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H/'PTER o miEM Hi b a ; ^r u o r a m m e r  p r o d u c t i v i t y

■rid ior >n the methods which have been used to attempt to

- >’"■ ht productivity of programmers was gathered from three

the answers to Questionnaire 1 

(see Appendix 'A’);

surveying the literature;

discussions with individuals from various 

outh African companies.

napter no attempt is made to evaluate the identified methods 

insuring programmer performance. (This is done in Chapter 7> 

f ,ome problems associated with measuring programmer productivity

• aentified and in Chapter 8 , where the suggested requirements 

a method of measuring programmer productivity are identified).

1 An Analysis of the replies to the Questionnaire 1

The distribution of the Questionnaires will be discussed 

in Chapter 10 (see Section 10.2.1.1.). Replies 

1 were received from 42 companies.

This represents 34,4 of the population to whic^ the 

Questionnaires were distributed.

Table 5 below gives a summary of these responses.

Table 5 Summary of replies received to Questionnaire 1.

YES

Number of companies replitd 42

Number who try to measure

productivity 30

m

80

12



CHAPTFR 6 SOME ATTEMPTS AT MEASURING PROGR A M M E  PRODUCi i v :

Information on the methods which have been used to ittnmpr * 

measure the productivity of programmers was gather' : " ••• 

sources:-

the answers to Questionnaire 1 

(see Appendix 'A ' );

surveying the literature;

discussions with individuals from variou 

South African companies.

In this Chapter no attempt is made to evaluate the identified netnoo 

of measuring programmer performance. (This is done ’n Chapte- 

where some problems associated with measuring programmer productiv • 

are identified and in Chapter 8 , where the suggested requirement- 

for a method of measuring programmer productivity are - d e n t ^ e d

6 1 An Analysis of the replies to the Questionnaire ^

The distribution of the Questionnaires will be discusser 

in Chapter 10 (see Section 10.2.1.1.). Replies 

to*Questionnaire 1 were received from 42 companies.

This represents 34,42 of the population to which the 

Questionnaires were dij^ributed.

Table 5 below gives a summary of these responses.

Tab1e 5 Summary of replies received to Questionn.1r, i

YES NU

Number of companies replied 4?

Number who try to measure



- o4 -

Table 5 (Cont'd).

Method of Measuring Productivity:

Lines of Code (source) only 

Meeting estimates only 

Lines of Code (source) and 

meeting estimates

Lines of Code (source) and 

Lines of Code (executable)

Lines of Code (source) and 

estimates and other 

Lines of Cole and 

otner

Meeting estimates and other

Why do not measure productivity:

Replied to question 

Never thought about it 

Tried, does not work 

Cannot choose method 

Too few programmers 

Impossible and too few 

programmers

Try to measure productivity, but

 

method

The following observations are made:-

i) A relatively high percentage of companies 

which responded to the Questionnaire try to 

measure the productivity of their programmers

(71,4%).

ii) Of those Companies which do try to measure 

productivity, a surprisingly high percentage 

(73^3',) measure programmers’ performance in 

terms of their meeting estimates. This is a 

source of concern, because it was established 

later In the C;’estionnaire that 74,2 . (23 out of 

31 replies) o f the sample population determine 

esf.imaue • on past experience ONLY, (see further 

discussion on this point in Section 9.2).

YES

1

22

2

1

2

1

1

10
1

1

4

3

1
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ii) The use of lines of code, either on its own, or 

together with some other factor, was the method 

used by only 23,3 of those who responded to 

the Questionnaire. Considering the prominent 

place this method of measuring programmer 

productivity enjoys in the literature, this 

was an unexpected result, from even such a small 

sample population.

v) Of those who were not trying to measure

programmer performance, some seemed sceptical 

about the whole concept. Consents like:-

'Impossible

'..... it does not work'

'Unsure of what it achieves'

were not expected, but seem to reflect a mood of 

disenchantment with the problem. One mood which 

was expected, but which was not apparent in these 

replies was a concern that little progress had 

been made by the industry in providing a solution 

to the problem.

