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ABSTRACT 

A workshop was conducted whose specific purpose was to build on earlier work of the 
United States National Research Council, United States Federal government agencies, and the 
larger human factors community to: (1) clarify human factors issues pertaining to degraded 
performance in advanced human-machine systems (e.g. , nuclear production, transportation, 
aerospace) due to human work underload and workload transition, and (2) develop strategies 
for resolving these issues. 

Recent history demonstrates that: (1) humans often react adversely to their diminishing roles 
in advanced human-machine systems, and therefore (2) new allocation models and strategies 
are required if humans are to be willing and able to assume diminishing and shifthg roles 
assigned to them in these systems, and are to accept new technologies making up these 
systems. Problems associated with theses diminishing and shifting human roles are 
characterized as work underload and workload transitions. 

The workshop affirmed that: (1) work underload and workload transition are issues that will 
have to be addressed by designers of advanced human-machine systems, especially those 
relying on automation, if cost, performance, safety, and operator acceptability are to be 
optimized, (2) human machine allocation models, standards, and guidelines which go beyond 
simple capability approaches will be needed to preclude or seriously diminish the work 
underload and workload transition problems, and (3) the 16 workload definition, 
measurement, situational awareness, and trust issues identified during the workshop, need 
resolution if these models, standards, and guidelines are to be achieved. 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy. completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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INTRODUCTION 

This paper presents the findings of a two-day workshop conducted in Idaho Falls, Idaho, 
United States, among 20 experts in the areas of human factors and advanced human-machine 
systems (e&, nuclear operations, transportation, military). The Idaho Falls workshop built 
on earlier work conducted by the United States National Research Council, United States 
federal government agencies, and the larger human factors community. Its purpose was to: 
(1) identify and refine human factors issues pertaining to degraded performance in advanced 
human-machine systems due to human work underload and workload transition; and (2) 
develop general technical approaches for resolving the issues. (Ryan, et. al 1994)''' (Ryan, 
1994)" 

The workshop affmed that; (1) work underload and workload transition are problems that 
will have to be addressed by designers of human-automation operating configurations, if cost, 
performance, safety, and user acceptability are to be optimized, (2) human function 
allocation models, standards, and guidelines, which go beyond simple capability approaches, 
will be needed to preclude or seriously diminish the work underload and workload transition 
problems, and (3) the 16 issues identified during the Idaho Falls workshop, need resolution if 
these models, standards, and guidelines are to be achieved. . 

1. STATEMENT OF THE PROBLEM 

Research on issues unique to human workload allocation, particularly with regard to 
advanced technoIogies is currently in its infancy. Historically, human factors designers have 
employed straight-forward capability models to allocate tasks between humans and machines. 
With the introduction of automation, this approach has led to a steadily diminishing human 
role. Recent history also demonstrates that: (1) humans often react adversely to their the 
diminishing roles, and therefore (2) new docation models and strategies are required if 
humans are to be willing and able to assume the diminishing and shifting roles assigned to 
them in these new systems, and are to accept the new technologies making up these systems. 
Problems associated with these diminishing and shifting human roles are characterized as 
work underload and workload transition. 

The Human Workload Allocation Problem, derived during the Idaho Falls workshop, states 
that ..." advanced technologies are increasingly assuming primary roles in complex high 
reliability systems, roles formerly occupied by human beings. Humans all too often 
experience chronic under-utilization (Work Underload) or a shifting between and coping with 
under- to over-utilization (Workload Transition). This transfer of roles' may be accompanied 
by measurable declines in human and overall system performance. Socio-technological 
systems, such as those anticipated in advanced nuclear production settings, are not adequate 
for ensuring high levels of human acceptance and performance, or for ensuring good cost 
benefit ratios." 
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2. STATEMENT OF THE SOLUTION 

In 1988, in response to'a request from the United States Army Human Engineering 
Laboratory, the Committee on Human Factors of the United States National Research 
Council, undertook a study to provide advice and guidance on the effects of prolonged work 
underload on the subsequent performance of critical tasks under abnormal or emergency 
conditions, and on approaches that might be employed to off-set or compensate for 
decrements in performance which may otherwise occur. Concern for this issue, in part, 
grew out of transportation-related events in nuclear energy production (nuclear power 
generation, waste transportation), commercial aviation, rail, shipping, and emergency medial 
service, that have O C C U K ~ ~  in the recent past in system settings where automation and related 
technologies have made ambiguous the role of the human-in-the-loop. The United States 
National Research Council findings published in early 1993, under the title Workload 
Transition: Imdications for Individual and Team Performance, were the main inputs to the 
Idaho Falls workshop for developing a workload solution statement. (Huey and Wickins 
1993)[31 

