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INFLUENCE OF ORGANIZATIONAL FACTORS ON SAFETY * -
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* There is a need for a better understanding of exactly how organizational and
management factors at a nuclear power plant (NPP) affect plant safety performance, either
directly or indirectly, and how these factors might be observed, measured, and evaluated.
The purpose uf this research project is to respond to that need by developing a general
methodology for characterizing these organizational and management factors, systematically
collecting information on their status and integrating that information into various types

-~ of evaluative activities. Research to date has included the development of the Nuclear
Organization and Msnagement Analysis Concept (NOMAC) of a NPP, the identification of key
organizational and management factors, and the identification of the methods for sys-

tematically measuring and analyzing the influence of these factors on performance.

Most

recently, two field studies, one at a fossil fuel plant and the other at a NPP, were

conducted using the developed methodology.

Results are presented from both studies

highlighting the sacceptability, practicaliry, and usefulness of the methods used to assess
the influence of various organizational and management factors including culture,

INTRODUCTION

RIS There has been an increasingly clear need
;?;igﬁﬁ! to develop a means for examining and measuring
1?25;3§tho role of organizational and management ac-

Y. “¢ivities at nuclear power plants with respect to
hitn;éﬁ%;thﬁir impact on performance reliability. The

TT7Y assessment of this organizational and management
" . ,performance could be used in reliability assess-

{ments, regulatory oversight activities, perfor-

‘mance indicator programs, and probabilistic risk
© ‘{assessments. The purpose of this research pro-
; ject, conducted for the United States Nuclear
!Regulatory Commission, Office of Regulatory
;7 Regsearch, was to develop a systematic and objec-
‘-4 ¢fve methodology for assessing the influence of
£, -~ organizational and management factors at a NPP.

To achieve the objective of the research,
a three-step process was used: (1) development
of a descriptive concept of the human organiza-
‘tion of a nuclear power plant; (2) identifica-
tion of key organizational and management func-
tions and processes related to safety perfor-
mance; and (3) proposal of methods for the quan-
. tification of organizational and management
A factors.
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DESCRIPTIVE CONCEFT OF THE HUMAN ORGANIZATION
OF A NUCLEAR POWER PLANT

The primary purpose of this step was to
develop an organizational concept of a NPP that
would specifically deseribe those operational
units that may exert a direct or indirect impact
on safety performance. Several criteria were
established for the concept: (1) the concept
should be dynamic and process-oriented; {.e.,
should go beyond an organizational chart in that
it should focus on functional relatlonships

communication, decision-making, standardization, and oversight.

be empirically based and recognized in the sci-
entific literature; and (3) the concept should
be capable of reconfiguration under emergency or
‘abnormal conditions.

! The organizational literature is replete
:with theories of how organizations are struc-
tured. An extensive review of the literature
uncovered a lucid and robust conceptualization
of this material by Mintzberg (1979). After
assimilating the literature, both empirical and
theoretical, Mintzberg provides a model to de-
fine the basic types of organizational struc-
tures and the associated variables that are
characteristic of each type. A detailed discus-
sion of the Mintzberg model as it relates to the
objective of this research project is provided
by Haber er al. (1988).

Using the model provided by Mintzberg
(1979), the NPP can be described by a particular
organizational structure. The organizational
units and their function, and the specific char-:
acteristics that depict work flow in the NPP
have been discussed in detail elsewhere (Haber
et al., 1988). In summary, the NPP, at least i
initially, is best described by Mintzberg’s !
"machine bureaucracy™ and depicted in Figure 1.
An important functional unit in this type of
structure is the technostructure which is pri-
marily responsible {or standardizing the work
within the organization. Standardization is a
primary coordinating mechanism for work; in the
NPP and is carried out by departments such as
licensing, training, quality assurance, planning
and scheduling, and engineering. In addition,
the NPP {s vertically centralized, with deci-
sion-making occurring primarily from the top
down, and work units within the organization are
grouped by function (e.g., maintenance.lopera-

within the organization; (2) thg concept should ! tions, instrumentatlion and control).

*Jork performed under the auspices of
the U.S. Nuclear Regulatory Commission.
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Figure 1.

i
IDENTIFICATION OF XEY ORCANIZATIONAL AND l
MANAGEMENT FUNCTIONS AND PROCESSES !

i

= .l 1f the NPP is best described by the "mach-
" ine bureaucracy® organizational type, them a
; ,~primary process of the organization is the stan-
s dardization of work. The key organizational and
. management functions can then be identified in
=¥ g%rﬁg‘ terns of the subprocesses of standardization;
.design of standards (including procedures for
Fad ‘7 ’hardvara and software components of the plant),
AR the application of standards (the conveyance to
RS ”"‘personnel performing the work which is in-
.volved), the feedback on standards (communi-
, cation and education of refinements to modify
" the standards), and the override of standards
; (modification in the event of abnormal condi-
tions) (Haber and O'Brien, 1988).

