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Cost Overruns in Public Works 1 1

Leonard Ny erewitz
Re\nm\’ N \Ic]

I. Objective

Large cost overruns on public projects make 9oy
‘aper copy. Journalists appear duly horrified and o w
seems to continue as before. There is little histozuiealorld

perspective presented on typical cost overruns in s“&:h
articles.

news-

In 1966 the guestion of the emerging cost overry, for
San Francisco's rapid transit project sold a lot of Newspa-
pers and started an attitude of criticism toward the
Area Rapid Transit (BART) District. The purpose of thig
paper is to present some findings on cost overruns sq

for example, we can look at the 45 per cent by which E::;t'
exceeded its forecast costs and decide whether that €xper

ience is poor or not.

II. Summary

Many of the large, risky investments in the past two
centuries have had enormous cost overruns, but for Many
benefits have exceeded expectations by even greater n,
Economic development has not been hampered by low cogy
estimations.

rgins,

Studies of military procurement have shown that Cost
overruns can be explained to some extent and even predicted
Other studies on water resource projects, highways, ang °
buildings also imply that overruns can be predicted gy,
have been anticipated in some recent cost estimates,
tunately, anticipating overruns in cost estimates appg
lead to laxity in cost control.

d may
Unfoxr-
ars to
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278 Evaluation of Benefit and Cost Estimates

Ccost overruns studied are positively relates o3 o size of
project, incompleteness of preliminary surveys.,  engineering
uncertainty, inflation, project scope enlargemerlt' length of
time to complete project, exogenous delays, COMED Jaxity of
administrative structure, and inexperience of aQAyinistrative
personnel.

We present cost estimates and overrun eXPex: j.nce for
almost 200 large projects in Tables 8 through 12> _ The BART
cost overrun of 45 per cent does not cc?mpare unfavorably
with other rapid transit projects but is pooOreér g han the
average overrun for other types of projects. Oy extensive
data may prove useful for further investigatlons ¢ oot
overruns and policy recommendations for cost estimating_

IIX. Problems in Analysis of Cost Overxy,,¢

There are two principal reasons for c-:xami.nj_,.lg past cost
overruns. One is to be able to predict cost OVe r,ung and to
intervene to prevent them. Another is a more Mo gegst goal
That is simply to cbserve the historical facts ang xnow w}.\at
to expect. Our purpose in this study is rathe.r limited. We
propose to survey cost estimation experience 1in Several
categories of projects and compare that? to cc?st estimation
experience in recent urban rapid transit projects ip this
country and abroad. This modest effort is not ¢4 prevent
cost overruns but merely to discriminate the tmly unusual
from the more pedestrian. Furthermore, it ray be true that
the effort to prevent cost overruns by "deblasing.. cost
est.}mates will result in a worse problem: that Of higher
k‘Cm-sin gauging the seriousness of cost OVEIFURs, jt js impor-
tant that we look at estimated and actually Trealj,.q cost
figures that are comparable. Often several cost estimates
are made as a project progresses toward completion .  gummersl®
and Tucker have shown that these tend to improVe as the -
project advances. The particular estimate imPortany for
resource allocation is the one upon which tk.xe investment
decision was based. For public projects this is generally
the estimate used when the project is authorized,  ajthough
future estimates may differ from the authorizZatijon ogtimate
projects are seldom discontinued. We have ?PtEG to use onl;/
the authorization estimate for comparison with actual costs
in our data.

Sometimes cost estimates are given for only part of a
project, or for the whole project minus one Part (guch as a
dam exclusive of power generating facilities), and this
partial nature may not be readily apparent. The necessity of
the estimate's corresponding to the unit used for jotual
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cost hardly needs to be emphasized. Also it is sometimes
difficult to tell whether estimates are made in terms °
constant or current dollars. Tucker has noted that i? the
case of newspaper reports which do not specify otherw9€.
costs may safely be assumed to be in current dollars$ (of

each year in which they accrue), so that no price indexes
need be applied to each year's expenditure figures t© compare
total cost with estimated cost.

