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Abstract 

Eighty percent or more of major marine accidents are caused or influenced by humans and organizations. Research has identified 
characteristics of high reliability organizations (HRO), organizations which have had few accidents while involved in operations where 
failure would result in severe consequences. These characteristics have important effects on the safety of marine systems. Assessing systems 
for these HRO characteristics is the first step in reducing accidents caused by human and organization factors (HOF). The Safety Manage
ment Assessment System (SMAS) was developed specifically to assess marine systems (offshore platforms, marine terminals, ships) for 
HOF. SMAS is a screening method that selects and trains operators of the system to conduct a self-assessment. The assessment process takes 
five days and has the assessors making comparisons and evaluating HOF by selecting ranges and providing comments to capture the 
uncertainty. Included in the process is a visit to the system. A computer program was developed to assist in the assessment process. A 
field test of SMAS was conducted at a marine terminal in California. Two teams, with members from the terminal and the regulatory agency, 
along with a facilitator, were selected and trained. These two independent teams conducted separate evaluations on the same marine terminal. 
A comparison of their assessments showed that the use of ranges and comments were very helpful. An analysis of field test data shows that 

. SMAS can produce results more consistent than randomness. SMAS shows promise as an efficient and practical method to assess humans and 
organizations. © 1999 Elsevier Science Ltd. All rights reserved. 
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1. Introduction sequence has initiated, it is the organizational influences 
that allow the sequence to continue, resulting in an accident. 

Eighty percent or more of major marine accidents were The culture, incentives, and operating methods of organiza
caused by humans and organizations [1]. While the majority tions have important effects on the safety of marine systems 
of accident initiating events are attributed to individuals [2]. 
(operating personnel), the majority (again more than 80%) Research has determined the characteristics of high relia
of contributing causes can be attributed to the organizations bility organizations (HRO). HRO are defined as organiza
that influence the individual. Similarly, once an accident tions that are involved in dangerous operations, such that 

failure in the operation results in severe consequences. 
These organizations have, over long periods of time, had 
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high standards of quality,� 
appropriate risk perception, and� 
command and control functions� 

This article presents the Safety Management Assessment 
System (SMAS), a screening process developed specifically 
for assessing HOF in systems. SMAS does this by compar
ing the system with the characteristics of HRO. 

2. Background 

Humans and organizations have caused or influenced 
several major accidents in different industries. These acci
dents include: Three Mile Island nuclear power plant [4], the 
1984 Union Carbide chemical plant in Bhopal, India [5], the 
Challenger Space Shuttle [6], Chernobyl [7], Exxon Valdez 
[8], and Piper Alpha offshore oil platform explosion [9]. In 
February 1998, a United States Marine Corps jet flying well 
below its authorized altitude, sliced through a gondola wire, 
causing it and the 20 passengers crashing to their death [10]. 
As long as humans operate systems, humans and organiza
tions will continue to cause accidents. 

Several industries, realizing that humans and organiza
tions do cause or influence accidents, have begun to focus 
on human and organizations when investigating new or 
reanalyzing old accidents. The following are results from 
these studies. 

Sixty percent ofall u.s. Naval Aviation-class A accidents 
(those resulting in death, permanent disability, or loss of 
$1 million) were caused by HOF {11]. 

About 60% of the U.S. Navy and U.S. Marine Corps 
class A aircraft mishaps (those resulting in death, 
permanent disability, or loss of $1 million or more) 
are considered to be caused by aircrew errors. Shap
pell, Weigmann, and Schmidt [12] applied their parti
cular adaptation of Reason's [13] human error model 
to classify the Naval aircraft mishaps. Their analysis 
indicated that there were many cases that identified 
classic human errors, including slips, lapses, mistakes 
and violations, as described by Reason. Perhaps more 
importantly, it was found that in many instances such 
aircrew errors were preceded by unsafe conditions 
that were sometimes not recognized or not adequately 
handled by command supervisors. A follow-on analy
sis of the Navy Safety Center's aircraft mishap data
base, was conducted by Schmidt, who examined the 
Naval accidents over a five-year period. His analysis 
showed that supervisory, or organizational factors, 
could be identified in over half of the so-called 
aircrew caused mishaps. Some examples of the super
visory factors listed by Schmidt included inadequate 
command supervision of flight operations or safety, 
failure to correctly assess mission risks, and inap
propriate handling of a known high-risk aviator or 
other specific high-risk situation [11]. 

California State Lands Commission-Marine Facilities 
Division determined that 70% of all oil spills in California 
waters were caused by HOF {14]. 

What was once held as 'common wisdom' as to the 
riskier parts of oil transfer operations and oil spill 
causation, is now known to be not entirely accurate. 
As an example, from investigations, we now know 
that over 80% of spills are caused by human and 
organizational error. ..Personnel errors are comprised 
of many factors such as 'lack of attention' or 'failure 
to follow procedure' and organizational factors 
include 'failure to provide supervision' or 'failure to 
provide a procedure for the personnel to 
follow.' ...We have also learned that almost half of 
the spills at marine terminals occur when the terminal 
is not actively involved in transfer operations. When 
terminals are idle and have a spill, the spill is most 
likely to be an equipment failure. Twenty five percent 
of those spills resulted from testing and maintenance. 
It is clear that good investigatory practices, proce
dures and data collection can be invaluable in discern
ing the true causes of oil spills and other terminal 
incidents [14]. 

Marine accidents, over 80% of accidents are caused or 
influenced by HOF [1 J. 

Detailed analyses of the causes of accidents involving 
complex technological systems clearly indicates that a 
small percentage of the major catastrophic accidents 
are caused by failures of the structures or hardware 
components of the systems (something less than 
20%). This is a tribute to technology. Rather, the acci
dents that are caused by unanticipated actions of 
people have undesirable outcomes (something more 
than 80%). We have come to understand that these 
unanticipated actions and outcomes can have root 
sources in design, construction, operation, and main
tenance. Unrecognized designed deficiencies can be 
passed to construction. Construction attempts to work 
around these deficiencies, or perhaps they are not 
recognized. In some cases, construction introduces 
its own flaws and defects. The results are passed on 
to operations in which further adaptations are devel
oped and new mistakes made [1]. 

Although the following is not a study, risk and insurance 
managers examine accidents to determine cause and liabi
lity. The following is their opinion concerning human and 
organizational influences on accidents. 

A Risk and 1nsurance Manager Society (RIMS) discussion 
panel at the San Francisco 1995 conference estimated that 
99% of all accidents were caused by humans or organiza
tions [15J. 