The Human Workload Allocation Solution derived during the Idaho Falls 
workshop states that. .."models, strategies, standardized criteria, and guidelines 
which go beyond simple considerations of human versus mechanical 
capabilities and which are based on empirical data, are required for static and 
dynamic allocation of functions and roles of hardware, computer software, and 
humans in systems involving advanced human-machine technologies. More 
specifically, they need to be directed toward counteracting negative 
motivational, attitudinal, and performance effects of Work Underload and 
Workload Transition. " 

3. IDAHO FALLS WORKSHOP PARTICIPANTS 

The 20 participants in the workshop represented the interdisciplinary safety practitioner 
community which included: consultant research, academia, United States National Research 
Council (NRC), United States Department of Transportation, Idaho National Enginering 
Laboratory (INEL), Battelle Human Affairs Research Centers (HARC), and Idaho 
Department of Transportation (IDOT). 

4. WORKSHOP METHODOLOGY 

The Idaho Falls workshop built, in part, on the results of the recent study on workload 
transition conducted by the National Research Council cited above (Wickens and Huey, 
1993)13], The workshop also built on recent workload research sponsored by the United 
States Department of Transportation, other Government agencies, and academia (e.g., 
Dingus and Hulse, 1993[41; Hill et al., 1992*']; Kantowitz et al., 1993@]; and Ng and Barfield, 
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1993m). Their work focuses on information requirements and acceptability of new 
technologies by humans in advanced human-machine system settings. The latter acceptability 
of new technologies can be expected to be a major issue in workload determination. 

The workshop followed a presentation-discussion-presentation format in order to achieve a 
final list of work underload and workload transition issues capable of being studied/resolved 
using human factors state-of-knowledge research and development approaches and 
techniques. The workshop was divided into three sessions. 

5. WORKLOAD DEFINITIONS 

During the first session, workshop participants developed the following working definitions 
of work underload and workload transition. 

"Work Underload is a task characteristic in which substantially more human 
resources are available to perform the task than the task requires." 

"Workload Transition is a marked shift in task demand, or an abrupt increase 
or decrease in workload." 

6. IDENTIFICATION OF TECHNICAL ISSUES 

During the second session of the workshop participants identified the following 16 workload 
issues needing resolution for advanced human-machine systems. 

Operational definition of workload distinguishing between workload and task 
load. 

Models of system operator attention, vigilance and monitoring. 

Factors influencing operator trust. 

Factors and measures affecting situational awareness. 

Factors affecting operator situational comprehension. 

Operator strategies for monitoring and changing his own workload. 

Levels and types of automation available. 

Influences of stress, fatigue, alcohol, drugs, and other fitness for 
control factors. 
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7. 

[9] Physical mechanisms (e.g., touch, voice). 

[lo] Factors affecting the mental models under differing operating 
configurations. 

[ 111 Generalizability of the current state of knowledge concerning human- 
machine interactions. 

c151 

1161 

Other human performance data required for fully exploiting human- 
machine technologies in advanced human-machine systems. 

Cost trade-offs between safety and performance under differing human- 
automation operating configurations. 

Safety and performance under differing human-automation operating 
configurations brought about by display transparency. 

Factors distinguishing proximal, distal, and extraneous tasks. 

Effects of social factors, on human performance in differing human- 
automation operating configurations. 

CATEGORIZATION OF TECHNICAL ISSUES 

During the third session of the workshop, participants assigned each of the 16 issues to one 
or more of the general categories. 

7.1 General Categories 

Category 1 -- Workload and transition measurement is a comparison of task requirements 
(task load) through time and space, with task incumbent capabilities to perform the task 
through time and space (task incumbent capabilities). Issue 1 was assigned to this category. 

Category 2 -- Situational awareness during normal operating conditions is that achieved 
through application of automated and manual technologies, and combinations of the two. 
Issues 8 and 13 were assigned to this category. 

Category 3 -- Trust in automated technoloEies for control, alerting, warning, and accident 
recovery tasks. Issues 2, 3, 4, 7, 8, 11, and 12 were assigned to this category. 

