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Abstract  In this paper we present a case study on tender competition concerning the enhancement of Workflow System 

(WS) of one of the public institutions in Poland in which one of the two potential developers offered a possibility to 

enhance such system at the project speed of 0,8 Function Point (FP) of the Common Software Measurement International 

Consortium (COSMIC) method per one hour, whereas the other one attempted to prove that such project speed is 

overestimated. The criterion of project speed, being one of the three criteria considered, determined client’s decision on 

selecting developer offering that particular value. The goal of this paper is to demonstrate if it is possible to carry out the 

WS enhancement at the above mentioned project speed and, consequently, within the project duration resulting from that 

attribute. The analysis served as a main basis for settling legal dispute between a company offering values of attributes that 

are being analysed in the paper and the competing company. 
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1. Introduction 

Software systems, including Workflow System (WS), 

like any other products, especially of engineering character, 

are characterised by certain attributes that should be subject 

to measurement. Basic attribute of each and every product 

is its size. Software engineering, however, cannot boast 

about being as mature in terms of units designed for size 

measurement (here: of software/applications) as other 

engineering disciplines (e.g., construction engineering) [1]. 

This constitutes fundamental cause of the problems in 

reliable and objective estimation of such basic attributes of 

projects aimed at development, enhancement and 

maintenance of software systems as: total work effort and 

total cost, work effort per unit and cost per unit, project 

speed, project duration and project productivity. 

“Measurement of software size (...) is as important to a 

software professional as measurement of a building (…) is 

to a building contractor. All other derived data, including 

effort to deliver a software project, delivery schedule, and 

cost of the project, are based on one of its major input 

elements: software size.” [2, p. 149]. 

However, it is not possible to give answer to the question 

about the values of the above mentioned project’s attributes 

- in particular speed and duration of software system  
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development or enhancement projects - without prior 

adoption of adequate, i.e., sufficiently reliable and objective 

software system size unit. Among the three measures of 

software system size being used in practice, that is: (1) 

programming units (e.g., source lines of code), (2) 

construction complexity units (e.g., object points), and (3) 

functionality units, this is just functionality units that 

currently are the most widely recognised worldwide [3]. 

This has been confirmed by the fact that they were accepted 

by the international standardization organizations: ISO 

(International Organization for Standardization) and IEC 

(International Electrotechnical Commission) as the only 

appropriate units of software system size – in the ISO/IEC 

14143 norm, which standardizes the concept of the 

so-called software Functional Size Measurement (FSM) [4]. 

As a result of many years’ verification of reliability and 

objectivity of particular FSM methods, five among them 

(out of approx. 25) have been acknowledged by the ISO and 

IEC as conforming to the rules laid down in the ISO/IEC 

14143 norm. They are the following (for more details see 

e.g., [5], [6]):  

A. First generation methods:  

● International Function Point Users Group (IFPUG) 

method in its part limited to the so-called unadjusted 

Function Points (FP) - normalized in the ISO/IEC 20926 

standard [7].  

● Netherlands Software Metrics Association (NESMA) 

function point method in its part taking into account the 

functional size - normalized in the ISO/IEC 24570 

standard [8]; in this method the unit of software size is 1 
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NESMA FP, which is now considered to be equivalent to 

1 IFPUG FP.  

● Mark II (MkII) function point method, having been 

developed by the United Kingdom Software Metrics 

Association (UKSMA) in its part taking into account the 

functional size - normalized in the ISO/IEC 20968 

standard [9].  

B. Second generation methods: 

● Common Software Measurement International 

Consortium (COSMIC) function point method - 

normalized in the ISO/IEC 19761 standard [10]; in this 

method the unit of software size is 1 COSMIC Function 

Point (1 CFP).  

● FSM method having been developed by the Finnish 

Software Measurement Association (FiSMA) – 

normalized in the ISO/IEC 29881 standard [11].  

The IFPUG FP method continues to be the most popular 

FSM method, at least in Poland [12], hence, for this very 

method, the largest resources of benchmarking data can be 

found [13], on the basis of which the above mentioned 

attributes of software systems development or enhancement 

projects, including project speed and project duration, are 

being estimated. On the other hand, for the past couple of 

years, this is the COSMIC method that has been growing 

dynamically, however, the existing resources of 

benchmarking data for it are considerably scarce compared 

to such data available for the IFPUG method as it is a much 

newer approach. This is the COSMIC FP method that was 

chosen by one of the public institutions in Poland as a point 

of reference for software size, being the Workflow System, 

and thus for the WS enhancement project speed and duration. 

Thus in this paper we present a case study on tender 

competition concerning the enhancement of Workflow 

System (WS) of one of the public institutions in Poland in 

which one of the two potential developers offered a 

possibility to enhance such system at the project speed of 0,8 

CFP per 1 hour, whereas the other one attempted to prove 

that such project speed is overestimated - since the criterion 

of project speed, being one of the three criteria considered, 

determined client’s decision on selecting developer offering 

that particular value. The goal of this paper is to demonstrate 

if it is possible to carry out the WS enhancement at the above 

mentioned project speed and, consequently, within the 

project duration resulting from that attribute. The analysis 

served as a main basis for settling legal dispute between a 

company offering values of attributes that are being 

analysed in the paper and the competing company. 

