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ABSTRACT: The availability of a good, complete scope definition in the early stages of a project is widely recognized
by industry practitioners as a key factor for overall project success. This paper presents a Project Scope Modeling
Methodology for computerized decision support during the definition of a new project scope. The methodology is based
on the effective reutilization of historical project scope definitions through the application of Case Based Reasoning
(CBR), an Artificial Intelligence approach. In CBR, the previous experiences are reused in solving new situations re-
ducing the complexities of modeling reasoning processes. By using CBR, the scope modeling methodology helps to find
and reuse the most relevant historical information, allowing to easily consult and combine information from multiple
scope definitions in a computerized environment. The resulting scope definitions are ready to serve as input information
for different planning purposes. The application for conceptual cost estimating is discussed.
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1 INTRODUCTION

As many other early project management activities, the
definition of a project’s scope is usually carried out with
constrained resources and under stiff time restrictions. In
order to define the scope of a new project, project manag-
ers often reuse scope related information from previous
projects. The reutilization process may combine a series
of computer and non-computer activities, several data
sources, tools, methods and assumptions, all driven by the
project managers' experience.

Over the last decades, diverse approaches for computer-
ized assistance have been developed to improve informa-
tion handling processes and easing problem solving. A
number of innovative approaches have been used to build
Decision Support Systems (DSS), which are interactive,
computer-based systems helping users to solve various
semi-structured and unstructured problems (Sage, 1991).
As pointed out by Pal and Shiu (2004), successful deci-
sion support systems have been employed in various do-
mains, such as law, medicine, e-commerce, finance, and
engineering. As in other fields of application, possibilities
for improving the scope definition process exist through
the intelligent gathering and use of information following
a learning process.

This paper presents a Project Scope Modeling Methodol-
ogy for computerized decision support during the defini-
tion of the scope of a new project. The methodology is
built upon Case-based Reasoning, an Artificial Intelli-
gence approach to problem solving by means of reusing
information. In addition, the application of the methodol-
ogy is also discussed in the context of CASEST, a proto-
typical system for scope modeling and conceptual cost
estimating (Rueda, 2006).
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2 CASE BASED REASONING (CBR)

Case-based reasoning (CBR) is a thriving paradigm for
reasoning and learning in Artificial Intelligence (Leake,
1996). According to Pal and Shiu (2004), Case-based
reasoning may be defined as a model of reasoning that
incorporates problem solving, understanding, and learn-
ing. Bergmann et al. (2004) define CBR as a problem
solving methodology that models human reasoning and
thinking.

In Case-based reasoning, a new problem is solved by re-
calling and adapting a solution that was successfully ap-
plied to a previous problem with similar characteristics.
People routinely use Case-based reasoning instead of em-
ploying methods or solving procedures. Nevertheless, as
stated by Kolodner (1991), they may suffer from an in-
ability to consistently recall the appropriate prior solu-
tions, distinguish between important and unimportant
features, recall prior experiences under time pressures,
and deal with incomplete and uncertain information in
new problems.

Case-based Decision Support Systems work with a data-
base of past experiences named cases. As defined by
Mubarak (2004), cases are episodic couplings of prob-
lems and solutions. This concept can be described as a
function between domain P (problems) and domain S
(solutions) where cases are the pairs (problem, solution).
The problem part of a case is often represented as a list of
descriptive parameters, while the solution is represented
in a number of ways such as text, diagrams, graphics,
trees or hierarchical structures, among others. In many
situations, an evaluation of the solution is provided with
the case. A domain of evaluations (E) can be added and
the case will be the triplet (P, S, E). As explained by Pal



and Shiu (2004), the problem-solving life cycle in a Case-
based reasoning system consists essentially of the follow-
ing four steps:
1.Given a new problem, the system retrieves similar
previously experienced cases (e.g., problem—solution—
evaluation) whose problem part is judged to be simi-
lar.
2.The case(s) retrieved are reused by copying or inte-
grating its solution parts. An initial solution is found.
3.The initial solution is modified or adapted in an at-
tempt to solve the new problem.
4.The new solution obtained is retained in the database
for future use (along with its problem and evaluation
if available) once it has been confirmed or validated.

