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Effect of System and Team Size on 4GL Software Development Productivity 

G R Finnie G E Wittig 
Computer Science Department, University of Natal, PO Box 375, Pietermaritzburg 3200, South Africa 

Abstract 

Modelling the effect of size on software development issues has been the object of considerable research in the software 
engineering community. The size metrics form an integral part of software project cost estimation models.The effects of the 
interaction between software size, average team size, total development effort, and elapsed development time are examined 
and modelled. The research included the capture and analysis of empirical data from 15 commercial fourth generation 
language data processing developments. This paper reports on the results of this study and the equations which were 
developed to model the effect of average development team size on productivity and total development effort. In addition, 
models relating system size and development effort are discussed. 
Keywords: Development effort, development team size, software development productivity, system size, total elapsed 
development time 
Computing Review Categories: D.2.9, K.6.1, K.6.3 
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1 Introduction 

Effective software development requires that attention be 
given to the interrelationships and the trade-offs between 
the size of the system being developed, the average de
velopment team size, and the required schedule or elapsed 
time. A team size which results in the highest productiv
ity may not be the optinium for some developments as it 
is necessary to determine the value of the system to the 
organisation, so that developers can estimate the benefit 
of implementing this "as soon as possible." Research re
sults cited by Conte et al [4], and Jones [7] indicate that as 
the team size is increased to reduce the schedule, devel
opment productivity drops and production cost increases. 
Productivity research done by Jeffery [5] corroborates these 
results. 

Research results reflecting the effect of system size on 
development effort are contradictory [4, 7, 8, 12]). CO
COMO [2] and numerous other models which were de
veloped in 3GL environments predict a power functional 
relationship. The increasing non-linear growth in esti
mated development effort as size increases, implies that 
there are reducing returns to scale. Other models, for 
exrunple the Walston-Felix [4], reflect increasing returns 
to scale and predict that development effort will increase 
proportionately less than the increased size of the system. 
Albrecht's Function Point Analysis model [l] assumes a 
linear increase in development effort as the size of systems 
increases. Jeffery [5] on the other hand states that initially 
increasing returns to scale can be expected as size increases 
but, beyond a certain point, decreasing returns to scale c~m 
be expected. 

This research analyses these trade-offs in commercial 
fourth generation lru1guage ( 4GL) software developments. 
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2 Research Methodology 

The research was conducted by reviewing some previously 
done productivity research [2, 4-8, 10, 12] and interviewing 
the information systems managers of 10 commercial organ
isations to develop a questionnaire to gather productivity 
data [14]. Fifteen organisations developing data process
ing application systems using 4GLs completed the ques
tionnaire. The size of the systems ranged from a small 29 
function point system to a system of 4669 function points. 
If uncommented 4GL source lines of code (SLOC) are used 
as a size measure, the systems ranged from 600 to 571 000 
SLOC. The development effort required to develop the sys
tems ranged from 40 to 81 270 development hours. 

For this analysis the size of the systems was measured 
in unadjusted function points as it appears to be a more 
consistent measure than source lines of code [8, 9]. De-

. velopment effort was measured in development hours. All 
activities, starting from the requirements specification stage 
ru1d through to that stage where the product is ready to be 
delivered to the end-user are included in the development 
time. The time spent on documentation is therefore also 
included. Excluded from the development person-hours is 
the time required for the fonnal user acceptance tests, as 
well as end-user training. The definition of a person-hour 
is the actual time spent on the project, and also includes 
all time spent attending meetings directly related to the 
software development, but excludes times such as public 
holidays, leave, illness, and development staff training. 

In the determination of the average size of the devel
opment team both analysts and programmers are included 
in the calculation, as well as project managers and pro
grrun librariru1s directly involved with the development. It 
excludes users, secretaries, higher management, and other 
staff not directly involved with the development. 

Productivity is defined for this analysis in the economic 
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Figure 1. Team size effect on productivity 

sen~e and is expressed as the amount of output produced 
per unit of input, and the unit used is unadjusted function 
points developed per development hour. 

