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ABSTRACT 

Business decisions relate to future events. They influence the future business success of an organisation. 
Business decisions must be continuously revised. The model of multiple objective decision making, based 
on fuzzy logic, seems to apply when continuous business decision making revisions are used. 

The linear mathematical formulation of multiple objective decision making of Lai might be implemented in 
a decision making process in the construction industry. That is the fuzzy parameters of linear programming 
are modeled by preference-based membership functions. These functions represent subjective degrees of 
satisfaction or, degree of optimalities or feasibilities within given tolerance. The membership functions are 
similar to utility functions. They are determined by subjective judgment. 

This paper deals with Lai's model of multiple objective decision making. The first part of the paper explains 
the modified version of the model itself to construction industry circumstances. The second part gives an 
example that illustrates the improvement of business decision making when it is supported by computer 
technology. 



FUZZY MULTIPLE OBJECTIVE DECISION MAKING IN T H E CONSTRUCTION INDUSTRY 

INTRODUCTION 

The linear mathematical formulation of multiple objective decision making presented by crisp (nonfuzzy) 
values has been studied by many authors /14/, /8/, /4/, /6/, / l 1/, /3/, /10A Zimmermann offered the solution 
for the formulation by fuzzy linear programming /14A His solution was improved by Chuang, Munro, Lloyd 
Smith /4/. Lai's iteractive multiple objective system technique contributed to the improvement of flexibility 
and robustness of multiple objective decision making methodology /8/. Lai considered several characteristic 
cases with which a business decision maker may encounter in his practice. The cases could be defined as 
nonfuzzy and fuzzy cases. 

The aim of this paper is to point to problems related to the construction industry that are presented by fuzzy 
variables. Construction industry characteristics are mobility of the assets and the work force. The assets, 
such as civil engineering machines, can be used for several building sites. The design to move a machine 
from one construction site to another is a fuzzy decision. Frequent revisions of such decision are a day-to
day necessity. The infrequent revision may negatively affect the future business success with a long-term 
negative consequence. Under the circumstances of contemporary dynamic environmental challenges the 
emphasis is on the effectiveness of the decision maker's subjective judgments. Such effectiveness can be 
increased as a result of the high quality of analytic information supplied by numerical calculation. 
Moreover, when computers support the decision makers, their problem solving can be significantly 
improved. 

The first part of this paper deals with the nonfuzzy multiple objective model solved by different fuzzy 
approaches. These approaches are, in fact, the gradual improvements to the optimal solution of the model. 
That is the solution of: 

* Zimmermann based on Bellman-Zadeh's principle of decision making in a fuzzy environment 

* Chuang, Munro and Lloyd Smith, and 

* the authors of this paper. 

The second part of the paper gives the modified version of Lai's fuzzy multiple objective model to solve 
some decision problems in the construction industry. It is based on the nonfuzzy multiple objective model. 
It presents the theoretical foundation to the improvement of business decision making supported by 
computer. 

NONFUZZY MULTIOBJECTIVE PROBLEM 

The problem of multiobjective optimization written in a linear programming form is: 

Find a vector x written in the transformed form 

xT=[xj, X2 ,x„J 

which maximizes objective functions 

n 

max Zj=£cijxjt j=l,2 n (1) 
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with constraints 

n 

£ajjXj <bj 1=1,2,..., m 

(2) 
XJ>0 j=l,2,...,n 

where cy, ay and bj are crisp (nonfuzzy) values. This problem has been studied and solved by many authors. 
Zimmermann /14/ has solved this problem by using the fuzzy linear programming. He formulated the 
auxiliary fuzzy linear program in the following way: 

Find separately for every objective function zjt its maximum zj+anâ minimum value zf by solving 

(3) max ZJ=£ Cjjxj and zf = min ZJ=£CJJXJ 

j=l j=l 

with constraints (2). 

Solutions ZJ+ and zf are known as individual best and worst solutions respectively. 

Since for the every objective function Z J , its value changes linearly from z f to z\+ it may be considered as 
a frizzy number with the membership function ftjfzj) that is shown in Figure 1. 

