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ABSTRACT

Bid cancellation procedures owing to incorrect cost estimation corresponding to design have been occurring in
many local governments. Incorrect cost estimation has a great influence on public services. In addition, incorrect cost
estimation leads to a decrease in staff motivation. Each local government has been conducting internal investigations to
prevent incorrect cost estimation. However, no local government has yet developed a firm diagnosis model and preventive

measures.

Medical industries have attempted to understand the cause of human error through academic studies. However,

local governments have not conducted academic research to analyze the cause of incorrect cost estimation.

In this study, the authors examine precedent cases on human error analysis in other fields and construct an
analytical model for incorrect cost estimation. In addition, the authors propose its application to human resource
development using the incorrect cost estimation analytical model.
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INTRODUCTION

Local governments frequently engage in planningt estimation, bidding, contracting, constructisupervision,
and inspection activities for a variety of buildipgojects. Cost estimation is a particularly impattfunction. However,
even in the new era in which the first author beganking in the ordering agency at the DepartmentFublic Works,
problems with accounting and contracts caused bgriact cost estimation often occur. The probleninobrrect cost

estimation is also addressed in a number of studie?),3).

Local governments commonly move to halt biddinghie face of incorrect cost estimation, which greaffects
resident services. When public facilities that atitzed by local residents—such as libraries, padnd school gyms—are
involved, incorrect cost estimation and the conseggovernment response may give rise to severapleints from
residents. Moreover, suspending contractor biddiegause of incorrect cost estimates makes it inigest provide
stable work for local and regional construction pamies. Thus, procedures to halt bidding owingnroirect cost
estimation by the local governments have significatverse social effects. In addition, incorrectta@stimation leads to a

decrease in staff motivation.
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Accordingly, the authors believe that incorrecttcestimation is a critical problem that needs toskeously
addressed. Academics in the medical field have smmght answers to the question of what causesihemar. A number
of medical studies have analyzed the nature ofhtlv@an error and suggested countermeasures to teitigistakes.

However, local governments have little access &mlamic research on the causes of incorrect castaggin.

In this study, the authors examine precedent casebuman error analysis in other fields and provae
analytical model focused on incorrect cost estiomtBy conducting an analysis based on the proposmikl, incorrect
cost estimation can be reduced. Moreover, usedepsgpthe proposed model should lead to the fortradaand
implementation of appropriate countermeasures vangrs occur. In addition, the authors proposeyapglthe incorrect

cost estimation analytical model to human resodsselopment.

HUMAN ERROR

The essence of incorrect cost estimation can beratabd by grasping the concept of human error.
Concept of Human Error

Human error causes accidents across a wide rangiuations and has been a serious and persistebtem
since the beginning of time. Recognizing the impmky of eliminating human error altogether, inttiuals and societies
in virtually every part of the world have nevertgs devoted considerable time and effort to dayigieventive measures.

Analyzing human error is considered to be an ingurpart of safety management.

Heinrich’'s Law ®®

Heinrich’s Law is a representative theory that jles a useful model to understand why the humaor excurs.
It states, “There are 29 minor accidents in thedehaof one serious accident, and, furthermore,etfege 300 reserve
forces behind.” Collecting extensive informationinoidents that may lead to accidents, analyziegpbssible causes, and

taking appropriate countermeasures are extremedgritant aspects of serious accident prevention.

Table 1 depicts the application of Heinrich’s Lawcases of incorrect cost estimation. As showmrisct cost

estimation can lead to accidents that cause lanadrgment administrations to lose credibility.

Table 1: Case of Incorrect Cost Estimation

1SeriousAccident Incorrect cost estimation with dgeto companies
29MinorAccidents | Incorrect cost estimation witlléitimpact on public service
300MicroAccidents| Incorrect cost estimation withbid cancellation

)

As Heinrich’s Law can be adapted to cases of imabrcost estimation in a particular city, the awhHuelieve that
it can also be adapted generally to incorrect esitnation. For example, in the authors’ experiendgen one bid was
cancelled because of incorrect cost estimatioménsubject city, an investigation into the items#obid was conducted
for the purpose of preventing further damage. Agslt, several new incorrect cost estimations oélatively minor

nature were discovered.

Based on Heinrich’'s Law, the authors believe that inecessary to investigate not only projects thave
identified incorrect cost estimation, but also #hdisat are currently being considered. In this vilaig, possible to prevent

further damage caused by the frequent occurrenoeofrect cost estimation.