A panel of risk and insurance managers in the marine 
industry were taking questions at the annual RIMS 
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meeting in San Francisco in 1995. I posed the ques
tion, "Researchers at the University of California at 
Berkeley have determined that 80% of marine system 
accidents are caused by humans and organizations. 
From your experience, what percentage of accidents 
are caused by humans and organizations?" Each of 
the four panel members said that 99% of the accidents 
were caused by human or organization influences [15J. 

The studies mentioned earlier determined that humans 
and organizations do cause the majority (60-99%) of 
accidents across the industries. In industries, such as 
commercial aviation, accidents do occur, however the 
number of accidents have hit a lower limit mainly because 
of the excellent equipment reliability. To reduce the acci
dents further, attention needs to be focused on reducing the 
human and organizational causes of accidents. 

Current methods used to assess system reliability are 
focused primarily on the hardware components of systems. 
At one end of the spectrum are the detailed quantitative 
methods that use historical and experimental hardware fail
ure rate data to predict future failure rates (Probability Risk 
Assessment, PRA; Quantitative Risk Assessment, QRA), 
while at the other end are broader qualitative methods that 
describe through words how various hardware can fail 
(Hazards and Operability Studies, HAZOPS; Failures 
Modes and Effects Analysis, FMEA) [16-27]. These meth
ods are excellent for system hardware failure analysis and 
were adapted to assess humans and organizations when they 
were recognized as a leading cause of accidents. One such 
method is the Human Reliability Analysis (HRA). Similar 
to the PRA, HRA takes a process and reduces it to individual 
tasks. Human task failure rates, obtained under laboratory 
environment conditions, are then assigned to the individual 
tasks and an overall single human failure rate for the process 
is calculated. Difficulties are encountered when using HRA 
type methods, including: low likelihood, high consequence 
accidents are difficult to quantify; a heavy reliance on expert 
judgment in the absence of failure rate data; "outsiders" 
assessing the system; and the assessment result is a single 
numerical probability offailure value destined for input into 
the PRA. Inconsistency and accuracy problems were 
discovered during a bench-marking exercise in which all 
fifteen teams conducted an HRA on the same nuclear 
power plant using the same data. The various team's prob
ability of failure rate had a range of two orders of magnitude 
[28J. This has led some to the realization that assessing 
humans and organizations is much more complex than 
assessing hardware. 

SMAS, a screening method, was developed specifically to 
assess teams and organizations by comparing them with 
HRO characteristics. The primary focus of SMAS is to 
evaluate HOF in a system, with particular emphasis given 
to organizational aspects. This focus was developed for 
several reasons. An extensive review and study of major 
marine accidents involving engineered systems has clearly 

indicated the importance of organizational and human 
(operating teams) influences [IJ. These influences have 
proven to be paramount in organizations that must conduct 
"high reliability" operations involving very complex 
systems over long periods of time [29,3J. Another reason 
is that experience with engineered systems indicate that in 
the main it is neither the environment, nor the structure, nor 
the hardware, nor the procedures that fail [30J. The failures 
are firmly rooted in factors involving operating teams, the 
organizational factors that influence those operating teams, 
and the interactions between the operating teams and the 
other system elements. SMAS emphasizes these HOF and 
the interfaces among the components comprising the 
system. The results of a SMAS assessment are highlighted 
characteristics that do not compare well with HRO, along 
with recommended mitigation actions. 

What discriminates SMAS from the 100 or more other 
processes that were developed to help assure the safety of 
engineered systems? SMAS is an integrated assessment 
process that incorporates system operators as assessors 
and an essential component. SMAS does this through a 
selection criteria list and training program. Assessors are 
those having daily responsibility for the safety of complex 
technological systems. In this context, SMAS is fundamen
tally a "self-assessment" instrument that is intended to 
encourage progressive and evolutionary improvements in 
the safety of marine systems. SMAS is intended to provide 
a level of detail between the qualitative/less detailed (narra
tive and void of numbers) methods (i.e. HAZOPS) and the 
highly quantitative/very detailed (numerical and probabilis
tic) methods (i.e. QRA and PRA). This new method was 
developed to provide an intermediate step between these 
two methods by capturing and quantifying evaluation uncer
tainty using ranges, ranking relative risk, and recording 
supporting evaluation comments. This helps to identify 
what clearly needs to be fixed and what should be studied 
in greater detail using QRA, PRA, or other methods. SMAS 
is founded on the premise that in reality, no single approach 
is capable of capturing all the factors and complexities 
important for the future safety of a system. A second 
premise is that the system operator knows the system 
flaws; however, a channel to communicate this information 
to the highest levels of management, without barriers or 
filtering, is needed. A third premise is that characteristics 
permeate an organization. In this context, SMAS is intended 
to empower operators to cause improvements in the safety 
of marine systems. 

SMAS is intended to be a self-assessment and empower
ment instrument for those that have daily responsibility for 
the safety of systems. Almost all of the 100 plus other 
methods require extensively trained assessors and involve 
extremely intensive computational analyses. Those capable 
of performing the assessments often do not have the requi
site knowledge, background, or experience with the system 
being assessed. They must access "system experts" (i.e. 
operators) to supply the necessary information, insight, 
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Fig. 1. The three phases to SMAS. 

and in many cases "data" in the form of subjective judge
ments. Yet, when they leave the system, often all that is left 
behind is a report that is neither read nor used. SMAS is 
designed to be used by those having direct working respon
sibility for the safety of the system, and intends to leave 
behind, through training and the assessment process, an 
awareness, sensitivity and know how to be used for the 
continual improvement of their system's safety characteristics. 

SMAS is a mix between the quantitative and qualitative 
methods. SMAS captures and quantifies the assessor's 
uncertainty through the selection of a range of values and 
supporting comments. SMAS emphasizes the importance of 
the assessors by including selection criteria and a training 
program. Training of operators leaves behind knowledge on 
how HOF cause accidents, which in tum increases safety 
awareness. A SMAS computer program was developed to 
assist the assessors in gathering and reporting data. 

3. Safety Management Assessment System 

The SMAS was developed specifically to identify and 
evaluate marine systems (offshore platforms, marine term
inals, ships) for HOF. SMAS has three components: 

1. an assessment process, 
2. the assessors (selection criteria and training plan), 
3. an instrument (computer program) to conduct, store, and 

report results. 

The SMAS process consists of three phases (Fig. 1): 

1. in-office evaluation of information, 
2. system visits (walk-downs), 
3. final review and assessment. 

