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Abstract The objective of this paper is three fold. First, a general framework for development of
total ergonomics model is introduced. Second, it is described how total ergonomics model may be
applied in practice to intensify the productivity and working conditions of manufacturing systems.
Third, it is shown whether the tota ergonomics model is superior to the conventional ergonomics
approach. This study is among the first to examine total ergonomics components in a manufacturing
system. Total ergonomics model considers conventional ergonomics factors as well as management
and organizationa factors. The total factors are defined as teamwork, information flow, information
exchange, training (accident prevention and mitigation and safety in addition to conventiona
training), management skills and organizational procedures. Control room operation and maintenance
department of a large thermal power plant is chosen as the case of our study. To achieve the above
objectives, an integrated approach based on total ergonomics factors is developed. Second, it is
applied to the power plant and the advantages of total ergonomics approach are discussed. Third, the
impact of total ergonomics factors on local factors is examined through non-parametric statistical
analysis. Moreover, the importance and impacts of total ergonomics factors are shown through
Cramer's Phi coefficient and Kruskal-Wallis test. It is shown that total ergonomics model is much
more beneficial than conventional approach. It should be noted that the traditional ergonomics
methodology is not capable of locating the findings of total ergonomics model. The distinguished
aspect of this study is the employment of a total system approach based on integration of the
conventional ergonomics factors with management and organizational factors.

Key Words Ergonomics, Manufacturing, Management, Organization, Safety, Total System,
Teamwork, Information Flow, Training, Information Exchange
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1. INTRODUCTION improving the interface design between human
operator and machine. However, in complex
Conventiona ergonomics approach is concerned with manufacturing systems, without its upward integration
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with job of operators and organizational design of
such systems, at begt, it leads only to sub-optimization
and, therefore, results in an inherent error- and
falure-prone total system. Such a system, eventually,
when faced with concatenation of certain events,
would suffer from this “resident pathogen' (Reason
[1], Perrow [2] and Meshkati [3]). In fact,
operators error should be seen as the result of
human variability, which is an integral element in
human learning and adaptation (Rasmussen [4],
Rasmussen and Batstone [5], Rasmussen, [6],
Meshkati [7] and Clegg et a. [8]). Thus, human
error occurrences are defined by the behavior of
total human-task-organizational system.

Finding the mechanisms that optimize the
teamwork between operator and machine is one of
the great technological challenges of the twenty
first century (Browning [9]). The technological
challenge is to create an intellectua interface
between human operators, machine and organi zational
structures. In fact, organizationa errors are often
the root causes of human errors and man-machine
failures (Pate-Corndl [10], Perrow [11] and K awowski
[12]). Therefore, the interface systems must be
matched with operators capabilities. In addition,
there is a need for an integrated design between
operators, machines, management and organization.

As mentioned, agronomy strives to optimize the
interaction between human operator and machine.
It considers those factors of machine, design and
work posture that affect the user interface and
working conditions related to the job or task deign.
In atotal ergonomics study, the ergonomics factors
are considered in parallel to organizational and
managerial aspects of working conditions in context
of atotal system design. Moreover, it attempts to
create equilibrium between, organization, operators
and machines. It focuses on tota "people-technol ogy™
systems and is concerned with the impacts of
technological systems on organizationa, managerial
and personnel subsystems (Hendrick [13] and [14],
Azadeh [15] and Hendrick [16]).

A total ergonomics program requires teamwork
between operators and managers at all levels.
Work group or teamwork ideas have been shown to
enhance productivity and rdiability of manufacturing
systems. Several studies show how teamwork
could eliminate the potentia for confusion and
enhance the productivity (Sundstorm et al. [17],
Turner [18] and Hart et al. [19]). The operators and
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supervisors should give each other necessary
feedbacks. In fact, feedback is seen as a contingency
leading to effective and cognitive outcomes,
including level of attraction to the group, pride in
the group, defensive feelings, and acceptance of
the group problems (Brehmer [20], Raudsepp [21]
and Harmon and Rahrbaugh [22]). The supervisors
should allow operators' opinion or questions. This
can be developed during simulator or training
exercises. This means that the supervisors must
always participate with the operators in team skill
training and feedback sessions following simulator
or training exercises.