Thus the structure of the paper reads as follows: after 

presenting the assumptions adopted in the considered case 

study in Section 2 and then the resources of benchmarking 

data that are worth using in the analysis of the considered 

issues in Section 3, in Section 4 we will present analysis of 

the project speed in case of dedicated business application 

projects. On the other hand, Section 5 will be devoted to the 

analysis of the project speed in case of dedicated business 

application projects versus other project parameters, i.e., 

per-unit work effort, project duration, per-unit cost, and 

work costs. In Section 6, a synthesis of conclusions for the 

considered case study will be presented. 

2. Assumptions for the Considered Case 
Study 

Project speed is a quotient of project’s software product 

size to the duration of product delivery, that is in this case it 

is understood as the number of the COSMIC function points 

delivered within a certain time, e.g., 1 hour (CFP/h). Project 

speed is difficult to determine since it depends on a number 

of factors. Primarily it depends on the type of project, type 

and size of project’s product (software) as well as 

technological environment of project execution, mainly on 

the generation of programming languages being used.  

As indicated by the documentation provided by a client 

commissioning analysis, the subject of considerations in this 

paper is project speed for which the following factors 

affecting its value should be taken into account: 

● size of changes of the Workflow system up to 4000 

CFP; 

● the Workflow system has a character of business 

application (i.e., being data-driven);  

● the Workflow system is dedicated to the client’s 

needs (it does not constitute a commercial software 

package) ; 

● undertakings within the area of interest of this 

analysis consists in software extension (enhancement 

project) – as they are not activities aimed at developing 

new, non-existing application nor maintenance ones;  

● for development activities, the third Generation 

Languages (3GL) will be used.  

Based on the above assumptions, certain company offered 

project speed of 0,8 CFP per 1 hour, with the size of project 

development team being as required by the client, that is 10 

persons. Thus the company believes it is possible to deliver 

not less than 0,8 CFP within the time of 1 hour by the team 

consisting of 10 persons. Additionally, net cost of 1 CFP 

(that is 1,25 hours of work) was estimated by the company to 

be approx. 1000 USD. 

The above assumptions not only have an effect on the 

value of project speed and project duration but they also 

determine use of specific resources of benchmarking data for 

comparison purposes.   

3. Usefulness of Benchmarking Data 

Appropriate resources of own benchmarking data, which 

would allow to properly determine project speed specific to 

a given software development organization, are owned by 

relatively few development organizations since owning 

such resources is conditioned not only by the effective 

implementation of measurement programmes for software 

products and processes, which in its own right does not 
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occur often, but also by the collecting of such data for 

relatively many projects completed in the past, being 

similar in terms of application and technology, and 

additionally, referring them to the correct units of software 

systems size (for more details see [14]). This situation is all 

the more likely to happen in Poland where the FSM 

methods, including COSMIC method, have been employed 

for a relatively short time now. 

In the situation like that, and also when comparing 

organizational project speed with the so-called good 

practices, usefulness of repositories with general and 

commonly available benchmarking data reveals. Usefulness 

of such data gets additionally strengthened by the purpose 

of this paper which is meant to indicate possible values of 

project speed and project duration by taking into account 

the assumptions listed in Section 2. The largest, commonly 

recognised and widely available repository containing 

general benchmarking data for dedicated software system 

development and enhancement projects whose products are 

measured using the FSM methods, including COSMIC 

method, is managed by the International Software 

Benchmarking Standards Group (ISBSG)1.  

The ISBSG is a non-profit organization founded in the 

second half of the 1990s. with the purpose to enhance the 

processes of IT resources management both in business 

entities as well as in public administration institutions. This 

goal is being fulfilled by developing, maintaining and using 

several repositories with benchmarking data. One of them, 

the biggest one (current version of this repository contains 

data concerning about 6000 projects from about 30 

countries) includes data for software development and 

enhancement projects2. It is normalized according to the 

ISO/IEC 15939 standard [15], verified and representative of 

the current technology. 

Data gathered in the discussed repository had been 

classified by the ISBSG with regard to the following criteria 

(see [16], [17]): 

● country of effort, including: Finland (18%), Holland 

(14%), Australia (13%), India (11%), Japan (10%), USA 

(10%), Canada (5%), Denmark (5%), Great Britain (4%), 

Brazil (3%), China (2%), France (2%); 

● context of project, including: type of organization 

(including: developed for public institutions – approx. 

750 projects) and area of business; 

● type of project, including: type of actions 

                                                             
1
 http://www.isbsg.org (14.14.2014). C. Jones estimates that there are dozen or 

so sources of benchmarking data at the moment however definite majority of 

them are not widely available. What’s more, part of them contain data about 

relatively low number of projects, in addition they do not always concern the 

FSM methods (see [13]). Due to these reasons, the ISBSG repository of 

benchmarking data is recognised as best at the moment. 
2
 As it indicates, at this level the ISBSG does not differ development of new 

software products from scratch from projects consisting in the enhancement of 

the existing software believing that they are of similar character with regard to 

key attributes. However, the ISBSG clearly differentiates software maintenance 

and support projects from them since data for such projects are collected in a 

different, separate repository – which is not a subject of our analysis here.   

(modification/enhancement of a system – approx. 60%, 

development from scratch – approx. 40%), purpose of 

project (internal needs – approx. 48%, external needs – 

approx. 52%) and size of development team; 

● type of product, including: type of application 

(including business applications) and product size – for 

the most part expressed in IFPUG FP, however products 

measured in CFP are represented sufficiently too (approx. 