Category 4 -- AlIocation of workload based on task loadlincumbent capabilities measurement, 
situational awareness, and trust. Issues 5, 6, 8, 9, 10, 12, 14, 15, and 16 were assigned to 
this category. 
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7.2 Definitional Refinements 

To further describe the parameters of each issue category, workshop participants 
having divided themselves up into four groups, each group corresponding to one of the four 
issue categories, and addressed the following seven definitional refinement questions. 

8.2.1. Operator Performance Affected 

Table 1 presents the responses of the four working groups to aspects of the operators’ 
performance affmted by work underload and workload transition. As indicated in the table, 
the groups selected seven refinement options. Monitoring, information seeking, and 
decisionmaking were selected for all four categories of issues; planning was selected for 
three of the issue categories. 

Table 1 
Refinement Ouestion: 

1. What operator performance 
is affected? 

Planning 
Monitoring 
Information Seeking 
Decisionmaking 
Control and Operation 
Communication 

Category/Group 

1 

X 
X 
X 
X 
X 

2 3 

X 
X 
X 
X 

X 
X 
X 
X 

4 

X 
X 
X 
X 
X 
X 

X X Situational Awareness 

7.2.2. Success Criteria 

Table 2 presents the responses of the four working groups, as barriers to advanced human- 
machine system technologies success. That is, will resolution of the workload question make 
the technology: 

e 

more practical, 

more acceptable to operators and/or users, 

more useful for making to overall advanced transportation system both 
enhance safety, reliability, and cost-savings, or 
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a combination of practicality, acceptability usefulness benefits? 

Table 2 

Refinement Ouestion 

2, What are the Success criteria? 

Practicality 
Acceptability 
Usefulness 

Category/Gr oup 

2 3 1 

X 
X 
X 

X 
X 
X 

X 
X 

4 

X 
X 
X 

All four groups felt their category of issues would be impacted by all three criteria, except 
usefulness in the trust category group. This refinement is an indication of the pervasiveness 
of the workload issue in advanced transportation systems development, especially where 
operator control prerogatives can be expected to be reduced. 

7.2.3. Operators hpacted by the Issue Category 

Table 3 presents the selections of the four working groups as to which operators in advanced 
human-machine systems would be expected to be adversely impacted by work underload and 
transition. The driver (or pilot) and controller (operator) were selected for all four 
categories; the passengers (crew) as part of the workload measurement process’ and for 
situational awareness. 

Table 3 
Refinement Ouestion 

3. What system participants are impacted? 
Category/Group 

1 2 3 4 

Driver (pilot) X x x  X 
Passenger (crew) X X 
Controller (operator) x x x x  
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7.2.4. Mediating Variables 

Table 4 presents the selections of the four working groups to characteristics of the system 
participants that would be expected to impact the practicality, acceptability and usefulness of 
a particular workload guideline or standard. As indicated in the table, age, training, 
disabilities, and language barriers, were selected for all four categories of issues; all of the 
remaining responses were identified for three of the four categories. 

Table 4 

Refinement Ouestion 

4. Mediating variables? 
Category/Group 

Age 
Training 
Experience 
Disability 
Language 
System Designer 

1 2 

X X 
X X 
x x  
x x  
X X 
X X 

3 

X 
X 
X 
X 
X 
X 

4 

X 
X 

X 
X 

7.2.5. Resolution Strategies 

Table 5 presents the selections of the four working groups to general types of resolution 
strategies each issue category might lend itself. This refinement question was considered 
i m p o h t  as a bridge to the latter resolution strategy segment of the session, and as a bridge 
to Issue Refinement Questions 6 and 7 discussed below, and because it focuses on the . 
technical approaches that could be used to resolve the issue. "Translate for designated user 
(operator, designer)" was selected for all four categories of issues; "data gathering" was 
selected for three of the issue categories. Translate for designated user is a technology 
transfer question. 

7.2.6. Workload Solution Formatting 

Table 6 presents the selections of the four working groups to the forms of presentation that 
work underload and transition information should take for transfer to advanced transportation 
system operators and designers. No refinement options were selected for all four groups. 
Models, that is, characterizations of human behavior in advanced transportation systems and 
the mechanisms that might influence that behavior, and guidelines for applying these models 
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in the design and operation of such systems, were seiecteu ror tnree or me rour caregones or 
issues. 