We need to adopt a more holistic approach to
human factors problems of manufacturing systems.
We must consider the whole and avoid the trap of
dealing with specialties with which we feel
comfortable. Thetotal ergonomics approach optimizes
interface between operators, machines and
organizetion by using teamwork, on-thejob training,
reliable safety programs, well-defined procedures
and effective management. One of the firgt practical
studies to examine total ergonomics componentsin
a manufacturing system is presented in this study.
In the next sections, the structure of the total
ergonomics model is discussed. In summary, a
total ergonomics model considers all of the
conventional ergonomics design features and thus
insures optimal ergonomics compatibility of the
system components with the system's overall
structure. In socio-technical terms, this approach
enables joint optimization of the technical and
personnel sub-systems and results in higher
productivity and safety.

The objective of this paper is three fold. First, a
general framework for development of the total
ergonomics model is introduced. Second, it is
described how total ergonomics model may be
applied in practice to intensify the productivity and
working conditions of manufacturing systems.
Third, it is shown whether the total ergonomics
model is superior to the conventional ergonomics
approach. This study is among the first to examine
the total ergonomics and conventional ergonomics
factors in a manufacturing system. A 2000 MW
thermal power plant was chosen as the case of our
study. By a non-parametric statistical methodol ogy
the correlation of total ergonomics factors are
examined against conventional (local) ergonomics
factors. Also, the difference between mean rating

IJE Transactions A: Basics



Define operations,
processes and
procedures

1. Define targets in
terms of total

Set the
urdgueness
principle

ErEONOICs

e
2. Conduct oral

interview & prepare

Consider
tmatiagernent,
tearmnworls &
mformation factors

checllsts

e

3. Design e conduct
the total ergonomics

#. Perform
information flow
atialysis between
Depattments

SUrWET

5. Desten & conduct
the anthropometric
SUrvey

L

fi. Check the
eroonomics &
anthropometric
measures & standards

l

T Carry out the final
qualitative and

quantitative audit

Make recommendations
for desizn and
inplementation

Figure 1. The general steps required to achieve atotal ergonomics model.

of operators in respect to particular total factors are
examined through non-parametric analysis.
Furthermore, the influence or impacts of total
ergonomics factors on local factors are examined
through non-parametric Cramer's Phi coefficient
and Kruskal-Wallis tests.

2. TOTAL ERGONOMICS MODEL

Total ergonomics model is the integration of
conventional ergonomics factors and management
and organizational factors. Furthermore, the total
model requires the assessment of management
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factors, information flow (between departments,
personnel and management) in addition to
conventional ergonomics analysis. The genera
procedure of the total ergonomics model is shown
in Figure 1. The two distinct features of the total
model are shown in outboxes number 3 and 4.
Other activities (boxes 1, 2, 5 and 6) are performed
by a conventional approach.

As seen and like conventional approach, all
procedures, processes and operations of the system
under study must be defined. Second, managers
and operators are interviewed to exhibit their opinion
about the working conditions and ergonomics
considerations. Third, a detailed questionnaire
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containing valuable information related to human
factors, safety, management, teamwork and training
are developed and presented to operators and
managers to reveal the drawbacks and to identify
the cause-and-effect relationships. Fourth, an
integrated information flow analysis between
departments (in our study between maintenance
and control room departments) is performed to
identify weaknesses and drengths about information
flow. Fifth, a detailed ergonomics questionnaire
concerning working postures, body movements and
environmenta issuesis designed and conducted.

Also, in each station anthropometric and
ergonomics measures such as height, weight, seating
position, etc. was checked againgt sandards. Finaly, a
final audit and a complete qualitative and
quantitative (if applicable) analysis are performed
to uncover hidden points (Eastman Kodak, [23]
and [24]; Bailey, [25]). This approach would
develop a total rather than local ergonomics
moddling. It must be noted that the total ergonomics
model must be cautiously tailored and applied to
the system under study. The two distinct features of
the total ergonomics mode are discusses in the next
sections.