The assessor team conducts an assessment of a marine 
terminal by following the three phases of SMAS. During the 
first two phases, the team evaluates the seven key compo
nents of a marine terminal (Fig. 2): 

1. operating teams, 
2. organizations, 

Fig. 2. Seven modules that comprise SMAS. 

FACRRS 

Fig. 3. SMAS module, factor, attribute hierarchy. 

3. structure, 
4. equipment/hardware, 
5. procedures, 
6. environment, 
7. the interfaces among them [30]. 

The computer program guides the team through the 
SMAS process, assisting them in making and recording 
numerical evaluations and comments. The SMAS computer 
program then makes calculations, places them in a database, 
and uses preprogrammed reports to display the assessment 
results. These reports and the results from previous SMAS 
assessments serve as the starting point for the next applica
tion of SMAS. SMAS is unique because it contains: 

1. a user's training plan, 
2. assessor selection criteria, 
3. a technique for capturing uncertainty. 

SMAS is comprised of three components: 

1. the process, 
2. team (composition, qualification, and training protocol), 
3. instrument. 

The assessment process helps the assessors to systemati
cally conduct an evaluation by first obtaining an overview of 
the system, then identifying potentially critical flaws, and 
finally suggesting mitigation measures. The assessor's 
experience, capabilities, motivations, and credibility are 
the most important component of SMAS. The assessment 
instrument is a laptop computer program which guides the 
assessors through the SMAS process. Each of these three 
elements are further described in the following sections. 

3.1. Safety Management Assessment System Process 

The SMAS process consists of three parts which are 
synthesized into three phases. The three parts are: 

1. three hierarchical levels, 
2. a five step qualitative assessment process, 
3. three phases. 
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Table I� 
Level I (modules) and level 2 (evaluation factors)� 

Operating teams� Organizational Procedures 

Process auditing Process auditing Operating� 
Safety culture Safety culture Maintenance� 
Risk perception Risk perception Safe-work� 
Emergency preparedness Emergency preparedness Contractor selection� 
Command and controls Command and controls Pre-start up review� 

. Training Training Emergency response� 
Communications Communications Management of change� 
Requisite variety Resources� 

HardwarelEquipment� Structure Environmental 

Pipe capacity Berthing capacity External (weather)� 
Pump capacity Live weight capacity Internal (climate control)� 
Hose capacity Dead weight capacity Social external (regulatory, society)� 
Loading arm capacity Environmental capacity Social internal� 
Fire load capacity (active and passive) Fire load capacity (passive) Within organization and operating team� 
Electrical� 

[Interfaces] 

Operators and other Procedures and other Equipment and other� 
Organizations and other Environmental and other Structure and other� 

3.1.1. Hierarchical levels� SMAS laptop computer program. The hardware/equipment, 
The SMAS evaluation process is organized into three structure, and procedure modules are modified to match the 

hierarchical "Levels" (Fig. 3): assessed system. 
Level 2 contains factors for each module. For example, 

Level 1 identifies the seven modules that comprise a the organization module (2.0) has eight factors which are 
given system, identified as: 
Level 2 specifies the evaluation factors for each of the 
modules, process auditing (2.1),� 
Level 3 designates attributes for each of the level 2 safety culture (2.2),� 
factors. risk perception (2.3),� 

emergency preparedness (2.4), 
The first level identifies the seven components that command and control (2.5), 

comprise a given system: training (2.6), 
communications (2.7), 

1.0 - operating team, resources (2.8). 
2.0 - organizations, 
3.0 - procedures,� Assessors can add factors to the modules. 
4.0 - equipment,� At level 3 are attributes which describe the factors. These 
5.0 - structure,� attributes are observable (i.e. behaviors) or measurable, and 
6.0 - environments,� provide the basis or rationale for evaluating the factors. For 
7.0 - interfaces (Fig. 2).� example, the communications factor (2.7) has eight attributes: 

These seven components comprise "modules" in the same language (2.7.1), 
same vocabulary (2.7.2), 

Table 2 established forms (2.7.3), 
Program type factors and attributes clear (2.7.4), concise (2.7.5), 

timely (2.7.6), Factor Attribute 
appropriate amount for situation (2.7.7), 

Process auditing program Established program feedback (2.7.8), 
Risk perception program Appropriate focus of program no barriers (2.7.9). 
Emergency preparedness program� Implementation 
Training program� ImprovementlFeedback Again, the assessors can add attributes to factors. Table 1 

Outcome matches the seven modules with their associated factors. 
Timely/regular Intervals 

Tables 2-7 match the organization and operating team 
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Table 3 Table 5 
Communication factor with attributes Command and control factor with attributes 

Factor Attribute Factor Attribute 

Communications Same language Command and control Structured decision making process 
Same vocabulary Migrating decision making 
Concise Redundancy 
Timely Rules 
Appropriate amount for situation Seeing the "Big Picture" 
Feedback Requisite variety 
No barriers Alert systems 

factors with their attributes. The operating team is defined as 
the person or persons who daily operate the system. The 
organization is the group of persons who influence on a 
daily basis and have oversight responsibility of the operat
ing team. 

3.1.2. Assessment process 
The SMAS assessment process has five steps (Fig. 4): 

I. select a system to assess 
2.� select and train an assessment team 
3.� conduct coarse qualitative assessment - identify factors 

of concern (FOC) 
4.� develop scenarios using FOC 
5.� conduct detailed qualitative assessment 

The first step is to select a system to assess. Selection is 
based on any or all of the following: a history of accidents or 
near-miss events, the likelihood and consequence of a major 
accident, and/or a periodic assessment schedule. 

The second step is selecting and training an assessment 
team. This is covered in greater detail in the assessor 
section. 

The third step consists of a coarse qualitative assessment 
of all attributes in the seven modules. This assessment is 
made based on the history of accidents and near-misses at 
this specific system and at similar types of facilities and 
operations. System specific information focuses on the 
structure, equipment, procedures (normal operations and 
maintenance, and emergency/crisis management), operating 
teams (including contractors), and organizations/manage
ment. Previous inspections and hazard studies conducted 
at this system are evaluated during this step. In addition, 
briefings are given to the assessors by representatives of 

Table 4 
Culture factor with attributes 

Factor� Attribute 

Culture� Shared beliefs 
Shared expectations 
Shared core values 
Shared atti tudes 
Behavioral norms 

the owner/operator organization and operating crews. The 
result of Step 3 is a list of FOC, factors that may lead to a 
major accident. As part of the assessment process, the 
assessment team records the rationale for identifying 
each FOC. Experience indicates that these narratives 
provide the richest sources of information about the system's 
characteristics. At this stage, the assessment process allows 
for the identification of suggested mitigation actions. 
Results are reported in standard textural and graphical 
formats or in user defined formats, that were stored in the 
computer program or created during the assessment. For 
some systems, the information gathered and confirmed by 
a system visit, may be sufficient to allow the system to exit 
SMAS by implementing mitigation actions, recording 
results, and scheduling the next assessment. 