3 The Effect of Team Size Alone 

One theory on productivity and average team size is that as 
the team size is increased and the number of communication 
paths increase at an almost exponential rate, the increased 
overhead due to this extra communication burden results 
in reduced productivity [3, 4, 11]. In contrast none of the 
Walston-Felix study on productivity[l3], the COCOMO 
model [2] or Function Point Analysis [1] directly identify 
team size as a significant factor in productivity assessment. 

Four functional relationship models were examined. 
These are: 

where Y 
x 

f3 

Linear: Y =a+ {3X 
Power: Y = aX/3 
Exponential: Y = a 13x 
Reciprocal: 1/Y = a+ /3X 

development effort (development hours) 
terun size 
COllSk'Ult 

coefficient of X 
lbe linear model relating terun size to productivity has a 
poor fit, with a low coefficient of detennination (R2) of 
0.13 and a X coefficient which is not significru1t. 

The power function model presumes a power function 
relationship between average team size and development 
effort but also fits the data poorly ( R2 = 0.35). 

The exponential model indicates an exponential de
crease in productivity as the average team size is increased. 
This model indicates however that average terun size can 
be presumed responsible for only 49% of the variance that 
occurred in the data. 

The reciprocal transfonnation model appears to fit the 
data much better.The constru1t was excluded as there ap
pears to be no theoretical justification for it. The adjusted 
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R2 is 0.83, and the X coefficient is significant at 0.01. A 
special feature of this model is that productivity declines 
non-linearly as the average team size is increased until it 
becomes asymptotic with the x-axis. When the results are 
converted to the nonnal form, the equation is as follows: 

Productivity= (1.04 * A.T.s)- 1 

where A.T.S = average team size. 
The effect of average terun size on development pro

ductivity is depicted graphically as modelled by the above 
equation in Figure 1. 

4 Effect of System Size 

Plotting development effort versus unadjusted function 
points (UFP) indicates the increase in development effort 
as the size of systems increase. A cursory examination 

. suggests, for the sample data, that for the systems in excess 
of 3 000 function points the development effort increased 
sharply. 

The srune four functional relationships were used to in
vestigate the relationship between system size and software 
development effort. In addition the residual plots and the 
predicted values plots were examined to try and establish 
whether any other functional relationship between devel
opment effort and system size exists. These four models 
are: 

Linear: Y = a + J3X 
Exponential: Y = aj3x 
Power: Y = aXf3 
Reciprocal: 1/Y = a+ j3X 

where Y 
x 

development effort (development hours) 
size (unadjusted function points) 

a = constrult 
j3 coefficient of X 

For the linear function, the regression of system size against 
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"--development hours gives : 

Y = 9.06X 

However, the low coefficient of determination (adjusted), 
R2 = 0.45, does not indicate a good linear relationship 
between size and development effort. 

In analysing development effort as an exponential func
tion of size, the data has to be transformed to fit the linear 
regression model. The independent variable, unadjusted 
function points, is regressed against the natural logarithm 
(In) of the dependent variable, development hours, giving 
the equation: 

lnY =Ina+ (ln{3)X orY = a{3x 

The coefficient of determination (adjusted) of 0.84 indi
cates a fairly good fit. Both the constant and the X coeffi
cient are highly significant. 

Substituting values from the regression analysis gives: 

In(Dev.Hours) = ln5.19 + In0.001 * UFP 

or 

Dev.Hours = 179. 73 * 1.001 UFP 

This model suggests that there is a constant growth in de
velopment effort as the absolute size of a system increases. 

To analyse effort as a power function of size, the data 
again has to be transformed to fit the linear regression model 
which is achieved by regressing the natural log of the un
adjusted function points (size) against the natural log of 
development hours (effort), which produces the equation: 

In Y = In n + /3 ln X 

This model is appropriately also known as the double-log or 
constant-elasticity model. 111e attractive feature about this 
model is that the slope coefficient measures the elasticity of 
Y with respect to X, that is the percentage change in Y for 
a given (small) percentage change in X. The adjusted R2 

is 0.85, which suggests a reasonably good fit. Substituting 
values gives · 

ln(Dcv.Hours) = -2.06 + 1.41 * In UFP 

which is converted to 

Dev.Hours= 0.13 * UFP1
.4

1 

Various reciprocal models were examined. 1l1e model 
which did fit the data well was the regression of the natu
ral log of UFP against the reciprocal of the natural log of 
development hours i.e. 

