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Cost estimates are fundamental criteria to make design and manufacturing decisions in engineer-
ing. The achievement of an estimate requires knowledge and skills. Traditionally, engineers give
more relevance to performance and technical requirements than to cost. Education plays an
important role in this matter. A process-centred approach is presented to train professionals on cost
estimating. Training in cost estimating and the relevance of using a generic process as the core
around which training material is provided are discussed. The six pedagogical variables defined in
the development of a web-based, cost estimating training solution are presented. The developed
solution makes use of three training techniques: by doing, by lectures and by discussions.
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INTRODUCTION

ENGINEERING STUDIES focus mainly on
technological aspects, demanding the application
of scientific knowledge to resolve practical
problems. Engineering could be defined as ‘the
application of scientific knowledge to the life
cycle of solutions’. The solution may need to be:
compliant with customer demands, cost—effective,
compliant with specific performance features,
compliant with safety regulations, compliant with
a business strategy, etc. A ‘problem’ to resolve or a
‘need’ to satisfy is needed to engineer a ‘solution’.
Depending on the kind of problem or need, the
engineer will have to make use of specific scientific
and engineering knowledge.

Engineering courses dealing with design and
manufacturing tend to focus more on technical
aspects. For instance, Vizzini [1] presents the
details of a course focus on design and manufac-
turing of composites prototypes, where cost is
considered to be one of the major learning
elements. The cost estimation is presented in one
lecture. Students are required to estimate cost
based on equipment, labour and material rates,
which are the typical cost drivers considered when
creating a detailed or bottom-up cost estimate.
One of the findings presented by the author
points out that cost is the least understood aspect
by the students. This situation may imply that
future engineers do not have an explicit under-
standing and awareness of the cost implications of
their design and manufacturing decisions. Such an
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outcome is not unusual in many engineering
courses and supports the traditional view that
engineers consider cost as less important than
performance or technical requirements. This situa-
tion has been widely acknowledged by industry,
quoting [2]: ‘A design that fails to meet its cost
specification is not better than one that fails to
satisfy its performance requirements. Further-
more, when all other factors are equal, the decision
by the customer whether or not to buy a product is
largely determined by its cost’. In industry, this is
addressed through a discipline called: ‘Cost Engin-
eering’.
Cost Engineering (CE) has a wide scope (3):

. 1s concerned with cost estimation, cost control,
business planning and management science, including
problems of project management, planning, schedul-
ing, profitability analysis of engineering projects and
processes’.

Quoting [4]: ‘“The alternative offered by cost engin-
eering is to have cost information available when
design choices are being made, so that they will be
made in the knowledge of approximately what the
different potential solutions are likely to cost. This
awareness of the likely cost is essential to be able to
make effective cost/benefit trade-offs.

Several topics included in such discipline are ad-
dressed in different subjects in engineering teach-
ing programmes. Universities also offer double
degree programmes in engineering and economics,
and there are postgraduate cost engineering
programmes mainly in the areas of civil engineer-
ing and industrial management. Professional
bodies have also paid attention to CE training.
The most significant case is the certification
programme from the association AACE Interna-
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tional, which also proposes a Master’s degree
programme with emphasis on cost engineering [5].

This research is focused on cost estimating, which
can be seen as the first stage of cost engineering. In
industry, cost estimating is performed at different
product life cycle stages, with the objective of
approximating, in an independent, objective, accu-
rate and reliable way, the true cost of producing a
product. The accuracy of an estimate depends
heavily on factors such as: who created the estimate,
how the estimate was done and which data were
available at the time of its creation. These factors
also depend on the product/project life cycle stage
where the estimate is developed [6, 7].

The manufacturing industry has recognized two
key collaborative factors: to achieve cost-effective
performance and to share understanding of cost.
That is why original equipment manufacturers
(OEMs) such as: ESA, Airbus, Boeing, Rolls-
Royce, Ford, Daimler-Chrysler, Fiat, and so on,
promote cost engineering practices and even share
data along their supply chain. In the same direc-
tion, the adoption of a common top-level process
to create cost estimates is perceived as a good
initiative to enhance the accuracy of the estimates
and the common understanding.

In the context of design and manufacturing, the
importance of the cost estimating professionals’
competence has been recognized as a key aspect.
When examining training in cost estimating for
manufacturing, the courses focus on specific
subjects rather than on the cost estimating
processes (detailed or bottom-up, parametric and
analogy). From the training perspective, the defini-
tion of such processes and their use as a guiding
path are the kernel of the ‘learning by doing’
approach proposed in this research. Cost estimat-
ing processes have been deployed in a web-based
environment to provide process-centred e-training
for cost estimating [8, 9].