If a contingency factor for inflation has bee -
in the cost estimate, it should be removed before a pr%ce
change adjustment is made. Although this may seem obvious,
_it should not be overlooked. One wonders if an error.of
this type is responsible for the reported recent conslstent
overestimation of costs by the Corps of Engineers and
Tennessee Valley Authority.

Cost overruns occur for uncontrollable and con .

(‘ 2asons. The most important cause of overruns is iﬂitztlon
induStty-
jc differ-

n inc luded

grollable

which is uncontrollable but often can be foreseen.
proper price deflator to use may be economy-wide,
wide, or specific to an area. There exist geograph
ences in price changes that are not equalized by the movemgnt
of factors of production, especially in the short yun- Prlge
changes in San Francisco may be quite different from™ thos§ =
Atlanta. There are some indexes available that differentlate
between geographic areas. The Construction Cost index
published in Architectural Record and those in Engift€eELOd
News Record are examples.

The second usual cause of overruns is unforese®? scope
changes after the authorization of the projects. These ?By
be due to technological problems which could not b€ Pr?dLCted
in the best of preliminary surveys. Also some dela¥Ys 17
construction may be entirely unforeseeable; e.g., those
caused by wars, new laws, or jurisdictional strike#® - X

Controllable overruns are due to poor adminisf:ratlon of

projects, starting with incomplete surveys of engif‘eei%ni' ted

financial and legal problems which might have been an lzria

ahead of time. Poor administration may also includ® oV Y
construct-

complex organizational structures for planning and
ing projects, poor contracting practices, unnecess & XY scope £
changes, and simple inexperience of personnel for «he type ©
project or the area in which the project is unde:t:z'ken‘

. Some Studies of Cost Overruns

- =es as to
2 .
=s it did
=-cost
=timate

Cost overruns are disturbing if a problem ar
the source of financing for the unexpected costs,
with BART. They are also troublesome if a benefit—
analysis and decision was predicated on one cost e
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which was later found inaccurate hence misleading. WNeverthe-
less, those attentive to cost overruns only may fairly be
called Scrooge. A wery Provocative paper by John E: s::yer
surveys historical cost eéxperience. He shows that if =
true costs were known beforehand many projects would,nOt
have been undertaken, to the country's economic detriment.

- . : j ed; -
ing through Hoosac Mountain cost ten times what was project

the promotor estimated "at 30 feet a cut through a ridge t{mat
nature had fixed at not less than 60 feet." The sueZ Car1a887
cost twenty times its 1838 estimate and three times its
estimate. The Panama Canal cost twice its original eStmter
and 1.7 times its first y. g, estimate. The author conclude
"One cannot read far in the history of great economic under-
takings--—particularly great developments in transport anc‘]
the opening up of pew resources, for example--without being
struck by the recurrence of an apparently quite contTary
phenomenon: instances in which entrepreneurial erro¥ or

appears to have been a condition of successful ente,r,!—”-‘—lsfg-'
Of course, this does not negate the theory behind penefit-
cost analysis. Tt simply means that benefits may be more
grossly underestimated than costs.

Robert Summersl® wrote an early Paper on cost oVverruns
which was quite controversial at RAND. He showed that past
Cost overruns could be "explained" to a large extent - Some
argued that the results ought to be used to "debias* <COSt
estimates so that a better idea of true costs could }oe used
as inputs to the decision process. Others claimed tIhat
expected cost overruns would lead to even greater cost ovel.‘:—
runs. I am of the second bersuasion. I beljeve that keeping
costs low is more important than estimating costs cox rectly.
Therefore, if a low cost estimate acts as a restraint on
costs, then it jis better than a more “realistic" est d-Mate.

i imated
systems Summers studied the ratio of actual cost to eszu;azs
cost, which we call R. on the average, actual cost w32 .

times estimated cost. After making adjustments for 51;,'_2 of
quantity procured and inflation he found the mean rat-

Ln R = 2.479 + ,097¢ - -032tA - 3117

(.205) (.019) (.189)
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+ .015a% + .008L - .075(T-1940) + u
(.007) (.002) (.020)
where t = fraction of project length complete at the time of

cost estimate
A = estimated degree of technological advance
L = length of development program in months

T = calendar year in which the estimate was ipa4e

u an error term

(T "~ Summers' estimated formula is not too useful 4, predict—
ing cost overruns because several of his predeternmined vari-
ables cannot be known at the outset of a project. This is
true of t, the time of the estimate within a development
program and L, the length of the development perickg. Before
a development is complete, there is no way of knc“'ing how
long it will take.