1 
In y = In a + /3 In X 

The model fits the data well (adjusted R2 = 0.89), and both 
the constant ,md the X coefficient are highly significant. 

The tnmsformed data regression model gives the equa-
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tion 
1 

I (De H ) 
= 0.37 - 0.033 ln UFP 

n v. ours 

which, converted back to its original form results in 

y = el/(0.37-0.033•lnUFP) 

5 Effect of Average Team Size and System 
Size 

Intuitively it would be expected that the larger the sys
tem being developed, the larger the development team will 
be. The plot of the size of systems in unadjusted function 
points versus average team size suggests that in the re
search sample larger systems are generally developed with 
larger teams. The Speannan rank correlation coefficient of 
0.74 between average team size and unadjusted function 
points appears to substantiate this as well. It is thus useful 
to examine the combined effect of these two variables on 
development productivity. 

Numerous models were developed and tested, includ
ing the linear model, the semi-log model (power function 
model) and the reciprocal model. The model which per
formed well was developed after experience gained from 
developing the total schedule and team size trade-off mod
els. Another variable, the average number of function 
points developed per team member was introduced. 

For this model the average team size (ATS), the num
ber of function points developed per team member (FP/M), 
and the natural log of unadjusted function points (In FP) are 
regressed against the natural log of development produc
tivity (function points developed per hour). The constant 
of this regression was not significant, and there appeared 
to be no theoretical basis for not excluding it. The adjusted 
coefficient of detennination is 0.72, and two coefficients of 
the independent variables are significant at 0.05. 

The log function model exhibits some interesting char
acteristics. The model is graphically depicted in Figure 2 

. where three systems of 100, .200, and 400 function points 
are modelled. The 100 and 200 UFP systems achieve their 
highest predicted development productivity when the de
velopment team size consists of only one member. For each 
additional member the productivity falls, until it appears to 
reach some asymptotic value. The 400 UFP system pre
dicts an improvement in productivity as the team size is 
increased from one to two members but as the team size 
is increased further, the reduction in productivity follows a 
similar pattern to the previous two cases. 

Figure 3 graphically depicts the same model, but for 
systems of 1 000, 2 000, and 3 000 UFP. In all cases the 
predicted productivity initially increases as the team size 
is increased and reaches an optimum size, before further 
increases depress productivity. 

This empirically based model predicts different opti
mum development team sizes for different size systems. 
For example, the predicted optimum team size for a 100 
function point system is one, for a 400 function point sys
tem is two, for a 1 000 function point system is three, and 
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for a 2 000 function point system is four. This trend of pre
dicting larger optimum team sizes as system size increases 
supports the intuitive perception that larger systems are 
better able to employ the larger development teams. 

6 Examining Schedule and Team Size Trade
offs 

In software development there is an interrelationship be
tween the total effort required to develop the system (devel
opment cost), the average team size, and the total develop
ment schedule. The research results exrunined in Section 3 
indicated that development productivity dropped as the av
erage tcrun size was increased. To optimize a development 
it is necessary to consider the benefits which will be de
rived from a system, as well as its development cost. Often 
the earlier the system becomes available, the greater the 
benefits. To develop a system faster (i.e. to reduce the 
total development schedule) will require a larger develop
ment team, which may result in a drop in development 
productivity, and ru1 increase in the production costs. Var
ious functional relationships were investigated to exrunine 
the trade-offs of development terun size ru1d development 
schedule. 

A linear model fitted the data well (R2 (adjusted) of 
0.84). The double-log model also shows a good fit (R2 of 
0.89) but the constru1t and the terun size coefficient are not 
significm1t. 

·n1e model was varied by regressing average terun size 
ru1d the natural log of unadjusted function points against 
the natural log of development hours and by forcing it 
through its origin, thereby eliminating the consL:-u1t, which 
produces a very good fit with an R2 adjusted of0.99. Both 
X coefficients are significrull at OJ) 1. 

Numerous other models were developed and tested. 
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All appeared inferior to the above model, which also had 
the lowest MAE. Converting the results back into their 
original form results in the equation: 

Development hours==° l.24ATS * W- 91 

In Figure 4 the predicted development effort of three sys
tems of 500, 1 000, and 2 000 function points is shown. 
This increases non-linearly as the size of the development 
team is increased from 1 to 15 members. However a closer 
examination of these graphs reveals a problem with the 
model. 