1.0 

zf 

Figure 1. Objective function as a fuzzy number 

f 0 for ZJ < zj-
/JJ(ZJ)= -I (zj-zf) /(zf-zf) forzf < zj+, j = l,2,..,k 

[ 1 forzj£zj+ 

(4) 

According to Bellman-Zadeh 's principle of decision making in the fuzzy environment the grade of 
membership of a decision g, specified by objectives zj, is obtained by ill: 

y = min nj(zfi, j=l,2,..,k (5) 
or Y<lij(zj). j =l,2,-,k (6) 

0 <Y<1 

According to this principle the optimal values of multicriteria optimization correspond to maximum value of 
g. The auxiliary linear programme is obtained by: 

z = max y_ (7) 
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with constraints (6), taking into account (1) and (4) 

n 

j=l 
(8) 

0<y<l, xj>0 j=l,2,..,n 

The original linear constraints (2) are added to these constraints. 

Lai has proposed the auxiliary objective function in the form /8/: 

k 

z =max [s£wi/Ji(zj)y] 
i=l 

which can be transformed into the augmented objective function by substituting Mj(zj) with the 
corresponding value from expression (1) and (4). 

k n 

z =max[ S £wj £cijxj+y] (9) 
zW j=i 

where S has to be chosen as a small positive number (0 < Ô < 1) while WJ are weighting coefficients that 
represent relative importance of the objective functions z\. These coefficients have to be chosen to satisfy: 

k 

Zv>i=l (10) 

The coefficient y represents the degree of acceptability or degree of possibility obtained from the optimal 
solution. For some specific problems, as it is proposed by Chuang, Munro and Lloyd Smith /4/ the minimal 
value of the coefficient yj can be prescribed. The authors of this paper, apart of the lower value, prescribe 
the upper value of the coefficient yn. Hence two new constraints are added in this linear programme: 

y>yj y<yu (11) 

where 

0 < y £ l 0<y, 

The solution of the auxiliary linear programme with one objective function (9) and constraints (2), (8) and 
(11) is in fact the optimal solutions of the multiobjective problem (1) and (2) by the modified 
Zimmermann's procedure. 

Coefficients of satisfaction in relation to the best individual solutions zì are 

max zi 
ai= i=ÎX k (12) 

FUZZY MULTIOBJECTIVE PROBLEM 

The multiobjective fuzzy optimization was studied by Lai and Hwang /8/, 111, 151. Lai develops the 
interactive multiple objective system technique - IMOST - to improve the flexibility and robustness of 
multiple objective decision making methodologies. He observes several characteristic cases with which a 
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business decision maker may be encountered in his practice. First problem is the problem of the nonfuzzy 
multiobjective optimization. The other problems include fuzzy goals, fuzzy objectives, fuzzy resources and 
technological coefficients. A l l these cases are mutually interrelated, and the corresponding computer 
programme is developed to help a decision maker to find the optimal solution. 

Let us face the problem with fuzzy goals and fuzzy values bj that a decision maker is faced in the 
construction industry. 

Find a vector x written in the transformed from: 

xT=[xi,X2f....x„] 

to maximize the objectives functions z/ 

n 

*i= Z cijxj (>,*) zfi, i=l,2,...X (13) 
j~l 

with fuzzy constraints 

gi(x)sZaijXj(<,^)bi, i=l,2,.-. m (14) 

where zft (i=l,2,...,k) are the goals of the objectives, and signs (>,&) and (<,&) denote fuzzy inequalities. 
The values of objective functions z/ are fuzzy numbers with membership functions shown in Figure 2. 

zft zfi +ti 

Figure 2. Membership functions for objective z/ 

These functions are 

f J for zi £z ft 

M(zi)=\ l-(zft-Zj)/ti forzft<z{ <zft+ti, i=l,2....,k 

[ 0 forZJ <>zft 

The values /,• are tolerances of the goal values zft and they have to be 

ti^(zft-zf), i=l,2,...,k 

According to the Figure 3. the membership functions m(g{) are 

(0 

M(gÛ=\H$i-bi)/di 
[1 

forgi<bi • 
for bj <gj <bj + dj, i=l,2,..,m 
forgi>bi+di 

(15) 

(16) 
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Midi) 

1.0 

bj-di bi gi=2*ijXj 

Figure 3. Membership functions for constraints gj 

If we apply Bellman-Zadeh's principle in the same way as in the previous section, the new objective 
function and constraints (15) and (16) may be written as: 

_ k n 

z = max [ôjjwj EaijXj+y] (17) 
/=/ j=l 

with constraints 

n 

-ZcjjXj + tir<-zfi + tj, i=I,2,....k 

n 
2}tijXj + dir<bi + di, i=J,2,...,m (18) 
;=/ 
ykyh y<yu> Xj>0, j=l,2, ,n 

The optimal values of variables xj (j~l,2,..,n) are obtained by solving this linear programme. According to 
expressions (13) the corresponding maximal values of objective function max z\ are calculated. The 
coefficients of satisfaction aj in relation to the individual best solutions (i=I,2,...,k) may be determined 
in relation to (12). 

