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Title of Study: INTEGRATIVE FRAMEWORK FOR SUSTAINABE
DEVELOPMENT OF THE COST ESTIMATING PROFESSION

Major Field: CIVIL AND ENVIRONMENTAL ENGINEERING

Abstract: The main purpose of this study is to dgven integrative learning framework
for the estimating profession that will help comiganin the construction industry adapt
healthier environment and management practicesetainr experienced estimators’
knowledge and skills. This multi-dimensional frantelwconsiders the effect of learning
environment and motivation (intrinsic and extringicactices on the retention practices
and development of the estimating competenciesdéw@lop effective framework, two
phases methodology was adapted.

In the first phase, 23 core estimating competengiese identified and classified into
skills, knowledge, and personal attributes and alsantified the degree by which new
estimators lack each competency. A criticality mxatwas developed to prioritize

estimating competencies based on the combinedietéthe level of importance of each
competency and its associated gap between thedaddadctual level of competency. The
factor analysis method was applied to investigée torrelation effects of the 23
estimating competencies and resulted in seven est@gnating competency factors
representing the core estimating competencies.

The second phase assessed the effectiveness toadéonal and advanced capture and
transfer methods in retaining and developing eaththe seven core estimating

competency factors. Also, this phase assessedutinent level of development of the

learning environment, and intrinsic and extrinsiotivations practices and their effects
on the improvement of estimators’ capabilities. Bteuctural Equation Modeling (SEM)

method was employed to assess the effectivenessalf of the capture and transfer
methods, and evaluates the effect of the leaningr@mment and motivations on the

development of the estimators’ capabilities by wrialy the embedded correlations
between variables. As a result, capture and transiedels for the cost estimating

profession was developed showing the effective ousho retain each of the estimating
competency factors. Furthermore, the integrativembwork result emphasized the
significant effects of the learning environment anaitivation practices on sustaining the
development and retention of the cost estimatingpziencies.

The findings of this study can help companies i tbnstruction industry assess their
estimators’ capabilities and design appropriaténiting programs for their estimators
based on their specific needs. Also, the finding$ significantly improve companies’
practices in retaining estimators’ knowledge antfisskand help companies adapting a
healthy learning environment that facilitate leaghand sustain knowledge transfer.
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CHAPTER |

INTRODUCTION

1.1. Background

Earlier in the 2000’s, the retirement of the balmoiner generation became a global
threat facing many industries. The National ScieBoard statistics in 2006 shows that
one of every four engineers and scientists is &@eyears old and expected to retire in
few years, and this rate is expected to triplehm next decade. In many companies, the
retirement of the senior employees of the baby l@ogeneration basically translates
into the retirement of their years of experiencd knowledge as most companies do not
have well planned strategies and methods to re¢kenknowledge and skills of their
retiring employees (Styhre et al., 2004; Chinowskwl., 2007). In addition, there exists
evidence of a shortage of qualified engineers whbgsgess the required skills and
knowledge to perform reliable engineering tasksh(Bedt, 2005; Zack, 2007). Decades
of downsizing and outsourcing management practtsshave exacerbated this problem
(Behrendt, 2005).

In addition to the escalating retirement rate ofieeers in the construction industry, a
recent study by the American Society of Civil Eregrs (ASCE, 2003) concluded that
retaining quality civil engineers within the consition industry is considered as a great
challenge facing the industry now. The ASCE studported that a noticeable gap
between the demand and supply of civil engineeilistgxin which the educational
outcomes cannot meet the industry needs of ciglneers, and this gap is expected to
widen in the coming years. Combining the effectthefaccelerated rate of the retirement
of baby boomer generation along with the gap inpsupnd demand, the construction
industry will experience a shortage of qualifiedjiereers. As the retirement increases,
the new engineers will be left without experienesdployees to guide them, which will
widen the gap in the skills and knowledge betwdentwvo generations and will make
closing the gap more challenging (Behrendt, 20@adually, the valuable knowledge
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will be lost, affecting the organization norms, girees, and even the sustainability of its
performance. These threats have confronted thetrootisn industry with an immediate
need to retain experienced engineers knowledgeiionize the competency gap between
different generations of engineers in order toansthe level of companies’ performance in
the industry.

The existing literature from human development,liagducation, and business management
fields shows rich efforts on knowledge managemersctires that emphasize on the
importance of collecting, sharing, and storing thaluable knowledge within the
organizations (Nonaka and Takeuchi, 1995). Furtbeegrsome researchers reported that the
success of knowledge management and knowledgetiogtepractices depend on the
organization learning environment and culture. To@cept of learning organization has
evolved and is well established and its relatiotheoknowledge management and knowledge
retention practices is well documented (Marsick #atkins, 1999 and 2003; Kivrak et al.,
2008; Song, 2008). Previous studies reported tthaptang a healthy learning environment
where the learning process is continuous and faglil to all professionals can improve the
knowledge retaining and sustaining processes (let\a., 2000; Kivrak et al., 2008; Song,
2008).

The retention of the knowledge and skills is a vaifficult mission and it cannot be attained
by using knowledge capture and transfer methodsiealdretention process must be
envisioned as a multidimensional process in whifferént factors interact and affect each
other. An immediate need exists to develop a cohgmsive framework to promote and
facilitate learning of professionals within the angzation, and help sustain the knowledge
development and transfer.

1.2. Problem Statement

Engineering and construction companies within thestruction industry consist of different
units such as planning, design, engineering, cstghating, scheduling, project control, etc.
Each unit requires definite sets of skills, knovgedand behavioral attributes to perform
effectively. These differences on the competenquirements and characteristics accentuate
the need to customize and tailor the capture arster mechanism to effectively retain the
professional competencies.

The cost estimating for a capital project is calig important to both owners and
engineering/construction companies. Owners relycost estimates to perform economic
analyses for return on the investment from their piteh expenditures.

Engineering/construction companies rely on the essimate for bidding and negotiating

2



work, which is the basis for securing future workdaensuring profitability. The
development of reliable estimates depends heavilghe competency of cost estimators.
Tools that aid the estimating process cannot repthe judgment and experience of a
competent estimator (Skitmore, 1988; Carr, 1989rrde and Schroeder, 1991; Akintoye,
2000; Akintoye and Fitzgerald, 2000; Trost and Qdreter, 2003). Also, a recent article by
the president of the Association for the Advancem@nCost Engineering International
(AACE-International) described a recent court cdéisat cited the sound judgment of
estimators, based on their experience, is equahtbperhaps more important than the cost
data information (Zack 2007).

The greatest challenge facing the cost estimatimgneunity over the next decade is the loss
of knowledge and experience from highly experienestimators. A large percentage of
experienced estimators are retiring and there shatage of qualified cost estimators to
replace them in the engineering/construction imgudtiow, the construction industry is
confronted with how to capture the knowledge anidisskf highly experienced estimators
before they retire.

The current practices in the human development aducation, and business management
field indicates that knowledge management and iegrorganization practices are critical
for proactively capturing, sharing, and retainingpwledge within the organization (Love et
al., 2000; Styhre et al., 2004; Kivrak et al., 2088ng, 2008; Wong et al., 2008). Styhre et
al. (2004) examined the organization learning ésfan the construction industry due to its
importance in facilitating the sharing of experiescand know-how, providing innovative
solutions, and the adaption to continuous changethé organization. They found that
organizations within the construction industry lat¢ke learning formalization and
capabilities. There exists dearth of literaturet tbealuates and examines the effect of the
organization environment on the development anksski the individual level.

Another problem threatening the success of thentiete and development practices for the
estimating profession is motivation. Motivation ygaan important and significant role
affecting engineers’ performance, satisfaction, matdntion (McQuillen, 1986; Joo and Lim,
2009). The existing literature shows evidence thativation has a direct relation to and
effect on the knowledge retention and advancememttipes (O'Dell and Grayson, 1998;
Tierney et al., 1999; Osterloh and Frey, 2000).ekal. (2005) examined the antecedents of
knowledge transfer from a consultant firm to cliemmployees in enterprise system
implementation, and they revealed that intrinsidivation is more significant and effective
when transferring tacit knowledge between proje@mbers than extrinsic motivation.
Companies in the construction industry need anca¥e tool to assess their learning
capabilities and motivational practices, and deteenthe most appropriate and effective
strategy to utilize its resource and efficientlyadce their estimating workforce capabilities.

3



1.3. Study Objectives

The study aims to develop a comprehensive framewbdt helps engineering and

construction companies in retaining estimators’wieolge and sustaining the development
of the estimating profession. This work will focos developing a competency map for the
estimating profession that will guide companies mvhecruiting for estimating positions or

when evaluating their estimating workforce capébsi In addition, an integrated learning
framework for facilitating and sustaining the knedgdje retention process for the estimating
profession is developed. The detail objectiveh study are:

e Develop a competency (skills, knowledge, persomtibates) map for the estimating
profession, and assess the significance of eaclpetmcy in developing competent
estimators.

e Develop a capture and transfer model for the esimgaprofession that considers
effective methods to retain each of the estimatmmpetencies.

e Develop an integrated learning framework for theénesting profession. This framework
will help companies facilitate and maintain the elepment of the estimating profession.
This framework also, will help companies determitiee ideal environment and
motivators that will expedite the knowledge captumad transfer process. The
development of this framework will require;

0 Assessing the effect of the company learning enwirent on the retention practices
for the estimating profession, and

0 Examining the effects of intrinsic and extrinsic thaation practices on the retention
and development of estimating competencies.

1.4. Research Methodology

To achieve the aforementioned objectives, a reBeaethodology as shown in Figure 1 is
used in this study. The relevant literature is eaxgd to identify the current practices in
developing competency models for professions withm industry, the current knowledge
capture and transfer methods used by other fieldstain the knowledge, and the existing
efforts to capture estimators’ knowledge. The cphaé learning organization is very well
developed in the fields of knowledge managementaahdt education, and there are many
publications in the area of learning organizatiowienment effects on the knowledge
retention practices. The current practices of ie@organization in the construction industry
are reviewed to determine the level of awarenedsusihization of the learning organization
environment concept. Finally, the literature abouttivation is also reviewed to better
understand the differences between motivators.

4
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Figure 1. Research Methodology

To achieve the specific objectives for this stualywvo phase’s methodology is adapted. The
first phase is designated to identify and assesstihe competencies required to develop a
competent estimator. The second phase is desigoedssess the effect of current
management practices on the development of estimlatapabilities and develop two
models; 1) a capture and transfer model for thinasing profession, and 2) an integrative
learning framework for the estimating professioatdcollection is then conducted to gather
information related to this study. For data coll@ttpurposes, two questionnaire surveys are
developed; a) estimating as a competency in capitgects, and b) assessment of current
practices in developing cost estimating competandie designing the first questionnaire
survey, a workshop with highly experienced estimgatim the construction industry is
conducted to determine the required estimatingsskiinowledge, and personal attitudes
necessary in developing qualified cost estimatGtsapter 3 provides detailed discussions
about the identification of estimating competenceegpanded definition of each competency
based on its classification, analysis results eelato criticality assessment of the



competencies using the Euclidian distance concept assessment of the embedded
relationships between those core competencies tsitgy analysis.

The second questionnaire survey is designed teasse effectiveness of knowledge capture
and transfer methods in retaining estimators’ caempees. The survey is also designed to
measure the current level of learning environmerat igs effect on the development of the
estimating profession and to assess the effectfféreht motivators on the retention and
development of the cost estimating competenciese Thmension of the learning
environment questionnaire (Marsick and Watkins,d0r assessing learning environment
and the work preference inventory instrument (Arnealat al., 1994) for the effect of
motivation are adapted and used in this study. Agmdifferent analysis methods, Structural
Equation Modeling (SEM) is used in analyzing théadaom the second survey and model
development. SEM is an analytical approach thaukaneously combines factor analysis
and linear regression models to assess empirittadlglirect and indirect causal relationships
between the model variables using the embeddetioredabetween variables (correlations).
SEM also provides the advantage of estimating #rarpeters (relationships) simultaneously
and assesses the entire model performance.

Using the second survey results, a capture andfelamodel for the estimating profession is

developed in Chapter 4. In this model, the effextass of the different capture and transfer
methods in developing each of the estimating coemmst factors is assessed. Also, the
overall effectiveness of traditional and advancaptare and transfer methods is evaluated.
Furthermore, the effect of current learning envin@mt and motivational practices provided

to the estimating workforce on the developmenhefdstimating competencies is determined
in Chapter 4. The effect of learning environmend amotivation on knowledge capture and

transfer methods is also quantified and discussedhiapter 4. In addition, the gaps in the
current learning environment and their effect oa ttevelopment of each factors of the

estimating competencies is evaluated.

In Chapter 5, the combined effect of adapting le@ynenvironment and employing
motivation on the development of the estimating petancies and the traditional and
advanced capture and transfer methods is evaluatethermore, an integrative management
practices matrix to sustain the development ofdb&t estimating profession is developed.
The results help companies in providing bettemtrays for their estimating workforce to
efficiently retain their estimators’ knowledge aedperience, adapt a healthier learning
environment that provide continuity of learning Bvpast training, and help companies
effectively motivate their estimating workforce.



CHAPTER Il

LITERATURE REVIEW

This chapter reviews prior studies related to @stmating including important cost

estimating skills and knowledge, and the currefdref in the construction industry to

retain estimators’ competencies. The current kndgdecapture and transfer efforts are
discussed. Also, learning organization conceptsdaseussed and the current level of
learning organizational practices in the constarctindustry is discussed. Finally, the
related studies of motivation and its impact inam@hg and facilitating learning are

reviewed.

2.1. Importance of Estimators’ Knowledge and Experience
Table 1 summarizes prior studies on factors tHataéstimating accuracy or inaccuracy.

Most of them highlight that the estimator’'s expede and judgment skills are critical for
improving estimating accuracy or minimizing estimgtinaccuracy.



Table 1. Significant Factors Affecting Estimating Acuracy

h

Is

Criteria Obijectives of the studiyata source Responsdtethodology| Number oflmportant factors conclude
variables
or factors
studied
Bakewell |Discuss the effect of |Experience | N/A N/A N/A - Project scope
(1985) the lack of - Estimators’ experience in
understanding the estimating
process and - The accuracy of the
requirements for database information
developing a
conceptual estimate
Skitmore |lIdentify the factors |Review of |100 ANOVA 6 factors | - Project type, size and
(1988) influencing the literature  |projects location
estimate accuracy |and - The state of the market
historical - Number of bidders
data - Estimators’ ability
Carr Discuss the basic Experience | N/A N/A 7 factors | - The reality whichytgres
(1989) principles/factors extensive amount of
affecting the estimate experience and judgment
quality skill
- The completeness of
estimate which is highly
dependent on estimator’s
ability to see the big picturé
Merrow  |Develop a statistical |Historical |56 Regression (>200 - Team knowledge and skil
and model for estimating |data projects |Analysis variables |- Judgment skills and
Schroeder |hydroelectric project experience
(1991) cost and schedule
based on the known
project information
Akintoye |ldentify the factors |Questionnail84 Ranking of |20 - Lack of practical
and causing the estimate |e survey [responsesthe mean andvariables |knowledge of the
Fitzgerald |inaccuracy ANOVA construction process
(2000) - Insufficient time to prepar
cost estimate
- Poor tender documentatic
- Wide variability in
subcontractors prices
Akintoye |ldentify the factors |Questionnail84 Ranking of (24 - Project complexity
(2000) affecting estimates |e survey |[responsesthe mean, |variables |- Technological
practices ANOVA and (grouped |requirements
(accuracy/quality) factor into 7 - Project information
analysis factors - Project team requirement
- Contract requirements
- Project duration
- Market requirements
Trost and |ldentify the factors  |Questionnail67 Factor 45 - The basic process design
Oberlenderaffecting the early  |e survey |responsesanalysis and |variables |- The team experience and
(2003) estimate accuracy multivariate |grouped |cost information
regression |into 11 - Time given to prepare
factors estimate
- Site requirements
- Bidding & labor
environment




Bakewell (1985) discussed theoretical and pracigsles considered when preparing a
conceptual cost estimate. He concluded that indal&l perform conceptual estimating

differently depending upon their theoretical defons in interpreting the project scope

and the level of details, knowledge, and experiehl® also stated that the accuracy of
the conceptual estimates is mainly dependent aethery important factors. They are:

1) the identification of the project scope; 2) #stimator’s experience in estimating; and
3) the accuracy of the information in the databd&akewell also stated that, since

conceptual estimates occur in the early stage efptioject scope, they require a high
degree of estimating knowledge, experience, angmuht to fill in the gaps caused by

insufficient information.

Skitmore (1988) extensively reviewed most of theprital studies related to the factors
affecting estimating accuracy. His study identifidte following significant factors
affecting the bias and consistency of cost estisadiethe project type, size, and location,
2) the state of the market, 3) the number of bisidend 4) the estimator’s abilities. He
also identified general trends in the literaturevimg that estimate accuracy increases
with an increase in the project size and the bias/erestimating increases as the number
of bidders’ increases. He also concluded that Istinates were associated with self-
professed expertise while high estimates were &gsdcwith high recall abilities, high
mental imaging, and project experience. This inegahat the accuracy of estimating is
highly affected by the estimators’ knowledge, exg®ere, and personal behaviors.

Carr (1989) explained the basic seven principled thsult in a good cost estimating
practice. These principles are 1) the reality; [ tevel of details known about the
project; 3) the completeness of the estimate; d)dilctumentation of the estimate; 5) the
direct and indirect costs; 6) the variable and dix®sts; and 7) the contingency to be
assigned. Among all these principles, Carr empldsilzat the reality principle is a very
challenging principle for cost estimators, becapsmiucing an estimate which reflects
the project reality requires an extensive amounexgerience and judgment skill in
addition to the historical data. Also, Carr statiedt the completeness of the estimate is
highly dependent on the estimator’s ability to begond the apparent components of the
project.

Merrow and Schroeder (1991) identified the causkegost growth in hydroelectric
projects and developed a statistical model to ptetie actual cost and schedule for a
hydroelectric project. This study concluded thatstatistics-based system can substitute
for the judgment and experience of the project teAlso, the study reported better
results can be achieved by expanding the team laugel base and arming them with the
tools that can improve their performance.



Akintoye and Fitzgerald (2000) studied the causksnaccuracy in cost estimating
practices in the United Kingdom (Belassi and Tuké&his study surveyed contractor
companies of different sizes based on the numbenqgfioyees and classified them into
very small, small, medium, and large in order tted®ine the reasons behind estimate
inaccuracy and the shortcomings in skills, knowkedgnd data in cost estimating
practices. They identified that the most importaasons leading to inaccuracies in cost
estimating practices are 1) lack of estimator’scpcal knowledge of the construction
process, 2) insufficient time to prepare the edinad) poor tender documents, and 4) the
wide variability of subcontractors’ prices.

Akintoye (2000) studied the effect of twenty-fowrcfors on estimating accuracy and
categorized them into seven main factors usingdbmr analysis method. These factors
are 1) the project complexity factor, 2) the tedbgmal requirements, 3) the project
information, 4) the project team requirements h&) ¢ontract requirements, 6) the project
duration, and 7) the market requirements. Thes®racepresent the principal elements
in cost estimating that are highly dependent onefitemators’ experience. Aknitoye also
stated that research efforts should consider iitbéendactors that estimators consider
when pricing a project rather than the principlessiimating.

Trost and Oberlender (2003) identified forty-fivarsables that are considered to be
potential reasons for project cost inaccuracy. Thegd these factors to determine the
accuracy of estimates by developing a program ltulzde an estimate accuracy score.
They used factor analysis of the principal compdsén classify the forty-five variables
into eleven factors based on the major influenceeath variable on the factor. The
eleven factors explain almost 72% of the variapiiit the data. They are: 1) the formal
estimating process; 2) the basic process desigthe3pidding and labor climate; 4) the
site requirements; 5) the team experience andicfsimation; 6) the money issues; 7)
the technology issues; 8) the contingency and wes;i®) the team alignment; 10) the
time allowed to prepare estimate; and 11) the owreasts. Among the eleven factors,
five factors were determined to be significant whba multivariate regression at the
significant level of 10% was used. These factocspading to their importance, are: 1)
the process design; 2) the team experience andrdosmation; 3) the time allowed to
prepare the estimate; 4) the site requirements;5anide bidding and labor climate. The
results of this study show that all the resultextdes are directly dependent and affected
by the estimators’ knowledge and experience.

Previous studies aimed to examine and identifyofacaffecting estimating accuracy or
inaccuracy show that there is no tool can replatenators’ knowledge, experience and
skills, and estimators competency is considered wggnificant factor affecting the

accuracy of estimating. However, few studies disedsthe importance of estimators’
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competencies and identified methodologies to capamnd evaluate the necessary skill,
knowledge, experience, and judgment requiremerds Would result in a successful
estimate.

Ogunlana (1991) developed a model that can aid es8tnators in learning from
experience after studying the reasons behind théeiguate learning from experience in
the cost estimating profession, which is considetedbe the main contributor to
estimating errors. Ogunlana highlighted that leagrfrom experience goes through three
stages. The first stage is the awareness of emratsecognition of the need for learning,
in which the magnitude of estimating error was iguband estimators do not recognize
the need to learn from experience. The second stgaentifying what learning is
necessary. In this stage, what needs to be lea®@ehds on the intensity of information
and the relationships between information. Thel fatage is how to accomplish learning.
At this stage, learning from experience can be mptished in four steps: 1) increasing
the amount of useful feedback, 2) creating a samalronment that facilitates learning,
3) training estimators to be experts in both thedis that improve predictions and the
technical knowledge of estimating tasks, and 4)axpiecting infallibility by emphasizing
the seriousness of the problem and soundness ofléhision made more than the
solutions. This study resulted in developing a ndalelearning from experience for cost
estimators. This model emphasizes recording al dalated to estimating and bid tasks
and analyzing them using ACCEST (ACCuracy in ESTingg to: 1) make estimators
aware of the level of errors in estimates, 2) fte fairer comparison of estimates with
bids, and 3) help develop relationships betweemmasing factors and accuracy. The
model was tested using data from seven designesffin the United Kingdom. The
results help in identifying the sources of erroestimating practices and how errors can
be minimized in the future in order to improve estiors’ performance.

