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Abstract: The objective of this study is to evaluate theactpof total system design factors (TSD) on
human performance in a power plant. The TSD facaoesdefined as design factors, which have an
impact on the overall performance of the power tglan the context of total human engineering or
macroergonomy. The systems being studied are thitEatdooms and maintenance departments of a
2000 MW thermal power plant? To achieve the abdyeative the TSD factors were addressed and
assessed through a detailed questionnaire. Theioredhips between TSD factors and human
performance were then examined through non-par@metrrelation analysis (Kramer's Phi) and
Kruskal-Wallis test of means. The selected TSDdiactre related to procedures, work assessment,
teamwork, self-organization, information exchangd aommunication. The results of this study show
that the TSD factors such as organizational andtgafrocedures, teamwork, self-organization, job
design and information exchange influence humafopeance in the power plant. The findings also
suggest that the selected TSD factors correlatbutman performance and must be considered,
designed and tested concurrently with the engingefactors at the design phase of the system
development cycle. Consequently, total system’stdaand organizational errors are reduced to an
acceptable level and human performance is sigmifizancreased. This is a challenging task for
designers of power plants but is required if we fa@ng unforeseen and complex issues of such
systems in twenty-first century. The methodologscdssed here may be easily extended to all types of
power plants.
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INTRODUCTION related to overall management and organization
structures, they are referred to as total systesigde

Total System Design (TSD) is an integrated(TSD) factors in the context of human performahte
developmental process, which is based on a sefies 0 TSD factors in the context of human performance
well-defined phases. Frequently in the past, desgin define the macroergonomics features of the system
used other approaches without giving much atterttion design and human performance engineering, whereas,
human performance. TSD requires equal consideratiothe conventional system design factors in the comte
to all major components of the system such as humamuman performance define the ergonomic features of
hardware, software and organizational structuresthe system design and human performance engineering
Indeed, it is quite important to pay serious atemto  Macroergonomic and the concept of total human facto
human and organizational aspects of the TSD procesgere developed by Hendrick and Meshkati and have
from the early design phase. been elaborated by other researcfié¥s

Total system design factors in the context of Ergonomic attempts to optimize the interaction
human performance are referred to as socio-technicédetween human operators and machine. It considers
factors in the context of system design. It sholodd those factors of machine, design and work postae t
noted that the engineering design process is ofteaffect the user interface and working conditionates
perceived as mainly technical activity, yet withim  to the job or task deign. In a macroergonorsiasly,
engineering design organization it really only a@ise the ergonomic factors are considered in parallel to
as a social activity. This study introduces thmcial- organizational and managerial aspects obrking
technical factors as essential and vital paftthe conditions in context of a total system design.
design process in power plants and because they akdoreover, it attempts to create equilibrium between
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organization, operators and machines. It focuses on As mentioned, a set of non-parametric test of a
total "people-technology" systems and is concernedhypothesis is conducted to foresee if human
with the impacts of technological systems onperformance isindependent of the selected TSDifsct

organizational, managerial and  personnelFurthermore, job pressure is selected as the factor
subsystem& 2. representing human performance since it is idewtiéis

Macroergonomic adopts a more holistic approactone of the most important human shaping factorg Th

to human factors' problems of manufacturing systemssources of job pressure in the power plants are
It considers the whole and avoids the trap of deali Classified as 1) workload, 2) stress and 3) time
with specialties with which we feel comfortable. A considerations. Because the workload is identitsd

macroergonomics program optimizes interface betweethe most influential source of job pressure, Befected
operators, machines and organizaton by usingS the measure of human performance iis thi

teamwork, on-the-job training, well defined procesty  Study (Fig. 1). It is tested whether job pressuie tb
and total management. workload is influenced by the TSD factors. Alsoe th

difference between mean ratings of operators ipees

to selected TSD factors are examined through Kiuska
Wallis test. For example, the operators who cailyeas
communicate with supervisors compare with the ones

