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MESSAGE

The original piece of improvement comes when you identify the right problem and the

most effective solution. This identificarion requires in depth understanding of the

concepts and lcrowledge related to the problems and available solutions. Estimates

inaccuracy is one of the major problems in software engineering. Numerous models and

methods are proposed to solve this problem. Expert Judgment has proven itself to be one

of the most effective solutions considering its wide usage and accuracy of estimates it

provides. However lack of in-depth understanding is the prevailing hurdle in its

improvement to achieve even llgher accuracy in estimates. This srudy is a means to

resolve this obstacle and to improve Expert Judgment estimation.
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ABSTRACT

Software industry is continuously demanding for accurate and reliable estimates as they

form the basis for the core actif ities of project management i.e. bidding. planning and

budgeting. Expert Judgment is most widely used estimation method. Ho,.r'ever. it lacks

the research rigor as compared ro the research work done in other estimation methods.

Therefore directing more research resources to understand and improve the Expert

Judgment is highly potential to fulfill the softu'are industry's requirement of accurate

estimates. The objectives of this research work u'as to provide preliminary understanding

of Expert Judgrnent and reveal information variables thal experts utilize to make

judgment of sofru,are esrimates. A list of information variables resulting from conducted

suwey identifies the required information variables for Expert Judgment. Afteru'ards a

crossover experiment is performed to check the effect of these information variables on

judgment estimates. Finally experts who panicipated in experiment are inten'iewed to

understand the way they make judgment about software estimates. Transcripts are

generated and texrual analysis is performed for each inten'ieu,to identify the steps taken

and infotmation vaiables used in each step. At the end a descriptive model is construcred

to understand the way in which experts make judgment about soft,r'are estimates. The

purpose of construcling that descriptive model was to provide preliminary understanding

of Expert Judgment to researcher for further improvement of this method.
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1.1 Software Estimation

The two of primary concems in Software Project Management are predicting the

required cost and time for a project. Numerous studies are carried out and various

models/methods are proposed for what we krow as "Softu'are Estimation". At an abstract

level. estimation methods are divided in two categories'. Heuristic e.g. Delphi, Wideband

Delphi. Expert Judgment etc. and Parametric e.g. Function Point, UC Point' COCOMO

etc (Yenduri, Muagala & Perkins. 2007).

ln Oxford Dictiona4l.- Greek word Heurisko is the origin of Heuristic which means

to discover. There exist multiple interpretations for the 'l'ord heuristic e.g. useful. even

indispensable cognitive processes for solving programs that canrot be handled b.v logic

and probability theory or a rule of thumb for solving a problem without the exhaustive

application ofan algorithm (Jorgensen & Sjoberg.2002).

1.2 Definition of Expert Judgment Estimation

Judgment-based estimation is the utilization ofpersonal knowledge. abilities and

information e.g. intuitions. educated guess etc. by human without any extensive use of

mathematical or statistical formulas to make an estimate.

Parametric models follow the 'Tayloristic' principle because these estimation

models focus on well-defined processes and tlre matrices that result from statistical

analysis ofpreviously completed projects (Jorgensen & Sjoberg,2002). Primarily

parametric models base their estimate on the size -in different nodons e.g. Function Point

(FP), Use Case Point (UCP) etc. - ofthe soft,r'are and then adjust these estimates for

different factors (Jorgensen & Sjoberg.2005: Moloklcen-Oswold & Jorgensen. 2005). An
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assumed yet imprecise advantage of models is to provide unbiased estimates i.e.

estimates that are unaffected by gut feeling or likelihood (Jorgensen & Boehm, 2007).

1.3 Significance

Estimates are important to deterrnine the success or failure of software projects.

Projects having substantial deviation from their estimates are considered far from

success. The Standish Group CHAOS reported the 'reliable esrimates' as one of the top

ten criteria for determining project success or failure (Grimstad. Jorgensen & Moloklen-

Oswold, 2005).

Soft*'are project management becomes intimidating in the absence of accurate

and reliable estimates fenduri et al. 2007). Bidding, planning and budgeting for project

are the core activities of softu'are project management. The knowledge ofeffons required

for projects-under-developmenr is critical as it sets the basis for these core activities. The

unrealistic estimates result in erroneous and flawed bidding. planning and budgeting and

take the softu'are projects to failure which could eventually damage the whole softu'are

company (Grimstad et al. 2005; Jorgensen. 2007: Jorgensen. 2006). Numerous survey

findings shou'thal most ofthe estimates produced are inaccurate and tend to be over-

optimistic (underestimated) (Molokken-Ostvold & Jorgensen. 2005). The worst affect of

overoptimistic estimates is devastation of softu,are companl. (Jorgensen, 2006). On the

other hand pessimistic esrimates (overestimated) cause loss ofbusiness opportunities

(Grimstad et al. 2005).

The major concems of today's software industry include the ovemrn of softu,are

estimates and effects of ovem-rn are manifolds e.g. poor planning, delays, conlractual

Ioses. decline ir product qualiry etc (Jorgensen. 2007: Furulund & Moloken-Srvold.
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2007: Grimstad & Jorgensen. 2007). Softr'are industry requires more accurate estimates'

Heuristic and parametric methods are present for software estimation but they do not

fulfill the industry requiremenr. srandish Group reports that only 33% ofall the projects

get completed on their estimates. These evidences emphasizes that there is a need for

improvement of soft*,are esrimarion methods (Jorgensen & Sjoberg, 20021 Jorgensen &

Boehm.2007).

1.4 Why Expert Judgment?

Model based software esrimation has been the focus of research for the last four

decades and many studies are conducted for improving these models but results coming

from these extensive and continuous research works are not as effective as expected to

be. Academic as well as industrial research sho* huge differences in effectiveness of

research and accuracy of estimates produced which indicate rhe failure of estimate

models to achieve their goal (Moloklen-Oswold & Jorgensen, 2005).

Expert and Parametric estimations methods considerably yield equally

accurale results, yet favors judgment based estimations because, despite 40 years research

on estimate models. judgment based model is still the most x'idely used estimation

method in the soft'*'are industries (Molokken-Oswold & Jorgensen,2005; Grimstad &

Jorgensen. 2007).

A further factor is that even the parametric models themselves require

expert or experienced persons for estimalion. A novice person cannot make accurate

estimates by using parametric models (Fraser, Boehm, Erdogmus, Jorgensen. Rilkin &

Ross. 2008). Yet another factor for the use of Expert Judgment is its simplicity and less

time consumption. Parametric models may give the same estimation accuracy but they
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are complex to use and time consuming than the Expert Judgment. Jorgenson (Jorgensen

& Sjoberg. 2002) stated "Softu'are effort estimation doesn't necessarily require

introducing sophisticated formal models...it can be as simple as reframing questions to

capture more accurately the projecl context and characteristic ".

The Expert Judgrnent method is flexible to include much contextual information

than estimation models. This flexibility signifies its superionry over estimadon models.

Soft*'are estimates are built over the requirements and requirements in softu'are

development are never static. Estimation methods need to be highly flexible to

accommodate changes and new information. In this regard Expert Judgment provides the

highest level of flexibility (Yenduri et a[,2007; Jorgensen & Boehm,2007).

1.5 The Problem Statement (Gap)

Prerequisites to improve any method are in-depth understanding ofthat method

plus the assumptions it makes. It is almost impossible to improve any method without

such understanding. Similar rule apply to Expert Judgnent. Lack ofprecision

understanding is the prevailing hurdle in the improvement of this method (Jorgensen,

2007, 2006). In literarure the process between understanding the problem and

quantification ofeffons is described as the 'magic step'. The cause is the low

understanding and fewer amount ofresearch on that topic (Jorgensen, 2006).

An example adapted form (Jorgenson, 2006); in real world scenario a manager is

asked that how much time and efforts will be required to complete a project X u'ith

functionality A and B, for a bank Z? Manger responds that it will take 4 months however

an extended time line of two months u'ill be good because security issues.

INTERIiATIONAL ISL,AMIC LINI\ERSIT}' ISLAMAS.AD - 18 -



The numbers are not coming from an objective observation thal requires previous

knowledge and contextual information to produce these numbers e.g. information to

determine the securiry issues. The Expert Judgment works as a black box to produce the

estimates and the literature of softu'are engineering too. lacks the information to give

knowledge about strenglhs and weaknesses ofExpert Judgrnent estimation. This

hrowledge can be used to build a descriptive model of that process (Jorgensen & Sjoberg.

2002) for better understanding. A srudy scrutinizing 100 joumals reported only one

research paper attempting to model the analogy based expert process (Jorgensen. 2006).

This dearth of research on Expert Judgrnent demands further work for understanding of

the process to improve the Expert Judgrnent. Psychological research cited by (Jorgensen.

2007, 2006) describes human judgrnental as something thal "has not culminated in any

theory of estimation, not even in a coherent fiamework for thinking about the process''

1.6 Aim of Research

Aim ofthis research work is to provide betler understanding ofthe Expert

Judgment and reveal information variables that the experts use to make judgment about

software estimates. Furthermore. to format results to guide the estimators recognizing the

minimum information they need to produce bener estimates.

1.7 Research Questions

RQ I : - What information variables experts use in judgrnent-based

softtr,are estimation?

RQ2: - What is the impact of the information variables on accuracy ofjudgment-

based softu'are estimates?

RQ3: - How do the experts make judgment-based softu'are estimates?
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1.8 Scope

The main focus of research was to indicate the required information variables for

Expert Judgment. Although the research literarure on human judgment and decision

making is considered important to understand judgnenl process (Jorgensen. 2007) but the

personal capabilities and tacit knowledge related informatron variables are excluded from

the scope. The scope of this study is limited specifically to softu'are engineering and

project development related inforrnation variables. A study based on behavioral science

and/or human judgment theories could be appropriate for the excluded information

variables elicitation.

1.9 Research Process

Figure- 1.1 briefly describes the design ofresearch process. Further details are

provided in Chapter-3

FigurFl.l Research Process

Questiormaire suney to elicit the information lariables
required for judgrnent

Survey Follou-up intervieu.to avoid any ambiguity in
q uestionnai re resuls

List ofrop fifteen (15) required information

Experiment focusing on the effect of providing informanon
variable to experts to makejudgment estimares

Quandrative analysis of experiment results using statistical
methods to verifu effect

Follo\r-up intenreu to underctand the way expen make
estimates and whrch hformation variables are used

Qualitative analysis ofintervie*.'s transcripr to fird common
steps taken and inforrnation variables used

A descriptive model to understand the way expen make
judgment estimare and information variable they use

Outcome

Outconte
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1.10 Thesis Structure

The thesis consists of 5 chapters. Chapter 2 synthesizes literarure related to

research topic. Chapter 3 describes the research process adopted to solve the research

problem. The results ofresearch are presented in Chapter 4. Finally Chapter 5 gives a

sunmary and conclusion of research work with research limitations and future work.
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CHAPTER 2: STATE OF THE ART
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2.1 Research Dearth

This dearth of research on Expert Judgment demands further work for

understanding ofthe process to improve the Expert Judgment (Jorgensen. 2006). There

are barely any studies discussing the way experts judge softu'are estimates or required

information variables. Jorgensen reported only 179/o out of 100 papers. anallzing or

discussing Expert Judgment for soft'*'are estimadon (Jorgensen, 2004). Scrutinizing 100

joumals resulted in only one research paper that atlempts to model the analogy base

software estimation (Jorgenson, 2006). However, the dominance of Expert Judgrnent is

reported in various studies (Jorgensen & Boehm, 2007: Jorgensen 2007; Grimstad &

.Iorgensen. 20071 Nasir. 2006: Hughes, 1996).

2.2 Model vs. Expert Judgment

2.2. I Estimates Accuracy

There are expectations that l) future research on model-based estimation may

improve the estimate accuracy and 2) combination ofmodel based estimation and Expert

Judgment can yield more accurate results (Fraser et al, 2008). However predictable

results indicate that sophisticated and complex models are unlikely to improve estimate

accuracy because of dlnamic nature and unstable relationship ofrequirements (Fraser et

aI.2008; Boehm. 1981). It is recommended to combine model and judgment methods to

build accurate estimates (Jorgensen & Boehm,2007). However. a mixed approach of

model based estimation and Expert Judgrnent raise the problem of scarce research and

industrial resources and only increases the confidence level for estimates unless and until

each method compensate for the strengths and weaklesses ofother (Fraser et al. 2008).

INTERNATIONAL ISLAMIC L'l.lT'v'ERSITY ISLAMABAD -23 -



Estimate produced using Expert Judgrnent is criticized for biased and influenced

by organizational political pressure (Hughes. 1996). However a precise knowledge of

'how estimation models work' reveals that no method is protecred from these effects

(Fraser et al, 2008). More accurate estimates are produced using Expen Judgment than

model based or mixed estimation (Furulund & Moloken-Swold, 2007).

