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sloping soil surface. 1In this paper gorrzgzlgg sﬁ?itgiz e
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© construction and the prevention of failures are

HUMAN FACTORS AND COMMUNICATION PROBLEMS
IN FOUNDATION ENGINEERING

J. C. Santamarina, A.M.ASCE!' and C. J. Turkstra, F.ASCE?
ABSTRACT: Recent findings in non-engineering fields related to human
factors are reviewed with emphasis on communication difficulties.
Foundation engineering tasks are discussed in the context of their
potential for problems related to human factors.
histories are used to demonstrate the significant influence of
subformal communication and on-site decisions. The paper concludes
with a discussion of alternative measures to reduce the negative
effects of human factors. It is expected that increased awareness of
these biases and limitations will stimulate efforts to reduce their

In particular, case

effect.

INTRODUCTION

During the past several years, the vital role of human factors in
civil engineering has become widely recognized. Conferences to
discuss the causes and control of errors and oversights in design
and construction have been organized by the Engineering Foundation,
the TIABSE, the US Army and the ASCE among others. The quality of

of such public
concern that the House of Representatives of the Government of the
United States issued a major report on - the subject [1].
"Communications and organization in the construction industry" were
listed as primary causes of failures. The Tecent ASCE "Manual of
Professional Practice for Quality . in the Constructed Project"[2]
points to the fact that "25% of failures resulted from poor
communication or lack of coordination among the project team.".

Acceptance of the fundamental importance of human factors has
been accelerated by several major changes in professional practice.
These include: changes in the number and variety of participants in
the design and construction process including additional sub-
contractors and project managers; increased size and complexity of
civil works which increases the need for group decision making;
societal changes that imply new. responsibilities for the parties
involved together with important changes in 1liability; and, the

1,2 - Asst. Prof. and Prof., Dept. of Civil and Environ. Eng.,
Polytechnic Univ., Brooklyn, NY 11201.
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. . s eal
rowth of repair and renovation projects yblch involve a greizlited
Ef uncertainty. At the same time, significant g?jgnces in rels
non-engineering disciplines such as cognitive fI§2§;: hizé
organizational theory, motivational theory and human %a
‘ made. ) )
bee?n structural engineering, the role ;f-human faftzzzesz iiiﬁ?i:?
i iliti recognized in severa H
of built facilities has been L . ¢ Bl
i technical engineering .
work has also been done in geo s
iZE:arch to date has focused on human error and erroz-pron;nZiiozz
design tasks and its control [e.g.1,4, S]d. S:\é:‘f‘gtsst:) 1e1:°;el rrovs
i i i imited a ¢
i structural design 1nc1ud1ng. : t uman
::rors within the body of reliability analysis ?aYi bei;;i:ﬁi;; a
ittle effort in civil en
here has, however, been 1li 2 e o
zncorporat; other important elements such as communlfatiszjantly
organizational theory. These factors have contr;but;d slgnc01lapse
i i i including the Union Square e,
to numerous historical failures ] - sey
the Hyatt Regency Hotel failure, the Vajont slide catastrophe,
failure of Teton dam. . . .
theln this paper, selected aspects of the llte%ature deallqg :;zz
human factors are summarized first, with emphasis on comzun;g:tion
and organization theory. Then, their relevance to ;u dation
engineering tasks from site investigation tof thesean;izitries
i i i frequent use of ca .
jlures is discussed, making > . s
gilefully the increased awareness of .1mportant developmenl:ﬁtro1
fizlds re&ated to human factors will stimulate efforts to ¢
their effects in engineering practice.

HUMAN FACTORS - ORGANIZATIONS AND COMMUNICATIONS

In the general fields of cognitive psyghology,-mi;i;isTogeﬁzigzz,
i i i theory and organiza ,
jnformation and communication n e
i to foundation engine g
studies of potential relevance N ering e
::Zz completed These studies attempt to chsraégerlze tﬁsz12§2;e
i int. i to define the forces a
heir interactions so as i . a
i:gangzations. Based on a review of this literature, the following
ummary observations can be made. . . ) .
° B?aZes and Limitations in Decision Maqug. Many au?h?gstiggst?n
field of cognitive psychology have studied blases.aéf 11“2;; lons 0
human decision making [e.g. 6]. In general, a simple mo
that shown in Fig. 1 has been used.

