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Work Factor Compatibility (WFC) theory proposes that human performance is
dependent on the interaction of various components (e.g., physical and mental
task demands, physical environment, social environment) of the work system and
integrates multiple human performance perspectives into a single mathematical
model. Work Factor Analysis (WFA) is a comprehensive survey administered to
employees to determine the WFC index. WFA also provides recommendations
for targeting specific work system areas for improvement. Preliminary testing of
the tool was conducted at a manufacturing operation of a Fortune 10 company.
Results are discussed and recommendations for further study are made.

human performance  work improvement workplace assessment

1. INTRODUCTION
1.1. Background

Business managers are continually searching for methods to improve human
performance and therefore increase productivity. Prior efforts to optimize
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human performance have considered subsets of work factors on selected out-
come measures in the work system (Genaidy, Karwowski, & Shoaf, 2002).
For example, ergonomics and human factors efforts have traditionally
focused on the study of task content (i.e., physical and mental task demands)
as it affects work injury and illness rates. The Job Characteristics Theory
(Hackman & Oldham, 1975, 1976) focused on job motivational factors (i.e.,
autonomy, skill variety, task identity, task significance, and task feedback)
as they affect work satisfaction. However, with the acknowledgment of the
significant interactive nature of task, environmental, social, individual, and
organizational work factors (Ackoff, 1994; International Labour Office,
1986; Kuorinka & Forcier, 1995; Shannon, Robson, & Sale, 2001), the focus
of work system analysis must be expanded. Recent efforts have begun to ana-
lyze work from the perspective of job demands and rewards (Karasek &
Theorell, 1990; Siegrist, 1996). To continue these efforts, a comprehensive
methodology for assessment of the work system must be devel oped.

In the workplace, human performance is influenced by numerous factors
from various components in the work system. The work system can be classi-
fied into the following components. physical and mental task demands,
physical environment, non-physical environment (Shoaf, Genaidy, & Shell,
1998; Shoaf et a., 2000). These components must be addressed through an
inclusive study as they are both additive and interactive in their effect. Shoaf
et al. (1998) described an integrative model of the work system. Work Factor
Anaysis (WFA) and Work Factor Compatibility (WFC) theory advance this
previous work by providing a method to collect data and evaluate the work
system.

WFC theory considers all integrative model components to determine the
degree to which the current work system environment is optimal for human
performance (Genaidy et al., 2002). WFC proposes that productivity is a
function of the energy expended (i.e., energy expenditure) by the employee
and the energy from the work system the employee requires in return (i.e.,
energy replenishment). The relationships of the various loads affecting
energy expenditure and energy replenishment are depicted in Figure 1. The
WFC index predicts that the best opportunities for optimal productivity exist
when both energy expenditure and energy replenishment levels are high.

WFA is the tool developed to measure the WFC of a work system
(Genaidy et a., 2002). It is an intensive set of survey questions, which meas-
ure the employees level of energy expenditure and energy replenishment.
The content of the questions are a composite of surveys developed to assess
specific subsets of work factors by prior research efforts.
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| physical task load |—

-I task load |—

| mental task load |—

physical environment load |—

physical work environment load |——| energy expenditure load

biological environment load |‘

| chemical environment load

radiological environment load |—

| social environment load

non-physical work environment load |— | work-factor compatibility

| organizational environment load

| social environment load

non—physical work environment load |—| energy replenishment load

| organizational environment load

Figure 1. Work factor load hierarchy.

1.2. Study Objective

The objective of this study is twofold: (a) to propose a methodology to
assess Work System Compatibility (WSC), and (b) to apply WFA to a manu-
facturing work operation in a Fortune 10 company to determine WFC and
make a preliminary assessment of its practicality and benefit as a measure-
ment tool.

2. DEVELOPMENT OF WFC METHOD
2.1. WFC Definitions
Work factors, elements in the work system resulting from requirements, con-

ditions, practices and procedures in the environment, act on the worker as
“loads.” In the work system, a load may be classified according to its effect



Downloaded by [185.55.64.226] at 11:08 08 February 2015

30 S. WALLACE, C. SHOAF, A. GENAIDY, AND W. KARWOWSKI

into either “energy expenditure” or “energy replenishment” load. An energy
expenditure load (e.g., the manual handling of objects, solving complex
mathematical problems, or an excessively noisy environment) leads to energy
consumption and therefore has an adverse effect. On the other hand, an
energy replenishment load (e.g., good financial incentives, social support)
acts as a stimulus that helps activate human energy reserves and therefore has
apositive effect. The relationship between the energy expenditure load (EEL)
and energy replenishment load (ERL) defines the degree of Work Factor
Compatibility (WFC).