If necessary, SMAS proceeds to Step 4, the development 
of scenario(s) to express and evaluate the FOC. These 
scenarios, or sequences of events, are intended to capture 
the initiating, contributing, and compounding events that 
could lead to a major accident. Scenarios help focus the 
assessor's attention on specific factors that could pose 
high risk to the system, and also provide a context to eval
uate consequence. 

Step 5 starts with a system visit, using the FOC and their 
associated scenarios to provide context. During the visit, 
operations (normal and emergency) and maintenance proce
dures are observed. Multiple visits may be required to 
observe these critical aspects of normal and emergency 
operations, such as crew changes, maintenance of safety 
critical components, and fire drills. The visit helps to 
confirm the factors identified during Step 3, the coarse 
qualitative evaluation. Conversations are conducted with 
operating personnel, and in recording these conversations 

Table 6 
Requisite variety factor with attributes 

Factor Attribute 

Requisite variety Experience requirement 
Education requirement 
Training requirement 
Selection criteria 
Limitations and 
impairments addressed 
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.' Table 7� 
Resources factor with attributes� 

Factor� Attribute 

Resources� Available� 
Accessible� 
Money� 
Trained personnel� 
Other resources� 
Sufficient� 
Timely� 

provisions are made for anonymity. A second evaluation of 
all attributes is made following the system visit. 

The outcome of Step 5 is reported, either confirming or 
contradicting the coarse qualitative evaluations. In addition, 
detailed mitigation measures for the FOC are gathered. The 
supporting reasons for these suggested mitigation actions 
are detailed along with the projected beneficial effects on 
the FOe. 

At this point, the assessment team elects to continue 
SMAS in one of the two ways. The first option is to return 
to the Foe stage and repeat Step 5 using FOC discovered 
during the system visit. The second option, if no additional 
FOC arises, is to terminate SMAS at the end of Step 5, 
record the results, and schedule the next assessment. 
Those FOe not resolvable with SMAS become the subject 
of more detailed quantitative methods, such as PRA or QRA. 

The next four sections further details the qualitative 
assessment process, factors of concern, scenarios, and the 
HOF evaluation process. 

Qualitative assessments. Qualitative assessments are 
made twice during the SMAS process. The qualitative 
assessment process flow diagram is shown in Fig. 5. The 
first time through is during phase 1 and is called coarse 
qualitative because it provides a broad overview of the 
system. During the coarse qualitative assessment, written 
and verbal information is reviewed and HOF are broadly 
evaluated. The second time through occurs during phase 2 
and is called detailed qualitative because it provides a closer 
look at the system through scenarios. The detailed qualita
tive assessment is based on the context provided by the 
scenario and information obtained during the system visit. 

Factors of concern. FOC are those factors initially iden
tified by assessors as more likely to cause an oil spill or 
accident. Following the evaluation of attributes during 

Step 1 Select System to be Assessed 
Step 2 Select and Train Assessors 
Step 3 Coarse Qualitative Assessment 

3a Determine Factors ofConcem 
3b Create Scenarios 

Step 4 Visit System 
Detailed Qualitative Assessment 

Step 5 Overall Assessment 

Fig. 4. Five steps of the SMAS assessment. 

phase 1, the attribute values of a given factor are averaged 
and assigned to that factor. The assessors then set a thresh
old value for the factors, and those factors exceeding the. 
threshold value are identified as FOe. 

Scenarios. Scenarios are defined as sequences of events 
that lead to an accident. The assessors create scenarios by 
incorporating the FOC into events. These events are then 
put together to create one or more accident scenarios. The 
assessment team incorporates as many FOC into a scenario as 
they deem reasonable. These scenarios provide the context by 
which consequences are established and evaluated. 

A major part of SMAS is capturing uncertainty when 
evaluating HOP. The next section describes this method. 

Evaluating human and organization factors. Humans 
have two strengths when it comes to evaluating, comparing 
and ranging. Comparisons are daily made; bigger or smaller, 
lighter or darker, longer or shorter, faster or slower. Humans 
also live by ranges; driving a car on a highway between 45 
and 70 miles per hour, and filling up the car when the 
gas tank is between empty and half full. These two strengths 
are incorporated into the SMAS process for evaluating 
HOF. 

An accurate evaluation of SMAS factors and attributes 
depends on experienced and trained assessors. Each attri
bute is assessed based on a seven point Likert scale. Table 8 
is an example of a seven-point scale along with its defini
tions. An attribute that is average, that meets referent stan
dards and requirements, is given a value of 4. An attribute 
that is outstanding and exceeds all standards and require
ments is assigned a value of 1. An attribute that is very poor 
and does not meet any standards or requirements is given a 
grade of 7. Intermediate grades are used to express evalua
tions between these anchor points. 

The assessment team evaluates each attribute by assign
ing a range of three values: most probable value (MPV), 
best value (BV), and worst value (WV), and also supporting 
comments. This range of three values allows assessors to 
capture their evaluation uncertainty and also creates a trian
gular distribution. The mean value and standard deviation 
are calculated from each attribute's triangular distribution 
(Fig. 6). These measures of uncertainty are carried through 
to the final evaluations using first order, second moment 
methods [31]. 

The attribute's MPV are averaged to determine the mean 
MPV for its factor. The assessors review this resultant value 
and if acceptable it is recorded. If not, it is revised and the 
reasons for the revision is noted. 

A vital piece of information from this assessment process 
is the assessor's "comments". These comments explain the 
why's, how's, and other details that are not adequately 
captured by numerical evaluations. Comments provide an 
important basis for defining future system improvements 
and an important baseline to judge the consistency of 
follow-on assessments [31]. 

In the same manner, the factor's MPV are averaged 
and assigned to the related module. Again, the assessors 
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Step #1 
Select Module 

: next 
: module 

next� 
tilctor� 

Step #3 
Select Attribute 

: next 
: attribute 

yes 

yes 

r 

• SystematicaBy proceed through , 
......----....:: each module : 

:'syst~ati;aii; Pr~~;;thr;',~ : 
each filctorinmodule 

'", - _. - _ ... 