{

—
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DECISION ‘ FEEDBACKI
A
RESPONSE

=

Figure 1. Stages in Decision Making
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An individual's perception of information is known to depend on
his preconceptions. The "see what you expect to see" phenomena is
well known to us all. Selectivity in perception obviously limits the

" information available for decision. Perception is sensitive to the
quantity of data as well as to the quality and format used in
presenting the data,.

Biases in decision include the misuse of so-called "heuristics"
which are wunconscious rules -used in simplifying problems.
Individuals also have a variety of personal limitations such as poor
intuitive statistical capabilities, a-priori  commitments to
particular conclusions, and limited individual capacity.

An individual’s decision process is tuned based on the outcome of
previous decisions; this is a performance feedback loop. A dangerous
and widely observed bias is to limit feedback to those cases that
were successful. It is always tempting to attribute success to one's
capabilities and failures to chance.

Communications. Millér [7] suggested that "a large part of
behavior 1is concerned with sending, transmitting or receiving
messages." Although it is an essential aspect of human life, every
individual experiences . difficulties  in communication. 'This has
motivated a great deal of .research and the beginning of a new field
that goes back to the work by Sh
H. Simon. ‘

Communication implies adjusting attitudes and understandings -
not just transferring information.” It requires common interest and
continuous feedback (Fig. 2). Failure to communicate in a real sense
has contributed to many major historical events including
international military conflicts and political scandals. There is no
doubt that these factors have led to civil engineering accidents and
to poor performance of completed works. R

anon and Weaver and more recently to

- - -Noise- - - - - - - - -

MESSAGE RECEIVER
(Medium)

 COMMUNICATION FEEDBACK -*——e————J

Figure 2. Schematic Representationkof Communication

While a message is a stimulus that triggers meaningful responses
in a receiver, it is not meaningful-. in itself. Feedback 'in
communication permits the adjustment ' of understandings and
attitudes, establishing points of agreement and disagreement.

Concepts can not be communicated unless they are understood,
therefore, education is required to develop an informed, similar
attitude of mind among participants [8]. Education not only improves
understanding but also helps to minimize situations where poor
communications result from wunstated assumptions, incompatible
schemes and other unconscious mechanisms.

Even if optimal conditions develop, inherent difficulties in
communications will remain and special arrangements must be made to

minimize their effects. Primary problems are: (a) information
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: s : of
overload; and (b) distraction and noise, 1nc’:lud1'.ng the efizztir £
environm:antal stresses and internal stresses 1n either a sen
eiver. i . . . . -
recCommv.u'u'.cat:’Lons Within Organizations. leficultles- :;lcs hﬁve
communication together with inherent human characteigznizational
ifestations in any o
icular consequences and mani 1 2
p:;::\i:;ture [9} Some well documented observ.::ttlons [e. - lOa,s thl
?.nclude' (a) communication networks increase 1n effecleve;nesiertical
relatiox'xships among individuals become more .stable, (d) yercieal
communication tends to . be slow; (c) ﬂhorlzo:talr_ ar;nter-bgam:h
i i i d by self interes o
ommunication are hindere oy c : ! anch
Zonflict' and, (d) the vast majority of all communication in larg
organizations is subformal. . ] ) . . .
gBeszides the distortion of information .by l'itx:n;}:atlsgasni;.:tizzs
i i ® chain, information within o
"gender - medium - receiver® C , in R o e o
i i he self interest o in -1
is also distorted by t > . : n
particular, unfavorable information is often forgoztten, when it
communicated, it is often rejected andbsent i}fagkmgtgo.n cend to be
ivi igi disturbing info
Individuals who originate g Rasurio g
i " and may be isolated or reorg
considered "trouble makers" a y TR by
information passed upwar c
of existence. As a result, in ) 2 hierarehy
i closely reflect Wl
to be distorted so as to more e enio
z?i;‘ii_cs:ials would like to hear. Thus informatloniisdexaggertat?g:s]lf ;tt::
i indivi d minimized if it does mo .
favors a senior individual an 1 . o il e
ince information affects p g
should also be noted that, sin A > e e of
jous distortions an i f
wer, one must expect consclou s N ing of
I:'zgxfom;nation Only a firmly embedded common objective can minimi
i ntional distortion. o e
1nt§lany people systematically employ counte-r biasing to dczzpez;zir
for distorted information. Whenever possible they reluformation
reliance on information and use multiple sources. N mdlin on
overload can significantly reduce the rate of message a;xr a%.ding
organization may react by filtering informat:_.on x  ade
asiistants, but these may lead to _'greater distortion,
omissions, and a degrading cyclic cond:(.:tfu;ri [e]:g]ineering pfojects are
i i izations. Civ
ommunication Among Organiza Giv : L :
aff(e:cted not only by communications within orgam.zatufmst bu;ailaszrsy
communications between clients, designers, p'roJe.c sucﬁ aé
contractors and a variety of ancillary or.ganlzatlorlx)st uch oe
lawyers material suppliers, etc. The re1at:1.ons‘ni;:isin eFiwm:e ;
'primary,organizations in a basic project are suggeste g