Lai formulates the objective function (17) in the form /8/: 

k m 

z = max of ZwjMi (zj) + ZjjMi (gi) + Y] (19) 
/=; 

where 

k m 

Jjwi + Zqi = I 

The coefficients WJ and q\ are weighting coefficients that determine the relative importance of the 
constraints. 

In the case when 

* the fuzzy goals zfi are not given 

* the objective functions z\ are not given 
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the ZJ* may be assumed as a goal zft and (zf~ - zf ) as a tolerance tj. In this case, the first group of 
constraints (18) becomes identical to constraints (8) 

k 

- Zijxj + (zf ~zf) r ^-zj> J^1'2' -k 

According to this procedure the computer programme has been written in F O R T R A N 77 programming 
language. 

Input data are: 

- number of objectives k 
- number of constraints m 
- number of unknowns n 
- goals ZJ (i=],2,..,k), 
- elements cy (i=],2,..,k;j=I,2,...,n) 

ay (i=l,2,..,n) 
bi(i=i,2,..,m) 

- tolerances // (i=I,2...,k) and 
di(i=i,2,...,m) 

The programme determines the individual best z / + solution and the individual worst solution zj" for every 
objective i (i~l,2,...,k). The objective functions are (3) and the constraints are (2). The obtained values zj+ 

and zy% based on the modified Zimmermann's procedure, are used to solve the linear programme with the 
objective function (9) and constraints (2), (8) and (11). For the nonfuzzy problem, this programme gives the 
values of unknown xj (j=l,2,..,n), maximal values of objective function z/ (i=l,2,...,k), coefficient of 
acceptability ^and coefficients of satisfaction a\ (i=l,2,..,k). For the fuzzy problem, the linear programme 
with the objective function (17) and the constraints (18) gives: the optimal value of unknown XJ (i=l,2,...,n), 
objective function z / , coefficients of satisfaction a/ (i=l,2,..,k) and coefficient of acceptability y. 

E X A M P L E 

The construction firm A produces, transports and places concrete on a building site. Fresh concrete is 
produced at a central concrete plant and transported by seven transit mixers over the distance 1500-3000 m 
to three building sites. Three concrete pumps and eleven interior vibrators are used for delivering, placing 
and consolidating the concrete at each building site (BS). 
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Working capacities are: 

- central concrete plant 60 m 3 /h, weekly 2520m 3 with tolerance 200 m 3 , 

- transit mixers for building site 
-BS1 8.45 m 3 /h 
- B S 2 9.26 m 3 /h 
-BS3 7.26 m 3 /h 

- concrete pumps: - 16 m 3 /h at BS1 

- interior vibrators 4.0 m 3 /h 

Required working power: 

-22 m 3 /ha tBS2 
- 26 m 3 /h at BS3 

- 5 workers for central concrete plant 
- 7 workers (drivers) for transit mixers 
- 6 workers for concrete pumps 
- 22 workers for delivering, placing and consolidating of concrete at 

building sites (6 for BS1+ 7 for BS2+ 9 for BS3). 

Minimal required quantities of concrete are: 
- f o r B S l 14.0m 3/hor588 m 3 per week with tolerance 47 m 3 

- for BS2 18.0m3/h or 756 m 3 per week with tolerance 60 m 3 

- for BS3 21.5 m 3 /h or 903 m 3 per week with tolerance 72m 3. 

These values are calculated for 42 working hours per week. 

The expected profit per 1m 3 , as the first objective, is: 

- a t B S l 12$ 
-a tBS2 10$ 
-a tBS3 11$. 

The minimal expected weekly profit as a fuzzy value is z0= 27000$ per week with tolerance ti=2100 $. 