COST ESTIMATING AND PROCESS-
CENTRED TRAINING

The idea of using a particular process as a kernel
to train professionals and students prompts a set of

questions regarding how generic the process
should be, how to define the process, what kind
of key learning objectives are pursued and how the
training should be deployed.

There are three main techniques for elaborating
a cost estimate: detailed or bottom-up, parametric
and analogy. The selection of the technique to be
used depends mainly on which stage of the product
life cycle the estimate is conducted. The product
life cycle stage has a strong influence on the data
available and the accuracy expected [10, 11].

The research conducted was focused on the
training of professionals from industry. However,
the relation between industry and academia, and
the influence that industry has in higher education
should also be considered. For instance, an area of
concern and debate is the impact of the skills
approach in engineering studies [12]. This is parti-
cularly relevant because the creation of a cost
estimate demands: skills, knowledge and experi-
ence (Fig. 1) [8, 13]. The definition of the skills
needed for a particular job position, e.g. cost
estimator, depends on the tasks that the person
will have to perform. Depending on the cost
estimating process, the tasks could be different,
and it is at this point that the question how generic
and independent of any particular company the
cost estimating process should be, arises in all its
relevance. As Pascali [12] points out, the definition
of skills has three phases: prescriptive, descriptive
and deliberation. The skills approach has also two
options: generic skills and occupation-specific
skills [14]. What seems to be clear is that general
academic knowledge and skills are needed first in
order to acquire a later field-specific one.
However, an earlier understanding and awareness
of field-specific problems helps to motivate and
increase the effectiveness of the overall learning
process [14]. When aiming to define a generic
approach, there is a need to evaluate and compare
different alternatives, and to make a final abstrac-
tion to create a generic model that still gives a
reasonable result to the different initial alterna-
tives. This is the approach adopted in this work,
where the inputs come from industrial partners,
external professionals and documentation from
different organizations [9].
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Fig. 3. Simplified IDEFO diagram of the top level cost estimating process.
Taking into consideration the questions The first task (A1) was the definition of a top

previously mentioned, a set of research tasks was
conducted to define: generic cost estimating
processes, training needs, e-training practices, e-
training tools and the prototype to implement
(Fig. 2).

level set of activities to carry out when creating a
cost estimate (Fig. 3). The three cost estimating
processes: bottom-up, parametric and analogy
have specific subtasks under the activity A6. The
processes were modelled using the IDEFO metho-
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dology, and the data structure needed to document
the cost estimate creation was defined using the
IDEF1X method [9].

The tasks defined in the cost estimating process
are generic and independent of any company
specific practices. In fact, the overall process
proposed can be considered representative of best
practice [9]. Some of the tasks demand that the
trainee has some previous academic knowledge,
i.e. in performing statistical analysis (Activity
A6.6) and test relationships and analysing correla-
tion (Activity A6.7), both part of the parametric
cost estimating process [9]. Such knowledge is
applied in a field specific area: cost estimating in
manufacturing. In this sense, the relevance of
having a good knowledge of statistics is reinforced
by its application to a specific industrial process,
and as was mentioned before, it should be a point
of motivation for the trainee.

PEDAGOGICAL APPROACH

The development and implementation of any
effective learning or training solution demands
that its pedagogical aspects be addressed. Peda-
gogy is a discipline dealing mainly with educa-
tional theories, strategies of teaching and learning
styles. This aspect was addressed in activity A4,
which has as control and input elements the results
from the three previous studies: define cost esti-
mating processes (A1), analyse e-training practices
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and industry needs (A2) and analyse virtual frame-
works for e-training (A3) (Fig. 2).

The link of pedagogy with the teaching and
learning solution to be adopted can be done
through what is called ‘the six pedagogical vari-
ables’:

(1) Educational results: why, for what?
(2) Psycho-structure: who?

(3) Subject matter: what?

(4) Social structure: where?

(5) Media: with what?

(6) Teaching method: How, when? [15].

Fig. 4 shows a summary of the six variables
applied to the cost estimating training solution
adopted in the project.

Why, for what?

This variable focuses on identifying the aims and
objectives of the training, the expected outcomes in
knowledge, skills and attitudes, and how such
outcomes will be measure. Before the identification
of such elements, a set of definitions was adopted
(Fig. 5): knowledge, skills, attitudes, competency
and training [16].

