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Synopsis

On Sunday July 20, 2008 many conference participants came together to attend the
9th PhD Colloquium of the Student Chapter of the System Dynamics Society. The
colloguium was organized by Nici Zimmermann and Cécile Emery and attracted
about 80 participants. This highly interactive event provided a platform for students to
present their current work—research proposals and dissertation work in progress.
The purpose of the day was to enable the students to receive valuable feedback from
professors and peers, to get to know each other closer, and to learn in a pleasant
atmosphere. David Lane’s talk on ‘bad presentation skills’ as well as a panel
discussion on ‘publishing strategies’ helped make it an insightful and enjoyable day.

Five doctoral students presented their work in plenary presentations, seven further
students in a poster session in the afternoon. The poster session provided the
opportunity for a one-to-one exchange with the presenters, and the plenary allowed
for half an hour of discussion time for each presenter.

The students came together from multiple countries—the USA and Western Europe,
and also from Australia and the Middle East. The participants’ geographic diversity
yielded a rich mix of research interests that were discussed throughout the day.
Topics included business and management applications, ecology and health issues.

Continued...

The five plenary presentations started with a presentation by Christian Lehr on supply
chains. He analyzes closed-loop supply chains and simulates manufacturers’ policy
options of using new raw materials or recycled products. Subsequently Adel
Alhuraibi’s research was discussed. He hypothesizes that capacity fluctuations and
delays have detrimental effects on customer satisfaction and supports his work with
the study of two banks in Yemen. Asmeret Bier showed work in the ecology area and
on thermal pollution—a simulation game that allows participants to explore trading
options and their outcome for the water quality of a river. One student—Rosie
Sadsad—addressed health issues. She explained chances that arise from the use of
electronic health record systems to prevent adverse drug use that appears frequently
in elderly patients. Michael Quigley’s research revealed the differences in goals and
reality in higher education enrolment in UK universities and explained dynamically
why these goals are not met.



Seven posters complemented the plenary presentations. Here Robert Weikl showed
his research questions regarding the developments of the diesel fuel price and of
powertrain diffusion as a study in collaboration with the Bosch company in Germany.
He was not the only one presenting work in the business and economics area. Nor
Erne Nazira Bazin hypothesizes that the dynamics of production goals in push, pull,
and hybrid manufacturing systems will have negative effects on performance. Philip
Sauer showed his ideas for the creation of a methodology to define nano-scale
product capabilities. Christian Weitert's and Mariana Medvetchi Dahan’s posters
addressed innovation. Christian analyzes innovation in emerging high-tech industries
and focuses on the advantages of incumbent firms. Mariana looks at the diffusion of
innovation in the telecommunications market.

Then the research topics took the observers to Asia. Rabyah Mansor presented
competency-based education and training in East Malaysia; and Tommy Ka Kit Ngai
then informed us about how household water technologies can sustainably be
disseminated in developing countries. Tommy plans to conduct case studies in India,
Nepal, as well as in African Ghana.

The core of the PhD Colloquium was surrounded by a talk and a panel discussion. In
the morning David Lane opened the Colloquium with a presentation on “How to Give
a Bad Presentation”. In a captivating way he presented negative rules that are best
avoided when talking to an audience as well as positive lessons to remember. The
day closed with a panel discussion on “Publishing Strategies”, moderated by Peter
Milling. Brian Dangerfield, John Morecroft, Brad Morrison, and Hazhir Rahmandad
discussed their experience. They provided insights and gave background information



into their own publishing strategies, about publishing in the System Dynamics Review
as well as in general. In particular they emphasized the importance of tailoring
publishable work to the respective system dynamics or non-modeling audience.

The feedback for this whole-day event was highly positive from the side of the
students as well as from the audience. Students appreciated the interaction with
more experienced system dynamicists who provided much feedback; and the wider
audience regarded the Colloquium as a successful learning experience. Additionally,
presenters did not only use the PhD Colloquium to gain feedback on their work; the
event was also successful in establishing close relationships among the attending
PhD students.

Nici Zimmermann
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ABSTRACT

Organizational performance has been a central tapithe research of
strategy, management policies, decision-makingymétion systems and
almost in all other fields of business-related wsf. Many drivers of
performance have been studied but there was noeosns on specific
factors that drive high performance under all cinestances. Most of the
results were controversial, even Porter's claimtttiae ultimate aim
should be market share did not always prove to lgei@antee of high
performance (Porter 1980). It has been shown intualys by Beinhocker
(1997) that there is no such a thing as a constagh performance
,except in a very few cases, have companies bden@lover-perform
their competitors for a continuous period over fixears; implying the
presence of performance variability (fluctuation).