2.1 Total Ergonomics Survey An effective
and practical total ergonomics model should be
designed for the real people in the loop, namely,
operators and supervisors. Therefore before designing
and implementing the total ergonomics survey,
managers and operaors of the sysem being studied
are required to be interviewed to exhibit their
opinion about the working conditions and ergonomics
considerations. The results of interviewing method
should enable us develop total ergonomics and
anthropometric questionnaires with reference to
exiging standards in the fidd. Interview techniques
should cover the issues related to:
» Safety and hygiene factors
» Teamwork
» Anthropometric measures
» Management and organizational factors
* Training
» Job satisfactions

After the interviewing process, a detailed
questionnaire must be designed by referring to the
findings of the interview method and use of
ergonomics, safety and organizational standards
(Hendrick [13] and [14] and Azadeh, [15]). The
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inquisition process must contain valuable and
practical information related to human, safety,
management and organizational factors. In
addition, several questions concerning teamwork
and training must be developed. The results of survey
may be analyzed by statistical techniques such as
pie chart, bar chat, non-parametric tess and
correlation analysis. The findings of this study must
stress weak and strong points regarding the above
factors.

2.2 Information Flow Analysis This part of
study examines the flow of information between
departments. Also, interpersonal communication
problem between operators and operators and
supervisors must be studied. This requires
organizational and information structuresincluding
existing software, hardware, information systems,
level of hierarchy, procedures and documentation
be examined. The objective is to use all the formal
means to uncover deficiencies in the flow of
information within and between departments. To
achieve the above objective, it is suggested that
data flow diagrams (DFD) representing the
information flow between and within departments
be prepared. Second, documentation relating to
work requests, work permits and quality of
communications are studied and analyzed. The
results of this technique together with findings of
the total ergonomics survey (containing questions
regarding information flow between co-workers
and between co-workers and supervisors, information
systems, etc.) should enable us locate major
deficiencies in regard to the flow of information
between and within departments.

After all the seven steps are carried out, a fina
audit is conducted to uncover hidden points in
relation to safety and ergonomics issues. This
phase acts as afinal check against total ergonomics
factors discussed in the previous sections. First, al
previous findings are reviewed to expose hidden
total ergonomics issues such as managerial or
training problems. Second, the system being studied
must be carefully visited (station by station) to
unveil hidden ergonomics and anthropometric
issues. The results of the conventional approach
together with the two features discussed in the
last two sections should highlight major deficiencies
and enable us to carry out a total ergonomics
model in a manufacturing system.
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3. A CASE STUDY

A 2000 MW therma power plant composed of
large control rooms and maintenance department
was considered as the case of our study. The power
plant is composed of four units and one control
room controls each two units. Maintenance
department is composed of several machine shops,
technicians and engineers. The objectives of the
total ergonomics model were defined as:
* Improvement of working conditions
* Reduction of lost workdays as the result of
injuries
» Use of proper operating procedures for operators
 ldentifying organizational deficiencies, which
degrade human performance
» Enhancing the availability of the power plant
through design of total ergonomics model

Note that the last two objectives (4 and 5) are
strictly related to total ergonomics approach and
could not be achieved through the conventional
approach. All operators and supervisors of the
control rooms and maintenance department were
involved in our study. The total approach discussed
in this paper was applied to the power plant. For
the accomplishment of total ergonomics program,
the rules and procedures, operations and processes
of the shop was carefully studied. To help the ease
of comprehension, a detailed flowchart and a
schematic diagram were prepared. The most
important findings of the interview methods with
operators and managers are as follows:
* Moderate to high workload level in severd
workstations
* Safety procedures are violated
» Protective and safety equipment are not used
* Operators complaining of back pains
* High level of stressin the control rooms
e Lack of teamwork between operators and
supervisors in both maintenance and operation
departments

A total ergonomics survey was developed and
presented to operators and supervisors. Some
questions are presented in Table 1, which suggest
workstation and organizational design issues. In
fact, question number 5, 6 and 8 are related to the
total ergonomics approach discussed in this paper.
They are not considered in a conventiona ergonomics
approach. In addition, certain pressures that push
operators override safety precautions are summarized
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Figure 2. Certain job pressures during emergenciesin the
control rooms.

in Figure 2 that suggests poor job design and
imbalance of operators' workload level during
emergencies. Furthermore, ahigh workload level is
due management and organizational issues not
considered in atypical conventional approach.