One approach that may be fruitful is to explajiyp the error
without regard to whether the .ariables are ex ante gr ex
post, and then try to find ex ante surrogates for the ay post
variables.

A more recent study of the military procurement zrea
by the General Accounting Office 3 found that the estimated
cost of 77 weapon systems increased $28.7 billion oy 33 per
cent from initial cost estimates. This representeq .,
improvement from the previous year's performance ip which
a 40 per cent increase was reported on 6l weapon Systems.
Such reports are usually taken to mean that cost eXperience
has improved over time. It may, however, mean that jpitial
cost estimates have become more liberal. This may pbe 5
benefit in the sense that the Office of the Secretary of
Defense is better informed about what it is getting into when
it initiates work on a weapon system proposed by a particular
Service.

James Tuckerll addressed the problem of cost estigation
‘ c¢ivil works projects by observing cost predictiong ang
(\\ “~ "= for 39 water resources projects, 39 highway projects,
ana building projects. Unfortunately, he compareg esti-
mates immediately prior to construction rather thap estimates
at time of project authorization with actual cost results.




282 Evaluation of Benefit and Cost Estimates

Tucker found cost prediction experience worst in bu¢i~1dings
followed by highways and water projects. Table 1 SwWaymmarizes
his results.

Table 1 COST ESTIMATION EXPERIENCE IN SEVERAL ARERA 5 oF
PUBLIC WORKS

Type of Project Mean R standard peviation
Water resources 1.11 (-31)
Highways 1.15 (-a1)
Buildings 1.46 (-1e)

Source: James F. Tuckerll

The degree of cost escalation in buildings is relatively
predictable whereas experience in highways and water projects
is more erratic.

Tucker's estimated regression equation to explain cost
estimation inaccuracy (with standard errors in parentheses)
is:

R = .0233L - .0092 (T-1940) + .0019C - .0066¢t
(.0017) (.0033) (.0008) (.0032)

T = calendar year of estimate
L = project length in years
C = estimated project cost

t = fraction of project length complete at time of
cost estimate

It is interesting that larger projects are more diffjcult to
manage. This was demonstrated in the Oakland subWay experi-
ence where the contract had to be divided into smaller parts
to obtain reasonable bids. Project cost management seems to
be getting better over time, however. The most Signjificant
fact is that the longer the project continues the greater is
likely to be the cost overrun. This is not SurPrising at
all. Project delay and cost overruns tend to go hang in
hand even after adjusting for inflation and scope.

Maynard Hufschmidt and Jacques Gerin4 explored the
estimation behavior of the Corps of Engineers, U. S. Army,
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the Tennessee Valley Authority, and the Bureau of Ré
pature

for water resource projects, looking at the extent,
and causes of cost estimate errors.

Aware of possible changed estimation behavior f°F ﬁheia_
Ccorps of Engineers after a 1951 House Committee on APP:Opi
tions hearing, Hufschmidt and Gerin show that for 184 Pro
jects completed between 1951 and 1965 (some estima"—es.prlor
to 1951) the raw R was 1.361 and an R adjusted for price
changes was .817. For 68 projects, originally surveyed m
1951 or later, "the total of actual cost and origin?
estimated costs were less than 1 per cent apart,” an
adjusted R, .7712.

d the

and 1966 had
per cent
s). Many
elerated

The Tennessee Valley Authority between 1933
«n“R = .947 and the frequency of overruns was 32.4
(TVA estimates include projected price level chang®
of the projects surveyed were either delayed or acc
due to World War II.