Consequently, Performance assessment system'sréeswed a wide
recognition both on the academic and practitionkngel (Neely, 1998)
yet some issues, such as performance fluctuatien towe both on the
industrial and service level, did not receive mwattention and hence
requires further study in order for those systeasdcome more effective
In the process of management decision-making. Sthdy, inspired by
the disciplines of System Dynamics first introadlibe Forrester (1961)
and business-process management and re-engineemitigattempt to
build a model to study the effect endogenous fagtamely, delays (both
information and material) and capacity limitationsn performance

fluctuation over time.

Key words : performance management, process management, system dynamics



1. INTRODUCTION

1.1 Background of Performance Studies

Competition in the high standards for product/ssrquality is inevitable
allowing no lean-back time for the modern organarat As a result,

organizations realized the importance of implenmgntan effective

Performance Measurement/Management Systems. Thertampe of

such systems was clearly demonstrated in variaudiest (Neely et al,
1995; Neely et al, 1997, Rolstadas 1998; Bourn@J @000). Due to its
importance, performance management has attracteasianumber of

scientific studies that explored factors that sg@ody enable firms to
achieve high performance. Financial, non-finaneiatl market oriented
factors (firm size, knowledge management, markeitcgire.. etc) have
been studied. Most of those studies had contraleesults as to whether
those factors do or do-not cause high performancenéntion a few

(Meng-Ling Wu, 2006; Brockman 2003; Behrman anadlBikar, 1989 ;

Caves, 1998; Brickley et al, 2003)

The service sector also had its share of performahadies. Most of the
above mentioned studies were based in manufactwrggnizations.
Nevertheless, it is asserted that quality and pexoce could be
controlled and measured in the production of thervise" product as
effectively as in the manufacturing process. (Nhyrpl999; Frei and
Harker, 1996; Greasley 2003).

The settings in the above mentioned studies ateotleiudying the same
factor, eg. firm size, by different researchersddiferent firms. Those

studies have shown a considerable controversysesasig the effect of



various factors on firm's performance. Other sigdiave attempted a
different setting, where by they tested the pertoroe of branches of the
same firm or the performance of similar businesses similar
neighborhood (e.g. retail stores) i.e. similar bass under very similar
settings. In spite of the similarity of the setsnghey found considerable
variability among the performance of those similawmsiness units
(Matson and Prusek, 2003; Frei, et al 1999). Tad has led some
researchers to criticize the idea @fbss-sectionalstudies (testing the
effect of a certain factor on the performance of @ganizational
performance at certain instant of time), claimirfgatt performance
fluctuates over time, consequently, investigating performamal be
more effective in aongitudinal study where the effect of a certain
factor(s) on the performance (of the business ocgss) could be studied
over time. (Bourne, et al 2000 ; Murphy, 1999; @&jlet al , 1994; Senge
and Sterman 1991).

1.2. Variability and customer satisfaction

In a basic sense, variability is associated witheutainty. Studies have
shown that customers, in general, prefer legsability in performance,
among processes (Tan, Platts and Noble 2004; étral,1999), or within
a process (Wirtz and Bateson 1999; Wirtz and Mafth01). Variability
of a process output (performance) has been atdhun the system
dynamics literature, to the delay in feed-back dpreinantly balancing
feed-back) loops of dynamic system, and to the sihaot and collapse
structures due to the overloading of the carryiagacity, i.e. due to
capactity limitations (Sterman 2000; Maani 200)tHrs study we will be
predominantly concerned with the delays and caypdioiitation and

their effect on process performance fluctuation.



2. Delaysand Capacity Limitations

2.1 Delays

Delays, in a business sense, could take severasfdnformation delays
such as the time it takes for information (reportic) to reach the
decision maker, or the time it takes the decisiaken to take action.
Material delays are the times it takes a productise to pass through a
specific manufacturing/processing stage(s) (Sterd@®; Simons 2004,
Maani 2000).

2.2. Capacity Limitations and Planning

Capacity in the most basic sense could be descalsethe amount of
output that could be achieved in specific periodioke given a specified
amount (level of resources. Chase, Jacobs and rAaqgi(2006) have
definedcapacityin an operations sense capacity is the amour@soiurce
input available relative to output requirements ovepeacsic period of
time. This definition is more relative to our ceng due to the fact that
this study will explore the decisions related tpa@ty management, as
well as the Ilimitations of carrying capacity andeith effect on

performance fluctuation.

In a service setting, the capacity planning proges$o a large extent,
similar to that of the manufacturing industry. Neiieless, there are a
few notice-worthy differences. First of all, thergice industry is subject
to a high volatility of demand. Incoming "work" v@ry hard to predict

and forecast. Secondly, it is often considered #taff is the major



component of the firm'sapacityto deliver the service (Wirtz and Mattila
2001).