. ) . ,evvho can't easily communicate with supervisors in
are defined as factors influencing total system's,

spect to the level of job pressure.
performance such as rules and procedures ang P 100 P
information exchange between personnel/departments. RESULTS
To measure the impacts of TSD factors on human

performance, a questionnaire was designed and Hande  The Cramer's Phi statistic tests the null hypdthes
out to all control room and maintenance operatlirs. (H,) of no correlation between the two variables asfain
was designed based on total system design aspects the alternative h Pothesis {Hof correlation between
human performance in power plants. Moreover, keythe two variableé%/]. The results of the non-parametric
macroergonomics factors were included to evaluat€ramer's Phi correlation between human performance
human performance. The selected TSD factors ar§ob pressure) and the nine TSD factors are predant
related to procedures, work assessment, teamwalfk, s the Table 1. The test of the hypothesis is in the
organization, information exchange and following general format:

communication. They were imputed to the

questionnaire and their statistical relationshipstte ~ Ho: The TSD factors are not correlated with job
human performance were examined through two non- ~ Pressure due to workload

parametric  statistics (namely, Cramer's Phi and: Otherwise

Kruskasl-Wallis) approach. The selected TSD facitors

the context of human performance were tested in the AS shown there is strong evidence that the nine
following format: TSD factors are correlated with the job pressure at

work. Furthermore the job pressure at work is
influenced by familiarity with organizational rulesd

MATERIALSAND METHODS

1. Degree of familiarity with rules and procedures . .
. ' g procedures and information flows between co-workers
2. Supervisors' monitoring and assessment at work . : )
. and co-workers and supervisors. Also, job presgire
3. Reward for teamwork by supervisors - .
. : positively correlated with teamwork. Operators vare
4. Ease of contact with supervisors rewarded for teamwork report lower level of job
5. Problems with = co-workers due to inter- ressure and consequent! |?oduce higher erforenjanc
organizational relationship 'Ila'he freedom of qseh‘—(snlrpanizationg is P ositi\}el
6. Quality of perceived information from supervisor correlated with human erfo%mance In summpar ethgs
7. Quality of perceived information from co-workers findinas sugaest the OZitive im acté of TSD fas:);;)m
8. Usefulness of informal information exchange humagr;\ en?ogrmance P P
9. Freedom for self-organized and individual P o S .
o : To further our investigation, a series of
decision-making . . .
comparative studies are performed between various
. oth groups of operators in the next section. It is
Time 4025 examined if TSD factors influence the human
con“‘;‘zfamni__——— : performance in particular and the system in general

To achieve this objective, two groups of operators
are examined on the selected response variables. Th
Workload selected response variables are the quality of
61% information perceived from supervisors and co-
workers and job pressure. The Kruskasl-Wallis

Fig. 1: Sources of job pressure in the power pdaming  test performs an analysis that is veryilsir to

emergencies an analysis of variance (ANOVA) on the kan
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Table 1: Test of correlation between human perfaigea (job pressure) and the selected TSD factors

TSD factor Cramer's Phi P- Value)
1. Degree of familiarity with rules and procedures 0.67 0.00000

2. Supervisors' monitoring and assessment at work 40 0 0.00900

3. Reward for teamwork by supervisors 0.55 0.00002
4. Ease of contact with supervisors 0.50 0.00002

5. Problems with co-workers due to inter-organizadi issues 0.61 0.00000
6. Suitability of perceived information from supisors 0.56 0.00000
7. Suitability of perceived information from co-rkers 0.45 0.00008
8. Usefulness of informal information exchange 30.4 0.00017

9. Freedom for self-organized and individual decisnaking 0.50 0.00002
Table 2: The significant level of test of comparisi the quality of information perceived from soysors

Difference in mean ranking Relative

Group 1 Group 2 P- Value €) advantage (%)
With on-the—job training Without on-the-job traigin 0.0856 30

No problem with organizational procedures Havingbpems with organizational procedures 0.0030 60
Rewarded for teamwork Not rewarded for teamwork 0810 40

With individual decision-making capability Withoindividual decision-making capability 0.0454 30

Can easily communicate with supervisors Can’t gasimmunicate with supervisors 0.0164 40

No problem with co-workers due to Having problenithwo-workers due 0.0123 32
inter-organizational issues to inter-organizatidesiies

Table 3: The significant level of test of comparigi the job pressure

Difference in mean ranking Significant level Relative

Group 1 Group 2 (o) disadvantage (%)
Can easily communicate with supervisors Can'tyasinmunicate with supervisors 0.0073 58