3 CASE REPRESENTATION

Case representation is an important activity for Case-
based Reasoning. As pointed out by Aamodt and Plaza
(1994), it involves finding an appropriate structure for
describing, visualizing and using case contents. Figure 1
presents a building project example (core/shell project)
that shows the case representation proposed for the Pro-
ject Scope Modeling Methodology described later.

The Scope Modeling Cases contain a problem and a solu-
tion part. The problem part is represented as a “project
description” or list of project parameters in the form of
attribute-value pairs. These descriptive parameters specify
a particular need that is satisfied by the solution part
through a single project scope definition. The solution
stores all the scope related information, which is repre-
sented as a tree or hierarchical structure similar to a Pro-
ject Breakdown Structure. The elements of the structure
with a plus sign (+) have their children elements collapsed
or hidden. Conversely, the elements with a minus sign (-)
have all their children elements expanded or shown.

SCOPE MODELING CASE
PROBLEM - Project Description

SOLUTION - Scope Definition

Project 1
Attribute Value [f=! Building Sitework
+/ Site Preparation
Basement area [m?] 960 +! site Utilities
= Structure
Building footprint [m*] | 1.930 =] Substructure
+ Fundations
Building area [m?] 11.800 + Basement
= Shell
Building levels 6 #| Superstructure
+/ Exterior Closure
Average level height 27 + Building Roof
[m] ! = Interior Construction
i Reinforced +| Staircases
Building structure Concrete #|Building Partitions

H=' Services
+ Plumbing
+ HVAC
+| Fire Protection
+ Electrical

Figure 1. Case Representation for Project Scope Modeling
Methodology.

4 CASE ATTRIBUTES

In a CBR problem solving cycle, the case attributes
(along with its values) allow to evaluate the similarity
between cases in order to retrieve appropriate informa-
tion. The selection of the attributes for a Case-based De-
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cision Support System is a domain dependent activity.
The example of the Figure 1 shows a set of attributes that
may be useful for describing building projects. As ex-
plained by Watson (1997), attributes must be predictive in
a useful manner, influencing the outcome of the process
and describing the circumstances in which a case is ex-
pected to be retrieved in the future.

Several methods or algorithms to choose attributes are
described in the literature (see, for instance, Pal and Shiu
2004). However, as stated by Kolodner (1993), for practi-
cal applications attributes should be chosen using expert
criteria.

Once selected, the attributes are incorporated into the de-
cision support system. All cases of a certain type use the
same set of attributes and are generally clustered into the
database.

5 PROJECT SCOPE MODELING METHODOLOGY

The Project Scope Modeling Methodology is designed to
be executed by a computerized system to assist the user's
decision making during the definition of the scope of a
new project. The methodology describes an interactive
work process in which the user makes decisions while the
system suggests useful information.

The Scope Modeling Methodology proposes a three step
process to prepare a new scope definition: in first place,
specifying a “project description” for a new scope model-
ing case; secondly, evaluating similarity and retrieving an
initial solution or breakdown structure; and lastly, adapt-
ing the initial breakdown structure retrieved.

5.1 Specification of the “project description” for the new
scope modeling case

The first step in the process is to create a “project descrip-
tion” or problem part for the new scope modeling case.
The decision support system presents the user a set of
attributes (previously determined according to the type of
project) while the user enters a corresponding set of val-
ues that describe the characteristics of the new project.
The list of attribute-value pairs specifies the problem part
for a new scope modeling case, making possible to start
the evaluation of the similarity between the new situation
and the stored cases.

5.2 Evaluation of the similarity and information retriev-
ing

The next step in the process is to obtain an initial solution
or breakdown structure by retrieving historical informa-
tion from the database. In order to find a useful solution,
it is necessary to compare the project description of the
new scope modeling case with all project descriptions
stored in the database. These comparisons are performed
by the decision support system using the Nearest
Neighbor Algorithm.