400 projects); 

● project execution environment, including: 

programming language (over 100 programming 

languages, among them 64% are 3GL languages, 33% - 

4GL languages, while 3% are application generators; 

main programming languages include: COBOL, 

C/C++/C#, Java/J2EE/JavaScript, Visual Basic, PL/I, 

PL/SQL, Oracle, .Net, SQL, Natural, Access, 

PowerBuilder, ASP, and Lotus Notes) and hardware 

platform (approx. 40% are mainframe projects);  

● development methods and tools being used. 

When using data gathered by this organization one 

should bear in mind that they are representative of rather 

above-average projects which results from the following 

(for more details see [14]): 

● criteria of gathering data in the ISBSG repository 

take into account only those organizations that are using 

FSM methods while such organizations are considered 

more mature than others because they execute 

programmes concerning implementation of software 

measures;  

● this is developers themselves that choose projects 

whose data they provide to the ISBSG repository – those 

may include projects that are typical of them as well as 

projects having best parameters, including e.g., highest 

productivity and/or project speed (apparently, data 

concerning projects characterised by poor parameters, e.g., 

low productivity, are not provided); 

● the ISBSG repository does not feature too many data 

about very large projects (such projects rarely may be 

considered as successful projects, i.e., as a rule their 

parameters do not fit within the estimated limits, going 

beyond them significantly). 

It should be stressed that the ISBSG data are subject to 

rigorous process of verification with regard to quality. 

Hence they are appreciated in the IT industry. 

4. Dedicated Business Application 
Project Speed  

Based on data concerning dedicated software system 

development and enhancement projects the ISBSG produces 

cyclic analytical reports. From the perspective of the issues 

discussed in this paper the most important is the ISBSG 

report of March 2012 entitled „The Performance of Business 

Application, Real-Time and Component Software Projects. 

An analysis of COSMIC - measured projects in the ISBSG 

database”, made in collaboration with the COSMIC [18], 
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which analyses, among others, speed of delivering COSMIC 

function points and project duration for various types of 

software systems, including their sizes, depending on the 

type of project and generation of programming language. 

What is of our interest here is project speed of dedicated 

business applications enhancement with the use of 3GL 

programming language. 

4.1. Business Application Enhancement Project Speed  

In case of business application enhancement projects (i.e., 

those adding new, modifying and/or removing existing 

functionality), the following regularities prove characteristic 

- they were identified on the basis of all 76 projects, i.e., 

without dividing them by the criterion of the generation of 

programming language being used; there were 67 projects 

analysed for applications in the 3GL and 9 projects for 4GL 

applications ([18, pp. 20-21]): 

● project speed (PS) for delivery of COSMIC function 

points during a month is calculated according to the below 

formula: 

PS = 2,34 x (size in CFP)0,40             (1) 

● project duration in months (Ms) is calculated 

according to the below formula: 

Ms = 0,43 x (size in CFP)0,60.         (2) 

Having assumed the size of 4000 CFP we obtain: 

PS = 64,57 CFP/month, 

i.e., taking into account conversion rate set by the client 

where the number of working days during one month is 21 

days whereas each working day is 8 hours we obtain the 

following: 

PS = 3,07 CFP/day and PS = 0,38 CFP/hour, 

which implies PS being twice lower than the offered one 

while: 

Ms = 62,33 months, that is 5,19 years. 

Conclusion 1: 

Taking into account assumptions adopted in the analysis 

and regularities resulting from the ISBSG benchmarking 

data it should be stated that project speed in case of dedicated 

business application enhancement project of the size of 4000 

CFP should oscillate around 0,38 CFP per hour. On the other 

hand, enhancement of product of the size of 4000 CFP 

should take approx. 62,33 months, that is approx. 5,19 years. 

4.2. Business Application Development Project Speed  

In the analysed report it is also stated that, generally 

speaking, for application sizes above 100 CFP there are no 

significant differences with regard to the project speed 

between application enhancement projects and application 

development projects (below that size there is a difference in 

favour of project speed for application enhancement 

projects). Therefore, suggestion of the authors of the report 

made with regard to the analysis of the per-unit work effort, 

indicating that large business application enhancement 

projects (i.e., those having application size above 1000 CFP) 

should be treated as projects of their development may not 

apply to the project speed nor project duration; also there are 

no statistically adequate data that would allow to determine 

the effect of particular impact factors on project speed. 

However, to keep up the objectivity of our analysis it is 

worth to bring up data featured in the already mentioned 

ISBSG report [18], concerning projects consisting in 

development of dedicated business applications.  In this 

case projects employing 3GL and 4GL programming 

languages were analysed separately. Data presented in the 

discussed report indicate that for business application 

development projects using 3GL programming languages 

(77 among the analysed projects) particular regularities read 

as follows ([18, pp. 13-16]): 

● project speed (PS) for delivery of COSMIC function 

points per month: 

PS = 0,31 x (size in CFP)0,67,       (3) 

● project duration in months (Ms): 

Ms = 3,2 x (size in CFP)0,33.        (4) 

Having assumed the size f 4000 CFP it then reads as 

follows: 

PS = 80,30 CFP/month, 

i.e., taking into account conversion rate set by the client 

where the number of working days during one month is 21 

days whereas each working day is 8 hours we obtain the 

following: 

PS = 3,82 CFP/day and PS = 0,48 CFP/hour, 

which means PS being nearly 70% lower that the offered one 

while:   

Ms = 49,41 months that is 4,11 years. 