Lowe and Skitmore (1994) investigated the importan€ experiential learning in the
development of cost estimators at bidding stagd, @mpared the preferred learning
styles of cost estimators using Kolb’s learningdestgventory and Honey and Mumford’s
learning style questionnaire. Experience is comeiflea very important factor in
determining cost estimator’'s capabilities and tleeusacy of the resulting estimates,
especially at the bidding stage. Therefore, impartant to determine how an individual
can effectively benefit from different experiencGsquired. Experience consists of two
aspects: the actual participation in an activityg a@ime learning or knowledge resulting
from it. As a result, determining the learning stylill help in identifying the current
learning level and how effectively estimators lefmom experience. In this study the
authors conducted semi-structured interviews andniradtered a learning style
guestionnaire survey of 10 cost estimators. Theltesf Kolb’s learning style inventory
indicate that the most preferred learning styleegperienced cost estimators is the
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accommodator. This learning style has great stheimgtioing things such as to carry out
plans, to take risks, and to solve problems inrdnitive, trial and error manner. The

results also show that cost estimators score highllye doing stage of the learning cycle
and low in the reflective stage, which is considewery important stage which can
prevent the learning potential through experiermmoenfvanishing. The results for the
Honey and Mumford learning style questionnaire wam®dnclusive because there were
strong preferences for theorist, activist, and pratist learning styles. The study shows
that cost estimators lack the reflective observastage of the learning cycle which
limits their benefiting from experience and miniesz their contribution to the

organization knowledge. The results of this stuthng with Ogunlana (1991) study

shows that the absence of a quality system to moestimators’ performance highly

affects the effectiveness of estimators learniognftheir experience and contributing to
the organization knowledge.

Houseman et al. (2006) described a methodologguestigate differences between how
novice and experienced cost engineers use thewlkdge and experience in making
decisions when performing an estimating task. la study, the “Think Aloud” method
along with the protocol analysis technique was udedthe think aloud method,
participants are required to say aloud everythivey think of or do while performing the
task in order to record everything either as a aleplootocol or a written protocol to be
analyzed later using the protocol analysis techaidi this study, eleven cost engineers
were selected: seven experienced cost enginedrsaiMiéast 5 years of experience and 4
novices. The study task was to perform a detaitei estimate for a standard mountain
bike within an hour. Each participant’s practiceswadeotaped to be used to break the
estimating task into smaller protocol segments. ddimg scheme was developed,
validated, and assigned to each protocol to reptethe cognitive action of the cost
engineer. Then the coding results of the protooalysis were presented graphically in
order to identify the pattern and trends of cosgimsers’ cognitive activities. The
analysis of the collected protocols from one of plaeticipants shows how the estimator
was concise in performing estimating tasks andova#id a structured methodology
through the estimating tasks.

Hollmann and Elliott (2006) discussed the importamdé developing competency and
career development models for the cost estimatiafggsion in the advancement of their
career, and linked these models to the busines®igashization objectives. They stated
that the competency model helps employees understenlevel of skills, knowledge
and performance requirements at each positioneaf tareer path. Also, they highlighted
the important roles of competency and career dewedmt models in helping companies
meet performance requirements. In their study, tlgave an example of a
competency/career development model for cost estijmavork for an owner’s company
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in the process industry. This model was developegstess estimators’ performance and
organize the estimating department. This designedetrconsiders the business objective
for the owner company. Each estimating competenay associated with examples for

the different performance levels to help the managed the estimator assess the
fulfillment of the performance level for each cortgey.

Zack (2007) realized through his experience ingbgmating profession that preparing
estimates involves more than adjusting historiaahbers for time, size, location, and
inflation and consumes a considerable amount ¢ &kiowledge, and experience in the
field in order to prepare a reliable estimate. ldenfed out that estimating practices have
changed through generations, where today’s estmhaéwme heavily dependent on
computer software in preparing estimates whilei@ageneration estimators used their
experience, knowledge, and judgment skills to pepsstimates. Zack signified the
importance of an estimator’s experience and judgmekii using a recent court case, in
which the court valued the estimator’'s knowledgehe estimating trade and his good
judgment skill and ruled in favor of the contractor

2.2. Capture and Transfer Methods

Transferring skills and knowledge has become aentiss task in every organization due
to the effect of the gap between the baby boomel@me generation and the junior
employee generation. Using data collected from ntioae 500 U.S. firms the American

Society for Training and Development (ASTD 2000jv& (2001) examined the relation

between the returns to stakeholders and the avarageal amount expended on training.
The results of the study showed that firms spendmeymost on training scored 86%
higher in stakeholder returns than other firms. HEhedy also reported that training
methods such as mentoring, on-the-job traininggaering, computer-based training,
classroom-based training, and others play an irapbntole in transferring skills and

knowledge and upgrading the current workforce cdempmes.

A recent study by Jeong et al. (2010) identifieeé ttore competencies required to
develop qualified cost estimators and effective hods to transfer estimating
competencies to new generation of estimators. Tiuelysresulted in identifying
mentoring and on-the-job trainings as the mostcéffe training methods. However, in
their study, the effect of mentoring and on-the-fohining methods on transferring
estimating competencies was not quantified.

Mentoring and on-the-job training are special kinfl&dult education that use a novice-
to-expert approach (Aik, 2005; Bryant, 2005). Memg usually encompasses the
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knowledge flow from the highly experienced employ@éhe less experienced employee.
However, with the current challenges facing comesnespecially the reduced number
of senior employees available to mentor (Eby, 199@grs mentoring is considered an
effective alternative. Each of those methods hasailvantages and disadvantages,
however, they share a common important advantagleainthis type of adult education
allows the new employee to interact with differeaels of experienced employees, and
the success of these methods in transferring astdiaing the knowledge level is highly
affected by the learning culture of the organizati{éik, 2005; Bryant, 2005; Ko et al.,
2005).

ASCE (2003) indicates that mentoring/on-the-jobnirey and career guidance are the
common methods used in the construction industiyrépare junior engineers for their
positions. Mentoring and on-the-job training provedeir effectiveness in the
development of the new engineer’s performance andess in addition to other benefits
such as: 1) improved employee performance andfaeimn, 2) better organization
decisions, 3) improved technical competence, 4yavgd quality of work, 5) intrinsic
satisfaction of the mentors, and 6) the developmét lasting relationship between the
mentored and the mentor. Career guidance is ani@akli but very important role of the
manager to guide new employees in their careesibes (Russell, 2003c).

Arthur (2001) highlighted the benefits and effeetiess of mentoring by defining

mentoring as “a developmental, helping relationshigereby one person invests time,
ability, and effort in enhancing another person®wgh, knowledge, and skills in

preparation for greater productivity or future asl@ment”. He also stated that mentoring
can help organizations in establishing strongemsgareducing turnover, increasing
productivity, and attracting and retaining emplaee

Gushgari et al. (1997) studied the important setskifis the principals and project
managers need that affect the long-term profitgbdf engineering companies and the
most effective training methods to be used to fmanshese skills. In this study,
guestionnaires were mailed to 500 engineering fitmshe United States and 43
companies responded. The analysis of the colledé¢a shows that the most preferred
training methods to train project managers andcjpals are: 1) working with a mentor,
2) personal study, 3) in-house training, and 4jst# full-day seminars. Training using
out-of town seminars, industry conventions, andega courses were ranked the least-
preferred training methods by both the project gamaand the principals. All previous
studies on identifying methods used to train empésyindicated that mentoring and on-
the-job training methods are very critical in dey@hg employee competencies.
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2.3. Learning Organization

Since the late 1970’s, the concept of learning mizgdion and the characteristics
defining a learning organization have gain sigaific attention from researchers and
practitioners in the fields of management science arganization behavior (Argyris,
1977). It gained more attention after the Peterg8emork in 1990 “The fifth discipline”
and Watkins and Marsick work in 1993 “Sculpting fearning organization.” Senge’s
work formed the basis of the learning organizatoncept, where Senge characterizes a
learning organization by the organization ability ¢reate, acquire, share, and apply
knowledge to improve organizational performancetRivia and Marsick (1993) define a
learning organization as “the organization thatrieacontinuously and transforms its
self.” A broader definition of a learning organimat was developed by Jensen (2005)
who defines a learning organization as “an orgdmnathat is organized to scan for
information in its environment, by itself creatimformation and promoting individuals
to transform information into knowledge and cooaden this knowledge between the
individuals so that new insight is obtained.” Megidies in knowledge management and
learning organization focus on transferring tacbf{) knowledge to explicit (hard)
knowledge that can easily be captured and tramsfdoetween individuals and groups
within the organization (Nonaka, 1994). Accordingathers (Kogut and Zander, 1992;
Nonaka, 1994) learning occurs through collaboratinieraction that facilitates the
sharing of tacit knowledge between individuals pedr groups.

Many studies aimed to identify the critical factodefining the positive learning
organization culture. Senge (1990) and Pedler et(291) identified the system
perspective of a learning organization which presidhe basic principles for building a
learning organization. The system perspective stésif five disciplines that a learning
organization should acquire: 1) team learning, tf#red vision, 3) mental models, 4)
personal mastery, and 5) system thinking. Pedlat.€0991) defines the organizational
learning perspective that supports the learningthanvironment. The organizational
learning perspective stresses the importance dfitéding the continuous learning
activities by: developing a learning approach tayamizational strategy, creating
participative policy-making process, developing nfative accounting and control
flexible reward system, implementing appropriatariéng climate, etc. which helps in
transforming the organization to meet its stratgmgials.

Watkins and Marsick (1993), Marsick and Watkins 920 and Yang, Watkins, and
Marsick (2004) proposed an integrative model okarring organization. This model
consists of seven dimensions of the learning omgdioin: 1) continuous learning
opportunities defined as “being designed into weokthat people can learn on the job,
opportunities are provided for ongoing educatiod growth,” 2) inquiry and dialogue in
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which “people gain productive reasoning skills xpress their views and the capacity to
listen and inquire into the views of others,” 3)laborative and team learning in which
“work is designed to use groups to access differantles of thinking, groups are
expected to learn together and work together,yd)esns to capture and share learning in
which “both high and low technology systems to sHaarning are created and integrated
with work and access is provided,” 5) empower pedplvard a collective vision where
“people are involved in setting, owning, and impéeting a joint vision, responsibility is
distributed close to decision making so that pe@pke motivated to learn toward what
they are held accountable to do,” 6) connect tlgamization to its environment where
“people can see the effect of their work on therengénterprise, people can scan the
environment and use information to adjust work picas,” and 7) strategic leadership for
learning in which “leaders model, champion, andpsuplearning.” The Watkins and
Marsick study resulted in the development of themé&uisions of the Learning
Organization Questionnaire (DLOQ) which was used \@adidated to measure the seven
dimensions of learning organizations worldwide (KW and Marsick, 1993; Marsick
and Watkins, 2003; Yang et al., 2004; Zhang e804; Lien et al., 2006). Although the
learning organization and knowledge managementegiris very well established in the
management and business development fields, @nisidered new in the engineering and
construction industry (Chinowsky and Carrillo, 2007

The construction industry is undergoing significahallenges recently such as the aging
workforce, globalization, growth of the organiza$o and better solutions (Chinowsky et
al.,, 2007). These challenges accentuate the neecktéon the knowledge of the
experienced workers within the organization andald@isth a learning culture for the
development of individuals through all the orgatizalevels. Many studies investigated
the current practices of organization learninghi@ tonstruction industry. However, it is
rare to find any study which evaluated the impacbutcomes of adapting the learning
organization culture on the organizational perfatoe or knowledge retention.
According to Snyder (1996) “organization learnisgcritical to long-term performance”
however the improvements in performance due tamastormation to the organization
learning environment or culture have not been atatlieither at the organizational or at
the professional level in the construction industry

First of all, a clarification needs to be made rdgay the interchangeably used terms
learning organization and organizational learniddthough these terms have been
widely and interchangeably used in the constructimtustry, there exist differences
between the two terms. Learning organization, abingrto Garvin (1993), “is an

organization skilled at creating, acquiring anchgfarming, knowledge and modifying its
behavior to reflect new knowledge and insights.gyrs (1977) defined organizational
learning as ‘the process of detecting and corrgatimors.’” Love et al. (2000) stated that
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learning organization describes the organizatigtracture and capabilities to facilitate
learning within the organization while organizatbtearning explains and quantifies the
learning activities and training which results ievdloping a learning organization. This
section provides the review of the previous eff@itsed at investigating both learning
organization and organizational learning in thestarction industry since this study aims
to determine the best combination of learning oigion and organizational structure
that can effectively accelerate the knowledge natgi process and learning within the
organization.

Love et al. (2000) highlighted the importance ofgticing total quality management
(TQM) in the development of learning organizatiard goroposed a conceptual model
that can help improving performance through leveigégarning within the organization.
Love et al. (2000) stated that although TQM hasiesorly practiced in the construction
industry, TQM methods and techniques are considery important in enabling
organizational learning at both the individual agrdup levels. Also, there is a ‘strong
philosophical link between the systematic probleolving process of a learning
organization and TQM.’ Love et al. (2000) embrattesconcept that organizations in the
construction industry can improve their performanoe sustain their competiveness by
transforming to a learning organization culture ethcan be achieved through TQM and
organizational learning methods and technologidhofigh Love et al. (2000) provides
strong evidence from the literature about the irtgpare of TQM and organizational
learning in developing the learning organizatidreit study lacks the evaluation of the
conceptual model and the identification of the bEQM and organizational learning
practices that are considered the best practiceorganizations in the construction
industry.

Styhre et al. (2004) examined the organizationniegr efforts practiced within the
Swedish construction industry due to its importanmcefacilitating the sharing of
experiences and know-how, providing innovative sohs, and the adaption to
continuous changes in the organization and cortgiruandustry environment. In
addition, construction projects are usually clasdifas network-based organizations
because they consist of a mixture of professiorth wifferent levels of experiences
taking parts in the construction project at différdimes. For this reason, learning
organization capabilities are considered very irtgodrin construction projects due to
their network-based operational nature that requiremendous communication and
sharing of knowledge and expertise. Their studyemnwdnt two types of data collection:
the case study method using interviews and formalichents, and the action research
approach which is based on the involvement at ftfferent phases of the research
activities and shares the outcomes with the prawtts’ concerns and findings.
Managers and construction workers from six constsagrojects were interviewed. The
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collected data was analyzed and structured integoaies. The interviews result show
that there exists a lack of communication betweejept architect and other designers
on one hand and the different contractors on therdband. The results also indicated
that the organization learning capabilities in ttenstruction industry were not very
formalized. They are based on face-to-face intemast which can be improved by
increasing the awareness about the need for tidespace for sharing the knowledge.
This will help in dealing with the ambiguities anldanges in the industry. Although this
study examined the current organization learningabdities in the Swedish construction
industry, the study lacks quantifying the impacpadcticing the organization learning on
the organization performance and knowledge.

Chinowsky et al. (2007) investigated the currergaoization learning techniques and
technologies used in the construction industry devkloped a maturity model that can
assess organizations in the construction industrgleveloping organization learning
culture. Realizing the current movement in the twsion industry toward the
knowledge worker and knowledge era, organizaticarsl tto adapt the organization
learning techniques that will help in creating, @idgg, sharing, and applying knowledge
to embrace changes and innovation at all organizatilevels that will positively impact
workers’ performance and maximize the organizattompetitiveness. The developed
learning organization maturity model helps orgatares assess the level of their learning
organization efforts to achieve the required leagntulture and determine the barriers
hindering them from successfully implementing ar@ay organization. This model
consists of two main parts; the learning organmatientities and the learning
organization characteristics. The learning orgdiomaentities represent the learning
groups within the organizations that facilitateyelep, and evaluate knowledge such as
organization that includes the overall corporatétgf all its levels, community which
represents a group of individuals engaged in simtdehnical activities, and individuals.
The learning organization characteristics are nreaslby five characteristics: 1)
leadership, which is a measure of the ability t@dlethe organization toward
implementation of a learning organization, 2) psscand infrastructure, which represents
the management processes and the technical initaste required to implement the
learning organization, 3) communication, which imaasure of the interaction between
the community and individuals within the organipati 4) education, which is a
commitment between the organization and employe®scantinuous education
opportunities and bringing new knowledge, and 5Jtuce which measures the
development of a culture that facilitates and resadearning within the organization.
This model monitors the development of the learmanganization culture by evaluating
the stages through which the organization passegrtitess from the starting point to the
mature stage. Six levels exist to assess the matfrthe development of the learning
organization culture. They range from level 0, wehehe organization begins the
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transformation to the learning culture, to levelwhere the organization adopted the
complete characteristics of the learning orgarzatiThe capability of the developed
model in assessing an organization’s efforts teetigwthe learning culture was evaluated
using 10 case studies. This study provided the togeign industry with the tool to
assess organizations during their long-term transdition to adapt the learning culture,
however, it model does not indicate an organiz&ioreed to transform to learning
culture or quantify the impact of transforming ®atning culture. This implies that
developing a learning culture is optional, wherually, it is a necessity to maintain the
organization’s performance and competiveness.

Kivrak et al. (2008) studied the current knowledggturing practices in the Turkish
construction industry, how the tacit and expliciiokledge is captured, stored, and
shared to enrich the organization’s knowledge assed determine the barriers hindering
facilitating the knowledge wealth. Organization Wwhedge plays very critical role in
today’'s competitive business environment becausantreduce project cost and time,
improve quality, and sustain the organization’s petiveness. A survey was conducted
to evaluate the current practices of capturing;ireo reusing, and sharing knowledge in
the construction industry. The results show thgabizations in the construction industry
lack a systematic structure to manage and sharekiiogvledge and this prevents
organizations from reaching the necessary leardengl. This study resulted in
developing a conceptual framework to effectivelyptoae the knowledge from
individuals and leverage the organization learnihgveb-based system to evaluate the
effectiveness of framework has been designed armhlled Knowledge Platform for
Contractors (KPfC). This system provides the mdan®duce rework, share and retain
tacit knowledge, store innovative ideas, facilitdatansferring lessons learned, and
facilitate a learning organization environment. sTtatudy resulted in an innovative
system to improve learning. However, the effectegm and benefits from using the
system have not been quantified.

2.4. Motivation

Investigation of profession based motivators isepbéally important for improving
individual performance and enhancing managementtipes in transferring and
retaining their knowledge assets. The existingrdifure shows evidence that intrinsic
motivation and extrinsic motivation have a direefation to transferring tacit/soft
knowledge and best practices (O'Dell and Grays8881Argote, 1999; Tierney et al.,
1999; Osterloh and Frey, 2000). Intrinsic motivatie defined as “any motivation that
arises from individuals’ positive reaction to quiak of the task itself, this reaction can be
experienced as interest, involvement, curiositytiskection, or positive challenge”
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(Amabile et al., 1994). According to Calder andws{a975) intrinsic motivation occurs

when “an activity is valued for its own sake angegrs to be self-sustained.” Extrinsic
motivation is defined as “deriving satisfaction tth& independent of the content of the
activity itself” (Calder and Staw, 1975). Existiatudies show that intrinsic motivation is
considered essential and vital when generating teamasferring tacit knowledge and
developing employees’ behavior (Amabile et al.,4:98ustin, 1996; Osterloh and Frey,
2000). Amabile et al. (1994) reported that intinsind extrinsic motivations have
different impacts on the learning and performancécames based on the type of
profession and working environment.

Amabile et al. (1994) developed the Work Preferehneentory (WPI) to assess the
differences in individual intrinsic and extrinsicotivational orientation. WPl was
designed to capture the major elements of bothngitr and extrinsic motivation.
Intrinsic motivation includes a) self-determinatidy) competence, c) task involvement,
d) curiosity, and e) interest. Extrinsic motivatiorcludes a) evaluation concerns, b)
recognition concerns, c¢) competition concernsadyible incentives (compensation), and
e) a focus on the dictation of others. WPI undeivwsaveral revisions and in its final
revision it contains 30 items. Two versions of WiRdre tested, one for the working
adults and the second college students. A totdl,83 undergraduates’ students and
1,055 working individuals participated in this spudJsing explanatory factor analysis,
the analysis resulted in two factors representiegprimary scale of the WPI instrument,
the intrinsic and extrinsic motivation factors. fiheach of the primary factors was
analyzed to determine the sub-factors within thensic and extrinsic motivation. The
analysis yielded in two intrinsic sub-factors amabtextrinsic sub-factors. The two
intrinsic sub-factors interpreted as challengedaetith 5 items and enjoyment factor
with 10 items. The two extrinsic sub-factors intetpd as compensation factor with 5
items and outward factor with 10 items. This studgulted in developing a reliable
instrument to measure the differences in individualrinsic and extrinsic motivation.

In the construction industry, McQuillen (1986) dissed the different motivational
theories and their effect on civil engineers’ parfance. In this study, McQuillen
reviewed and analyzed four motivational theoriesssMw motivation theory, McGregor
motivation theory, Herzberg motivation theory, anihally, Vroom and Laufer
motivation theory. Maslow motivational theory sththat human needs are hierarchical,
the lower need level must be satisfied before theceeding need level becomes
important. The human needs in ascending orderpirgsiological (food, clothing, etc.),
safety, social (belonging, acceptance, etc.), stotfrespect, recognition, etc.), and self-
actualization. McGregor motivation theory is theedhy X and theory Y view of
management and motivation. Theory X describes aopewho prefers to be directed,
wishes to avoid responsibility, and has little atmolbi. Theory Y describes a person who
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asserts the ability to be imaginative, ingenious] ereative. Herzberg defines motivators
as behaviors concerned with job satisfaction, dray tare: achievement, recognition,
work itself, responsibility, advancement, and gtewtHerzberg in his theory also
identifies the Hygiene factors that cause dissatt&fn to be: company policy and
administration, supervision, interpersonal relaglips, working condition, salary, and
security. In the Vroom and Laufer expectancy thedhe motivational force of an
individual is equal to multiplying the personal expancies concerning future events by
the value placed on the outcome. The McQuillenyamiglshows that the construction
industry applies part of those theories regardiske differences in men’s and women’s
needs. The analysis also concluded that performanadunction of the mental state of
the engineer not his physical attributes. It alsnotuded that achievement, recognition
and praising, increased responsibility, and jobwginoare the main requirements in the
work environment that can help motivate engineers.

Tabassi et al. (2011) investigates the effect ohdm resources development practices in
employing training and motivations on the improvemi& performance at the task and
teamwork levels in construction projects. In thisdy, a questionnaire survey was
developed and used to assess two relationshipielielationship between employees
training and motivation practices with teamwork noyement, and 2) the relationship
between employees training and motivation practeiéls task efficiency. The results of
this study indicate that motivation practices arativating environment had strong effect
on the training outcomes, task efficiency, and iowprg the teamwork performance.
However, the different effect of intrinsic and em&ic motivations was not evaluated. In
addition, this study assumed that a team consistindifferent professionals can be
motivated using similar motivators, which contradice fact that motivation practices
differs between individuals and job tasks.
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CHAPTER IlI

PHASE | COST ESTIMATING COMPETENCIES

3.1. Introduction

Perhaps the greatest challenge facing the costastig community over the next decade
is the loss of knowledge and experience of hightpegienced estimators as high
percentage of them are retiring and a shortageualifeed cost estimators is evident in
the construction industry (Behrendt, 2005; Hollmama Elliott, 2006). Cost estimating

is a critical function for capital projects to bottwner and engineering/construction
companies. Owners rely on cost estimates to perémomomic analyses for return on the
investment from their capital expenditures. Engimggconstruction companies rely on
the cost estimate for bidding and negotiating warkich is the basis for securing future
work and ensuring the profitability of their compes Recognizing the importance of
estimators competency in producing reliable esesathe construction industry is
confronted with how to capture the skills and knedge of highly experienced

estimators as they retire (Behrendt, 2005; Hollmam Elliott, 2006; Zack 2007).