As explained by Pal and Shiu (2004), the Nearest
Neighbor Algorithm allows evaluating the similarity be-
tween two cases using similarity functions. A global simi-
larity function is usually built up from a number of so-



called local similarity functions, one for each descriptive
attribute involved. In this way, the global similarity be-
tween two cases is calculated as a weighted sum of local
similarities. The following equation represents the Near-
est Neighbor Algorithm:

n
Similarity(P,C)= Zwl' XSimj(Pj,Cj) ()
i=1

The equation describes a situation for which P and C are
two cases compared for similarity, n is the number of at-
tributes in each case, i is an individual attribute from 1 to
n, w; is the feature weight of attribute i, and sim; is a local
similarity function. Similarities are usually normalized to
fall within the range 0 to 1, where 1 means a perfect
match and 0 indicates a total mismatch. The Table 1
shows the application of local similarity functions for
numerical and text attributes:

Table 1. Local similarity functions for numerical and text attrib-
utes.

Aftributes Local Similarity Function

sim(p;, ¢) = _ dist(p, ¢;) Calculating the similarity for the “basement
ax area” attribute, in square meters:

Application Example

Numerical

dist(p;, ¢;) = Abs(p; — ¢;) pi=1,300
¢=1,520
Riuwx™ Coax— Coin Crax = 1,790 (Maximum basement area in
database)
Cpax = Maximum value stored in | ¢y, = 1,050 (Minimum basement area in
database for a given attribute database)

Cpin = Minimum value stored in
database for a given attribute

dist(p, ¢)= Abs(1,300 — 1,520) =220
Distance must be normalized by Ry, in order
to have a similarity between [0 and 1].

Ruw= 1,790 — 1,050 = 740

sim(p, ¢) =1 —220/740 = 0.70 = 70%

‘Whenever possible, text attributes
are ordered and each one receives a

The attribute “space restrictions” may have
the following values:

numerical value, then text attributes | “none” =1
are treated as numerical. “low” =2
“medium” =3
If ordering is not possible then: “high” =4
“very high” =53
1 when p=¢ p;i="“low”, ¢, =“very high”
sim(p;, ¢;) = { Cmax = “very high” (Maximum value in
0 else database)

Cin= “None” (Minimum value in database)
dist(p;, ¢)= Abs(2-5)=3

Row= 5-1=4

sim(p;, ¢) = 1-3/4=0.25=25%

The Table 2 shows the application of the Nearest
Neighbor Algorithm to measure the similarity between
two cases:

Generally, the similarity calculation continues until all
cases in the database have been compared, and ranked
according to their similarity to the new target problem. As

Table 2. Application example of Nearest Neighbor Algorithm.

shown in the example of table 2, attributes that are con-
sidered more important may have their importance de-
noted by weighting them more heavily in the case-
matching process. The strategies for determining the
weights assigned to each attribute are diverse, ranging
from the application of weights provided by experts, the
use of techniques such as Genetic Algorithms (for an
overview, see Craw and Jarmulak 1999), and in some
cases the use of weights provided by the users. In addi-
tion, researchers and implementers can decide not to use
weights at all.

After all Nearest Neighbor comparisons are performed,
the breakdown structure of the most similar case is re-
trieved from database as an initial solution and is pre-
sented to the user for the realization of an interactive ad-
aptation process, which is also assisted by Case-based
Reasoning.

5.3 Adaptation of the initial breakdown structure

Once retrieved, the solution found must be adapted in
order to better fit the new situation. The user of the sys-
tem drives the adaptation process using his domain
knowledge to revise and modify the initial breakdown
structure. Adjustments are carried out whether adding or
deleting elements. In turn, the system uses Case-based
reasoning to suggest suitable scope information for adap-
tation.

Figure 2 illustrates the adaptation approach used. The
element “Site Utilities” is shown as selected for revision
and adjustment. Each time an element is selected for ad-
aptation, the system presents to the user a list of possible
elements that can be added to the structure as children of
that particular node. The elements of the list come from
an Item Library, which is a compilation of elements ex-
tracted from all breakdown structures stored in the data-
base. In order to help the user to decide additions or dele-
tions of elements, the system also displays percentages
indicating the occurrence of each element across the k
(i.e. k=3) most similar projects ranked through Nearest
Neighbor Algorithm.