- 3

o The initiation of standards for the or-
‘5? ganization is primarily performed by the strate-
" . glc apex, the functional unit responsible for

’ _ ensuring that the organization serves its mis-

“ sion in an effective way. The development of
gtandards occur: largely within the technostruc-:
ture of the organization. Supervisors and mana- |

: gers within this organizational unit are criti-

- cal 1in developing the policies and procedures

. comprising the standardization process. Middle
line supervisors and managers are responsible !

- for interpreting the standards and the super-

: visors of the operating core (those individuals |
" actually performing the work within the organi- |
zation) ensure implementation of the standards.

_ Feecdback for modifications to the standards
should occur across all components of the or-
ganization through these supervisory and manage-
ment functions.

The organizational concept of the NPP
described above has been labeled the Nuclear
Organization and Management Analysis Concept
(NOMAC). The basic utility of the concept lies
in its description of the human organization of
a NPP and that {t is a dynamic, interactive, and
behavior-oriented characterization of the plant,
emphasizing functional relationships between
-units. The identification of such a concept
allows ideas generated by a particular charac-

terization of the organization, in thils case, a |
*"machine bureaucracy,” to be hypothesized and ]
subsequently, tested by the proposed methodol- i
ogy. The "hypotheses"™ generatad by the concept
also allows comparisons to be made between and
within facilitles with regard to organizactional
characteristics and management functions. :

QUANTIFICATION METHODS FOR MEASURING '
ORGANIZATIONAL AND MANAGEMENT FACTORS

In order to assess and evaluate NPPs with
regard to organizational and management factors,
three specific types of data collection were
proposed. The first, a functional analysis,
provides a description of the organizational l
work flow obtained primarily through interviews,
documentation, and the observation of organiza- !
tional activities such as meetings. Key person-
nel within the different organizational units
are also identified. This method provides a f
good qualitative description of the organization .
as well as allowing allocation of resources for
additional data collection. {

The second method proposed is the use of a
standardized questionnaire to assess the organi-
zational culture/environment of the NPP. The
questionnaire can be administered in group set-
tings to all levels within the organization. In!
particular, the questionnaire includes the Or- |
ganizational Culture Inventory (Human Synergis-
tics, 1987) which has been used across many
different types of organizations. Additional
scales are also included in the questionnaire
measuring safety culture, hazard, cohesion,
communication, and job satisfaction.

- The third method proposed is an observa-
tional technique. This technique assesses the
frequency of management behaviors as well as
{identifies the patterns of communication and
interactions within the organization. A stan-
dardized taxonomy of organizational and marage-
ment behaviors was developed, modified from the i
work of Komakli et al. (1986). Based upon the i
functional analysis described earlier, selected
supervisors and managers are observed during
their workday. Trained observers follow the
individuals selected around and record behaviors
from the taxonomy. Each observation consists of
30 minutes and is conducted at different times

of the day. The number of observation periods
and individuasls to be pbserved is dependent upon
the organization being studied. The technique
and taxonomy used in the NPP is described in
detail elsewhere (Habetr et al., in press).

DEMONSTRATION STUDIES

Two field studies, one at a fossil fuel
plant and the other at a nuclear power plant,
were conducted using the proposed methodology.
Both of these studies were done in collaboration
with a research group from the University of

"California at Berkeley interested in the beha-
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vior of "high reliability” organizations. These
demonstration studies were used to assess the
practicality, acceptability, and usefulness of
the NOMAC methodology. The intent in this stage
of technology development was not to evaluate
the organizarion and management of the field
study sices, but to test the validity of our
organizational ceoncept and the methods proposed
to quantify chis description. Criteria for the
demonstration studies included the appropriate- .
ness of the methods proposed for the validacion
of NOMAC, whether or not the results obtained
could be standardized across facilities, the
reaction and comprehension on the part of the
facility management and staff to the methods,
the operability of the methods, the resources
required, and the quantitative application of
the data collected for the objectives of the :
research.

e ant Demonstration Stud

The NOMAC methodology was first imple- X
mented at the fossil fuel plant. A functional
analysis, observational technique, and survey |
administration was conducted as described above..
; Although NOMAC could not be validated in a non-
-nuclear organization, valuable lessons were
learned in implementing the methods.

