 

Dryden Press, 1980) pg 231-264 

3. Parikh, Girish, Prograrrrner Productivity, (Reston, Virginia, Prentice-Hall, 

1984) 

4. Peters, T. J., and Waterman, R. H., In Search of Excellence, Lessons from 

America's Best-Run Companies, (New York, Harper & Row, 1982) 

5. Nolan, R. L., M_anaging the Data Resource Function (St. Paul, Minn., West 

Publishing, 1982) 

6. Yourdon, E., and Constantine, L. L., Structured Design (New York, Yourdon 

Press, 1978) 

7. IS Reference Manuals 

8. Hawkins, J. H., Analyst/Progra:rruer Workbench Project Documentation, 1984. 

9. Albrecht, A. J., 11Application Developrent/Maintenance Proouctivity 

Measurement and Estimate Validation 11 Document, 1984. 

10. Hermann, L . T., 11Productivity and Performance Measurement in System 

Development ... 1983. 

11. Drunmond , Steve, 11Measuring Applications Develor;:rnent Performance,., 

Datamation, February 15, 1985 

29 



Appendix I 

Organization Chart 

Division 

1 

I 

I 
Division 

2 

Branch 

1 

Information 

Services 

I 
I I 

Division Division Division 

3 4 5 

I 

Branch Branch Branch 

2 3 4 

' 
Section Section Section 

-· 
1 2 3 

l I I 
Unit Unit Unit Unit 

1 2 3 4 

30 



100 
I 

I 
I 

75 

I-

~ sol 
I 

25~ 
I 
I 

ACTUAL PROJECT DOLLARS TO I.S. BUDGET DOLLARS 
PROJECT SIZE: LESS THAN $50,000 

TERMINATION INDICATOR: 1 NORMAL COMPLETION 
DIVISION: CSD FOR YEARS 1978/79/80/81/82/83/84 

V//////,.1 V//////J 1///////1 V//////1 r//////~ 1//// ////1 I'' ' '' ' <! 

~A - - - - - -

0--'-----

1978 1979 1980 1981 
YEARS 

1982 1983 1984 

;J:> 
'd 
"d co 
!:::l p., 
1-'· 
>< 
H 
H 

Legend 
IZJ +/ - 75 ~ TO +/- 10 07. 
• +/- 507. TO+/- 75 7. 

- +/- 25 TO +/- 50 7. 
- +/- 10 7. TO+/ - 25'7, 

- 0 TO +/- 10 7. 



f­
z 
w 
u 50 
0:: 
w 
CL. 

25 

0-L----

ACTUAL PROJECT DOLLARS TO I.S. BUDGET DOLLARS 
PROJECT SIZE: $50,000 TO $100,000 

TERMINATION INDICATOR: 1 NORMAL COMPLETION 
DIVISION: CSD FOR YEARS 1978/79/80/81/82/83/84 

I 

1978 1979 1980 1981 
YFARS 

1982 1983 1984 

Legend 
IZJ +/ - 757. TO +/-1007. 
• +/-50~ TO+/- 757. 
- +/- 25 TO+/- 507. 
- +/- 107. TO+/- 25"?. 
- 0 TO +/- 107. 



1-­
z 
w 

100 

75 

u 50 
a:: 
w 
Q_ 

25 

I 

I 

ACTUAL PROJECT DOLLARS TO I.S. BUDGET DOLLARS 
PROJECT SIZE: GREATER THAN $100,000 

TERMINATION INDICATOR: 1 NORMAL COMPLETION 
DIVISION: CSD FOR YEARS 1978/79/80/8V82/83/84 

V//////.1 V//////1 V//////1 f///////1 r//////.11 1'///////1 

~ - - - - - -

0_...._ _ _.. 

1978 1979 1980 1981 

YEARS 
1982 1983 1984 

> 
'd 
'd 
('[) 

:::s 
p.. 
1-'· 
>< 
H 
< 

Legend 
CZJ +/- 75,; TO +/- 100 7. 
- +/ - 507. TO +/- 75"T. 
- +/- 25 TO+/- 507. 
- +/- 107. TO +/- 25~ 
- 0 TO+/- 107. 



40 

30 

20 

J- 10 
z w 
u 
0::: 
w 

ACTUAL PROJECT HOURS TO l.S. BUDGET HOURS 
TERMINATION INDICATOR: 1 NORMAL COMPLETION 

DIVISION: CSD FOR YEARS 1981/82/83/84-

a.. 0-+----' 

-10 

-20 

-30~'------------~----------~------------~----------~------------

1981 1982 1983 1984 

YEARS 

Legend 
- tT SOK 

> 
'"d 
'"d 
<D 
~ 
p_, 
f-'• 
X 

< 

- 50K/100K 

- GT 100K 
- AVERAGE 



1-­
z 
w 
u 
0::: w 
0.... 