The index of quality at building sites, as the second objective, is ranged from 5 points/m3 (bad) quality to 
10 points / m 3 (excellent) quality. For 

- BS1 its value is 9 
- BS2 its value is 10 
- BS3 its value is 7.5 

The minimal expected total weekly number of points for quality, as fuzzy value, is z02=21400 with 
tolerance t2= 1700 points. 

The index of worker satisfaction, that depends on the working and other conditions, as the third objective. 
is also ranged from 5 to 10 points per m 3 of produced, transported and placed concrete. Its values are 

-8 points a t B S l , 
- 7 points at BS2 
- 9 points at BS3 

The minimal expected total weekly number of points as a fuzzy value is z0=18000 with tolerance t3=1400. 
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Weighting numbers that represent the relative importance of these objectives are: 

- for profit wi=0.40 
- for quality W2= 0.40 
- for worker satisfaction W3= 0.20. 

Find: 
* the optimal value of unknowns x( (i=l,2,3) 
that represent quantities of concrete which have to be delivered to BS1, BS2 and BS3 
respectively and 

* corresponding optimal values of the objective functions zj>Z2, Z$ 

The profit, costs and resources are calculated by /12/, /14/, and /15/. 

According to requirements and available data the objective functions are: 
max zi=12xi+10x2+l lx3(>,«)27000 
max Z2=9xi+10x2+ 7.5x3(>,*)21400 
max Z3= 8xi+7x2+9x3(>,w)18000 

with tolerance 

ti=2100,t2=1700,t3=1400. 

The weekly capacity of the concrete plant 

Xi+X2+X3(<,*)2520, tolerance di=200. 

The weekly engagement of 7 transit mixers, according to their working capacities 

1 1 1 
x i + X2 + X3 7x42= 294 h, tolerance d2=23 h 

8.45 9.26 7.20 

The weekly engagement of 3 concrete pumps 

1 1 1 
x i + X 2 + X3 (<,«)3x42=126h, tolerance d3=10h, 

16 22 26 

The weekly engagement of 22 workers for interior delivering, placing and consolidating concrete at building 
site 

6xi +7x2+9x3 (<,«) 22x42=924 tolerance d4=74. 

Minimal weekly requests for the concrete: 

BS1 xi>588 m 3 , tolerance ds=47m3 

BS2 X 2 > 756 m 3 , tolerance dg=60 m 3 

BS3 X3>756 m 3 , tolerance d7=72 m 3 

The minimal value of the degree of acceptability is yi^O.80. 
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These constraints written in full are: 

Xi+X2+X3(<,«)2520 
0. II 8xj+0.108x2+0.139x3(<,sf)294 
0.063xi+0.045x2+0.038x 3(<,«)126 
0.1 OOxi+0.117x2+0.150x3(<,«)924 
0.033xi+0.033x2+0.055x3(<,«)294 
X!(>,*)588 
x2(>,*)756 
x 3 (>,«)903. 

Using the mentioned computing programme the individual best and worst nonfuzzy solution for constraints 
(b) and individual objective functions (a) are found. These solutions are 

Objective i 
(m3/week) 

*2 
(m3/week) ?3 

(m-Vweek) 
($) 

z i + 

($) 

1 734.02 756.00 903.00 26301.29 0 

2 588.00 915.95 903.00 21224.00 0 

3 734.02 756.00 903.00 19291.00 0 

With the obtained values for ZJ+ and z f it is possible to implement the modified Zimmermann's procedure 
to receive the following results: 

- Optimal weekly production for BS1, BS2, and BS3: 

x]=635.94m 3, X2=863.43 m 3 , X3=903.0m3 

- Maximal weekly profit zi=26199 $, coefficient of satisfaction ai=0.996 

- Maximal number of points for quality Z2=21130, coefficient of satisfaction ct2=0.996 

- Maximal number of points for working conditions Z3=19259, coefficient of satisfaction 0:3=0.998 

- Coefficient of acceptability of this solution T=0.941. 

For the fuzzy problem the obtained solutions are: 

- Optimal weekly production for BS1, BS2, and BS3: 

xi=783.50m 3 , X2=747.1 l m 3 , X3=892.33 m 3 

- Maximal weekly profit zi=26689$, coefficient of satisfaction cei=1.015 

- Maximal number of points for quality Z2=21215, coefficient of satisfaction ct2=0.996 

- Maximal number of points for worker satisfaction Z3=19529, coefficient of satisfaction 0:3=1.012 

- Coefficient of acceptability of this solution Y=0.852. 