2.2.2 Practical Usefulness

A comparison of Expert Judgrnent and estimation models indicates 620/o to 83oh

use ofExpert Judgnent than models and equal performance with respect to accuracy of

estimates (Jorgenson. 2004). Although the accuracy of models is conditioned to find out a

fit match ofdata yet it does not compensate for the widespread usage ofExpert

Judgrnent. It is also evident that the replacement of Expen Judgrnent with model based

estimation is uniikely to happen (Grimstad & Jorgensen. 2007). The Expert Judgment is

preferred over models because the dynamic nature ofsoftware requirements makes it

drfficult to use predefined values for model paramelers therefore model must use the

judgment to determine the initial value for required parameter (Fraser et al. 2008).

2.2.3 Categoriiation of Approaches

B. Boehm categorized the estimation merhods into six categories and described

the utiliry of estimates with four perspectives that are bidding. tradeoff and risk analysis.

project planning and controlling and softu'are improvement investment analysis (Boehm.

1981). Prior to use for estimation, the strengths ofleading estimation techniques should

matched to achieve the respective perspective.

Most famous techniques under expert based estimation are Work Breakdoun

strucrure (WBS), Delphi. and Wideband Delphi (Bohem & Chulani, 1998). Although
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techniques such as Parkinson's Law. Price to Win. Rule of Thumb. Buy vs. Make

Decision. Personal Software Process PROxy Base Estimation (PSP PROBE) and Team

Softu'are Process (TSP) is also included under heuristic approach (Nasir.2006) yet

Parkinson's Lau'. Pnce ro Win are already criticized for being scope setting and pricing

tactic rather than estimation technique (Hughes. I 996).

2.3 Information Effect and Expert Learning

(Grimstad & Jorgensen, 2007) reported overestimation of most likely effons

when expen estimation is used in existence ofirrelevant information. The

recommendation of removing irrelevant information from requirements specification

before using it for estimation (Grimstad & Jorgensen. 2007) arise the question of

separating irrelevant information form relevant information. The expen's resistance too,

increases towards misleading information when thel- are exposed to such information

after makrng estimates i.e. the order of exposure to misleading information affect the

Expert Judgrnent (Grimstad & Jorgensen, 2007).

The experts show low learning level from their experience because their work is

based on unconscious processes and unavailability ofexplicit process description based

their inability to update their initial estimales (Jorgensen. 2008). The experts are unlikely

to accurately adjust their initial estimates when Iess biased, conflicting or irrelevant

information props up because mental and innidonal process, beliefs and experience are

involved in Expert Judgrnent which are diffrcult to change at a later slage (Jorgensen.

2008).

The experience level of the expert is not a realistic indicator for the accuracy of

estimates i.e. there are siruations when higl y experienced experts may shou low
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Iearning through their experience (Jorgensen & Sjoberg. 2005). Despite lou'learning

abilities. the experience of the experts is not taken to be unimponant forjudgment

because experts use any atailable information to 'somehow' produce the estimates

(Jorgensen & Sjoberg. 2005).

2.4 Historical Data Maintenance

Estimation is a prediction work and accuracy ofthe prediction depends on

availability ofreliable information (Hughes. 1996). The situations when historical data is

unavailable or unreliable consmntly occur in the field of softu'are engineering because

feu' organizations put up resources to maintain historical data (Furulund & Moloken-

Stvold, 2007: Fraser et al. 2008). The basic reason for limited resources is the low value

given to estimates by the softu'are industry (Fraser er al. 2008). The use ofexperience

data (if available) together with human judgment can improve the accuracy of estimates

but data reliability and maintenance cost becomes obstacles. (Furulund & Moloken-

Stvold. 2007: Yenduri et al. 2007). The unique nature ofeach project decreases the

reliability of experience data u,hereas 57o to l0% of total project cost cause organizations

avoid maintaining historical data. (Valerdi. 2007) reported rwo heuristic techniques i.e.

represenmdveness and anchoring for estimation and the abiliry of experts to develop

eslimates by making certain assumptions in absence ofrequired information- Although

credibiliry ofthese assumptions is not justified but softu'are estimates are influenced by

these assumptions (Valerdi. 2007).

2.5 Development Models

Researchers are nou, strugglin g to explore factoris that affect the accuracy of

estimates and Software Development Lifecycle (SDLC) models are considered one ofthe
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factors (Molokken-Ostvold & Jorgensen. 2005). Parallel to reliable estimates, better

management and confol process and early feedback offered by flexible models are

suggested to avoid the estimates ovemrn (Molokken-Oswold & Jorgensen, 2005).

However. neither the management and control nor the reliable estimates alone seems to

resolve the estimares ovelTun. They must go hand in hand for a successful project.

2.6 Size, Complexit-'r' and Simplicilv

Due to many reasons (change in requirements, change in business process (BP)

etc.) software may grow in size and importance, but parallel to its size and importance the

complexity of softu,are also increases (Boehm, l98l) that makes it more difficult to

predict an estimate for the softu'are. The complexity factors anached u'ith software

estimation (such as intrinsic and unique nature oftask productiviry, reliability,

changeabitity and testability and relation among the factors) are anticipated to increase

difficult of the task (Collopy. 2007) that is complexity factors should also be dealt to

increase the accuracy of estimates.

Expen Judgrnent is a simple process. Experts use very few but important

information variables to make judgnent. Computer specialists assumed that managerial

decision making uses plenty of information but the managers use very simple and easy

process and tlpically use the information that worked well in past to make a decision

(Hughes. 1996). Managers anticipate tlre overlooked rask and unexpected event the main

reason for estimates inaccuracy (Furulund & Moloken-Swold, 2007). (Jorgensen. 2005)

stated "Softu'are effort estimation doesn't necessarily require introducing sophisticated

formal models...it can be as simple as reframing questions to capture more accurately the

project context and characteristic".
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2.7 Expert Judgment Improvement

2. 7. 1 Enironm enl Enhancement

The best practices for Expert Judgment are proposed to achieve accurate estimates

and need to have a description of acrual processes ofExpert Judgment is highlighted

(Jorgensen, 2004,2005). The main focus ofthese guidelines is to set the best environment

to get accurate results. For example asking forjustification motivates experts to achieve

more accurate estimates but invisibility ofprocess and information utilization still

persists.

2.7.2 Knowledge Base

The estimation of70 to 80 % softu'are projecrs is done using Expert Judgment

(Grimstad & Jorgensen. 2007) however; the reported lack of its knowledge base indicates

the need of bener understanding of the method for its efficient use and improvement.

A common understanding of estimation terminologies and their underlying goals

can improve the practicality of estimates and make leaming possible from these estimates

(Grimstad et al, 2005). Three prominently used terminologies are bid. planned effort and

mosl-likel)' effort. Each one has specific goals at their respective phases but different

estimation terms are used regardless oftheir underlying goals which may render them

vulnerable to inaccuracy.

A debate supporting Expert Judgrnent is reponed in (Jorgensen & Boehm. 2007).

Jorgensen pointed out that there is less likelihood ofpeople to use the models because of

model's inability to include extremely definite knou4edge ofexpens as estimation inputs

and argued that "more stnrcfired and supporting elements can further improve the

judgment-based effon estimation" (Jorgensen & Boehm. 2007). Boehm recommended
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the maintenance of esdmates related information with the use of mixed aPproach (expert

and model based estimation) to improve estimation accuracy (Jorgensen & Boehm.2007)

but the benefits of mixed approach are onJy realized if we knou'the strengths and

weaknesses ofboth model (Fraser et al,2008). They recommended that the improvement

of Expert Judgment to be the focus of current research. However, the goal of

improvement cannot be achieved unless we have the basic knowledge about hou experts

make judgrnent and what information they need to make judgment estimates.

(Mannlan, Bilgic & Bertsche.2007) sated that the reliabiliry ofExpert Judgrnent

must be checked in the early stages ofdecision making in software development lifecycle

(SDLC) but it is only possible if we can handle experts ' knov ledge related data.

Although the experts' knowledge is not quantifiable and consists ofqualitative

relationships of multiple variables. eliciting expens' knowledge is a mandatory part for

Expen Judgnrent and decision making (Mannhart et al. 2007).

2.8 Expert Judgment Process Description

Formal models and extensive experience based databases are not the primary

requirement to improve the Expen Judgrnent but description of the steps taken or the

infotmation rrsed for making judgment about softu'are estimates can be rhe prevailing

step of its improvement (Jorgensen. 2005). Research Literature lacks the knowledge

about strengths and weakresses ofExpen Judgrnent estimation that can be used to build a

descriptive model of that process (Jorgensen & Sjoberg. 2002) for bener understanding

and improvement.

Expert Judgment is hardly studied for the discovery ofunderlying processes that

are involved in making estimates. (Jorgensen. 2007) based on human judgment lilerarure
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proposed theory consisting on three (03) concepts which are considered important for

Expen Judgment i.e. a) human using intuitional and unconscious process categorize and

classify the world around them in order to understand the complex relationship among

multiple variables, b) they tend to understand neu' information conforming to their first

impression however. this long lasting. hard to changefrst impression may based on

surface information. c) they tend to have representative values "anchors" from their past

experience/projects and base these values to build new estimates i.e. people prefer

relative value than absolute value (Jorgensen. 2007). The expenenced people have high

confidence in their anchors and low willingness to change or deviate from these anchors

which affect their judgment and decision making process (Jorgensen, 2007). According

to (Jorgenson. 2007) Expert Judgnrent involves many intuitional and mental Processes

and'contextual information' that are not explicit u'hile proper understanding ofthe

processes and explicating the contextual information can help us improve the Expert

Judgment (Jorgensen. 2007).

Table-l represents a synthesis of literature survey for bener understanding and

categorization of research anicle for different concepts.

Table l- Summarl of literature revierr

Articles Refereoce

CoDcepts

Model I's. Expert
Judgment

;-,

ori- ==_

?7 iJrrro

='x.<f

Expert Judgment
Improvement

;=
xi

9:

;3

>tsi0 dr

3i' 13
!l

7

3V
oi

Z=ati o rrE
=x=a
='a='

(Boehm. l9E1) o a o a o o o o o o o
(Bohem &

Chulani. 1998)
o o o O o r:) o o o o o

(Col1opy.2007) o a (, o o o o o o o o
(Fain. 1992) o ai) o o o o o o o o
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(Fraser et al. 2008) ri) o o o oto o o a o
(Furulund & Moloken-

Stvold.2007)
o a o o o a o o o o

(Grimstad &
Jorgensen- 2007)

a t o o a o o U o o o

(Cnmstad et al. 2005) o o o o o o o o
(Hushes. 1996) o o o a o o a o o o

(Jorgensen & Boehm.
2007)

o a o o o o o o o
(Jorgensen.2008) 19 o o o a o o o o o

200? o o o o o o o o o o o
(Jorgenson.2006) o o o r) o o o a
(Joreensen.2005) o o o o o o o o O O
(Jorgenson.2004) a o o o o o o o O a

(Jor-eensen & Sjoberg.
2005)

(, o o o a o o o o o o
(Jorgen-sen & Syoberg.

2001)
o t o o o o o a

(Linle.2006) o o o o o o o o o o
(Mannhan. Bilgic &

Bensche.2007)
o o o o o o o o

(Molokken-
Oswold &

Joreensen.2005)
o o o o o o a o o o

( Nasir. 2005) o o o a o o o o o o o
(\Ialerdi. 2007) o o o o o o o o o o

(Yenduri et al, 2007) o /:\ o o a o o o o o

Concept Discussioo Level aFulll Discussed OPartialll- Discussed O Not Discussed

INTERNATIONAL ISLAMIC L]NI\ERSIT\' ISLAMABAD -3t -

o



CHAPTER 3: RESEARCH PROCESS
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3. Research Process

Difliculty to study the Expert Judgment is evident in numerous research studies.

Expert Judgrnent involves many inruitional. mental and subconscious processes

(Jorgensen. 2008) which indicate that the issue cannot be studied through a single

research method. Inspired by facts. a fine blend of qualitative and quantitative methods is

prepared. The process of this research work consists of four steps.

3.1.1 Questionnaire Survey

3.1.2 Sun ey Follow-up lnterview

3.1.3 Experiment

3.1.4 Follow-up lnterview

3.1 Questionnaire Survey

The literature reponed differenl information vanables vital for softu'are project

development but not precisely for Expen Judgrnent. A precise literature survey u'as

performed and all panicipants from different organization were asked to respond whether

they use information variables elicited from the literature to make judgrnent eslimates.

3. 1. 1 Question naire O bj ectives

o To find out the required infotmation variables in real-time Etpert Judgment

estimation.

A number of information variables are generared during soft*'are development.

However, the experts utilize selected and limited information variables in judgment

estimates (Hughes, 1996). Therefore il *'as important to find out the information

variables considered requiredby on-job experts to develop early estimates. (Jorgensen.

2007) reported that each individual expen contains highly specific and valuable
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information and they use this i-nformation to make their judgrnenl estimates. Thus there

might be information r.ariables thar are used by individual expen but are not reported in

lirerature. The open-ended question in the questionnaire enabled us to extract these

information variables.

3.1.2 Target Population

The experts working in different soft'l'are houses of Pakistan were our target

population. The eligibiliry criteria's set for target population were:

o Related experience of expen is >:3 years

. Expert is PMI certified professional with related experience >= I years

105 experts working in different softu'are companies situated in Lahore.