.....................� 
: SystematicaBy proceed through • 

attributes in the filetor I 

:A;~ i t~~i. Co; .• ~ 
...... ---,. three criteria;� 

.Best. Most Likely, and Worst� 
:Assessor's comments required� 

.... - ... - ........ _ ... _ ... _ ... _----~
 

• Computer database with 
r---------1.' evaluations and comments. :. . 

' '" " 

Fig. 5. Qualitative assessment steps. 

review this resultant value and if acceptable, it is 
recorded. If not, it is revised and reasons for the 
revision noted. 

A "Braille" bar chart is developed using the mean 
MPV for each module (Fig. 7). The "high" or worst 
values, those that are larger than 4, indicate modules 
and factors that are mitigation candidates. Using these 
bar charts, assessors can back-track and identify factors 
and attributes that contributed to a particular value, 
along with their associated supporting comments. 
These comments provide a strong interpretative and 
evaluative component for identifying the best actions 
for improvement. 

3.1.3. Three phases 
The SMAS evaluation process is organized into three 

phases (Fig. 1). 

Phase 1 - background information development and� 
initial assessment (in office),� 
Phase 2 - visiting the system and observing operations,� 
Phase 3 - final evaluation (in office).� 

The first phase has four activities, first is assembling 
background information on the system, second is develop
ing preliminary evaluations of all factors, third is identifying 
FOe, and fourth is creating system specific scenarios. 
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Table 8 
Scale for grading attributes, factors and modules 

Phase 1: coarse qualitative (source: 
paperwork and interviews) (How 
management sees itself doing these) 

1 Permeates the team 
2 Is part of the team's culture 
3 Becoming a part of culture 
4 Completely implemented 
5 Partially implemented 
6 Exists in writing, not used 
7 Does not exist 

Phase 2: detailed qualitative (source: visit 
and interviews) (worker's opinion) 
1 Permeates the team 
2 Is part of the team's culture 
3 Becoming a part of culture 
4 Completely implemented 
5 Partially implemented 
6 Exists in writing, not used 
7 Does not exist 

Information for the first activity comes from both verbal 
briefings and documentation. Verbal briefings by corporate 
office and system operating personnel, followed by a ques
tion-and-answer period, gives insight into the organization. 
Documents, such as structural plans, process flow diagrams, 
maintenance procedures, results from previous assessments 
and inspections, information on previous accidents and 
near-misses, and emergency action plans, are reviewed. 
After this review, attributes are evaluated, values for factors 
are calculated, and a threshold level set to determine FOe. 
The FOe are then used to create scenarios. General back
ground on accidents and failures associated with similar 
systems are also used to help create scenarios and sharpen 
the assessor's perspectives, giving insight for the visit. 

The two purposes of the second phase, the system visit, 
are to confirm information gathered during the first phase 
and to observe system operations. A typical visit will 
include a tour of the entire facility, followed by observing, 
at a minimum, the following critical procedures: 

I. maintenance, 
2. emergency drills, 
3. shift changes, 
4. company and contract crew operations. 

The purpose of the tour is to familiarize assessors with the 

wv 
7 
6 MPV 
5 
4 
3 
2 

BVI 

Fig. 6. Example component grading. 

context of the FOe identified during phase I, and possibly 
reveal additional FOe. Maintenance related FOC is the first 
component focused because poor or improper maintenance 
have caused many marine systems accidents. The second 
component, emergency drills, focuses on how the system 
personnel respond to loss of containment events, because 
once an event starts, the operating team must act to bring it 
under control or escape. The third component, shift change
over, is observed to determine communication between 
operating crews. The fourth component deals with commu
nications between contract crews and operating personnel in 
coordinating their work activities. After the visit, the attri
butes are evaluated a second time. 

During the third and final phase, the evaluations and 
comments are examined and a final assessment is devel
oped. Comments for the final assessment are entered into 
the SMAS instrument and reports summarizing the results 
of the assessment are generated. This final report contains a 
summary of the FOC that were identified along with a 
summary of the rationale for their identification. The asses
sor's comments provide justifications and are included in 
the final report, together with suggestions for reducing the 
risks of loss of containment (LOC), either by lowering like
lihood, consequences, or a combination of both. The final 
report provides the evaluative component of SMAS. 

Future SMAS assessments will start at this point. At the 
start of the next SMAS assessment, previous assessments 
will be examined to determine the results of implemented 
risk management suggestions. In this way, SMAS 
encourages the progressive mitigation of risks, recognizing 
that resources are not available to remedy all risks and there
fore those limited resources should be devoted to mitigating 
risks in the order of their importance. SMAS also provides a 
mechanism for reviewing and assessing the effectiveness of 
safety measures, identifying those that are effective and 
should remain in place, and terminating those that are not 
effective. 

3.2. Assessors 

The assessor is the most important element in SMAS 
because any tool is only as good as the person using it. 
The SMAS assessors must have experience in the life
cycle of the assessed system, safety asSessment experience, 
and be motivated to learn about HOF. 

The assessment team must be comprised of at least two 
qualified and trained SMAS assessors, called Designated 
Assessment Representatives (DAR), and a SMAS "facili
tator". These DAR would normally come from the owner/ 
operator organization, regulatory agency, or classification 
agency. Similar to commercial aviation, the appointment 
of DAR would be approved by the responsible industrial 
and regulatory agencies. DAR are selected based on their 
technical and operations experience and are qualified 
following SMAS specific training. To avoid a conflict of 
interest, DAR are allowed to request from the responsible 
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Fig. 7. The Braille chart for module evaluation. 

regulatory authority a replacement. SMAS facilitators are 
those with extensive background in SMAS, its applications 
and uses, and HOF. 

The assessor's qualifications include: aptitude, attitude, 
motivation, and credibility. The assessors must be highly 
motivated to learn about HOF, safety assessment 
techniques, and must have a high sensitivity to safety 
hazards ("perverse imaginations"). They must also be 
observant and thoughtful, have good communication 
abilities, be willing to report "bad news" when warranted, 
and be credible when reporting results. For the field test of 
SMAS, the selection criteria mentioned earlier were given 
to the California State Lands Commission and Company X. 
Using these criteria, they both nominated two persons. The 
authors compared their biographical data with the selection 
criteria and determined that they met the criteria. 