The functional analysis was completed

‘without any major modifications. It provided
the qualitative description of the organization
necessary to understand the work flow and func-
tional relationships within the plant. Iden-
tification of key managers and supervisors
yielded a list of 18 individuals identified for
_the observational technique.

The survey administration was conducted in
" cooperation with facility management. Group
administraticens were scheduled and a total of
179 questionnaires were completed and analyzed,
The individuals surveyed were from the opera-
tions, maintenance, and engineering departments
and represented approximately &4 percent of the

"as well as the modified methods.

~dardization of work in this NPP is very perva-

‘not always vertically centralized.

total plant population. Statiscically signifi-
cant differences between departments at the
plant were obtained on several of the Organiza-
tional Culture Inventory scales as well as on
the communications scales. Differences were i
also obtained between managers and non-managers
on many of the scales. A detailed description
of these results is presented Lin Haber et al.,

in press. i

The most valuable information from the
fossil fuel plant study were the lessons learned
concerning the observational technique. Based
on the criteria discussed earlier: (1) the
usefulness of this method for NOMAC was limited
with the behavioral taxonomy used by Komaki et
al. (1986).
on the NOMAC "hypotheses" were developed for use
9f the observational technique at a NPP. Addi-

Behavioral categories more focussed-

tionally, the unit of analysis was changed from
Komaki’s use of duration of behavior to fre-
quency; (2) for practical purposes, the number
of trained observers to be used in the next
study was reduced; and (3) the acceptability of
this technique was verv pesitive. Facllity
management and sctaff adapced to the observers’
presence rather quickly and on only one occasion
were observers asked to leave because of the
personal nature of a conversation. In general,
what the method intends to measure is useful,
but the particular behaviors to be observed and
how they were to be measured were modified for
their application at a NPP.

Nuclear Power Plant Demonstration Studv

Subsequent to the modifications from the
fossil fuel plant demonstration study, a second
implementation of the NOMAC methodology was
conducted at a nuclear power plant. This demon-
stration study allowed an examination of NOMAC

The first method implemented in this study
was the functional analysis. Interviews were

.conducted with upper management, organizational

documentation was reviewed, and observations of
certain organizational activitles (e.g., meet- !

-ings) were made.

As in the fossil fuel plant demonstration
study, the functional analysis provided a good
description of the human organization of the
nuclear power plant. Several "hypotheses” from
NOMAC were alsc addressed. Consistent wich the
idea formulated in NOMAC, the influence of stan-
sive; a case in point is the development, im- l
plementation, and use of a management Iinforma-
tion system which drives a tremendous amount of

.the work in the plant; the nature of decision-

making in this NPP is sometimes collegial and
This repre-
sented a slight departure from the vertical
centralization described by NOMAC. Finally, the

" functional analysis also helped to identify the

key supervisors and managers for the observation
technique.

As discussed above, the behavioral cate-
gories used in the observational technique were
significantly modified for this demonstration
study. The new taxonomy consisted of 37 beha-
viors and permitted the measurement of communi-
cation processes, the mode of communication as
well ‘as the identification of whom the communi-
cation was with. With this new taxonomy, and a
reduced number of trained observers, an inter-
rater reliability of over 80 percent was
achieved prior to the collection of data with
this method. Twenty-two supervisors/managers
were identified to be observed. Each supervi-
sor/manager was observed for 10 periods of 30
minutes each.

i



‘The new taxonomy of organizational and safety, routinization, job satisfaction, inter-

Ranagement behaviors developed for this demon- dependence, and coordination scales.
stration study was found to be very useful.
Very little was observed during the course of ! A good representation cf organizational
the observations that could not be described by . units were sampled in the survey administration.
the behaviors in the taxonomy. In addition, ' Several of the scales did yield significant .
differences were obtained among individuals on ' differences among departments, as well as dif-
several of the behaviors. Behaviors and com- ferences between managers and non-managers. The
munication variables were measured by the fre- use of NOMAC organizational units was also use-
quency of occurrence as well as with whom they ful in discriminating among groups within the
occurred. For the purpose of analyses, the plant. Figure 2 depicts organizational unit
taxonoay of 37 behaviors was grouped into six differences on four of the OCI cultural scales.
broader categories: declsion-making (DM), plan- The engineering group was significantly differ-
ning and organizing (PAO), management attention ent from some of the other groups on the appro-
and oversight (MAO), clarifying ambiguity (CA), val, dependcnt, competitive, and perfectionistic
solitary work (SW), and non-work related activ- OCI scales. (For a detailed explanation of :
ficy (NWR). (For a more detailed description of . these results, see Haber et al., in press.)
the behavioral taxonomy, see Haber et al., in
press). ORGANIZATIONAL UNITS !
! o umtenawce € otwen T2CHNOBTAUCT,