Attribute| New Case Stored Distance Comax Comin Maximum .L?cal. Welght:ed .Local
Case Range Similarity Similarity

Basement 960 1,260 300 1,750 760 990 69.6 / 100 12.5/18

area [m?]

Building

footprint 1,930 1,550 380 2,300 860 1,440 73.6 /100 11.04/15

[m?]

Building | ) g4 14,050 2,250 21,300 | 4,400 16,900 86.6 /100 25.1/29

area [m?]

Building 6 9 3 15 5 10 70 /100 11.2/16

levels

Average

level 2.7 2.75 0.05 2.68 3 0.32 84.3 /100 6.7/8

height [m]

Building | Reinforced | Reinforced

structure ¥ Concrete Concrete ) ) ) ) 100 /100 14714

Total Similarity | 3 =80.54 %

* Text values have not been ordered and treated as numerical
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The adaptation of elements can be performed following a
top-down revision, with the adjustments starting from the
top level (project level) to the highest detail levels, and
checking all the elements of a level before going to the
next one.

When all the adjustments conclude, a scope definition for
the new project is obtained. This new breakdown struc-
ture is then ready to be used for planning purposes.

Percentages show the occurrence of elements across the five (k=5) more similar projects ranked through Nearest
Neighbour Algorithm.

Initial Solution:

Project X (Most Similar Structure Found)
= Building Sitework
+ Site Preparation

Item Library also includes the following
elements for “Site Utilities™:

—#| Site Lighting (80%)

—+ Storm Sewer (60%)

—+ Heating Distribution (40%)

—+| Other Electrical Utilities (20%)
—+ Other Mechanical Utilities (20%)
—+| Fuel Distribution (0%)

+ Water Supply (100%)

+ Sanitary Sewer (100%)

+ Security Utilities (60%)

+ Electrical Distribution (100%)

+ Site Communications (100%)
+ Cooling Distribution (20%)

+ Structure

+ Interior Construction

+ Services

Figure 2. Case Adaptation.

6 OVERVIEW OF CASEST

CASEST is a prototypical system for scope modeling and
conceptual cost estimating. It automatically generates
construction cost estimates using the breakdown struc-

parametric relationships process these values into quanti-
ties for the elements of the structure located at the highest
levels of detail. Afterwards, the Costing program module
multiplies all project quantities by its corresponding unit
construction costs using data from a cost database ex-
pressed on a per-unit basis. Estimating reports are then
generated and presented to the user.

In such a way, the system allows to easily obtain detailed
estimates starting from a simple project description at a
conceptual level. The resulting estimates allow knowing,
in addition to the total construction cost of the project, the
detailed costs of the main project components and of any
other project items.

7 SYSTEM VALIDATION

Data for the study was collected from 17 building projects
constructed in the city of Santiago, Chile between the
years 2003 and 2005. The buildings are in the range of 7
to 27 floors and between 1 and 3 basement levels. The
total constructed area for these buildings are between
4,615 and 22,020 square meters. All projects have a struc-
ture based on reinforced concrete walls. In table 3, de-
tailed information of each project is shown.

Table 3. Descriptive information of collected cases.

