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Abstract. The ‘balance model’ of job design was introduced in 1989 [1] and
expanded to the enterprise level later [2 - 7]. The main idea of this model is that
various components of the workplace interact to increase and decrease work-
place safety and health risk, and that careful ‘balancing’ of the components can
produce reduced risk and improved employee safety and health. In this paper
we discuss how the ‘balance model’ can be used to promote occupational safety
and health.
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1 The Balance Model

Smith and Carayon [1-4], Smith, Karsh, Carayon and Conway [6], Carayon and Smith
[5] and Carayon [7, 8] conceptualized the work system as comprised of five interact-
ing components: employees, tasks, technology, work environment, and the organiza-
tion (corporate processes). The proposition was that each of the components produced
risks for employee safety and health; for example the work environment had hazards
and the employees engaged in unsafe acts. These risks could be controlled by working
with each component to make improvements. In addition there were safety and health
risks that occurred because of the interactions among the various components; for
example the organizational component’s failure to notify employees about the risks of
new materials, or the employees’ failures to notify the organization about transient
and temporary hazards. Smith, Carayon and Karsh [9], Smith, Karsh, Carayon and
Conway [6] and Smith and Carayon [4] have discussed various hazards of each com-
ponent of the work system and some hazards due the interactions among system com-
ponents. In essence there is a need to be aware of and deal with the hazards that occur
within a component and from the interactions among the components.

2 Organizational Considerations

Cohen [10], Smith, Cohen, Cohen and Cleveland [11], Cleveland, Cohen, Smith and
Cohen [12] and Cohen and Cleveland [13] found that successful occupational safety
program performance occurred in those companies that had a commitment to reducing
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workplace risks, good communication between the workforce and management, good
human relations, structured activities for assessing and controlling hazards, and ade-
quate resources for controlling hazards. The “safety culture” of the company has been
identified as a critical element in the frequency rate for occupational injuries of a
company [14, 15].

This illustrates the essential role that corporate commitment and involvement has in
effective occupational safety and health programs. Conversely, without a strong corpo-
rate commitment and involvement it would be unlikely that a company would have a
good safety record. Corporate (management) commitment and involvement is a foun-
dation upon which effective occupational safety and health promotion is built.

The first element of a corporate commitment is a policy statement in support of oc-
cupational safety and health promotion that comes from the top of the company. This
statement spells out the roles of each component of the company, the rewards and pun-
ishments for performance, and the resources available for achieving good occupational
safety and health performance. It provides the “philosophy” of safety and health that
promotes active participation by all employees from the top position to the shop floor
employees and everyone between. Cleveland, Cohen, Smith and Cohen [12] found that
the safest companies had greater participation by all employees and better human re-
source relations among managers, supervisors, shop floor employees and unions. Top
management plays an important role in providing direction (vision) and resources for
setting up the systems and processes related to safety and health promotion.

The importance of a strong culture with a corporate commitment to safety and
health is in danger of reduced attention to safety and health when the economy be-
comes weak and a company’s profits decline. Reduced attention to safety and health
and cut backs in safety and health resources at such times undermine the corporate
culture and are likely to increase the risk for greater hazards and subsequent injuries
and illnesses among employees. A strong occupational safety and health corporate cul-
ture will reduce the likelihood that cut backs in occupational safety and health re-
sources will occur.

Zimolong and Elke [16] concluded from a review of safety management research
and theory that there are three consistent factors that emerge for ideal safety manage-
ment considerations. These are (1) genuine and consistent management commitment to
safety, (2) communication about safety issues between management, supervisors and
the workforce, and (3) involvement of employees in safety matters.

The second element in corporate commitment is a process to motivate managers
and supervisors to become actively involved in occupational safety and health promo-
tion and activities. Many companies have a safety and health review as part of a man-
ager’s annual performance rating and for determining pay increases. Some companies
have a policy that managers can be discharged for poor work unit safety performance,
or if a serious accident occurs. Other companies provide rewards and prizes for work
units and managers that have exemplary safety performance. The important point is
that corporate policies and actions have to get the attention of company managers and
supervisors that occupational safety and health are very important, and that good per-
formance will be rewarded while poor performance will be punished.

