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A requirement for productivity models and productivity analysis is to know the size of the
product, or the output, of a work process.  In software engineering, the product is the software
itself.  Function Points Analysis (FPA) has been designed to measure the functional size of
software applications from a user’s perspective.  While it is being used extensively to measure
either medium or large software development or enhancement projects, it has not been used to
measure very small functional enhancements:  its current measurement structure does not allow
it  to discriminate small size increments.  This paper describes an extended version of FPA
which is proposed to address this measurement issue of lack of sensitivity to small size changes.
It also presents the design and the results of an empirical study carried out  using this extended
version.

Measurement of small functional enhancements

Small functional enhancements are carried out based on a service concept, while both major
maintenance work and development projects are handled within a project management structure
(Abran et al., 1993).  The main characteristic of small functional enhancements is the limited scope
and time required to complete them, usually with only one or two programmers (Abran et al.,
1993). Another characteristic is the absence of structured planning and formal project reporting
during the process.

Maintenance work is fairly diversified and various classifications have been proposed in the
literature.  Many of these classifications are based on the classification of maintenance activities,
e.g. the process view (Swanson, 1976; Martin and McClure, 1983; Dekleva, 1990; Zvegintzov,
1991).  Another has been proposed in (Abran et al., 1993) and is based on the concept of the
measurement of the maintenance work product (see Table 1). This proposed classification meets
the requirements of a measurement of the work output required to measure productivity;  in
economics, productivity is indeed defined as the ratio of the output of a process to its inputs (here,
the software product over the effort required to develop this software).

For productivity studies of software maintenance, measures of the output of the maintenance
process are therefore required.  Ideally, different types of output would require different types of
measures.  This paper addresses the measurement issue involved in one of the four maintenance
work product categories as defined in (Abran et al., 1993), the measurement of maintenance
products which consist of small functional enhancements.
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Category Description

Corrective Changes made to correct program failures, performance failures and
implementation failures.

Enhancements Changes made to add or modify functional changes in data requirements
or functional processing requirements.

Perfective Changes made to enhance technical performance, improve cost-
effectiveness, efficiency and maintainability.

User Support Information provided to users at their specific request and which did
not require changes to the software.

Table 1 - Maintenance Work Product Categories (Abran, 1993)

Proposed measure of small functional enhancements:  FPA extended version

A candidate measure of small functional enhancements is Function Points Analysis (FPA), which
has been designed to measure the functional size of software applications from a user’s
perspective.  While it is being used extensively to measure either medium or large software
development or enhancements projects, it has not been used to measure the very small functional
enhancements most often completed by maintenance staff.  This section illustrates this issue and
proposes an extended version of FPA to improve its sensitivity to small size changes.

The standard FPA measurement framework includes five function types and three levels of
complexity for the assignment of function points (or weights) to individual user functions, as
illustrated in Table 2 (IFPUG, 1994). The numbers in Table 2 represent the number of function
points (FP) per function type and level of complexity.

Complexity Level
Function Type Low Average High

Internal Logical Files (ILF) 7 10 15

External Interface Files (EIF) 5 7 10

External Inputs (EI) 3 4 6

External Outputs (EO) 4 5 7

External Inquiries (EQ) 3 4 6

Table 2 - FPA weights framework

The concept of complexity level is defined by a two-dimensional decision table used to assign
weights based on step-wise intervals of two factors.  Figure 1(a) shows the decision table of one
function type, the Internal Logical File (ILF).  Because small functional enhancements consist of
small additions or modifications to existing software, they almost always fall within the smaller of
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the three intervals of the standard FPA sizing technique.  The FPA measurement structure, as
currently defined by the IFPUG standards, does not discriminate between small functional size
increments.

To address the issue of granularity, the extended FPA proposed in (Abran and Maya, 1995)
subdivides the smaller of the FPA standard intervals into five intermediate sub-intervals.  Figure
1(b) presents an example of this subdivision into more granular intervals for the Internal Logical
File function type.
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Figure 1 - Complexity matrix for Internal Logical Files

Instead of having only three possible weights, from 7 to 15, we now have seven weights, from 1 to
15.  For the other function types, the number of possible weights was also changed, as follows
(Appendix A shows the new complexity matrix for these function types):

• External Interface Files: from three weights (5 to 10) to seven (1 to 10).
• External Inputs: from three weights (3 to 6) to eight (0.5 to 6).
• External Outputs: from three weights (4 to 7) to ten (0.5 to 7).