Owner

—a Designer

Contractor -

Figure 3. The Civil Engineering Project
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Patterns of communication have changed in recent years as the
economic, social and legal enviromment of civil engineering has
evolved [14]. Classical, straightforward communication between
clients, contractors and ‘engineers now includes increased
governmental control, risk . management programs, increased
participation in decision processes by other parties, and peer
reviews at several stages. If damage occurs, third parties and the
legal system soon become parts of ‘the organizational structure.

One can consider the primary players as members of an upper
organization with several communication links, immersed in a complex
environment. In this case, the filtering and the distortion of
information result from a combination of responsibilities,
overlapping hierarchies of formal authorities, self-serving
interests, institutional pride and commitment, and other inherent
limitations. This setting is characteristic of the construction
industry, and to the authors’ knowledge, there has been no in-depth
study of this situation. S

Group Decision Making. There are many reasons to promote group
decision making: e.g. collective intelligence; the ' pooling of
information; consideration of a larger number of approaches; broader
acceptance of decisions; and, the:sharing of responsibility under
uncertain conditions. In civil engineering, important advaritages
can result if individuals and companies group together to tackle
complex projects, '

Unfortunately, the "quality" of decisions reached by groups does
not always surpass the quality of decisions made by an individual.
Creativity is generally attributed: to -individuals although group

effects are also found. Biases limiting group decision making
include [e.g., 15]:

Use of only that information which has

perceived as important. .

A lack of agreement on the essence of a problem.

- "Group-think" where ' individuals seeking agreement do -not
realistically consider all alternatives,

- The influence .of high status individuals, or
domination based .on. a higher

persuasive ability or persistence. -
The passive acceptance of atypical information.
- Amplification of dominant initial tendencies. Information

which confirms the majority’s initial position is more likely
to be accepted than other information.

been obtained and

individual
degree -of participation,

'

Subformal Communication: On site-decisions. Civil engineering
projects are characterized by uncertain field conditions and
specifications that are often open to interpretation. One of the
most interesting challenges in construction is to resolve. daily
difficulties and to make decisions involving on-site modifications
of variable importance so as to complete the project on time and
within budget. Such decisions are made by individuals or by small
groups with subformal, primarily horizontal communication.

On-site decisions must take into consideration many variables
such as constructability, time delays and additional costs. It is

\
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not surprising that decisions tend to avoid detailed analysis,
"hoping for the best" and perhaps departing from the original design
philosophy.

There is evidence that ad-hoc decisions are an important source
of failures. However, the nature of these decisions and their
effects have not been studied in detail.

FOUNDATION ENGINEERING TASKS - CASES

The previous section presented relevant human - factors,
emphasizing the characteristics of interactions between individuals.
This section examines foundation engineering tasks from a human
factors perspective, starting with site investigation, followed by
the selection of foundation type, the construction and repair of
facilities, the monitoring of performance and the analysis -of
failures.

Foundation engineering is still an art even though there is now
an extensive body of scientific material available. It is at the
interface between an uncertainly known geology and a structure to be
built. Foundation engineers must rely . on their expertise and
interact mnot only with owners but also with designers and
contractors. They. must be aware of mneighboring structures, and
environmental restrictions, as well as new theories, materials, and
construction procedures. These conditions characterize situations
where human factors often play a decisive role. .

site Investigation. Site investigation involves circularity in
knowledge: preliminary information about in-situ conditions, the
structure to be built and the construction procedure are needed to
plan the site investigation. In turm, results from the site
investigation will be in-situ characteristics that determine the
foundation for the structure (and maybe other structural features),
as well as construction procedures. This, like other situations
involving an information loop, is sensitive to incorrect initial
assumptions and engineering preconceptions of the geology at the
site- a clear example of potential bias in perception.