Islamabad and Karachi are selected in random order. All ofthem fulfilled the eligibility

criteria. Prior to conducting questionnaire survey a participation request u'as Sent through

email to these expens. The promise of sharing research results with them was used as a

tool for their motivation. Ninety (90) out of one hundred and five ( I 05) people showed

their interesr for participation by replying to our email. The questionnaire was sent to

these people setting our n: 90. Fifty six (56) panicipants form thineen (13)

organizations sent back filled questionnaire providing a response rate ofapprox 62ot'o. The

remaining thiny four either did not reply or replied after deadline and were excluded

from the srudy.

o Main characteristics of population

All the participants are working on position of senior softu'are engineers or higher

positions. Their estimation related experience varies from 3 to 7 years or more. They

have different educational levels and professional certifications.
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j.1.3 Questionnaire Design

The questionnaire designed includes thirt-r.three (33) close-ended questions to get

opinion ofexperts and an open-ended question to get their personal suggestions and

insights of individual expen to detect missing or neu' information specially related to

software estimation. The information categories exracted from soft'*'are engineering

lirerature and deemed important for Expen Judgment estimation are:

Table 2- Information Categories

z
U)

Information

Category
a)

L

Literature Survey

I

Technology

expertise

level

5

Multiple technologies are used in organizations. When a project is

estimated the expertise level of technology in which the project should

develop is considered (Molokken-Ostvold & Jorgensen. 2005; Furulund

& Moloken-Swold. 2007: Hughes. 1996; Valerdi,2007; Fairly, 1992).

2

uncertainty

level in

project

4

Typically the projects involve a level ofuncertainty of work with some

neu'innovative work (Jorgensen & Boehm,2007; Huglres, 1996;

Mannhart et al. 2007; Little, 2006).

) Team

productiviry
4

Hou'much efficient work a team 1'an individual can deliver in a specific

time (Molokken-Ostvold & Jorgensen, 2005; Jorgensen & Boehm, 2007;

Hug}es. la96: Collopy. 2007).

4
Domain

knowledge
J

lnvoh,ing the people u'ith significant knowledge of domarn to u'hich

project belongs. Example: if *'e have banking software we must have

finance and banking knowledge (Molokken-Oswold & Jorgensen, 2005;

Jorgensen. 2004: Hughes, 1996).
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5 Product type 3

It i. import'-t to know whether project is standalone, embedded or

distributed application etc. Some time project is also considered as small'

medium. large projects (Grimstad et aI.2005: Fraser et al. 2008: Fairly'

t992).

6
Team

motivation
3

Team motivated to perform work efficiently and take problems as

challenges (Jorgensen, 20041 Hughes. 19961 Fairly' 1992).

7
Resource

availability
2

It is irnpott*t to know whether the resources required can be available as

and when needed (Hughes, 1996: Fairly, 1992).

8
Customer

exPectation
2

Willingness of customer that how much cost s,/he can spend and hou'Iong

s/he can wait for the project (Grimstad & Jorgensen. 2007: Fairly. 1992).

9

Development

environment

and process

2

Friendly and collaborative environment and flexible development process

affect the outcome (Valerdi. 2007; Fairly, 1992).

l0 Scope 2

Frojecr is single product or a family ofproducts. Is there any potential to

further market for the current developing product? It may notify utility of

product resulting fr,om a particular project (Molokken-Ostvold &

Jorgensen, 2005; Valerdi. 2007).

ll Team

composition
I

An organization can have stalic or d)'namic composition of team' Sratic

teams may have low communication gap and high level of trust among

team members. These tlpes of characteristic affect the outcome of teams

(Furulund & Moloken-Snold, 2007).

Althouglr information categories in Table-2 are reponed to effect softu'are

estimates but they were on higher abstraction level. These information categories are
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scrutinized to lower absrraction level ro find aspects that affect rhe Expen Judgrnent

estimates. This activity increased the reliability ofcollecred data and revealed

relationship between them. Table-3 below presents more detailed view of information

caregories based on (Jorgensen. lndahl & Sjoberg. 2003; Yin. Peterson & Arellano. 20041

Wu,2006: Lionel, Khaled. Dagmar. Isabella, & Katrina, 1999)'

Table 3- Detailed informstioD cstegories and information Yariables

z
a

Category
SuL

Category
Information Variable

1

Environment

Data

Deployment

Environment

No. of Users, Expertise of User, Platform Used.

Organizational Sm.rcrure of client organization.

Size of Organization, Standards Policies

Followed

Development

Environment

Organizational Structure. Type of Development

(ln-house, Project, Product). Standards and

Policies Followed. Communication lnterfaces

(within and out of organization), Maturity Level

2 Project Type

Application

Type

Customer Senices. MIS, Office IS. Process

Control and Automation, Network Management.

Transaction Process, Product Control and

Legislation, Online and Information Services.

Organization

Type

Bank WholesaleiRetail. Insurance.

Manufacruring, Public Administration. Space.
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Military, Business Industry. Educational, Health

Care

Non-

Analogy
Size (LOC. FP, OP.UCP)

Analogy Small, Medium, High

Complexity

lntemai: Algorithmic Complexity. Logical

Complexity. Defects Occurrence lnterval. No. of

Modules Included, Execution Time, Storage

Constraints, Level of lnnovation

Extemal: Deadline pressure, conformance from

customer, oppomrnity window, Product age.

change in compatibility of platform over time,

variabiliry of features requested. required

reliability

J
Team

Productivity

LOC,fr

Programmer experience, Team size, Tool used.

Team member collaboration. Team motivation.

Customer participation

Morale
Career Planning, Confidence, Determination,

Accountahilin-

4
Resource

Availability

WBS
Activities involve. Resource Needed. Activities

dependency

Components Reusabie component exist. Break through point
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& Tools of reusable component. Required tools available

Staff

Availabiliry

Staff plan histogram. Resource assignment

matrix(RAM)/ Linear Responsibilrty Chart (LRC)

5 customer Satisfaction

Ctrstomer lol,aln', Cuslonrcr l'ariabilin'

Budget Expectation. Delivery Expeciation.

Support and Training

6
Domain

Knowledge

Developmenl

Application Experience, Aralyst Capabiliry.

Development pl atform marurity. virnral machine

volatility.

Market Market si:e, market growth, markel polential

Other
Compant policies, Legisl ation, Standard

dominance

7 Technology

Complexiry

of

technological

problems

Lu.rgrrag. E*p".rence. technological consfaints'

Software tools usage

Leading,rbleeding edge

8

Development

Process

Maturity of SPM process. heary/light

wei ght(level of documentation required) process.

hxed/fl exible process(defi ned or undefined)

Table-3 provides drilled down view of information category and their related

information variables. However 'market'relaled variables were excluded in our srudy

because these variables were specifically related to product development. similarly
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'others ' category containing information variables e.g. legislation information of

organization. rypically unrelated to project was also considered fii.rnportant. Team

moral, customer lol,aln'and vatiabili4'are highiy subjective, volatile variables which are

rarely considered important for Expert Judgment (Bekkers, Ven de Weerd. Brinkkemper

& Mahieu, 2008).

3.2 Survey Follow-up

There was a possibiliry to get ambiguous or unrealistic responses in survey.

Therefore follow-up interviews were planned for such siruations to avoid ambiguity and

unrealistic responses. Telephonic interviews were conducted from respondents who did

not respond to some of the questions ofsurvey. They replied that it was an omission on

their part. Hence these individual questions were excluded from the calculation of

percentages for the respective information variable. [n a follow up interview one of the

respondents showed unfamiliarity of term breahhrough point. Hence, it was assumed

that other respondents who replied 'uncertain' for breakthrough point were also

unfamiliar with the term so their responses for that question were also excluded that is the

frequency ofthe question $'as decreased.

3.3 Experiment

There were two soft*'are projects to perforrn experiment. Project task 1 rr,as a

medium size telecom billing and customer management application. Project task 2 x'as

comparatively smaller solution developed for money exchange company to manage its

daily local and foreign curency transactions and customer's information. The

questionnate higl ighted the importance of diverse information variables for making

judgrnent about estimates of a softu are project. However, the consequence ofproviding
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these important ilformation variables to expert for judgment was unknown. The

experiment's objective was to discover the effect ofproviding information variables

explicitly to experts forjudgnent estimates. The objective of experiment was

. To.find out lhe effect ofproviding information vatiables to experts on their

jud.gment estimates

3.3.1 Project Task-l

Project task-1 (PT1) was a telecom project. It was a customer suppon and billing

application and developed to fulfill all the basic requiremenrs of back office Billing and

Customer Care of any Wireless or Wire-line Sen ice Providers. The project's goal was to

convert existing Enterprise System to an Open Source. Web2.0 enabled and NGOSS

compliant suite of applications thar would facilitate the Cellular and Landline Senice

Providers and integrate Telecom Service Providers. Actual figures ofproject task-l are

given in Table-4:

Table 4 - Actual figures of PTl

Actual Efforts 12936 man hours

Actual Time 7 calendar months

Actual Cost PK RS: 4.200,000

3.3.2 Project Tosk-2

Project task-2 (PT2) u'as a finance application. It u'as developed for a money

exchange and transfer company. This company has branches in different cities of

Pakistan and provides money transfer service to many foreign countries. The project was

to manage the daily local and foreign currency transaction. The application also includes

customer registration and management. Actual figures of PT2 are given blow:
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Table 5 - Actual figures of PT2

Actual Efforts 1050 man hours

Actual Time 2 calendar months

Actual Cost PKRS: 235,000

3.3.3 Design

Crossover experiment (Senn, 2002) design was followed to avoid sequence affect

and biases in Expert Judpment. Experts were divided in rwo groups. In Group-l each

individual was assigned PTI to make judgment estimates. After a wash auan time of one

week PT2 was assigned to each individual of Group-l for estimation. Similar fashion u'as

followed for the Group-2 except the project tasks were assigned in reverse order. The

information considered important by the questionnaire respondents was included oniy

with PTI while PT2 was assigned without that infomlarion. Tabular representation of the

experiment design is given below:

Table 6 - Experiment Desigtr

\eatments
Subjects -1

Informed Unilformed

GR1
GRI estimates PTl with

information

GR2 estimates PT2

without information

GR2
GR2 estimates PTI with

information

GRI estimates PT2

without estimates

3.3.4 Hypothesis

The hypotheses evaluated to answer the second research question were:

Null H-vpothesis:
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There is no significant difference between informed and uninformed estimales by

providing information variables explicitl.,- to the e\perts.for making.'judgment

about sofnvare estimales.

Alternative Hypotbesis:

Informed and uninformed estimates significantlv dffir bt providing infor-mation

variables explicitl-v to erperts for making judgment about software estimates.

3,j.5 Experiment Elements

The experiment involved two projects as tasks to make judgrnent estimates. These

tasks were assigned to experts to make early judgment esdmates. Hence the experiment

consists of:

Table 7 - Experiment elements

Elements Description

Object Judgn,ent to which treatment u,as applied

Subj ect Experts were subjects who apply the treatment

Controlled Object
Time allowed for estimation. Limited communicate

with other persons.

Treatment
Explicitly providing information variables needed for

more accurate estimation

Dependent Variable
Estimate produced by judgment is the dependenr

variable

Independent

Variable
Quantiry of subjective information used

3. j.6 Etperiment Execution

Experiment execution started with a 15 minutes discussion period to develop

basic understanding regarding experiment and ',\,hat experts should provide in response.
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The purpose ofthe discussion session was to avoid any concems of the subjects regarding

the experiment or project task and developing a common understanding of differenr

terms. Jorgenson reported that common understanding of the objectives and terms can

help to achieve realism in judgme estimation (Grimstad et al. 2005).

Four experts were selected as subjects ofthe experiment. All ofthem are working

on high position in well reputed softu,are companies in Pakistan and have more than 5

years of estimation related experience. Two balanced groups were formed containing two

subjects (called Estimator hereafter) per group. According to study design Group-1 was

assigred project task 1 with information variables and Group-2 u,as assigned proj ect task

2 without information variable. Estimators were allowed to ask any query for their

understanding or to clear any ambiguity that they found in proj ect task to make their

estimates. Every estimaror was given 60 minutes to read and understand the project task

and make judgment estimates for given task.

Second phase of the experiment started after a wash away time ofone week. The

only difference in this phase was the order ofproject task assigned to estimators. After a

l5 minutes discussion GR-1 which had assigned PT1 with information variables was now

assigned PT2 without informarion variable. Similarly GR-2 which had assigned PT2

u,ithout information variables was now assigned PTi with informarion variables.

The data coliected from the each esrimator includes assigned project task, efforts

estimates in man hours or man months, time estimates in calendar months and cost in

Pakistani rupees. The sheets provided to estimarors for their calculations were also

collected back so that we can anallze and understand the way these estimators calculated

the estimates.
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3.4 Follow-up Interviews

A reflective follow-up interview was conducted from every estimator. The basic

objective ofthe hterview was to understand the way expert judged his soft'*'are estimates

and used the information vanables. Participants were asked to recall their experiment

work process and information variables used, or assumptions made. Each interview u,as

recorded and a transcript were generated for every interview (transcripts are given in

appendix-I1. The transcnpts were textually analyzed for the steps taken ar,d information

vaiables used to make judgment estimates ofgiven tasks. This analysis also clarified

which information variables were used in each step. A textual model is developed for

every estimator by categorizing sleps taken and information variables used related to cosl

judgment, time.iudgment and effort judgment.