Most efforts to promote good estimating have foduse developing cost information,
adjustments for time/size/location, and estimatiogs, in particular automation of the
estimating process by computer methods. Howevesethools that aid the estimating
process cannot replace the judgment and experieheecompetent cost estimator. A
recent article by the President of the AACE-I ddmaxt a court case to illustrate that the
sound judgment of estimators, based on their eapee, is equal to and perhaps more
important than the cost data information (Zack 2007
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This study is conducted to identify and prioritiestimating skills, knowledge, and
personal attributes required to develop qualifiedtaestimators. It also quantified the
gaps between the current and desired level of stenating competencies. The
competency importance and relative gap results wsed to develop an estimating core
competency criticality matrix that will help in walizing and prioritizing estimating
competencies based on their criticality scores.aliin this study grouped the 23
estimating competencies into seven major estimatorg competency factors using the
factor analysis technique that can be effectivelgdito reduce the company efforts, time,
and costs when designing training programs or esuiar estimators.

3.2. Data Collection

During spring and summer 2008, a survey was coeduiti obtain expert opinions on
various issues in the estimating profession suchestgmating functions, required
estimating competencies, the gaps between the ided the current level of
competencies, and current practices in recruitiamgyacting, retaining, and training
estimators (Appendix A). For this survey, a quesiamre with 37 questions was
developed through a two day workshop in Houstoxa$ewith 22 expert estimators. The
guestionnaire was sent to all Construction Induststitute (Cll) member companies,
and also was distributed at the Association forAdgancement of Cost Engineering —
International (AACE-International) and American &g of Professional Estimators
(ASPE) national workshops in 2008. A total of 22@8mpleted questionnaires were
collected. 79% of the respondents were from CIl im@ncompanies, and 21% were from
AACE-l1 and ASPE members. 31% of the survey pardicip were from owner
companies and 69% were from non-owner companies.dBita collected represented a
total of approximately 3,500 years of experiencéhim estimating profession and 52% of
the respondents had at least 15 years of experieribbe estimating profession.

3.3. Core Estimating Competencies

Competency is defined as “a standardized requirerfnan individual to properly
perform a specific job and it encompasses a cortibmaf skills, knowledge, and
behavior utilized to improve performance (Brozowad aSubrt 2008).” Accordingly,
estimating competencies can be defined as a clastaterrelated skills, knowledge and
personal attributes required to properly performeatimating job. In this study, 23 core
estimating competencies were identified as importaampetencies required for
developing good cost estimators through a two daskshop with 22 senior estimators.
The identified 23 estimating competencies are ifladsinto skills, knowledge, and
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personal attributes. Skill is the ability to perfora certain estimating task, while
knowledge is information an estimator has attaireddted to estimating, and personal
attributes represent personal attitudes, traitsbemaviors required to do good cost
estimating. Furthermore, skills and knowledge arngiddd into soft and hard

subcategories. Soft skills or soft knowledge ididift to be taught or developed and
requires more experience and training, while h&lissor hard knowledge is relatively

easy to be taught, developed, and learned. Figwsko®/s the hierarchy of estimating
competencies identified in this study. An expandedinition of each competency is
provided in Table 2.
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Figure 2. Classification Hierarchy of Estimating Canpetencies
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Table 2. Classification and Expanded Definition ofCost Estimating Competencies

Competency Name

Competency
Classification

Expanded Definition/ Examples

a. Analyzing what'’s

missing in the scope Knowledge Soft

definition

b. Develop clear and
organized estimates Skills
with sound basis

c.' Ability to see .the blgSkills &
picture and realize

o Knowledge
what is important

d. Know what to ask
and who to ask

e. Able to apply

judgment, do reality  Skills &
checks, then explain Knowledge
why

Skills
f. Know how to read

and Interpret drawings

Hard

Knowledge Soft

Soft

Hard

Knowledge Soft
g. Ability to work . Personal
under pressure with Attribute oft
tight deadlines
h. Be inquisitive, ask
question, find Personal oft

resources, and make Attribute
decision

i. Have good

communication skills, Personal
self confident, work  Attribute
with others

j. Be dependable,

straight forward, Personal

objective, fair, and Attribute

consistent

Soft

Soft

Ability to evaluate the project documents (propasad drawings) for
completeness and to know what is missing; deterthieellowance for
scope growth, understand the work and construgtioness, and look for
benchmarks and metrics.

Accomplished by using "company" standards for cstesicy in estimate
organization (i.e.. basis of estimate, summarypetng details, risk
assessment, etc.), structures, checklists, anchferm

Ability to focus on the areas of the estimate whielve the greatest
influence on outcome, i.e. 80/20 rule for detadstimates and 90/10 for
conceptual estimates. Because of the limited tilogvad for estimate
preparation estimator will not have enough timaddress every estimate
detail with the same level of attention.

Estimators’ ability to come up with right questitingather information
and the right source of this information. Bad qioest create unclear
answer that could lead to misunderstanding; quastipthe wrong
people could have the same result.

Ability to apply judgment is aided by experiencstihates should be
based on input from those with the most expertisz particular area.
That combined input then needs to be reviewed antpared with
similar project's benchmarks and metrics. Estinsatered to understand
not just what is not different from other projectistrics, but why and if
the items are justifiable or if estimate adjustrseare required.

Ability to read drawings and know tthe@wings standards

The ability to visualize the end product of theigesand account for
what is missing.

Estimators’ ability to perform estimating task efigely within the tight
deadline allocated to prepare the estimate.

This attribute is very important and its generalbt taught, but can be
improved by teaching and mentoring. Locating tiyatrresources and
making decisions improves over time as the estingams more
experience.

Estimators must be capable and competent in conuatimg and
working with others who provide input and infornaatito the estimate.

Establishing a realistic estimate for project exiecuand competitive
bidding is highly dependent on estimators’ compesiand it is very
vital that the estimator be dependable, objecfaie, and consistent whe
preparing an estimate.
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Table 2. (Cont.)

Competency

Competency Name Classification

Expanded Definition/ Examples

Skills Hard
k. Quantity take-off
Knowledge Soft

|. Be task oriented with Personal
the drive to achieve the Soft

Attribute
end results

m. Construction/site

. Knowledge Soft
condition knowledge 9
n. Have interest in
details and numbers  Personal
with ability to organize Attribute
work

Soft

0. Productivity and

labor rates Knowledge Soft

p. Risk Skills  Hard

assessment/analysis
and contingency ~ Knowledge Soft

g- Able to stand groun
. Personal
and resist pressure to . Soft
Attribute
change numbers

r. Obtaining Skills  Hard

guotation accurately
from vendors

Knowledge Soft

s. Escalation impact Knowledgé&oft

t. Open to working in

new areas where you Personal
may not feel Attribute
comfortable

The actual process of performing a quantity takevaly be taught based
on only "taking off" what is shown.

The ability to know what must be added and quatifto what is shown
on drawings, requires knowledge gained through rampee.

The requirement to be task oriented with the didvachieve results is
needed to coordinate multiple estimate developraetitities and pull
together the estimate within normally tight timeipds. As the estimate
has many "moving parts" the inability to focus @ctlketask and drive to
completion can be disastrous.

Necessary knowledge for estimating profession, ipaioquired by
multiple site experience, and site knowledge sischralerstanding of the
site work process and activities, durations, etc.

Preparing estimates requires dealing with mangllamd types of
details, and this type of work requires a lot diigrace and clear
organized thought to produce high quality document.

Understanding what conditions impact labor proditstiand how to
adjust the required labor hours consistent witheatospecific
requirements and influences. Know the labor wadger&e benefits rates
that must be included in any payroll burdens /¢dreluded and any
overtime premiums included as appropriate.

Ability to analyze risks (i.e. perform Monte Cadinulation).

Ability to assess risk elements to be includechméstimate and the
necessary contingency percentage to be considered.

Ability to explain and defend the estimate as appate to assure the
estimated cost is realistic and achievable. Thexr@klvays many
pressures to change estimated costs to be moreetiting

Ability to gather data and specifications, standaodtract terms, etc;
inquiry preparation provided to vendors and thditgthio assess if a
vendor quotation complies technically with requisgecifications and
commercially with contract terms / conditions.

Understand the risks involved with vendor selecbased on past
performance, ability to fulfill scheduled delivesieetc.

The ability to assess the impact of cost changes time due to
(escalation / de-escalation) labor wage increasése§), materials &
equipment prices, etc. must be understood aslichéinge the current
cost basis. The Estimator must make provisionslifarscalation by
utilizing company procurement groups, published/poise indices, and
other sources.

Most projects are not the same. They have diffeseope, different
locations, execution basis, etc. To enable thenesbr to be effective, an
attitude open to new areas with maybe little baokgd or previous
knowledge is required.

27



Table 2. (Cont.)

Competency

Classification Expanded Definition/ Examples

Competency Name

u. Design/engineering The estimator must understand design/engineerisigdm order to
Knowledge Hard . .
knowledge understand the project scope and requirements.

Planning requires knowledge of the various workcpss and conditions

Knowledge Soft . ) : .
such as limited working areas causing congestion.

v. Planning and
Scheduling . Scheduling is a skill which can be learned in iefato standard
Skills Hard .
principles and software programs.
w. Development of
reports for Skills Soft
management

Ability to understand the requirements for levebetail and format in a
report that must be adapted to differing end useds.

3.4. Assessment of Estimating Competencies

In the survey, the importance of each of the 2Bneding competencies and the degree to
which junior estimators typically lack in each costgncy were assessed using a 5-point
Likert scale. The 5-point Likert scale used to asséhe importance of estimating
competency was “l=least important” to “5=most inmpot.” The 5-point Likert scale
used to assess the degree of lacking in estimatngpetency was “l1=not lacking” to
“5=most lacking.” Figure 3 shows the assessmentiteesf the survey data. The results
are the average values after the 5-point Likerieseeas converted into a “0-100"
percentage scale using Equation (1) (Myatt, 2007 @llow the comparison between the
competency importance and the gap in competencg. cbmpetencies are sorted in a
descending order on the X-axis in terms of thepanance values.

Mean-1
(Max.Scale—Min.Scale)

Scale in Percentage = * 100 (Eq. 1)

where, the mean is the average of the 228 respoimsesach of the estimating
competencies, maximum scale is 5, and minimum ssdle

The top five most important estimating competenaies“a) analyzing what’'s missing in
the scope definition,” “b) develop clear and orgadi estimates with sound basis,” “c)
ability to see the big picture, realize what is ortpnt,” “d) know what question to ask
and who to ask,” and “e) know how to read and prigrdrawings.” The top five biggest
gaps existing in the competencies include “a) amaty what's missing in the scope
definition,” “c) ability to see the big picture, akze what is important,” “p) risk

assessment/analysis and contingency,” “m) consbnssite condition knowledge,” and
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“d) know what question to ask and who to ask.’slhbteworthy that competencies with
the largest gaps are mainly soft skills or soft Wienlge. The nature of these
competencies makes them very hard to be capturieduored.

100.00%

80.00% \/\—\
60.00% A

TN A e
TT~——V Y N

40.00%
20.00%
0.00%
a b cde f ghij kIl mnopagqgr st uvw
Importance (%) =—=Gap (%)

Note: the letters on the x-axis match with theelestin Table 2.

Figure 3. Assessment of Estimating Competencies

3.5. Estimating Core Competency Ciriticality Matrix

An estimating core competency criticality matrix svaeveloped to prioritize the
competencies based on the scores which are caduleing the importance value of
each competency and the value of the associatedigiaphe competency. In calculating
the criticality index of each competency using Bara(2), both the importance and the
gap values of each competency are equally weigheel criticality index is a normalized
value ranging from 0% to 100%. The criticality imdameasures the Euclidian distance
from the point where an imaginary competency hashilghest importance (100%) and
the widest gap (100%) to a point where the compstes located in Figure 4. The
estimating core competency criticality matrix claes the competencies based on their
criticality index into five zones; most critical,are critical, critical, less critical and least
critical zones. The estimating core competencycality matrix provides an idea about
which competencies should be given more efforts @meé in training and educating
estimators in order to improve the overall perfong&in estimating.
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Criticality Index =\/(100% — % Gap) 2+ (100% — % Importance)? (Eq. 2)
141.42
0-20 Most Critical
20-40 More Critical
Criticality Index 40-60  Critical
60-80 Less Critical
80- 100 Least Critical

The estimating core competency criticality matrsiglire 4) shows that all estimating
competencies fall on three zones; most criticaltaraitical and critical zones. The two
most critical competencies are “a) analyzing whatissing in the scope definition” and
“c) ability to see the big picture, realize whatimportant.” These competencies are
determined to be most critical because 1) theynarst important competencies for high
quality estimating and also 2) they are the compu¢s that most estimators are
significantly lacking (their gaps are very wide Wweén the current level and the ideal
level). The majority of estimating competencies ¢ the more critical zone while few
others fall on the critical zone. The results iadéc that new estimators’ lack the
important competencies that build an estimator antphasized the urgent need to
capture and transfer these competencies to youimgadsrs.

Most

More

Neutral

Less

Least

|

Small Wide Gap

Note: the letters on the Figure represent compismn Table 2.

Figure 4. Estimating Core Competency Criticality Matrix
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3.6. Factor Analysis

The factor analysis method is one of the commoskdudimension reduction statistical
methods. It was applied to the identified 23 corapeies in order to determine whether
these competencies can be grouped under diffeaetdré and to categorize them into a
manageable number of factors in order to desigtebetining programs for estimators
with less cost and effort. The factor analysis stigates the correlation relationships
between the estimating competencies. The Stalifimekage for Social Sciences (SPSS
16.0) was used in performing the factor analysiaguthe procedure shown in Figure 5.
In order to use the factor analysis method, thabgity of the scale used in the collected
data and the appropriateness of using the factalysia method on the data must be
assessed first. The Cronbach alpha coefficientusad to test the reliability of the scale
used in the collected data. Then the appropriaseokfactor analysis was assessed using
three tests which include; Kaiser-Meyer-Olkin (KMf@)y measuring the accuracy of the
sample, Anti-image correlation for measuring thengle adequacy (MSA) for each
variable, and the Bartlett test of sphericity (&je2005).

No

Yes

Figure 5. Factor Analysis Procedure
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The Cronbach alpha coefficient is calculated usiegEquation (3), and it determines the
internal consistency between the competencies niggtsures particular characteristics,
and the scale is determined to be reliable witmlcagh alpha higher than 0.7 (Nunnally,
1978).

N2 . Cov

U= S voov (Ea.3)

where, N is the number of competenci€sy is the average covariance between the
competencies, Cov is the covariance of the compienvhich measures the strength of
relation between two competencies, and S2 is thin@e of the competencies. The

cronbach alpha coefficient on the 5-point Likerlscused in studying the importance of

the estimating competencies is 0.86, which indg#te scale is reliable.

The Kaiser-Meyer-Olkin measure tests whether thleced sample size and the number
of variables is adequate for applying factor analysethod and result in reliable factors

or not. KMO is the ratio of the squared correlatimiween competencies to the squared
partial correlation between variables as showmilofing equation (Field, 2005).

(correlation between variables)?

KMO =

(Eq. 4)

(partial correlation between variables)?

where, correlation between variables measures dgeed of relationship between all
variables (estimating competencies), and partialetation between variables measures
the degree of relationship between two variablegdengliminating the effect of other
variables in order to determine whether or not ¢blected data is sufficient to apply
factor analysis. The result of the KMO statistidi82 which means that the correlation
pattern between variables is compact and thus nthkefctor analysis appropriate. The
Anti-image correlation matrix test shows that theasure of the sample adequacy (MSA)
for all variables ranges between 0.68 to 09D.6) (Field, 2005) which indicates that
none of the variables needs to be eliminated amedfdlotor analysis is appropriate.
Finally, the Bartlett's test of sphericity was caoeted to test whether the correlation
matrix is an identity matrix or not. The result e sphericity test is 1238.49 and its
associated p-value is 0.000, which indicates thatcbrrelation matrix of the variables is
not an identity matrix and the factor analysisnsagpropriate method.

After validating the appropriateness of using tlaetdr analysis, the 23 estimating
competencies were subjected to the factor analysih, principal component analysis
and varimax rotation. The factor analysis with pi@cipal component extraction method
is a linear transformation of the data into a news aystem so that the first axis is in the
direction of the largest variance in the data, ¢keond axis is in the direction of the
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second largest variance, and so on. The princiqraponent analysis uses eigenvalues to
reduce the number of variables into a smaller nundfecomponents/factors. The
eigenvalue represents the variance explained bygdhgonent/factor resulted from the
principal component analysis. Based on the eig&egabnd the interpretability of the
factors the number of factors to be extracted @ddel. There are many criteria available
to assist in determining how many factors to extribe most common criterion used is
the minimum eigenvalue criteria, or what is knovertlze Kaiser’s criteria. This criterion
requires taking the principal components for al thariables and rank their eigenvalues
from the largest to the smallest then select thereialues greater than one as the number
of factors to be retained. The results of the pp@lccomponent analysis to determine the
number of factors to be retained are shown in T&bleAccording to Kaiser’s criteria
seven components have eigenvalues greater thaand.this is the suggested number of
factors to be retained, these seven estimatingamrgetency factors explains 60.34% of
the total variance in the data. The results as se@able 4 show that the loadings of the
23 estimating competencies are scattered betweensdlven factors, where most
competencies load highly onto the first factor atgb load highly on the other factors.
For example the competency “Ability to see the picture, realize what is important”
loads highly on the first, the second, the thirdd ahe sixth factor. This makes the
interpretation of the factors more difficult duethee unclear pattern of the factor matrix.
In order to interpret the factors more effectivelyfactor rotation needs to be performed.

Table 3. Pricncipal Components Analysis Results

Principal Component Eigenvalue % of Variance Exyddi Cumulative Variance %
1 5.87 25.54 25.54
2 2.00 8.70 34.24
3 1.56 6.79 41.03
4 1.20 5.22 46.25
5 1.15 5.02 51.27
6 1.08 4.68 55.95
7 1.01 4.40 60.35
8 0.96 4.16 64.51
9 0.92 4.02 68.53
10 0.83 3.61 72.14
11 0.75 3.26 75.40
12 0.70 3.05 78.45
13 0.68 2.94 81.39
14 0.64 2.77 84.16
15 0.55 2.38 86.54
16 0.53 2.30 88.84
17 0.44 1.93 90.77
18 0.41 1.80 92.57
19 0.40 1.73 94.30
20 0.38 1.67 95.97
21 0.34 1.47 97.44
22 0.32 1.41 98.85
23 0.26 1.15 100.00

33



Table 4. Factor Analysis Results - Unrotated Factar

Factors
1 2 3 4 5 6 7
i Have good communication skills, self confidengrivwith  .653

No. Estimating Competencies

others
j Be dependable, straight forward, objective, faird .643
consistent
n Have interest in details and numbers with abibtprganize .632 -.426
work
t Open to working in new areas where you may feel n .622 -.378
comfortable
r Obtaining quotations accurately from vendors .601
I Be task oriented with the drive to achieve thd egsults .595
k Quantity take-off .561 -.336 469
g Ability to work under pressure with tight deadin .539 -.311
o] Productivity and labor rates 539 -.459
p Risk assessment/analysis and contingency 5187 -.4
v Planning and scheduling 496 -.441 .316
w Development of reports for management 492 3.33 -.327

e Able to apply judgment, do reality checks, thepl@n why .468 .380

q Able to stand ground and resist pressure to ghanmbers  .443 .363

u Design/engineering knowledge 342 -.327

s Escalation impact 516 -.526

h Be inquisitive, ask questions, find resources, make 425 .464 438
decisions

d Know what question to ask and who to ask .380 66 .4

m Construction/site condition knowledge 410 499 .305

a Analyzing what's missing in the scope definition .336 -.492 .325

f Know how to read and interpret drawings 461 254 .468

c Ability to see the big picture, realize whatngportant .326 .353 .340 -.484

b Develop clear and organized estimates with sdasts .394 .328 -.603

Different rotation techniques were performed arelvirimax rotation was determined to
lead to the most interpretable factors. The varinwaation is an orthogonal rotation used
to maximize the high correlations and minimize tbe correlations. The results of

applying the varimax rotation are shown in Tablel'be results show only the highest
loadings on each factor, loadings less than +Os4ramoved because they considered
insignificant for factor interpretation (RencheiQ02). Table 6 shows the final seven
estimating core competency factors resulted fromn fictor analysis along with the
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percentage of the variance that each factor exgldine following section describes each
factor in detail, which consists of interrelatednmgmetencies (skill, knowledge, and
personal attributes).