Conclusion 2: 

Taking into account assumptions adopted in the analysis 

and regularities resulting from the ISBSG benchmarking 

data it should be stated that project speed in case of dedicated 

business application development project of the size of 4000 

CFP should oscillate around 0,48 CFP per hour. On the other 

hand, duration of the development of product of the size of 

4000 CFP should be approx. 49,41 months, that is approx. 

4,11 years. 

Conclusions 1 and 2 get additionally strengthened by the 

following facts, having significant effect on the way of 

reducing the project speed:   

1. It is necessary to take into account the risk resulting 

from the fact that application developer has no full control 

over project speed nor project duration since this is 

parameters that to a large extent depend on other 

participants of the development process (e.g., 

subcontractors, client - first of all duration of approval 

tests and formal approval).  

2. There occurs evident, inversely proportional 

dependence between project speed and quality of the 

delivered product: the higher the project speed, as a rule 
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the lower the quality – this being due to lower amount of 

time dedicated to eliminating defects and testing. 

3. In case of business application enhancement projects, 

for the mentioned regularities there were also included 

projects whose products were written using 4GL 

programming languages whereas these languages increase 

work productivity (without those languages being taken 

into account the indicated project speed probably would 

be lower). 

4. It is worth pointing out that in formulas (1) – (4) the 

economy of scale for project speed had been taken into 

account, according to which the project speed increases 

along with the growth of product size – however this 

regularity is still being considered as controversial and de 

facto was observed for projects having product size up to 

1000 CFP – other references indicate inverse dependence 

(see e.g., [19]), that would have an effect on reducing the 

project speed. 

5. Dedicated Business Application 
Project Speed Versus Other Project 
Parameters 

5.1. Project Speed Versus Per-unit Work Effort  

Thorough assessment of project execution should also 

include – next to project speed and quality of product – 

productivity, that is the inverse of the so-called per-unit work 

effort. Between these parameters the so-called “trade-off” 

may occur, which may bring about significant consequences. 

For instance, project speed may be increased by increasing 

the size of development team yet this would cause – apart 

from very likely lowering of product quality - lowering of 

productivity as well (increase of per-unit work effort).  

The discussed ISBSG report [7] analyses also the value of 

the per-unit work effort with regard to 1 CFP, that is the 

so-called Project Delivery Rate (PDR) – for various types of 

projects and various types of software systems, depending on 

the key impact factors, including generation of programming 

language being employed. Per-unit work effort is measured 

in work-hours, being a measure of work effort of one 

employee per product size unit. Therefore it signifies the 

number of hours that one employee needs to develop a unit 

of software product. In the discussed report, total work effort 

is normalised at the so-called first level meaning that it 

comprises activities making up the whole lifecycle of the 

project: from analytical works to implementation.  

Analysis of the PDR with regard to 1 CFP is based on data 

coming from business application projects completed in 

1999-2011. What’s of our interest here is PDR for dedicated 

business application projects developed with the use of 3GL.   

5.1.1. Business Application Development Projects  

In the cited ISBSG report (see [18, pp. 8-13, 16-17]) it is 

suggested that large business application enhancement 

projects (i.e., those having application size above 1000 CFP) 

should be treated as projects of development of such 

applications when it comes to productivity/per-unit work 

effort. Hence it is appropriate here to mention first of all 

those data, along with regularities resulting from them, that 

pertain to business application development projects.  

Data presented in the discussed report indicate that 

per-unit work effort with regard to 1 CFP for business 

application development projects, given that their products 

are developed using 3GL programming languages (120 of 

the projects under analysis), reads as follows: the PDR 

median is 24,5 work-hours/1 CFP, maximum value – as 

many as 330,6 work-hours/1 CFP while minimum number of 

work-hours needed to develop 1 CFP amounts to 2,7 

work-hours.  

The PDR varies also with regard to the size of software. 

However in case of this issue we are dealing with two 

contradictory views (see [20]). According to one of them, 

presented in the cited ISBSG report, in case of business 

application development and enhancement the economies of 

scale occur, i.e., the growth of application size entails the 

increase of productivity median, therefore the median of 

per-unit work effort decreases. However, in the discussed 

report such regularity was observed only for the application 

size up to somewhat above 1000 CFP – for larger sizes of 

application data are not known to the authors. This view 

about economies of scale is not shared by the authors of other 

studies (see e.g., [19]), who claim that we deal with totally 

opposite situation, i.e., productivity median decreases 

(per-unit work effort median increases) with the growth of 

application size thus in such projects we are dealing with the 

so-called diseconomies of scale. Due to the above 

controversy as well as to the fact that in case of per-unit work 

effort we have at our disposal also data that – unlike data 

concerning project speed – do not force taking it into account, 

in this paper we will consider neither economies nor 

diseconomies of scale – since we do not have at our disposal 

any information proving unequivocally one of the concepts, 

particularly for an application having size of 4000 CFP. 