Because of the limited size of the sample population, 

no generalization for tne industry as a whole can be 

made from these replies.
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b .2 Reviewing the Literature

To help classify the diverse points of view found in the 

literature on measuring programming performance, the model 

in Figure 2 was used. Each category identified in the 

model will be ;llustrated with details of approaches suggested 

in the literature.

Methods of Measuring 

Programmer Productivity

 

In terms of 

output only

rio standard of

performance

suggested

 

 

 

a mix  

 

-------------------- ,

A standard 

of performance 

provi ded

-------------------------------------------,

Multiple variables 

to represent size of 

of task

_ _ _ _ _ _ L
In terms of 

autput only

No standard of

performance

suggested

In terms of 

a mix of 

inputs and 

outputs

A standard 

of

performance

provided

Figure 2 The model used to classify methods o* measuring 

programmer productivity

o.2.1 Cannot Be Done

There is a group of people who feci that it is just 

not possible to measure programmer performance. Various 

reasons are given, but primarily the view is held that 

programming is too like an art (or a craft) for any 

measure of programmer productivity to be meaningful.
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Bernstein appears to ue one of the 

of this view. He writes:-

'We nave no adequate way of quantifying 

the state of our software development

effort ---  some measurements are being

made, but they provide information tnat is 

"meager and unsatisfactory".' (1 )

Bernstein claims that we are forced to the conclusion 

triut software development is a craft we canrot control 

and as a result, can barely manage. In his view 

programming will not reach that point where it will be 

totally controllable ana predictable. He feels it is 

unlike the estaolished engineering disciplines. He 

concludes programming will not fall into the disciplined 

engineering category until some time in the 'indefinite 

future' (.?)•

tj.2.2 Measurement in Terms of only one Variable

Altnough programming entails performing  

unrelated activities (e.g.algorithm creation, 

mastering job control language and debugging) the 

majority of suggested metnods of measuring  

productivity advocate that this measurement be done in 

terms of one variable. Examples are:-

tne number of source statements per 

ur.it of time,

the number of executable statements  

unit of cost,

the number of modules per unit of time.
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Bernstein appears to be one of the stronger supporters 

of this view. He writes:-

'We have no adequate way of quantifying 

the state of our software development 

effort .... some measurements are being 

made, but they provide information tnaL is 

"meager and unsatisfactory1*.' (1 )

Bernstein claims U a t  we are forced to the conclusion 

that software development is a craft we cannot control 

a<id as a result, can barely manage. In his view 

programing will not reach that point wnere it will be 

totally controllable ana predictable. He feels it is 

unlike the established engineering disciplines. He 

concludes programming will not fall into the disciplined 

engineering category until some time in the 'indefinite 

future’ (2 ).

Measurement in Terms of or.ly one Variable

Although programming entails performing a range of 

unrelated activities (e.g.algorithm creation, 

mastering job control language and debugging) the 

majority of suggested metnods of measuring programmer 

productivity advocate that this measurement be done in 

terms of one variable. Examples are:-

the number of source statements per 

unit of time,

the number of executable statements per 

unit of cost,

the number of modules per unit of time.
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However, within the group of researchers which suggest 

that measurement be in terms of one programming activity, 

there are clearly two schools of tnought:-

i) Those who measure performance purely in

terms of the size of the task to be done (that 

is, those who measure OUTPUT only - see definition 

in Chapter 3);

6.2.2.1

o.2 .2 .1.1

ii) Those who also take cognisance of the circumstances 

in which the task was performed (that is, those 

who attempt to measure botn INPUT and OUTPUT - 

see definitions in Chapter 3).