Table 5. Factor Analysis Results Using the Varimarthogonal Rotation

No Estimating Competencies

Factors

1 2 3 4 5 6 7
I Be task oriented with the drive to achieve thd esults .698
t  Open to working in new areas where you may feel n .683
comfortable
i Be dependable, straight forward, objective, faird .674
consistent
i Have good communication skills, self confidengrivwith  .652

others

Have interest in details and numbers with abibitprganize .639

work
Ability to work under pressure with tight deadin

Escalation impact

Risk assessment/analysis and contingency
Productivity and labor rates

Planning and scheduling

Design/engineering knowledge

Obtaining quotations accurately from vendors
Know how to read and interpret drawings
Quantity take-off

Analyzing what's missing in the scope definition
Know what question to ask and who to ask

Able to stand ground and resist pressure to ghanmbers
Ability to see the big picture, realize whatngportant

Be inquisitive, ask questions, find resources, make
decisions

Construction/site condition knowledge
Able to apply judgment, do reality checks, thepl@&n why
Development of reports for management

Develop clear and organized estimates with sdasts

.533

521
.735
720
.688
.656
.522
5.49451
.785
.748
745
.544
469
.762
.750
.611
493
-421
.845
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Table 6. Seven Estimating Core Competency Factors

Variance

Factors of Estimating Competencies Explained

Competencies Included in Each Factor

Factor 1: Estimator’'s communication an@5.54% e Be task oriented with the drive to achieve the esullts
work behavior Open to working in new areas where you may feel not
comfortable

Be dependable, straight forward, objective, faid a
consistent

Have good communication skills, self confident, kwaiith
others

Have interest in details and numbers with abilitptganize
work

Ability to work under pressure with tight deadlines

Factor 2: Basic knowledge required by 8.70% e Escalation impact
estimator ¢ Risk assessment/ analysis and contingency

¢ Productivity and labor rates

¢ Planning and scheduling

e Design/ engineering knowledge

¢ Obtaining quotations accurately from vendors
Factor 3: Preliminary tasks for 6.80% e Know how to read and interpret drawings
developing quantity of work ¢ Quantity take-off

Obtaining quotations accurately from vendors

Factor 4: Estimator’s ability to analyze 5.22%
project scope and deal with the
profession pressure

Analyzing what's missing in the scope definition

Know what question to ask and who to ask

Able to stand ground and resist pressure to chang#ders
Ability to work under pressure with tight deadlines

Factor 5: Ability to put together the 5.02%

Ability to see the big picture, realize what is ion@ant

project pieces and make decision e Be inquisitive, ask questions, find resources, madte
decisions

Factor 6: Construction process 4.68% e Construction/site condition knowledge

knowledge and judgment skill e Able to apply judgment, do reality checks, thenlaxpwhy

¢ Development of reports for management

Factor 7: Ability to produce a reliable ~ 4.40% e Develop clear and organized estimates with sousisba
estimate

Factor 1: Estimator’'s communication and work behavor

The first factor group explains 25.54% of the totariance in the data. This factor
identifies the personality characteristics for agi@stimator. Estimating is the result of a
team work in which an estimator deals with all #hreject parties in the design and
construction phases, and this requires estimatofsgave good communication skills to
communicate the project information with the projearties.
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Factor 2: Basic knowledge required by an estimator

The second factor explains 8.70% of the total vexeain the data. In this factor the basic
engineering and estimating skills and knowledged #ra estimator needs to produce
reliable estimates are grouped. All those comp&terare dependent on each other; for
example determination of the escalation impact ighli dependent on the risks
considered and analyzed on the project estimaig.also noteworthy that some of those
competencies are of the mathematical nature thgiines certain mathematical and
analytical abilities.

Factor 3: Preliminary tasks for developing quantity of work

The third factor explains 6.80% of the total vadaimn the data. This factor represents the
necessary skills and knowledge required to perfamnmessential estimating task for
developing a quantity of work. This task is moreportant for estimators working in
developing detailed estimates than estimators dpired conceptual estimates, because
detail estimating takes place when the final desigawings are finalized and those
drawings are very detailed drawings and contaild af information that requires high
level of skills and knowledge in understating armmmunicating that information.
Lacking these skills and knowledge is the main eapfsomitting quantities or double
counting of quantities which result in estimatimgpes.

Factor 4: Estimator’s ability to analyze project sope and deal with the profession
pressure

The fourth factor explains 5.22% of the total vaca in the data. This factor represents
the estimator’'s ability to analyze the project ssomentify the missing information
necessary to develop the project estimate and kKhevinformation source. These skills
and knowledge are highly important for both conaapiand detailed estimators since
more accurate information is gathered about thgepréhe more reliable estimate will be
produced. Estimators are known for working unddsigh pressure environment due to
the high importance of estimates for managemensides regarding the projects. This
tight relation between estimates and managemergides requires special patience and
ability from the estimator to deal with the higrepsures to alter the estimates numbers to
fit their budget or maximize their profits. It i$sa associated with the limited amount of
time typically given to prepare estimates. Usuabiyimates depend on the completeness
of information produced for the project from thehet professionals working on the
project, and this increases the importance of gtienator’s ability to gather and analyze
project information to efficiently utilize the estate preparation time.
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Factor 5: Ability to put together the project pieces and make decision

The fifth factor explains 5.02% of the total vaganin the data. This factor represents
estimator’s ability to imagine and visualize thederoduct of the resulted project, and
identify the important information required to eséte the project, identify the required

resources required for completing the project, #rel ability to make project related

decisions to complete the estimate tasks.

Factor Group 6: Construction process knowledge angudgment skill

The sixth factor explains 4.68% of the total vacenn the data. It is noteworthy that
these competencies are grouped together, becawsanfeestimator to make good
judgments and justify his or her decisions, thenedbr needs an extensive amount of
experience in the construction field in order tonilearize himself/herself with the
construction process, the different execution madhagies, the different site conditions
and the construction process requirements. Thierexme of estimator affects the
estimator ability to communicate the estimate imfation and results with top
management.

Factor 7: Ability to produce a clear and organizedestimates

The last factor explains 4.40% of the total vareaircthe data. This factor is an important
factor because the clarity and the systematic pireeused in developing the estimate
affects the accuracy of the resultant estimate,thadinal decision about whether to go
for the project or not. Also, Trost and Oberlen(®903) identified the formal estimating
process factor as the most important factor affigoéistimate accuracy which includes the
standards and procedure to develop an estimatey aldth procedures to document,
check, and validate the estimates.

Each factor consists of a different number of compaes with a different level of

criticality. These seven Estimating Core Competdiacyors can be prioritized using the
criticality indexes of competencies developed iis ttudy. The prioritization of these
factors will help companies identify which factoshould be considered earlier than
others in developing training and education progrdor cost estimators in order to
quickly improve the overall estimating capabilitie$ the company. The following

equation is used to calculate the overall signifaeaof each factor.

where, OSi is the overall significance of factdi=1,....,7), and Clij is the criticality
index of a competency | (j=1,..., n) in factor i. k& the criticality index of a
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competency, the higher the OS value, the more figgni the factor is by using this

equation. Figure 6 shows the overall significan€eeach factor. The top three most
significant factors in developing competent costinestors are “Factor 2: basic

knowledge required by an estimator,” “Factor ltinegtor's communication and work

behavior,” and “Factor 4: Estimator’s ability toadyre project scope and deal with the
profession pressure.” These three factors reprd€egompetencies out of 23 required
core competencies from cost estimators. Trainind aducation programs for cost
estimators focused on these factors in this giveterowill greatly help companies

achieve the efficiency and effectiveness of thegmms in terms of improving the

company’s cost estimating capabilities. It is intpat to note that the results from Figure
5 represent a global view of the significance afhetactor generated from 228 obtained
data points. The cost estimating team in a pagrccbmpany might have a very different
level of gaps in competencies from the generakbgssed level of gaps in this study.
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Figure 6. Overall Significance of Factors

3.7. Chapter Summary

This study has addressed a growing concern abeutogs of knowledge, skills and
experience of cost estimators. This study has ifietht23 core estimating competencies
for developing qualified cost estimators. The cotepeies were classified into skills,
knowledge, and personal attributes and were furttiassified into soft and hard
subcategories. The gap analysis results show @vaestimators lack the main estimating
capabilities especially for the soft skills and Wwhedge. The soft skills and knowledge
are very difficult to capture and transfer and adnpe taught by using simple training
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methods. The concept of the estimating core compgteriticality matrix was used to
prioritize the estimating competencies based oir tiréicality score. The criticality of
each competency was assessed based on the imgodéribe competency and the
associated gap of the competency between the tlerat and the ideal level. The study
has found that most critical competencies aresolts or knowledge which are difficult
to be transferred.

The study has grouped the 23 competencies intonsdifferent factors using the factor
analysis method. They are; 1) estimator's commuioicaand work behavior, 2) basic
knowledge required by an estimator, 3) prelimintagks for developing quantity of
work, 4) estimator's ability to analyze project peoand deal with the profession
pressure, 5) ability to put together the projeeicps and make decision, 6) construction
process knowledge and judgment skill, and 7) abibt produce a clear and organized
estimates. Among these factors, factors 2, 1, aack 4he most significant factors which
require immediate attention when developing trajnamd education programs for cost
estimators.
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CHAPTER IV

PHASE || MANAGEMENT PRACTICES AFFECTING THE RETENDN OF

THE COST ESTIMATING COMPETENCIES

4.1. Introduction

Recent studies have shown that 80% of the baby eogameration who have the critical
“know-how” and “how-to” knowledge and skills willebretiring within the next decade.
The retirement of experienced employees basicallystates into the retirement of their
years of experience and knowledge as most compatoesiot have well planned
strategies and methods to retain the knowledgeshiils of their retiring employees
(Styhre et al., 2004; Chinowsky et al., 2007).Ha tonstruction industry, the escalating
retirement rate along with the lack of effective magement practices to retain the
experienced engineers knowledge and expertise aiaeft the industry with an
immediate need to determine and adapt effectivegjres to capture and transfer senior
engineers’ knowledge and skills to the next gemamnatof employees.

Researchers found that an organization abilityajotuwre, transfer, and retain knowledge
is highly affected by the learning environment andtivation practices (Chawala and
Renesch, 1995). Kozlowski and Farr (1998) and Kweglko and Hults (1987) found out

that organization environments that include suppmithe transfer of specific skills and

knowledge learned on the job as well as promotesiragous learning can increase the
probability that skills and knowledge acquired riaiiing will be transferred back to the
job and will influence job performance. Furthermostudies found that motivational

processes play a vital role at the training pha®st training phase, and organization
competitiveness (Kozlowski and Salas, 2010). Indbvestruction industry, motivation is

considered a very important factor affecting engise performance, satisfaction, and
retention (McQuillen, 1986; Joo and Lim, 2009).
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Phase Il of this study is designated to the evalnaif the current management practices
related to the capture and transfer methods ugsedlttee effect of both the learning

environment and motivation on the development tfreding competencies. As a result
a capture and transfer model for the estimatingegsion will be developed. This chapter
will briefly explain each of the study variablesfesting the retention of estimating

competencies; 1) the capture and transfer metheels, @) the learning environment, and
3) the intrinsic and extrinsic motivations, and thgothesis investigated. Followed by,
data collection and data analysis strategies. Tdta dnalysis underwent three main
phases. The first analysis phase considers theia@i@h of the retention methods on
capturing and transferring estimating competenclid® second phase of the analysis
assesses the effects of both the learning enviroharel motivation on the development
and retention of estimating competencies. Finaflythe last phase of the analysis, the
effect of both the learning environment and motorabn the retention and development
of estimating competencies will be assessed.

4.2. Management Practices Studied
4.2.1. Capture and Transfer Methods

Knowledge capture and transfer in this study iSngef as “the process in which the
source of the knowledge is identified, examinedd ahen shared with adaptors
(department or individuals).” The existing litersguindicates that there are many
knowledge capture and transfer (Training) methodailable in the fields of adult
education, knowledge management, and human resouicsynthesis of the existing
literature suggests that the selection of captateteansfer methods is mainly dependent
on the type or classification of the knowledge @mpetency to be transferred (Ardichvili
et al.,, 2003; and Vestal, 2006). Based on the ifleeson results of estimating
competencies into soft and hard skills and knowdedmd personal attitudes, and based
on the existing literature, ten knowledge capturd wransfer methods were selected to
examine their effectiveness in capturing and trmisfg each competency. The capture
and transfer methods used in this study are: 1Yoneg from experienced estimators, 2)
on-the-job training, 3) lectures, workshops, anehisars, 4) documentation manuals, 5)
online courses, 6) communities of practice (CoP), péer mentoring, 8) virtual
communities of practice (VCoP), 9) audiovisualimags, and 10) Simulation. The ten
selected capture and transfer methods were cledsifto traditional capture and transfer
methods and advanced capture and capture andaransthods. Traditional capture and
transfer methods represent the conventional trgimmethods that are commonly
practiced by the companies within the construcimmustry which includes; 1) mentoring
from experienced estimators, 2) on-the-job trainir®) lectures, workshops, and
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seminars, 4) documentation manuals, and 5) onlm#&ses. Advanced capture and
transfer methods represent the recently developeitiods and limitedly employed by
companies within the construction industry suchlassommunities of practice (CoP), 2)
peer mentoring, 3) virtual communities of pract{g€oP), 4) audiovisual trainings, and
5) Simulation. Table 7 provides an extended dedinitor description of each method

used in the study.

Table 7. Expanded Definition/Description for Knowlelge Transfer Methods

Knowledge Transfer Definition/ Description Source
Methods
Mentoring from a relationship between a younger and older, more Kram (1985)
experienced experienced adult in order to accomplish a task
estimators
On-the-job training provided to employees in the work settmgl Noe (2008)
Training during the work by observing peers or managersgloin
- the job and trying to imitate their behavior.
Traditional
Capture and  Lectures, verbal presentations by an instructor to a group of
Transfer Workshops, and professionals sharing a common interests or skills
Methods Seminars
Documents and manuals, books, and references
Manuals
Online courses Online-based classes or courseprihdtie learning Noe (2008)
about specific topics or material. These coursashea
designed by the company or/and outside the company.
Communities of a network of people who have common interests gsharPasher and
Practice (CoP) field of specialization, have known each other aver  Ronen (2011)
period of time, and trust each other
Peer mentoring a relationship between peers, where workers present Kram and
their work and progress to their peers to receive Isabella (1985)
feedback Pasher and
Ronen (2011)
Advanced Virtual online social networks in which people with common Chiu, Hsu, and
C Communities of interests, goals, or practices interact to shdoerimation Wang (2006)
apture and . . o .
Transfer Practice (VCoP) and knowledge, and engage in social interactions
Methods Audiovisuals Computer-aided instruction programsideotaped Noe (2008)
actual situations or knowledge that can be retddee
learning. It helps the trainee to customize thenieg
base and can provide the same knowledge to multiple
trainees
Simulation a “presentation of some aspects of¢aéworld where Davis (1998)

abstract models are developed and then manipuitated
dynamic ways to create learning.” Simulation hetps
developing decision making and judgment skills.
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4.2.2. Learning Environment

A learning organization according to Armstrong ardley (2003) “has appropriate
cultural facets as visions, values, assumptions lzetthviors that support a learning
environment; processes that foster people’s legrand development by identifying their
learning needs and facilitating learning, strudtémaets that enable learning activities to
be supported and implemented in the workplace.” ddvecept of learning organization
environment is very well established and develo@thtkins and Marsick, 1993;
Marsick and Watkins, 1999; Marsick and Watkins, 200ang et al., 2004; Zhang et al.,
2004; Lien et al., 2006). To assess the gap arghdse the level of learning facilitated
by the organization, Watkins and Marsick (1993, @9and 2004) developed the
Dimensions of the Learning Organization QuestioraédLOQ). The DLOQ instrument
is used to measure and diagnose the learning emvent in the organization and its
association to the improvement in organization grentince (financial and knowledge).
The DLOQ instrument measures the learning environmesing seven dimensions
established, modified, and evaluated by Watkins &atsick, 1993; Marsick and
Watkins, 1999; Marsick and Watkins, 2003; Yang let 2004. Table 8 provides brief
descriptions for each of the seven dimensions arfniag environment along with sub-
guestions used to measure each dimension. Manjestadapted DLOQ to assess the
effect of the learning environment on the improvamef financial performance
(Watkins and Marsick, 1993; Marsick and Watkins999Marsick and Watkins, 2003;
Styhre et al., 2004; Yang et al., 2004; Zhang et24l04; Lien et al., 2006; Chinowsky
and Carrillo, 2007; Chinowsky et al., 2007; Son@®0&). Although some studies
emphasized the significant effect of the learningimnment on facilitating the sharing
of tacit knowledge between individuals and peerugso (Kogut and Zander, 1992;
Nonaka, 1994), the existing literature revealedck lof empirical research that assesses
the association and effect of the learning envirenihon the development or capture of
individual competencies. Some studies evaluated kin@wvledge performance using
DLOQ which is considered very generic and at broddeel (organization/company
level) (Watkins and Marsick, 1993; Marsick and Wiask 1999; Yang et al., 2004; Song,
2008). In this study, the effect of the learningarization environment on the capture
and transfer process of the estimating competemndgiebe evaluated as shown in Figure
7. The specific hypotheses are:

e H1: the current organization learning environmentpdsitively related to the
difficulty in capturing and transferring estimatingmpetencies.

e H2: the current organization learning environment atdicture has had a
positive effect on the effectiveness of the capwiand transferring methods used
to develop estimating competencies.
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Table 8. Description and Sub-Questions for Learningenvironment Dimensions (Yang et al.,

2004)

Dimensions of
Learning Environment

Definition/ Description Sub-questions

Continuous Learning

Learning is designed into weok =
that people can learn on the job; =
opportunities are provided for ]
ongoing education and growth

people help each other learn
people take time to support learning
people are rewarded for learning

Inquiry and Dialogue

People gain proactive reaspnin =
skills to express their views and the =
capacity to listen and inquire into the
views of others. ]

people give open and honest feedback to each other
whenever people state their view, they also ask
what others think

people spend time building trust with each other.

Team Based Learning

Work is designed to use grtaups =
access different modes of thinking;

people have the freedom to adapt their goals as
needed

groups are expected to learn together people revise thinking as a result of organization

and work together.

discussion or information collecting
people are confident that the organization will act
on their recommendation

Embedded System

Availability of low and high ]
technology systems to capture and
share learning ]

creates systems to measure gaps between current
and expected performance

makes its lessons learned available to all
employees

measures the results of the time and resources
spent on training and learning.

Empowerment

Empower people toward collective =
vision, where responsibilities are =
distributed close to decision-making
and people are motivated to learn =
toward what they are held
accountable to do.

recognizes people for taking initiatives

gives people control over the resources they need
for their work

supports members who take calculated risks

System Connection

People helped to see the effect o =
their work on the entire company,
and scan the environment and use =
information to adjust work practices

encourages people to think from a global
perspective

works together with the outside community or
outside resources to meet mutual needs
encourages people to get answers from multiple
locations and perspectives when solving problems

Strategic Leadership

Strategic leadership for learning ]
where leader models champion and=
support learning. ]

leaders mentor and coach those they lead
leaders continually look for opportunities to learn
leaders ensure that the organization’s actions are
consistent with its values
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Figure 7. Effect of Learning Environment on the Reg¢ntion of Estimating Competencies
(Theoretical Model)

4.2.3. Motivation

A trained and skillful workforce has not always timsurance of high performance or
guality product. Motivation differs between indivas and similar motivators applied to
all are not applicable, people have different kofdmotivators with different amount
(Rayan and Deci, 2000). People with the same lefvekills and knowledge may perform
differently, depending on the motivators providedmactices either extrinsic motivators
or intrinsic motivators. Amabile et al. (1994) ihetr study to assess and develop an
instrument to evaluate the intrinsic and extrinsiotivations, they found that intrinsic
and extrinsic motivations have different impacts e learning and performance
outcomes based on the type of profession and wgr&nvironment. Table 9 provides
brief descriptions of intrinsic and extrinsic matiions along with the sub-scales used to
measure each motivation type. In this study, thiecefof intrinsic and extrinsic
motivations on the capture and transfer proceshefestimating competencies will be
evaluated as shown in Figure 8. The specific hygsxh are:

e Ha3: the intrinsic motivation has a greater effectntitae extrinsic motivation on
the difficulty in capturing and transferring estiting competencies.

e H4: the intrinsic motivation has a greater effectrtiae extrinsic motivation on
the selection of capture and transfer methodseldp estimating competencies.
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Table 9. Description and Measures for Intrinsic andextrinsic Motivations (Amabile et al.

1994)
Motivation Sub-Scale Questions
= Enjoyment Scale: = | want to find out how good | really can be at mgriv
Intrinsic Motivation: oriented toward = | prefer to figure things out for my self
interest, creativity, = What matters most to me is enjoying what | do
Any motivation that and enjoyment = |t is important for me to have an outlet for selfpeession
arises from individuals’ = No matter what the outcome of a project, | am Badsf | feel

positive reaction to
qualities of the task itself,
this interaction can be
experienced as interest,
involvement, satisfaction,

| gained a new experience

I am more comfortable when | can set my own goals

| enjoy doing work that is so absorbing that | fetrgbout
everything else

It is important for me to be able to do what | niysinjoy

etc. .

Challenge Scale: =
oriented toward ]
curiosity, and ]
competence

| enjoy tackling problems that are completely newrie

| enjoy trying to solve complex problems

The more difficult the problem, the more | enjoyitig to solve
it

| want my work to provide me with opportunities facreasing
my knowledge and skills

Curiosity in the driving force behind much of | do

| prefer work | know | can do well over work thatetches my
abilities

| enjoy relatively simple, straightforward tasks

Extrinsic Motivation:

Deriving satisfaction that
is independent of the
activity itself, such as
compensation, promotio
etc.

Outward Scale: .
oriented toward
recognition and the =
dictates of others

I am strongly motivated by recognition | can eaonf other
people

| want other people to find out how good | realinde at my
work

To me, success means doing better than other people

| have to feel that | am earning something for whda

| believe that there is no point in doing a godalifonobody
else knows about it

I am concerned about how other people are goimgéct to my
ideas

| prefer working on projects with clearly specifiptbcedures
I am less concerned with what work | do than wigetl for it

I am not that concerned about what other peopik tbi my
work

| prefer having someone set clear goals for meyirwvaork

Compensation
Scale: oriented
toward income and
promotion

= | am strongly motivated by the money | can earn

| am keenly aware of the promotion goals | havenfigself
| seldom think about salary and promotions

I am keenly aware of the income goals | have foseify
As long as | can do what | enjoy, | am not thatasned
about exactly what | am paid
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Figure 8. Effect of Motivation on the Retention ofEstimating Competencies
(Theoretical Model)

4.3. Data Collection

During summer 2010, a questionnaire survey “Assessnof Current Practices in
Developing Cost Estimating Competencies” (see Adpel) was developed to obtain
expert opinions on the current management pracsoel as the capture and transfer
methods, learning environment, and motivationakatpprovided to the cost estimating
workforce. The collected data will be used to deiee and evaluate the effect of
management practices on the development of the esishating competencies, and
determine the effective capture and transfer methode employed to retain each of the
estimating competencies using Structural Equatiooddling (SEM) method. SEM
method is a multi-level modeling process that all@gsessing the effectiveness of each
of the traditional and advanced capture and tramséthods on retaining and developing
the estimating competencies by analyzing the enmdmbddrrelations between variables.
For this survey, a four page long questionnairdér ieiur main sections was developed.
The first section contains the general informatiestions such as the industry sector,
years of experience, position, etc. The secondisseaontains 21 sub-questions to
diagnose the learning environment. The third sactiontains a 23x11 matrix aimed to
assess the effectiveness of the capture and tramsfthods identified in this study.
Finally, the fourth section contains 30 sub-quesido measure the importance of
intrinsic and extrinsic motivations in retainingstestimators. The development of this
guestionnaire survey underwent two stages; initsedtage a pilot questionnaire survey
was sent to 14 professional estimators, who haveaat 15 years of experience in the
estimating profession, to assess the quality okthrgey design, and obtain comments to
enhance the instrument. Six completed pilot surwegse collected and used to finalize
the questionnaire survey used for the main dalactan phase.
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To assess the effectiveness of the different capad transfer methods in developing
each of the estimating competencies &2BL matrix was developed. The 23 rows of this
matrix represent the 23 competencies required Herdost estimating profession. The
first column in the matrix is used to rate theidiffty to capture and transfer each of the
23 cost estimating competencies using a 5-poirksri.scale “1= least difficult” and “5=
most difficult.” Columns 2 to 11 each represents ohthe capture and transfer methods
selected for this study to examine their effecte@nin retaining each of the estimating
competencies using a 5-points Likert scale “1=tledfective” and “5= most effective.”
Definitions of the capture and transfer methodspaogided in Chapter 4.