ver-
A Bureau of Reclamation 1955 survey12 showed €% °

would
runs for 90 per cent of the projects. A 1960 surveX ting
seem to show improvement. Table 2 records cost est?f
accuracy for two overlapping periods.
IEmE*
Table 2 BUREAU OF RECLAMATION COST ESTIMATING ED‘PER
Period Mean R Mean adJ - F
1935-1960 1.36 1.3
1946-1960 1.09 0.9€
wunfinished

* Some 1960 "actual" costs are estimates for ind
. . . cost index.
projects. The Bureau of Reclamation uses its owrs

Source: /4, p. 272/.

10N OF
Table 3 COMPARISON OF AGENCY PERFORMANCE: DISTﬂIBm

ESTIMATING ERRORS

. std. dev.
No. projects Mean R
.175
TVA 61 .983 ( )
Corps of Engineers: (.45)

since 1954 raw R 68 1.1066
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since 1954 adj R 68 .9052 (-33)
Bureau of Reclamation
1955 report 103 2.63 x:.:é)

1960 report 79 1.274
Source: /4, p. 280/.

In the case of each agency, frequency of overruns was slightly
over 50 per cent for postwar performance. In summarY. £
Hufschmidt and Gerin concluded that Tva and recent cgrps °©
Engineers Performance, as well as Bureau of Reclamatl"?n
recent estimation taking into account construction PFice
level adjustments, show DO consistent bias towarg underesti-
mation of Project costs./4. P. 279/

. . X . ion
In 1951, the public works agencies furnisheq informat
on the causes of estimation error:

Table 4 ANALYSIS OF COMPONENTS OF COST INCREASES — 1951

Per Cent
Bureau of coxps of
Reclamation Englneers
Price changes 30.2 57.7
Changes authorized by law 43.3 17.6
Structural ang engineering 6.3
modification 2.8 :
Changing local needs and
unforeseen conditions 6.6 22.6
National emergency 5.7
Administrative decision 8.0 5.8
Inadequacy in planning 5.7 .
Other 2.9

Source: /4, PP. 299, 308/ and /12/.

i 3 ause
Typically, all agencies’ errors could be accounted fa; becau
of time lags (price ang scope Changes)——exogenous-—af’
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estimates based on inadequate, sketchy preliminarx,
and changing concept of the project. Approximate )
cent of the deviations could be characterized as e
Yet the remaining 20 per cent does reflect upon acgy
for control.

surveys
Y 80 per
A0ogenous.
«ncy areas

The 1960 report by the Bureau of Reclamationt 3 showed
price level increases responsible for 55 per cent ©f the
deviations from actual costs. Scoge changes were Xesponsible
for 22 per cent of the deviations. Other elementa were
unforeseen conditions and structural modifications
sible for 11 per cent), reanalysis of work quantit
unit costs (12 per cent).4. P. 283

(respon-
es and

The Corps of Engineers 1964 survey, after adj\astment for
nrj tu:hanges, broke down the remaining variation &g ;,
Tabl. 5.

Table 5 SOURCES OF COST OVERRUNS, ADJUSTED FOR Ing

FLATION,
PER CENT
Land acquisition 14
Relocation 31
Design changes 51

Higher bids than expected 04
Source: See text.

Hufschmidt and Gerin proceed to discuss and illyminate
the factors influencing cost estimate accuracy:

1} Project type and timing of survey and CONst ryuct ion

The higher overruns occurred in flood CONntyrg)
projects (levees, channel excavation, reservojirg,
and local protection which involves land acquigjition
and relocation). Lower estimate overruns OCQurreqd
in straightforward rivers and harbors projects

Timing between survey and construction agajy
appear important in cost overruns with TVA haVing
short time-lag projects, while the other two agencies
have lengthy authorization to construction Periogs
with numerous project backlogs.