Table 5 

Refinement Ouestion 

5. Resolution strategies? 

1 

X 
X 
X 

X 
X 

Category 

2 3 4 

X 
X 
X X 

Needs Assessment 
User Assessment 
State of Knowledge Application 
Data Gathering 
Modeling 

ControlIed Experimentation 
In-pro~es~ Testing 

Translate for Designer Use X X 
Technology Transfer X X 
Field Testing X X 

X 
X 
X X 

Table 6 

Refinement Ouestion 

6. Solution formatting? 

I 

Guidelines 
Models 
Standards 
Criteria 

Category/Group 

1 

X 
X 
X 

2 3 

X X 
X 

X 
X 

4 

X 

7.2.7. Generalizability of Guidelines and Standards 

Table 7 indicates that all four groups felt their category of issues would be generalizable to 
any complex, high reliability system setting (e.g., military, industrial production and 
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processing, radiological and chemical substances control). This generalizability of workload 
issue solutions points both to the criticality of the issue, the potential safety, effectiveness, 
and cost-benefit payoffs of resolving these issues. 

Refinement Ouestion 

7. Generabability of resuIts? 
Categ ory/Gr ou p 

1 2 3 4 

Universal (to all human-machine 
system settings) X X X X 

8. 

[I1 

P I  

[31 

r41 

9. 

SUMMARY 

Eleven, or 27 percent, of the 41 refinement options presented in Tables 1 through 7 
were selected for all four categories. That number increases to 26, or 63 percent, of 
the strategy options presented in the tables when three of four categories are included. 

All work underload and workload transition issues are expected to significantly impact 
the practicality, acceptability, and usefulness of any advanced human-machine 
technology. 

Operator characteristics, including disabilities and other demographics, such as age 
and experience, dong with situational factors, such as work setting and language, all 
mediators of workload, will impact system success. 

Workload guidelines and standards emerging from research and development can be 
expected to generalize to other complex high reliability system settings involving 
multifaceted human-machine interactions. 

TECHNICAL ISSUES RESOLUTION STRATEGIES 

Tables 8 through 15 below present working group responses to each resolution strategy 
question for the four categories. 
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9.1 Rationale for Resolution Strategy 

Table 8 presents the selections of the four working groups regarding the rationde for a 
particular resolution strategy. As indicated by the table, the groups identified a variety of 
rationales, not necessarily common to even two, let alone three of four of the categories. 
The workload measurement group was primarily concerned with who (operators, designers, 
both) needs to have the information. The situational awareness group was primarily 
concerned with mediating factors such as operator demographics, and situational and system 
variables. The trust group was primarily concerned with the varying allocation modalities. 
Finally, the applications group was primarily concerned with allocations and workload 
measurement. 

9.2 Resolution Completion Time 

Table 9 presents the selections of the four working groups as to times required to produce 
usable results. Three of the four groups, except the trust group, felt that initial results could 
be produced within 18-months. The measurement and situational awareness groups felt that 
resolution of those issues would be an iterative and ongoing process over a estimated five 
year period. 

Resolution Ouestion 

1. Goals of a particular resolution 
strategy? 

Table 8 

Category/Group 

2 3 1 

Who Needs to Know 
State of Knowledge Confirmation 
Data Base Expansion 
Accommodate Differing Environments 
Accommodate Differing Systems 
What Allocation 
When Allocation 
How Allocation 
Level Allocation 
User Acceptability 
Workload Considerations 
Task load Considerations 
Transition Considerations 

X 
X 
X 
X 
X 

4 

X 
X 

X 
X 

X 
X 

X 
X 
X 

X 
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9.3 Technical Resources Required 

Table 10 presents the selections of the four working groups as to the technical resources 
needed to achieve results. As indicated by the table, all groups felt that the existing state of 
knowledge is a key factor in meeting the 18-24 month goal. Additionally, three of the four 
groups felt that simulators would be critical for affirming the current state-of-knowledge and 
for testing new workload concepts, models, and guidelines. 

Resolution Ouestion 

2. Time necessary to complete? 

Table 9 

Category/Group 

2 3 1 

18 Months x x  
2 Years X 
3Years ' X X X 
5 Years X X 

4 

X 

9.4 Research and Development Setting 

Table 11 presents the selections of the four working groups as to settings within which issue 
resolution data might best be collected. As indicated by the table, iaboratory studies 
ostensibly using simulators, and demonstration projects, were selected by a l l  four groups. 
Case studies and sampled field studies were selected by three of the four groups. 