3. The system dynamics approach

3.1 Applicability of SD to thisresearch

In spite of the fact that several procedures haenbsuggested in the
literature to group performance measures togethén e goal of
making them easier to interpret and manage, sontBou have
suggested that more must be done to achieve fdikmstanding of the
dynamics interdependencies and interrelations gntbnse measures
(Neely 1999; Kaplan and Norton 1996). In orderotercome this
deficiency some researches have suggested thd asgrotive (strategy)
maps and the cause and effect relationships (Kagt@nNorton 1996).
Santos, Belton and Howick (2002) argue that thatefly maps are not
adequate to model the interrelationships amongopeence measures
due to the possible non-linear nature of thosetiogiships, delays and
feedback loops that add to tliyynamic complexity not conceptually
available in those kinds of cognitive mapping tegbes. According to
Sterman (1987) quantitative simulation is requiretdhis research is
mainly concerned with Delays, capacity limitaticanrsd the consequent
performance fluctuation (oscillation). These fastare a well established

components of the SD discipline.

3.2 Delays in SD : Delays are a critical component of any dynamic
system due to the fact that they could bring instgland oscillation into
the system (Sterman 2000). Delays appear at \&astages of firm's

daily activity e.g. during information gatheringdareporting, information



analysis and preparing for decision making takesestme and finally

the execution of the decision itself has its ownmetirequirement.

In dynamic terms, a delay appears in a processevbotput lags behind
the input by a specific time (Figure 1). Delaydgall into two major
categories: Material and Information delays. Matatelays capture the
physical flow of material through a process; itaoiwes physical units

moving through the process.

Input — ) Delay 5 Output
Materials
63; : > in Transit B : >®
O | we O
Inflow Rate Outflow Rate

Figurel: General Structure of a Material Delayofsd)
Delays in System Dynamics Notations (Bellow)

Information delays, on the other hand, repredemtgradual adjustment

of perceptions or believes.

3.3 Oscillationsin SD : occur due to the presence of a balancing loop (S)
(negative feedback loop) anddalayin a dynamic system (figure2). This
kind of structure imitates a goal seeking behavianere the system
(performance) overshoots and undershoots some ttagmal) by
attempting to limit or eliminate a certain gap beén the state of the
system and a desired state (Sterman 2000). Thisepbmepresents the
Delays factor in this study. Maani (2000) shows that rdey to reduce

oscillations, delays must be reduced, this conlapta policy implication



that capacity planning decisions should be expdditerder to reduce or

eliminate performance fluctuation.

ANWAWANYA
VARV AR/

State of th systen

v

Time

Reporting/Perception
delay:

State of the
wﬁeﬂ'] /
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\ state of the
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Delay

Corrective /

Action + Decision-making
delay

Figure 2 : Balancing loop with Delays causing datibns
Adopted from Sterman (2000) pp. 114

3.4 Overshoot and collapse structure in SD : This is the third major
structure that we are concerned with in this redealt is concerned with
capacity limitation This structure states that in a dynamic systetn w
ample resources (carrying capacity), the systenpkem exponential
growth track where the positive (reinforcing) lospfdominate. After a
certain time, resources start to deplete and atiegéoop starts to
dominate. After the system (performance) reachespttak, the rate of
decline for the negative (balancing loop) becomassanaximum. The
system's rate of increase becomes negative as atiging capacity

continues to decline. If there is no renewal & tarrying capacity, the



system declines to extinction (Sterman 2000). (feag8) shows this
structure.

Carrying Capacity

State of the sytem

v

Time
+
+
Net
+ increase State of Erosion
rate (R) the of
system Carrying
+\—/ Capacity
(B)
(B)
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Net Resource - Carrying
Increase adequacy Capacity
Rate

— "

Figure 3: Overshoot and collapse structure
Adopted from Sterman (2000) pp. 123



4. Theresearch Problem

The discussion above has shown the importantengftudinal studies in
capturing the effect of critical factors on perf@amee. Previous cross-
sectional studies were controversial, and longtaldistudies did not
capture the effect on performan@lactuation Moreover,delays have
been identified as a deficiency in some of the mod&S such as the
Balanced Score Card. Delays have been studiedrimst®f quality
erosion and WIP management. A combination of infdram and
material delays effect on performance fluctuatimerctime did not get
effective attention in the literature. Finallygapacity management,
planning and overloading (overshooting structuresdynamics) have

been identified as a major factors of performaheetdiation.

In summary, the research problem underlying thergd study is

articulated in the following series of statements

o Performance is difficult to measure and operatiaradue to
the vast range of measures and drivers, this stuidly
attempt to narrowly explore the effect of delayd aapacity

limitations on performance fluctuation.

o Performance over time (longitudinal studies of dast
affecting performance) are vital to the understagdof
performance, nevertheless, those studies are soarttes
literature. Furthermore, specific studies on infation and
material delays, as well as, capacity limitatiofffeats on
performance fluctuation are rare and, in general, ribt

incorporate the customer satisfaction aspect.