One of the most difficult aspects of site. investigation is to
decide how much is enough. Several attempts have been made to
provide decision support tools to aid engineers in this task, e.g.
Bayesian probabilities [16]. The underlying assumption is that
individuals do not update uncertainty correctly because of a well
documented observation called wconservatism® in the cognitive
literature [see 6]. To the authors’ knowledge, none of these aids
has been widely adopted.

In many practical situationms, limited _site investigation is
compensated by safer and more expensive foundations. This trade-off
is sometimes used to avoid discouraging owners, who may mnot
appreciate the importance of adequate site investigation. In this
case, self-serving distortion of information among the parties may
result in non-optimal decision making.

Site investigation is usually the first major expenditure in a
project indicating the owner's real interest in the facility. This
produces a level of commitment seldom recognized. The more money
spent, the higher the drive to complete the project.. In the case of
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major facilities, thi
) , s underlying ef i i i
have. inportant. consemsemmns ying fect of site investigation may

T .
to this eatly stams By he failure. of Teton Dam can be traced

Selection: of Foundati
on Type The se i
is not an easy task. For example, o

- p 2 of a foundation type -

R e a foundatio 1

that a deep foundation is needed, he must selectnt;t;gi:};eer :;clqis
pile

from am i
Toomn o;xgaiSO pat?nted systems in the USA. They differ in material
on i}e capaclt}t, environmental impact, certainty of exe rj’ha :
alté cause of _limitations -in decision makin onl . ten

rnatives can be considered, thereby reducin, tl%’ kel iho
selecting the best alternative & °t

To si isi y
investiga:;:mi};];lifznd diilesz.onl ar;d reduce legal risk, both site
i selection of foundati
inves ation type ar
overlzg}c{ei bydlocal,' "common" practice. However, t}:’tlx)is atii::cfongly
overl areaewAevelopments or the changing. of geological s—;orxd:i.et:J'.l:ra1y
i an & pr.evj-(s)u:o;::itgrevif)usly, tuning decision processes on th:

ive dutcomes does i

bas . not necessaril,

gizg:izztz(f) expe(;:tise or to the selection of optimalys:leuatf.li:r?s che

n. rganization and co i i ;

s 1 mmunication r :
zppr;cgizily 1mpor.tant, during construction. Teton D:mozlsem: oy

P e case history to show the effect of these human féth§:y

was eslgne cons p T T of e
It d d and O t‘ ructed under the supervisio of one - th
most renowned dam bulldlng or ganlzatlons in ‘the world The Bureau

Sherard suggested that organizational problems. were the primary

causes of the failure [18]. Am
) . ong othe i ifi
following organization and communicatfon factr:r’s he identified the

few
ikelihood of

gﬁzazati:on between design and inspection groups

whe 1es1gners never visited the site; as a result the

Cs e ter(.ed from problems. and experience" v were
wzoperatlon between the field inspection and the desi
Fislnot: en.courage‘d and was held to a minimum gn team
ield engineers were assumed. to have the capacity t

problems during construction y ro. solve
Fre i fe '

cong\ixznt (;;uestlons by a field engineer to the designers w.

sonsis er;.e to hav.e a negative impact on his record =

eslgn organization did not have a qualified review team

with veto power to challen e designs 1ndependent consultants
) g g ( a

Sherard
envj-r:‘nme:;nctll:;iec; . :l}xlf: dtl:xese organizational problems created an
ed i i
onvi n a design far short of the state of the
This case history is an excellent examp

of -subformal communication and o O eohe otential e

o : 1 on-site decisions.. Th
pection group decided to stop grouting the cracked abeutmgrsllzls{

witho i

groht\;ggtszsag;izova]& c;f ‘the design engineers. Sherard indicates that

g andpfaiel because the embankment construction was going

Mot fy ane elays created by this gravity grouting, which was

e Tt of tco:ztract:, ‘were:an item of significant controversy

fith the ractor”. Unfortunately, questionable practices are not
q y reportedj the threat of being discredited, a concern for
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i s
the consequences, self esteem and self image are some of the factor
that discourage nyhistleblowing". . ] truction is to

One modern approach to error avoidance durlng‘i:n = ton 18 e

i ibility witl e
multiple levels of respons ) .