The obtained results point to little difference between fuzzy and nonfuzzy objective functions for the 
individual best solution. The difference is less that 2%. The coefficients of acceptability of the solutions T, 
indicating the possibility to realize these solutions, are very high. According to this, the decision maker 
could accept 

* the nonfuzzy solution that gives smaller profit with possibility of realization Y=0,941, 

* the fuzzy solution that gives higher profit with possibility of realization Y=0.852. 
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The applied computer programme helps the decision maker to vary the values of the coefficient T in the 
interval [0,1] and to receive the corresponding optimal values of production and profit with corresponding 
values of possibility. 

CONCLUSIONS 

The business decision making process in the civil engineering industry can be explained by the fuzzy 
approach of the multiple objective system technique. The approach described and implemented in this paper 
is mainly based on Lai and Hwang's cited works. The proposed models with linear objective functions and 
constraints are based on linear membership functions. The results of the models are obtained by the 
auxiliary linear programmes. These programmes help the decision maker to take into account the imprecise 
data such as: 

* the expected profit, quality, working conditions, available resources, realized production 

to obtain the required optimal solutions with the corresponding coefficients of possibility of their 
realization. 

REFERENCES 

l\l B E L L M A N , R. E., Z A D E H , L . A. , "Decision-making in a fuzzy environment", Management 
Science Vol . 11,4» B-141-166,1970. 

III C H U A N G , P. H . , "Fuzzy mathematical programming in civil engineering systems". Ph.D. Thesis, 
University of London, London, 1986. 

IV D Y S O N , R. G., "Maxmin programming, fuzzy linear programming and multicriteria decision 
making, Journal of Operational Researches Society 31, pp. 263-267, 1981. 

IAI C H U A N G , P. H. , M U N R O , J., L L O Y D SMITH , D . , "Plastic limit design analysis with imprecise 
data", in Pavlovic, M . N (ed.) Steel Structures. Elsevier Applied Science Publishes, London, pp.71-
86, 1986. 

151 L A I , T. Y . , H W A N G , C. L. , "Possibilistic linear programming for managing interest rate risk", 
Fuzzy Sets and Systems. 54, pp.135-146, 1993. 

161 L A I , T. Y . , H W A N G , C. L., Fuzzy multiple objective decision making: methods and applications. 
Springer-Ver lag Heilderberger, Cologne, 1994. 

Ill L A I , T. Y . , H W A N G , C. L. , "TOPSIS for M O D M " , European Journal of Operational Researches 
,76, pp. 486-500, 1994. 

/8/ L A I , T. Y . , "IMOST: Interactive Multiple Objective System Technique", Journal of Operational 
Research Society. 46, pp. 958-976, 1995. 

191 M U N R O , J., "Some applications of fuzzy programming to civil engineering", Second Canadian 
Seminar on System Theory for the Engineers. Calgary. 1984. 

/] 0/ PEURIFOY, R. L. , LEDBETTER, B. , Construction Planning. Equipment & Methods, McGraw-Hill 
, New York, 1985. 

/11/ PRASCEVIC, Z., "Optimal choice of equipment in construction industry by chance constrained and 
fuzzy linear programming, in Vujic S.(ed) Proceedings ofSYMOPIS 1995 , pp.328-334, 1995. 

/12/ TRBOJEVIC, B. , PRASCEVIC, Z., Construction Machinery. Gradjevinska knjiga, Beograd, 1991. 

11 



/13/ Z I M M E R M A N N , H . J., " Description and optimisation on fuzzy systems, International Journal of 
General Systems, 2, pp.209-215, 1976. 

/14/ Z I M M E R M A N N , H . J., Fuzzy programming and linear programming with several objective 
functions. Fuzzy Sets and Systems, l,pp.45-55, 1978. 

12 



D E P A R T M E N T OF M A N A G E M E N T 
1998 WORKING PAPERS 

1/98 Alison Dean, "Issues and Challenges in Training HRM Practitioners by Distance Education" (January, pp. 16). 