This subdivision of the original intervals provides a more powerful size measurement
discrimination technique for small functional deliverables.  It should allow better analysis, in
productivity studies, of the relationship between the functional size of small functional
enhancements and the work-effort required to complete them.
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Productivity analysis:  a field study

A field study was conducted at a Canadian financial institution to test the benefits of using the
extended FPA version for the measurement of small functional enhancements.  Between 1990 and
1994, the output of 752 small functional enhancements maintenance requests was measured using
extended FPA, together with the work effort that had been required to complete each of these
requests.  These enhancements were carried out on 24 different business software applications,
five of which provided over 90% of the data points. The extended FPA data were collected by 28
software staff (either programmers or analysts) on the special data collection form designed for this
field study, while the effort was obtained from the time reporting system in place at this industrial
site. It is important to note that not only the total number of extended FPA data were collected for
each observation, but also their lower levels of measurement detail, including the sub-totals of
extended FPA data for each of the five function types.

To ensure the quality of the data points for research purposes, a validation process was carried out
based on the validation procedures described in (Desharnais, 1993).  Results of this validation
process are described in (Abran and Taboubi, 1994). As a result of this validation process,
observations missing a required level of detail were eliminated, leaving a total of 504 observations
for analysis.   For productivity analysis purposes, two population samples were defined: a first set
of outliers and a set of normal populations; the outliers were defined as large maintenance requests
in terms of either functional size or work effort.  The following triggers were used to characterize
11% of the full data set as outliers:  over 20 FP or 100 hours of effort. The distribution of the other
89% of the data points was analyzed and found to have a Gaussian distribution, thus facilitating the
use of simple statistical analyses with a minimal set of assumptions.  The results reported in this
paper represent only the analysis of the normal distribution sample and exclude the outliers.

Size measurement results

Using the extended FPA measurement technique, the median of the sample at 3.5 FP indicates that
50% of the sample has between 0.5 and 3.5 FP, while the other 50% of the sample has between 3.5
and 20 FP (Maya, 1995). With the conventional FPA technique, none of the very small functional
enhancements would have been given a size less than 3 FP, the smallest standard FPA weight.  It
can be noted also that 85% of the observations have a size less than or equal to 10 FP,  and 95%
less than 15 FP. Therefore, this technique makes it possible to differentiate between very small and
small functional enhancements.

At the same industrial site, the average functional size of the projects that add or modify major
functions to existing software applications has been reported to be 232 FP (Abran, 1994).  This is
in contrast to the average functional size of 5 FP for this dataset of small maintenance products, a
size difference of more than one order of magnitude.  This confirms the usefulness of a more
granular size measurement technique more sensitive to the small size increments of the work
product of small functional enhancements.

FP analysis by function type has pointed up another major size difference between major
enhancement projects and small enhancement maintenance work output. For development and major
enhancement projects, the five function types are usually present in the output of each project.
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However, this is not the case for small functional maintenance enhancements; in the sample from
this field study, they usually have only one or two of the five function types (for example: a
maintenance work product consisting of a modification to one or two elements of an input screen
would have 1 FP of only one function type, the Input type).

There is the possibility of over a hundred combinations of the five FPA function types: the five
function types one at a time, then ten combinations of two function types at a time, and so on. In the
data sample from this field study, thirty combinations were identified.  Combinations of three, four
or five simultaneous function types were the most infrequent, while most maintenance work
products included some combination of one or two function types only.  Each distinct combination
was labeled a profile, and the most frequent profiles, representing 77% of the observations, were
(Figure 2):  External Inquiries (EQ) only, a combination of External Interface Files (EIF) and
External Outputs (EO), External Outputs only, a combination of External Interface Files and
External Inquiries, and External Interface Files only.
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Figure 2 - Most frequent profiles

Work-effort relationship

The correlation between the two variables, functional size in extended FP and the effort, is very
weak: r2=0.285 (Maya, 1995).  This means that the functional size as the only independent variable
is not enough to explain the effort required to process a small functional enhancement.  Many other
factors are reported in the literature to have an influence on the work-effort relationship, like for
example, the type of application (batch, on-line, telecom, etc.), the size and the number of the
applications involved in the enhancement, etc.  Statistical analyses were conducted for many of
these factors, but for most the relationship to work effort did not produce better productivity
models, nor did further analyses by profile.