Thus assuming that: 

● there are no reasons to diverge from commonly 

accepted rules of comparison and to assume that per-unit 

work effort will be lower (or higher) than the median; 

● project speed (PS) is a quotient of the size of 

development team (TS) to the per-unit work effort (PDR), 

therefore: 

PS = TS/PDR,             (5) 

we obtain: 

● for the offered PS = 0,8 CFP/1 hour and for PDR = 

24,5 work-hours/1 CFP – necessary development team 

size (TS) being nearly 20 people (19,6), which implies 

necessity to employ for the considered project about 20 

people throughout its duration; 

● for PDR = 24,5 work-hours/1 CFP and assuming 

development team size on the level of 10 people (being 

employed throughout the considered project) – project 
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speed amounting to 0,41 CFP/1 hour, that is nearly twice 

as less as the offered speed; it should be clearly underlined, 

though, that it is very close to the project speed calculated 

on the basis of the formula (3); 

● for the offered PS = 0,8 CFP/1 hour and assuming 

development team size on the level of 10 people (being 

employed throughout the considered project) – PDR 

amounting to 12,5 work-hours/1 CFP, being nearly twice 

as less as the median therefore development team must 

prove having productivity nearly twice as higher as 

productivity characteristic of the above-average projects 

(being projects whose data are being collected for the 

ISBSG database).   

The above calculated values do not take into account the 

following risk having an effect on reducing the project 

speed:  

● low chance to maintain the team consisting of about 

20 project developers throughout such a long project’s 

lifecycle (4 – 5 years) whereas replacement of project 

members would require time for getting to know about the 

project which naturally would have an effect on reducing 

the project speed and extending the project duration; 

● possibility of the per-unit work effort to grow above 

the median (and of productivity to drop below the median) 

that would result from: (a) high complexity of the 

Workflow system, (b) necessity of integrating the 

Workflow system into the domain systems, (c) 

modification in Workflow system depending on other 

modifications, (d) Workflow system being based mostly 

on batch processing – the ISBSG data indicate that 

batch/mixed application projects are characterised by 

significantly higher per-unit work effort (median being 

even 40 work-hours per 1 CFP);  

● possibility of occurrence of diseconomies of scale 

(increase of per-unit work effort along with the increase of 

system size).  

Conclusion 3: 

Taking into account assumptions adopted in the analysis 

and regularities resulting from the ISBSG benchmarking 

data it should be stated that having assumed the median of 

per-unit effort (or productivity) characteristic of business 

application development projects using the 3GL 

programming languages it is possible to achieve the offered 

project speed only when employing for the considered 

project not less than 20 people for its entire duration (4 – 5 

years). With the employment on the level of 10 people, on 

the other hand, it is possible to achieve project speed being 

maximally nearly as twice less as the offered one, amounting 

to 0,41 CFP/1 hour since achieving the offered project speed 

would require at least nearly double increase of team 

productivity comparing to the productivity typical of 

projects of the considered type, and additionally being of 

above-average character.  

5.1.2. Business Application Enhancement Projects  

As mentioned earlier in this paper, the ISBSG report 

suggested that in the context of productivity (per-unit work 

effort), large business application enhancement projects (i.e., 

those having application size above 1000 CFP) should be 

treated as projects of development of such applications. 

However, to keep up the objectivity of our analysis it is 

worth to bring up data featured in the already cited ISBSG 

report, concerning projects consisting in the enhancement of 

the existing business applications (see [18, pp. 17-22]).  

Data presented in the report indicate that per-unit work 

effort with regard to 1 CFP for business application 

enhancement projects using the 3GL programming 

languages (there were 96 such projects analysed) reads as 

follows: the PDR median is 26,5 work-hours/1 CFP, while 

minimum value is 3,0, and maximum value – as many as 

326,0 work-hours/1 CFP.  

Thus, assuming that: 

● there are no reasons to diverge from commonly 

accepted rules of comparison and to assume that per-unit 

work effort will be lower (or higher) than the median; 

● project speed (PS) is a quotient of the size of 

development team (TS) to the per-unit work effort (PDR) 

– see formula (5), 

we obtain: 

● for the offered PS = 0,8 CFP/1 hour and for PDR = 

26,5 work-hours/1 CFP – necessary development team 

size (TS) being over 21 people (21,2), which implies 

necessity to employ for the considered project more than 

21 people throughout its duration; 

● for PDR = 26,5 work-hours/1 CFP and assuming 

development team size on the level of 10 people (being 

employed throughout the considered project) – project 

speed amounting to 0,38 CFP/1 hour, that is nearly twice 

as less as the offered speed; it should be clearly pointed 

out, though, that it is identical with the PS calculated on 

the basis of the formula (1); 

● for the offered PS = 0,8 CFP/1 hour and assuming 

development team size on the level of 10 people (being 

employed throughout the considered project) – PDR 

amounting to 12,5 work-hours/1 CFP, being nearly twice 

as less as the median therefore development team must 

demonstrate productivity nearly twice as higher as the 

productivity characteristic of the above-average projects.  