To assess the level of development of learningrenment in organizations within the
construction industry, the shortened version of fenensions of the Learning
Organization Questionnaire (DLOQ) developed by M&rand Watkins (1999, 2004)
with 21 questions has been adapted for this stDUPQ is an assessment tool used to
measure the level of development of the learningrenment of an organization in seven
dimensions; continuous learning dimension, inqaing dialogue dimension, team based
learning dimension, embedded system dimension, epoent dimension, system
connection dimension, and strategic leadership amo@. Descriptions for each of the
seven dimensions of learning environment along sith-questions used to measure
each dimension Marsick and Watkins (1999, 2004)dsseussed in Table 8. The scale
used to assess the learning environment is a -pdurkert scale “1= never” and “5 =
always.”

Motivation orientation of the estimating professisrassessed using the Work Preference
Inventory (WPI) developed by Amabile et al. (199WPI is a tool designed to assess
individual differences in intrinsic and extrinsicotivation orientations. Description for
the intrinsic motivation and extrinsic motivatioloag with their sub-scales are provided
in Table 9. Amabile et al. (1994) WPI consists 6fduestions; intrinsic motivation and
extrinsic motivation are assessed using 15 questach. For the intrinsic motivation,
eight questions are designated to assess the empbyarale, and seven questions are used
to assess the challenge scale. For the extrinsiivation, ten questions are designated to
assess the outward scale, and five questions ac tasassess the compensation scale.
The scale used to assess intrinsic and extrinstovation is a 5-points Likert scale with
“1 = never true for me” and “5 = always true for.fine

In October 2011 the questionnaire was sent to alis@Guction Industry Institute (CII)
member companies, and the members of American tgoafeProfessional Estimators
(ASPE). A total of 77 completed questionnaires weolected. 33% of the survey
participants were from owner companies and 67% \irera non-owner companies. At
the industry level, 66% of the survey participamtsre from process/manufacturing
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industry and 34% of the survey participants weoenfrthe building industry. The data
collected represents a total of approximately 1,y@€ars of experience in the estimating
profession and 78% of the respondents had at [Easyears of experience in the
estimating profession.

4.4. Data Analysis Strategy: Structural Equation Modeling

In phase Il the main analysis method used to astwssffect of the management
practices on the retention of the estimating compaes and develop reliable capture and
transfer model for the cost estimating professi®rthie Structural Equation Modeling
(SEM). However, before applying SEM the reliabilggd validity of the scale used and
the constructs developed along with comparison astes are assessed. The reliability
and validity of the scale and constructs can béueted using; scale reliability test (alpha
coefficient), composite reliability test, and awgpzavariance extracted test. After
validating the reliability and validity of the vables, two comparison scenarios are
examined to determine whether differences existthe estimating competency
requirement and management practices in the capindetransfer methods, learning
environment capacity, and motivation practices letw owner and non-owner
companies or companies within different sectorsiding sector, heavy civil sector,
process/manufacturing industry sector) in the cootbn industry. Then the overall
effectiveness of the traditional and advanced eapand transfer methods, effect of
learning environment, and effect of intrinsic axdri@sic motivation on the development
of the estimating competencies are assessed usuncfiBal Equation Modeling (SEM).
SEM is also used to develop the capture and tramsfalel for the cost estimating
profession. SEM is a multi-level analytical approdicat simultaneously combines factor
analysis and linear regression models to assessriemtlp the cause and effect
relationships between the model variables. SEM la#ésothe advantages of assessing the
model performance as a whole and estimates the mpsea (relationships)
simultaneously. In addition, because SEM analysisbased on the correlations or
covariances between variables the differences enctitegorical scales are conquered.
The SEM analysis follows the flow shown in Figure 9
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Results

Figure 9. SEM Procedure

As shown in Figure 9, SEM analysis starts with #pecification phase, in which the

studied hypothesis is represented in a diagramifgrma structural equation model as
shown in Figure 10. The SEM model is a compositelehaonsisting of two parts: the

measurement model and the structural model. Thesune@ent model is a confirmatory

factor analysis model (CFA) that assesses theioelétetween the variables and latent
factors (construct) used in the study (Kline, 201dhich is represented using equations
(6) and (7) (Kline, 2011). The structural modelresents the relationships among the
variables, which is represented using equatioi{Bye, 2011).

Measurement Model:

X= 1846 (Eq. 6)
Y=2¢+ ¢ (Eq. 7)

Structural Model:
n=pMm+yi+ Y (Eq. 8)

where, X represents an exogenous measured varigblepresents an endogenous
measured variablé\x represents a parameter associated with the ae&tip between

and exogenous variable and a corresponding obsemeable X (factor loading)Ly
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represents a parameter associated with the rethipietween an endogenous variable
and a corresponding observed variable Y (factoditag, 6 represents residual variance
of an observed measure (X), andepresents residual variance of an observed measur
(Y), n represents an endogenous latent variable (dependeable),& represents an
exogenous latent variable (independent varialfie)epresents a parameter associated
with the structural relationship between two enchmyes variable,y represents a
parameter associated with the structural relatipnsbtween two exogenous variable,
represents a parameter associated with the residtiahce of an endogenous variable.

In this sense, SEM will help identify the directdaimdirect causal relationships between
variables. For example, Figure 10 represents athgs®s model to assess the direct and
indirect effect of the learning environment on #fectiveness of the capture and transfer
methods and the development of the cost estimatorgpetencies. In the model the
direct effectsyll andy22 represents the direct effect of the learningrenment on the
traditional and advanced capture and transfer ndethespectively, an¢i33 represent
the direct effect of the learning environment oa ttevelopment of the cost estimating
competencies. The indirect effect of the learningimnment on the development of the
cost estimating competencies is represented bfptlogving paths:

e Learning Environment=» Traditional C&T Methods y11) = Estimating
Competencies31)

e lLearning Environment=>» Advanced C&T Methods yR2) =>» Estimating
Competencies}32)
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Figure 10. SEM Model (Theoretical Model)

After specifying the SEM model and before collegtidata it is important to check
whether the model is identified or not. The modelsaid to be identified if it is

theoretically possible to derive a unique estimafteevery parameter in the specified
model; this means that we have enough parametetheinmodel to solve for the

equations in the model. For example, to determihetier the model in Figure 10 is
identified or not, the degrees of freedom of thedelneed to be calculated. For this
model there are 7 X's and 17 Y'’s resulted in (24225= 300 known parameters, and
there are ®'s, 7 AX’s, (17-3)Ay’'s, 17¢'s, 3v’'s, 3y, and 2f’s resulted in 53 unknown

parameters to be estimated, in conclusion the medehave 300-52=247 degrees of
freedom indicating that the model is algebraicalgntified. If the specified model is not
identified, we need to re-specify the hypothesizexiel to reach the model identification
(Kline, 2011). Then the model will be analyzed gsihISREL 8.8 to solve the

measurement model and structural model equatiodscaltulate the path coefficients
along with their significance.
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In SEM the Maximum-Likelihood estimation is commpnised and it estimates the
parameters simultaneously and assesses the mattehpence as a whole. To determine
the adequacy of the overall structural model fitesal indices were assessed such as Chi-
square 2), root mean square error of approximation (RMSE&mparative fit index
(CFIl), and standardized root mean square residRMSR). Table 10 provides brief
description and the cutoff or measuring criterin dach of the indices used to evaluate
the SEM models. The estimated parameter in the hmegdeesents the assessment of the
direct and indirect influential relationship amatig variables. In order to determine the
whether the estimated parameter is statisticafipiBcant or not, the t-value should be
higher than |1.96|.

Table 10. SEM Fit Indices Description and MeasurindCriteria

Indices Assessment Measuring Criteria

The magnitude of discrepancy between thel'he smaller the value the

H 2
Chi-Squarey() sample and fitted covariance matrices better fit the model to the data

Root mean square error ofHow well a model fits a population notjust<0 06 Good Eit
approximation (RMSEA) a sample used for estimation '

Indicates the relative improvement in fit of
the specified model compared to a statisticaD.90 Good Fit
baseline model

Comparative fit index
(CFI)

Standardized root mean Measure the overall difference between the<0 08 Good Eit
square residual (SRMR) observed and predicted correlations '

4.4.1. Scale Reliability and Validity

Before using the SEM analysis procedure, the scali@bility and validity of the
measured variables needs to be assessed. Thissgretarts with assessing the
distribution of the variables and checking for Hepd cases (negative error variance),
followed by the assessment of the item reliabiliiym reliability is calculated to check if
the scales used are reliable or not using Cronhhudta as explained earlier in Chapter 3.
Before proceeding with the analysis it is importemtexamine whether classifying the
identified capture and transfer methods into tradél and advanced capture and transfer
methods is appropriate or all methods represents gmoup of capture and transfer
methods and this is called the construct validapd similarly for the estimating
competencies, learning environment, and motivaticnastructs. Construct validity
examines whether or not the items selected undeh @anstruct are adequately
measuring the construct, meaning that the 5 capnocketransfer methods selected to
represent traditional capture and transfer metlstal$stically can be grouped under the
traditional capture and transfer factor. Using comdtory factor analysis technique
(CFA) the validity of each construct can be asskdse determining the composite
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reliability and convergent validity of each consttu CFA model is an oblique
exploratory factor analysis model, in which theensbrrelations between the variables
within each construct and with other constructs examined (Fornell and Larcker,
1981). This means that CFA model is a way to dategnhow well measurement
variables represent the grouping factor (constr@®A can be expressed using Equation
(9) (Joreskon and Sérbom, 1993).

Xi = Ainé1+ A&+ o + Ainén +6; (Eq.9)

Wherex; is the response variablejs the factor loading; is the underlying latent factor,
ands is the measurement errorxjn The factor loadings and standardized error result
from the CFA model are used to calculate the comgpagliability and convergent
validity of the constructs. Composite reliabilityeasures the internal consistency of all
the items within the construct. Composite validisy calculated using Equation (10)
(Fornell and Larcker, 1981).

E?

Composite Reliability (CR) = Cirse

(Eq. 10)

Where) is the standardized factor loadings, and e issthadardized error. Composite
reliability > 0.70 indicates that the items all ¢ébiger (combined) shows adequate internal
reliability. Convergent validity measures the aegto which a set of variables measure
the same construct based on their intercorrelat{tise, 2011). Convergent validity
calculated using the average variance extractedatitou (11) (Fornell and Larcker,
1981). Average variance extracted > 0.5 indicatesvergent validity in which the
variance captured by the construct is larger tharvariance due to measurement error.

A2

Si+te (Fa- 11

Average Variance Extracted =

Where A is the standardized factor loadings, and e is dtamdardized error. The

discriminant validity compares whether the itemarshmore variance in the construct
than the other constructs or not, by checking were8VE is greater than the correlation
between constructs or not.

After running several CFA models the reliabilitydawalidity of the variables and

constructs in this study were assessed. Table dinswizes the reliability, composite
reliability, and average variance extracted redolt®stimating competencies, traditional
and advanced capture and transfer methods, andsiotand extrinsic motivations. The
scale reliability and validity analysis resultsicate the following:
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e Scale reliability (a): The scale reliability results show that all vakebhave a
cronbach alpha greater than 0.7, which indicatesagipropriateness of the scale used
to assess each item; estimating competencies,titrzali capture and transfer
methods, advanced capture and transfer methodssintmotivation, and extrinsic
motivation (Nunnally, 1978).

e Composite reliability (CR):

o The composite reliability results for the 23 estitmg competencies show
adequate internal consistency. This result indgcatieat the 23 estimating
competencies all together shows adequate intesli@bility in measuring the
estimating competencies construct with CR valu8 6.8.70.

o The composite reliability results for the traditbnand advanced capture and
transfer methods show adequate internal consistécypoth constructs. This
result indicates that the items within the tradiibcapture and transfer methods
construct all together shows adequate internalabiiiy in measuring the
construct with CR value 0.81 > 0.70. The resulbdlddicates that the items
within the advanced capture and transfer methodstoect all together shows
adequate internal reliability in measuring the ¢t with CR value 0.86 > 0.70.

o0 The composite reliability results for the seven emsions of the learning
environment show adequate internal consistencys Tésult indicates that the
seven dimensions of the learning environment afjetioer shows adequate
internal reliability in measuring the learning emmviment construct with CR value
0.91 > 0.70.

o The composite reliability results for intrinsic mation construct and extrinsic
motivation construct show adequate internal coescst for both constructs. The
result shows that the items within the intrinsic tivetion constructs together
shows adequate internal reliability in constructw€CR value 0.76 > 0.70. The
result shows that the items within the extrinsictiragion construct together
shows adequate internal reliability in construdtwZR value 0.77 > 0.70.

e Average variance extracted (AVE):

0 The average variance extracted results shows thi@tnating competencies
construct have AVE values greater than 0.5 indigathat variables within this
construct share more variance in the construct.

o0 The average variance extracted results shows rdditibnal capture and transfer
methods construct and advanced capture and tramsfdnods construct have
AVE values greater than 0.5. This means that thigs within each construct
share more variance in the construct than with rottenstructs. Also, the
standardized factor covariance between the traditiand advanced capture and
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transfer methods is 0.47 and considered signifiant-value (-4.75). AVE
(traditional C&T) = 0.51 > (0.47F 0.221 and AVE (advanced C&T) = 0.61 >
(0.47¥ = 0.221 indicating that the items share more wagawith their construct
than the other constructs.

0 The average variance extracted results showsdhatihg environment construct
has AVE values greater than 0.50. This means tmatvariables within the
learning environment construct share more variamtiee construct.

o0 The average variance extracted results shows titd@isic motivation construct
and extrinsic motivation construct have AVE valgesater than 0.5. This means
that the variables within each construct share margnce in the construct than
with other constructs. Also, the standardized facatovariance between the
intrinsic and extrinsic motivations constructs iS@and considered significant at
t-value (2.05). AVE (intrinsic motivation) = 0.53 (.50f = 0.25 and AVE
(extrinsic motivation) = 0.65 > (0.50¥ 0.25 indicating that the items share more
variance with their construct that the other cards.

Table 11. Test of Reliability and Average Variancé&xtracted

Construct/indicator Indicator Composite Average Variance
Reliability Reliability Extracted

Estimating Competencies 0.93 0.89 0.57

(23 Competencies)

Traditional C & T Methods: 0.81 0.51

- Mentoring from experienced estimators 0.91

- On-the-job Training 0.97

- Lectures, Workshops, and Seminars 0.87

- Documents and Manuals 0.93

- Online courses 0.96

Advanced C & T Methods: 0.86 0.61

- Communities of Practice (CoP) 0.97

- Peer mentoring 0.96

- Virtual Communities of Practice (VCoP) 0.98

- Audiovisuals 0.98

- Simulation 0.98

Learning Environment: 0.91 0.60

- Continuous Learning 0.73

- Inquiry and Dialogue 0.86

- Team Based Learning 0.83

- Embedded System 0.78

- Empowerment 0.81

- System Connection 0.83

- Strategic Leadership 0.79

Intrinsic Motivation: 0.76 0.53

- Enjoyment Scale 0.76

- Challenge Scale 0.75

Extrinsic Motivation: 0.77 0.65

- Outward Scale 0.84

- Compensation Scale 0.78

57



4.4.2. Comparison Scenario’s Analysis

After validating the reliability and adequacy ofetlvariables and measures used, two
comparison scenarios are examined to determinehehehe developed capture and
transfer model for the estimating competenciep@@priate to sustain the development
of estimators working for owner or non-owner companand within which industry
sector (process/manufacturing sector or buildingtas® The first scenario examines
whether there exists any differences in the effeatiapture and transfer methods used by
owner companies and non-owner companies (contsgatonsultants, and vendors). The
second scenario examines whether there exists iffieyedces in the effective capture
and transfer methods used by companies in thereliffesectors in the construction
industry (building sector, heavy civil sector, gmcess/manufacturing industry sector).
Both comparison scenario analyses were performedg uthe Mann-Whitney test
statistics because the collected data is categavitaheterogeneous variance.

The Mann-Whitney test statistic is used to comphaeedifferences in responses between
two different group/participants. In this test, thidied variables for each group are
assigned a rank based on their scores in ascemudey where the lowest score is
assigned the lowest rank and the highest scoresigreed the highest rank. When two
variables have the same score values, called th&a,an average rank will be given to
both of them. The Mann-Whitney test statistic (&g)calculated using Equation 12 for
Group 1 (Owner) and Equation 13 for Group 2 (Nonr@xy (Field 2005):

N;{(N{+1)
2

N (N,+1)
2

U= NlNZ + - Rz (Eq. 13)

where; N is the sample size for Group 1; N the sample size for Group 2, R the sum

of the ranks in Groupl, and; s the sum of the ranks in Group 2. Also, the jueaf
the Mann-Whitney test is calculated. P-values s$ lhan 0.05 are considered significant
and indicate that the two groups have differentvgien evaluating the effectiveness of
this method. The Mann-Whitney analysis was perfarmgng the Statistical Package for
Social Sciences (SPSS 16.0). The analysis reseltsuanmarized in Figure 12.

For the company type scenario, 33% of the surveyicgzants were from owner
companies and 67% were from non-owner companieg. dialysis results of the
company type scenario for evaluating the difficdfyretaining estimating competencies,
the effectiveness of each traditional and advancaggture and transfer method, the
development of the learning environment, and mtbwapractices shows that owner and
non-owner companies respondents have the sameoppmrating the variables with p-
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values 0.724, 0.927, and 0.190, 0.190, 0.659, ctispty. The results indicate that
estimators regardless of the company type they wmk they have the same
understanding in the effectiveness of the captuackteansfer methods. This result also
shows that the maturity level of the learning eonment is similar for both owner and
non-owner companies in the construction industnyaddition, the result indicates that
the motivation requirements for estimators are lsimfior both owner and non-owner
companies in the construction industry.

For the industry sector scenario, as mentioned ieearlresponses from the
process/manufacturing industry sector and the imgldector only were collected and
will be used in the analysis, 66% of the survey tipgants were from the
process/manufacturing industry and 34% of the gsurparticipants were from the
building industry. The analysis results of the isitiy sector scenario for evaluating the
difficulty of retaining estimating competenciesaditional and advanced capture and
transfer method, the development of the learningrenment, and motivation practices
shows that respondents from process/manufactunidgsiry sector and building sector
respondents have the same opinion in rating thahlas with p-values 0.817, 0.851, and
0.250, 0.250, 0.420, respectively. The results ceaugi that estimators within the
construction industry experience similar managenpeattices regardless of the type of
company or industry sector. The results also inditiaat the level of development of the
learning environment is similar for companies witlprocess/manufacturing industry
sector and building sector in the construction stdu Finally, the results indicate that
motivators’ requirements and practices are notosespecific in the construction
industry. As a result, the developed capture aathster model for the estimating
profession is appropriate to be employed by ownerr@n-owner companies within the
process/manufacturing industry and building sectors
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Table 12. Comparison Scenarios Analysis Results

Company Type Scenario Industry Sector Scenario
Process/ Buildin

Owner | Non-Owne Manufacturing Secto?

Construct (33% of (67% of Mann-Whitney Industry Secto (34% of | Mann-Whitney
Responses) Responses (P-Value) (66% of Responses)|  (P-Value)
Responses)

Mean Mean Mean Mean
Estimating 3.59 3.63 0.724 3.61 3.62 0.817
Competencies
Traditional Capture
and Transfer Methods 3.26 3.19 0.927 3.23 3.17 0.851
Advanced Capture an 74 2.39 0.190 2.61 2.36 0.250
Transfer Methods
Leaming Organization 3 s 3.65 0.190 3.53 3.83 0.250

nvironment

Motivation 3.47 3.54 0.659 3.54 3.36 0.420

4.4.3. Effective Capture and Transfer Methods to Retain EBmating Competencies
4.4.3.1.0verall Effect of Traditional and AdvancedCapture and Transfer Methods

After validating the reliability and adequacy ofetlvariables and measures used, the
overall effectiveness of the traditional and adeahcapture and transfer methods in
developing the cost estimating competencies is @&musing SEM. Figure 11
summarizes the SEM analysis result. The resultaodeiis an adequate fit to the data
with ¥? = 123.45 (df = 116, p-value = 0.30). All of the findices provide acceptable
results RMSEA = 0.029, CFl = 0.91, and SRMR = 0.D&e analysis result shows that
both traditional and advanced capture and trams&ghods have significant effect on the
development of the cost estimating competenciels significant parameter estimates of
0.33* and 0.42* respectively. The results alsopvshthat the advanced capture and
transfer methods have greater effect on developstignators’ knowledge and skills than
the traditional capture and transfer methods by@pmately 27%. This result indicates
that, even though traditional capture and transfethods are effective in developing
estimators’ knowledge and skills, adapting and @yiphy advanced capture and transfer
methods can help companies escalate estimatorgetenmcy development and retention
process. The results also show that there is dfisamt reciprocal relation of 0.18*
between the effectiveness of the traditional anel #dvanced capture and transfer
methods. This relationship indicates that the éffeness of the advanced or traditional
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capture and transfer methods can be increasedsatependent on utilizing both types of
capture and transfer methods to efficiently reestimators’ competencies.
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Figure 11. Effect of Capture and Transfer Methods o the Development of the Cost
Estimating Competencies

4.4.3.2.Capture and Transfer Model for the Cost Estnating Profession

After validating the reliability and adequacy otthariables and measures used and the
appropriate users of the model, the SEM analysis e applied. For developing the
capture and transfer model for the estimating cdemmées shown in Table 10, for each
of the seven estimating competencies factors an 8toldel was analyzed to determine
the most effective capture and transfer methodsffioiently retain the competencies
within the competency factor. All SEM models penfi@d to determine the effective
method to capture and transfer each factor foegtienating competencies are considered
perfect fit models with Chi-square valye= 0.00 and df= 0, these models are also called
saturated SEM model (kline, 2011). The resultshef SEM analysis are summarized in
Figure 12.
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Figure 12 represents the capture and transfer nfodeleveloping the cost estimating

competencies. In Figure 12 for each of the costmasing factors; the right side shows
the competencies forming the cost estimating fa@od the left side shows the capture
and training methods. In this model, the dark asrouith the (*) indicate that the capture

and transfer method has significant effect on #tention of the estimating competency
factor, which means that this method is an effectiwethod for the particular set of

estimating competencies. The grey arrows with npiritlicate that the capture and

transfer method has no significant effect on thenton of the estimating competency
factor and this method can be eliminated from tloeleh For example, for competency
factor 2 “Basic knowledge required by an estimatdt’traditional and advanced capture
and transfer methods are accompanied with (*) sxdhbere t-values are greater than
1.96 indicating their effectiveness in developimmpetencies within this factor except
for audiovisuals capture and transfer method (gmegw) which has t-value less than
1.96 meaning that this method is considered ing¥fecto retain and develop the

competencies within this factor. In the SEM mode& significant relationships only are

considered and interpreted.
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It is noticeable from the resulted capture anddi@nmodel for the estimating profession
(Figure 12) that the effectiveness of the ten $etkcapture and transfer methods differs
among the seven factors of the estimating profassiompetencies. The top three
significant capture and transfer methods for eathhe cost estimating competency
factor are summarized in Figure 13. For instanke, results show that to effectively
develop estimating competency factor 1 “estimat@dsnmunication skills and work
behavior”, training methods based on interactiothvaxperienced estimators such as
“on-the-job training” where an experienced estimaie supervising the trainee

Figure 12. (Cont.)
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performance, “mentoring from experienced estimatand “communities of practice”
(where the trainee can interact with a group ofeedgmced estimators and grasp their
knowledge, skills and behavior) are more effectepture and transfer methods to be
employed. The development of the estimating fa2ttipasic knowledge required by an
estimator” can be effectively captured and tramsfkusing “mentoring from experienced
estimator,” “simulation,” and “on-the-job traininglt is noticeable that the development
of this competency factor which consists of “ridgs@essment/analysis and contingency,”
“planning and scheduling,” etc. requires hands-matiice methods to effectively retain
these competencies with thinking and analyticalireat

Competency factor 3 “preliminary tasks for devetapiquantity of work” can be
effectively retain using “mentoring from experiedcestimator,” “on-the-job training,”
and “peer mentoring.” Competency factor 4 “ability analyze project scope and deal
with pressure” can be effectively captured anddfamed to new generation of estimators
using “virtual communities of practice,” “on-thegotraining,” and “communities of
practice.” These methods allow new estimators tteract with more than one
experienced estimator and gain different views amahners on how to analyze the
project scope and what pressure a combined theaistg profession and how to deal
with these pressures. Estimating competency factability to put together the project
pieces and make decision” can be effectively rethimsing “on-the-job training,”
“mentoring from experienced estimator,” and “vittueommunities of practices.”
Estimating factor 6 “construction process and judgmskill’ can be effectively
developed and retained using “on-the-job trainingsimulation,” and “virtual
communities of practice.” This result indicatestttee development of the judgment skill
requires hands-on practice, scenario analysis ssesament, and decision making ability
in addition to the openness and interaction witlert experience and judgment ability.