Measurement in terms of one Variable which attempts 

to reflect the size of the task

There is a number of suggested methods of 

measuring programmer performance in terms of 

output factors only. These methods can be sub­

divided into those wh’ch just claim that 

programmer productivity can be measured, and those 

that also provide some standard of performance.

Measurement in terms of one Variable which 

reflects the size of the task, but does not 

provide a standard of performance

Although a number of methods of measuring 

programmer productivity identified in the 

literature fall into this category, there is 

no consensus among researchers concerning what 

should be measured to reflect the size of the task.
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Two authors whose work falls into this 

category compared performance in terms 

of the length of time specified programs 

took to develop. While this may have 

the semblance of providing a standard 

of performance, in neither case was an 

indication given of tne size of the 

programs.

Cooke (3) compared the length of time and 

the cost of developing and successfully 

completing a single execution of a 

program to calculated interest rate for 

the United States Federal Reserve Bank. 

Although this experiment using professional 

programmers proviaed other insights, (see 

Section 5.1), it gives no indication of  

programmer productivity can be measured.

Sackman, Erikson and Grant (4) also 

measured the length of time programmers 

took to complete specified programs. In 

their experiment they compared the time 

taken to write (and debug) programs in 

either Patch or on-line mode. Again this 

does not give an indication of how the 

performance of programmers who did not 

write those programs can be measured.



Those who, suggest that programmer 

performance should be measured in terms 

of the number of lines of code produced 

do not agree on whether the lines of 

code should be measured in terms of 

cost or time, nor do they agree on 

whether the lines of code should be 

source, object or executed code.

Comper (6 ) suggests measuring lines of 

executable code produced per man-day.

Although he does not provide a standard 

of performance, he does suggest historical 

trends should be noted.

Dijkstra (6 ) suggests that the number of 

lines of code written is not as significant 

as the number of lines of code which 

the machine actually uses when the program 

is executing. He does not give an 

indication of whether this should be 

measured in terms of time or cost.

Jones (7) has written a number of articles 

on the subject of programmer productivity and 

program quality. He recommends that 

progre,inner performance be measured in 

terms of cost per 1000 lines of source 

code. This concept is interesting because 

it is an effort to get away from Bernstein's 

fear (8 ) that programmers should not be 

measured as if they turned out lines like 

bottle-tops off a production line.
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Reynolds (9) is not completely happy 

with the use of lines of code as a 

measure of programmer performance. He 

feels, however, that the number of lines 

of code produced and tested is the 

generally used unit of measure. 

Unfortunately he does not suggest a 

measure which he finds more acceptable.

Scott and Simmons (10) try to determine 

what project variaDles have the greatest 

impact on programmer productivity. People 

participating in tneir research were 

asked to correlate each of a list of 

variables witn programmer performance 

expressed in terms of object instructions 

generated pe.* unit of time.

None of these approaches is sufficiently 

developed to be of value tc managers 

or programmers who want to measure 

levels of programmer productivity.

Measurement in terms of one Variable which 

reflects the size of the task, and which 

provides some standard of performance

(he majority of suggested methods of measuring 

programmer productivity fall into this category. 

Although many suggest the same elements be used 

to measure programmer performance levels, all 

have been included here because of the 

lack of consensus of what constitutes standard 

performance, (see Section 6 .2.2.1.3) In the 

light of assertions I make later (see Section 

9 .3 ) perhaps the most significant results are 

those which exclude the use of lines of code as 

an element of measurement.
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Eaker (11)

In an article which describes tie functioning 

of the so-called Chief Programmer Team, Baker 

gives details of a system developed for the 

New York Times. The project was significant 

for at least the following reasons:-

This is one of the first documented 

accounts of the use of concepts such 

as structured programming, librarians, 

top-down system development, etc.;

The speed at which the work was done, 

and the quality of the programs, were 

considered high;

The increased manageability of the project 

by using the Chief Programming Team 

structure was significant.