30 

20 

10 

ACTUAL PROJECT HOURS TO I.S. BUDGET HOURS 
TERMINATION INDICATOR: 1 NORMAL COMPLETION 

DIVISION: CSD FOR YEARS 1981/82/83/84-

04-----------------~--------~~~=-~~~~~------~=-~~--~4---------

-10 

-20~----------------.------------------r----------------~ 

1981 1982 1983 1984 
YEARS 

Legend 
D, LT SOK 

:r> 
'd 
'd 

CD 
::s 
p.. 
1-'· 
X 

< 
H 

X 50K/100K 

0 GT 100K 

t8'J AVERAGE 



~ 
z 
L.a..J 
(.) 
fr: 
L.a..J 
Q_ 

80 

60 

40 

20 

0-+------' 

ACTUAL PROJECT DAYS TO I.S. BUDGET DAYS 
TERMINATION INDICATOR: 1 NORMAL COMPLETION 

DIVISION: CSD FOR YEARS 1981/82/83/84 

-

-20~------~------~------~------~-------.--------~------~-------

1978 1979 1980 1981 1982 1983 1984 
YEARS 

Legend 
- .LT SOK 

> 
'd 
'd co 
:::! 
p. 
f-J• 
:-: 
< 
f- -1 
H 

- SOK/lOOK 
- GT lOOK 
-AVERAGE 



70 
I 

60 --i 

f­
z 
w 

so 

40 

u 30 
~ 
w 
0.... 

20 

I 

ACTUAL PROJECT DAYS TO I.S. BUDGET DAYS 
TERMINATION INDICATOR: 1 NORMAL COMPLETION 

DIVISION: CSD FOR YEARS 1981/82/83/84-

I \ 

I \ 

04-------------------------------4--+------------------------~-----

-10~--------~--------~--------~------~--------~------~ 

1978 1979 1980 1981 1982 1983 1984 

YEARS 

Legend 
6 LT SOK 

;J> 
'0 
'd 
<D 
::s 
p, 
...... 
~ 

< 
H 
H 
H 

X 50K/100K 

0 GT lOOK 

t8J AVERAGE 



VITA 

Roseann Karen Kubicek 

Candidate for the Degree of 

Master of Business Administration 

Report: MEASURING AND IMPROVING PRCGRAMHER PRODUcriVITY 

AT PHILLIPS PEI'ROLEUM COMPAr\TY 

Biographical: 

Personal Data: Born in Alva, Oklahoma, January 13, 1944, the daughter of 

Sol and Rosemary Bouziden 

Education: Graduated from Alva High School, Alva, Oklahoma, May, 1961; 

received the Bachelor of Science degree from the University of 

Oklahoma, t.lor:man, Oklahoma with a major in Math, May 1965; completed 

requirements for the Master of Business Administration degree at 

Oklahoma State University, July, 1985. 

Professional Experience: Employed as a data processing professi onal by 

Phillips Petroleum Company 1965-1970 and 1974 to the current t ime. At 

present, Commercial Syst ems Development Division Section Supervisor 

38 


	Thesis-1985R-K95m_Page_01
	Thesis-1985R-K95m_Page_02
	Thesis-1985R-K95m_Page_03
	Thesis-1985R-K95m_Page_04
	Thesis-1985R-K95m_Page_05
	Thesis-1985R-K95m_Page_06
	Thesis-1985R-K95m_Page_07
	Thesis-1985R-K95m_Page_08
	Thesis-1985R-K95m_Page_09
	Thesis-1985R-K95m_Page_10
	Thesis-1985R-K95m_Page_11
	Thesis-1985R-K95m_Page_12
	Thesis-1985R-K95m_Page_13
	Thesis-1985R-K95m_Page_14
	Thesis-1985R-K95m_Page_15
	Thesis-1985R-K95m_Page_16
	Thesis-1985R-K95m_Page_17
	Thesis-1985R-K95m_Page_18
	Thesis-1985R-K95m_Page_19
	Thesis-1985R-K95m_Page_20
	Thesis-1985R-K95m_Page_21
	Thesis-1985R-K95m_Page_22
	Thesis-1985R-K95m_Page_23
	Thesis-1985R-K95m_Page_24
	Thesis-1985R-K95m_Page_25
	Thesis-1985R-K95m_Page_26
	Thesis-1985R-K95m_Page_27
	Thesis-1985R-K95m_Page_28
	Thesis-1985R-K95m_Page_29
	Thesis-1985R-K95m_Page_30
	Thesis-1985R-K95m_Page_31
	Thesis-1985R-K95m_Page_32
	Thesis-1985R-K95m_Page_33
	Thesis-1985R-K95m_Page_34
	Thesis-1985R-K95m_Page_35
	Thesis-1985R-K95m_Page_36
	Thesis-1985R-K95m_Page_37
	Thesis-1985R-K95m_Page_38
	Thesis-1985R-K95m_Page_39
	Thesis-1985R-K95m_Page_40
	Thesis-1985R-K95m_Page_41
	Thesis-1985R-K95m_Page_42
	Thesis-1985R-K95m_Page_43