Area Total Building Total
. . . . N Basement N
tures obtained with the Project Scope Modeling Method- Project | 1 evels L]Zavieé"[e,:f] Floors Afe';"’[;iz] F“‘[’;:’[]'“‘ )
ology. Figure 3 depicts the system architecture. CASEST 1 1 1,000 7 3,615 512 4615
. f d b h b . f . h 2 2 2,180 15 6,638 437 8818
is conformed by three basic types of components: the user 3 3 3150 27 18.250 659 | 21.400
: 4 2 1,350 8 5,200 635 6,550
interfaces, the system program modules, and the system : 2 1350 M et 6 | 206
databases. 6 3 1,334 12 5,189 413 | 6523
7 1 3,014 12 11,392 929 14,406
In CASEST, a program module for Project Scope Model- 5 2 1800 B o 22| Beso
ing executes all the support tasks to assist the preparation 10 1 1,130 o 4,070 432 | 5200
. " 11 3 2,960 14 11,368 760 14,328
of a new project scope definition. The automated ap- 12 1 1,450 10 6124 316 | 7574
1 1 13 3 3,413 18 13,104 720 16,517
proach of the Scope Modeling Mgthodology ma}(es possi- o : T ; o008 w0 | 2rans
ble to carry out the scope definition process in a short 15 2 3,530 1 13,270 1190 | 16,800
. . .. 16 3 1,525 20 5,793 310 7,318
time and with a limited effort. 17 2 2,362 13 9,092 683 | 11,454
Once a new breakdown structure have been prepared,
CASEST generates project quantities through a series of
parametric relationships incorporated into a parametric
model. The values established in the project description
are used as input information for the model. Numerous
I rf [ User Interfaces ]
nterface
Program [ Project Scope Modeling ] [ Project Quantities Generation ] [ Costing ]
Database

Scope Modeling

Cases Database

Unit Construction

Ttem Libraries Costs Database

Figure 3. Architecture of CASEST.
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The validation process consisted in estimating the col-
lected construction project costs using the prototype of
CASEST. The proposed automated scheme allowed car-
rying out the conceptual estimating processes with a low
effort and time in each opportunity. The estimated costs
were compared later with the real construction costs to
obtain accuracy results.

The projects used to develop the Case Base for modeling
received a special treatment during the test process. Each
time one of these projects was going to be estimated, its
information was retired from the case base including both,
its set of descriptive attributes and its work breakdown
structure or scope definition. In this way it was avoided
that for each case where one of these projects were esti-
mated, the system would deliver the same project as the
result of the search and evaluation of similarity, a fact
which would damage the validity of the application of the
modeling system.

The similarity was evaluated at the project level because
in this case the capability of the system for composing
scopes was not used. The attributes selected for evaluat-
ing the similarity were: number of basement levels, total
basement area, area of levels over ground, number of

Table 5. Results of projects’ similarity evaluation.

floors, building footprint, and type of structure of the
building. The predetermined weighting values for each of
these attributes are shown in table 4. These weights were
determined asking experienced personnel of the construc-
tion company that built the projects.

Table 4. Predetermined weighting values for similarity evalua-
tion.

Attribute Weight
Basement levels 9.1%
Total basement area 21.7%
Over ground area 46.9%
Number of floors 14.3%
Building footprint 2.9%
Building structure type 5.1%

The results obtained from the evaluation of similarity are
shown in table 5. In the table are included the results of
total similarity, local similarity and weighted local simi-
larity. In the case of local weighted similarities, the
maximum values that an attribute could present are pre-
sented.

Similarity percentage for atiributes %o

SL Local Similasit E E & &
SLF WeightedLocaslrSimilarity £ Ed o %ﬁ B én £ %n: . %‘]E