10



0 A contribution to the literature in this field walbe of great

significance.

o Finally, if performance could be defined as "outmwer
time" then studying the effect of a combination of
information/material delays within the context @fpacity-
management and limitation-related decision making o
performance fluctuation over time have not beenigogly

studied and simulated.

4.2 Research Objectives

* As a consequence to the research problem stated,akbize
objective of this research will be:

o0 To dynamically study three factors affecting pariance
fluctuation:

» Information/material delays in general within a
business process

» Decision-making delays in regard to capacity plagni
and management (Delays within the process of
capacity-building)

» Capacity limitations and overloading (overshoot and
collapse)

o To incorporate customer satisfaction as a perfooman
measure within the dynamic model
o0 To design and implement a "management simulation

cockpit", using system dynamics, that incorporates:

» Information delivery delay to management
(Reporting Delays)

11



» Delays in decision making (perception delays)

* Delays in capacity-building (training and
experience- building delays)

» Customer satisfaction and perception of
performance (Quality of the Service)

« "Other" non-tangible factors such as : Work
pressure, employee burnout ... etc

4.3 Theresearch questions

Given the fact that performance variability andctiation have been
identified as a major source of uncertainty to tiistomer (Frei, et al
1999), the research problem that will be explomnedhis study is the
factors that influence the performance fluctuatioamely delays and

capacity planning decisions.

Major Research Question

« R1. What is the effect of delays and capacity mnins on

performance fluctuations.

12



Minor Research Questions

R2. What is the effect of information delay in mgament
perception of the imbalance between capacity anthdd on

performance fluctuation. (Reporting delay)

R3. What is the effect of the delay in taking tloian of capacity
expansion, on performance fluctuation. In otherdgdhe effect of
applying pressure towards over-utilization of tixeseng capacity

to achieve extra output on performance fluctuation.

R4. Is capacity-building-delay (training, expertizelding of new
employees) a moderating factor on performanceuatain.

R5 What is the implicit effect of capacity limitatis on
performance fluctuation. (The effect of overshogtine carrying

capacity in the system)

R6. What is the effect and the delay of performdhauation on

customer satisfaction.

4.3 Research Contributions
Theoretical Contributions

As mentioned earlier, many studies have addressstbrmance in

general and Performance measurement Systems sp#gifiHowever,

those studies were mostly cross-sectional, andotigitudinal ones did

not address the aspect of performance fluctuafidms research will

contribute to the theoretical literature of perfamoe studies by exploring

13



the effect of delays and Capacity limitations orsibhass performance
fluctuation and consequently on customer satisggactMoreover, this
research will be a confirmatory study of the modeVeloped by Oliva
(1996), and Oliva and Sterman (2001) where it validate the model in

a third-world banking environment.

Managerial/Practical Contributions

In the context of competitive markets, the model greatly contribute to
the organizational learning through the fact thainagement decisions
regarding "capacity" expansion have great costiocapbns. The process
of hiring, training and qualifying new staff is lgiy and costly process.
On the other hand, attempting to avoid adding niaff by overloading
the existing work force could have negative imgimas on the long run,
in spite of the fact that in the short-run it coldmk like productivity
enhancement. Performance fluctuation has beenrshmWwave negative
effect on customer perception of service quality @onsequently on
customer satisfaction levels. As a result, thagi@e-making process of
capacity management and its associated delaysoaanreasy task. This
research will aim at producing a system dynamic ehaapturing the
mentioned factors, and implementing a managemadightfsimulator"
that could greatly enhance the decision making ggedy providing a

low cost decision testing environment.

4.5 Limitations of the Study and Further research

This study explores the effect of delays, capdeiitations and capacity

planning decisions on performance fluctuation avee. This study is

14



limited to exploring those factors in a "servicg/pé organization.
Furthermore, it is limited to study two major fado(delays and
capacity). Further research is recommended torekplais study into
"manufacturing” organizations, as well as, addintheo possible
exogenous factors of performance fluctuation siemarket-mechanics

or customer variability expectations from the seevprovided.

15



5. The Research Design , Dynamic hypothesis (and the proposed
time schedule)

This research will be based on the basic dynanyigothesis (model) of
(Senge and Sterman 1999; Oliva and Sterman 20Ma 1996) "goal
and quality erosion” (Figure 4) . The research fuillow a participatory
approach of model validation and conceptual modétliimg and update
in the loans department of the second and thigeErcommercial banks
in Yemen. The sources of data will include docuragonh; archival
records; interviews (management mental models isadimn); direct
observation and participant-observation. The detepgesearch design

diagram is depicted in figure 5.