Finally, estimating competency factor 7 “ability ppoduce a reliable estimate” can be
effectively developed using “virtual communitiesmctice,” “on-the-job training,” and
“‘communities of practice.” This result indicategitin order to develop reliable estimate
with sound bases, openness and interaction witre rtfttan one experienced estimator
will provide new estimators with the insight anduition on how to develop reliable
estimates.
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Table 13. Summary of the Effective Capture and SiemModel

Cost Estimating Competency First Effective Second Effective Third Effective

Factor Capture and TransferCapture and Transfer Capture and Transfer
Method Method Method

EF 1: Estimator’'s communicatioh On-the-job training Mentoring from COP

skills and work behavior experienced estimatqr

EF 2: Basic knowledge required.  Mentoring from Simulation On-the-job training

by an estimator experiment estimatar

EF 3: Preliminary tasks for Mentoring from On-the-job training Peer mentoring

developing quantity of work experiment estimatar

EF 4: Ability to analyze project VCOP On-the-job training COP

scope and deal with pressure

EF 5: Ability to put together On-the-job training Mentoring from VCOP

project pieces and make decisign experienced estimatqr

EF 6: Construction process On-the-job training Simulation VCOP

knowledge and judgment skill

EF 7: Ability to produce a reliable Simulation Mentoring from On-the-job training

estimate experienced estimatqr

The results also show that “mentoring from expexgeh estimators,” “on-the-job
training,” “COP,” “VCOP,” and *“Simulation” play v#l roles in capturing and
transferring most of the estimating competenciesofa especially the top three most
significant factors in developing competent estomatwhich are “Factor 2: basic
knowledge required by an estimators,” “Factor Xinestor's communication and work
behavior,” and “Factor 4: estimator’s ability toadyze project scope and deal with the
profession pressure” determined in Chapter 3. Th&geficant estimating competencies
factors represent around 65% of the required cstanating competencies for cost
estimators. The most significant and interestimglifig of this analysis is that simulation
plays a very significant role in capturing and sf@nring estimating competencies that
requires thinking skills and high-level of cognéigkills and knowledge such as decision
making, planning, coordination, and situation assest. This result agrees with
Kozlowski and Salas (2010) finding that simulatisnenarios, and use of exercises have
an impact in thinking skills training.

The capture and transfer models developed formetathe estimating competencies will
help companies designing better and effective itigirprograms for their estimating
workforce. The developed models will provide companwith a tool to help them
customize their training efforts to efficiently ¢ape and transfer a set of estimating
competencies together by employing the most effectinethods in retaining and
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developing this set of competencies. For examplepmpany X in their assessment of
their estimating workforce determined that theitireating workforce is lacking the
“Factor 2: basic knowledge required by an estiniatbrs model shows several effective
capture and transfer alternatives that the compaying developers can choose from.
The top three effective capture and transfer methioddevelop the competencies within
this factor are “mentoring from experienced estomgt “simulation,” and “on-the-job
training”. The company can use any of these effeatnethods, in case when mentoring
from experienced estimator is not feasible, simfatan efficiently be utilized to retain
this competency factor instead of “on-the-job thragy” Employing effective capture and
transfer methods will ensure the retention and ldgweent of targeted estimating
competencies.

4.4.4. Effective Learning Environment for Retaining Estimating Competencies
4.4.4.1.0verall Effect of Learning Environment

The direct and indirect effects of the current legé learning environment on the
retention and development of estimating competsnare assessed using SEM. Using
LISRE 8.8, the hypothesized SEM model is analyzed the effect of the learning
environment is evaluated and summarized in FigleUsing the collected data the
resultant model is an adequate fit to the data yfith 237.87 (df = 247, p-value = 0.65).
All o f the fit indices provide acceptable resURMSEA = 0.00, CFI = 0.96, and SRMR
=0.017.

The results in Figure 13 show that the learningrenment has a significant direct effect
on the effectiveness of both traditional and adedncapture and transfer methods by
0.06* and 0.14*, respectively, which indicate tlaproving the learning environment,
will enhance the efficiency and effectiveness @& tapture and transfer methods. The
results also show that the learning environmentahsignificant direct effect of 0.35* on
the development of estimating competencies, whidicates that improving the learning
environment will sustain the development of thenesting competencies past training or
even when no training was employed. Figure 13 sthnvs that the learning environment
has significant indirect effects on the developmeinthe cost estimating competencies
illustrated by the paths:

e Learning environment® Traditional C&T methoes Estimating Competencies
o This indirect effect is estimated to equal (0.08.%1) = 0.019

e Learning environment» Advanced C&T methe#tsEstimating Competencies
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o This indirect effect is estimated to equal (0.1@.46) = 0.064

The total effect of the learning environment on ttevelopment and retention of

estimating profession competencies is equal tetne of all direct and indirect effects of

learning environment on the estimating competenaresequals (0.35 + 0.019 + 0.064)
= 0.433. This result indicates that employing tiiadal and advanced capture and
transfer methods in an learning environment compeary advance the retention and
development practices of the estimating professmmpetencies by around 24% more
than when no capture and transfer methods are likedesults collectively indicate that

in order to effectively retain the estimating congmeies, companies need to promote
and adapt ideal learning environment that canifatel learning and knowledge flow in

the organization. These results indicate that thera need to investigate the gaps
between the current learning environment and igaihing environment.
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Figure 13. Effect of Learning Environment on the Ré&ention of Estimating Competencies

4.4.4.2.Gaps in the Current Learning Environment Dinensions

Gaps in the dimensions of the learning environnmaet calculated by measuring the
difference between the current learning environmienvel and the ideal learning
environment level that companies should develomgudtquation (14). Figure 14
summarizes the gap analysis results. The resutis #iat the largest three gaps exist in
embedded system dimension (45.7%), team learningerion (37.3%), and
empowerment dimension (36.4%) of the learning emvirtent. However, this gap
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analysis results do not indicate which of the gapes significant and need immedi
attention when adapting and transforming the omgin to reach the ideal learni
enviromment. Advanced analysis methods need to be emplmyedsess the significa
relationship between each of the seven dimensibtiseolearning environment and t
development of the estimating profess

(Eq. 14)

Continuous
Learning
10Q

Strategic Inquiry
33

Dialogue

== |deal Level (%)

Team
Learning

= Current Level (%)

Figure 14. Gaps in Learning Environment

4.4.4.3Significant Dimensions of the Learning Environment

The effect of each of the seven dimensions oféaening environment is assessed u:
SEM. The SEM analysis results of the significarie@f of the seven dimensions of f
learning organization environment are summari:n Figure 15 The resultant model

an adequate fit to the data wjf = 47.96 (df = 56, pralue = 0.77). All o f the fit indice
provide acceptablessults RMSEA = 0.00, CFl = 0.97, and SRMR = 0.0B# analysi:
results shows that most dimensions of the learamgronment have significant effect

the retention of estimating knowledge and skilisept the system connection dimens
has insignifcant effect on the development of the cost estimgatbmpetencies. The t
three significant dimensions that need immediaten#bn since they have greater efi
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on the development of the estimating competengescantinuous learning opportunities
(0.39%), team learning dimension (0.36*), and &git leadership dimension (0.34%). It
is noteworthy that although the gap in the contusutearning dimension is the smallest
gap (24.7%) among all dimensions of the learningrenment as shown in Figure 14, it
is the most critical gap affecting the developmand retention of the estimating
competencies, because the continuous learning diorerhas the greatest significant
effect (0.39*) on the development of estimating petencies factor than other
dimensions of the learning environment (refer tguiFé 15). The results of this analysis
will help companies within the construction indystio direct their efforts when
transforming their environment to a healthy leagnémvironment that will enhance their
retention practices of the estimating competencies.
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Figure 15. Effect of Gaps in Learning Environment o the Retention of Estimating
Competencies
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4.4.4.4.Recommendations to Close the Gaps in thedraing environment

This study concluded that adapting healthy leargngironment has a significant effect
on the development and retention of the cost esitiggrofession. Transforming the
organization environment to a learning environmerdonsidered very challenging (Bui
and Brauch, 2010), and the literature dearth oflistuinvestigating and developing
specific methodologies on how to effectively cldise gaps in the learning environment,
however, there exists successful practices emplay@dprove the learning environment
within the organization. Table 14 summarizes thst lpgactices employed to adapt a
healthier learning environment that can be as alguio improve the learning
environment provided for the estimating professidh.is noteworthy, that the
successfulness of improving each aspects of thaitgaenvironment may differ from
one company to another because there are manydaafi@cting it as; the company
structure, size of the company, etc.
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Table 14. Best Practices to Adapt Healthier Learnig Environment

Dimension of
the Learning
Environment

Best Practices

Source

Continuous
Learning

— Informal work and learning practices: Job rotation found to be one
the most effective methods used by the US Armyatdlifate continuity
of learning and knowledge development.

oMarsick
and
Watkins,
1999

— Rewards: Tuition reimbursement program employed by “Fowler

Product, Inc.”, helped in transforming their uneated workforce to am

educated workforce with the same employee base.

Inquiry and
Dialogue

— Special Meetings:John MacCarthy used the special meetings strat&gnge

to enhance the dialogue aspects between team m&nibehe special

meeting sessions employees are required to shareagthumptions|,

programs, and responsibilities to gain understapdireach other visio
and examine directions. Also, participant suppaseduestions “wha
leads you to say or believe this?, what makes géwabout this?. Etc”

(2006)

N

Team Based
Learning

— Holding back and getting others to talk: Brendan a project manag

eiMarsick

decided to held back and be the facilitator of phmeject meeting in and

order to get others to be involved and share themghts and visions i
order to help other team members learn from eawoér ot

—Judging vs. making them thirk: Scott a project manager role t
meeting as facilitator by creating a scenario al@gy and let everyon
share his ideas and ask questions in order to sharknowledge with
one another and advance the team capabilities

N Watkins,
1999

ne

D

Embedded
System

— Technology to support formal and informal learning: US Army
developed an informal learning practices (resowerer) is called the
After Action Review (AAR) which is a means of systatically learning
from experience. In this system people share theperience abou
what went wrong or well, how can they improve whappened, an
why did it happen that way.

Marsick

> and
Watkins,

t 1999

0|

Empowerment

— Jerry Marlar of Sulzer Orthopedics and Ralph Stayerof Jonsonville
Sausage: They empowered people who work with them to t
seriously their role in paving new grounds and lelmgle their people t
be all that they can by encouraging, persistenod, anvince peopls
that they can do it.

Marsick
nleand

D Watkins,
2 1999

System
Connection

— Involving Members in Business outcomes:Johnsonville Sausag
developed a system to support learning, knowledgeation and
management, and change to ensure that employeainreonnected tq
their environment and use that information to makaifference in
business results. The system also helps employseswhat they
learned to determine how their abilities would ciimite to the work
and entire organization.

eMarsick
and
Watkins,
1999

Strategic
Leadership

— Helping people grow A manager (Ellen) believes that her role a
leader is to help her employee to learn and devieyop
e Instituted department meetings (weekly/as neetiednlk about the
things that are really going on in her work growmd give her
employees the opportunity to be in charge and ccirttie meeting.
e She had her employees work outside their departfoera day, to ge
them to be able to think outside of just what tlae@a is.

sMarsick
and
Watkins,
1999
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4.4.5. Effective Motivations for Retaining Estimating Competencies
4.4.5.1.0verall Effect of Intrinsic and Extrinsic Motivation

The effect of extrinsic and intrinsic motivations developing estimating competencies
and facilitating the knowledge capture and transfeassessed. The SEM analysis results
are summarized in Figure 16. The resultant modahiadequate fit to the data wjth=
76.21 (df = 58, p-value = 0.055). All of the fitdices provide acceptable results RMSEA
= 0.07, CFI = 0.96, and SRMR = 0.071. The analyssilts show both intrinsic and
extrinsic motivations have significant direct effeen the development of the cost
estimating competencies, and that intrinsic moiwvahas greater direct effect of (0.65%)
on the development of the cost estimating competsnthan extrinsic motivation
(0.28*). This result indicates that by motivatingst estimators intrinsically, companies
can escalate the development of their estimatingkferce capabilities by around 130%
more than using extrinsic motivation. The resulé® a&hows that intrinsic motivation has
greater direct effect than extrinsic motivation e effectiveness of both traditional
capture and transfer methods (0.24*/0.14*) and aded capture and transfer methods
(0.47*/0.09%). The results show that extrinsic mration have greater effect on the
effectiveness of the traditional capture and transfethods than on the advanced capture
and transfer methods of 0.14* and 0.09*, respelstivdeaning that if the company is
dependent on employing extrinsic motivators, adeptraditional capture and transfer
methods is more effective to retain their estimgitoompetencies due to minimal effect
of extrinsic motivation on enhancing the effectiges of the advanced capture and
transfer methods. Figure 16 also shows that intrinaed extrinsic motivations have a
significant indirect effect on the retention andrelepment of the estimating profession
competencies. Total indirect effect of intrinsic tiaation and extrinsic motivation are
represented by the following paths:

v" Intrinsic Motivation:
e Intrinsic motivation— Traditional C&T method® Estimating Competencies
o This indirect effect is estimated to equal (0.23.36) = 0.086

e Intrinsic motivation— Advanced C&T methoe® Estimating Competencies
o This indirect effect is estimated to equal (0.47.40)= 0.188

v Extrinsic Motivation:
e Extrinsic motivation—= Traditional C&T method® Estimating Competencies
o This indirect effect is estimated to equal (0.14.36) = 0.050

e Extrinsic motivation— Advanced C&T methods Estimating Competencies
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o This indirect effect is estimated to equal (0.08.40)= 0.036

The total direct and indirect effect of intrinsiotivation and extrinsic motivation on the
development of estimating competencies are equéd.&50 + 0.086 + 0.188) = 0.924
and (0.280 + 0.050 + 0.036) = 0.366, respectivEhe achieved results support both
hypotheses investigated in this study. These esudicate that by effectively employing
intrinsic motivators companies can escalate thécieffcy of retaining estimators’

competencies by approximately two times than adgktrinsic motivators. The results
in Figure 16 shows that there is a significant treta between intrinsic and extrinsic
motivators, indicating that to effectively retaistienators’ knowledge and skills and
enhance the effectiveness of the training methaedspanies need to employ both
intrinsic and extrinsic motivators instead of degiag on and utilizing only one

motivational aspect.

This result will help human resources developmert 'op management in providing
effective motivators to their estimating workforae order to effectively retain their

knowledge and retain estimators in the estimatingfegsion. The results also help
companies in enhancing the effectiveness of usoth traditional or advanced capture
and transfer methods by supporting their trainirgcfices with effective intrinsic

motivators which will facilitate the training traies and knowledge retention post
training.

(0.19%)

Figure 16. Effect of Motivation on the Retention ofEstimating Competencies
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4.4.5.2.Recommendations to Improve Motivation Praates in the Construction
Industry

This study concluded that intrinsic and extrinsiotivations have significant effects on
the development and retention of the cost estirgaprofession. Employees maybe
motivated either intrinsically or extrinsically dyoth. Table 15 summarizes the best
practices employed to motivate employees that cana® a guide to improve the
motivational practices provided for the estimatprgfession. It is noteworthy, that the
successfulness employing motivational practices digr from one company to another
and also between individuals.

Table 15. Best Practices to Advance Motivation Prdices

Motivation Best Practices Source
Intrinsic — Performance Profiling Weston et al.,
Motivation » Is a performance assessment technique that asksthiete| 2011

(individually/group) to identify the qualities esdm®l to their
performance and then rate themselves on thoseigsali
» The completed profile provides the athlete, the chpaand
psychologist with a visual representation of thenhlete’s
perception of his/her performance. Also it can lseduto set
goals and structure future training.
e The results of using performance profiling helpedmproving
athletes’ intrinsic motivation at three levels:
» Athlete involvement in the performance assessnpotitjvely
affected his perceived autonomy)
» Over time, profiling helped in improving athletesngpetence
» The group nature of profiling helped in facilitagirathletes’
communication, interaction, and discussion perforces
related issues with teammates.

Extrinsic — Performance-Based Compensation Frey and
Motivation » ING Baring Bank used the performance-based comgiensto | Osterloh
reward and motivate their employees on their peréorce.| (2002)
Using this method, employees were able to linkrthenuses ta
the profit made, and how their performance can lh&nce to
double their basic income.

— Professional Development and Training
* ING Baring Bank used the two-way process to helpirt
employees career planning and develop their priofesk skills
by customizing the training based on the employeeds and
link it to the career plan to the promotion system.

=

75



4.5. Chapter Summary

Retention of experienced employees knowledge amupetence has gained high
attention from researchers and knowledge managepmnaantitioners especially after the
increasing retirement rate of experienced emplayéesaddition, previous studies
emphasized that the selection of the capture ardsfer methods needs to be linked to
the type of knowledge and skills required for perfing job tasks efficiently. In addition,
Recently organizational and knowledge managemeséareh found that adapting
healthy learning environment and motivation playgioal role on the knowledge
retention practices, job performance improvememig &ustaining the organization
competiveness. Many studies aimed to identify theracteristics of the healthy learning
environment and link it to the financial performanaf the organization and knowledge
development. Thus it is important to customize datermine the effective capture and
transfer methods, learning environment, and matwatthat will facilitate the retention
of the specific knowledge and skills required foe £stimating profession.

In this study, among different capture and transf&thods, ten capture and transfer
methods were selected for further investigationtlogir capability to retain estimating
knowledge and skills. “Mentoring from experiencestimators,” “on-the-job training,”
“lectures and workshops,” “documents and manualsd “online courses” are classified
as the traditional management practices employedthim construction industry.
“Communities of practice,” “peer mentoring,” “vidl communities of practice,”
“audiovisuals,” and “simulation” are classified @a$vanced capture and transfer methods.
Structural equation modeling methodology is useihtestigate the inherent effect of the
traditional and advanced capture and transfer mdstha retaining the estimating
competencies. The result shows that advanced eaphd transfer methods have greater
effect on the development of estimating competendlean traditional capture and
transfer methods by 27%. The result also showstthditional and advanced capture and
transfer methods have significant relation (0.188tween them, indicating that by
employing both traditional and advanced capture @ansfer methods, companies can
escalate the development of their estimating wodd@ompetencies.

As a result models to capture and transfer knovdedgd skills for the estimating
profession were developed. For each factor of gienating competencies the effective
capture and transfer methods were determined. @hdts shows that “mentoring from
experienced estimators,” “on-the-job training,” “€@0 “VCOP,” and “Simulation” plays

vital role in capturing and transferring most of tlestimating competencies factors
especially the top three most significant factarsdeveloping competent estimators;
“Factor 2. basic knowledge required by an estingtor‘Factor 1: estimator’'s
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communication and work behavior,” and “Factor 4ireator’s ability to analyze project
scope and deal with the profession pressure” whmimt for more than 65% of the
estimating competencies. These models will help dumesources development in
designing and customizing training programs bagsedhdividuals and groups needs. In
addition, these models will change how mangers fandan resources development in
the construction industry envisions the effectiveanef advanced capture and transfer
methods and how to efficiently employ these methoaher than depending on
mentoring and on-the-job training which sometime iafeasible to be implemented.

In this study, the current learning environmentvited to cost estimators was measured
and its impact on the effectiveness of the retenfwactices and development of
estimating profession were assessed. The resutisssthat adapting healthy learning
environment will escalate the retention of estisngaprofession competencies and will
advance the effectiveness of the capture and #amséthods used for developing the
estimating competencies. Transforming the curreatriing environment into the ideal
and healthy learning environment is a very diffiand costly task, thus it is important to
identify the most effective way to gradually tramrsh the environment and reach
ideality. To help companies facilitate a healthgrteng environment for their estimating
workforce and transforming their environment, thapgin the current learning
environment are assessed. The gap analysis reshdis that the widest gaps in the
current learning environment exist in “embeddedtesysdimension,” “team learning
dimension,” and “empowerment dimension.” In orderhelp companies in prioritizing
their efforts to adapt healthy environment, thensigant effect of the gaps in the
learning environment is assessed using SEM. Thétseshow that gaps in “continuous
learning dimension,” “team learning dimension,” distiategic leadership dimension”
requires immediate development due to their sigaifi effect on sustaining the retention
and development of the estimating profession.