In this case too the above calculated values do not take 

into account the following risk having an effect on reducing 

the project speed:  

● low chance to maintain the team consisting of 21 

project developers throughout such a long project’s 

lifecycle (4 – 5 years); 

● possibility of the per-unit work effort to grow above 

the median (and of productivity to drop below the median) 

– for the same reasons as mentioned in the preceding part 

of the paper (see section 5.1.1); 

● possibility of occurrence of diseconomies of scale 

(increase of per-unit work effort along with the increase of 

system size).  
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Conclusion 4: 

Taking into account assumptions adopted in the analysis 

and regularities resulting from the ISBSG benchmarking 

data it should be stated that having assumed the median of 

per-unit effort (or productivity) characteristic of business 

application enhancement projects using the 3GL 

programming languages it is possible to achieve the offered 

project speed only on the condition of employing for the 

considered project more than 21 people for its entire duration 

(4 – 5 years). With the employment on the level of 10 people, 

on the other hand, it is possible to achieve project speed 

being maximally nearly as twice less as the offered one, 

amounting to 0,38 CFP/1 hour since achieving the offered 

project speed would require at least nearly double increase of 

team productivity comparing to the productivity typical of 

projects of the considered type, and additionally being of 

above-average character. 

The ISBSG report indicates also that, in general, business 

application enhancement projects require more work-hours 

per 1 CFP comparing to business application development 

projects, i.e., they are characterised by the higher per-unit 

work effort (lower productivity).  

5.2. Project Speed Versus Project Duration  

The ISBSG data indicate that duration of project having 

application of the size of 4000 CFP should range from 

somewhat more than 4 years (if the considered project is 

treated as an application development project – see section 

4.2 and formula (4)) to somewhat more than 5 years (in case 

we treat the considered project as an application 

enhancement project – see section 4.1 and formula (2)). 

These values are higher than the offered project speed by 1,6 

to over 2 times what can be observed in Table 1.   

Table 1.  Project Duration – Comparison of Values Offered vs. Values 
Resulting from the ISBSG Benchmarking Data 

Application size (in CFP) 4000 

Project speed (in CFP/1 hour) 0,8 

Project duration in hours 5000 

Project duration in days 625 

Project duration in months 29,8 

Project duration in years 2,5 

Enhancement project duration in years          

based on the ISBSG data (see formula (2)) 
5,19 

Development project duration in years          

based on the ISBSG data (see formula (4)) 
4,11 

Source: Author’s analysis based on [18].  

Conclusion 5: 

Taking into account assumptions adopted in the analysis 

and regularities resulting from the ISBSG benchmarking 

data it should be stated that the offered duration of the project 

having product of the size of 4000 CFP is from 1,6 to over 

two times shorter than the project duration resulting from 

these regularities – being the result of a tenderer adopting the 

overestimated project speed. This conclusion may be 

understood inversely as well, i.e., project speed may be the 

effect of the underestimated offered project duration. 

5.3. Project Speed Versus Per-unit Cost and Work Costs  

It is also worth pointing to the correlation between the 

offered project speed and the per-unit cost measured with 

regard to 1 CFP and to work duration. Based on the ISBSG 

data featured in the report “Software Project Costs” [21], 

where the value of the per-unit cost with regard to 1 

unadjusted function point (UFP) IPFUG is being analysed, 

which in practice of calculating of per-unit cost is assumed to 

be equivalent to 1 COSMIC function point (1 CFP) (see e.g., 

[22]), we can state that in definite majority of cases the 

per-unit cost ranges from 300 USD to 1000 USD per 1 

IPFUG UFP (1 CFP) with the median amounting to 716 USD 

per 1 IFPUG UFP (1 CFP). These costs are measured with 

project development team and support personnel (e.g., 

database administrators) being taken into account – they are 

approx. 15% higher comparing to the costs calculated solely 

for project development teams.    

What’s more, C. Jones proves (see [23]) that Poland is 

among countries having lowest per-unit work cost per 1 

IPFUG UFP (1 CFP). While the ISBSG data (see section 3) 

in 80% concern projects executed in countries where per-unit 

work cost is many times higher (even approx. ten times 

higher), with the median on the level of 716 USD. Naturally, 

these differences result from the factors of macroeconomic 

nature and although they decrease over time they still remain 

significant. Thus, with some caution though, it should be 

stated that per-unit cost of delivering 1 CFP in Poland should 

not go above the cost median resulting from the ISBSG data 

(amounting to 716 USD). Enhancement of application 

having the size of 4000 CFP should therefore cost (in the 

sense of the net work cost) not more than 2,86 million PLN, 

that is nearly 40% less in comparison with the offered net 

work cost (see Table 2).   

Table 2.  Net Work Cost – Offered Values 

Application size (in CFP) 4000 

Net cost per 1 CFP (in USD) 1000,00 

Project speed (in CFP/1 h) 0,8 

Net cost for 1 work hour (in USD) 800,00 

Net cost for a work day (8h) (in USD) 6 400,00 

Net cost for a work month (21 days) (in USD) 134 400,00 

Net work cost for 4000 CFP (in USD) 4 000 000 

Source: Author’s own analysis.  

Assuming that average size of project development team 

throughout the project is 10 people, then according to the 

data shown in Table 2 the net work cost of one team member 

per 1 work hour amounts to 80 USD, for a day – 640 USD, 

while for a month – as much as 13 440 USD, and we should 

bear in mind these are net costs only. Therefore, with regard 

to work duration, these costs should be regarded as 

significantly inflated as for Polish conditions, and this being 

due to the following two reasons:  

● due to the fact the per-unit cost per 1 CFP was 

determined significantly above the median,  
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● due to project speed being overestimated.   