2.2. WFC Hypothesis

It is our hypothesis that the higher the work system compatibility, the better
the outcome measures of human performance (fewer work accidents, injuries
and illnesses, higher work productivity and output quality, and higher work
satisfaction).

2.3. WFC Calculation

This section introduces the methodology used to calculate the WSC (Work
System Compatibility) Index. An overview of the process can be summarized
in three steps. First, EEL is calculated from the data describing the work fac-
tors that decrease the worker’s available energy for work. Secondly, ERL is
calculated from the data describing the work factors that increase the
worker’s available energy for work. Finally, the WSC Index is computed as a
function of the relationship between EEL and ERL.

2.3.1. Calculation of EEL

EEL describes work content (i.e., physical and mental task demands) and
work context (i.e., physical and a subset of non-physical work environment
conditions) as these work factors adversely impact the worker’s energy load.
The physical task demands are comprised of work factors that directly result
in muscular effort exertion (e.g., repetitive arm work). The mental task
demands encompass the work factors that directly result in mental effort
exertion (e.g., planning and scheduling work). Similar to physical task
demands, the mental task demands are evaluated in terms of both overload
and cumulative exposure.
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The physical work environment conditions are defined by physica (e.g.,
noise), chemical (e.g., toxic chemicals), biological (e.g., bacteria), and radio-
logical (e.g., X rays) conditions in the work environment. These conditions
affect both physical and mental effort consumption and can impact emotional
effort consumption. The non-physical environment is defined by the social,
organizational, and technical factors in the work system. Non-physical envi-
ronment conditions directly impact emotional effort that in turn influences
both mental and physical effort. It should be noted that the non-physical envi-
ronment factors in the energy expenditure domain used to calculate EEL are
distinct from those factors in the energy replenishment domain used in the
calculation of ERL.

Data for the work factors is gathered from a questionnaire assessment of
work systems called the Work Factor Analysis Instrument (Genaidy et al.,
2000). Each factor is assessed on the following linguistic scale: very low(l,
low2, somewhat low(3, moderateld, somewhat high(3, highB, very
high(7. After each area has been assessed, mathematical equations are used
to calculate EEL.

2.3.2. Calculation of ERL

ERL describes the specific non-physical environment conditions, organiza-
tional and socia factors, which serve to increase the worker’s available en-
ergy. Thus, ERL has a positive effect on the worker. The socia factors exist
through the interaction with others in the organization and may include social
support provided by supervisors, peers or subordinates, sense of community,
interpersonal openness, and work in groups. The organizational factors are
governed, among other things, by time organization, sequence of job activi-
ties, work responsibility, resource and interface management, and compensa-
tion and income security. After each area has been assessed, mathematical
equations are used to calculate ERL

2.3.3. Calculation of the WSC | ndex

The WSC Index, the degree of equilibrium between the energy expenditure
and energy replenishment loads, can now be calculated from EEL and ERL.
A panel of experts was convened to establish a set of guidelines from which
the WSC Index (Table 1) is derived. Fundamentally, the WSC Index is deter-
mined by the level of balance between EEL and ERL. Therefore, when both
EEL and ERL are at the same level, the “fit” is optima as the forces are
in equilibrium. Additionally, the following rules govern the WSC Index table:
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1. The farther conditions deviate from the “Region of Optimality” (i.e., mov-
ing up or down in a column from the l€eft to right diagonal in the table), the
more the WSC Index, in most cases, will deteriorate. The only exception
isin the far right column when ERL is greater than EEL and an improved
WSC results.

2. EEL isweighted more than ERL in the determination of the WSC Index as
energy expenditure has a greater impact on the energy replenishment. For
example, when ERL is high (e.g., high social support and rewards) and
EEL is extremely high, the WSC Index is low. If the work demands are
lessened and EEL becomes very high and ERL remains high, the WSC
Index improves to moderate.

3. Moderate levels of EEL and ERL result in a more favorable WSC Index
than extreme levels. For example, moderate levels of both EEL and ERL
result in ahigh WSC Index. Very high levels of both EEL and ERL result
in amoderate WSC Index.