However, the detailed analysis of mean unit costs revealed the most insightful results.  Figure 3
shows some examples of the extended FP mean unit costs by year (from 1990 to 1994) and between
applications.  The mean unit costs analysis by year showed significant productivity increase for this
organization.  The analysis by application permits us to compare the maintenance productivity
between applications.  The original FP framework does not differentiate between sizes sufficiently
to allow such analyses.
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Figure 3 - Extended Function Points Unit Cost

Observations and future research

The sizing technique based on an extended version of FPA provides an adequate level of
measurement sensitivity to functional size change in small maintenance software products of the
enhancements type, as defined in (Abran et al., 1993).  The results of this field study provided
further insights into this type of maintenance, including identification of the function type profiles
most frequently found in small functional enhancements.  Further research is being conducted to
analyze the impact of other factors on the work-effort relationship, such as the application type and
profiles.  Research is also being carried out to define size measures for the output of the other
categories of maintenance products.

Acknowledgments

We thank industry members who have worked on this project and offer special thanks to Lucy Lima
and Hong Nguyenkim. This research was carried out at the Research Laboratory on Software
Engineering Management at the Université du Québec à Montréal, headed by Dr. Alain Abran.
This research work was funded by BELL Canada, the Centre d'Intérêt sur les Métriques (CIM) and
Communications Québec.  The opinions expressed in this report are solely those of the authors.



6th International Workshop on Software Metrics, Sep. 19-20, 1996, University of Regensburg, Germany 7

References

Abran, A. and Maya, M., “A sizing measure for adaptive maintenance work products”, Proceedings
oh the International Conference on Software Maintenance, Nice, France, 1995.

Abran, A. and Taboubi, Z., “Validation des données pour le modèle des points de Fonction
spécifique à la maintenance adaptative”, Université du Québec à Montréal, Montréal, Québec
(Canada), Nov. 12, 1994.

Abran, A. and Nguyenkim, H., “Measurement of the Maintenance Process from a Demand-based
Perspective”, Journal of Software Maintenance:  Research and Practice, vol. 5, 1993, pp. 63-90.

Dekleva, S., “1990 Annual Software Maintenance Survey”, Survey conducted and compiled for the
Software Maintenance Association, P.O. Box 12004 no. 297, Vallejo, CA 94590, CA, see
Zvegintzov, N. (1991).

Desharnais, Jean-Marc, “Validation Process for Industry Benchmarking Data”, invited panel paper,
Conference on Software Maintenance, IEEE Computer Society Press, Sept. 27-30, Montréal,
Québec (Canada), 1993.

IFPUG (International Function Point Users Group), “Counting Practices Manual”, Version 4.0,
IFPUG, Ohio, 1994.

Martin, J. and McLClure, C., “Software Maintenance - The Problem and its Solution”, Prentice
Hall, Englewoods Cliffs, NJ, 1983.

Maya, M., “La Technique Étendue des Points de Fonction dans la Construction des Modèles de
Productivité en Maintenance Adaptative”, Master Thesis, Université du Québec à Montréal,
December, 1995.

Swanson, E.B., “The dimensions of maintenance”, Proceedings of the 2nd IEEE International
Conference on Software Engineering, , San Francisco, CA, Oct. 1976.

Zvegintzov, N. “Real maintenance statistics”, Software Maintenance News, vol. 9, no. 2, pp. 6-9,
1991.



6th International Workshop on Software Metrics, Sep. 19-20, 1996, University of Regensburg, Germany 8

Appendix A - Extended Function Points Framework
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