Delay (3)
Customer - Delivery Delivery
L Satisfaction «------- / /- c-= Delay «4----- Delay
d Fluctuation
+
i Customeé ’,,-"\
Satisfactio B ‘ N
ty Loop (B) e
Incoming + (Backlog) - +  Tasks
Tasks > Work in Progress [« Completion
(WIP) rate
Desired Time +
Desired per task
Delivery + +
Delay \ 3 Productivity
- Goal
A
Desired
_.--- Service '
Delay (1) | .-~ Capacity False +»  Time Per Task v
A Learning '
1 * Loop (B)
i ork WeeR ‘-\
,-' (overtime) |

, + Time (work) Loop (B)
Pressure

+_ Work Intensity
(Work Longer pfs)

Delay (2)
Hiring + Skilled
rookies \- - =P Labor mm o2 D

Figure 4 — The "Intial" dynamic hypothesis

Service Capacity
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The basic dynamic Model (hypothesis)

(Goal/quality erosion)
(Senge and Sterman 1999)
(Oliva and Sterman 2001)

(Oliva 1996

Building the expanded model
&
Data Collection

>

Expansion of the model:

Using Mental Mapping techniques with
the concerned management to confirm
and expand the model in an LDC
country (Yemen)

Studying Performance Fluctuation as 3
output indicator

Exploring Delays and Capacity
Limitations as determinants of
performance fluctuation

Addition of empirical-testing-
mechanism of Customer-satisfaction
perspective

U

* Data Analysis

* Building the final Model

* Model Testing & Verification

* Designing, implementing and
testing Policy scenarios

A

August 2008 — July 2009

U

A 4

August 2009 — May. 2010

Design and implement management L earning Lab Simulator (L.Lab)

Figure 5: The Research Design Diagram



Concluding Notes

Due to the importance of performance measuremeahit@anagement in
the success of any business organization, and becparformance
variability and fluctuation has been shown to bsoarce of uncertainty
and dissatisfaction to customers, this researcls sonutilize the system
dynamics approach to model the relationship betwssdays, capacity
limitations and performance fluctuation. Furthermoit will model the
effect of performance fluctuation on customer $atison. This research
will contribute to the academic literature of permf@nce management
and business process re-engineering, moreovel|licantribute to the
practical field of management by providing a preaiti decision-making
tool, (the management flight simulator — or leagniab), for effective
decision-making and process management in regardletays and

capacity management.
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Water Quality Markets

Water quality markets are potential alternatives to conventional command and control
regulation for water quality. These markets have been implemented for various
pollutants, including chemical, nutrient, and thermal pollution. A water quality trading
market can be set up within the boundaries of traditional regulation (within the U.S., a
Clean Water Act TMDL can act as the pollution cap), but expands the options that point
sources have for compliance with the policy to include trading with other polluters. One
major benefit of this type of policy is its ability to incorporate non-point sources, since it
allows point sources to offset their pollution by paying non-point sources to limit theirs.

Trades have occurred in many U.S. states, with most of these programs involving nutrient
and chemical trading, although a few thermal trading programs have begun (Breetz et al.
2004). The state of Oregon has considered the use of trading for thermal pollution, and
has even created an internal management directive on the mechanisms of such a policy
(ODEQ 2005). Modeling projects are underway to explore the possibilities involved in
such a trading policy.

Thermal water quality trading is generally set up as a negotiation-based market, since
there tend to be few buyers and few sellers participating. Point source polluters,
generally the only entities required to comply with caps under U.S. law, are allowed to
offset their pollution discharge by paying landowners to plant shade trees. The markets
are entirely voluntary.

I have developed a simple introductory model and game to help clarify the dynamics of a
water quality trading policy. The game is meant to be used to teach undergraduate
Environmental Science students about such a policy. I am hoping to use the water quality
trading game as a starting point for my doctoral research.

Classroom Model of a Market for Thermal Trades

I have created a system dynamics model that simulates a thermal water quality trading
market. Point source thermal polluters along a river would be allowed to meet their
pollution reduction obligations by paying landowners along the same river to shade



sections of the water by planting trees on their land. This increased shading would offset
the thermal pollution, as well as (hypothetically) restoring the river to improve bank
stabilization, fish habitat, and other ecological factors. The landowners would earn
money for participating and the polluters would see lowered compliance costs.

The model, while still in a preliminary phase, is intended to be played as a game. Players
will interact to decide on which trades to implement as well as to determine the prices of
trades, and the model will take these decisions into account during its simulation. This
will allow players to engage with the model, as well as creating a mechanism for
exogenous price formulation. An image of the environment that the model simulates is
shown in the interface in figure 1 below.
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Structure of the Model

The model is intended to simulate the dynamics of both physical and social aspects of a
thermal water quality trading policy. Physical processes simulated by the model include
hydrology, heat flows, and vegetation growth. Social processes include trades signed and
the economics behind the trading process. The model simulates 20 years of trading,
which is enough time for players to make trades and see the trees grow to full potential.
The model runs in months, which allows the simulation to show seasonal variations in
water flows and temperatures.