TABLE 1. Work System Compatibility Index

ERL
EEL Very Low Low Moderate High Very High  Sustainability
Very Low L L L L L
Low L M M M M T
Moderate L M H H H Very sustainable
High VL L M VH H Not sustainable
Very High VL VL M M M \L

Notes. ERLO energy replenishment load, EELO energy expenditure load. Work System
Compatibility (WSC) scores are described according to 5 levels: VH (very high)O optimum
conditions, maintain current conditions if we can, we can rarely experience this condition;
H (high)O low priority change, continuous fine tuning, minor change; M (moderate)O secondary
change in the short and intermediate terms, definite change in the long term; L (fow)O high
priority change, definite change in the short term; VL (very low)d urgent and immediate
change, very high priority change.

If the work system compatibility is low, the specific work area or areas
that contribute to the low calculation can be examined. The work factor load
can be compared with the resources to determine where imbalances exist in
the work system, identifying potential areas for redesign. For example, if the
mental task compatibility is low, the task demands are not balanced with the
individual’s mental task resources.
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3. TESTING WFC METHOD WITH WFA
3.1. Background

The WFC method was tested with WFA at a Fortune 10 company with head-
guarters in the suburbs of a Midwest city in the USA. A significant portion of
this company’s income is generated from supplying spare parts. The majority
of the spare parts are manufactured by various global suppliers and purchased
by this Fortune 10 company for resale to its customers. Generaly, the spare
parts arrive at the Packaging Operation facility (PO) in bulk. The PO then
unpacks and repackages the parts, typicaly one per container to prevent
damage, and distributes them to the customers.

3.2. WFA Questionnaire

WFA (Genaidy et al., 2000) is a tool designed to determine WFC through
a comprehensive survey given to employees to assess EEL and ERL. The
WFA survey was administered to the PO employees. Each question charac-
terizes an aspect of work determined significant by prior human performance
theories. WFA differs, however, from the manner in which checklists are
traditionally used in that instead of ssimply indicating the presence or absence
of awork factor, a linguistic variable is employed to indicate the variable's
level. This approach is recommended when a detailed characterization of
work elementsis required (Shoaf et a., 1998).

3.3. WFA Results

Five salaried employees in the PO completed the WFA survey on two occa
sions separated by 4 weeks. The overall correlation value between the two
trials was 0.73 (p <.0001). For 4 of the participants the correlation ranged
from .82 to .85. The remaining employee’s correlation was under .48. The
computed load values were used to calculate WFC. EEL and ERL were both
computed as high values. The WFC for the PO was calculated to be very
high. Therefore, the PO is predicted to be functioning at optimum conditions.

In terms of workplace metrics, the PO is very highly productive if it
is packaging over US$1.2 per order. Examination of internal PO data
confirmed that this goal had been reached three times in the 5 months. This
indicates that there is probable correlation between WFC and actual produc-
tivity.
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3.4. Discussion

The PO’'s WFC score was closely correlated to its operational performance
during the time period assessed. These results were not unexpected as signifi-
cant resources are spent to ensure the area’s success. The values resulting
from WFA indicate that the employees rated productivity in the moderate
range whereas the WFC score was very high. As the employees rated safety
and quality as high to very high, these metrics drove the composite WFC
parameter to very high.

EEL scored high as aresult of the high level of the non-physical environ-
ment load (comprised of the Organizational and Social Environment |oads),
which was high as many employees reported anxiety concerning their job.
The Physica Work Environment Load had no impact on the calculation
of EEL as the PO working environment is generaly free from physical,
chemical, biological, or radiological hazards. ERL was also scored high
primarily due to the high Organizational Environment Load, driven by the
employees’ reports that they are very satisfied with their company and their
work organization.

Preliminary testing at the PO has determined that WFA is an acceptable
tool for establishing WFC; however the questionnaire has two weaknesses
that deter its effectiveness. First, it is too long to be used in the workplace.
Secondly, some questions are awkwardly worded. Accordingly, the WFA
instrument will be revised before future use. In summary, the PO is function-
ing well with moderate to high productivity and high to very high quality and
safety. There is a good balance between EEL and ERL and therefore, very
high WFC. There are no suggestions for work system improvements at this
time as functioning is optimal.

4. CONCLUDING REMARKS

This paper presented a new methodology for improving human performance
in the workplace. The WFA survey was developed to collect the data neces-
sary to calculate the WFC function, which provides recommendations for
work system redesign efforts. The WFA survey was administered in a PO of
a Fortune 10 company, and the WFC was assessed. The very high WFC level
was indicative of the PO’s actual productivity, safety, and quality metrics
during this period. The WFA survey should be improved based on the feed-
back gained from this application. Then, the WFC methodology can be tested
on alarger sample size.
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