The assessor "just-in-time" two day training program 
has two parts: informational and practical. The informa
tional part contains background on the SMAS assess
ment process, computer instrument, and human and 
organizational factors. The practical part of training is 
the hands-on use of the computer program. A final prac
tical examination helps to ensure that the assessors have 
learned the course material and can apply the important 
concepts. 

3.3. Assessment instrument 

The SMAS computer program assists the assessors in 
recording, analyzing, and reporting data. The program is a 
practical tool that guides the teams through the SMAS 
process and facilitates the gathering of data, both numerical 
and comments. Formatted reports are available in the 
program to display assessment results. The program was 
developed using Microsoft Access® by Pickrell and Bea, 
and further details on the instrument are available [32]. 

Section 4 describes the SMAS field test. 

4. Field test 

This section describes the field test and summarizes the 
results of this test. Following a pretest, SMAS was field 
tested at a marine terminal in California. The purpose of 
the field test was to evaluate SMAS for both practicality 
and consistency. The field test used two teams of assessors 
who were selected using established criteria. The assessors 
selected were very experienced in marine terminal opera
tions and represented government and industry, as well as 
operations and management. Following selection were two 
days of training on: 

1. HOF, 
2. the SMAS process, 
3. the computer program. 

The field test results showed good consistency between 
the two team's evaluation of the terminal's seven compo
nents and provided recommendations for improvement of 
operations. The assessor's comments, justifying their 
evaluations, proved to be especially valuable for the overall 
assessment and analysis of data. 

Assessor selection. The California State Lands Commis
sion-Marine Facilities Division, having regulatory respon
sibilities for marine terminal safety, and Company X each 
nominated two assessors who met the selection criteria. All 
four nominated assessors were very experienced in marine 
terminal operations. Two of the assessors had experience in 
conducting safety audits and investigations for accident and 
near-misses. All four had previously received briefings on 
the role of HOF in system safety, and each expressed an 
interest in learning more about HOF and becoming asses
sors. Additionally, each assessor was credible within their 
organization. A list summarizing their qualifications is 
included as Table 9. The four nominated assessors were 
divided into two assessment teams. 

Assessor training. Following selection, the assessors went 
through a two day training program [31]. The first day of 
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trammg consisted of four sections, each presented in 
lecture-discussion format. Information was first presented 
on marine accidents and how HOF contributed to, or 
initiated them [1,27]. Training then turned to further defin
ing HOF, detailing the SMAS components and process, and 
demonstrating the SMAS computer program [32]. 

The second day of training was held at Company X. The 
primary purpose was to provide the assessors with hands-on 
experience using the SMAS process and computer program. 
The first part of the day was used to complete a partially 
completed assessment. Once that assessment was complete, 
reports were generated and reviewed by the assessors. The 

il teams then worked together to create a new assessment. 
At the end of each day, the assessors provided feedback to 
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improve training. These comments and observations were 
used and are included in the SMAS field test report [31]. 

Field test. The field test of SMAS on a marine terminal in 
California was completed in five days. During the afternoon 
of the second day of training, prior to the start of the field 
test, the teams worked together to evaluate the conse
quences of an oil spill at the marine terminal. Both teams 
then evaluated the first 22 attributes of phase 1, thus 
allowing for a common starting point. Thereafter, the 
teams worked independently. The following section 
summarizes the events of each assessment day. 

Events. During the first day of the field test, the teams 
received two briefings, the first by an operator of the facility 
and the second by an engineering manager. The briefing 
topics are included in the SMAS training and field test 
manual [31]. After these briefings, the teams went to sepa
rate rooms and independently evaluated the remaining 118 
attributes. During the second day, the teams completed the 
evaluation of phase 1 attributes, determined FOC, and 
created scenarios. 

Phase 2 began on the third day. A member of the research 
team accompanied each assessment team, to serve as an 
advisor, facilitator, and observer. Team A started at 0500 
at the marine terminal to observe the mooring of a tanker 
vessel and observed the mooring, hook-up, transfer confer
ence, start-up, and steady flow of hydrocarbons. During the 
visit, team A made observations and held discussions with 
several operating personnel. 

Team B arrived at noon, conducted a walk down of 
the marine terminal and vessel, and observed a mock 
terminal person in charge (TPIC) watch turnover. Both 
teams required a second day to complete the second 
part of phase 2, the detailed qualitative evaluation of 
attributes. 

Phase 3 required the entire fifth day. The teams indepen
dently completed their assessments and made an overall 
assessment of the marine terminal. The SMAS computer 
program guided the assessors through the process, stored 
evaluations, performed calculations, and displayed the 
results in a final report [31,32]. Throughout the field test, 
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Table 9� 
Assessor backgrounds� 

Team A� 
Assessor I� 

High school education� 
Six years in the military� 

Operator in the oil refining� 
process (7 years)� 
Operator at marine terminal� 
(3 years)� 
Trainer (6 years)� 

TeamB� 
Assessor 3� 

B.S. Chemical Engineering 
Process engineer (1 year) 

Technical service engineer� 
(3 years)� 
Operator shift supervisor� 
(2 years)� 
Operations-gas plant (3 years)� 

Shipping and Gauging� 
supervisor (5 years)� 

Assessor 2� 

High school education� 
Marine terminal operator� 
(7 years)� 
Marine terminal inspector� 
(5 years)� 

Assessor 4� 

College degree� 
Captain of oil tanker (Master� 
mariners license)� 
Seagoing experience (13 years)� 

Marine Terminal Inspector� 

Marine Terminal Oil Pollution� 
Specialist� 

3 5 6 7 

tf Fig. 8. Team A module summary graph. 
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Fig. 9. Team B module summary graph. 

feedback was solicited from the assessors to improve the 
SMAS process. In addition, observations by the authors 
were also used to improve the process. Section 4.1 
summarizes the results of the field test. 

4.1. Field test results 

The field test results are categorized into three areas: 

1. overall assessment, 
2. attribute evaluations, 
3. comments. 

The overall assessment summarizes the evaluation of the 
marine terminal. Figs. 8 and 9 display each team's phase 2 
module MPV. Table 10 summarizes each team's module 
average MPV, and Table 11 summarizes the module's 
upper and lower bound values. 

The 140 attributes were evaluated by each team twice, the 
first time during phase 1, the coarse qualitative phase, and 
the second during phase 2, the detailed qualitative phase. A 
comparison between the two team's evaluations is made in 
the analysis section of this article. 

Comments were required with each attribute evaluation. 
Team A, made up of experienced operators, provided more 
comments than team B. These comments are also analyzed 
in the next section. 