The current era (2000-2008) has seen very risky behavior by managers worldwide in
stock market funds, mortgage and finance banking, and in insurance investments that
have led to a major collapse of many investment funds, banks and insurance companies.
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Yet in the wake of this disaster it is astounding that many of the managers that made
very risky and poor decisions received huge bonuses even though the results were poor.
Such a reward structure encourages managers to take risks that can lead to unfavorable
outcomes. This type of risk management reward process is not what we want to have as
a motivational tool for managers in the arena of occupational safety and health. We
want managers to be rewarded for reducing the risk of accidents, injuries and illnesses,
and for the support they provide to employees to be involved in occupational safety and
health efforts.

The third element of corporate commitment and responsibility is the promotion of
good communications among all levels of the organization to ensure a knowledgeable
workforce. The flow of information must be bi-directional, that is upward as well as
downward. One approach for dealing with safety communications is to establish com-
munication networks. These are formal structures to ensure that information gets to the
people who need to know the message(s) in a timely way. These networks are designed
to control the amount of information flow to guard against information overload, mis-
information, or a lack of needed information. Such networks have to be tailored to the
specific needs of an organization. They are vital for hazard awareness and general
health and safety information. For instance, in a multi-shift plant, information on a
critical hazardous condition can be passed from shift to shift so that workers can be
alerted to the hazard. Without a communication network, this vital information may
not get to all affected workers and an avoidable exposure or accident could occur. This
is especially important in work settings where changes can occur very rapidly and,
therefore, working conditions may produce new hazards that every worker should be
aware of as soon as possible.

The fourth element of corporate commitment is providing the resources necessary to
support occupational safety and health efforts. This could include expertise in safety
and health participating in facility design, the purchasing of equipment, materials and
supplies, training for managers, supervisors and employees, and in carrying out safety
and health program activities. At the center of corporate commitment is a structured
program of hazard detection, evaluation, analysis and control. This is a visible demon-
stration to managers, supervisors and employees that safety and health are important
and need to be taken seriously. In addition, it is important to recognize that occupa-
tional safety and health issues need to be considered whenever changes in technologies
and production methods are implemented.

A critical element of corporate commitment is the use of metrics to evaluate the
successes and failures of safety and health efforts. Various measurements have been
used such as property damage costs, injury costs, insurance premiums, injury fre-
quency rates, employee lost days from work, and production costs of downtime due to
accidents and illnesses. The purpose of the metrics is to provide assessment of progress
and to pinpoint areas in need of attention. Such metrics are best used at an aggregate
level that provides a sufficient number of exposed employees that will allow for rea-
sonable trend analysis. These metrics are seldom useful for detecting trends at the indi-
vidual department or supervisor level.

Metrics at the department or supervisor level could include the extent of employee
training achieved, the number of serious hazards identified and resolved, the number
of employee safety contacts, and/or the number of safety meetings in a given period
of time.
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It has been suggested that the development of Total Quality Management ap-
proaches may produce some positive results with regard to occupational safety and
health [17]. Power and Fallon [18] have proposed TQM as a framework for integra-
tion of health and safety activities with other functions. They argue that the practice of
safety management should include the following TQM principles: management com-
mitment to occupational safety and health objectives, plans and policies; development
of a health and safety culture; employee involvement in safety activities, such as risk
assessment and training of new employees; measurement and monitoring of health
and safety performance; and continuous improvement.

K.U. Smith [19] and T.J. Smith [20] have proposed a model for integrating ergo-
nomics, safety and quality based on behavioral cybernetics theory. From a behavioral
cybernetics perspective, participatory ergonomics and safety and quality management
are effective because they enable workers to control sensory feedback from job-
related decisions or working conditions that affect them, and in turn to generate sen-
sory feedback for the control and benefit of other workers. Worker involvement in
decision-making, worker control over the production process, and job enrichment
enhance the overall level of worker self-control. Use of workers as resource special-
ists and emphasis on skill development can benefit the integration of ergonomics,
safety management, and quality management of the organization. This should lead to
quicker discovery and identification of hazards, as well as improved mechanisms for
communicating hazard-related information that can be used to improve work systems
and processes.