The published productivity figures are:-

Source Lines

Stages Per Man-Day

Unit design, programming,

debugging and testing 65

All professional staff 47

43

The entire team 35

At the t’m e , the approach taken was regarded 

as unique, nowever as more installations use 

these methodologies tnese figures could have 

industry-wide relevance.



>ubiny computer bervices

one of the answers to Questionnaire 1 

enl from Boeing Computer Services in 

cattle, United States of America, it was 

idicated that the measure of programmer 

erformance in that environment was 

pressed in terms of producing one module 

per hour.

nfortunately I have not been able to establish 

.hat their definitions are of either 'module' or 

►iou*'1. Whatever their definitions, this 

tPthod of measuring programmer productivity 

\pproacnes the method I test in this research 

see Section 10.1).

irooks (12)

rom his experience or the project to develop 

•he IBM OS/360* Brooks found that reasonable 

evels of productivity from programmers will 

lepend on the type of application being

ieveloped.

V. a rule of thumb, he suggests that the writing 

if translators takes about three times as long 

, writing batch application programs and 

ieveloping operating systems takes about three 

♦imes as long as develops translators. (He 

ncludes in his development time, time spent 

planning, coding ana component testing, systems 

testing and some support activities).

He concludes:-

 

 

Batch 

600 - 800 

2000 - 3000 

6000 - 9000
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If it is assumed that there are 2000 mari-hou'' 

in a man-year, the expected performance 

figures for programmers developing ba1: ■ 

programs can be expressed as:-

Low 22,5 Lines of Code/man-da^

High 33,75 Lines of Cod

Brooks also quotes data publisheo r a 

prepared by Morin (1974) as part of Mastr.> 

dissertation at the University of Nort- 

Carolina (USA).

Aron's Data (13)

This data was gathered from IBM programmer 

working on large systems. Aron classifies 

systems in terms of the number of interaction 

necessary between programmers (ana parts o* 

the system) and he suggests the following -

Very few interactions 10 000 instructions

man-year

Some interactions a 000 instruction-

If these figures were converted to expeuteo 

performance per man-day, they would read:

Many interactions

na n- yea*

1 500 instruct’O'"- 

man-vea'-

l o w

Average

High

5 ,o Lines of Code/man-dd. 

18,75 Lines of Code/man-dav 

37,b Lines of Cooe'man-iav

(It is noted that Aron's development time ini, 

inc'uded design and programming .
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Camp and Jensen (14)

In a study which attempts to justify the use of 

structured programming rather than modular 

programming, the authors compare the 

development efforts of five similar projects. 

Unfortunately, wnat seems like significant 

experiment does not provide results relevant 

to this study. All the figures quoted in the 

article have been normalized, 'based on the 

operational (on-line) program only'. Because 

the exact meaning of the statement is not clear 

and because the results reveal productivity 

levels ranging from 0,75 to 3,1 'normalized' 

instructions per man-month, it is difficult 

.0 relate these figures to any others found 

in the literature.

Frank (15)

Frank quotes figures from the IBM technical 

report TR 02.764 of January 1977 of expected 

development times for programs of varying 

sizes.

Program Size 

In Lines of Code

Manpower Tims 

In Months

Less than 2 000 0,5 to 3

2 000 to 10 000
0,8 to 5

10 000 to 64 000 1 to 8

64 000 to 512 000 2 to 16

Over 512 000
4 to 28
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These figures were not presented as if they 

were a panacea to the programming industry, but 

rather to guide people in determining 

tne possible development costs (of assembler 

programming) in their particular environment. 

Again it is not possible to use these figures 

in attempting to establish an industry-wide 

standard of performance for application 

programmers.

Jeffery and Lawrence (lb)

In an interesting study of tnree organizations 

in Australia, all of which used COBOL as a 

programming language, conducted by the 

Department of Information Systems, University 

of New South Wales, an effort was made to 

identify the best determinant of program 

development time. Programming time was 

defined as the total time expended by the 

programmer from the time he receives the 

programming specification until he delivers 

the working tested program. (There was an 

inconsistency because not all the organizations 

included test data development in this 

calculation).