Believing a better job design is required Believingrent system is ok 0.0010 300

The test is conducted when the assumptions for thsupervisors and co-workers, respectively. Furtheemo
parametric ANOVA cannot be mdtfé Furthermore, it the relative statistical advantage of groupvér
assumes independence between subjects in conditiorgroup 2 is tabulated by the percent increase in the
This test also acts as verification and vaima quality of information perceived from supervisorsda
process of the previous test and almost the sapesty co-workers, respectively. The last column in TaBle
of results are reported in different formats. Tleaegral defines the relative advantage of group 1 over grdu
format for the test is as follows: in relation to the job pressure. The significant
difference between the groups of operators who are
Ho: The two groups of operators have the samaitilizing the TSD factors and the groups who aré no
performance with respect to the response variablayith respect to the response variables reveal TS
where the response variables are the quality ofactors extensively influence the human performance
perceived information from supervisors and co-particular and the system in general.
workers and job pressure. The Kruskal-Wallis test of comparison between the
Hy: Otherwise two group verifies and validates the previous rssul
obtained from the test of correlation between TSD
Operators who can't easily communicate Wwithfactors and job pressure. It can be ckmfed
supervisors report higher levels of job pressurethat TSD factors significantly influence human
Operators who can easily communicate Withperformance and therefore they must be
supervisors report higher quality of perceivedconsidered and designed concurrently with other
information from supervisors. Operators who believeconventional hardware and software factors in otder

that there could be a better job design reported thoptimize human performance in particular and the
highest level of job pressure. system in general.

This is an important finding which reveals the
current system of job design is partially rathearth
totally optimized. This is due to lack of consideras
of the TSD factors of when the current system @f jo The conventional design approach in power plants
design was designed and implemented. This means tlensiders the engineering design parameters and
existing system of job design must be re-engineered ergonomics factors (in some cases). However, tta to

The significant levels of the tests (P- Value)tbe  system design (TSD) approach of this study in cdnte
quality of perceived information from supervisorsda of human performance considers the engineeringdesi
co-workers (TSD factors) and human performance (jolparameters and macroergonomics factors. The impacts
pressure) are summarized in Table 2 and 3of TSD factors on human performance are shown in
respectively. The last column in Tables 2 and 3néef this paper. This is shown through the design and
the relative advantage of group 1 over group 2 irevaluation of a detailed survey containing inforiorat
relation to the quality of information perceivedbin  about TSD factors and human performance. It has bee
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shown that a total system design approach in the.
context of human performance is much more efficient
than a conventional design approach. This is shown
through the introduction of the TSD model, applying3.
the model in a power plant and showing its advantag
through statistical analysis.

Non-parametric statistical analyses are used td.
show positive correlation between human performance
and TSD factors and also to highlight the impact of5.
TSD factors on human performance. Furthermores it i
noted that by designing and implementing a TSD
approach, the system and its human element anéytota 6.
rather than locally optimized in the context of tam
performance.

It should be noted that the conventional design
approach in the context of human factors is only7.
capable of identifying local or stationary human
performance issues. This study shows that the
employment of a TSD approach is superior to
conventional design approach.

The findings of this study have several design
implications. Rules and procedures, information
exchange between personnel (operators an8.
supervisors) teamwork and self-organization may be
designed and accommodated through standardization o
the documentation process and automated tracking.
systems. This may be achieved through:

*  Implementation of ISO 9000 series of standards to

promote standardization of documentation (rules10.

procedures, and
process.

*  Implementation of ISO 14000 series of standaods t
promote standardization of documentation process
for environmental management systems

* Implementation of OHSAS 18000 to develop
standardization of documentation process for safety
management and occupational hygiene systems.

* Design and implementation of automated
information exchange in context of information

guidelines communications)

technology. This would facilitate and enhances thel2.

existing information structure.

Design and implementation of the re-engineeringl3.

concept may enhance organizational relationshigs an
surveillance. Re-engineering is the collection of
activities and mechanisms required changing from

hierarchical to horizontal, flat and cross-funcibn 14.

structures based on teamwork within an organization
The main goal in such program
satisfaction. More elaboration on the scientifiolofor

implementation of TSD factors in the context of fmm 16.

performance is left for a full research paper ie th
futurd®”,
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