3 The Human Factor

At the center of the work system is the employee who carries out job tasks under the
direction of the organization (policies, managers, resources, rewards). There are many
theories and concepts that address how employee behavior creates risks for accidents
and injuries. Some focus on the characteristics of an employee or the workforce and
how these characteristics can lead to risky employee behavior. Others focus on the
misfits between the employee and the workplace that lead to employee errors (See
Smith and Carayon, 2003 for a discussion of some of these theories). KU Smith [19]
proposed that the employee was a critical point of control of hazards, and that this
role was much more important in promoting occupational safety and health than the
concerns about unsafe acts of employees. He proposed a series of ‘behavioral safety
codes’ that can lead to improved employee behavior and enhanced safety and health.

The employee is the point of interaction with the hazards (physical, chemical, radia-
tion, biological, behavioral) that produce injuries. S/he is the point where energy or
toxins are released that can damage property or persons. How the employee interacts
with the technology, materials and environment in carrying out tasks affects the risk
potential of work activities. Smith and Carayon [3] showed how the nature of this in-
teraction could lead to errors that produce accidents, and that the design of tasks, tech-
nology, management and environmental factors often play a significant role in causing
employee errors and unsafe behaviors.

Companies can take actions to enhance occupational safety and health promotion
among employees. The first action is to provide opportunities for employees to be
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active in managing the risks of their own work tasks. Employees can be empowered to
identify hazards and report them to supervisors. Many hazards are “transient” in that
they come and go depending on the circumstances of the tasks, technology and envi-
ronment. Encouraging employees to immediately report significant hazards to supervi-
sors can lead to quick resolution of the risk. This supposes that supervisors and
employees have an open communication channel, good relations and respect for each
other. The greater the employee participation and open communication afforded by the
company culture, then the greater the probability that employee hazard awareness and
hazard reporting will occur; this will then lead to actual changes in work systems and
processes that can either eliminate hazards or reduce their potential impact. This proc-
ess is similar to a participatory ergonomics process in which employees are involved in
the redesign of some element of their work systems [21].

A second action is to provide ongoing training for employees in hazard awareness
and recognition. Cohen and Colligan [22] found that safety and health training was
effective in reducing employee risk. Hazard knowledge is a strong tool that leads to
early detection and resolution of risks. Training also keeps employees aware of the
need to be alert to hazards, and to behave in ways that reduce rather than increase
risk. Several safety and health standards require periodic employee training to keep
their knowledge and skills in hazard recognition and avoidance current and at the
front of their awareness. Beyond these requirements companies can provide additional
training to further reinforce the need for employees to be alert, aware and knowledge-
able on how to respond to hazards.

Many theories of accident causation have defined employee unsafe acts or behav-
iors as the major factor in the cause of accidents. Other theories define human error or
employee unintentional or intentional behavior as a primary cause of accidents. Still
other theories have proposed that system design flaws and improper management lead
to human error that causes accidents. At the heart of all of these theories is the belief
that improper employee behavior, whatever its cause, is central to accident causation.
If this belief is conceded, then it makes sense to take actions that promote proper em-
ployee behavior when confronted with risks or hazards. The probability of proper
behavior is increased under the following conditions: (1) employees recognize the risk
and know what to do when confronted with the risk, (2) employees have the knowl-
edge, skills and capacity to act properly when confronted with risks, (3) employees
are motivated to respond properly to the risks, and (4) action is taken by management
(or employees) to control the risks.

A large number of the hazards in the workplace are produced by the interaction be-
tween employees and their tools and environment. Some of these hazards cannot be
completely controlled through hazard inspection and engineering controls. An ancil-
lary way they can be controlled is by increasing employee recognition of the hazards
and by proper and safe employee behavior when confronted with the hazards. Such
behavior may be the use of safe work procedures to ensure that hazards will not oc-
cur, taking an evasive action to avoid a hazard when the hazard does occur, or inform-
ing supervision of the hazards so that appropriate action can be taken. There are very
few hazard control efforts that are not in some way dependent on the proper behavior
of employees. But, increasing employees’ awareness of hazards is meaningless if em-
ployees do not behave in a proper and safe way by using their hazard awareness and
knowledge.
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Conard [23] defined work practices as employee behaviors that can be simple or
complex, which are related to reducing a hazardous situation in occupational activi-
ties. There are a series of steps that can be used in developing and implementing work
practices for eliminating occupational hazards: (a) the definition of hazardous work
practices; (b) the definition of new work practices to reduce the hazards; (c) training
employees in the desired work practices; (d) testing the new work practices in the job
setting; (e) installing the new work practices using motivators; (f) monitoring the ef-
fectiveness of the new work practices; (g) redefining the new work practices as
needed; and (h) maintaining proper employee habits regarding work practices. Hop-
kins, Conard and Smith [24] demonstrated the efficacy of this approach for decreasing
risky workplace behavior and increasing proper work practices that reduced employee
exposures to hazardous chemicals.