The hydrology in the model (figure 2) is quite simple, and may be an area of the model to
improve on in the future. Currently, the model simulates the hydrology using two
internally homogeneous but separate reaches of the river. The upstream section (and its
heat flows) is separated from the downstream section of the river by a lake. The lake is
currently thermally homogeneous in the model. Inflows to the system are exogenous and
based on historical data.
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Figure 2: Hydrology as currently simulated

Heat flows are simulated for both sections of the river and for the lake. The lake heat
section of the model is shown below in figure 3. The heat flows are strongly dependent
on the hydrology of the river. Exogenous climate data also helps to drive the system.
The temperature of the water in any section of the river directly impacts the temperature
of the next section downstream by transferring much of its heat energy through water
outflows.
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Figure 3: Lake heat section of the current model

Economics are also tracked in the model, and help the players to make their decisions.
Each player acts as either a seller or buyer of the thermal pollution offset credits. Sellers
are landowners, and make money from their participation in the market. The buyers of
credits are acting as municipal wastewater treatment facilities. Each participant begins
with a certain amount of money and gains or loses more based on their decisions in the
game.

The initial conditions in the game can be altered to look at different scenarios. The
adjustable initial conditions included in the interface include initial shade conditions
along the river, whether point source polluters exist, and rule curves determining how
much water is released from the lake. Once these are chosen, players make decisions
about trading behavior over time. One example of an initial conditions interface page is
shown below in figure 4.



»]| Vensim:Simulation Game AB 01223008.¥mf Var:multiplier to make each lower reach trade account for one polluter
File Edit View Model Tools Windows Help RS |

EECIER D | # b ¥ B[ BT D

prlEMm Gl s ® WA S RE€ W B J
«p ~
@

Doc

- Hydrology =

=4

June Peak April Peak Hvdrol ]

u u ydrology

m— I 300
0 1 ‘
ule curve selection
E Tne] | 225
peak
00 1y ¥
You can decide how to manage
the water in Cougar Reservoir
by choosing a rule curve. Both 150

rule curves have the same
pattern, but one causes the
reservoir volume to peak in
April and the other causes the
volume to peak in June. The top
two curves in the chart to the
right show the rule curves, and

the bottom curve shows the 00
water inflow. Notice that the il
storage iz only about 4 times 0
monthly inflow, so the residence 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030
time of water in the reservoir is year
about 4 months.
0+ ™ Cougat Resetvoit Volume : AF1 mem
R - flow through Sovth Fork McKenzi AF1 mem
flow through South Fork McKenzie Below Dam : AF] = e
~
< >

Hydology Interface.

[ N

Figure 4: Initial reservoir management interface

Possible Directions for Future Research

The model is currently in a preliminary phase, and there are thus many possible ways to
improve it. First, the model could further segment the river so that a finer scale of
homogeneous reaches is simulated. This would allow the model to show temperatures at
more points along the river. The model could also be expanded to include thermal
stratification of the reservoir. This would allow the use of strategic reservoir
management to alter river temperatures as well as flow levels.

Uncertainty is another important issue in water quality trading that I hope to be able to
work with. Uncertainty has been dealt with in these markets primarily through the
application of a 2:1 trading ratio, which requires trades reduce heat loading by twice the
amount being offset. Analysis of the dynamics of the system with different trading ratios
might be useful, especially when simulated under different uncertainty scenarios such as
with random flows or air temperatures, or with climate change.

I might also add feedbacks from the scientific portion of the model back to the social
portion. For example, if water temperatures are decreased substantially through trading,
point source polluters might be allowed to increase their discharge of thermal pollution.
Other suggestions of ways to improve the model would be greatly appreciated at this
point in the research process.
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Abstract: Closed-Loop Supply Chains are characterized by high degrees of uncertainty and
complexity. It is argued that System Dynamics is an adequate tool for supporting companies in
planning Closed-Loop Supply Chain activities. A short overview of established System Dynamics
models in connection with Closed-Loop Supply Chains is given. Dynamic aspects in Closed-Loop
Supply Chains are being discussed and a causal loop diagram is developed, which is supposed to

serve as a starting point for further research and a simulation model.

Introduction

High sales volumes and shortening product life cycles cause an increasing number of obsolete
products in the market for electronics. In most industrialized countries legislation holds original
equipment manufacturers (OEM) responsible for these products and enforces them to bear any
costs arising at the end of product life. However, this situation also implies a huge potential for
any activity involved in the process of remanufacturing outdated products (Guide 2003).