Table 1 represents an example of the re- & or 4natione 0 tnaineanine
sults obtained from the observational technique. : .
Specifically, the directionality of interactions . a f - —| ¢

el —d]

—y

across organizational units in the NPP is des- §
eribed in this table. Two main points celevant |
to NOMAC are demonstrated by these results: (1)
-the middle line spends the majority of its inm- i
teractions with the operating core and the tech- | N
nostructure. NOMAC describes a key management ! Tercrcscac
|
|
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function of the middle line to be in the inter- CULTURE SCALES :::’ ::'::;:;‘::':"""I
pretation of standards which would require it to |~ =|; Pertactionistic !i
be the lialson berween the developer of stan- ce c ve

C 8: Power

dards, the technostructure, and the implementer : & T Oppositional
of standards, the operating core; (2) the stra- | € # Avoidance ;I
tegic apex spends the majority of its interac- cé o ¢ )
!
I
i
i

tions with the middle line. As the initiator of 3 A s
stsndards in a primarily vertically centralized ! ¢z up:u::n
organization, the strategic apex must communi- . . € & Mumanistic
cate its direction to the mlddls line for its | . SCALE RANGE: 1 (low) - 5 {high} -
rols as interpreter of standards and as the r ’ ’
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Figure'2. Statistically significant differences
on OCI scales among organizational
units

chain of authority between the strategic apex :
Table 1. Directionality of Interactions in a NPP' ]
!

and the operating core.

An interesting result obtained from the

RESPONOENT ORGANIZATIONAL UNF
& L unT survey administration pertains to safety cul-

|
i
Ona. st N oc s SPAT. ML SA T |
!
‘
.
|

eae gt a2 29 « s . ture. Departments within the NPP perceive their
e 10 ’ ’ ) jobs as differentially hazardous (Figure 3).
I o "2 592 23 20 62 191 .Despite these statistically significant differ-
ucase T i ences, no differences were obtalned across any
e e 154 298 22 as 3 81 ez | of the departments or organizational levels on

~y | the safety scale. The overall mean score for
the NPP on the safety scale was high, indicating

S oot 638 130 14.4 82 340 "s 188 ]

Apen (SA) . ' a homogeneously high regard for attantion to
* M = Tous aumber of interactions observed. . safety in this plant. Additional differences
* Humoers repesen percantages of 0w inferactions abserved. } were obtained on some of the other scales and

3
} are discussed {n Haber et al., in press.

The third method, the survey administra- " Key © ational and Management Factors
tion, was self-administered in the nuclear power
plant demonstration study. The response rate, From the results obtained in the two dem-
however, was excellent at 84 percent (516/615 ~ onstration studies, In particular their valida-
discributed). Several scales were included in tion of some of the NOMAC "hypotheses", key
the questionnaire, the Organizational Culture organizational and management factors can be
Inventory (OCI) which consists of 12 cultural - identified for further validation and investiga-
scales, and commitment, cohesion, hazard, + tion, These factors Include the processes of



standardization, decision-making, communication,
management attention and oversight, and organi-
‘zational culture. Variation seems to exist on
these factors across organizational units and
levels, and they correspond to what has been
discussed in the literature and described by
NOMAG.
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Figure 3. Statistically significant differences

among departments on hazard scale
SUMMARY
The results from the two field studies

demonstrated that the proposed NOMAC methodology
.can be successfully implemented in a nuclear

power plant. Differences observed in terms of
behaviors, patterns of communication and inter- |
action, and organizational culture were related
to the structural and functional positions :
within the plant. The differences are also
generally consistent with "hypotheses® derived
from NOMAC. The methodology was acceptable to
plant management and staff and provided feedback:
to them concerning important organizational and
management behaviors. -

Research to date In this project has in-
cluded the development of NOMAC, the identifica-j
tion of key organizational and management fac-
tors, the identification of the methods for

———ty

—

systematically measuring and analyzing the in-
fluence of these factors and the demonstration
of the implementation of the methodology. Fu-
ture work will most likely include continued
refinement of methods for increased validity in
these types of organizations,increased dara
collection for use in more quantitative and
comparative applications, integration of these
methods into evaluation and assessment proces-
ses, and the continued development aof a3 process
for integrating organizetion and management data
into risk assessment for human error.
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