To reiterate, proper employee behavior has as its foundation a corporate culture
that promotes and rewards the proper behavior, well trained and knowledgeable em-
ployees, supervision and management that responds to employee identification of
risks, and work systems and processes that promote safe behaviors. In essence the
best way to get proper employee behavior is to make it part of the corporate safety
and health culture.

4 Task Factors

Work task design is a significant consideration for controlling safety hazards, and
management is responsible to ensure proper task design [1-4]. The demands of a work
activity and the way in which work is conducted can influence the probability of an
exposure to a hazard or an accident. In addition, the influence of the work activity on
employee attention, satisfaction, and motivation can affect behavior patterns that in-
crease exposure and accident risk. Task design has to be based on considerations that
will enhance worker attention and motivation. Work task considerations can be broken
into the physical requirements, mental requirements, and psychological considerations.
The physical requirements influence the amount of energy expenditure necessary to
carry out a task. Excessive physical requirements can lead to fatigue, both physiologi-
cal and mental, which can reduce worker capabilities to recognize and respond to
workplace hazards. Mental overload and underload can take employee attention away
from risks while doing tasks. The use of work design principles to meet the physical,
mental and psychological needs of employees will lead to better employee hazard
awareness and safer behavior.

Other task considerations include the pace or rate of work, the amount of repetition
in task activities, and work pressure due to production demands [1]. Task activities,
that are highly repetitive and paced by machinery rather than employee paced, tend to
be stressful. Such conditions diminish an employee's attention to hazards and his/her
capability to recognize and respond to a hazard. Tasks with relatively low workload
and energy expenditure can be very hazardous due to boredom that leads to employee
inattention to hazards [1].

Psychological task content considerations, such as satisfaction with job tasks, the
amount of control over the work process, participation in decision making, the ability
to use knowledge and skills, the amount of esteem associated with the job and the
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ability to identify with the end products of the task activity can influence employee
attention and motivation [1-2]. They also can cause job stress [1]. Job stress can affect
employee ability to attend to, recognize, and respond to hazards, as well as the moti-
vation needed to be concerned with personal health and safety considerations. Nega-
tive influences can bring about emotional disturbances that limit the employee's capa-
bilities and motivation to respond.

Scientific work design principles can be applied for developing tasks that have
proper content to eliminate overload and underload, and will enhance the employee's
physical and mental state [1-3]. Work tasks should be under the control of the em-
ployee and repetition should be avoided if possible [3]. This latter requirement is
sometimes hard to achieve. When work tasks have to be repetitious then providing the
worker with some control over the pacing of the task reduces stress associated with
such repetition. Employee concentration and attention can be enhanced by providing
frequent breaks from the repetitious activity to do alternate tasks or take a rest [3, 6, 9].

Training employees about proper work procedures provides direction that will help
employees avoid hazards or to more effectively deal with hazards. The basis of good
instruction and training is the job analysis which provides detailed information on the
job tasks, environment, tools, and materials used. The job analysis will identify high
risk situations. Based on verification of the information in the job analysis, a set of
instructions on how to avoid hazardous situations can be developed. The implementa-
tion of such instructions as employee behavior will be covered in the next section
under training and safe behavior improvement.

5 Technology and Materials Factors

The relationship between the controls of a machine and the subsequent action of that
machine dictates the level of skill necessary to perform a task. The action of the con-
trols and the subsequent reaction of the machinery must be compatible with basic hu-
man perceptual/motor patterns [6, 9, 19]. If there is incompatibility, then significant
interference with performance can occur which may lead to improper responses that
can cause errors and accidents [3]. The adequacy of feedback about the reaction of the
machine to the control action affects the performance efficiency that can be achieved,
and the potential for an operational error. Equipment must conform to principles of
proper engineering and human factors design so that the controls that activate the ma-
chine, the displays that provide feedback of machine action, and the safeguards to
protect workers from the action of the machine are compliant with worker skills and
expectations. The action of the machine must be compliant with the action of the con-
trols in temporal, spatial and force characteristics.