2) Planning and decision process

Hufschmidt and Gerin accept the view that
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estimation errors vary with administrative and
organizational context. The best estimation
performance is exhibited by an agency centrally»
staffed, where decisions are internal and const yyco-
tion is undertaken by the agency force, indicat ing
tighter construction scheduling control. The

corps of Engineers and the Bureau of Reclamatiopn
rely on independent contractors and the 1:esult:i,:lg
variaple construction performance.

Interestingly, these two decentralized agencies ghow
variable performance by geographic divisions, highex gyerruns
in the North Pacific and Ohio River than the North Central
and South Atlantic divisions. Hufschmidt and Gerin ngoticed
no significant change in the rankings when analyzed by
project mix, thus corroborating their feeling that insti, -
tional changes over time influence the estimation accyracy.
Accumulation of experience, knowledge of area e‘“’ironment,
anticipating sources of problems, and management tthnique
all probably improve with the passage of time.

A study of estimation performance in india by J_. M.
Healey3 indicates the need for institutional and management
maturity in estimation accuracy. There, 50 per cent gf the
error was attributed to poor management and planning..
uncertain knowledge of overhead costs, poor accounting and
management controls in a developing country--25 PeX cent to
estimation error, and 25 per cent to price increases

in the United States, Hufschmidt and Gerin report that
recent Corps and Bureau experience show no significant bias
toward underestimation of project costs. Persistence of a
sizeable variance of error still apparent in recent agency
estimating performance even when adjustment for scope js
considered suggests room for improved planning methods and
cost estimation techniques. They conclude, “"Although techni-
cal uncertainty may be an important factor for a Partjicular
class of projects . . - overall it appears tO be much less
important as a cause of error than administrative ang insti-
tutional factors."4: P- 295 yhen price adjustments are made
there in fact appears to be an overestimation bias. pyuf- ’
schmidt and Gerin readily indicate that "real improvements
should be measured as net reduction of error, thus the present
trends toward overestimation are not real improvements in
accuracy."%s P- 7

Hufschmidt and Gerin proposed the following policy and
administrative recommendations:
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1) The problem of incompleteness in preli.minafy,::z:eys'
logically, can account for the major part of cost esuesti—
inaccuracy. Patently, the information basis for COStible.
mates should be as near complete and detailed as poss

o reduce
funds,
AlsoO,
index;
ade—-

2) Wwhen the cost of additional information t
uncertainty is beyond the given estimate and survey
then cost estimates should be presented in ranges.
the contingency factor could be used as a residual$s
i.e., a large contingency factor would indicate an
gquate information base.

; . . rac
3) Certainly, the large share of estimate J.nac,cue tz

has been price level changes and will probably coﬂi’—“’m'1 e
_casiderably affect estimate reliability. Therefofr®’ included
authors suggest that projected price changes could be

in the cost estimate.

the time

4) cChange administrative structures to reduc® They

lags between authorization and beginning construction'
also advocate closer agency authority over plannix‘lg'ts
construction, and management for public works proj€€. -

s PpOSS i.bly
stimates
rations.
ervatism

The recent agency bias toward overestimation *
more disturbing than underestimation in that such €
institutionalize some of the inefficient agency opP€
As mentioned by Hufschmidt and Gerin, this overcos
is not an improvement in net estimation accuracy.

(.:OSt estima-
urban
Axea

Now that we have explored the nature of the
tion problem, let us take a look at the problem ir**
rapid transit projects and a closer look at the a2y
Rapid Transit District performance.

. . . . FSXTOLS
V. A Synopsis of BART District Cost Estimate o
st $923

In_1962 the BARTD project was estimated to dc,was expected

million® without rolling stock. As of 1971, BARX verrun.
to cost $1,390 miﬂzion to complete, a 51 per ceni‘-'-'hz BART raw
Tucker's appendix on ad hoc projects adjusted &= ineerin
R for price changes using two price indices of m
News Record, (the Construction Cost Index and th& . .. changes
Cost Index). If we adjust the BART estimate for 5 =4

there is virtually no cost overrun.
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Adjusted R
Raw R ENRCCT ENRBCI
a
BART 1.51 .973 1.12