The management decision concerns the trade-off of to
L:1.1 development cost (development hours) versus the ben
efit of installing the system sooner (Figure 5). As team 
size is initially increased the schedule decreases. Further 
increases in terun size result in an ever reducing schedule, 

· until the drop in productivity exceeds the benefit of a larger 
terun, and the schedule actually increases. The problem 
of the model arises as it predicts in each case a shortest 
schedule for a five member team. Intuitively it appears un
likely that a terun size of five would be the optimum team 
size for say the 29 function point system which consumed 
40 development hours, as well as the 4 113 function point 
system which consumed 81 270 development hours . 

If the above model is correct, then the reduction in 
productivity by increasing the temn size to 15 members 
would result in the same reduction in productivity for both 
the 29 function point system as well as the 4 113 function 
point system. The intuitive argument is that larger systems 
are better able to optimally employ larger teruns, and this 
is not reflected in the model. 

To test this theory the model was adapted, and an
other variable, the number of function points developed 
per temn member in each development, was introduced. 
For the model selected, the R2 (adjusted) is 0.99, and all 
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coefficients are significant at 0.05. This gives the equation: 

D.H. = 1.29gATS * l.002FP/M * pp0.832 

where D.H. 
FP/M 

= total development hours 
= function points developed per team 

member 
ATS = average team size 
UFP = unadjusted function points 

Three systems of 500, 1000, and 2000 unadjusted func
tion points are modelled using this equation in Figure 6. 
As the team size is increased there is initially a reduction 
in predicted development hours. The probable reason is 
that for each system size there is an optimum team size 
which achieves the highest productivity. The results in 
Section 5 indicated that for larger systems there is an initial 
improvement in development productivity as the team size 
is increased, until the optimum is reached, whereafter it 
falls. As long as the percentage decrease in productivity 
is less than the percentage increase in team size the total 
development time will be reduced. 

In Figure 6 the initial large reduction in development 
time for the larger systems appears to be an anomaly. It 
may be that if the model has been refined ru1d recalibrated 
on a larger data sample that this will be corrected. 

In Figure 7 tl1e elapsed time is modelled using the srune 
basic equation as in Figure 6. For all systems there is ru1 
initial reduction in the predicted elapsed time or schedule 
as team size is increased. The size of the reduction in 
schedule diminishes until the shortest schedule is predicted, 
after which the predicted elapsed time actually increases 
despite employing a larger team. This appears to confinn 
"Brooke's Law" which states that adding extra staff to a late 
project may make it even later [3]. Note that the highest 
level of productivity and the shortest elapsed time do not 
necessarily occur at the srune terun size for the various 
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system sizes. It is only when the percentage decrease in 
productivity is greater than the percentage increase in te.am 
size that the predicted elapsed time will increase. 

7 Conclusion 

The research results indicate some of the trade-offs which 
occur in 4GL software developments and which should 
be considered in order to optimize each development ac
cording to its particular circumstances. An analysis of the 
effect of system size in isolation suggested that the most 
appropriate model to estimate the effect of size on devel
opment effort is the reciprocal function model. In the 4GL 
software developments which were studied, development 
effort continuously increases non-linearly as the size of 

· systems increase, ru1d can be modelled by the equation: 

y = el/(0.37-0.033•lnUFP) 

An analysis of the effect of team size in isolation indicates 
that productivity declines non-linearly as the average te.am 
size is increased until it reaches some asymptotic value. 
In the research data larger systems were developed with 
larger teams. When the combined effect of system size and 
development team size are modelled, the predicted produc
tivity initially increases ru1d then drops non-linearly until it 
appears to reach some asymptotic value. This indicates that 
a system's production cost will initially reduce as team size 
is increased until the optimum team size is employed, after 
which any addition will increase the development cost. 

1be inclusion of an additional variable, function points 
developed per terun member, appears to improve the model, 
which is able to indicate the optimum team size to result 
in the shortest development schedule for different sire sys
tems. This does not necessarily coincide with the te.am 
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size resulting in the highest productivity and thus lowest 
production cost. 