The hazard characteristics of materials will affect exposure and risk [4, 6, 9]. More
hazardous materials inherently have a greater probability of adverse safety and health
outcomes. Sometimes employees will be more careful when using materials that they
know have a high hazard potential. But this can only be true when employees are
knowledgeable of the materials’ hazard level and they know how to respond to the
risks posed.

Ensuring that machines are designed properly and that employees are aware of the
risks of the materials they work with is the responsibility of management. These issues
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are part of a comprehensive and effective safety and health program; see discussion
above on organizational considerations.

6 The Work Environment

The work environment can expose employees to materials, chemicals, radiation, bio-
logical agents and physical agents that can cause harm or injury if the exposure ex-
ceeds safe limits [4, 6, 9]. Such exposures vary widely from industry to industry, from
job to job, and from task to task. Hazard exposures in the work environment influence
the probability for an accident, injury or illness, and the extent of exposure often de-
termines the seriousness of an injury. The hazard potential of different environmental
factors can be evaluated using various federal, state and local codes and standards for
worker protection, and limits established by scientific and professional groups. A
comprehensive safety and health program can be very effective in defining and con-
trolling workplace hazard exposures. Providing a proper work environment that is
free of hazards, has adequate sensory requirements, and permits smooth work flow is
the responsibility of management. Ensuring that the work environment remains clean
and uncluttered is an important issue for good safety performance [10, 11].

A formalized approach to hazard control often includes an inspection system to de-
fine workplace hazards, accident investigations, record keeping, a preventive mainte-
nance program, a machine guarding program, review of new purchases to ensure
compliance with safety guidelines, materials safety data sheets, and good housekeep-
ing requirements [4, 6, 9]. The effectiveness of specific aspects of such a formalized
hazard control approach has been debated [10, 11], but it is clear that structured pro-
grams are a good idea [4, 6, 9, 11]. Cohen [10] indicated that more frequent informal
inspections may be more effective than more formalized approaches. This may be
because the informal programs often involve workers in defining the hazards. How-
ever, the significance of formalized hazard control programs is that they establish the
groundwork for other programs such as work practice improvement and training. In
essence, they are the foundation for other safety approaches.

7 Conclusions

The Balance Theory was created as an attempt to develop a more realistic approach to
the design of the work system. It provides an integrated, holistic approach to identify-
ing elements of the work system, as well as a set of principles for the design or redes-
ign of work systems. Consistent with an integrated approach that bridges various
areas (job/organizational design, job stress, and human factors and ergonomics), the
outcomes of interest of the ‘Balance Theory’ are diverse and include job satisfaction
and stress, and worker health, safety and well-being [7]. The broader work system
model encompasses psychosocial, cognitive and physical aspects of work that can
create psychosocial, cognitive and/or physical demands and loads on the individual.
For instance, the tasks performed by the individual have psychosocial dimensions
such as control over work pace, cognitive dimensions such as information overload,
and physical dimensions such as repetitiveness. These psychosocial, cognitive and
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physical loads created by the work system interact with each other and have various
impacts on the individual’s ability to respond appropriately to risk.
The core principles of work system design of the ‘Balance Theory’ are:

1. to eliminate negative aspects of each work system model. This requires knowledge
in the areas of job/organizational design, job stress, and human factors and ergo-
nomics.

2. to balance the work system. Because it may not be possible or practical to elimi-
nate all negative aspects of the work system, the entire work system needs to be
balanced so that the overall impact on the individual is high performance, low job
stress, good health, and high safety and well-being. The balance can be achieved
by identifying aspects of the work system that can be used to compensate for the
negative aspects. Another method for achieving the balance is overall system bal-
ance where there are sufficient significant positive aspects that balance out for the
negative aspects of work [7, 8].

Carayon and Smith [5] and Carayon [8] have described an expansion of the ‘bal-
anced work system’ and proposed the ‘balanced organization’. The organization is
conceptualized as being a collection of work systems that are interconnected; the ele-
ments of the organization include: people, strategy, structure, rewards and processes.
The work system model can also be expanded to describe phenomena at the team
level: a team is comprised of individuals who perform tasks using tools and technolo-
gies; the work of the team occurs in a physical environment and is influenced by vari-
ous organizational factors. This expanded model provides an improved concept for
promoting safety, health and wellbeing at the workplace.
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