In the past, outdated products and their disposal were regarded as a cost factor by most OEM.
The major aim was to minimize this cost factor. Activities concerning the return, recycling, or the
disposal were hardly taken into consideration (Thierry et al. 1995). The legal and market-related
developments in the electrical and electronics industry trigger the necessity of actively
controlling the recycling and remanufacturing activities in order to exploit the related potential



for profitability. Therefore, obsolete products have to be regarded as an effective alternative to
original resources that can be used for value-added activities (Dowlatshahi 2005).

The original forward Supply Chain needs to be expanded to a Closed-Loop Supply Chain
(CLSC) in order to systematically return obsolete products to the production cycle again. The
management of CLSCs is defined as the “[...] design, control and operation of a system to
maximize value creation over the entire life-cycle of a product with the dynamic recovery of
value from different types of returns over time” (Guide and Van Wassenhove 2006, p. 249). The
expansion of the supply chain with return and remanufacturing processes leads to a tremendous
increase in complexity. The original value chain can already be seen as a system which is
characterized by a high degree of dynamic complexity. The behavior of such a system is affected
by non-linearity, time delays as well as interactions between the elements of the system (Sterman
2001). These attributes are fortified in a Closed-Loop Supply Chain due to the increased number
of participating actors (the customer, for instance, acts in its new role as a supplier of obsolete
products) as well as the increasing uncertainty related to quantity and quality aspects of product
returns (Guide and Jayaraman 2000).

This uncertainty has to be influenced or at best be controlled in order to make sorting and
recycling processes efficient. The aim must be the minimization of all inspection and sorting
effort of returned products and the maximization of the share of remanufacturable products and
components at the same time. Furthermore, the OEM needs to optimize the proportion of
remanufactured and new products in order to meet the respective demand on the premium market
for new products and the secondary market for remanufactured products over time. To do so,
diverse influencing factors have to be considered and inherent interdependencies between the
distinct variables have to be taken into account. Dynamics arise especially from the different
material, information, and finance flows in the (Closed-Loop) Supply Chain (Corbett and
Savastan 2003).

Previous Applications of System Dynamics in Closed-Loop Supply
Chains

In the context of Supply Chain Management, System Dynamics has been applied from the very
beginning, as Forrester’s first publications show (Forrester 1958, 1961). However the application
of System Dynamics in Supply Chain Management is almost solely limited to the modeling of

forward material flows. Due to the described dynamic complexity in the context of managing



backward material flows as well as the associated information and finance flows, the method
should also be helpful for modeling problems in CLSC.

So far, the number of System Dynamics models in the context of CLSC Management is rather
limited. In the following, a short overview shall be given over some of the so far existing System
Dynamics applications in the context of CLSCs. Triggered by legal regulations in Europe and the
U.S with regard to the recycling of old cars, the focus of the first models during the 1990s are
considering problems of automobile recycling. In this context the workings of Zamudio-Ramirez
(1996) and Seebach (1996) have to be noted. Zamudio-Ramirez models substantial interactions
between car manufacturers, consumers and disassembly and recycling companies in the United
States. He analyzes the effects of legal and technological changes on the whole industry. Seebach
particularly investigates the costs of car recycling in Germany and analyzes the effect of different
environmental instruments on the development of costs.

Schroter (2006) focuses on spare part management within Closed-Loop Supply Chains. The
model serves as a decision support system for spare part supply after volume production and has
to be seen against the background of OEMs long term commitment to provide spare parts.
Alternative scenarios and strategies for the application of product components are analyzed.
Sterman (2000) introduces a model that examines market based problems in the context of
Closed Loop Supply Chains. It addresses long term effects of car leasing strategies and the
resulting risk of cannibalization. Whereas there is a separate secondary market for used cars, this
is not exactly the case for leased cars. After the 1 to 4 year leasing period these cars enter the
market as premium used cars with relatively low mileage and therefore cannibalize parts of the
new car market. General Motors had to realize this painfully in the 1990s. (Sterman 2000)
Capacity planning is a significant aspect when managing product return processes. This aspect is
considered by Georgiadis et al. (2006). Shortening product life cycles as well as aspects of
uncertainty of product return processes complicate the planning of collection, inspection and
recycling capacities extremely. Georgiadis et al. analyze how lifecycles and return patterns affect

collection and remanufacturing capacity planning policies.

Intention of further Research
The model which will be formulated is motivated by the following statement of Debo et al.
(2005, p.1194): “the most fundamental question is whether producing a remanufacturable product

is profitable.” Thus, the main goal of the model is to support the decision of manufacturers on



whether, and if yes, under which conditions, remanufacturing of old products is profitable. The
decision to remanufacture old products and to offer these on a secondary market is linked with
lots of strategic questions, e. g.: What should be the minimal return rate of old products on the
premium market in order that remanufacturing activities become efficient? What is the minimal
ratio of remanufacturable returns (in terms of quality aspects) to make remanufacturing processes
profitable? What is the optimal lot size when manufacturing new products with concern to the
influence of this decision on the number of remanufactured products to be sold on a secondary
market?