Impact Factor (JCC): 5.0921 NAAS Rating 3.04
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Them-SHELL Model for Human Error 87®

The m-SHELL model is a model considering managerttattis considered to be important recently. Tasid

model diagram is shown in Figure 1. Each comporieggther with the error-inducing factors, is shawfable 2.

Figure 1: The m-SHELL model

Table 2: Components of the m-SHELL Model and Errorinducing Factors

Components | Error-Inducing Factors
Physical condition

L | Liveware Psychological situation
Ability

S | Software Manual

H | Hardware Machine operation

Business management
E | Environment| Time management
Emergency operation
Communication

L | Liveware Leadership

Teamwork
Organization

System

m | Managemen

The state of the “L” at the center and the surranmé, H, E, and L changes from moment to momentrdler to
prevent human errors, it is necessary to adjusicémer L and the outer SHEL. For that purpose,agament (m) is

necessary.

An example will help explain the nature of the mes. Using the analytical table (Table 3), we cimtify the
causes among the components and consider appeopéasures.

Table 3: Analytical Table

Relationships
Incident between Factors | Measures
Components
L-L
L-S
L-H
L-E
L-m
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CONSTRUCTION OF AN ANALYTICAL MODEL FOR INCORRECT C OST ESTIMATION

With regard to the incorrect cost estimation inaidie the subject city noted earlier, the situatisas analyzed
and countermeasures were taken without using thlgtaoal model introduced in Chapter 2. It is assdnthat other local
governments have operated similarly. This is vékgly because the human error analysis model pteden Chapter 2

was created specifically for the medical industigt as a general model dedicated to analyzing iecbcost estimation.

In light of this, the authors believe that it iscassary to construct a human error analytical mepetifically
designed to address incorrect cost estimation.relaged study 9), it is stated that “to preventnaa error, it is necessary

to pay attention to the cause inducing it.”

In this study, the authors refer to the staff wieofgrm cost estimation and verification as Staffg¢Cestimation)

and Staff (Verification), respectively.
Reason for Constructing an Original Model to Analyz Incorrect Cost Estimation

In many industries, the m-SHELL model is used talyze accidents. Taking the medical industry asxample,

a comparison of the relationship between the padtiel the surrounding staff is shown in Table 4.

As indicated, the characteristics of the relatigmdietween Staff (Verification) and Staff (Costiegttion) are
different from those of the relationship betweetidPd and Nurse. A distinctive feature is that kmewledge relationship
between Staff (Verification) and Staff (Cost estiima) is basically the same. Such a feature ishell to be special, and

it is necessary to construct a proprietary moda ¢lan quickly analyze the cause of incorrect esstnation.

Therefore, by referring to the precedent casepégific studies10),11), the authors have constduaty-mSELC

model for incorrect cost estimation.
The V-mSELC Model

“Hardware” was excluded from the list of componesitshe incorrect cost estimation model since essimation
typically does not use such advanced, complex harelthat is typically used in the aviation and rabindustries. The
authors simultaneously decided to add Staff (Meatfon) as an independent component, as the neddtipp between the

parties is closer than with other liveware.

The basic model diagram is shown in Figure 2. Egfcine components and error-inducing factors amwvshin

Table 4. The analysis example is the same ashbairsin Table 3.

Impact Factor (JCC): 5.0921 NAAS Rating 3.04
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Figure 2: The V-mSELC Model

Table 4: Components of the V-mSELC Model and Errorinducing Factors

Components Error-Inducing Factors
Staff Physical cc_)ndltl_on _
C N Psychological situation
(Cost estimation )
Ability
S | Software Manual
\Y Staif Egyikccilocci)cnfllggﬂation
(Verification) y 9

Ability

Business environment
Time environment
Communication

E | Environment

L | Liveware
Teamwork
m | Management Organization
System

Confirmation of the Validity of the V-mSELC Model

The authors verified the effectiveness of the V-maSHEnodel using the virtual pattern of the casehefincorrect
cost estimation in the subject city cited earlire results obtained by human error analysis (Taplesing the V-mSELC

model are shown in Table 6.

Clear human error-inducing factors were extractgdabalyzing the relationship of the constituentedats. It
was confirmed that even if there were an equal kedge relationship between the specially addednMive and the

parties, the same result as in the case of theggmecedent would be obtained.