The results of their research revealed that 

development time (T) could be expressed in 

terms of PROCEDURE DIVISION lines of code 

(PL) in the formats below:-

1 T = 0,09 PL + 4 

2 T = 0,14 PL + 9,5 

3 T * 0,08 PL + 43



- 77 -

The following steps were taken to try to 

convert these formulae into the expected 

number of lines of code per man-day. It 

was assumed that T = 2 000 man-hours in 

each case. The number of Procedure Division 

Lines of Code which could be coded in a man-year 

was calculated. This figure was converted to 

an approximate performance figure per man-day 

(assuming a man-day = 7 , 5  man-hours).

The results can be expressed as:

Organization 1 83 Lines of Code/man-day 

Organization 2 53 Lines of Code/man-day 

Organization 3 92 Lines of Code/man-day

It is noted that in each case tne Lines of Code 

figure represents only Procedure Division Lines 

of Code, and consequently the conversion to 

Lines of Code/man-day muy not be meaningful.

Johnson (17)

Based on data collected from 16 projects - 

the smallest of which took 40 man-days, and 

the largest 79 200 man-days to develop - 

Johnson found significant differences in the 

level of programmer performance on the 

different sized projects. He tabulates his 

findings as follows:-

Projects

Smal 1 Large

Average Lines of

Code/hour

Range

8,7 

6,7 to 12,5

2,9

1,2 to 5,1
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Johnson goes to some lengtn to define his unit 

of time. He includes productive and non-productive 

time in this measure (that is, the number of 

people assigned to the project multiplied 

by the duration of the assignment). The duration 

of tne assignment covers all phases of the project. 

He warns tnat tne man-day totals could vary by as 

much as + lb due to historical inaccuracies.

These results could oe expressed as:-

Average (large Projects) 21,75 Lines of Code/

L)ay

Average (Small Projects) 62,25 Lines of Code/

Day

Were tnese figures to exclude tne non-productive 

time (that is, be expressed in terms of man-days) 

tney would be significantly higner.

Lehman (18)

Lehman conducted a survey to attempt to discover 

how projects are managed in the United States 

of America Aerospace industry. Although details 

were gathered from 57 projects, Lehman concedes 

that these are not representative of the data 

processing community at large. He published 

two figures as a result of tne survey, neither 

of which is particularly nelpful in the context 

of this research. He discovered from answers 

to his questionnaire that the average cost of 

producing a single line of code in the companies 

surveyed ranged from a low of $5 per line to a 

high of 5>330 with an average of $49,11 per line 

of code. He vas also able to report that the 

average production rite of programmers in the 

companies questioned was 17 lines of code/day 

(unfortunately there is no clear definition of 

wnat is meant by eitner line of code or day).
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Menard (19)

In a paper presented at the Application 

Development Seminar in Monterey, California,

Menard described the steps taken by the 

Exxon Corporation to reduce the cost of 

developing computer systems. By combining 

Jackson's program design techniques, 

structured walk-thrus and top-down development 

into a standard methodology, significant programmer 

performance improvements were observed. The 

productivity levels experienced on five projects 

were above 7000 lines per work-year, with 

programmers on one project producing 8 500 

lines per work-year. When program analysis 

time was deducted from the calculations, 

the productivity figures increases to between 

10 000 and 12 000 lines of code per work-year.

An interesting, unsubstantiated comment in 

Menard's paper is that tnese figures compare 

favourably with an Industry Average of 2 000 

to 4 000 lines of code per work-year.

Normalized, these figures can be expressed as:-

Average

High

26,2 Lines of Code/man-day 

31,8 Linei of Code/man-day

'Industry* 

Low
7,5 Lines of Code/man-day

'Industry'

High 15,0 Lines of Code/man-day
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Walston and Felix (20)

The authors gathered data from 60 projects 

completed in the IBM Federal Systems Division. 