The resultant bar graphs indicate the modules with larger 
values. In the case of this field test, none of the bars were 

Table 10 
SMAS module MPV 

Module 

Structure 
Procedures 
Organization 
Operating team 
Interfaces 
Equipment/Hardware 
Environmental 

Team A Team B 

3.6 
2.4 
2.6 
2.6 
2.9 
2.2 
2.7 

3.3 
2.3 
2.8 
2.4 
3.0 
2.0 
4.0 

greater than 4. The value 4 is defined as "meets 
requirements". Therefore, more in-depth studies such as 
PRA and QRA were not required. However, for field test 
proposed, a threshold value of 4 was selected to identify 

. FOC, which were then used to create scenarios. 
An integral part of SMAS is the selection and training of 

operators as assessors. Feedback from the assessors indi
cated that the training heightened their awareness of HOF 
and also how they cause accidents. 

4.2. Analysis 

The results of teams A and B were compared to check for 
consistency. Comparisons were made of the overall assess
ment, attribute evaluations, and comments. 

Overall assessment. The overall assessment consistency 
check began with a comparison of each module's average 
MPV. The differences between the two teams were calcu
lated an~ are shown in Table 12. Of the seven modules, six 
had differences of 0.3 or less. The largest difference was 1.3 
for the environment module. 

A closer examination of the environmental module, 
showed that there were only four factors and each factor 
had only one attribute. The teams evaluated three of the 
four attributes as the same, while the fourth attribute was 
assigned a four by one team and a one by the other. A 
comparison of the written comments for that attribute 
showed one team noting that the external social influences 

Table 11 
Ranges of values for SMAS modules 

Module Team A Team B 

Structure 3.0-4.0 3.0-4.0 
Procedures 2.0-3.0 2.0-3.0 
Organization 1.0-6.0 1.0-4.0 
Operating team 1.0-7.0 1.0-4.0 
Interfaces 2.0-3.0 3.0-3.0 
Equipmentlhardware 1.0-4.0 3.0-3.0 
Environmental 1.0-4.0 4.0-4.0 
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Table 12 
Difference between average MPV's 

Module Team A Team B Differences 

Structure 3.6 3.3 0.3 
Procedures 2.4 2.3 0.1 
Organization 2.6 2.8 0.2 
Operating team 2.6 2.4 0.2 
Interfaces 2.9 3.0 0.1 
Equipment/hardware 2.2 2.0 0.2 
Environmental 2.7 4.0 1.3 

(i.e. media) helped the operators to work more safely, while 
the other team said that the same media attention caused 
pressure that reduced the operators ability to work safely. 
This serves as a reminder for data analyzers, that comments 
for each factor and attribute that should be examined when a 
large MPV occurs. 

A review of the assessor's overall evaluation showed that 
one team had more extensive written comments [31]. These 
written comments provided important information and 
insight into both the marine terminal and the SMAS process. 
Both teams also provided suggestions to mitigate FOe. 
Computer generated reports graphically displayed the trian
gular distributions for both likelihood and consequence, and 
also displayed the resultant relative risk distribution for each 
scenario. This combination of suggested improvements and 
displayed relative risk should help decision makers priori
tize mitigation actions to reduce the risk and optimize the 
use of limited resources. 

Attribute evaluations. The attribute evaluations of 
teams A and B were compared for consistency. A 
comparison was made by taking team A's MPV and 
subtracting it from team B's MPV for each attribute. 
This compflfison was made for each of the 140 attri
butes, for both coarse and detailed qualitative data. Fig. 
10 shows the difference histogram for the actual coarse 
qualitative evaluations and Fig. 11 shows the actual 
detailed qualitative evaluations. 

To assess if these histograms were different from mere 
randomness, another comparison was made. Each team's 
value selection distribution was generated from the data. 
The zero values were assigned to "Not Applicable (N/ 
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Fig. 10. Attribute differences - actual - coarse qualitative. 

A)", and the 7 and 6 values were not included in the selec
tion distribution as they were eliminated in the actual differ
ence distribution because of the misinterpretation of the 
attribute and it's definition by the assessors. Using Monte 
Carlo simulation, a randomly generated list of values for 
each team was then created from these distributions. Values 
from team A's random list were then subtracted from team 
B's random list, creating a set of value differences. Fig. 12 
shows the histogram for the random coarse qualitative 
differences and Fig. 13 shows the histogram for the random 
detailed qualitative differences. A second run through the 
procedure described earlier was conducted which included 
zeros, 7, and 6 in the selection distribution. The resultant 
random difference histogram were almost identical to the 
first run. 

A comparison of the actual and random difference histo
grams shows that the actual had an over 50% larger (65 to 
42) number of zero (0) differences than the randomly gener
ated difference. The difference is approximately the same 
for both the coarse and detailed qualitative data. This shows 
that there was greater consistency between the teams than 
randomness, 50% more consistency. This consistency may 
be related to the training program, the assessment process, 
and/or the experience of the assessors. More rigorous statis
tical methods could not be applied because of population 
limitations. 

Comments. The comments provided by the assessors were 
of immense value in the analysis of attribute evaluations. 
These comments were used in identifying the reasons for the 
two large value differences of 6 and 7 that occurred between 
the teams. For these attributes, one team determined that the 
attribute was not applicable and gave it a zero score, while 
the other team commented that the attribute was not true and 
gave it a very high score. These comments helped identify 
such discrepancies as being caused by the assessor's inter
pretation of attributes. Team A, with more experienced 
operators, provided more extensive comments than team B. 

The following are selected values and comments for those 
attributes where the comparison between the two team's 
MPV yielded a difference of 7, 6, 5, 4, or 3. Values given 
are in the format of BV, MPV, WV. 

7: Coarse qualitative data (phase 1) and detailed quali
tative data (phase 2). Attribute 072 - selection criteria 
(operating team module, requisite variety factor). 

Team A: 7-7-7. Seniority is the determining factor. 
Team B: 0-0-0. Not applicable. This is a union position, 

selection is therefore not applicable because it is a bid posi
tion based on seniority, and not on merit. 

6: Coarse qualitative data (phase 1) and detailed quali
tative data (phase 2). Attribute 053 - alert systems (operat
ing team module, command and control factor) . 

Team A: 5-6-6. Pressure gauge is the only instrumenta
tion. Ship supplies some information. Ship and shore 
comparisons every hour, sometimes two hours. If pressure 
increases and operator did not observe the gauge at that 
instant, there is no alarm to indicate the increase in pressure. 
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Fig. 11. Attribute differences - actual - detailed qualitative. 