Finally the common steps and the infomration variable used in these step were

organized to construcl a descriptive model for understanding the way expert judged

effort, time and cost estimates.
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CHAPTER 4: RESULTS
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4.1 Questionnaire

A summarized detail ofquestionnaire survey is given below:

Questionnaire sent to:

Total responses received from:

Completely fi lled questionnaires:

90 persons

56 persons

53

lncomplete questionnaires: 03

Total response rate: 62%

Table-8 blow shows the responses offifty six respondents against each question.

Table 8 - Questionn&ire Results
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In the section below every category of information vanables is discussed with its

respective variable response percentage. Three respondents lefl question number 6, 9, l8

and 32 blank. So these three respondents were not included to calculate response rate of

question number 6, 9. l8 and 32. Finally. analyzing the parricipants' response rate an
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ordered list of all the information variables is given with their respective response

percentage.

4.2 Suney' Results Analysis

4.2.1 Environment Data

The x-axis ofthe graph shou's information variables that constitute development

and deployment environment of the softu'are prqect. The y-axis ofthe graph represents

imponance level of information related to x-axis variables on a percentage scale. Graph I

shows the response rate for information variables categorized under the Environment

Data.

Graph I - RepreseDting percentage of responses for questions related to Etr\tronmeDt Data

I 60%

J
o

E 10%

6

o
* 20%

.^ oN*'^,,ads ^...S-r*"d'.oof *^Nn" ."d"ro.*o"s.r*i_i"

Variables

Table-9 belou' represenls the summary of information represented by Graph- 1 in

descending order based on response percentage.
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Table 9- Response SummalY of Environment variables

Environment Variables

Very

Important +

Important

Moderately

Important
Unimportant

Target Platform 89.28 10.71 0.00

Communication Interfaces 85.72 14.29 0.00

No. Of User 80.36 14.29 5.36

Maturity 7 t.42 12.50 16.08

Standards And Policies 55.36 44.64 0.00

Organizational Sm.rcture 48.22 46.43 5.36

The information concemilg Target Platfotm for which software should be

deployed attailed a response ofapprox 90% (blue part of2"d vertical !a1+ plrrm part of

2od vertical bar). This high response rate proclaims the information concem)ng Target

Platfotm as mandatory to make judgment about software estimates.

The hformation related to extemal and intemal Communication lnrerfaces of

softu'are development organization obtained 85.72% response. It shou,s the tendency of

expens considering this information mandatory to make judgrrent for their software

estimate.

The knowledge about how many users will run the application is considered an

important factor in software development. More than 807o respondents regarded the

information related to No. of Users mandatory to make judgment for their software

estimates.
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Information about Maturity level and Standards & Polices of softu'are

development organization received 7l .42o/o and 55.36% responses respectively. lt shows

the desirabiliry of expen to have this information for making judgment about their

soft*,are estimates. On)y 48-22o/o respondents considered the organizational structure of

the software company for making judgrnent about their estimates. This low response rate

shows that the information about the Orgaruzation Sm.rcrure is optional for making

judgment estimates.

The information relared to Maturity level of softu,are development organization is

not as compulsory as information about first three variables. The reason might be that the

maturity level is more concemed with the development and management processes

improvements rather than expert estimation (Deu'aynee et al. 1984). It shows that the

accuracy of expert estimates in soft* are development organizations' u'hich have

achieved a cenain maturiry level, may not very far from less mature organizations'

However, mature development and management processes ofprior organizations would

help them to meet their estimates (Molokken-Ostvold & Jorgensen. 2005) yet further

research is required to validate this assumption.

4.2.2 Project TTpe

Table- 10 shows the response percentage for variable categorized under project

type.

Table l0- Response Summarl of Project Tvpe Variable

Project Tlpe Variables

Very

Important +

Important

Moderately

Important
Unimportant

No. of Modules 89.28 10.71 0.00

INTERNATICNAL ISL,{MIC I]NI\ERSIT'i- ISLAMAB,AD - 51 -



Algorithmic Complexiry 83.93 t6.07 0.00

Application Type 83.92 16.08 0.00

Non-Analogy Size 76.79 21.43 0.00

Defect Rate 64.29 21.43 8.00

Type Of Target Organization 44.64 5 5.36 0.00

Analogy Categorization 58.93 21.43 19.@

Grsph 2- Representing perceDtage of responses for questioDs related to Project Type
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The modules development is the realization of thouglrts or/and ideas in softu'are

development, hence a resource consuming activiry. The information related to No. of

Modules which should be developed for the softu'are. attained approx 90olo response rate.

It shows that the experts consider this information mandatory for makingjudgrnent about

their softu'are estimates.

The information related to complexity level ofthe algorithms that should be

developed for software. attained a response rate of 83.93026. Similarly information

regarding type of application soft*'are that should be developed attained a response rate

of 83.92o/o. Thus more than 83% respondents considered the information related to these

variables mandatory for making judgnrent about their estimates.
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The information related to lhe non-analogt sizeof soft*'are gol76.79oh response.

This response reveals that experts desire to have the information related to the size of

software for making judgment about esdmates. Instead of size (FP. OP. USP etc) most

probably they visualize through their experience. the nunrber of modLtle-s and use this

information for making judgrrent about estimates.

The Information related to defect occurrence rate. rype of target organization

(organization where the soft'*'are would be deployed and analogy categorization anained

response rate of 64.299/o.58.93% and 44.647o respectively. This low response notifies the

information related to these three variables as optional forjudgrnent estimates.

4, 2. 3 Te am P r o d uctivitxn

Table-l I shou's the response percentage for vanables categonzed under the head

of Team Producrivity.

Tsble I l- Response Summary of Team Productivitv \Iariables

Team Productivitv Variables
Ver]'Important+ N{oderately

Important Important
Unimportant

Team Size 82.t4 8.93 8.93

Programming Experience 80.36 19.64 0.00

Tool Used 78.57 21.43 0.00

Customer Participation 50.00 50.00 0.00
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Graph 3- Representing percentage of responses for questions relsted to Productivit-y
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variables

When asked about the team productivity. 82.14% respondents notified the

information regarding team size mandatory for Expen Judgment eslimates. It shows that

experts mainly consider the size ofthe leam that u,ill be involved in soft'*'are

development to make judgnent about the productivity of the team.

It is also considered mandatory Io have the information aboul prograrnming

experience of team members. 80.36% respondents use this information for theirjudgrnent

estimates.

The 78.57%o respondents desire to have the information regarding tools used by

the team for softu,are development. Although the tools used in soft\r'are development are

considered vital but expert estimators did not considered the information regarding tools

used in development as imponant. The assumed reason for that is the dependency oftool

productivity upon the experience and expertise of the team members.

The information regarding customer participation level aftained only 50%

response rate. This shou,s that the experts optionally include this information to make
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judgment estimates. However. customer participation in development of softu'are can

clarify the requirements and provides early feedback for better control (Jorgensen &

Sjoberg.20M).

4.2.4 Domain Knowledge

Graph 4 shou's the response percentage for variable categorized under the head of

Domain Knou,ledge.

Graph 4- Representing percetrtage of responses for questions rel8ted to Domaitr Knowledge
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Table l2- Response Summary of Domain KDotiledge \/ariables

Questionnaire response in Table-12 reveals that the information relaled to

marurity level ofplatform used for software development is frequently used by experts

for making softu,are estimates. 837o respondents deemed this information necessary for

making judgrnent about their estimates. Mature software development platforms provide

1000/"

6 E0%

oJ 60%
oo
E aox
t
o
* 20"/.
E

o"/.

Domain Knowledge Variables
\/ery Important +

Important

Moderately

Important
Unimportant

Development Platform Maturity 83.93 16.07 0.00

Domain Experience 77.57 10.71 10.71
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many built-in libraries for different tasks such integration, dalabase management etc.

which plays an imponant role to reduce resources consunes for development. Therefore

experts consider it mandatory to have the information about the maturity of development

platform.

787o response for information related to Domain Experience is not significantly

lower than the information regarding Development Platform Marurity except a response

rate of I 0.71 % for unimportanl, affects its imponance negatively as compared to

Development Platform Man-rity. The deliberate training providing activities which can

increase understanding ofdifferent concepts of domain are assumed to reduce the

importance of information variable.

4.2.5 Technologt

Technology used to develop softu'are is considered important by the expens.

Responses for Q25 and Q26 confirm the importance oftechnology related information

for Expert Judgrnent estimate.

Graph S- Representitrg percentage of responses for qucstions relsted to Techtrolog)-
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Table 13- R€sponse Summar-1 of TechnologY Variables

\rery
Technology Variables Important +

Important

Moderatell'
Important Unimportant

Technological Constraints I00 0.00 0.00

Language Experience 89.29 5.36 5.36

The technological constraints related information is considered compulsory for

Expert Judgrnent estimation. This is evident by the 100% response in Table -13 that

technological constraints and limitation related information play an important role Expert

Judgrnent estimates. The results higlrlight that the strenglhs and weaknesses ofthe

technology chosen to develop a project is also considered for estimating that project. We

assumed the reason is its relation to risks and unexpected interrupts which dramatically

affect the estimates. Secondly. the information related to language experience anained a

response rale of 89.29ok. This means that expens observe the language expenence ofthe

team members as mandatory information for making judgment about software estimates.

4,2.6 Development Process

Table- l4 shows the response percentage for variables categorized under the head

of Development Process.

Table l4- Response Summarl of Development Process Variables

Development Process Variables
Very Important

+ Important

Moderatell'-'

Important
Unimportant

Marurity of SPM process 67.86 32.14 0.00

SDLC 75.00 16.07 8.93

Development Process Tlpe 51.79 39.28 8.93

INTERIiATIONAI ISLAMIC L]NI\TERSITl' ISLAMABAD -57-



Gr8ph G Representing perceutage of responses for questioDs rel8ted to Development Process
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The response for Maruriry of SPM process denotes it as desirable information for

expert estimation. 67.86% respondents consider the maturity of softu'are management

process for their estimates judgment.

It is manifest that mature management process can handle the project more

effectively that's why the expens consider the information related to maturity of SPM

process significant to makejudgnent about their softu'are estimate

The Development Process Type and SDLC u'ith a response rate of 51.79o/o and

75% respectively also have some sienificance but not as significant as SPM Process. One

understanding for that is Development Process Tlpe and SDLC depend on the Softu'are

Management Process. Software Managemenl Process lies at the center of soft',\'are

development. It controls and keeps the development process on track. That's u'hy experts

consider it more important than developmenl process and SDLC.

It can also be observed that SDLC got higher response as compared to

development process. Jorgenson (Molokken-Oswold & .Iorgensen, 2005) notifies the

superiority of flexible models over fixed ones to meet estimates. The questionnaire

't00%
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results go in favor ofJorgenson finding (Molokken-Ostvold & Jorgensen, 2005) that light

weight process instead ofheavy weight process affects the outcome ofthe project but this

is optional for making judgrnent about estimates of a project.

4.2.7 Resources

Graph-7 shows responses of information variables about resource required and

available.

Grsph 7- Representing percentage of responses for questions related to Resource

Avail abiljtY
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Table l! Response Summary of Resource Variables

Resource Yariables
Very Important

+ Important

Moderately

Important
Unimportant

Resource Required 8t l3 13.2t s.66

Activities lnvolved 83.02 0.00 r 5.09

Rgusable Component Exist 80.36 14.29 5.36

Break through point '76.47 r7.65 5.88

Tools Required 75.00 8.93 16.07
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When asked about resources. 81.13% respondents in Table-15 consider the

information regarding resource required to develop the softu'are significant for making

software estimates. This information is mandatory especially to make judgment about the

rime estimates of the software project.

The 80.36% response rate reveals the need to know u'hether Reusable

Components exist. The basic purpose ofreusable components is to decrease the software

cost by reducing time and efforts required for development. Therefore the experts

considered it compulsory to use this information for theirjudgrnent estimales.

Breakthrough point is the measure ofthe rework required prior to use a

component in softu,are development. 76.47%o resportdents desired 10 use this information

to make theirjudgment estimates. It notifies that expert need to know how much rework

would be required in reusable component to use them in softu'are developmenr but this

information is rarely managed. The response rale for uncertain is 8.93%. A follow-up

interview reflects the unfamiliarity ofrespondents with the term Breakthrottgh Point.

Graph 8 shou,s the anifacts experts describe important to get information about the

resource availability.

Graph E- Representing percetrtage of responses for questions related
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Table lG Response Summa4 of Resource variables

Resource Variables Important Unimportant

RAM 91.07 8.93

LRC 75.00 25.00

Histogram 46.43 53.57

The Resource Assignment Matrix (RAM) is the most important artifact u'ith a

response rate of 91.07o/o. RAM can be used to know u'hich resources are assigned tasks.

u,hen they u,ill be available, total resource pool size and currently available resources.