In general, training is understood as an integra-
tion of two main approaches: cognitive (with a
change in the mental processing of information)
and behaviourist (with a change in behaviour) [16].
In this case, the solution adopted is process
oriented, with a cognitive approach involving
concept learning and problem solving. The main
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Fig. 4. Six pedagogical variables applied to cost estimating training—summary.



752 J. Rios et al.

Knowledge (K},
It can be categorized in thres types:
a) Declarative: Information acquined and place into memory by people,
b  Procedursl: Understanding of how and when to apply the dedarative knowledge.
cl Strategic: Awareness of the procedural and declaraties knowledoe, how it was learned and how can be
applied to achieve a spaclic goal.

Skills (S).
They are capaciies needed to perform a set of tasks, Skills are dependant on knosledge in the sense that the person must
ki “what to do’ and 'when' b do it & gap separates knowing these things from actuslly being able 'to do’ them, Two
possitle bevels: compilation (when tha parson thinks about what she s doing while parforming the sk} and automaticity
[when the parsan perfarm the tasks without really thirking about specific sdions).

Attitudes [A).
Thiey are employee beliefs and opinions that support or Inhibit behayiour. They ame Important since they affect motkation.

Compalency.
It is a broad grovping of krowledge, skills, and altitudes that enable a person o be successful at a number of similar tasks,

Training.
It is & systemalic prodess focused on the acquisition of KSAs nesded 1o perform mane effactively a particular job.

Eoente: Mlanchars’ and' Thacker (18]

Fig. 5. Basic definitions adopted.
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# Coslestimale review by menior (chjective & subjectiva)
= Extarnal feedback from colleagues (subjective)

s Guided sell-sssessment [subjective)

Fig. 6. First pedagogical variable: why, for what?
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focus is on enhancing the declarative knowledge,
the procedural and the skills of the trainee in
specific topics related to cost estimating. It is also
expected that a positive attitude towards colla-
boration and sharing of information would be
achieved (Fig. 6).

Psycho-structure, who?

This variable addresses the definition of the
trainee’s and professionals’ profile, teacher and
mentor, and learning, teaching and mentoring
styles (Fig. 7). Based on the responses obtained
from a questionnaire and in interviews with profes-
sionals, a survey was conducted to identify the
potential user’s technical capabilities. The ques-
tionnaire was created to assess the background,
cost engineering activities, cost estimating prac-
tices and the computing environment of cost

(2) Wha?

estimating professionals. The main results are
presented under the headline ‘Professionals profile’
(Fig. 7) [8]. After the presentation in several
forums of the first results, the possibility of ad-
dressing vocational training was also considered.

From the teaching perspective, two figures were
identified: teacher or tutor and mentor. And it is the
mentor role, the one that turns out to be more
challenging. It demands competencies about the
domain rather than knowledge about specific
academic disciplines; because of that a professional
from industry was identified as a more suitable
person. And it would also help to enhance the
attitude of the trainees towards the positive effects
derived from collaboration and sharing of practices.
In this direction, an online professional community
on cost engineering would also help [17].

The learning style proposed is based on three

Trainaa:
= Pramary professionals rom SMES and OEMS
= Secundary vocational iraining

Professionals profila;

= Ranga fram madium level of vocastional iraining to professionals with a unersity degree,
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= Have a imiled awareness of different cosl estimating lechnigues apan from the ones used in thair daily work

=  Muost of them are users of cost modeds, but they are not involved in cost functions definitlon and cost models
devalopmant,

« Some of tham may perform afher activities in additon bo pure cost estimates creabon, Such a5 Rk Analyss,
Vahse Analysts, Cost Maodelling, and Design to Cost.

= Many of them may not have a clear picture of the benefits of sharing practicas within and outside the
company. Howevear, professionals from OEMs involved in the evaleation of bids are the ones with a claarar
picture al he benefils

= Most of them have a usss level in T
Most of them are self-mothated and some have incentives from the company.

Teacher or tutor & mentor:
There are wo main roles: teacher or lubor and menior. The former role could be done by an academic or a
professional from indusiry, but the mentor role should ba parformed by an expert from industry if possibia

Learning style:

Attendance of a-cowrses (leaming by leciures).

Self-study

Creation of cost esimales using the e-manior ool (learning by doing)

Lse of supporfing maderal; glossanes, suggestad sources of informalion
E-Dialogues with leacher and mentor (leaming by discussions)

interacton with colleagues; face o face and electronically (leaming by discussions),

Teaching style:

m  |acheres,

= {ost estimaling process.
= Assignments.