While the V-mSELC model cannot be considered agoerdnalytical model for human error analysis beeanf
the small number of cases examined, it was corisgiumith the aim of providing one possible anabtimodel to identify
human error when incorrect cost estimation ocdRegarding incorrect cost estimation in general ahihnors believe that

local governments should use the V-mSELC modeha@propriate alternative scientific method to gp@lhuman errors.
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Table 5: A Virtual Pattern Based on a Case of Incaect Cost Estimation in a Certain City

Relationships

Incident between Factors Measures
Components
Relationship Staff (Cost est|mat|_on) d|d_not OCheck whether
check whether the inspection coyld”_ =" . ~.
T between . ' verification items
Staff (Verification) is very busy be omitted if there was not :
: i CandV . can be omitted.
and it takes time to conduct the adequate time.
verification. Relationship It was not known that it was not Create manuals for
between good to hear the arguments of verification
There is a tendency for few Cand S Staff (Verification). '
incorrect cost estimations to be When verifying in a
caused by the unit price. Relationship When Staff (Verification) was short time, adjust
L densely.
e between busy, Staff (Cost estimation) was
Therefore, Staff (Verification) Cand E under pressure In some cases,
decided to omit detailed P change to other
verification. Staff.
Relationshi Staff (Cost estimation) did not
However, Staff (Cost estimation| between P check the details on how to Create manuals for
used the unit price of the last Cand L respond when Staff (Verification)| unusual cases.
fiscal year, which caused the was busy.
incorrect cost estimation. Relationship L Clearly inform staff
The process of maintaining the
between : . about the prepared
manuals were ineffective
Cand m manuals.

Impact Factor (JCC): 5.0921

NAAS Rating 3.04
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Table 6: Relationships between Components and Erreinducing Factors

Relationships
between Error-Inducing Factors

Components
Relationship
between
CandV Work of both Staff (Cost estimation) and Staff (Meation) was
Relationship inadequate.
between
CandL
Relationship
between
Cand S
Relationship
between
Cand m
Relationship
between
Cand E

Manual was incomplete.

Staff (Cost estimation) was in an environment whine and
human pressures were prevalent.

APPLIED ADAPTATION OF THE V-mSELC MODEL TO HUMAN RE SOURCE DEVELOPMENT

Human error analysis models have been used in mmdogtries when human error occurs. However, thbas
found no evidence of such models being used fordmmsource development. They believe that the En@Smodel
can be effective as a means of developing yourff §@r example, a young staff member is more jikiel contemplate
the risk of a miscalculation when using the V-mSE©del. In order to avoid incorrect cost estimat@sng to the
combination of C and V, the correspondence of thestituent elements m, S, E, and L can be studgdoerforming
simulation exercises, even young staff with litkperience in cost estimation can develop a viemtthiat allows them to

see things objectively.

Table 7 presents an example of human resourceageveht for young staff both using and without using V-
MSELC model for training. By using the V-mSELC mbdke authors believe that it is possible to etfiaté many of the
cost estimation weaknesses of young staff. Thay laddieve that the V-mSELC model is effective asuman resource
development tool because it allows the clear visagbn of error causes and countermeasures. liti@oldthe importance
of visualization as an effective tool in human rgse development is emphasized in the studiesI?)TIt8s type of
human resource development is effective not ontyyung staff but also for those who are aboveléhel of the chief

clerk and who are required to manage their subatd

Finally, another system that the first author @dahas been highlighted in the studiesl4) pointmghe

importance of human resource development.
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Table 7: Example of Human Resource Development fofoung Staff when using and
when not using the V-mSELC Model

When not using When using
the V-mSELC model the V-mSELC model
Physical It is difficult to extract incorrect causes and It is easy to extract incorrect causes and
y prevention measures because experience with prevention measures because the
Features ST A . , .
cost estimation is quite limited. components are given and visualized.
: It is difficult to determine the causes and It is easy to understand through
Psychological . o . 7
measures for incorrect cost estimation, so youngsualization, so young staff can feel
Features ; L . AR
staff feel uncomfortable with cost estimation. | comfortable with cost estimation.

CONCLUSIONS

The authors offer the following three conclusions:

Based on the theory of Heinrich’s Law, the autHmeBeve that when dealing with incorrect cost eation, it is
necessary to investigate not only the projects thaised the incorrect cost estimation but alsoethbat are
currently being estimated. This makes it possiblprevent further damage caused by the frequentrmatce of

incorrect cost estimation.

When incorrect cost estimation occurs, it is nemgsto properly analyze the cause and develop amoppate

response by using the proposed V-mSELC model.
The V-mSELC model is effective not only to analyrzenan error but also to develop human resources.

Finally, this paper is the result of research basethe ideas of the first author and does not $tem the idea of

the local government for which the first author kgr
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