Team B: 0-0-0. Not applicable. Simple equipment layout, 
no alanns at the dock, operators are trained and expected to 
continually make rounds to detect unsafe situations. 

5: None 
4: None 
3: Coarse qualitative (phase 1). Attribute 062 - estab

lished fonns (operating team module, communications 
factor). 

Team A: 4-5-5. Most communications are verbal. 
Team B: 1-2-2. Operators can communicate to supervision 

by voice or by several standard fonns (e.g. adverse happen
ing, incident fonn). 

Attribute 082 - shared core values (organization module, 
culture factor). 

Team A: 5-6-6. Management audits in place. 
Team B: 3-3-4. Not many visits 
Attribute 090 - timely/regular intervals (organization 

module, risk perception factor). 
Team A: 4-5-5. Not sure of review efforts 
Team B: 2-2-3. Inspection program results reviewed 

annually. No alarms on dock. 
Detailed qualitative (phase 2). Attribute 021 - perfor

mance degrading (environmental module, social-external 
- society/regulatory). 

Team A: 1-1-2. Presence of regulatory agencies and 
potential media attention affect perfonnance in a positive 
way. 

Team B: 3-4-5. Presence of regulatory agencies and 
potential media attention may affect perfonnance. 
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Fig. 12. Attribute differences - random - coarse qualitative. 
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Fig. 13. Attribute differences - random - detailed qualitative. 

Attribute 082 - shared core values (organization module, 
culture factor). 

Team A: 5-6-6. Management audits in place. 
Team B: 3-3-4. Not many visits. 

4.3. Discussion 

Field test feedback, observations, and data analysis 
showed that SMAS is a practical process and produced 
consistent results [31]. This section discusses various 
aspects of the field test by examining the team composition, 
time needed to complete the assessment, FOe, scenarios, 
consequences, and evaluation of attributes. 

Team composition. There were differences in the compo
sition of the assessment teams. Team A consisted of two 
experienced and qualified marine tenninal operators, while 
team B was composed of two managers with extensive 
experienced in marine tenninal operations. The amount of 
comments by team A may reflect a greater openness of 
operators to fellow assessor operators. 

Time to conduct. There was approximately a 10 h differ
ence in assessment completion time between the two teams. 
Team A needed approximately 40 h to complete their 
assessment, while team B used approximately 30 h. Both 
teams required a full two days to complete phase 2. 

Factors of concern. The FOe threshold for the field test 
was set at 4. This was chosen because it was the highest 
value of any factor, and one purpose of the field test was to 
check the SMAS process for practicality. Therefore, 4 was 
the threshold value chosen to identify FOe in order to create 
scenarios. The value 4 is defined as: "meets requirements", 
"industry average", and "is adequate". In a regular assess
ment, if all FOe were four or less, the process would end 
after phase 2, concluding with a "meets requirement" or 
equivalent overall evaluation. 

Scenarios. A SMAS scenario is a synopsis of a possible 
course of events leading to an accident and is developed by 
assessors using identified FOe. The scenario provides a 
context in which to detennine consequence (e.g. amount 
of oil spilled). Team A thought that the scenarios they 
created during phase 1, using the FOe, were valid. Team 
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B thought their scenarios from phase I were unrealistic and that the use of ranges and comments were very helpful. An 
during phase 2 created other scenarios, using their past analysis of field test data showed that SMAS can produce 
experience of marine terminal accidents and near-misses. results more consistent than randomness. 

Consequences. Both teams worked together during the The following are conclusions from the field test: 
second training day to determine anchor points for conse
quences. The amount of oil spilled and monetary costs were 
determined from actual oil spill history in the area, as well 
as state and federal regulated fines. Influences affecting 
consequence were obtained from the area wide emergency 
preparedness plan and knowledgeable company personnel. 
These personnel provided excellent insight into "other" 
types of consequences. 

Evaluating attributes. The assessors felt that 140 attri
butes were a significant number to evaluate, and that some 
of the attributes were redundant and therefore should be 
eliminated. The Q-Sort is a method to identify such redun
dant attributes [33]. Using the Q-Sort method, assessors 
were asked to place cards with attribute names printed on 
them into five different stacks, numbered from 0 to 4. The 
number 4 correlates with attributes that are essential, while 
ocorrelates to the nonessential attributes. The number 2 in 
the middle is a neutral stack, where the attributes that are 
redundant or neutral are placed. 

Two assessors from the field test were used to do the Q
Sort. The first assessor did not place any cards in the 0 stack. 
and placed 3 in the No. I stack, 4 in the No.2 stack, 22 in the 
No.3 stack, and the remaining III in the No.4 stack. The 
second assessor did not place any cards in stacks No. 0, I, 
and 2, and placed only 3 in the No.3 stack. The remaining 
137 cards were placed in the essential, or No.4 stack. The 
first assessor said that there were subtle differences, but that 
overall he would keep all the attributes. These Q-Sort test 
results showed that a vast majority of the attributes were 
essential. 

5. Conclusions 

A majority of accidents across industries are caused or 
influenced by humans and organizations. To further reduce 
accidents, these humans and organizations require evalua
tion. SMAS was developed to evaluate organizations for 
characteristics found in HRO. SMAS is a screening method 
that selects and trains operators of the system to conduct a 
self-assessment. The assessment process takes five days and 
has the assessors making comparisons and evaluating HOF 
by selecting ranges and providing comments to capture 
uncertainty. Included in the process is a visit to the system. 
A computer program was developed to assist in the assess
ment process. 

A field test of SMAS was conducted at a marine terminal 
in California. Two teams, with members from the terminal 
and the regulatory agency, along with a facilitator, were 
selected and trained. These two independent teams 
conducted separate evaluations on the same marine term
inal. A comparison of the two team's assessments showed 

•� An assessment of a system for HOF can be accomplished 
in five days using SMAS. 

•� The selection and training of operators as assessors was 
very important to producing consistent results. 

•� Using operators as assessors is important because they 
provide insight into their system. Their comments are 
essential for supporting the numerical evaluations. 

•� A facilitator is essential to conducting SMAS. 
•� The computer program is critical in conducting the 

assessment. 

SMAS shows promise as an efficient and practical 
method to assess humans and organizations. 

SMAS was applied to two other marine systems: helicop
ter transportation [34] and diving-welding operations [35]. 
The approach has proved to be robust and versatile. 
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