= [iscussions

Mentoring style:

= Gusdance in the cost estmating process (e-mentor)

* Girowp discussions (esactronically and face o face if possibla)

# Mantor-menies dialogues (electironically and face to face i possibla)

Fig. 7. Second pedagogical variable: who?
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3 What?
Contant:

Trainees' tashs:

Undanake spaciles coursas.
Undariake cost astimaie creation

- & = &

Content presentation;

coEl estimaling procasses.

» Ciosl concapts, 8.9 @ cost. pnce, cost drivers, cost reduction, resk anatysis
»  Cosl estimaling concepls. dala calleclion, data normalization, WES, [eaming curve,

= Cost estimating melheds: paramatng, analogy, detailedfbotiom-up

& Guided seif-assessmant fo idenBfy profile of the user: novice or expert
Guided self-assessmant o identify traning path,

De=cuss wilh peers, leacher and manlor.

= Gukbad self aesasament tools: wizard e-iood based o filling of e-lonms
s Courses: e-leclures, e-guirzes, e-forums.
= ozl estimale creation (paramelric, detadad, analogy): e-menior wizard tool based on

o Discussions: asynchronous and synchronous communicalion (chal, Tonems, emails)

Fig. 8. Third pedagogical variable: what?

techniques: by lectures, by doing and by discus-
sions. And the mentoring role has been divided
into e-mentoring and human mentoring when
possible. The e-mentoring approach is based on
the guidance provided along the cost estimating
process and in computer-mediated communication
via e-mail and forums. How effective this kind of
communication is for mentoring is under discus-
sion; however, it seems to be better than not having
any contact with a mentor at all [18].

Subject matter: what?

The definition of the content of the training,
how it is presented and the trainees’ tasks are
defined in this variable (Fig. 8). It demands also
analysis of the curriculum, its aim and the
programme where the content is included. In the

(4] i‘ﬁmm?]

implementation, the curriculum was directed at
professionals who wanted to improve their cost
estimating competences. Inputs from AACE
recommendations were taken [5, 13]. A deeper
study of academic programmes would be needed
if an applicant for vocational training and engin-
eering studies pursued them in the future.
However, the current approach seems to fit an
engineering design and manufacturing subject sim-
ilar to the one presented by Vizzini [1].

Social structure: where?

The environment where the training will take
place, the learning situation and the social trends
are the main aspects defined by this variable (Fig. 9).

The first decision taken in the project was to
deploy the solution in a web-based environment,

Envirgmnmant:

Societal trends and learning situation:

Knowledge workers

s The e-leaming markel i growing globally.

centred on the cosl astimaling procassaes,

# ‘Wab-based- available al any lime and anyshare an Intemed conneclion exits

& Their markond is shifting o ba conbent-led, within a colaborative snviranment, wilh a highar praferencs
for asymcronou s communication and with the wse of ‘leaming by doing techriques’

SMEs damand inexpansive ways of e-training. but thay are wiling to make use of it

Training should be provided in the local Bnguage of the counlry or region.

Many SME= lack a basic leaming cullure or organised training plans and inlrastruciune

There is a lack of support from managars fo infroduce a-leamingfiraining

Cost enginaaring methods are daarly usad more and mona; the 'design o cost” approach demands a
babler understandng of cosl drivers and e lamikarisation of engineers with cosl conceps.

e  Tharm is & need b have a iransparent description of the cost structure, showing Eha origing of the cost
drivers. to hava a batter visibiity of the basis upon which & decision s based

« Thar confent of the cost enginrearing fraining courses is mainly focus on cost genenal concepls, cosl
managamant and cost conbrol. Mo course has been idantified in the area of cosi estfimating and

Fig. 9. Fourth pedagogical variable: where?
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Means for content definition:

Cost estimabing exparis from ind
Professional associalions

Forms of contant;

Means for content deployment:

Fig. 10. Fifth pedagogical

leading to the development of an e-training solu-
tion. As a consequence, the societal acceptance of
electronic solutions for training needed to be ad-
dressed. Special attention was given to small and
medium-size enterprises (SMEs), since there is a
widely recognized need to enhance their technolo-
gical standing and some of their practices. The
higher rate of use of computers within these organ-
izations makes it easier to integrate e-training into
daily work [19]. In this context, it was important to
consider the factors that may impinge on the
integration of the e-training solution and its accep-
tance by potential users. In this sense, apart from