Table 10 
Resolution Ouestion 

3. Technical resources required? 
Category/Group 

1 2 3 /I 
State of Knowledge X X X 
Simulators X X 
System Reliability Data X 
Specialists in Fields X 

X 
X 
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Table 11 
Resolution Question 

4. Research and development settings? 
Categ ory/Grou p 

Sampled Laboratory Studies 
case studies 
Sampled Field Studies 
Demonstration Projects 
Incident Report Analyses 
User Surveys 

1 2 3 

x x  X 
x x  X 
x x  X 
x x  X 
X 

X 
- 

4 

X 

X 

User Focus Groups X 

9.5 Data Sources 

Table 12 presents the selections of the four working groups as to what data sources should be 
relied on for solutions to workload measurement, situational awareness, trust, and 
applications issues. State-of-knowledge and directly observed human performance data were 
selected by all four groups. The other source options were selected by individual groups 
based on the sources’ particular relevance to the issue category. 

I1 

Table 12 
Resolution Ouestion 

5. Data sources? 
Category/Group 

1 2 3 

State of Knowledge 
Human Performance 
System Performance 
Incident Reports 
Vehicle Performance 
Failure Consequence Analyses 
Simulator 
OperatorKJser Need 

x x  X 
X X X 
X 

X X 
X 

X 
X 

X 
OperatorKJser Opinion 

4 

X 
X 

X 
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9.6 

Table 13 presents the selections of the four working groups concerning tasks that need to be 
accomplished in order to resolve the workload measurement, situational awareness, trust, and 
applications issues. The situational awareness and trust groups selected analyses involving 
operatorldesigner preferences. This is reasonable since operators and designers will be the 
subjects of the workload guidelines and standards, the former as task incumbents and the 
latter as decisionmakers in allocating workload. 

Tasks Required to Resolve Issue 

Table 13 
Resolution question 

6. Tasks to perform? 
Category/Group 

1 2 3 4 

Defme Workload 
Develop Workload Design Tool 
Validate Results 
Tr$nsfer Technology 
Conduct Literature Review 
Analyze State of Knowledge 
Analyze Incident Reports 
Analyze OperatorAJser Preferences 
Do Prototyping 
Conduct Field Studies 

X X 
X X 
X X 
X 
X X 

X 
X X 
X X X 
X X 
X X 

9.7 Data Treatment 

Table 14 presents the selections of the four working groups as to the types of analyses that 
need to be performed on the data to achieve a result. All four groups selected qualitative 
analysis. This is consistent with earlier emphasis placed on the existing state- of-knowledge, 
demonstration studies, and preference surveys among operators and designers. Much of the 
data from these sources will not necessarily lend itself to quantitative treatment using 
standard statistical techniques. Three of the four groups, however, do anticipate that 
quantitative analysis can and should be completed on data collected by any or all of the 
means listed in Tables 11 and 12. 
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Table 14 
Resolution Ouestion 

7. Data treatment? 
Category/Group 

1 2 3 4 

Descriptive Analysis x x  
Qualitative Analysis X X X X 
Quantitative Analysis x x  X 

9.8 Data Interpretation 

Table 15 presents the selections of the four working groups as to how the results of their 
studies should be interpreted. The measurement group was concerned with workload 
measures comprehensibility and therefore its usefulness to the designedoperator. The 
situational awareness and trust groups were concerned with a variety of information 
processing and impacts on performance of alternative workload allocation strategies. The 
applications group was primarily concerned with processing of information, especially in a 
warning system setting, and the effects of medium for presenting information to the operator. 

Table 15 
Resolution Ouestion 

Category 

1 2 3 4 

Utility to User X 

Information Comprehension x x  X 
Effects of Information Redundancy X X X 
Effects of Information Sequencing x x  X 

How Information Processing 
occurs X X X 

X X X 
X X X 

Effects of Visual Presentation 
Effects of Auditory Presentation 

. 
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I O .  SUMMARY 

[I] Seven, or 12 percent, of the 57 resolution strategy options presented in Tables 8 
through 15 were selected by all four groups. That number increases to 25, or 44 
percent, of the strategy options presented in the tables when three of four groups are 
considered. 

[2] Considerable credit is given to the existing state-of-knowledge as an important source 
of data for resolving many of the work underload and workload transition issues 
identified during the workshop. 

[3] Workshop participants were ambivalent about inclusion of incident reports as a source 
of information. In Table 11 it was only selected as a potential data gathering setting, 
by the situational awareness group. Later in Tables 12 and 13, however, the trust 
group dso selected incident reports as a source of data for analysis. 

[4] A second dimension to the issue resolution strategy, that must be considered, is the 
role of the system operator on the one hand, and the role of the system designer on 
the other hand. Workload allocation guidelines and standArds perceived as practical, 
acceptable, and useful to the operator may not be to the designer. 
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