Conclusion 6: 

Taking into account assumptions adopted in the analysis 

and the value of per-unit cost measured with regard to 1 CFP, 

resulting from the ISBSG benchmarking data, as well as the 

value of work cost in Poland it should be stated that the 

offered net work cost in relation to work duration is 

significantly overestimated which results, among others, 

from the overestimated project speed.   

6. Conclusions 

In the ISBSG report, the above cited regularities were 

derived on the basis of the analysis of approx. 150 – 200 

dedicated business application development and 

enhancement projects being similar technology-wise. 

Naturally, the more projects are being taken into account, the 

more representative are data resulting from them and the 

closer to the reality are the regularities. What’s more, the 

ISBSG data undergo rigorous verification – both with regard 

to the correctness of measurement process (the ISO/IEC 

15939 norm) and to the quality of data. Thus it should be 

stated that in this respect they have objective character – 

however only if they pertain to the above-average projects, 

being projects that in general are characterised by better 

parameters (including higher project speed and productivity). 

At the moment there is no better repository of benchmarking 

data for dedicated business application development and 

enhancement projects measured in COSMIC function points 

that would indicate the so-called good practices in the area of 

issues considered in this paper than the ISBSG repository. 

Hence, taking into account regularities resulting from the 

ISBSG benchmarking data along with the assumptions 

adopted in the analysis that concern the actual project, it 

should be stated that: 

If we assume that the analysed project shall be considered 

as business application enhancement project then the 

(enhancement) project speed for the application of the size of 

4000 CFP should oscillate around 0,38 CFP per hour 

therefore it should be over twice as less as the offered one. 

On the other hand, enhancement of product of the size of 

4000 CFP should not last significantly less than approx. 

62,33 months, that is approx. 5,19 years. 

However, if we assume that due to the product size the 

analysed project shall be considered as business application 

development project then the (development) project speed 

for the application of the size of 4000 CFP should oscillate 

around 0,48 CFP per hour therefore it should be nearly twice 

as less as the offered one. On the other hand, development of 

product of the size of 4000 CFP should not last significantly 

less than approx. 49,41 months, that is approx. 4,11 years. 

Having assumed the median of per-unit effort (or 

productivity) characteristic of business application 

development projects using the 3GL programming 

languages it is possible to achieve the offered project speed 

only on the condition of employing for the considered 

project not less than 20 people for its entire duration (4 – 5 

years). With the employment on the level of 10 people, on 

the other hand, it is possible to achieve project speed being 

maximally nearly twice as less as the offered one, amounting 

to 0,41 CFP per 1 hour since achieving the offered project 

speed would require at least nearly double increase of team 

productivity comparing to productivity typical of projects of 

the considered type (additionally being of above-average 

character).   

Having assumed the median of per-unit effort (or 

productivity) characteristic of business application 

enhancement projects using the 3GL programming 

languages it is possible to achieve the offered project speed 

only on the condition of employing for the considered 

project more than 21 people for its entire duration (4 – 5 

years). With the employment on the level of 10 people, on 

the other hand, it is possible to achieve project speed being 

maximally nearly twice as less as the offered one, amounting 

to 0,38 CFP per 1 hour since achieving the offered project 

speed would require at least nearly double increase of team 

productivity comparing to productivity typical of projects of 

the considered type (additionally being of above-average 

character).   

The offered duration of the project having product of the 

size of 4000 CFP is from 1,6 to over two times shorter than 

the project duration resulting from the ISBSG regularities – 

this being the result of a tenderer adopting the overestimated 

project speed, or possibly inversely: overestimated project 

speed may be the effect of the underestimated offered project 

duration. 

Additionally taking into account the value of work cost in 

Poland it should be stated that the offered net work cost in 

relation to work time is significantly overestimated which 

results, among others, from the overestimated project speed.   

The offered project speed is not completely unachievable 

however to keep it up throughout the entire project execution 

on the level not lower than the offered one, for which 

developer’s statement was required, seems rather unlikely -  

it would be possible only in a very favourable conditions and 

in circumstances that are rather unreal to occur in practice, 

even for a company that is very well organized and whose 

development personnel is exceptionally efficient. As 

indicated by the above, the highest rational project speed 

should not exceed 0,48 CFP per 1 hour – however solely on 

the condition that the considered project due to the product 

size will be regarded as business application development 

project, otherwise it should be even lower. What’s more, 

let’s point it up again, values of the ISBSG parameters, being 

point of reference, concern above-average projects. 

Moreover, the conclusions get strengthened also by the fact 

that calculation of project speed and project duration does 

not include various categories of risk that were mentioned in 

our considerations – the biggest among them is significantly 

limited influence of project developer on these very 

parameters. What’s also of significance is risk related to low 

quality of the delivered product – in the considered case 

development organization offers values of the analysed 
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parameters that seriously question the possibility of carrying 

out the Workflow system enhancement with due 

meticulousness.   

Summing up it should be stated that from the rational 

point of view, taking into account assumptions adopted in 

this analysis as well as the above presented regularities 

resulting from the objective benchmarking data, the offered 

Workflow system enhancement project speed on the level of 

0,8 CFP per 1 hour should be regarded as overestimated.   