2/98 Simon Moss, "Exposing Biased Samples: Derivation of the Sample-Subdivision Method" (January, pp. 10). 

3/98 lan Roos, "Technical Regulation and Work Autonomy: Human Resource Management in a Specific Pathogen Free Animal 
Unit" (January, pp.15). 

4/98 Loong Wong, "The State, Economic Growth and Environment in Malaysia" (January, pp.21). 

5/98 Tim Haslett, "The Senge Archetypes: From Causal Loops to Computer Simulation" (January, pp.22). 

6/98 Loong Wong, "Management Theory Meets the 'Other'" (January, pp. 15). 

7/98 Tim Haslett, "Implications of Systems Thinking for Research and Practice in Management" (January, pp. 19). 

8/98 Jan Schapper, '"We had no Choice. It was Inevitable.* Some Thoughts on Parallel Processes Between Researcher and 
Researched in Response to Organizational Change" (January, pp. 17). 

9/98 Tim Haslett, "The Dynamics of Garbage Collection: A Case Study.of Privatization" (January, pp. 17). 

10/98 Tim Haslett, Simon Moss, Charles Osborne and Paul Ramm, "The Application of Local Rules in Self Ordering Systems" 
(January, pp.17). 

11/98 Ramanie Samaratunge, "Decentralisation and Development: Partners in the 21 s t Century?" (January, pp.15). 

12/98 Tim Haslett, "Teaching Systems Thinking and Theory: Management Education at Monash University" (January, pp.11). 

13/98 Tim Haslett, "Building the Learning Organization - The Practical Steps" (January, pp. 10). 

14/98 Mary Anderson and Daniel Moore "Classroom Globalization, "An Investigation of Teaching Methods to address the 
phenomemon of Students from Multiple National Cultures in business School Classrooms" (January, pp.7). 

15/98 Judy H. Gray and Iain L. Densten, "Analysis of Latent and Manifest Variables in a Study of Small Business Strategy" 
(January, pp.13). 

16/98 Kathryn M . Antioch, Chris Selby-Smith and Chris Brook, "Pathways to Cost Effective Prevention, Detection and Treatment 
' of Prostrate Cancer in Australia: Achieving Goals for Australia's Health to 2000 and beyond" (January, pp.31). 

17/98 Chris Selby-Smith, "The Impact of Vocational Education and Training Research on Policy, Practice and Performance in 
Australia" (January, pp. 17). 

18/98 Mile Terziovski, Amrik Sohal and Simon Moss "Longitudunal Analysis of Quality Management Practices in Australian 
Organisations (January, pp.14). 

19/98 Linda Brennan and Lynne Bennington, "Concepts in Conflict: Studies and Customers" (January, pp.15). 

20/98 Dianne Waddell, "The Role Responsibilities Quality Managers" (January, pp.10). 

21/98 Dianne Waddell, "Resistance to Change: A Company's Experience" (January, pp.13). 

22/98 Iain L. Densten and Judy H. Gray, "Is Management-by-Exception a Single Factor? (January, pp. 13). 

23/98 Mile Terziovski, "Best Predictors of High Performance Quality Organisations: Evidence from Australia and New Zealand" 
(March, pp.16). 

24/98 Ronald W. Edwards and Peter J. Buckley, "Choice Ownership Mode and Entry Strategy: The Case of Australian Investors in 
the UK" (January, pp.18). 

25/98 Tim Haslett and Charles Osborne, "Local Decision Rules: Complexity or Chaos?" (January, pp.14). 

26/98 Ian Roos and T. Makela, "Employee Reactions to Controlled work Environments: The Dispensing of Anti-Cancer Drugs in 
Hospital Pharmacies" (January, pp.29). 

27/98 Tim Haslett, Kosmas X. Smymios and Charles Osborne, "A Cusp Catastrophe Analysis of Anxiety Levels" (January, pp. 
18). 

28/98 Megan Seen and Anne Rouse, "Quality Certification: Lessons from Three Software Development Organisations" (March, 
pp.13). 

29/98 E. Anne Bardoel and Tim Haslett, "The Use of Systems Thinking and Archetypes in Teaching Organisational Behavior" 
(March, pp.10). 

30/98 Megan Seen and Anne Rouse, "The Effect of Quality Certification on the Software Development Process" (March, pp.13). 