A complete ergonomics and anthropometric
study was conducted throughout the control rooms
and maintenance department. The results of this
study shows:

» Poor workstations design
« Improper utilization of equipment and ingruments
« Inappropriate labeling and coding procedures

Anthropometric and ergonomics measures were
checked and measured againgt acceptable standards.
Some of the most important findings of this study
are asfollows:

* There needs to be a balance between maintenance
department's temperature and humidity

* Incompatibility between panel dimensions and
operators natural dimension in the control rooms

* Noise level in control rooms needs to be reduced
to the standard level.

*» There is insufficient lighting in the maintenance
workshops

Information flow between control rooms and
maintenance departments is analyzed through
historical data, order forms and other forms
exchanged between the two departments. Also,
certain complementary guestions are included in
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TABLE 1. Selected Questions From Total Ergonomics
Survey.

Question: Percent Responded

Yes No Uncertain

1. Isthereformalon- | 76.8 [ 23.2 | O
the-job training at
work?

2. Istheretraining 919 | 8.1 0
about safety
procedures and
precautions?

3. Do you need to 83.7 | 9.3 7
memorize rules and
procedures?

4. Areyou able to 93 2.3 4.7
figure out what
causes an accident?

5. Areyou familiar 33.7 1105 |54
with organizational

rules and procedures?

6. Isthere any 442 |124.4 | 31.4
financial reward for

asateam?

7. Do you have 27.9 | 40.7 | 31.4

difficulty with
procedures during
emergency or
increased demand?

8. Arethere pressures | 57 30.2 12.8
that could push you
override safety
precautions?

9. Should there be a 73.3 | 3.5 23.2
better workstation
design?

the total ergonomics survey, which together with
information flow assessment revealed certain
shortcomings with the flow of information between
the two departments. Finally, a final audit was
conducted as a complementary technique to unveil
forgotten and unseen issues in the control rooms
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and maintenance workshops. The results show
several problems concerning local and total
ergonomics factors. For instance, proper protective
equipment was not worn (local) and safety
procedures was violated by operators of awelding
workstation (total factor).

The most important findings of the total
ergonomics approach are listed as follows:
1. Spread teamwork and group think
2. Re-design of information flow between
maintenance and control rooms
3. Prepare sufficient organizational support for
control room operators
4. Develop a set of well-defined procedures for
control room operations
5. Optimize workload level of operators
6. Some workstations of the maintenance department
must be redesigned
7. Utilization of safe and conventional protective
equipment.
8. Madifications of coding and labeling in control
rooms

It should be noted that a conventiona ergonomics
approach could only locate the local issues
addressed in the last four bullets (and probably
some portion of bullet number 4). This is why
designing and implementing the conventional
ergonomics approach would result in local rather
than total optimization of human performance. The
company is at stage of carrying out the findings of
our study and conseguently improving productivity
and reliability of control rooms and maintenance
operations of the power plant.

4. TEST OF HYPOTHESIS

In this section a sat of test of hypothesis is conducted
to foresee if local factors are independent of total
ergonomics factors. Also, the difference between
mean rating of operators in respect to particular total
factors are examined through Kruskal-Wallis test.
For example, the operators who can easily
communicate with supervisors are compared with
the ones who can’t easily communicate with
supervisors in respect to the level of job pressures.
Local factors are defined as factors affecting
ergonomics conditions stationery such asjob pressures
or evaluation techniques. Total factors are defined
as factors influencing total system's performance
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such as rules and procedures, information exchange
between personnd/departments. To show if the total
ergonomics approach is superior to conventional
ergonomics approach, we need to show the tota
factors are influencing conventional (local) factors.
The most important traditional (local) factor is job
pressure due to time and production demands,
which we code it as number 1. A set of total factors
isidentified from one of the questionnaire and their
statistical relationships to the local factors are
examined through a non-parametric (namely,
Cramer's Phi) approach. The total factors chosen
are asfollows:

2. Degree of familiarity with rules and procedures
3. Supervisors monitoring and assessment at work
4. Reward for teamwork by supervisors

5. Ease of contact with supervisors

6. Problems with co-workers due to inter-
organizational relationship

7. Suitability of perceived information from
Supervisors

8. Suitability of perceived information from co-
workers

9. Usefulness of informal information exchange
10. Freedom for self-organized and individual
decision-making

4.1 Cramer's Phi Coefficient This coefficient
is a correlation index for K by L matrices and its
maximum value does not depend on the number of
levels of variables (K and L). It is the extended
version of Phi coefficient. The range of this
coefficient regardless of the values of L and K is
always between 0 and 1 (Hooman [26]). If K and L
are defined such that L<= K, the Cramer's Phi
Coefficient is defined as follows:

_ X
9= n(L -1)

Where the numerator value of chi-square is found
from appropriate table with 2 degrees of freedom
at the chosen level of significance. n is the total
number of subjects and L is the number of the
levels of the first variable. The above statistic
would test the null hypothesis (H,) of no correlation
between the two variables against alternative
hypothesis (H;) of correlation between the two
vaiables. The results of the non-parametric Cramer's
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TABLE 3. The Cramer's Phi between Local and Total
Factorsin the M aintenance Department.

Local Total Cramer's | Significant
Variable | Variable | Phi Leve (alpha)
1 2 .67 .00000
1 3 40 .00900
1 4 .55 .00002
1 5 .50 .00002
1 6 61 .00000
1 7 .56 .00000
1 8 45 .00008
1 9 43 .00017
1 10 .50 .00002

Phi Coefficient between the local ergonomics
variable and the nine total ergonomics variables
are presented in the Table 3.

It should be noted that the number 1 in the first
column refers to the job pressures (local variable).
As shown there is strong evidence that the nine
total factors are correlated with the job pressures at
work. Furthermore the job pressures at work is
influenced by familiarity with organizational rules
and procedures and information flows between co-
workers and co-workers and supervisors. Also, job
pressures are positively correlated with teamwork
(work relationship with supervisors). In summary,
these findings show the positive impacts of local
on total ergonomics factors and to further our
investigation, series of comparative studies are
performed between various groups of operators in
the next section. It is examined if total ergonomics
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factors influence the human performance in
particular and the system in general.

4.2 Kruskal-Wallis Test The Kruskasl-Wallis
test performs an analysis that is very similar to an
analysis of variance (ANOVA) on the ranks. The
test is conducted when the assumptions for the
parametric ANOV A cannot be made (Hinton, [27]).
Furthermore, it assumes independence between
subjects in conditions. The test Setidtic is calculated
using the following formula, which allows for
different numbers of subjects in each of the two
conditions:

.2 o1
H_N(N+1)zni 3(N +1)

N is the total number of subjects, n; is the number
of scores in each of the two condition, and T; is the
total of the rank in each of the two condition. The
calculated value of H is then compared with the
table value of chi-square with 1 degree of freedom
at the chosen level of significance to reject the null
hypothesis.

The first test examines the differences between
operators who receive on-the-job training and the
ones who receive no on-the-job training in respect
to the level of job pressures. From the results of
Kruskal-Wallis through SPSS, it is concluded that
there is significant difference between the two
groups (at alpha = .05) and the operators who
receive no on-the-job training report higher level
of job pressure (time and production pressures) by
about 30 percent. The next test examines the previous
two groups in respect to the quality of perceived
information from supervisors. It is concluded that
there is significant difference (at alpha = .10)
between the operators who receive on-the-job
training and the ones who receive no on-the-job
training in lieu of the quality of information they
receive from the supervisors. Furthermore, the
quality of perceived information from supervisors
is higher for the operators who receive on-the-job
training by about 30 percent. Also, the operators
who received training related to accident mitigation
and prevention and safety issues are compared
with the ones who don't receive such training in
regard to job pressures by the Kruskal-Wallis. The
null hypothesisis rejected at alpha= 0.01 and it is
concluded that there is significant difference (at
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alpha = .05) between the two groups in respect to
job pressures (production and time pressures). In
fact, the operators who don't receive safety training
report higher level of job pressure (by about 40
percent).