As the development team size is increased and pro
ductivity increases the development schedule is initially 
reduced. When the team size is further increased the pro
ductivity drops, and when this reduction in productivity 
is greater than the increase in development team size, the 
development schedule increases as the team size is further 
increased. 

This model facilitates an examination of the trade-offs 
involved in the system size, team size, planned develop
ment schedule, and estimated production cost (develop
ment effort). 
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The prime purpose of the journal is to publish original 
research papers in the fields of Computer Science and In
fonnation Systems, as well as shorter technical research 
papers. However, non-refereed review and exploratory ar
ticles of interest to the journal's readers will be considered 
for publication under sections marked as Communications 
or Viewpoints. While English is the preferred language 
of the journal, papers in Afrikaans will also be accepted. 
Typed manuscripts for review should be submitted in trip
licate to the editor. 

Form of Manuscript 

Manuscripts for review should be prepared according to the 
following guidelines. 

• Use wide margins and 1 t or double spacing. 

• The first page should include: 

- title (as' brief as possible); 

- author's initials and surname; 

- _author's affiliation and address; 

- an abstract of less th,m 200 words; 

- an appropriate keyword list; 

- a list of relevant Computing Review Categories. 

• Tables and figures should be numbered and/ titled. 
Figures should be submitted as original line draw
ings/printouts, and not photocopies. 

• References should be listed at the end of the text in 
alphabetic order of the (first) author's surnmne, m1d 
should be cited in the text in square brackets [l-=-3]. 
References should take the fonn shown at the end of 
these notes. 

Mmmscripts accepted for publication should comply with 
the above guidelines (except for the spacing requirements), 
and may be provided in one of the following fonnats (listed 
in order of prefere1.1ce): 

1. As_ (a) 1Hp( file(s), either on a diskette, or via e
mail/ftp - a lbTp( style file is available from the pro
duction editor; 

2. As m1 ASCII file accompanied by a hard-copy showing 
fonnatting intentions:' 

• Tables m1d figures should be on separate sheets of 
paper, clearly numbered on the back m1d ready for 
cutting m1d pasting. Figure titles shouJd appear 
in the text where the figures are to be p~aced. 

• Mathematical m1d other symbols may be either 
hm1dwritten or typed. Greek letters m1d unusual 
symbols should be identified in the margin, if 
they are not clear in the text. 

Further iilstructions on how to reduce page charges can 
be obtained from the production editor. 

3. In cmnera-ready fonnat- a detailed page specification 
is available from the production editor; 

4. In a typed fonn, suitable for scmming. 

Charges 

Charges per final page will be levied on papers accepted 
for publication. They will be scaled to reflect scanning, 
typesetting, reproduction and other costs. Currently, the 
minimum rate is R30-00 per final page for lbTp( or camera
ready contributionsand the maximum is R120-00perpage 
for contributions in typed format (charges include VAn. 

These charges may be waived upon request of the au
thor and at the discretion of the editor. 

Proofs 

Proofs of accepted papers in categories 2 and 4 above will 
be sent to the author to ensure that typesetting is correct, 
and not for addition of new material or major amendments 
to the text. Corrected proofs should be returned to uie 
production editor within three days. 

Note that, in the case of cmnera~ready submissions, it 
is the author's responsibility to ensure that such submis
sions are error-free. However, the editor may recommend 
minor typesetting chm1ges to be_ made before publication. 

Letters and Communications 
Letters to the editor are welcomed. They should be signed, 
and should be limited to less than about 500 words. 

Announcements m1d communications of interest to the 
readership will lie considered for publication in a separate 
section of the journal. Cmmnunications may also reflect 
minor research contributions. However, such communi
cations will not be refereed m1d will not be deemed as 
fully-fledged publications for state subsidy purposes. 

Book reviews 
Contributions in this regard will be welcomed. Views and 
opinions expressed in such reviews should, however, be 
regarded as those of the reviewer alone. 

Advertisement 
Placement of advertisements at Rl000-00 per full page per 
issue m1d R500-00 per half page per issue will be consid
ered.• These charges exclude specialized production costs 
which will be borne by the advertiser. Enquiries should be 
directed to the editor. 
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