31/98 Michael Morrison and Mile Terziovski, "The Relationship Between Quality Management Practices and Learning Outcomes: 
In the Australian Retail Hardware Sector" (March, pp.15). 

32/98 Marjorie Jerrard, "Dinosaurs are not Dead - The Success of the AMIEU (QLD) in Coping with Industrial Relations Change 
and AWAS" (March, pp.20). 

33/98 Lynne Bennington and James Cummane, "Customer Satisfaction, Loyalty and Public Services" (March, pp.19). 



1998 WORKING PAPERS 

34/98 Alison Dean, "Managing Quality Initiatives in Services: JIT Delivers but BPR Fails" (March, pp. 11). 

35/98 Marjorie Jerrard, "A Surprising Struggle? The AMTJEU(Qld) and the Fight for Equal Wages in the Meat Processing and 
Export Industry in the 1950s and 1960s" (March, pp.15). 

36/98 Julie Wolfram Cox, Helen De Cieri and Marilyn Fenwick, "The Mapping of Strategic International Human Resource 
Management: Theory Development or Intellectual Imperialism?" (April, pp.23). 

37/98 Max Coulthard and Timothy James Grogan, "The Impact of a Firm's Strategic Orientation on Environmental Scanning 
Practices in Two Australian Export Industries" (April, pp.13). 

38/98 John W. Selsky, '"Even we are Sheeps': Cultural Displacement in Management Education" (April, pp.13) 

39/98 Rowena Barrett, "Industrial Relations and Management Style in Small Firms" (April, pp.18). 

40/98 Loong Wong, "Why Jerry Maguire succeeds but not William Lomax: Management, Cultures and Postmodernism" (April, 
pp.12). 

41/98 Sarah Turberville. "The Nature of Employee Financial Participation: Evidence from the Australian Workplace" (June, pp.32). 

42/98 Marilyn S. Fenwick, Helen L. De Cieri and Denice E. Welch "Cultural and Bureaucratic Control in MNEs: The Role of 
Expatriate Performance Management" (June, pp.16). 

43/98 Stuart Orr and Amrik S. Sohal "Technology and Global Manufacturing: Some German Experiences" (June, pp.9). 

44/98 Stuart Orr and Amrik S. Sohal "Global Manufacturing Issues: The Case of Siemens AG" (June, pp. 12). 

45/98 Robert Millen and Amrik S. Sohal "Planning Processes for Advanced Manufacturing Technology by Large American 
Manufacturers" (June, pp.15). 

46/98 Amrik S. Sohal and Lionel Ng "The Role and Impact of Information Technology in Australian Businesses" (June, pp.25). 

47/98 Marcia Perry, Amrik S. Sohal and Peter Rumpf "Quick Response Supply Chain Alliances in the Australian Textiles, Clothing 
and Footwear Industry" (June, pp.16). 

48/98 Andrea Howell and Amrik S. Sohal "Human Resources and Training - The Core of Quality Improvement Initiatives" (June, 
pp.18). 

49/98 John Gordon and Amrik S. Sohal "Assessing Manufacturing Plant Competitiveness: An Empirical Field Study" (June, 
PP-19). 

50/98 Mile Terziovski and Danny Samson "Increasing and Sustaining Performance Through an Integrated Quality Strategy" (June, 
pp.14). 

51/98 Judy H. Gray "Self-Employment as a Career Option for Redundant Workers" (September, pp.9). 

52/98 lAminu Mamman "Towards Understanding Attitudes to Pay Systems: Cultural, Socio-Psychological, Economic and 
Organizational Influences" (September, pp.20). 

53/98 Aminu Mamman "Adoption and Modification of Human Resource Management Ideas (HRMI) in Organizations: The Impact 
of Strategy, Organizational Contingencies, and National Culture" (September, pp. 16). 

54/98 Len Pullin and Ali Haidar "Power and Employment Relationship in Victorian Local Government: Responses from Gippsland 
Senior Officers" (September, pp.13). 

55/98 Ron Edwards "From Powerless to Empowered: A Case Study and Critique of Production Teams" (September, pp.17). 

56/98 Deirdre O'Neill and Linda McGuire "Microeconomic Reform and the Third Sector - The Australian Experience" (September, 
pp.18). 

57/98 Deirdre O'Neill and Owen Hughes "Is There a New Model of Public Sector HRM" (September, pp.9). 