These projects varied considerably in size 

and complexity (process control, message 

switching, report generators, data-base 

control etc.). The objective of their 

research was not primarily to provide a 

measure of individual programmer 

performance, but rather to:-

provide data for evaluating 

improved programming technologies;

‘ - provide support for proposals and 

contract performance;

gather and preserve historical 

records of the software development 

work performed;

provide programming data to management;

foster a common programming 

terminology.'

(21)

To meet tnese objectives, however, it was 

necessary for Walston and Felix to calculate 

a standard of programming performance. This 

they did in terms of lines of source code per 

total effort involved in developing the code. 

(This 'total effort' is defined as a measure 

of time, expressed in man-months, used in 

managing, administering, analysing, designing, 

coding, testing and documenting the system). 

This relationship between delivered lines of 

source code, and total effort is expressed 

by the formula:-
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E = *>,2L0,91

where E = total effort 

and L = tnousands of lines of delivered 

source code (22)

By calculating a 'productivity index' from 

29 variables (23) the suggested standard of 

performance was adapted to assist in estimating:-

project duration 

size of documentation 

staffing requirements 

computer costs.

South African Post Office - 

Data Processing Department.

In private correspondence from tne Data 

Processing Department of tne Soutn African 

Post Office dated lb April 1979, I was told 

tnat their development department has a 

standard wnich requires a programmer to write 

3b procedural division instructions per 8 

nour day. Development time is calculated from 

the time the program specification is handed 

to tne programmer until the completion of 

program tests. Because of other responsibilities 

which programmers are given (e.g. working on 

more than one program during any one day, and 

maintenance responsibilities) tie standard is 

seldom enforced. It is clear that time is 

measured as 'Clock-on-the-Wal1' time and not 

in Man-Hours.
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Standard Bank uata Processing Quarterly

Statistics.

Programmer performance at the Standard bank 

was (duriny the period 1976 - 1979) measured 

in terms of the number of lines of code 

produced. Two figures were calculated - one 

was the number of lines of code produced per 

Programmer Man-Day ^tnat is, only programming 

time was measured) and the other was the 

number of lines of code produced per Project 

Man-Day (which took into account the time 

taken for analysis and design, as well as 

programming).

The standard set tne programmers was 60 

Lines of Code/Project han-Uay. This figure 

was consistently beaten - with performance 

usually reaching oO to bi> Lines of Code/Project 

Man-iiay.

During 1978/1979 an interesting result was 

achieved by the team working on a Personnel 

System. They misunderstood the objectives 

given to them by management to acnieve 50 Lines 

of Code/Project Man-Day. At the end of their 

project they were concerned about what they 

regarded as their productivity figure. They 

apologized for acnieving 97 Lines of Code/ 

Project Man-Day, because they thought they 

were supposed to achieve 50 Lines of Code/ 

Project Man-Hour!

In an effort to guide the programmers or one 

project, tne Project Designer published 

approximate times to be spent on each phase 

of program development. These times, 

expressed in hours, were regarded as 

representative for a program of approximately 

600 lines of non-comment source code.
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It was estimated that such a program should be 

developed to a stage where systems testing 

could commence in 28 to 30 man-hours. Th'_> 

designer, therefore, expected a productivity 

rate during those phases of development of 

approximately 125 Lines of Code/Man-Day.

0 .2 .2 .1 .J Summa ry

While some of these approaches appear to be 

practical, their contribution to the industry 

is limited by the lack of agreement concerning 

an acceptable standard of performance 

and tne fact that they nave based their 

measurements on the number of lines of code 

produced. The use of lines of code as a • 

productivity measure is regaraed as suspect 

(see Section 9.3).

6 .2. i.Z
Measurement in terms of one variable which reflects 

the size of the task, but which requires 

modifications to accommodate particular circumstances.