This chapter also provided the results of the e¢féamtrinsic and extrinsic motivators on
the development of the estimating profession coemmes and on the effectiveness of
knowledge capture and transfer practices. The tesiflthis analysis emphasized the
importance of intrinsic motivation on sustaining thevelopment of the cost estimating
profession, and on boosting the effectiveness tf b traditional and advanced capture
and transfer methods employed to retain estimatorsivledge and skills. The analysis
also signifies the effect of the intrinsic motiati in facilitating the retention of
estimators’ knowledge and skills by two times oviee extrinsic motivators. These
results will help companies in adapting effectiveotivators to their estimating
workforce.
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CHAPTER V

INTEGRATIVE FRAMEWORK FOR SUSTAINING THE

DEVELOPMENT OF THE ESTIMATING PROFESSION

5.1. Introduction

Companies are reeling from discontinuities and isafwesulted from the intense and
global competition, explosion in information techogy, demographic changes, and the
emergence of the knowledge-based economy. Thesa&tshare facing companies with an
immediate need to develop and adapt effective neanegt practices to survive and
enhance performance. Researchers and practititnerd out that a company’s ability to
learn and innovate has a direct relation to enlmgndihe company’'s operating
efficiencies, increase profits, and maintain thewedge assets within the company
(Nonaka, 1995; Chawla and Renesch, 1995; Song, )20D8re has been little
systematic, theory based research on the effelganhing environment and motivation
on the development of competent engineers in thestoaction industry. In addition,
recent studies aimed to evaluate the effect ohlagrand motivation at the organization
level while ignoring the differences between thef@ssionals’ needs and characteristics
within the single organization in the constructindustry.

Recent studies show that the retirement rate oineegs in the construction industry is
escalating, at the same time the educational owgsarannot meet the demand for civil
engineers (ASCE, 2003) which creates a gap in gupptl demand of quality civil
engineers. This shortage of qualified civil engmseis threatening companies of the loss
of their experienced engineers’ knowledge and wisdbey have acquired over their
years of experience as the retirement rate keepsasing. As a result, there is a clear
need for companies in the construction industrgdweelop strategies for developing the
knowledge and skills of their workforce.
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Furthermore, there exist many studies in the liteeawhich investigated the current
practices of organization learning and effect oftiwation on training outcomes in the
construction industry. However, it is rare to fiady study that ties all the factors
affecting the knowledge retention and developmeugether in one framework, and
evaluated the impact or outcomes of adapting thenieg organization culture on the
organizational performance or knowledge retentibn.addition, in the construction
industry the concept of the learning organizatiowi®nment is considered optional
(Chinowsky et al., 2007) when actually it is a resty to maintain the organization’s
performance and competiveness.

To efficiently retain experts’ engineers’ knowledgend experience within the
construction industry, new and advanced approaeld t@ be adapted. Companies need
to realize that uni-dimension and temporary sohdiare ineffective to sustain the
development and retention of their employees’ caemmes. The only way to adapt to
the rapidly changing industry and the evolving kiemlge era is account for all factors
affecting the knowledge retention process in a aemgnsive multi-dimensional
approach. This multi-dimensional approach must lbstacnized to consider the
individual and professional differences to effeelv sustain the development of
employee competence. This study aims in developimgulti-dimension framework to
sustain the development of the cost estimating egsadn (refer to Figure 17). In
designing the proposed framework (Figure 17), aterestve review of the literature
related to factors affecting the knowledge develeptrand retention are reviewed. The
synthesis of the literature determines that thewkedge retention practices are highly
affected by the methods used to retain that knaydedhe environment in which the
retention process took place, and motivators pexvido facilitate the knowledge
retention process. The existing literature alsdlgipted that although these are affected
by each other, currently each of these factortuidiesd by its own. This indicates that the
level by which each factor is affecting other piees is not evaluated. Furthermore, to
enhance the knowledge retention process, all faesers must be customized and linked
to specific professional competencies. To effetyivemaximize the benefits of this
framework, the current and desired levels for edchension must be assessed and
evaluated. In addition, the relationships betwdwsd factors must be evaluated. The
uniqueness of this framework relies in the methogpl used to customize all
management practices affecting the knowledge reteprrocess at the competency level
for the estimating profession.

The first dimension (D1) in the framework, aims itentify and classify the core

estimating competencies required for developing metent cost estimators. Estimating
competencies can be defined as a cluster of itaéece skills, knowledge and personal
attributes required to properly perform an estin@job. A total of 23 competencies have
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been identified as required competencies of cashasrs through a two day workshop
with senior estimators and research team membbaes23 estimating competencies were
classified into skills, knowledge, and personalrilattes. Furthermore, skills and
knowledge are divided into “soft” skill or knowledghat is difficult to be taught or
developed and requires more experience and traingrgus “hard” skill or knowledge
that is relatively easy to be taught, developed, laarned. Expanded definition of each
competency based on its classification and furth&sussions on analysis results related
to gaps in the estimating competencies, criticaggessment of the competencies using
the Euclidian distance concept, and grouping thom® competencies based on the
embedded relationships among them using factoysisatan be found in Chapter 3.

In the second dimension (D2), among various methdslable in the literature to
capture and transfer knowledge and skills, ten wapt and transfer methods were
selected for evaluating their effectiveness to waptand transfer the estimating
competencies. “Mentoring from experienced estingtdon-the-job training,” “lectures
and workshops,” “documents and manuals,” and “enltourses” are classified as the
traditional management practices employed in thestraction industry. “Communities
of practice,” “peer mentoring,” “virtual communiieof practice,” “audiovisuals,” and
“simulation” are classified as advanced capture @madsfer methods. Using Structural
Equation Modeling analysis, for each competency effective capture and transfer
methods to retain the estimating knowledge andsskilas assessed and resulted in
developing a capture and transfer model for thenesing profession. Descriptions and
Details about the capture and transfer methodstlagid effectiveness can be found in
Chapter 4.

The third dimension (D3) is concerned about evalgathe current level of learning
organization environment provided to cost estingtorthe construction industry, and its
impact on the development of estimating competesnarel effectiveness of the capture
and transfer methods. The SEM analysis results shbat adapting healthier learning
environment has significant effect in enhancingrétention practices for the estimating
profession and directly increasing the effectivene$ both traditional and advanced
capture and transfer methods. In addition, the gagise seven dimension of the learning
environment were evaluated and the significantcei each gap on the development of
the estimating competencies was assessed using BEMils about the gap analysis
results and their significance can be found in Gérag.

Finally, the fourth dimension (D4) considered imstframework is motivation. In this

dimension the effect of intrinsic and extrinsic naators on the development of the
estimating competencies and effectiveness of #ditional and advanced capture and
transfer methods was assessed using SEM methodreShks indicate that companies
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need to employ harmoniously both intrinsic and iestc motivators to facilitate the
knowledge retention and development process far #simating workforce. Details
about the different motivation aspects and thdegativeness can be found in Chapter 5.

ASSESS

D2 D4

Effective

{ Practices }

Evaluate

Figure 17. Integrated Multi-dimension Framework

5.2. Integrative Effect of Learning Environment and Motivation on Retaining the
Cost Estimating Competencies

The assessment of the combined effect of the legmmvironment and motivation on the
effectiveness of the retention practices and thesldpment of the estimating profession
underwent three main steps. In the first stepréfiability and validity of the scale used
and the constructs developed were assessed amexpia the previous chapters 4. After
validating the reliability and validity of the vables, two comparison scenarios were
examined to determine the appropriate users forddweloped model. The comparison
analysis results discussed in Chapter 4 revealddhiere are no significant differences in
the management practices between owners and noerswecompanies within the
process/manufacturing industry sector and the imgldsector in the construction
industry. Finally, SEM analysis technique is usedlt) assess the significant effects of
the learning environment and motivation on the t®gweent and retention of the
estimating profession competencies, and 2) devddept practices guide to help
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companies in the industry advance and customiz& tm@nagement practices to
efficiently sustain the development of estimataapabilities and knowledge. The SEM
analysis method is extensively explained in Chagter

SEM analysis is performed using LISREL 8.8 to deiae the combined effect of the

management practices on the development of the esighators’ capabilities and the

effectiveness of the capture and transfer methadsl.uThe SEM analysis results are
summarized in Figure 18. The resulted model (Fidil8kis an adequate fit to the data
with ¥® = 1.12 (df = 1, p-value = 0.290). All of the fitdices provide acceptable results
RMSEA = 0.039, CFIl = 0.98, and SRMR = 0.025. Tdliehe SEM analysis results for
the integrative effect of management practices lan development of the estimating

profession.
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Figure 18. Integrative Effect of Management Practies on the Development of the
Estimating Profession
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Table 16. Summary Results of Integrative ManagemerRractices Model

Paths Parameter Estimates Significance
Learning Environmem® Estimating Competencies 0.60* Significant
Learning Environmerm® Traditional C&T Methods 0.32* Significant
Learning Environmem® Advanced C&T Methods 0.25* Significant
Intrinsic Motivation=>» Estimating Competencies 0.57* Significant
Intrinsic Motivation=>» Traditional C&T Methods 0.32* Significant
Intrinsic Motivation=>» Advanced C&T Methods 0.25* Significant
Extrinsic Motivation=> Estimating Competencies 0.21* Significant
Extrinsic Motivation=» Traditional C&T Methods 0.25* Significant
Extrinsic Motivation= Advanced C&T Methods 0.15 Not Significant
Learning Environmemg__w  Intrinsic Motivati 0.13* Significant
Learning Environmenk__w  Extrinsic Motivai 0.15* Significant
Intrinsic Motivation w___w Extrinsic Motivian 0.12 Not Significant

The results show that the learning environmenbfdeas a significant direct effect on the
development of the estimating competencies thenileguwith parameter estimate 0.60*.
The learning environment also has a significanedieffect on the effectiveness of the
traditional and advanced capture and transfer ndetlvath parameter estimates 0.32*
and 0.25*, respectively. This result indicates twatimproving and adapting a healthier
learning environment, companies can enhance thecteféness of the capture and
transfer methods used and sustain the developmehtkmowledge transfer between
junior and experienced estimators generation ewshtpaining.

The analysis results also show that intrinsic nagion has greater direct effect on the
development of estimators’ capabilities than esidnmotivation with parameter
estimates 0.57* and 0.21*, respectively. The resalso show that intrinsic motivation
has a greater significant effect than extrinsicivaion on increasing the effectiveness of
the traditional capture and transfer methods usetktain estimators’ knowledge and
skills with parameter estimates 0.32* and 0.25%pestively. The results show that both
intrinsic motivation and learning environment hagual significant effect in increasing
the effectiveness of the advanced capture andféramsethods with parameter estimates
0.25* and 0.25, respectively, while extrinsic mation has insignificant effect in
advancing the effectiveness of the advanced capinnetransfer methods. Furthermore,
the results show that there is a significant refeghip between the learning environment
and both motivation practices (intrinsic and exdi@). This indicates that to efficiently
sustain the development of estimators’, manageregaits in facilitating the learning
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environment and providing motivations need to coesall three aspects together, not to
advance one aspect over the others.

The results of the developed framework will chahgey the top management envisions
and behaviors toward the importance of adaptingadthy learning environment that will
facilitate the continuity of learning to advancesithestimators’ capabilities and retain
estimators in the estimating profession. In addijtithe framework developed will help
companies realize the importance of intrinsic metttvs in sustaining the development of
their estimating workforce. The results of thisnfiework are considered very significant
in developing and retaining the estimating prof@ssipractitioners may wonder how
these results can be customized and applied tolafevihe different estimators’
knowledge and skills requirements.

5.3. Integrative Management Practices Matrix

To facilitate the usability of the achieved resutishelp practitioners benefit and adapt
the effective management practices for their estimgaworkforce, an integrative
management practices matrix is developed (Figuje 18 developing this matrix, 84
saturated SEM models (discussed in Chapter 4)realyzed. Saturated SEM models are
perfect fit SEM models with Chi-square valye= 0.00 and df = 0 (kline, 2011). For
each cell in this matrix, three saturated SEM m®dek analyzed to; 1) determine the
most effective methods to capture and transfer eafchihe estimating factors or
combination, 2) critical gaps in the learning eamiment to be closed, and 3) the
effective motivations to be used for developing $pecific competencies. As shown in
Figure 19, the top row and left column represeimssieven factors of the cost estimating
profession. At the matrix diagonal, each cell shdhe top two effective methods to
capture and transfer each factor along with the ttop critical gaps in the learning
environment, and the top two motivations aspedext¥e to develop the respective sets
of knowledge and skills. The lower off-diagonal IseShows the top two effective
methods to capture and transfer any combinatidhegstimating factors along with the
top two critical gaps in the learning environmesmd the top two motivations aspects
effective to develop the both estimating factora @ime.
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The integrative management practices matrix to asusthe development for the
estimating profession is considered a practical o a guide to help companies
customize their efforts when developing their l&agrenvironment and advancing their
motivation practices based on their estimating Wayde needs. This tool will help
companies save the time and efforts when developiaming methods for their
estimating workforce, retain estimators’, and tfarma their environment to a healthy
learning environment that facilitate learning antbwledge transfer. For example, if
company X realized that their cost estimating wor&éé lacks mainly the competencies
represented in “factor 2 basic knowledge requirgdan estimator” and “factor 3
preliminary tasks for developing quantity of workthd wanted to efficiently develop
these competencies. Using the integrative managepnactices matrix, the intersection
cell between the column of EF2 “basic knowledgeunegl by an estimator” and the row
of EF3 *“factor 3 preliminary tasks for developingiagtity of work” represent the
summary cell for the most effective capture andgfar methods to develop both factors
of estimating competencies (see Figure 20), thes gapearning environment affecting
the development of these competency factors, afettefe motivators affecting the
development of these factors. Using the informatiothe intersection cell the company
will find that using “mentoring from experiencediegators” and “online courses” are the
most effective capture and transfer methods to bed uto develop these sets of
competencies. Also using the matrix, the comparlrecognize that they need to close
the gaps in “continuous learning dimension” andqtimy dialogue dimension” to
improve their learning environment and advance ¢ffectiveness of their training
methods. In addition, to motivate their estimatiugrkforce and enhance the training
transfer, they need to provide challenge motivatmmd compensations to effectively
retain and develop their estimating workforce calias.

86
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Figure 20. Uses of the Integrative Management Praices Matrix - Example 1

The previous example shows that the integrativeagament practices matrix is very
easy to use in providing effective training and ivettton practices and adapt healthier
learning environment. Is the integrative managenmactices matrix to sustain the
development for the estimating profession constlereractical and beneficial when the
estimating work force lacks in one or two factofshe estimating competencies? The
answer is No. The benefits of the integrative managnt practices matrix developed are
extended to help companies develop effective mgirprograms and customize their
efforts when developing their learning environmemid advancing their motivation
practices when their estimating workforce lacks dne factors of the estimating
competencies factors or more. For example, if comp# realized that their cost
estimating workforce lacks competencies scattestaden four factors of the estimating
competencies represented in “factor 1 estimatoomrounication skills and work
behavior,” “factor 2 basic knowledge required byemtimators,” “factor 5 ability to put
together project pieces and make decision,” anctéfeb construction process knowledge
and judgment skills” and they wanted to developligst training program and adapt the
best management practices to effectively develmsehcompetencies. The best and
easiest way to identify the best management pexctic develop those competencies is to
compare the practices in the integrative managenpeattices matrix for all the
combinations of these factors (see Figure 21). sAswn in the Figure 21, the
intersection cells between the column of EF1 arrtdws of EF2, EF5 and EF6, the
column of EF2 and the rows of EF5 and EF6, ancttthemn of EF5 and the row of EF6
are highlighted for comparison. By comparing thetsghlighted cells, the most effective
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capture and transfer methods to be used to deve®facking estimating competencies
are “simulation,” “audiovisuals,” and “on-the-jokaining.” The comparison results also
show that the gaps in learning environment affgctihe development of these
competency factors and need immediate attentiompoove their learning environment
and advance the effectiveness of their traininghoot are gaps in “empowerment
dimension,” “continuous learning dimension,” andedin learning dimension”. In

addition, to efficiently motivate their estimatingorkforce and enhance the training
transfer, they need to provide mainly intrinsic ivators “enjoyment” and “challenge”

motivators and “compensations” to effectively retaand develop their estimating
workforce capabilities.

EF1: Estimator’s EF2: EF3: EF4: EF5:
& & deal P
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*0On-The-
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. .
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Figure 21. Uses of the Integrative Management Praices Matrix - Example 2
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5.4. Chapter Summary

The current challenges reside in global competitinformation technology explosion,
demographic changes, and escalated retirementaratdacing organizations with an
imminent need to adapt effective practices to smsteeir performance and remain their
competiveness. To survive these threats, developmd) adapting a healthy learning
environment is found to be the most effective sotlut Transforming to a learning

environment organization is very challenging andjurees employing effective

knowledge retention and motivation practices taemshe successful transformation.

This chapter developed an integrated frameworkahsg¢sses the significant effect of the
adapting effective management practices in progidéarning environment, motivation,
and trainings on the development and retentionhef dost estimating knowledge and
skills. Using SEM technique, the underlying relatibetween the practices and their
effects on the development of the estimating psbes were determined. The results
show that learning environment has a significanéalieffect on developing estimating
competencies and enhancing the effectiveness dafatigional and advanced capture and
transfer methods to retain estimating professioowktedge and experience. The result
shows that intrinsic motivation and learning enmireent have equal effect on enhancing
the effectiveness of the advanced capture andféram®thod. The results also show that
learning environment and intrinsic motivation hageeater direct effect on the
development of the estimating profession compegsndhan extrinsic motivation.
However, the result indicates that the succesastagiing the development and retention
of the estimating profession can only be achieweddrmoniously employing intrinsic
and extrinsic motivation and adapting healthier immment due to the significant
relation among them.

Due to data limitation, the framework developedrisre effective for development of
estimators’ working for owner and construction/emgring companies within the
process/manufacturing industry and building sectbrgure studies should be directed
toward identifying the effective practices on deyghg learning environment for other
professionals within the construction industry.
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

6.1. Conclusions

The knowledge retention and development is consdleery critical and challenging.
There are many factors affecting the success okrbe/ledge retention practices such as
the effectiveness of the methods used to captwletransfer knowledge, the climate in
which the knowledge transfer takes place, and ratiirg used to facilitate the knowledge
transfer process. Previous efforts aimed to ingagti and evaluate the effectiveness of
each factor or practice individually without coresithg the effect of other factors on the
knowledge development.

This study developed a multi-dimensional integratézhrning framework for
management practices that affect the developmentretention of the cost estimators’
competencies. This framework incorporates all factaffecting the knowledge
development and retention practices such as; tpeieaand transfer methods used, the
learning environment provided, and motivation gras into one structure that will help
in analyzing the relationships between these factod assess the combined effect of
these factors on the development of the estimaginofession competencies. The study
also developed a competency map for the estimatiofgssion that can help companies
assess their estimating workforce capabilitiesaad used as a guide when recruiting for
estimating positions. Furthermore, this study depetl a customized capture and transfer
models for the estimating profession that deterntiree effective capture and transfer
methods to develop each of the estimating compgtéaators. These models will help
companies customize and design effective trainimgggams for their estimating
workforce based on their estimators needs.
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This study has identified 23 core estimating corapeies for developing qualified cost
estimators. The competencies were classified iils,s knowledge, and personal
attributes and were further classified into softl &rard subcategories. The gap analysis
results show that new estimators lack the mainmesiing capabilities especially for the
soft skills and knowledge that are considered \bffycult to capture and transfer and
cannot be taught by using simple training methdde concept of the estimating core
competency criticality matrix was used to prioetithe estimating competencies based on
their criticality score. The study has found thaisincritical competencies are soft skills
or knowledge which are difficult to be transferred.

Using factor analysis, the 23 competencies wereiggd into seven different factors.
They are; 1) estimator's communication and workawedr, 2) basic knowledge required
by an estimator, 3) preliminary tasks for develgpguantity of work, 4) estimator’'s
ability to analyze project scope and deal with phhefession pressure, 5) ability to put
together the project pieces and make decisionof¥touction process knowledge and
judgment skill, and 7) ability to produce a cleadaorganized estimates. Among these
factors, factors 2, 1, and 4 are the most sigmfidactors which require immediate
attention when developing training and educati@gpmms for cost estimators.

There are many capture and transfer methods aisilabwever, the selection of the
capture and transfer methods need to be linkechdéotype of knowledge and skills
required for performing job tasks efficiently. Anwprdifferent capture and transfer
methods, ten capture and transfer methods weretséléor further investigation on their
capability to retain estimating knowledge and skilfMentoring from experienced
estimators,” “on-the-job training,” “lectures andmkshops,” “documents and manuals,”
and “online courses” are classified as the tradé@lananagement practices employed in
the construction industry. “Communities of pracficépeer mentoring,” “virtual
communities of practice,” “audiovisuals,” and “silation” are classified as advanced
capture and transfer methods. Using SEM analysivareced capture and transfer
methods are identified to have greater impact @ dbvelopment of the estimating
capabilities. SEM analysis was also employed tduawa the effectiveness of the capture
and transfer methods on developing each factohefestimating competencies; as a
result models to capture and transfer knowledgeskilt$ for the estimating profession
were developed. The results show that “mentorilegnfilexperienced estimators,” “on-
the-job training,” “COP,” “VCOP,” and “Simulationplays vital role in capturing and
transferring most of the estimating competenciesofa especially the top three most
significant factors in developing competent estonsit “Factor 2: basic knowledge
required by an estimators,” “Factor 1: estimatamtsnmunication and work behavior,”
and “Factor 4: estimator’s ability to analyze pobjecope and deal with the profession
pressure” which count for more than 65% of thenesting competencies. These models
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will help designing and customizing training pragsabased on individuals and groups
needs. Also, these models will change how managetshuman resources development
in the construction industry envision the effectiges of advanced capture and transfer
methods and how to efficiently employ these methoaher than depending on
mentoring and on-the-job training which sometimes mfeasible to be adapted or
employed.