Ciosl estimating manuals, industrial practices, publicalions.

usiry

IDEFO modelling for cost eslimaling proogsses repraseniaion
IDEF 1 modelling for databases definition,

Leciures: presentabions with voice |(&-leciunes)
Ciosl Estimating process. web tool (e-menbor)
Discussions; chat, forum, emall {e-discussions)

E-leciures and e-discussions: Virkeal Leaming E nvironrmesni
E-mantar: wab aite (PHP, JavaScrigl, My S0L)

variable: with what?

results related to cost engineering training gathered
during the project, experiences from other sectors
were reviewed. The main conclusion is that the e-
training system has to provide useful content, and
this is mainly perceived when users improve their
job performance or productivity [20, 21].

Media: with what?

Teaching means are the focus here: means for
content definition, forms of content and means for
content deployment (Fig. 10).

The definition of content is linked to the cost
estimating processes: detailed, parametric and
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Fig. 11. Web-based cost estimating e-training solution.
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Fig. 12. Sixth pedagogical variable: how, when?

analogy. As previously discussed, this is the kernel
of the system and an important amount of infor-
mation and opinions were gathered and used in its
definition [8, 9].

The deployment of the content is restricted by a
prior decision: the solution had to be web-based.
The architecture was designed to address the main
needs identified in terms of knowledge, skills and
experience (Fig. 11). Three kinds of e-training
actions were defined:

® E-training by doing: wizard for cost estimating
process (e-mentor). The user is guided through
the different tasks, step by step, to complete a
cost estimate. The tasks are presented in an
IDEFO look. Each terminal task has an asso-
ciated form to fill in, where information needed
to complete the cost estimate is requested to the
user.

® E-Trainingby lectures: e-lectures linked to the cost
estimating process (e-training). A set of tasks were
identified that needed to have training material in
the form of lectures, in this case a hyperlink to the
e-lecture is located in the task page.

® E-Training by discussions: community of prac-
tice with synchronous and asynchronous com-
munication tools (e-community). This is the
space where interactions among trainees and
mentors can take place.

The database allows the user to get some data to
create the cost estimates but it is also expected that
some data could be gathered through the e-
community [9].

Teaching method: how, when?

This is the last pedagogical variable to be
defined and it deals with the teaching procedures
(Fig. 12). The teaching method has two options:

® Following the step by step process to create a
cost estimate, and then undertaking along it the
suggested e-lectures.

® Following the courses suggested according to
the objectives of the trainee.

In the current prototype, the pace is determined
by the interaction of the trainee and a limitation in
time has not been defined. A suggestion in the
training path is provided to the user based on the
answers given in a competence questionnaire,
where the user specifies the current status and the
one to be achieved, a list of knowledge and skills
for cost estimating are provided as guidance. From
the evaluation of the answers, the user is qualified
as novice (N1 or N2) or expert (E1 or E2). Based
on the qualification and the user’s aimed compe-
tences, the user is proposed to undertake a set of
courses. Also, during the execution of the cost
estimating process (e-training by doing), training
material is presented to the user in two different
ways: before completing a task (novice) or as
optional material (expert) [22].

CONCLUSIONS

The paper has presented the process-centred e-
training solution developed in a web-based tool for
cost estimating training. The cost estimating
processes used in its development were validated
both internally and externally and qualified as
‘best practice’. It represents an innovative
approach to the training in cost engineering.
Such an approach and the resulting prototype
respond to industrial needs; however, its use in
an academic environment both in vocational train-
ing and in engineering has been qualified as inter-
esting. Based on this external feedback, further
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work to analyse the use and the impact of this tool
in an engineering course has to be done.
Briefly, it can be concluded that:

® The process-centred approach adopted is inno-
vative in terms of research and the solutions
commercially available. The cost estimating pro-
cesses are generic, an important factor when
considering the use of this solution in vocational
training and engineering education. This is rein-
forced by the fact that it complies with industry
requirements for better understanding, visibility
and transparency in the creation of cost esti-
mates.

® The spread and common understanding of cost
estimating techniques can be improved by a
web-based tool to support and train profes-

e Improvement of the prototype discussed in this
paper leads to more support in terms of training
guidance and e-mentoring, a relevant aspect
partially addressed by Planas [22].

e Further research has to be undertaken to eval-
uvate the feasibility of using also a process-
centred approach in education and training in
other topics within design and manufacturing.
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