These methods of measuring productivity, which mix 

Input and Output (see definitions in Chapter 3), 

are commonly found as various estimating techniques. 

In any estimating it is necessary to calculate 

expected levels of perfomance in particular 

circumstances. Each method of measuring productivity 

which attempts to assess the impact of project 

variables on programmer performance automatically 

falls into this category. There can be no standard 

of performance possible within this category because 

the input factors introduce levels of subjectivity, 

and by definition a stanuara cannot be based on a 

subjective assessment.

_
m



- 84 -

Albrecht (24)

In his work at IBM's Data Processing Service 

Organization, Albrecht found tnat a weighted count 

of tne number of inputs, outputs ana master files, 

and the number of enquiries processed by the 

program gave a useful measure of the size of the 

program. These weightings are:-

number of inputs x 4

number of outputs x 5

number of enquiries x 4

number of master-files x 10

This result should then be adjusted to reflect 

program complexity to produce what Albrecht calls 

the number of 'function points'. The number 

of these 'function points’ represents the size of the

job.

He suggests that tne cost of developing the system 

snould be expressed in work-nours (man-hours) and 

should include tne whole application development 

cycle from systems design to systems test.

This approach is categorized here because the 

adjustment to the weighted total is based on a 

subjective assessment of program complexity 

(whicn is similar to estimating) and constitutes 

a mix of input and output factors.
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Chrysler (26).

The title of this paper is unfortunately :ni - ;eaG 

Instead of a dissertation on programmer produo 

measurement, the objective of Chrysler 

researcn is stated as:-

'....to determine the impact of progra;’ 

and progra:nmer cnaracteristi ’ P! 

development time' (2b/

'....to develop a viable technique 

predicting the amount of time hece 

create a computer program.

Chrysler found that the smallest stanaar; * 

of estimate in the multiple linear regression wa 

achieved wnen a combination of program and programs 

characteristics were correlated with r u e .  

(Unfortunately it is not clear f this time 

expressed in terms of man-hours or eia:

These variables are:-

numoer of months of experience tne prog-:- 

has had at a particular installation,

. number of input files in his programs;

number of control breaks and totals in the 

program;

number of input edits requireu; 

number of input fields.
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A predictive (or evaluation) formula which resulted 

from the multiple regression (28) enables the total 

programming effort expressed in hours, to be 

calculated.

Because the primary interest is to predict program 

development time, Chrysler must introduce input- 

factors into his productivity index. This means 

nis work cannot fall into the category of 

providing a standard of performance for 

programmers, or an objective measure of productivity.

Hall (29)

Although he believes that tne 'standard' unit of 

work measurement in tne data processing industry 

is the number of lines of executable code 

over a given time frame (30), Hall criticizes this 

view and suggests that productivity of programmers 

should be assessed in terms of:-

tne project teing developed within budget 

and schedule;

programs operating efficiently without 

failures;

programs rneeti..g the user and design 

specifications exactly;

programs being modifiable without rewrite;

programs being adequately and effectively 

documented.

(31)
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In Hall's view, the multi-dimensional result 

of a high level of programmer proauctivity 

suggests tnat it is more accurate to refer to 

'project' productivity than 'programmer' 

productivity. He feels nis case is strengthened 

because operating and maintenance costs (approximately 

70% of total costs) are more significant than 

development costs. (32)

In the final analysis, tnen, Hall believes that 

improved profits within the organization using 

the data processing faci’ity constitutes effective 

productivity. It is thij point which creates the 

major problem with Hall's approach. It is not 

meaningful to assess the programmer's performance 

in developing an application only when the 

enterprise using the application can determine 

its increase in profits. This is an assessment 

of tne work done by the systems analyst.