gziiiibution ? of documents. Duplicate inspection, N r?:undizi
information flow and. the blurring of 11nes. of aut orlwithOUt
riously reduce efficiency in the construction process Lehour
i; roviné the safety of the built structure. Bureaucratii ng;zior

frﬁstrate jndividuals, encourage inattention and can mask 1

ance. . ) )

Peri;izting Foundations - Repairs. Establlshlng-the iflifbiiﬁﬁi gz

i i jcated and uncertain task. Frac
sting structures is a .complica r c s
iﬁi basid on subjective data from expert ¥p§?ec§prs andddijtingsin

an approach that involves all of the limitations an i

ision making outlined previously. . )
deC1;;: decisi%n most affected by human factors is whe?her zoniepiiz
or replace a structure. In general,  the more lt:g?r ;ﬁ v
-technical factors are 1invo . 2
structure, the more non-techn : . nalor
rojects, such those involving the bridges in wa YO:F -etzy
golitics’ plays a decisive role. As another examp iﬁ mari %ound
i i i f a port in Seattle wve

iven piles in the foundation o t und
EZmagedI)soon after the project was comgleted. Slncg the‘niﬁmtge
attracted the news media during an election, the area aro
piles was simply grouted to hide the problem [19]. ite comstruction

Monitoring. The observational method [20] permi e add
when initial uncertainties are too great for porza ';:;j;éances
1lows the . completion of jobs where unexpecte ?1k nstances
Zevelo The method is not easy to imple?ent and the ris ssl e
with gis use are not widely recognized. It riﬁyliilect e
i the phenomenon
iciently clear perception of 1 e °
suzﬁtzties io be observed and the alternative courses of aEFégz,mizt
%;) the insight and determination to decide when those actil
i ented. . . .
be ;Ezlzzjont Dam slide can be discussediin this context 2;:3%;;% oi
the extensive monitoring program that was \{nderta'kenr. AT
double arched dam was built to impound the Vajont rlvi Ryt
Italy. During construction, signs qf movement of tbg en : de were
observed and an inspection/monitorlng program was ig?t.could o
model was conducted to predict the size of ?he wa\ée26 in o e

lace: results indicated a maximum wave height 56‘ » h The S e
zhich took place on October 9, 1963, formed a go ;{Ve:; Jave that
destroyed villages downstream. More than 20 N Er s s
including the persomnel monitoring'the da@ and ttf e lee
engineers and technicians). Possibly, incorrect.

i cision makers. ) . Cons
mls%zadmiZt important causes of the catastrophe were mlsperceizigz
of t;L phenomenon, errors in judgment, and anorfgi?.assump .
However, records indicate other important factors :

- Expertise was dispersed with poor communic§tlon lin$;£h famous
The "I must be wrong" syndrome when one disagrees-

experts was in evidence.
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Experts were committed to their initial assessments, refusing
to accept what others accepted and ignoring contradictory
evidence.

Sources of unfavorable information were removed.

Authorities were hesitant to take drastic measures even when
signs of distress were obvious. Two or three days before the
slide, velocities were 6 times higher than ever before, noises

were heard and stones fell. Although phone calls were made,
the population was not evacuated.

Responsibilities were very poorly defined [22].

Monitoring systems -and site investigation- can soon produce more
information than can adequately be handled by an individual or even
a team. If the processing of the information is not planned in
advance, a great deal of effort may be wasted. Adequate - data
presentation based on well established ergonomic principles are as
important in geotechnical ehgineering as they are in computerized
war cruisers and nuclear power plants.

Analysis of Failures. The difficulty of the a-posteriori analysis
of failures is demonstrated by Teton Dam. A costly post failure
investigation and numerous additional studies were performed by some
of . the most prestigious geotechnical engineers in the .world
including Casagrande, Chadwick,  Peck, Seed and Sherard. However, 14
years after its failure, the cause of the failure or the "triggering
mechanism" remains controversial.

Many use an inductive approach to the analysis of failures,
building confidence in a potential -triggering mechanism as
confirming evidence is found. Because of the complexity of natural
phenomena, it is possible in most cases to obtain data that fits
one’'s expectations. A more rigorous and less biased approach must be
based on a real attempt to falsify hypotheses instead of validating

them. Leonards method for the analysis of failures is based on these
premises [23]. :

A preconception of a problem is required to guide the gathering
of information. However these a-priori views affect the perception
of the information and its posterior ahalysis. In addition, because
of bias in decision making and distortion of information in
organizational hierarchies, it is not surprising that consultants
retained by an involved party will tend to support its position.