The difference between operators who are capable
of locating non-routine (emergency) situation at
work with the ones who don't have this capability
in relation to the quality of information they
perceive from co-workersis examined. It is concluded
that there is significant difference between the two
groups in lieu of the quality of information they
perceive from co-workers a apha = 0.10. Operators
who are capable of locating emergency situations
report higher quality of perceived information
(about 45 percent) from co-workers. Also, the
operators who have problems using organizational
procedures during routine situations are compared
with the group who do not report any problems in
respect to the quality of information they perceive
from co-workers. The null hypothesis is rejected
and it is concluded that the two groups of operators
differ significantly (at apha = 0.10) in the quality
of information they receive from co-workers. The
operators who don't have any problem using
organizational procedures report higher quality of
perceived information from co-workers. Next, the
same group of operators was compared in regard to
the quality of information they perceive from
supervisors. The null hypothesis was rejected at
apha = 0.01 and it was concluded that the ones
who do not report any problem with organizational
procedures also report higher quality of perceived
information from supervisors by about 60 percent.
The same two groups of operators are examined in
lieu of job pressures. The null hypothesis is
rejected at alpha = 0.01 and hence, it is concluded
that the operators who do not report any problem
with organizational procedures aso report lower
level of job pressures by about 50 percent. The
operators who have problems with using procedures
during emergency (non-routine) Situation are compared
with the ones who do not such problemsin respect
to the quality of information they perceive from
co-workers. The null hypothesisisrejected and it is
concluded that the two groups differ significantly (at
apha = 0.01). Moreover, the operators who report
no problem with procedures during emergency
situations aso report higher quality of perceived
information from co-workers by about 50 percent.
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The operators who are rewarded by supervisors
for teamwork are compared with the ones who are
not rewarded for teamwork in respect to job
pressures (production and time pressures).
Interestingly enough, the null hypothesis is rejected
a apha = 0.01 and it is concluded that the two
groups differ significantly in lieu of job pressures.
Hence, the operators who are rewarded for
teamwork report lower level of job pressures by
about 70 percent. The same two groups were
compared in respect to the quality of information
they perceive from co-workers. The null hypothesisis
rejected at alpha= 0.01 and it is concluded that the
operators who are rewarded for teamwork report
higher quality of perceived information from co-
workers by about 40 percent.

The operators who violate the safety procedures
due to job pressures are compared to the operators
who don't violate the safety procedures due to job
pressures in respect to the level of job pressures.
The null hypothesis is rejected at alpha = 0.01 and
the operators who violate safety procedures due to
job pressures report higher level of job pressures
during routine situations by about 45 percent. The
same two groups are compared in lieu of the
quality of information perceived from co-workers.
The null hypothesis is rejected at alpha = 0.01 and
it is concluded that the operators who don't violate
safety procedures due to job pressures report
higher quality of perceived information from co-
workers by about 50 percent.

The operators who can easily communicate
with supervisors are compared with the ones who
can't easily communicate with supervisors in
respect to the level of job pressures. The null
hypothesis is rejected at apha = 0.01 and it is
concluded that the two groups differ significantly
in lieu of job pressures. Moreover, the operators
who can't easily communicate with supervisors
report higher level of job pressures by about 58
percent. The preceding groups were compared in
respect to the quality of information they perceive
from supervisors. The null hypothesisisrejected at
apha = 0.01 and it is concluded that the
operators who can easily communicate with
supervisors report higher quality of perceived
information from supervisors by about 40 percent.

The operators who report problems with co-
workers due to inter-organizational issues are
compared the ones who don't have such problems
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due to inter-organizational issues in respect to the
level of job pressures. The null hypothesis is
rejected and it is concluded that the two groups
differ significantly at alpha = 0.01. Furthermore,
the operators who do not report problems with co-
workers due to inter-organizational issues report
lower level of job pressures by about 45 percent.
The preceding groups are compared in lieu of the
quality of information perceived from supervisors.
The null hypothesisis rejected at alpha = 0.01 and
it is concluded that the operators who don't report
problems with co-workers due to inter-organi zational
issues also report higher quality of perceived
information from supervisors by about 32 percent.

The operators who fedl they have freedom to
make decisions without continuous contact with
others (particularly supervisors) are compared with
the ones who fedl they don't have freedom to do so
in respect to the quality of information perceived
from supervisors. It is concluded that the two
groups differ significantly in respect to the quality
of information perceived from supervisors (at
apha = 0.05). Furthermore, the operators who
report that they have freedom to make decisions
without continuous contact with others also report
higher quality of perceived information from
supervisors by about 30 percent.

The operators who believe there could be a
better job design are compared with the ones who
do not believe there could be a better job design in
respect to the level of job pressures. The null
hypothesis is rejected and it is concluded that the
two groups differ significantly at alpha = 0.01.
Moreover, the operators who believed that there
could be a better job design reported higher level
of job pressures (production and time pressures) by
about 300 percent.