This can be the reason that experts consider it compulsory to use RAM for making

judgment about their estimates.

Linear Responsibility Chart u'ith 75% response rate and Staffing Histogram

which represent the staffing plan with only 46.43% response rate are considered desirable

and optional respectively.

4.2.8 Customer

Graph-9 shou,s the importance of customer satisfaction information for

eslimation.

Gr8ph 9- Representing percetrtage of responses for questions releted to Customer
Satisfaction

Customer Satisfaction

INTERNATIONAL ISLAMIC I.]NIVERSIT\' ISLAMABAD -61



91.07% respondents consider using customer satisfaction related information for

theirjudgrnent estimates. It shows that experts highly desire to meet the customer

delivery and budget related expectations. Though customer exPectations can ruin the

accuracy of esdmate (Jorgensen. 2005. 2004). their high demand for estimarion work

required to uphold these information intact. Hence we recommend taking good care about

reality of expectations.

The questionnaire also contained an open ended question. It was assumed that the

response to the question will bring some new or missing information but only three (03)

out of fifty six (56) participants responded to this question. One participant stated to have

addirional users and non-functional requirements related information. A couple of

participant required security constraints and risk related information to produce more

accurate estimates. This low response shou,s the compleleness ofthe questionnaire that is

the questionnaire covered most ofthe factors considered vital for Expert Judgment.

4.2.9 Questionnaire Result Categorizatinn

Table-17 summarizes all vanables in descending order on the basis oftheir

response rate. Furthermore. as per the empirical results. it is assumed that vanables with

response rate 100% to 80% are rnore significont for Expert Judgment Estimation as

compared to other listed variables.

Table l7- Results Summan sith response rate

z
th

Variables L
!G

aO

=

Information

Categorl'

I Technological Constraints 100 0.00 0.00 Technology

2 Resource Assignment Matrix 91.07 8.93 Resource
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J Customer Satisfaction 91.07 8.93 Customer

4 No. of Modules 89.28 10.71 0.00 Proj ect Tlpe

5 Target Platform 89.28 10.71 000 Environment

6 Language Experience 89.29 5.36 5.36 Technology

7 Communication lnterfaces 85.72 14.29 0.00 Environment

8
Development Platform

Maturity
83.93 16.07 0.00

Domain

Knowledge

9 Algorithmic Complexity 83.93 16.07 0.00 Project Tlpe

l0 Application Type 83.92 r6.08 0.00 Project Type

ll Activides Involved 83.02 0.00 r 5.09 Resource

12 Team Size 82.14 8.93 8.93
Team

Productivity

l3 Resources Required 81.13 I 3.21 5.66 Resource

l4 Reusable Component Exist 80.36 14.29 5.36 Resource

15 No. Of User 80.36 t4.29 5.i6 Environment

l6 Programming Experience 80.36 t9.g 0.00
Team

Productivity

t7 Tool Used 78.57 21.43 0.00
Team

Productivity

l8 Domain Experience 77 .57 10.71 10.71
Domain

Knou'ledge

19 Non-Analogy Size '76.79 21.43 0.00 Project Type

20 Break through point '76.47 17.65 5.88 Resource

2t Linear Responsibiliry Chan 75.00 25.00 Resource

)) SDLC 75.00 16.07 8.93
Development

Process

23 Tools Required 75.00 8.93 16.07 Resource

24 Maturity 71.42 12.50 16.08 Environment

25 Maturity of SPM process 67.86 32.14 0.00
Development

Process
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26 Defect Rate @.29 2t.43 8.00 Project Type

27 Analogy Categonzation s8.93 21.43 t9.64 Project Type

28 Standards And Policies 55.36 44.U 0.00 Environment

29 Development Process Tlpe 51.79 39.28 8.93
Development

Process

30 Customer Panicipation 50.00 50.00 0.00
Team

Productivity

3l Organizational Strucrure 48.22 46.43 5.36 Environment

)L Staffing Histogram 46.43 53.57 Resource

JJ Type of target organization 44.64 5 5.36 0.00 Project Type

4.3 Experiment

Table- 1 8 represents summary of experiment execution.

Table l8- Experiment Execution and Experts Estimates

Phase I

Groups Individuals Task

Effort

(Man

Hours)

Time

(Calendar

Months)

Cost

(PK RS

Millions)

GRl Estimator I
PTI

21000 8 l5

Estimaror 2 197 t2 l4 l5

GR2
Estimaror 3

PT2
2s00 4 2

Estimator 4 1440 2 0.15

Wash Away Time

Phase lI

GRl
Estimator I

PT2
3200 J 1.5

Estimator 2 4400 5 3

GR2
Estimator 3

PTI
19680 l0 30

Estimator 4 27000 6 5.1
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4.4 Experiment Analysis

Differences between estimates provided by expens for project tasks and their

actual figures calculated and converted to percentage using following formula:

Formula: /o Difference = - Actual) /Actual *l

The purpose of this calculation u'as to clarify the level of improvement in

accuracy ofjudgment estimates. A comparison ofpercentage difference between

informed and uninformed judgment estimates is shown in Table-19. The (-) sign in

Table- 19 shows underestimated values.

Table l9- Informed and Uninformed actual. Estimste rnd DilTerenceTo

Effort (Man Hours)

Actual Estimated
Difference

form actual
Difference%o

PTI

Estimaror I

12936

21000 8064 62.34

Estimator 2 197 t2 6776 52.38

Estimator 3 19680 67M 52.13

Estimator 4 23000 10064 77.80

PT2

Estimator I

1050

3200 2150 2M.76

Estimator 2 4400 33 50 3 19.05

Estimator 3 2500 1450 138.10

Estimator 4 1800 750 71.43

Time (Months)

Actual Estimated
Difference

form actual
DifferenceTo

PTI

Estimator I

7

8 I t4.29

Estimator 2 14 7 100.00

Estimator 3 l0 -l 42.86
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Estimator 4 6 -t -14.29

PT2

Estimator I

2

J 1 50.00

Estimator 2 5 J 150.00

Estimator 3 4 2 100.00

Estimator 4 ) 0 0.00

Cost (in Millions)

Actual Estimated
Difference

form actual
DifferenceTo

PTI

Estimator I

4.2

15 r 0.8 251 .14

Estimator 2 15 r 0.8 257.14

Estimator 3 30 25.8 6t4.29

Estimator 4 5.1 0.9 - I ..+J

PT2

Estimator I

0.235

1.5 1.27 s3 8.30

Estimator 2 3.00 2.77 I 176.60

Estimator 3 2.00 t.77 751 .06

Estimator 4 0.15 -0.09 -36.17

It is found that an expen provided more accurate estimates i.e. less differed from

the actual, when he is provided u'ith top signifcant information variables of Table-16.

The effort estimate given by experts for PTl revealed 52 -77 o/o distance from the actual

of PT I , but same experts provided effort esdmate for PT2 which decentralized 71-319 %

from PT2's actual. h notified that expens utilized the significant information variables in

theirjudgrnent process and it facilitated them to provide more accurate estimates.

Similar results are found in case ofcost estimates. The distance for provided cost

estimates of PTI ranges form 2l- 614 o/obu;t it ranges from 360/o up to I 176% for PT2.

Considering these upper and lower limits notifies the importance of provided information
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variables and estimate's improvement caused by these variables. Although expen mainly

based their cost estimate on calculated./eslimated time but they used information variables

as well. Estimator-l (E l) and estimator-2 (E2) estimated eight months and fourteen

months as required time and twenty-one thousand and nineteen thousand seven hundred

twelve man hours as required efforts for PT1. However they provided identical cost

esdmate i.e. fifteen millions. This finding notifies that experts making judgment about

estimates consider explicit information variables u'hich direct the outcome oftheir

judgment.

Finally. the difference between actual and estimated time ranges from 14 - 100%

for PT1 and 50 - 150 o/o for PT2 which again reveals that information variables provided

with PT'l have facilitated experts to make betterjudgrnent estimate of softu'are project.

Estimator-4(E4) showed a considerable accurac)'for estimates ofPTl and PT2.

All estimators received consistent information and same project tasks but the work level

of E4 u,as lower than others. He'*'as more experienced to estimate small to medium size

projects than large size projects. Since PTI and PT2 u'ere also medium to small size

projects, this might enable E4 to make benerjudgment compared to other three

estimators. Matching work level of estimator can be an imponant factor to achieve

accurate estimates. However further investigation is required to qualify this finding.

An analysis is performed to check whether a significant difference exists berween

percentage differences of informed and uninformed judgment estimates. The t-lesl is used

to assess the validity ofnull hypothesis. Data used for t-test is given belou':
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Table 20- Percentage Difrerence of PTI end PT2 Estimates

Effort Difference 7o

Uninformed Informed

Estimator I 2M.76 62.34

Estimator 2 3 19.05 52.38

Estimator 3 138. r 0 52.1 3

Estimator 4 7 t.43 77.80

Time Difference 7o

Estimator I 50.00 t4.29

Estimator 2 150.00 100.00

Estimator 3 100.00 42.86

Esrimator 4 0.00 14.29

Cost Difference 7o

Estimator I s38 30 257.14

Estimator 2 1176.60 257.14

Estimator 3 751 .06 614.29

Estimator 4 36.17 21.43

4.4.1 T-test Anall,sis

MS-Excel tool is used to perform t-test analysis and 2-Sample Equal Variance t-

test is implemented for effort. time and cost estimates difference percentages of PTI and

PT2. Table-21 shou,s the calculations for t-test values;

Table 2l- Statistical t-test implementatiotr

t-test for Effort

Uninformed Informed

Mean

Variance

Obsewations

183.335 61.1625

I l 148.84 145.637 |
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Pooled Variance

Df

r Srat

P(T<:t) two-tail

t Critical two-tail

5&7.24

6

2.299166

0.06117

2.446914

t-test for Time

Uninformed Informed

Mean 75 42.86

Variance 4166.667 1632.49

Obsen'ations

Pooled Variance 2899.578

Df

t Stat 0.844099

P(T<:t) rwo-tail 0.430976

r Critical two+ail 2.446914

t-test for Cost

Uninformed Informed

Mean 625.5325 287.5

Variance 224796.7 s9809.47

Obsen'ations

Pooled Variance 142303. I

Df

t Stat 1.267262

P(T<=) two-tail

t Critical two-tail

0.2 5202 5

2.446914

According to t-lest, the resulted t-stat values (for effort, time and cost) are less

then t-critical values. Similarly the probabiliry that the null h;pothesis is true was greater

than alpha i.e. p-value > 0.05. Both the finding oft-tesl analysis provide evidence that a
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significant difference exist between PTI and PT2 estimates which rejects the rrrr11

hvpothesis and confirmed the ahentative fivp6lhesis Furthermore. analyzing the

deviation of estimates means and variances with respect to PTI and PT2 acrual shou,s

that the information provided with PTI affected Expert Judgment in a positive manner.

4.5 Follow-Up Interview

Figure-4.1 represents the descriptive model constructed to provide better

undersmnding of the Expert Judgnent process. Identical judgrnent process is used for

informed and uninformed tasks i.e. PTI & PT2 but significant improvement in accuracy

ofjudgment estimates is found when experts are provided the required information

variables. They used provided information variables in different phases ofthis descriptive

model which enable them to predict the softq'are estimates more accurately as shown in

Table-19 & 20. The figure-4.1(page # 75) showing descriptive model for Expen

Judgment is given below:

4. 5. 1 Model Explanation

The descriptive model is divided the in three layers to increase readability and

understanding.

. Time Judgrnent

. Cost Judgrnent

o Effon Judgmenr

Multiple steps and information variables are used on every layer. However. time

judgnent layer occupies the central position. It contains the staning point ofjudgment

and provides time estimates to cosl and efort judgment layers. The information variables
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used in different steps are represented by /-7 object and estimates produced are

represented E 6, o5.y.",.

Figure-.4.1 Descriptive Modcl for the E al' erpert judge effort. time atrd cost estimates
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Comrnonly, the effon anticipated as the basis for time and cost esdmales.

However. the expert estimators in this srud-v were more conscious about the time required

for project. Expert Judgrnent was started by dividing the project in phases. Then different

information variables were used to make judgment about the time required for each phase

and then summation was performed to have total time required. Then the total time was

used for cost and effort eslimation.

Similarly resource costing u'as done based on monthly salary. Experts in this

study first predict the time required completing the project then figure out the monthly

cost for resources based on their salary and other standards & policies oforganization and

finally calculate the cost. Thus information regarding respective salary ofresources is

found important and in absence of this information experts assumed these figures

according to their levels. h our experiment the estimalor-4 provided the most accurate

cost estimates. He is a senior softu'are engineer with six (6) vears of estimation related

experiences. The remaining three estimators are working on higher positions with more

than ten ( 10) years of related experience. We assumed that the cosl estimates provided by

estimator-4 were significantly closer to actual because Estimator-4 figured out the salary

of different resources according to his Ievel.