Hal stead (33)

The method used to analyze tne performance of 

programmers postulated by Halstead is based 

on tne ability to count, for any program, the 

number of unique operators (nl) (e.g. Read, Write,

If, Greater Than ), the number of unique 

operands (n2 ) (e.g. variables and constants), 

the total usage of operators (Nl) and the total 

usage of operands (N2 ).

n a nl + n2 (34)

and the implementation length as:-

N a Nl ♦ N2 (35)
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Program size is measured by tne metric V (volume) 

which is independent of the language usad to 

represent the algorithm. The formula for volume 

1s:-

V * N (log 2n) (36)

*

The potential volume (V ) of a program does not 

change if it were translated fror.i one 

language to another. The relation between the actual 

and tne potential volume is expressed oy the 

formula:-

V* = L (37)

V

where I is the level of the program abstraction.

This level of abstraction is close to 1 for high- 

level compact programs.

The removal of 'impurities' from a program (see 

Section 7.4.2.I for Halstead's definition of a 

quality program) improves the agreement between

V* and VI.

The total programming effort is defined by Halstead

as:-

E « V (38)

r
This number represents the number of mental 

discriminations (decisions) that a programmer 

would make when implementing the algorithm.

Halstead suggests that the time a program will take 

to develop is directly proportional to the effort E.
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This time can be calculated by the formula:-

T ' |  (39)

where S is tne rumber of mental discriminations 

per second of which tne particular programmer is 

capable. It is this introduction of the 

characteristics of a particular programmer's skill 

into the calculation which forces Halstead's 

work to be categorized as a mixture of input and 

output factors.

Peeples (4 0)

In a Datamation article Peeples describes how a 

company-wide programme to measure productivity 

was introduced into the 14 data centres of the 

enterprise for which hf works. One of tne 

specific objectives set for this programr.e was 

'to measure and compare performance'. Amonq the 

measures of performance in Project Developnent 

was to implement 95% to 100S of all projects within 

time budget.

This idea constitutes an interesting departure 

from the common approach of measuring productivity 

in terms of the amount of work done. Peeples 

defines 'Within Time' as a window of + 5% and -20* 

of approved estimate. The concept of a window was 

introduced to try to avoid tne problem of misjudging 

actual performance because of inaccurate estimating 

(see Section 9.2).
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Measurement in Terms of Multiple Variables

One group of methods of measuring programme-* productivity 

takes into account the diverse activities which a 

programmer must perform. A measurement is recommended 

for each activity, e.g. orientation, documenting, 

coding, reviewing, testing etc.

Again tnere are categories within this group. These 

correspond exactly to tnose described in Section 6.2.2 

above.

Measurement in terms of Multiple Variables whose 

summation reflect the size of the task

This category also sub-divides into methods which 

provide a stanaard of performance for each category, 

and methods which purely indicate tne elements which 

can be used to measure programmer performance.

Measurement in Terms of Multiple Variables

whose summation refleet the size of the task,

but which provide no standard of performance 

for any of the activities

Bel ford and Broglio (41)

One of the assertions which these researchers 

attempted to prove was that the number of 

■decision-to-decision1 paths through a system 

is a bet.ter method of calculating development 

costs than basing these costs on the estimated 

number of lines of code in the system.



- 91 -

Data was collected from 3 sub-systems, comprising 

a total of more than U 000 lines of code.

The number of man-hours expended during 

detailed design of tne system, coding of 

tne programs and testing (although it is not 

clear what phases of testing were included 

in this section) for each sub-system was also 

measured.

Their conclusion was that a different measure for 

each of three phases of development would give 

tne best predictions:-

i) Detailed design - the number of man-hours 

per decision-to-decision path.

ii) Coding - the number of man-hours per 

executable source statement.

iii) Testing - the number of man-hours per test 

case.

(42)

I was not able to find any other reference to 

the concept of measuring program development 

performance in terms of the decision-to-decision 

paths through the algorithm. The idea has 

appeal. It is surprising that the statistical 

correlation was not sufficiently diverse 

to support the hypothesis that tnis is a better 

measure for the prediction of development 

costs than lines of coae.
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