4 Source: fTyckerll

There are two factors confounding these ComparisSons.
The BARTD cost estimate included some Projected price
increase and Tucker compared the cost of the structur:
without the transbay tube to actual costs with the tube.
These factors tend to counteract one another,

it ig,
Our synthesis should inclugde rolling stock, If it i

the 1962 cost estimate was $994 million. Predicted,tigzla
©osts as of April 1971 were $1,391 million. fThig Y"et d the
raw R of 1.40. fThe 1962 estimate, however, contempl?d ed on
acquisition of 430 cars while the 1971 estimate is basewere
the plannegd Procurement of only 3250 cars. If 430 cars :

A letter from the california Legislative Analyst l:.or
April 1966 to State Senator McAteer Substantiateg the ™ Jn
error factor to be inflation. Factors in the cost OVerru
according to thig letter were:

unanticipated inflation § 46.6 million
delays 145.1
inflation and delays combined 107.9

< $298.7
design changes 69.3

$367.0 milliom

The report cites inflation, delays, poor commun"zz
Cooperation, "cost plus*” latitude for the Joint Vent-t? .

A disaggregated analysis of cost Overruns by cornp;:z::ty
large overruns for stations and train control . an
relocation under San Francisco Bay was more costly mts are
forecast ag were engineering changes. These stateme *¥>*
based on Table 6,
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Table 6 RAW R RATIOS
Components of BART from 1971 Estimate
construction Costs
Track and Yards & Train
Structures Stations Shops Elect. Control
1.805 2.335 2.003 .798 2.305
Engr. Right of
Util. Reloc. Charges Way
. 997 2.249 1.399
Transbay Line
Track and Train Util. Engr. Right of
Structures Elect. Control Reloc. Charges Way
1.835 .415 3.724 2.831 1.268 .920
Rolling Stock
1.71
Source: Calculated from Merewitz and Sparks/G' p. 12/

Table 7

BASIC SYSTEM
Raw R 2 2.0

stations

train control
engineering charges
yards and shops

2.0 >R >»1.0

track and structures
right of way

JRaw R £ 1.0

'b P =

® tility relocation
electrification

Source: Derived from Table 6.

TRANS-BAY LINE
Raw R 2 2.0

train control
utility relocation

2.0> R >1.0

track and structures
engineering charges

Raw R £ 1.0

right of way
electrification

MAJOR COST OVERRUN COMPONENTS OF BART CONSTRUCTION
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VI. BART by Comparison

Table 8 presents mean R ratios for 180 projects in water
resources, highways, buildings, miscellaneous construcztion,
and rapid transit systems. Our objective is to compare
BART's cost overrun with those of other rapid transit systems
and with all other types of projects.

Table 8 SUMMARY OF COST ESTIMATION EXPERIENCE

£ Project No. of Mean Ratio=
Type of Projec Projects Actual/Estimate
Water Resources 49 1.39
Highway 49 1.26
Building 59 1.63
Rapid Transit 8 1.51
Ad Hoc 15 2.11
Grand Mean 180 1.50

On the basis of our gross comparisons, it appears that
costs are most seriously underestimated in ad hoc public
works. The costs of buildings are difficult to predict also.
Rapid transit projects lie midway in the subsamples and
midway between the mean R of 2.14 among ad hoc projects and
the mean R of 1.26 in highway projects.

Does the evidence suggest that there is a real difference
among projects of the five types we have enumerated? This
question would normally be answered by a statistical test,
called an F test.