&5 & E & E &2 o & E & E
Project 1 aL 507100 827/100 | 7587100 | 70/100 919/100 100/ 100
Total Zimilarity: 75.8% | a1p | 45/9.1 177217 | 3557460 | 107143 164209 51751
Project 2 aL 100/100 7317100 989100 80/100 0.7 /100 100/ 100
Total Bimilarity: 89.6% 2LP  91/91 1527217 4647469 1147143 17729 51751
Project 3 aL 100/100 9177100 9657100 90/100 TIF /100 100/ 100
Total Bimilarity: 94.3%  gLP  01/01 1997217 4527469 128/143 208729 51751
Project 4 aL 100/100 9177100 9657100 90/100 TIF /100 100/ 100
Total Similarity: 94.3%  gLP  0.1/01 19097217  452/460 1287143 208729 51751
Project 5 aL 507100 7347100 8637100 85/100 92.0/100 100/ 100
Total Bimilarity: 81.1%  gLP  45/01 1597217 4047469 1217143 28729 51751
Project 6 aL 100/100  F31/100 9807100  20/100 0.7 /100 100/ 100
Total Bimilarity: 88.4% SLP  25/85 1927271  43.1/436 106/133 16727 43748
Project 7 aL 507100 74D /100 TLA/100 957100 4147100 100/ 100
Total Bimilarity: 74%  gLP  45/01 1627217 3337460 135/143  12/29 51751
Project 8 aL 507100 727100 7254100 707100 2467100 100/ 100
Total Bimilarity: 76.1%  SLP  45/01 1717217 3627460  10/143 24729 51751
Project 9 aL 100/100 9027100  B6.46/100 757100 757100 100/ 100
Total Similarity: 87.3% gSLP  0.1/01 195/21.7 4067460 107/143  21/29 51751
Project 10 gL 507100 2527100 9427100  75/100 527100 100/ 100
Total Similarity: 84.9% gSLP  45/01 1267217 M1/ 460 1077143  19/29 51751
Project 11 gL 507100 299/100 2667100  95/100 6537100 100/ 100
Total Bimilarity: 85.3% SLP  45/01 1057217 4067469 1357143 18720 517351
Project 12 aL 507100 7377100 T1/100 95 /100 47100 100/ 100
Total Bimilarity: 72.4%  SLP  45/01 164217 3334460 1354143 01720 517351
Project 13 aL 100/100 9717100 9627100  90/100 7247100 100/ 100
Total Bimilarity: 95.8% SLP  9.1/01 21217 454460 128/143  22/20 514351
Project 14 aL 507100 2437100 9647100  20/100 67.4/100 100/ 100
Total Similarity: 86.3% SLP  4.5/9.1 1282/21.7  452/469 1147143 19729 51751
Project 15 & aL 507100 5137100 9837100  95/100 965 /100 100/ 100
Total Similarity: 77.8%  SLP  7.2/1435 141/276  362/369  137/145 49751 14714
Project 15 B aL 07100 5227100 9217100  25/100 96 5 /100 100/ 100
Total Similarity: 90.2% SLP 0708 0.4/08 6027661 17.1/202 9397 24734
Project 15 C aL 507100 7237100 9037100  20/100 g33/100 100/ 100
Total Similarity: 87.4% SLP  0.4/03 0.6/08 B|IE61 1617202 3/07 24724
Project 16 aL 100/100 216/100 7967100  35/100 4164100 1007100
Total Similarity: 73%  SLP 9.1/9.1 1T7F317 3737469 57143 13729 51751
Project 17 aL 1004100 8727100 267100 1007100 217100 100/ 100
Total Similarity: 0%  SLP 9.1/91 197217 469 1437143 18729 51751
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In some cases like projects 12 or 16, the obtained results
were negative when evaluating the similarity of building
footprint. This occurs when the value of the attribute is
very far away from the range of values in the case data-
base for this attribute. This is due to the way of calculat-
ing the similarity using the closer neighbor algorithm and
it simply states numerically a lacking of similarity.

As can be appreciated in the table, the total similarity val-
ues always presented satisfactory results. The average of
total similarity so obtained was 84.4%. The assigned ad-
missible similarity limit was set at 65%, meaning that in
no case was necessary to use the scope definition system
starting from zero information.

Even with a reduced number of modeling cases the ob-
tained results were positive. This fact demonstrates what
is informed in the CBR literature that the important issue
for the case base is not the number of cases but the variety
of them. In table 6 are presented the variation ranges for
the descriptive attributes of the modeling cases. It can be
seen the great variety of the project cases.

Table 6. Range of variation for attributes of modeling cases.

Attributes Variation range
Basement levels 1-3

Total basement area [m?] 1,000 — 5,624
Over ground floors 7-27

Total area of over ground levels [m”] 3,615 18,250
Total area [m?] 4,615 -22,020

7.1 Results of estimated costs

In table 7 the conceptual cost estimates obtained through
the application of the scope modeling methodology are
presented.