4.6 Discussion

The sofr*'are development is a knowledge intensive process and multiple rype of

information is used and generated in (Yenduri et aI.2007). The objective ofresearch

work was to determine the information involved in Expen Judgrnent because maintaining

this information has the potential to improve accuracy' ofjudgment estimates. However

the research work does not have anl,intension Io eive a parametric model.
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The srudy found a set of information variable which are considered mandatory or

desirable by'the expens to make judgment based softu'are estimates. However these are

not the only information variables involved and there could be personalized and tacit

information involved in Expen Judgrnent but eliciting rhis behavioral information u'as

not in scope of our study. A srudy based on behavioral sciences would be more suitable

for eliciting such information.

Although the customer budgetary information is considered important for costing

yet this information r.ariable is not directly included ir srudy because the budgetary

expectations of customer have the potential to ruin the realism of the estimates

(Jorgensen. 2004. 2005). It diverts the attention of experts to meet the budgetary

expectation instead of focusing on real estimates.

Simple statistical formulas are used to calculate the estimates deviation from their

actual for the experiment results. Tabular comparison ofcalculated deviation and their

means, confirms the altenntive h.r'pothesis. Although the experiment results report a

significant improvement in accuracy' ofjudgment estimates bur the achieved accuracy

level is not high enough for softu'are industry satisfaction.

A descriptive model is presented for the u'ay experts makejudgment u'hich

provides a preliminary understanding ofthe Expert Judgment estimation work. It is not a

prescriprion for the judgment work in any mamer.

The stud;, uas to elicit the information variables that have the potential to

improve the Expen Judgrnent. Experiment was conducted to check the credibiliry of

information variables and their affect on Expert Judgrnent.
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Although testing a project is a resource consuming activiry but Defect Occunence

Rate in a project is not considered important for making judgment about estimates. The

defect rate data is not usually maintained due to the cost factors and even if available

experts infrequently consider the defect rate during judgment estimation. However, we

assume that considering defect intem.rpts can improve the accuracy of expert estimates.

Finally expertsjudge the productivity ofthe team mainly through the team size.

Although they realize that large team can cause management and communication issues,

based on response rate ofteam size information variable, it seems that they ignore this

fact to make judgment estimates.
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CHAPTER 5: CONCLUSION
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5.1 Research Summary

Softu'are industry requires accurate software estimates as they play a versatile

role in software development. Whether we talk about Bidding. planning budgeting or

measuring success, estimates are at the center ofall ofthese activities. Expen Judgnent

is the most widely used estimation method in industry. However little research is

conducted to understand and improve the Expert Judgrnent estimation.

This study is focused on eliciting the information variables thal are considered

mandatory or desirable by the expens ro make judgment estimates. A questionnaire

survey is conducted from experts working in Pakistan soft'*'are industr-v and based on the

empirical results a list of sigrrificant information variables is prepared along with their

respective response rates.

ln next step a crossover experiment is performed u'ith the objectil'e to check the

credibility ofelicited information variables i.e. providing i4formation variable explicitlt

affect the accuracy of Etpert Judgment or not. Four expert estimators (divided into two

groups) altematively make judgment estimates for project task- 1 (PT I ) and project task-

2(PT2). PTI was provided with information variables and PT2 u'as u'ithout that

information. A statistical analysis of estimates as well as means of estimates (see Table-

19. 20) reponed a positive effect on accuracy of expen estimates.

The final objective ofresearch work was to understand the $'ay experts make

judgment estimates in Pakistan softu'are industry. A descriptive model is proposed. based

on follow-up interviews. for thar purpose. A transcript *'as generated for each inten,iew

and a textual analysis was performed to extract the sleps taken and information variables

resed. The common steps and information variables for each step are separated and
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generated transcripts are thoroughly read to check the flow of steps. As a result a

descriptive model is constructed to provide a better understanding ofthe way experls

make softu,are estimates.

Ar unexpected difficulty faced during the transcript generation u'as the translation

of signs and gestures. However anallzinglhe contcxt helped us to overcome this

difficulry.

5.2 Research Work Limitations

The experiment tasks I and 2 belonged ro telecom and accounting domains.

However. the experts selected for the experiment did not have thorouglt experience

related to these domains but the discussion session prior to task estimation and their

estimation related experience deemed to overcome this limitation.

The constructed model is based on the interviews ofonly four expert estimators.

This small number is insufficient to claim generalization for the model. Hou,ever,

analyzing common sreps taken and infonnation variables used gives significant

credibiliry to our model to understand Expert Judgment. Further research is required for

the validation of that model.

The perceptions and experiences ofexpens differ significantly based on their

environment e.g. culture. geographic location, traditions etc. Model in this srudy

specifically represents the expert's rr ay ofjudgrnent estimates in Pakistan software

industry. We are uncertain whether the expens in other countries fo[[ou' the same \r'ay.

5.3 Conclusion

Expen estimation is referred to as prediction of the future estimates (Mannhart et

al.2O07: Hughes, 1996) but the information required to predicr future estimates is
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unloown. Furthermore huge information is generated during the software development

process. This information is rarely maintained for future use. The basic reason is the cost

of maintaining this huge information. Yenduri et al (2007) reported that 5o/o to l0%o of

total project cost is required to maintain this information.

The basic objective of this srudy,,r'as to elicit real time information used for

making judgment estimates. It increases the accuracy ofpredicted estimates and also

reduces the cost of information maintenance by highlighting the top required information

l'ariables among less required ones.

The experiment results (Table- 19,20 & 2l) evidence improvement in accuracy

ofjudgment estimates. Hou,ever. the resulting improvements are not enough Io satisfy the

needs ofsoftu'are industry, because the accuracy level that the softu'are industry requires

is higher than that, which is achieved through this research work. Hence further research

is needed ro improve the Expert Judgment and to achieve required levels of estimate

accuracy.

5.4 Contribution

This study presents a Iist of information variables with their respective response

rate. Empirical evidence is also provided that explicitly providing these information

variables to experts improves the accuracy ofjudgment estimates. The descriptive mode[,

presented in this research srudy, has potential to serve as a base to understand and

improve the \r'ay experts make judgment estimates. There exists no model for Expert

Judgment in softu'are engineering lirerature. This descriptive model and the list of

information variables is a modest contribution towards fulfilling the gap in Expert

Jud gment estimation literature.
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5.5 Future Work

The future work u,ill generalize the model by analyzing the way expens make

judgment estimates. We will involve large number of expens from different places and

discover their judgmenl process on different projects. We will also evaluate the accuracy

of this model by verifying it in real-time environment.
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7. APPENDIX - I: Associated information

I-a Questionnaire

Name: Date:

Designation: Experience (in years)

Organization:

Email: Contact #.

You have a softu'are project in hand. You are asked to give initial estimates for that

project. There exist different information categones that you required to make judgment

estimates more accurately. Please tell us that if you have to makejudgrnent estimates:

Hos importaDt in your opinion is to kDoE: >a.
2Z :
E! :

=

l) No. ofusers ofsoftu'are system to be developed? T T T I I

2) The plarform used by the users? T I I I

3) Organizatronalstructureofsoftwaredevelopment
company?

T T I

4) Inter and intra-organization communication interfaces of
de,reloDment comDanv?

T - t-

5) The standard andror policies followed by softu'are
develooing companv?

T T i

6) The marurity level ofthe softuare developing
comDanv?

T I I

7) The t-'rpe of softu,are application you are going to
develop?

T T T

8) The q?e of organi zation for *'hich you are going to
develoD softu'are svstem?

T - I -
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9) The size (LOC, FP. OP, UCP etc) ofsofru'are to be

developed?
T r- T

10) Whether the soft\a'are to be developed is a small.
or largc project?

medium T T t--

l1) The complexity of algorithm that you need to

develop for software system?
T T i I

12) How fiequendy the defect can occur during development
of softu'are system?

T I T l-

I3) The number ofmodules has to develop for soft*'are
svstem?

- T T-

l4) The size ofthe team invol!,ed in softu are

development?
T T T

l5) The pmgramrning experience ofthe ream members
involved in software development?

T T I I

16) The tool(s) used by team involved tn software
development?

T T T

l7) Level of customer participation would be available for
the leam during softu'are development?

T T I I

l8) Which activrtes arc involved in developing t}le
soft'*'are svstem?

I I r

19) Which resources are required for developing
softu'are system?

T I ,

20) Whether reusable components exist to develop
software system?

T r I

2l) The break through point ofreusable components that
would be used to develop software system?

T r T-

22) Whether the tools required for development are

available or not?
T t-

23) About available domain experience to which the
softu'are belong to?

T T-

24) The maturity ofdevelopment platform used for
developing softr.r'arc system?

f r l

25) The technological constraints exist for developing
softu'are system?

- I f

26) The level oflanguage experience ofptogrammers
developing softuare system?

T T i

27) The marurity leveJ ofSPM processes ofcompany? - T I

28) Whether hearl weighr or Lghtweight development
process is followed in company?

I I

29) The process use to develop is fixed (u'aterfall
sryle) or flexible (other than warerfall) development
process?

T T -r- I
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In your opinioo is it importaDt to consult Yes No

30) Sraffing plan histogmm? l I

31) Resource Assignment Matnx (RAM)?

):) Linear Responsibilit-v Chan (LRC)? T I

33) Ganr Chan? . I

34) What other information do you use to make ludgment?(Sublective)

I-b Project Task I

Open source Billing and Customer Support software is a suite of applications

(Moderator. Rating, Billing applications). It will fulfill all basic requirements of back

office Billing and Customer Care of any Wireless or Wire-line Sen'ice Providers. This

project is about converting our existing Enterprise System to an Open Source. Web2.0

enabled and NGOSS compliant suire of applications that would facilitate the Cellular and

Landline Sen'ice Providers and Integrated Telecom Service Providers. However the

software u,ill develop from scratch i.e. no an5'existing component or document will be

used.

It will perform swilch vendor independent. customizable and high-speed rating. It

u,ill help the operator in managing post-paid and pre-paid subscribers through a user-

friendly interface. It will help the Service Providers in settling their accounts with partner

operators through interconnect bitling modules. It will also be capable of performing

different analysis on data. It will let operator manage their u'arehouses' inventory and

sale ofproducts to customers. This 
"r'ill 

also provide an oppomrnity to Billing Service

Companies to use part(s) or whole of our system to integrate \4'ith other systems to

accomplish iheir objectives.
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a) Billing, Customer Care, and OSS applications

CDR is an abbreviation for the term Call Derail Record. It is the data that is

submitted by a subscriber's telephone system to a collection device Iinked to call

accounring package. This record contains specific informalion about every telephone call

including date. time. durarion. digits dialed and trunl< Iine. Often the term SMDR (Station

Message Detail Record is used interchangeably with CDR). The "raw" data is generally

interpreted and ranslated into a database for real time or scheduled processing and

reporting. Data Storage sofrware is generally used to collect the data and make it

available for processing by call accounting softu'are

b) Billing S]'stems for Telecom Sen'ice Provider

Almost every telecom sen'ice provider incorporates a billing system These

systems transforrn service usage into monetary compensation. They also provide u'ays to

manage customer account information. They perform credit scoring. rate available

products, accept payrnents. ard reconcile credit and debit information with third panies.

ln a nutshell. telecom billing can be defined as the process u'hich refers to how billable

charges are processed. collected and invoiced. For most people the interaction with their

phone company is infrequent. except for receipt of their phone bill. They typically only

contact their provider for a feu' reasons. Maybe, they wanl to acquire a new sen'ice or

product. lt's possible that they'need to disconnect an existing sen'ice. Or third' and most

common. is the need to transfer sen'ice from one address to another.

For all ofthese services. the customer receives an invoice. The invoice comes at

regular inten'als, sometimes referred to as "bill periods". This invoice contains all oftheir

usage. recurring. and one time charges. It includes any taxes and fees associated with
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services, provided for a given time period. These fees can be anyhing from hardware fee

usage. to local, state. and federal taxes. In order for a provider to be able to generate an

invoice, they must collect billable charges from the various telecom network or sen'ice

elements. The network events which generate these charges are first collected. and then

used to rate service usage.

c) Billable Charges

Billable charges may also come from third panies or affiliations u,hich are

providing the service. These charges may come in the form ofusage charges. recurring

charges. or taxes and fees. The charges are associated to panicular customer. The

customer is associated with their account information and billable charges. Billable

charges, typically, come in some t)?e ofnotification event for the billing system. For

example, a third party such as a clearinghouse may send an event. This event indicates

u'hat charges are applicable for a customer within a given time period.

The billing syslem senses this event information to initiate business processes to

properly rate and invoice the customer. Tlpically. the billing system would respond to

multiple billing events. It would aggregate and categorize rhe resultant information. The

billing system would use this information to generate the customer's phone bills.

d) Technical Requirements

able 22- Technical

I Development Tools
J2EE, Java Scripts. XllTML. Flash I Flex frame

u,ork Dream vreu,er

,| Methodology Ajax

3. Applicarion Server Apache r Tomcat

4. Svstem Database My SQL i Postgres SQL Mar DB , Fire Bird

5. Operating System Platform Any flavor ofLinux
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e) Required Testing

Extensive testing required.

f) Team Composition

h) Other Information

Table 23- Team

Designetion Cspabilitr' \o.