There exist many studies in the literature whichestigated the current practices of
organization learning in the construction industdpwever, it is rare to find any study

that evaluates the effect of adapting learning remment on the development and
retention practices of professional competencireshis study, the effect of the learning
environment on the effectiveness of the retentioactces and development of

estimating profession were assessed. The resutts it adapting healthy learning

environment will escalate the retention of estimgtprofession competencies and will
advance the effectiveness of the capture and #amséthods used for developing the
estimating competencies. To help companies fa@ldahealthy learning environment for
their estimating workforce and transforming themvieonment, the gaps in the current
learning environment were assessed. The gap asabmilts show that the widest gaps
in the current learning environment exist in “emtbedl system dimension,” “team

learning dimension,” and “empowerment dimensioreBignificant effect of the gaps

in the learning environment was assessed using SHM. results show that gaps in
“continuous learning dimension,” “team learning dimsion,” and “strategic leadership
dimension” requires immediate development due & thignificant effect on sustaining

the retention and development of the estimatindession.

The effect of intrinsic and extrinsic motivators tre development of the estimating
profession competencies and on the effectivenessnoivledge capture and transfer
practices were evaluated. The results of this amalgmphasized the importance of
intrinsic motivation on sustaining the developmehthe cost estimating profession, and
on boosting the effectiveness of both the trad#@icend advanced capture and transfer
methods employed to retain estimators’ knowledge ddlls. The analysis result shows
that intrinsic motivation is two times more effegiover the extrinsic motivators in
facilitating the retention of estimators’ knowledged skills. These results will help
companies in adapting effective motivators to tesirmating workforce.

An integrated framework to sustain the developnoémristimators working for owner and
construction/engineering companies within the pssfeanufacturing industry and
building sectors was developed. The integrated drvaonk was structured to assess the
significant effect of the adapting effective manageat practices in providing learning
environment, motivation, and trainings on the depeient and retention of the cost
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estimating knowledge and skills. Using SEM techeigine underlying relation between
the practices and their effects on the developnoérnthe estimating profession were
determined. The results show that learning envimnhas a significant direct effect on
developing estimating competencies and enhanciageffectiveness of the traditional
and advanced capture and transfer methods to té@iestimating profession knowledge
and experience. The result shows that intrinsiavatbn and learning environment have
equal effect on enhancing the effectiveness ohthanced capture and transfer method.
The results also show that learning environment iatrihsic motivation have greater
direct effect on the development of the estimapngfession competencies than extrinsic
motivation. However, the result indicates that shiecess in sustaining the development
and retention of the estimating profession can dody achieved by harmoniously
employing intrinsic and extrinsic motivation andapting healthier environment due to
the significant relation among them.

6.2. Recommendations

This study has shown the significant effect of mpowating companies’ management
practices in order to effectively retain estimatdasowledge and skills and sustain the
development of the estimating profession. Whiles thiudy provides a good tool for
developing effective management practices and ftvsemsto adapt healthier learning
environment for their estimating workforce, there atill open areas for improvement.
Future research can be directed to address tkd l&low issues:

e Incorporate job satisfaction dimension in the integated framework

The existing literature shows that providing effeet motivation, climate, and
training can increase the job satisfaction (Kozkivesid Salas, 2010). However, due
to the limited scope of the study the effect of ithtegrated management practices on
estimators’ job satisfaction was not evaluated. tie future, job satisfaction
dimension need to be incorporated to the integrétachework to develop more
comprehensive framework.

e Relate Intrinsic Motivations to Estimating Tasks

It is shown that intrinsic motivation plays vitalle in the competency development
and retention practices. Enhancing the retentioestimators will require evaluation

of different intrinsic motivation practices and itheelation to the estimating tasks, to
make estimating profession enjoyable and enhareceetention process.
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Develop integrated frameworks for other professions in the construction
industry

It is shown that customizing and integrating mamagat practices in one framework
is very critical in developing competencies and Wiealge retention practices.
However, due to data limitation, the developed #awork is more effective for the
development of estimators’ working for owner andnstouction/engineering
companies within the process/manufacturing indusaimg building sectors. In the
future, studies should be directed toward develppitegrated management practices
frameworks for other professionals within the camsion industry.
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APPENDIX A

“ESTIMATING AS A COMPETENCY IN CAPITAL PROJECTS” SRVEY

" Construclion

Incusiry
»

.. Institute

Estimating as a Competency in Capiral Projects

Dear CTI Company Fepresentarive:

CkIshoms St Universiry and the Univerary of Eanses are working on 3 research project sponsoned by CIL enrited "Es-
tmatng as 3 Competency in Capital Projecss ® The purpose of this ressarch s 1o idennfy the beat medhods o smnct and
A new estmators, and to ideptify the besy ways o retein apd pass the knowledee apd skills of experienced sstimanes ©
e sstimasors. The followsne 25 a survey form that we sre conducnas of Ol mensber compansss. The puposs of the
survey is 1o collect opmions on he vEnous issues relved w e obbertves of the resesrch

We would like vou ro participate in this imporsns servey and provide your valinsble opinions v estmstine for this re-
search. The tme to complese the sarvey form 1s approcumately 30 puootss We would hike 0o recedve the completed su-
vey form by Misy 9 (Fridey), 2008, The conmpleted smovey form can be remreed via the following mesps.

Flease emai] to gand jeone ok eda Oklabonaa Seare Universiny
O, Smw T2 Civil & Envircrmenss] Ersineering Depermnens

Solwsser, DR 73078

All darn provided for this sorvey will be considersd compary confidensis]l  Indvidns] conparsy dsts will not be Comrmmmns-
cated in azy Sorm o any parny other than CII sathorized scadenis researchers and desipnated CII stafY oermbery. Flasss
feel free 1o-add additioral pases if yoa bsve suzgestions or recemmendstions relsted o des sorvey fom.

If vou kave any qoestions, plesse feel free fo contact me by phone or enssi].
Wie SpPrecisns Vour SuppT o sdrEnce
Simceraly,

David Jeonz PRI

Asvistant Profewsor

207 Enginesrng Souwth

School of Civil and Erviroumsneal Enginsering
Ciklzhoma Stafe Umversiny

Stlbwmer, OK T407E-5033

Telephone 205-724-7073

Fax; 405-T44-7554

Eresil- devid jeors gokstate ada
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Pari I: Ceperal Information

i Ths fmceon of cost ssieating in vous company &
Dlissngratad wriik PAY or otbas Risctions [Jseparan depestmasst or ansiy ClCiebers, pliass specsty_____
% Formest projecs, wisat i the rypical rabio of cout sstimesrs w ks =meber of peopls an & pregect faem?

Flasis provids yous company’ i shms!
Wkt o5 2 ize of esmmanng daparmsst” AmEpiTTeR ¢ Imtareal szplorress amplovass
b. Castract sspheyen siuplovens (Whe percestnge of voor sompiay s sunmaaring warks sfw outicirsed’ %)

Haw mmy total vean of sxperistcs 29 you ke @ fes comatrocties sy TEILE
How mumy of thoss veart wers = astmaimg? Vel

§  Whkat is yeur paiion title 1o the company”

= Freject contol raanm

d bezedaler TRAT
g b pleasa spectfy tops of work spd years of sxpeniests:

Eow memy yian of axpaneecs do you hre o s felleweey comgenae” & Dasigeer VRATE
& Frevact smginasr “FRArs

. Jebrze work Ry
£ Poeject manager THEE

b What prefizioas cestificatiog vmembenkips do rou o (Chech ol that apglyi

Claace CJasce Clasee

Fart II: Recruit Anraci, and Betain

=

W krt approximete percanizge of job offem sxtnded o soomImEy posinan were socupted aver s pest 1-3 yeam” »
bs o mern 28l 10 it amd retnin 2om setimezors dern e pradevusaals i= vour comgprny?

Coesees, plasss apscify

L
—

D'n.'n;riﬁruk DDil'ﬁ-:u'ﬂ D'S-m 2 whar pefecaas EEII.“_F D"r’nr_'.' Q5T 1:]}-':1 i ]

1. Plaasa i your campeey s feersimsant meibeds i mem of dha s v dhawr aBstimaniin
(= bow ma, T= vy gk mse) [1=luzst affectve, 7= moo adecss)

. Racrasmaes from ceilage gradusms CNCECECRELT: RS E

b. Racrmimest Som cellage mbanikips LUkl Ll ]y

¢ Tremsfars fram worihon veur compasy ICECBECREO LiCil kL

i Racrmaimast from othes comapanie LBl LDl e

2 Eagamls Som mdividmals m mdy ORI L Ol (s (0

£ Job placassans companses [hasdlnnten) Ll ki) LDl Lrids

£ Aoty i papen: A gALngs LELBRLELELI: Ll LELs

A ———— OTRTE RS OO0

& Flanis e s laval of e and affsctivmnsa of te fodlewiey madkeds b= eoncy s epimie peopls ixio the conr svnmeres pecfamisn
(I=vary brw za. J=vary gk asa) (1= lnast affecave, "= mest affscms)

1 Cempanuren and banadln ELELPLRLI] miuleeTup

7. Mor mcogmizan of svtizahag an 2 profassion H ] ||'I |] |3 Ei if'-

¢ Barne fafmision of casesr puib inse ssEmating H ! LLJafs i

4 Esphanss divenity of work i@ sibmatiag DFECELEO: O erO:

i ERmrE ssEmanng miv projsct mEns gament OOFOFCEO? OO FOe

£ Orbeca, plassa spacify Lkl kL LUl Ll

T Flavia e aanmion s cospiunatos compated wath ot predeecsnals ot g coasparabile leval of axpeneii s rdar Palgesy

Oacsuibeandy lowar  [JLowar

§ How doss your company sdapt if thars s 3 dhortage of mismasn”

& Auecxn s rale of gszimating o amother dcplins wikn veor coemer [ ¥ %o
b Amszzpt o kire conmact wosker oo 4 sporary bus b patfors -boss wiemattag [J Yee [ We
¢ Cumource cost autimetieg b 8 profuspion] srimeses frm sumide of your commemy: [ Yaa [ Me
4 AEampt i i be mote eibnlating acEvities wriag cxspeie wltwery [JYa [ He

Dﬂm't.lml

& Othars plazss spscify
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Part IIT: Traininz and Education

1. Dioss your compezy have fts cwn cost-sstimating databass to assist in developing cost estimassa™ [ Yas [JMe
2. Whatkind of infornzaticn does vour comzpany store iz the databaess? (Plezce check all that apply, and i your compezy doasn’t kave a cost
sstimating systam or databass, azower NA for this question.)
|:|L':i|: oots Dllomr_'ng-anc:.' |:|T:.ral praject cost DE".'-arhnz:I and profit Eh:::': o5t D'_ah-:::_\cm:lu-:trir:.' Dl[:'.::r.:'.:n:'.
OEquipmosnt cost [Labor wages [lodirsct cost [JEscelation  [Project informatioz (size, location. st} [Medsls [O¥A
3. Dioss your compezy have a mentesing program for new cost estimators? [ Ves [ Mo
4. What level of traizing related fo cost astinzating deqs vour company cumtenthy provide, and what do you beliews the desized level of
trzining should be? Also wiat skills ars mest diffcult o pass down by treining o new sstimasors?
Cumeni Daszed wad by Traiming
{ rana U= zoms, 1=low, S=kigh) | | e 0= nons, 1= low, =high) I, J= samy)
& Datebace softwess (Excel. Aocass,..) DE D'. |:|1 |:|3 D—' Di D:I D] Dl DE- D'1 |:| ;! D: DE- D* D 5
b. Compeny developed estimating softaare Lo O e = 5 | O =4 0 s LELRLTS
o Commercially davaloped sstimetingsefrran | L0 CRR RO | OO OO0+ 02 mEIm
d. Dustgn | Enginessing skills Lol RO | e 000 s mEmE
& Site and project knowledge OO0 :05 | e O:O:040¢ :0s
f Schedulizg OO0 C0O: | e O:0:040¢ [
£. Risk amabysis OO0 0040 mnE
b. Parsonal mlagion e 005 | CeO:0:040 5 mgnE
O=0:

i. Qthers, plaase specify: O O0:0:0:0: | e O:0O:0407

3. What matheds of matning do vou think are most effective for developing goed estimatens? | 1= low to J= kigh)
2 Extarnal. formal classroom based maming | CJ1 0203 O4 O F || & Cnline based Taiming programs OO:O:0:«0:
b. Toternal, company based maiming program | 102 O3 O4 O 7 || £ Warkskops specializing mestimaving | [0 0203040 3
c Montoring from exparianced astinzators D'I D! |:|5 |:|+ DS £. Publisking documszts and guidalizes D'. D: DE- 4 ¥
d. On-the-job: training by prapenng esdnzass D'I D! |:|5 |:|+ D 3 (| b. Orhers, pleass spacify; D'. D: DE- D= ¥
§.  Frem your experience, rats the educationirainizg required to muaks 2 good cost estimater. (I=strongly disagres, S=stzezgly 2grae)
2 Associzied degres {2-yeas programs) OO0 O4 O3 || s Mastems dezres (men-tcknial basedy | OO O3
b. Bachglor degres (feckmical based) 0O 0+07 || e Cp-the-job maiming (fald experience) tO: kRO
¢ Bachelor dagran [ nom-teckmical based) 04 0s £. On-the-job: trafmizg (office sxperisnos) Ok kO
d. Master degres (fechmicel basad) OO0z O+ 05 || b, Ocbers, pleass specify_ O 05
Fart IV: Competency and CGap Analvsis
1. When do you believe a skortzge of cost estimators may ocoer in the consmaction industry?
[MMzamadiataly Ciz ¥ years O=ltvears oS yeers [JCien’s sxpect a skartage
2. What parcentage (2pproximats) of your estinzators are projectsd fo rete o veans?
[JLszs fam 5% O 5-10% O 1o-25% O z3-50% Orwers then 50%
3. What is the approximate parceztage of highest acadensic qualifications of estinzators that yom work witk now?
& Teckmical certificans e f. Collegs degree snginesrs kY c. Collegs dagnee non-szgizasrs e
d. Graduate degres snginess % s Cradeat degres moD-sngimesrs % £ Modegres or cartificats )
4. How do you compare the academic qualificaticns of estinzators to other professional staff in the ezginsering constraction mdusny?
DS:;nib:am:l:.' Towar DL-:'.'N: |:|.-'|.':|:|u:1h-a sans levsl DI'[ig";:: Diig:i:'lcmrlj.' bigher
5. Pleass identfy the cusment 2=d the desired number of estinaiors with the followizg lewels of experience iz your company:
Currszt Mumbar of Estimatoss Diaired Mumbar of Estimatess
& =5 yeers of sxperience R manors asiimators
. =10 years of sxperience R manors asiimators
t 18-17 vears of sxpericncs R manors asiimators
d. =175 vaars of sxpericncs BEEmanrs s stmatars
2
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8. Which background do

vou tink is importan:t in the develepmant of 2 goed estimater? (Please rate 1=loast important, 3= most important)

& Accounting

Ch OO O s

d. Fiald constmaction

L C s L L 5

b. Destgn Engmeanzg

OO0+ 0e

4. Projact managamaxt

RO

t. Cozfracting

ANEENORE

£ Crthars, please specisy

Ll C s L L 5

7. How important are thess

inimsic valnes of being a cost estimaror? (Please rate 1=least important, 3= most imp

ortant)

r Compensation

Y

£ Work soits nvy skills and personality

b. Diversity of wok

k. Parsonal mlatonskips

t. Profassionalism

1. Easdar to fizd another job witk my sxpersnce

d. Challengss’ difficulries

j- Lass trevel

& Work' life balance

= N

. Impartancs to company

b | 2] b= | B2 R b=
[*r] i

s
Ooogolo
Ooogolo
HEHHE
OOogolo

£ Future growth potential

1. Others, please spacify:

E. From your own sXpericcs

(Pleass rate 1= keast izopestazt, J= most mapostazt)

what are the most insportant rsasens people leare the cost astimatizg profussion?

» Long workizg beomrs

Ch O 00: O+

E. Las! parson on the team to be consmlsed

b, Efforts mot appreciated or recognized

OO 0+0¢

b. Poer cozpensation

d. Promation concerns

hO:0: O+ O3

j. Bettar cppornizitiss elwwhan

& Lack of dyzezism

hO:O: O+0O3

k. Others, pleass specify:

===
i
(]

m

O

10 O+0Os

2. Plaass rate the raletive imporiznce of the following duties and fumctions of a cost estimaror. What skills are most lacking by new estinzzsors
in the followizg areas that can =uake thatr estizztes more aocusateT Caz this kzowlsdgs be capmared bafore sxperiencsd estimators raticeT

]E';ﬂ“l::i :fn '". r,];i"i
(1= luzs? important, 5= most
iporiasd)

i Bl

{1=mot lacking. 3= most

lacki=g)

-":'In...'.:'_ih

Lapuued
(1= difficalt, 3= samy)

a. Azalyzing what's missizg = the soope defniticn

OO0+ 0

OO:O:0O05

OO0+ 0s

k. Know how toreed and interpret drawings

ChO:E04 0

T
[y

AnAnARINE

c. Quamtity tale-off

OO0+ 0

T
=
o

OO0:0+0c

d. Obtaimizg quotations accurately fom vandors

Ll E= s 4 00 5

]
s
[y

L= O L4 0 8

. Prodzctivity and laber rates

OO0+ 0

]
T
[

OO0+ 0s

£ Escalation impact

ChO:E04 0

T
™
e

OO0+ 0

z. Bisk assessment'Analysis and contingency

OO0+ 0

OO0:0+0c

E. Plannizg & Echeduling

Ll E= s 4 00 5

]
s
wal

Ll OO 04 O s

1. Davalopmant of reports for managansest

OO0+ 00

T
T
[y

nO:0O:0O40s

J- Davelop cleer & coganized sstimetes with souzd basis

nO:O:0O+40¢

T
=
o

nO:0O:0O4 0+

k. Design Ergineering knowledgs

ChOCECe0e

T
T
=

OO+ 0

L. Consmrocticzsi conditon k=owledzs

O LD

s
[y

O00+0c

m. Kpow what questions to 25k & who to ask

OO0

100|000 000 ol go|o
O 00| 0| ol O o/ 0| ol g o| o

I [ .
oo o ogoooogo
DGR EEHEEEHEE

OO0+ 0c

. ke, please spacify:

LRLRCECEO:

O
-
-
]
1

LhRLEO O

10. What are the przmary reasons that sstimates devizte Srom final costT (Please mte 1= kast iopoctazt, = most izpestazt]

& Scops dafinition

LD+

f Loical nazkar instabiliny

LD

b. Improper sscalatica

LD+

£. Change = execution method

LR+

¢ Estimater ammor

[ HfNENEINERE

b. Com=u=jcaticz problezs

mARAREARE

d. Risk azalysis/Coxtingsncy

O 0+0s

i. Scheduling problems

OO O+

& Fizld changus

L Oz s L4 L 5

j. Dribers, pleass specify:

Lz D4 0 s
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11. How do you define a successfiul estomate? (Flease rass rasponsss with 1= least important criteria, 3= most importaet critarm).

OhO:0: 04 0= OO:0:04 0+

& Third party validation (check estimata)

alidated by zext plass estizzte
b, Validated by actmal cosz (bid received) CnO20:0407 || £ Clisne LT 00403

o040 OO0+ 0e

= Falls within expected kistarical costs g. Uthers, pleass spacify:

—

2. Rasalizing that fedgrecnt skills are based on exparience, what percentags of estizmatizg wodk is sypécally pesforeed nsing jodg=aemt?

%2, and what percentage of estizmatizg skoald ideally rely oo jedgrest %

13. Plass mate the impertance of the following personal skills for developing gocd ssbmatoss what skills aze lacking i mew estinzators.
N anmnd e - ]':i'ﬂi': LG 55 i: oy
{1=luast importamt, 5= most (1= not lacking, J=most
impaortazs) lacking)

Ability to ses the big piotare, realize what is izpestazt

CiO:0O: 0405

CiO:O0: 0403

w

B inguistive, 2sk questions. find resowrces, and make decisiozs

CiO:0: 040

CiO:O0: 0405

Abls to 2pply judgresst, do rsality chacks, thez sxplaiz why

O1O:0: 040 =

OO:0: 040 5

[=m IS

Akle to stand ground 2zd resist pressars to changs zombers

NLELF LR

NLELFLEL

Ability to work u=der pressure with tight deadlmes

O 0+ 0e

O 0e

| @

Have good comemmnicatien skills, self cozBdent, worck with othars

mANARERE

L0+ O s

Have iztarsst in details and rur=bers with ability oo organize weck

OiO:0: 040+

OO:0: 040

o8

Opse to working in zew ameas whese you may not feal comfortable

i+ 0s

s 0s

i. Be dependabls, straight fooward, objective. fam. 2zd consistext OO O40: OO0 0402
j- Be task oriembed with the dmive be 2chisvs the end resalts Lh s e L s ENEmENEnE

k. Others, pleass specify:

L= s D4 L =

Lz L5 D4 L s

14. What addstromal skills and knewledge skould be captured from sxperencsd esimators bafore they retired?

15. What ars the best methods to pass the skills and keowledgs of sxperisnoed sstimators on to the next gezsration of sstimators?

16. Pliass provids azy izformetion or moom=endations that you B2ve to amract, trzin, or retzin the skills and k=owladgs of cost sstinzators

Mary wa comtace you with additioma] questions? [ ¥es [ Mo Ifyes, plozse provids the follewing

Kama: Phona 2: Eneadl
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APPENDIX B

“ESTIMATING AS A COMPETENCY IN CAPITAL PROJECTS” RW DATA
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APPENDIX C

“‘“ASSESSMENT OF CURRENT PRACTICES IN DEVELOPING COSBTIMATING

COMPETENCIES” SURVEY

Aszsessment of Current Practices in Developing
Cost Estimating Competencies

Dar ASPE Membars

Themk you very nmch fSar vour willinpmesss 1o parcipans i s emermees mevey. e merpese of s survey (s to &) develon s copazs
end magafer model for cout stinuating koowledge aod akilly, B) asuen the corment leanaing eovironmant s e convmaction induaey, and
o) i mmpact om the development of the esomatng competenciss

The mme o coeplete the suevey b spprentmmely 30 memnes An ecpesded definsnar of the caprare and mansfer (Tramime) meedhady
cocsidered = this shady is provided oo the last pape T wouls Lie & receive the completed sumvey forma by May 4™, 2012 The comgples-
2d ey form can be remumed via the following means
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Stilwaser, D3 7417E

All dara providad for das survey will be conndersd company confidennal  Indnidoal conmpany data will oot be commumcasad m 2oy
ferrn to By parey.

vou have sy questions. piease feel fiee to conteot me Ty phoos or =il
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Thanid Feong. FRD Azwar Akooam
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APPENDIX D

“ASSESSMENT OF CURRENT PRACTICES IN DEVELOPING COS¥BTIMATING COMPETENCIES” RAW DATA
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