 

REFERENCES 

[1] L. Buglione and A. Abran, “The software measurement body 
of knowledge,” in Proc. of Software Measurement European 
Forum (SMEF) Conference, Rome, Italy, January 2004, pp. 
84–94.  

[2] M. A. Parthasarathy, Practical software estimation: function 
point methods for insourced and outsourced projects, 
Addison Wesley Professional, 2007. 

[3] B. Czarnacka-Chrobot, “The economic importance of 
business software systems functional size measurement,” 
Software Engineering, vol. 1, no 1, Scientific & Academic 
Publishing, Rosemead, California, USA, 2011, pp. 9-23. 

[4] ISO/IEC 14143 Information Technology – Software 
measurement – Functional size measurement – Part 1-6, ISO, 
Geneva, 1998-2011. 

[5] B. Czarnacka-Chrobot, “The ISO/IEC standards for the 
software processes and products measurement,” in New 
Trends in Software Methodologies, Tools and Techniques, H. 
Fujita, V. Marik (Eds.), Proceedings of the 8th International 
Conference SOMET’2009, “Frontiers in Artificial 
Intelligence and Applications” vol. 199, IOS Press, 
Amsterdam-Berlin-Tokyo-Washington 2009, pp. 187-200. 

[6] B. Czarnacka-Chrobot, “The effectiveness of business 
software systems functional size measurement,” Proceedings 
of the 6th International Multi-Conference on Computing in 
the Global Information Technology (ICCGI 2011), 19-24 
June 2011, Luxemburg City, Luxemburg, Constantin 
Paleologu, Constandinos Mavromoustakis, Marius Minea 
(eds.), International Academy, Research, and Industry 
Association, Wilmington, Delaware, USA, 2011, pp. 63-71. 

[7] ISO/IEC 20926 Software and systems engineering - Software 
measurement - IFPUG functional size measurement method 
2009, edition 2, ISO, Geneva, 2003-2009.  

[8] ISO/IEC 24570 Software engineering – NESMA functional 
size measurement method version 2.1 - Definitions and 
counting guidelines for the application of Function Point 
Analysis, ISO, Geneva, 2005. 

[9] ISO/IEC 20968 Software engineering – Mk II Function Point 
Analysis - Counting practices manual, ISO, Geneva, 2002.  

[10] ISO/IEC 19761 Software engineering – COSMIC: a 
functional size measurement method, edition 2, ISO, Geneva, 
2011. 

[11] ISO/IEC 29881 Information Technology – Software and 
systems engineering – FiSMA 1.1 functional size 
measurement method, ISO, Geneva, 2008. 

[12] B. Czarnacka-Chrobot, “Analysis of the functional size 
measurement methods usage by Polish business software 
systems providers,” in: Software Process and Product 
Measurement, A. Abran, R. Braungarten, R. Dumke, J. 
Cuadrado-Gallego, J. Brunekreef, Eds., Lecture Notes in 
Computer Science, vol. 5891, Springer-Verlag, 
Berlin-Heidelberg, 2009, pp. 17–34. 

[13] C. Jones, “Sources of software benchmarks, Version 13”, 
Capers Jones & Associates LLC., Narragansett, 2011. 

[14] B. Czarnacka-Chrobot, “The role of benchmarking data in the 
software development and enhancement projects effort 
planning”, in: New Trends in Software Methodologies, Tools 
and Techniques, H. Fujita, V. Marik (Eds.), Proceedings of 
the 8th International Conference SOMET’2009, „Frontiers in 
Artificial Intelligence and Applications” vol. 199, IOS Press, 
Amsterdam-Berlin-Tokyo-Washington 2009, pp. 106-127.  

[15] ISO/IEC 15939:2007 Systems and software engineering – 
Measurement process, ISO, Geneva 2002-2007. 

[16] International Software Benchmarking Standards Group, Data 
demographics release 11, ISBSG, Hawthorn, VIC, June 2009. 

[17] International Software Benchmarking Standards Group, 
Release 10 Repository Demographics, ISBSG, Hawthorn, 
VIC, January 2007.  

[18] H. Heeringen, Ch. Symons, The Performance of Business 
Application, Real-Time and Component Software Projects. 
An analysis of COSMIC-measured projects in the ISBSG 
database, COSMIC and ISBSG, March 2012. 

[19] P. Ratford, R. Lawrie, The Role of Function Points in 
Software Development Contracts, White Paper, Charismatek, 
2000. 

[20] B. Czarnacka-Chrobot, (Dis) economies of Scale in Business 
Software Systems Development and Enhancement Projects, 
“Computer Technology and Application”, vol. 3, no 1, David 
Publishing Company, Libertyville, Illinois, USA, 2012, pp. 
88-97. 

[21] International Software Benchmarking Standards Group, The 
ISBSG Special Analysis Report: Software Project Costs, 
ISBSG, Hawthorn, VIC, June 2005, pp. 1-4. 

[22] J. Cuadrado-Gallego, L. Buglione, M .J. Domínguez-Alda, M. 
F. d. Sevilla, J. A. Gutierrez de Mesa, and O. Demirors, “An 
experimental study on the conversion between IFPUG and 
COSMIC functional size measurement units,” Information 
and Software Technology, vol. 52, no. 3, 2010. 

[23] C. Jones, Software Benchmarking: What Works and What 
Doesn’t?, Boston SPIN, November 2000. 

 