This was the case of the foundation failure of the oil tank, 79.3
m.in diameter and 19.5 m high, at Falley -England [24]. Data
compiled by Leonards [25]. is presented in Table 1; none of the
consultants concluded against the party they worked for.

Another common bias takes place in the back analysis of failed
slopes. Because of the complexity of any system and the simplicity
of any analytical model, it is unlikely that the calculated factor
of safety will be 1.0. However the geotechnical literature includes
numerous analyses that show a FS= 1.0. for failed slopes. Such
misleading results can only create a false sense of confidence and
slow the learning process in the field. The variability of results

in  prediction exercises, on the other hand, always surprise the
profession.
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Table 1. Consultants’ Bias To Their Retainers [25]

PARTY CONSULTANTS * CONCLUSION
Bad piles
%gr)gigN) Several Consultants Agaigst Contractor

ili ral Consultants Bad’Ground
I(’X%J;Engggt):ractor Seve Against Owner

Geotechnical Several Consultants zad.cggund or
Consult/Design gainst Own
(Laing)

Finally, biased perception of feedback may occur in f:he extrex;:
case that all foundation designs were succesbsful. In z‘r;:(;ifggzzé a
indivi i hould not become ove
ijndividual (or the profession) s Hent of

i {sions but should question whether is
the adequacy of his decisions : s
i i R.F. Scott [26] recognize

the result of over conservative designs. R < ;

i is- i . wlittle is learned from an
his problem in his' Rankine Lecture: : a
::mfai]?ed’ dam. Are not more failures needed ... 1n f:.etlld a:dom;i;l‘
tests, to which analyses can be applied, to ensure that to
money is not being spent unnecessarily?".

FINAL COMMENTS

limit the effects of human factors in

Several suggestions to be put forward. These include:

design and construction practice can

- Changes in the structure of project organizations through, for
i tual arrangements.
example, different contra(‘: ’
- Improvel’nents in the training of kgy personflel by, fog exa::p}:;e
sensitizing individuals to the phenomena involved throug
study of case histories. .
- Deve{opment of computerized decision support toogls hu:;xi
communication systems with in depth knowledge o
factors to complement individuals.

Innovative applicatiofls of computers are. bc‘aing di\:;l.gzid
including expert systems, ]'.nt:elligent:d 1nf‘o%:3na't1fnintxe:iligence,
i i tems, distributed artirlicla nce,
management information sys , S o Al R ool
i toring, mnetworking P
computerized performance monit zed
comfmter mediated communication. However, automated-b. f;)::npu o
implementations are not yet mature, and thi po§i1 1 r); o
wdeadlocks" and complex systems that "break 1oo§e. until erro
found is of great concern (e.g., fomputfriéziille;lanc:;t;gs). ie a renewed
ica e ,
parallel to all these technologic L ; e
interest in improvements in engineering education. Following

ici s been
practices in other professions such as law and medicine, it ha

ber of cases is one of the
ted that the study of a large num .
;giiesefeficient approaches to the development of expertise [5, 271
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Awareness, responsibility, reduced bureaucracy and real common
interest are essential to effective communication.

Smith [28] concluded an analysis of bridge failures with the
following remarks: "Behind every engineering mistake there must lie
a human engineer who makes it, either alone or through lack of team
cohesion. From a reading of many reports it is clear that a happy,
close-knit team is a strong safeguard against both design error and
failure during construction. There can be no infallible method of
building such a team. It starts with a good engineer/client
relationship, and it involves a formally defined sharing of
responsibilities which are well understood and accepted by all
concerned, backed by personal warmth and mutual helpfulness. A
change in the team during the course of the work is a step fraught
with danger, to be taken only for the strongest reasons, and to be
followed by a thorough and time-consuming review of the work plan
and the team relationships." Findings in human factor research
support all these observations. . ‘

This overview has presented a summary of cognitive and
communicative characteristics in individuals and their effect on
organizations. The cases discussed demonstrate that these factors
are critically linked to the performance of built facilities.

A number of issues warrant special attention and need further
research. These include the role of subformal communications, the
effect of on-site decisions,; and the profound effect of biases in

information loops such as in site investigation, monitoring, and in
the analysis of failures.
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