Project Manager Domain expen u,ith I I years ofexpenence 1

Team leads Good technical skills wrth 9 yean ofexperience

senior developen 2- 5 years ofdevelopment experience 12

junior developers 5 months - 2 years of development expenence 4

Intemees At least CS Graduare 8

QA 2- 5 years ofQA experience 3

Technical writen 2

DBA 3- years of experience I

Total JJ

Table 24- Other Information
Team Producrivity 100-150 LOC/Hr

Domain Knowledge Average

Srze
l6l7 KIOC (.Actual Effon * Avg.

Productivrty)

Team Communication Good

Team Size 33 People

Resources Arailable Panially

Development Process )(P

Environment

Development Type

Organizational Strucrure

Product

Matrix

Target Organizations Telecom Cornpanies

Innovative Work LeYel High
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I-c Project Task 2

Zarco Enterprise is a money excharger and money transfer sen'ices providing

company. It is working in collaboration with Westem Union, a well-known UK based

comPany.

The main services ofZarco Enterprise are to provide easy money transfer in most

ofthe countries ofthe world. It also deals in money exchange in different leading

countries currency. The major portion of their business is on the commission percentage

and transfer charges of money. As Zarco Enterprise is foreign currency dealer- it also has

affiliation with stock marketing. It deals in sales purchase ofdifferent companies shares

in context of foreign currency ups and downs. lt has to keep regular eye on the prices of

foreign currency and shares of foreign currency dependent companies.Cufiently. my

client Shakeel & Co. is not a member of their stock marketing team. However being a

member of this team is one of the furure concems of my clrent.

ln Pakistan, Zarco is covering a large area. It has franchisees in different cities of

Pakistan. It has a well manage and predefine areas for franchisee oflices location to

reduce the competition ratio between its own partners as well as to provide easy access

for customers. With respect to its functionalily. Zarco is working in two basic areas:

a) Local Services

AII the services it provide ro the countr) I'ide fall under the head oflocal sen'ices.

It includes money transfer from one ciry to another and foreign crnrency exchange

services. Its main source of income is the commission percentage for the transfer of

money. it charges. It transfers money via rwo ual s i.e.

i) Via Reference

INTERNATIONAI ISLAMIC LTNT\TERSIry I SL,A.M,A,B AD -90-



ln this mode. sender office makes a phone call to the receiver office. It gives a

reference number. beneficiary name and ID number. amount to be u-ansfer. It's an urgent

money transfer mode. Its charges are more then transfer via message mode.

ii) Via Message

It's a regular message-sending mode. More then one messages are sent by fax,

containing the required information and a branch specific code. Due to multiple money

transfer messages, charges of this mode are less then via reference. This type ofmessage

is sent in the end ofthe day. The beneficiary can get the money on next working day.

Foreign currency exchange is also a local service. Currency of different leading

countries sold/purchased. There exists a difference in sell and purchase price. which is

recorded in term of income. Selling price normally remains higher from the purchasing

price. ,All the purchased foreign currency can be send to main offrce to get the local

crurency with an increased percentage.

b) International Services

All the overseas services fall into the cateqory of Intemational Sen'ices. It

includes money transfer to out of country and money exchange transfer to the out of

country.

lntemational sen,ices offer only "r,ia message 'money transfer. It is because

overseas transfer requires proper information about the Zarco office, sender, receiver and

amount. This data is submined to Westem Union through email and used for the

calculation of loyalty percentage.

The money exchange and transfer is a two step process. First the money is

exchanged for the desiring money that the client q'ants to transfer. This is a local sen,ice
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and the local office takes its charges. Then money is transferred to the desired country

office via message.

c) Customer Relation

[n customer area, Zarco Enterprise keeps tracking information about the regular

customers and always tries to be in touch in them through.

o Greeting cards

. Regards. best wishes and current rates of the foreign currency through the e-mail

d) Currentll' Maintained Accounts

l) Customer Money Transfer

Managing the customer money transfer information is the basic requirement of

Zarco Enterprise. Any mishandling or false information can be cause for a big loss. So all

this information should be stored with full assurance and would be quickly accessible on

demand.

2) Payable / Receivable Account

3) Currency Management

a) Local currency b) Foreign currency

4) Income/Expense Account

5) Cash Management

I-e Textual Anal),zed Transcripts

Interview-l

Different resources are use on every level (diferent phases are considered). For

example 5 resources are used on level S(resoLu'ce required for each phase is considered).

similarly if 20 resources are used then the monthly cost will be 2million. for 10 resources
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the monthly cost will be I million, for 5 resources it uill be .5 million (Monthh, resource

costing is done).

In this u'ay our monthly cost u'ill be 2.3 to 2.5 million (per month cost is

estimated).

Now use this to calculate the cost for 6 to 8 months. So for 6 months our cost u'ill

be (23*6) I .38 million (total cost is estimated). Then we round it up to 150 /a

contingency is added).

Alother ofour practice is to multiply the figure given by the developer by two.

Then the other things will come arcrnd (or time costing).

Q: have you used the given information in your estimates?

Hmmt (yes) First of all. the team size, the team is considerably large (team si=e

variable information used). So this information is used. They also have average domain

(Domain Lnou'ledge variable i4formation usedl knowledge. Then the costing dspends on

the technology that you used such as you use java. Ajax etc (Technologv^ information

used).

Similarly your development become linle difficult or more time consuming when

you go for open source environm enl (Technolog, variable informotion L6ed).

The average domain level increases your time and team communication which is

good here will also affect your time (communication variable information used.l.

Q: Extensive testing is required for that project. Have you included the level of

testing for your estimates?

The estimates I provided includes the alpha level testing. You can add 2 to 3

months for extensive testing (testittg infunnation used). You have also leamed in SE that
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the code you write takes 20% of time. 80% of time is consumed to stable the software.

Similarly ir practice coding takes 20% of time and considerably large time is consumed

in stabilizing and testing the software.

Q: One thing that I observed is that you moved up from the last on the form. First

you write the cost, then !,ou write time 6 to 8 months and you said that on the basis

of these we calculate the efforts. So will you please explain how you calculated the

last thing (cost) first?

On the basis of my experience it u'as my idea those 6 to 8 months. Keeping this 6

to 8 months in mind I develop this formria (months * monthl)'cost) (total cost is

estimated). Such as I have 6 to 8 months and my I resource on first level u'ill cost one

lack rupees. If 10 resources are there then I million (resom'ce costing). So I million into

6 months. Then I induct 20 medium level (level ofresources isjudge) ofresources in the

project. Each ofthem cost 50 k (resource cost according to his,trer level). Then calculate

the cost of 6 months (resource cost * no. ofresoLo'ces + months). This costing is only for

human effort. Hardware or any other cost is not included here (other cost shoLtld be

added). lt is totally development cost.

Costing formula will al'*'ays be around man hours. One of the u'ays is to multiply

the calculated man hours with (pr hourl value (ef.fort used in costing). Such as you have

1000 man hours then I 000 * I 0 dollars etc. but for that you must know the level of

resources you have (level o.f resourceT. For example the resources that consumed in the

beginning will be ofhigh level resources.

Q: why you consider the level of resources?
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For different thing such as their productivity. knou'ledge. problem solving skills

etc (variable information used)

Q: Means you consider the productivitv of individuals to calculate the man hours?

Hmml O es)

Q: you completed a process cycle from document reading to estimates. \l'ill you

please recall it?

'l . Scope of the project (Project T.,-pe information used1.

2. Complexiry of the project (Complerio* infornation tsed).

3. Then based on the experience duration ofthe project.

4. Monthly value of the resources multiplied by project time kostittg.formula)-

Q: what things you consider in your mind thinking about complexitl'?

For example in call services the call recording. monitoring and backup are

significantly complex tasks (algorithmic complerii' infornntion is used). Then we also

need to consider it form technology dimension i.e. ho'.r'complex is the implementation

(t e chn o I o gi ca I c o m p I e ti q- i n fo rma t i o n i s us e d 1.

Secondly open source has its pros and cons. Open source development normally

takes more time ftechnological complexi4, inl6tmation is used).

Q: as you refer the man hours. So have you considered the man hours required?

I judge a figure for man hours on the basis of our experience and by breaking the

project (decomposition/Ws). Such as how much time u'ill be required to build the online

customer care module of thar project. Similarly hou' much time r*ill be required to

develop the customer complaints module? How much time will be required to develop

the database? (Modules are consider and modtles vise time estimatedl You associate
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them and calculate your cost according to no. ofresources hotal no. ofmodules+ there

required development time and no. ofresou'ces are used.for costing). For example the

no. of men you have. Ifyou come to knou'the people which will be involved in

development then you build teams and assign them modules (Team infotmation used)-

Even if we eslimate for bidding, we consider the included no. of modules too /,Nb.

of modules information rrsed/. For example you can see this file. It contains modules and

the time required to develop each module. In this u'ay we estimate (example of prior

estimation hork).

Q: Do you consider the required no. of modules first and resources required

developing them?

Yes. (Confirmation lhe use ofno. of modules information to judge resource

requi red.for deve I op in g t h em1

However I first try to make these modules independent modules. Then I draw

these modules on time line to see which can run parallel and u'hich can run independently

(Dependeno of modulcs). lt is a complete process. Then you allocate your leam (Team

Infotmation). Some resources can work in parallel but they can be in one team (Team

/Resource availabilin' infotmation). So they can not work in parallel. Then you consider

it in serial that is second u,ork starts when first work completes. Accordingly you

calculate the cost and rime for the project.

We use the same formula of Initial level but take inputs on our experience bases.

You execute the same process virrually in your mind.

1. Break dou'n of task (frtt in phases, then in ntodules)

2. How many modules can run in parallel (Dependencv, resource availabilio*)
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Then you have time (tinte required).

Then you draw your resources (total resources required)

Then you consider the cost ofyour resowces.( Resources * Time)

Then -vou will have your hardware resource. softu'are resource' dme and cost.

(cost + hardu'are cosl+ licensing)

Interviex.2

Look... the first variable I used in this calculation is Time. Because through my

sVJlls kxperiencel I am judging the months required to complete this project. On the base

of this assumed value I performed the remaining calculations.

The u'ay I calculated the effort is eight hours a day and 5 days a week. So it

comes to 160 hours a month for a single person (w'ork hours.for a month).1say lhls

project required six months. The developers uill be involved from the start ofthe project

(Project phases + resource requiredfor each phase). So their effon will be 26000 hours

ho. of reson'ces * u'ork hours for a month *total months)-

Q: Did you assume the required 6 months for project solely on the basis of no. of

people working on this project?

Y es (confirmation of no. of resources) and on the basis of my prior experience

that ifyou have this no. of resources then how long this Type ofProject (Project t.vpe

informarion used) will take to complete. Offcourse you will knou'that it is must to have

an idea abour in what time this no. of people can do this task (Prodtrctiriu* ittfotlnation

rr.sed/. Using Project development experience this project can be developed in 6 months

(Prior project infutmation- Analogr).

Q: what information 1,ou used from your previous knowledge?

J.

4.

5.

6.
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I considered the experience of developers, their productivity (programming

e rp e i e n ce and P r o d uc t i v i 11* i nfo rn a t i o n us e d ) . . .

Q: Can you please recall and explain the steps you take for estimating this task?

First I consider the 5pe ofproject to be develop (project tvpe infotmationl

The no. ofpeople working on il (team size)

Experience of people (programming experience)

Then assume the required months i.e. 6 (analog',)

Monthly effort and Involvement level ofpeople to calculate effort (effort : Sum

of (monthl,,- ellot't+ duration of involvement in project.[or each resource))

Base on required months and monthly expense the cost ofthe project (required

months * month ly expense ).

Inten'iew-3

Q: Kindll'explain me step by step how you have calculated these estimates?

First ofall I u'ould tell you that the tasks you give for estimation has very less

information available for any point ofview including estimalion. You ask to analyze the

cost, effort and time on the base ofExpert Judgnent. The similar projects form the base

for Expert Judgrn ent (Analog) infotmation used). The vaiations take place on the bases

of requirements, scenarios, environment. larget audience etc (modules, Entironment,

[jsers infotmation rced). All these things matter. If you develop the same project for

America or any European country then the things becomes different. And ifyou are

developing for Asian country or Pakistan then the things will be different (ent'ironment

infot-malion used). So all these things vary and you have to keep all these things in mind

INTERNATIONAI ISLAMIC I]NT\'ERSITY ISLAMABAD 98-



for Expen Judgrnent. But based upon the requirements provided although very less and

based on my experience and judgrnent I have given some rough cut estimates.

Next as I told you that I don't agree to team composition (Team productivin'

information used). Because if you put so many resources (required resources infomtation

usedl in situation that you don'r properly know the natue ofthe project(project n'pe

infotmation used), don't properly krow the requirements. risks are not identified

(application tvpe, organi:ation y-pe, technologt infotmation used) all these things. So

based on those things its not good thing to put in so many resources. Your have to utilize

resources efficiently. The efficient resouce utilization is you consume the minimum

required resources (required resources information used).33 is too high figxe fteam si:e

information rced). W ell it can be if you are going for a very high fie product or very high

fie quality thing which have a very large scope (Project fvpe information used). Here

you have limited scope. Scope is not very large to estimate thal this high no. ofresources

u,ill be utilized.