Table 7. Conceptual cost estimates obtained using the scope
modeling methodology.

Real Estimated Accuracy

Project Cost Cost %

(UF) UF

1 15,647 16,895 +7.98
2 30,988 28,942 -6.60
3 74,402 70,277 -5.54
4 25,560 23,703 -7.27
5 67,087 72,951 +8.74
6 27,720 23,482 -15.29
7 55,080 50,704 -7.94
8 24,802 29,115 +17.39
9 73,865 74,759 +1.21
10 21,240 18,592 -12.47
11 48,657 51,811 +6.48
12 27,600 25,730 -6.78
13 56,090 59,864 +6.73
14 83,520 74,308 -11.03
15 72,720 55,421 -23.79
16 26,922 28,041 +4.16
17 46,821 38,567 -17.63
Average of absolute accuracy 9.8

The results correspond to the direct structure of construc-
tion costs expressed in UF which is a Chilean indexed
currency. Each UF is approximately equal to US$ 36.

All results so obtained are considered acceptable and fall
within the range for conceptual estimating of building
projects of £30% as suggested by Siqueira (1999) and
Abourizk et al. (2002). The average absolute accuracy
was 9.8 %. The results confirm the fact that if one has
good scope information for input then the accuracy of
cost conceptual estimating is improved to a great extent.

8 CONCLUSIONS

Case Based Reasoning decision support was proposed for
Project Scope Modeling. A prototypical system for scope
modeling and conceptual cost estimating was imple-
mented as an application tool. The automation and sup-
port of CBR problem solving makes possible to carry out
the scope definition process in a short time and with a
limited effort. Each stage of the process can be assisted
without the participation of manual information handling.
Large amounts of scope related information from numer-
ous projects can be quickly evaluated for similarity, re-
trieved, and combined.

The similarity measures used in CBR also reduce the sub-
jectivity in searching for information, allowing the user to
access most similar cases. Case Based Reasoning decision
support formalizes adequately the reuse of information in
the scope definition process, reflecting naturally the hu-
man reasoning processes.

The breakdown structures obtained through the applica-
tion of the methodology can be used in a computer envi-
ronment as input information for planning purposes.
Scope definitions were used for automatically generating
construction costs estimates in this case.

By means of the development and application of the
Scope Modeling Methodology for the conceptual estimat-
ing of construction costs it is possible to conclude the
following:

- The process proposed for the evaluation of the similar-
ity between projects, allows an estimator to have the
best information contained in the system memory in
each opportunity and to make decisions on the basis of
expressed objective information in numerical terms.
This way the subjective appreciations were elimi-
nated, formalizing the information process search.

- The visual ordering and aspects of the hierarchic
structures to the interior of the computational system
contribute to the modeling process, allowing to suita-
bly representing the information of the project, to or-
ganize the content of the scope definition, and to con-
duct operations of elimination, addition and replace-
ment of its elements easily.

- The organization and storage of scope modeling cases
in flat memory constitute the simplest way to imple-
ment the data bases of a scope modeling system based
on cases. The increase in the time of evaluation of the
similarity as the database of cases increases is not sig-
nificant given the great processing speed of informa-
tion of current computational tools.

- With the application of the scope modeling methodol-
ogy it is possible to obtain detailed cost estimations
that allow knowing in addition to the total cost of the
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project, the detailed costs of the main components and
of any component.

The use of a conceptual cost estimation system based
on the application of the scope modeling methodology
tends to be simple and it does not require greater
learning efforts. This is due to the fact that suitably
formalizes the management of information and
knowledge by means of the application of the CBR,
reflecting in a natural way, the common practices in
conceptual estimation and human reasoning.

Historical information is a fundamental element for
the CBR and also for the conceptual estimation of
costs. It turns out indispensable to have historical in-
formation to apply the scope modeling methodology.
Although this aspect can be considered like a restric-
tion for CBR, the use of previous experiences allows
finding solutions to new problems without having the
necessity to use a high level of explicit knowledge.
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