The results of the tests are summarized in Table
4. As seen we can conclude that total factors
significantly influence human performance and
therefore they must be considered and designed
concurrently with the local factors in order to
optimize human performance in particular and the
system in general.

5. CONCLUSIONS

The importance of a total rather than a local
ergonomics approach is shown in this paper. We
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TABLE 4. The Results of Kruskal-Wallis Test on Difference on Ranks.

job design is required

system is OK

Difference in mean ranking of 2 groups of operators Response variable Significan %
ce level improvement
Group | Group Il for in mean
rejection response
ranking?
Operators with on-the-job Operators with no on-the-job Job pressures 0.0924 30 ()
training training
Operators with on-the-job Operators with no on-the-job Quality of perceived 0.0856 30 (D)
training training information from
supervisors
Operators with safety and Operators with no training Job Pressures 0.0100 40 (1)
accident prevention training
Operators capable of Operators not capable of Quality of perceived 0.0694 45 (1)
locating emergency locating emergency situations | information from co-
situations workers
Operators having problems Operators having no problem Quality of perceived 0.0609 40 (1)
with organizational with organizational information from co-
procedures procedures workers
Operators having problems Operators having no problem Quality of perceived 0.0003 60 (1)
with organizational with organizational information from
procedures procedures supervisors
Operators having problems Operators having no problem Job Pressures 0.0009 50 (II)
with organizational with organizational
procedures procedures
Operators having problems Operators having no problem Quality of perceived 0.0011 50 (1)
using procedures during using procedures during information from
emergency emergency supervisors
Operators who are rewarded Operators who are not Job Pressures 0.0030 70 ()
for teamwork rewarded for teamwork
Operators who are rewarded Operators who are not Quality of perceived 0.0041 40 (1)
for teamwork rewarded for teamwork information from
supervisors
Operators who violate safety | Operators who don't violate Job Pressures 0.0054 50 (1)
procedures safety procedures
Operators who can easily Operators who cant easily Job Pressures 0.0073 58 (II)
communicate with communicate with
supervisors supervisors
Operators who can easily Operators who cant easily Quality of perceived 0.0164 40 (1)
communicate with communicate with information from
supervisors supervisors supervisors
Operators with problems Operators with no problem Job pressures 0.0139 45 (1)
with co-workers with co-workers
Operators with problems Operators with no problem Quality of perceived 0.0123 32 ()
with co-workers with co-workers information from
supervisors
Operators with individual Operators with no individual Quality of perceived 0.0454 30 (D)
decision making capability decision making capability information from
supervisors
Operators believing a better Operators believing current Job pressures 0.0010 300 ()

1: The Latin number in the parentheses indi cates the group number

showed that a total ergonomics approach is much
more efficient than conventional approach. Thisis
shown through introduction of the total ergonomics
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model, applying the model in a power plant and
showing its advantage through statistical analysis.
Non-parametric statistical analyses are used to
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show positive correlation between local and total
factors and to highlight the impact of total
factors on human performance. Furthermore, itis
noted that by designing and implementing a total
ergonomics approach, the system and its human
performance are totally rather than locally
optimized. It should be noted that the
conventional ergonomics approach is capable of
identifying local or stationary ergonomics issues.
The distinguished aspect of this study is the
employment of atotal system approach based on
integration of the conventional ergonomics and
management factors. To conduct a total
ergonomics study, we must consider the whole
and avoid the trap of dealing with specialties
with which we feel comfortable. A well-defined
practical total ergonomics program requires
teamwork between operators and supervisors at
all levels. The total approach should be
cautiously carried out to avoid local or short-
term improvements. This requires a team of
experts specializing in human factors,
organizational design and statistics. Moreover,
the experts should be familiarized with the idea
of total ergonomics. It should be noted that each
system is unique and the problem solving
approach of each system must be based on
systems uniqueness philosophy.

Peter Drucker [28] says the importance of a
total rather than alocal approach best. He states
that the emerging theory of manufacturing will
require that every manufacturing manager be
responsible for integrating people, machines and
time (Drucker, [28]). The manufacturing managers
need to adopt a more systemic approach
understanding the complex interrelationship in
the system. Systemic understanding is difficult
to achieve, but is necessary if we are to face with
increasing uncertainties and competitions
of manufacturing systems in the twenty
first century.
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