Based on my estimation 17 resources will be required (Team Si:e informatiott

used). Tlte team composition you provide did not include analyst and documentation and

technical writing which is an imponant factor that \4'asn't there (Team Composition

information used1. So including these I mention you. So I have calculated those estimates

that I give you in man months. And also provide you divisions that requirements. design.

development and testing (Phase uise division ofproject required resourresT. I provide

you these 4 division and menlion (men months) in it. The calculations are sho*n in front

of you, how many calendar months- months and the cost.
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I also told you that the cost varies based on the companies i.e. in which u'ay the

company do costing (for i/.s resources) (Standards and policies information used). I took

a rough figure of270000 per man month (monthlt cost). And calculated the cost based on

the man months required (cost= monthl.t'cost * man months required). Plus I added the

contingency and inflation (contingenq, addedl. I also told you that contingency based

upon the environment (environmenl information rr-sed7. Such as if you are developing in

Pakistan then the contingency will be different from ifyou are developing in America or

in some other foreign country. Plus the resource cost. means ifyou are developing in

china then you will find resource on lower cost than Pakistan (resource costing based on

location). 3'd comes your overhead cost. Overheads cost includes feasibitiries, electricity

billing and other resources you consume (lnternal envirottment information used). So I

included 5%o for each three of them. It can also vary Iet say ifyou are developing in

Islamabad then it will be different and if you are developing in Pindi then it will be

different. So your overhead cost u,ill vary. These are the basic things on which I jud-ee

and provide you the eslimates.

Q: first you divide it in the phases and told me the time required for each phase..,,..

Exactly (co4fitmation of phases division), th:s is what you have to do WBS, till

you breakdown your estimates can not be developed. I did a high level breakdown i.e.

requirements. design, development and testing (breakdovn in phases, nol in actit'ities).1

took these 4 phases and after that test you are ready for beta take. Ifyou go further from

beta take then it will take more time (extensive testing adiustnrcrlsl. Actually u'hen you

launch a product and implemenr it in real scenario. it comes across a lot of things

(Support and training).1give vou example of a company. They purchase a product. It
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took them 6 to 8 months so the proper billing can be performed. Nou' you can see that a

developed product. because it has to be changed. it has to be customized, took 6 to 8

months. I am talking about calendar month. I have no idea about the man months. These

type ofthings happens in real scenario which I kno*'and brief you.

Q: First 1'ou divide in phases and then you give required months for each phase. On

what basis you judge that?

Analysis involves the historical information son of things and some previous

projects you have develop (Project o*pe- analog,, information is used).

Q: Can you explain what have you consider form that historical information?

Historical information like (1) Tfpe ofProject i.e. is billing software. (2) you

u,ant to launch as a product because for product you need to include extra information

such as .scalaDilin, adaptabilio, cttstomizable. You should noI target one organization

and u,hen you go for other organization it gets fail. So you have to keep these sorts of

things in mind.

And it is not a very large level thing. It is targeting only small to medium Ievel

t Ta rget Organi :alior?/ companies.

And the things given like customer support, these u'ill be your small modules and

you will be imegrating these modules (No. of modules, Integration of modules mostlv

concent v ith technologv, comple:i4).

Q: did you consider u'hat modules or how many' modules u'ill be developed?

General u'ill be your billing module (Modules). Then your interfaces come in

billing that which level of information should be shourl to user. Even in your company

have different level for information. For example which information should be displayed
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to Customer suppofl peoples. which information to billing people, which to the people

acrually receiving payments. which information should be shown to higher

managemenl(compleri4, 67*o7r,rt). These are all son of levels on which you have to

define it. Let say I am your customer. There should be a customer m odule (ntodule to be

developed and cuslomer satisfacliorl which provide me the login and check his billing

history. call log. It will be a module. Except that there will be inter supporting modules

for bilting (No. of modules). These will be your small size modules based on the u'ay you

record call, frequency. There will be criteria defining for recording call of different

frequencies. It is package based (modules complexitv-/ algorithms). All these things will

be defined.

Q: what have you consider for the given information?

Mainly I consider the technical requirements (technologv^ required infotmationl. I

told you my objection about the team (Team Productit,i- leom size and composition).

The database like things does not matter whether you use one db or another. You will use

the one which is compatible to your environm enl (Environntent targel platform, target

organi :ati on, tec hno I og' ).

This information does not include the licensing (Adjustment factor/. So ifyou

need licensing you will include it. Even ifyou are working in Pakistan with a company

like Gold partners then you can not go without licensing. It is in company profile

(Standard and policies). For exarnple this project uses mySQL. Means it is focusing

small to medium organizations (larget organi.ation, project 4,pe-scoPe)- Ifyou go for

large organization you can not use mySQL because it provide limited storage and

servtces (Technolo&v^- constt'aints and limitation). Such as .net is a very powerful
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platform (Developmenr Plarform Manri4,) and if you use SQLServer with it, you can not

find a better combination. The reason is that the .net on archirectural level has many built

in assemblies for its integration (Reusable Component). This reduces your development

time, fasten your record fetching. It effect the performance of application and at the end

effect the development cost. For example ifyou have to write a module in Java but .net

provide a function to provide all that information then your development cost will be

reduced. Its means that here you can do rapid application development but there (ava)

you can't (te chno I og" limi tation).

The domain knou,ledge of team. communication, development qpe is product.

Reporting information through organization t)?e. target organization is obviously

telecom. The main things are team size and team productivity.

Q: How did you calculate your man-month cost?

It is based mainly on company policy (Standard and Polict' infonnation used) for

example the salary paid to different level of peoples etc. Different companies have

different policies which I keep in mind and calculated the cost for a man-month. I have

experience of working in different companies and I adjust myjudgrnent according to

cunent company policies. The marurity level of company (Maruritv level Information

used) also influence because you have to maintain proper documents for project and

many other thing Io meel marurity criteria.

Interview-4

Q: please elaborate hon' you build these estimates?

Let come from the third point Cost. Ok! Now the person months and the total time

span I mentioned. Another thing that I mention is the salary ratio ofyour employee
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(costingfor resourcesl. So there are different methods for costing. I mentioned the

employee's salary according to my organizati on (Ent,ironment Information usedi. It is not

exact.

For this approximation I judge the required person months and the no. of months

for this project. Then I multiplied the no. ofhuman resources to resources used ho qf

peoples * cosl of resow'ces) and get the total expense of all the employees for one month

(monthlv Cost). Means if I do this project. what will be my monthly expense.

Then I told you this project required l4 to 15 months. I multiplied the monthly

expense to l4 months (costing= months required + monthlv cosll. It gives the estimated

cost of my project that estimated cost u,ill be this much. There u,ill be plus. minus

(contingenc,- bulferl but the estimated is this. This is the simples and easiest uay of

cosring.

2'd thing is time required. What I did in time required is the modules involved

(no. of modules information rrsedl in the project. It is a large kind of project (Project tlpe

information is used). but it has 3 main modules i.e. moderator. rating and billing. These

are the main things which derive my time estimates. And the 4s thing is integration

(modules complerin' main diver of tine,/. So you have 3 main modules and 4fr one is

small integration module (no. ofmodules involved). Ifyou u'ant to do imegration then

you should knou'the feasibility. Its means you have to check the feasibility ofall the

modules to see whether it is possible to develop or impossible (technolog' compleial.

For that I need to consume my senior resources to do feasibilit-v study (pha-se division and

resource level information). According to that I consider the required time (required tinte

judgment).
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The same resources will visit the stakeholders btakeholder participation) and

perform a complete analysis of the project to know what is required or what will we

provide (customer satis.faction) and what is the high level features at the end ofthat

project.

ln this way I divide in different phases (decomposition in phases) and depending

upon which resources should be used in which phases (phase wise resource required

information used) such as I cannot use interns for feasibiliry. So I will use same level

resource. Similarly I cannot use a DBA in development. for that the higlr level developers

should be used (expeience ofresources used) and team work would be performed (Team

information, communication infor-mation used1. Thts u'ay I divide it in phases and judge

that feasibility will required this and development . testing in alpha and beta release will

required this much months (reEtired time -for each phasel. After doing that I come to an

esdmared time of 14 to l5 months. It is not accurate it is estimate only.

For effort you have 30 persons (team size information is used). Bt:t all ofthem

will not be utilized at the same lime (resource required). I have 30 persons but I will not

utilize all. I will use only which are required such for QA person for QA with

involvement of to 4 developers (phase w'ise division of men to calculate efort). Dluring

development l0 to 12 development persons will be involved. Analyst will be use in

analysis. Not all at a time.

I-f Textual Model of Estimators

First person u'ay ofjudging estimates.

Cost Judgment

l Resource costing process
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l.l The development level on which resource are used to makejudgment

about their cost (Salary)

2.2 Total resource on a level multiplied byjudged cost

3.3 Sum ofresources on each level resources multiplied by their respective

cost

2. Monthly Resource Cost Estimates.

3. Cost Estimation Process

l.l Total months required from Time Judgment process multiplied by

Monthly resource cost eslimales.

2.2 Contingency is added in cost.

3.3 Add your hardu.are and licensing cost.

4. Cost Estimate.

Time Judgment

l. Phase wise Breakdown ofproject in phases

I . I Project Type - E.g. Scope , Application Type. Target Organization

information

2.2 Resourcesrequiredlnformation

2. Time required to develop these modules

Modules to be develop information

Complexiq of modules information

i.Algorithmic Complexity information

ii.Technology- Implementation Diffi culty information

Dependencies of modules
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Resource Availability information

2.2 Team composition and work assignment information

Team Size information

Team Communication information

Technology- Technological experience information

Domain Knowledge information

3. Time Estimate

Effort Judgment

l. Man hours per month

i.8 hrs per day * 5 days a weelc 40

ii.40 * 4 weeks a month: 160 hrs.

2. No. of modules information

i.Complexiry - al gorithmic, technological information

3. Required Resource (Judge during time estimate)

4. No. of months required (Time Estimate)

5. Add contingency

6. Effort Estimate

2nd person way ofjudging estimates.

Cost Judgment

l. Required pemon months

2. Required months

3. Resource Costing

a. Level based salary package ofthe organization
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i.Standard and policies information

ii.Organization structure information

4. Calculate Monthly Cost

a. Sum of No. of people on each level multiplied by their cost (Salary)

5. Cost judgrnent process

a. Monthly cost is multiplied by the required months of Time Judgment

b. Contingency is added

6. Cost Estimate

Time Judgment

1 . Project Type information

2. Phases required for that project

3. Modules involved Information

a. Complexity of modules Information

4. TechnologicalComplexitylnformation

5. Level ofresource required for each phase

6. Stakeholderinvolvementlnformation

7. Customersatisfactionlnformation

8. Phase-u,ise resource required

9. Team Experience of Resource used

10. Time Esdmate

I 1. Add buffer

12. Time Estimate
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Effort Judgment

l. Team Size

2. Resource required for each phase

3. 176 hrs per month for single resource (8 hrs * 22 days)

4. Phase-wise no. ofresource required * 176

5. Sum of4

6. Effort Estimate

3'd person t'ay ofjudging estimates.

Effort Judgment 
,

l. 160 hn for a single person (8 hr * 5 days + 4 weeks a month)

2. No. ofresources required information in each phase

3. Multiply 2 and I to have phase wise effort required

4. Sum up effon required for each phase

5. Effort Esrimate

Time Judgment

I . Project Type lnformation

2. Resource Available lnformation

3. Analog lnformation

4. Phase wise resource division

5. ProgrammingExperiencelnformation

6. Team Productir iry lnformation

7. Technology - Language experience Information

8. Time Estimate
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Cost Judgment

I . Required months

2. Monthly Expense ofresources based on salary

3. Required Months * Monthly Cost

4. Add overhead cost

5. Cost estimates

4'h person u'ay ofjudging estimates.

Time Judgment

l. Project Type- Product, Scope. Application tlpe

2. Resource Available

3. Target Organization

4. Phase wise division

5. Analogy Information

6. CustomerStatisticianinformation

7. No. of modules information

8. Complexity of modules

9. Technology Information- Integration of modules mostly concem with techrology

10. Team Size

I l. Team Communication
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12. ReusableComponentsinformation

I 3. Platform Maturity

14. Technology limitation and constraints

15. Target Platform information

16. Time required for each phase

17. Sum of time required for each phase

18. Testing Level required

19. Time Estimate

Effort Judgment

1. Phases q'ise division

2. Resource required in each phase

3. Time required for each phase

4. Multiple 2 and 3 to get effort required in a phase

5. Sum up effort ofall phases

6. Effort Estimates

Cost Judgment

l. Resource costing

a. Standard and policies

b. Environment- where u develop
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2.

J.

4.

6.

5.

7.

8.

9.

Monthly cost

Cost- monthly cost * man months required

Add contingency

a. Environment - where you develop

Add inflation

a. Environment

Add overhead expense

a. Internal Environment

b. Standards and policies

Add hardware Cost

Add licensing Cost

Cost Estimate
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