The question we would be asking, in statistical terms,
is: Do all the groups of the sample appear as if they are
drawn from the same population? If not, can we say that there
are significant differences among groups in the sense that
elements of a sample of one group, e.g. buildings, more
nearly resemble each other than they do all other types of
public works projects? The distribution of R ratios is given
in Figure 1. It is clear that this distribution is not
normal. Therefore it is not legitimate to do an analysis c -
variance because the F-test assumes normality. We must mc
instead to a test which does not depend on any particular
parametric characteristic of the distribution, a distribution-
free or nonparametric test. Figure 1 makes it apparent that
the distribution of R is not even symmetric, usually a
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minimum pProperty even for a nonparametric test. Severalfound
transformations of the R variabile were used and it wa:

that the common logarithm (to base ten) was distribute
symmetrically,

average cost estimation performance, and which types hige
worse than average, a Wilcoxon signed rank test was ?:. ance
formed. This nonparametric test pPermits exact sign?t l? .
levels without the Specification of a
distribution for the R ratios. fThe Wilcoxon test doesthe
fequire the distribution to be symmetric, however, SO ints
test was based on the common logarithms of the gata P° ’

? . . . nable
This transformation yielded a distribution with reas®
Symmetry.

taken, and each type of project was tested for sign"flcint
difference of its mean from this average, using the oniailed
the smaller P-value. a two;
P-value was obtained by doubling this one-taileg p-va-ue.
with one €Xception, the results are exact significance

X ach
levels. The results are tabulated below, where in z the
case the null hypothesis is that R, = R, where R; 1 o
e
mean of the distribution of 1s

pProject type i, and R,
Tean of the entire sample.

JECT
Table 9 HYPOTHES IS TESTS ON MEAN R IN DIFFERENT PRO
GROUPS
—~value
Project type Alternative hypothesis P
- - 0335
Water Resources Rwater < Ry ’0670
ater * Eo (two-tailed) -
. - - . 0001
Highways Bhighways < Ry _ 0002
Rhighways # Ry (two-tailed) -
- — 0062
Ad hoc R34 hoe > R, , C 0124
Ryg hoec # Rg (two—talled) -
- - 0977
Rapid Transit Btransit > Ry < 1954
ransit # Ry (two—tailed) -
Do = - . 054
Buildings Bbuildings > Ry 108

Also tested was the
transit projects

of BART, H: Rother

buildings #

hypothesis that

other than BART is
= -ﬁBAR‘T vs.

Al:

.LRO -

apid
the mean of a1l i I:nean
different from %>

—_ nd Ry
Rother > Rgappr =
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iother * EBART' These two tests yielded P-values of .4063
and .8126, respectively.

Table 14 can be interpreted as follows: For each class
of projects the question is posed: 1is its mean R signifi-
cantly different from the overall mean of the sample 1.50?
In each case an alternative hypothesis was suggested by the
data, e.g., that water resources cost estimation experience
was better than average. In each case the null hypothesis
is that the means are equal. The P-value, the probability
of TypelI error, is given for the two-tailed alternative
where cost experience could conceivably be better or worse
within a particular group. This probability is always twice
the probability of making an error of the first type in a

(' one-tailed test.

These results allow us to say that cost overruns are
smaller in water and highway projects than they are for all
public works projects. Cost overruns are higher on the
average in ad hoc, building, and probably rapid transit
projects (although there we have almost a 10 per cent chance
of Type I error in making that statement). While BARTD's
cost estimating experience is a bit better than average for
all types of projects, there is no evidence to indicate that
it is appreciably different from transit projects in the
United States and Europe. That is, BART is a typical member
of the population of rapid transit projects in this respect.
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FOOTNOTES

*This estimate accounts $66.7 million as the cost of
the first 250 cars and $275,000 per car for the next 180.
That is the price of B cars. A cars with the control pod
should be more expensive. Two factors are operating. The
learning curve suggests that the price of subsequent cars
should go down, but inflation suggests that the current
dollar price would go up. Apparently, inflation is swamping
the learning curve in this case. Even if all R & D costs
are included,. the average price of the first group of cars
was $267,000. If we deduct the cost of developing the
prototype vehicle, the average cost of the first 250 cars
was $247,000.

1. For a description of the method, see Frank
Wilcoxon, "Individual comparisons by ranking methods, "
Biometrics, 1:80-83 (1945).

2, For buildings, the exception, a normal approxima-
tion was used because the available tables did not cover
sample sizes larger than 50.
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