58/98 Richard Winter, James Sarros, and George Tanewski "Quality of Work Life of Academics in Australian Universities: A Pilot 
Study" (September, pp.8). 

59/98 Phyllis Tharenou "Going Up?: Are Traits and Informal Social Processes Important to Advancing Upwards in Management?" 
(September, pp.30). 

60/98 Damián Morgan "Adventure Tourists on Water: Linking Expectations, Affect, Achievement and Enjoyment to the 
Adventure" (September, pp.15). 

61/98 Kerrie Hose "'Strategic Unionism': Not Enough to Stem the Decline in Trade Union Membership?" (September, pp.11). 

62/98 Dianne Waddell and Amrik S. Sohal "Measuring Resistance to Change: An Instrument and its Application" (September, 
pp.14). 

63/98 Phyllis Tharenou "Gender Differences in Advancing to the Top" (November, pp. 18). 

64/98 Rowan Lewis and Dianne Waddell "The Management of Change in Not-for-profit Aid Organisations" (November, pp.17). 

65/98 Dianne Waddell and Amrik S. Sohal "Resistance: A Constructive Tool for Change" (November, pp.8). 

66/98 Dianne Waddell "Quality Management: The Practitioners Perspective" (November, pp. 11). 



1998 WORKING PAPERS 

67/98 Dianne Waddell and Amrik S. Sohal "Manufacturing Manager's Perceptions of Resistance to Change: An Empirical Study" 
(November, pp.11). 

68/98 Glenice Wood and Margaret Lindorff "Gender Differences in Perception of Promotion Requirements - A Social Role Theory 
Perspective" (November, pp.10). 

69/98 lan D. Clark "Rock Art Sites in Victoria, Australia: A Management History Framework" (November, pp. 16). 

70/98 Ian D. Clark "'What's in a Name?' Naming as a Management Tool in Site Protection" (November, pp.6). 

71/98 Ian D. Clark "'...Sheer, Utter, European Arrogance...* Challenges to the Authenticity of Rock Art Sites in the Grampians-
Gariwerd Region of Victoria, Australia" (November, pp.7). 

72/98 Ian D. Clark and Louise Larrieu "Indigenous Tourism in Victoria: Products, Markets and Futures" (November, pp.23). 

73/98 Ian D. Clark "Understanding the Enemy - Ngammadjidj or Foreign Invader? Aboriginal Perception of Europeans in 
Nineteenth Century Western Victoria" (November, pp.25). 

74/98 Ian D. Clark "Geographical Studies of Dispossession - An Analysis of a Disciplinary Pedigree" (November, pp.13). 

75/98 Ramanie Samaratunge "Management in Transition: Rethinking Public Service Quality and Delivery" (November, pp.14). 

76/98 Damian Morgan "Safety and the Adventure Tourism Process: Implications for Research and Recommendations for the 
Adventure Tourism Industry" (November, pp.19). 

77/98 Mary Anderson and Amrik S. Sohal "A Study of the Relationship Between Quality Management Practices and Performance 
in Small Businesses" (November, pp.16). 

78/98 John Barton and John Selsky "An Open-systems Perspective on Urban Ports: An Exploratory Comparative Analysis" 
(December, pp.16). 

79/98 Alison Dean and Leonard Webster "Evaluation of Interactive Multi-media in Business Education" (December, pp. 13). 

80/98 Sonja Petrovic-Lazarevic and Zivojin Prascevic "Fuzzy Multiple Objective Decision Making in the Construction Industry" 
(December, pp.12). 

81/98 Cherrie Zhu and Peter Dowling "Employment Systems and Practices in China's Industrial Sector During and After Mao's 
Regime" (December, pp.22). 

82/98 Nell Kimberley "Change and the Impact on Role - A Role Analysis of Three Senior Executives of a Major Public Sector 
Organisation" (December, pp.12). 

83/98 Mary Anderson and Daniel Moore "From Ivory Tower to Battlefield: Investigating the Philosophies of Curriculum Change 
and Development" (December, pp.11). 

84/98 Ali Haidar and Len Pull in "The Public Sector Employment Relationship and Management Morality: Conceptualising a 
Correlation Utilising a Multi-Dimensional Typology of Public Sector Morality (PSM)" (December, pp.16). 