Two basic loops can be identified when emphasizing on the profitability of remanufacturing in
comparison to the production of new products, as is shown in figure 1. The more profitable it is
to remanufacture products in comparison to new production, the higher the aspired
remanufacturing activity and the resulting quantity of remanufactured products. A higher output
leads to learning effects and to economies of scale und thus implicates lower costs per unit. This
again influences the profitability positively. The same behavior applies for new production. The
concurrence of these two feedback-loops corresponds with Senge’s archetype “Success to the
Successful” (Senge 2006). However the quantity of remanufacturable products is limited by the

produced amount of new products.
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Figurel: Basic causalities of profitability considerations in the context of remanufacturing activities

In a second step, it is possible to include further parameters that have a substantial influence on

the long term planning of remanufacturing activities, as shown in figure 2. Besides capacity



aspects (Georgiadis et al. 2006), the remanufacturability of the product should also be considered
(Debo et al. 2006). In the sense of “design for X, which can be interpreted in this case as “design
for remanufacturability”, one should consider aspects like modularity when developing and
designing a product. The aim is to simplify the inspection and disassembly as well as to facilitate
the exchange of individual components or the technological upgrade of the product (Krikke et al.
2004). An aspect that also influences the profitability of new production respectively
remanufacturing is the respective market volume and the potential dynamics between premium
and secondary market. Previous research points out the possibility of a direct competition
between new and remanufactured products (Atasu et al. 2008).
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As figure 2 points out, further parameters like commodity prices or disposal costs could also be
included. The causal loop diagram in figure 2 should be considered as starting point for further
research. The model which will be developed should enable companies to test long term effects
of possible remanufacturing strategies considering various dynamics in CLSCs.



References

Atasu, Atalay, Daniel R. Guide and Luk N. Van Wassenhove. 2008. A Critical Review of
Product Reuse Economics, Production and Operations Management (under review).

Corbett, Charles J. und R. Canan Savaskan. 2003. Contracting and Coordination in Closed-Loop
Supply Chains, in: Guide, Daniel R. und Luk N. Van Wasenhove (Eds..): Business
Aspects of Closed-Loop Supply Chains: Exploring the Issues, Pittsburgh, pp. 93-113.

Debo, Laurens G., L. Beril Toktay and Luk N. Van Wassenhove. 2005. Market Segmentation and
Product Technology Selection for Remanufacturable Products, Management Science, 51.
(8), pp. 1193-1205.

Debo, Laurens G., L. Beril Toktay and Luk N. Van Wassenhove. (2006). Joint Life-Cycle
Dynamics of New and Remanufactured Products, Production and Operations
Management, 15 (4), pp. 498-513.

Dowlatshahi, Shad. (2005). A Strategic Framework for the Design and Implementation of
Remanufacturing Operations in Reverse Logistics, International Journal of Production
Research, 43 (16), pp. 3455-3480.

Forrester, Jay W. (1958). Industrial Dynamics — A Major Breakthrough for Decision Makers.
Harvard Business Review, 36 (4), pp.37-66.

Forrester, Jay W. (1961). Industrial Dynamics, Cambridge 1961.

Georgiadis, Patroklos, Dmitrios Vlachos and George Tagaras. (2006). The Impact of Product
Lifecycle on Capacity Planning of Closed-Loop Supply Chains with Remanufacturing,
Production and Operations Management, 15 (4), pp. 514-527.

Guide, Daniel R. and Vaidyanathan Jayaraman. (2000). Product Acquisition Management:
Current Industry Practice and a Proposed Framework, International Journal of
Production Research, 38 (16), pp. 3779-3800.

Guide, Daniel R. and Luk N. Van Wasenhove. (2003). Managing Product Returns for
Remanufacturing, in: Guide, Daniel R. und Luk N. Van Wasenhove (Eds.): Business
Aspects of Closed-Loop Supply Chains: Exploring the Issues, Pittsburgh, pp. 355-379.

Guide, Daniel R. and Luk N. Van Wasenhove. (2006). Closed-Loop Supply Chains - An
Introduction to the Feature Issue, Production and Operations Management, 15 (3), pp.
345-350.

Krikke, Harold, leke le Blanc and Steef van de Velde. (2004). Product Modularity and the Design
of Closed-Loop Supply Chains, California Management Review, 46 (2), pp. 23-39.

Schroter, Marcus. (2006). Strategisches Ersatzteilmanagement in Closed-Loop Supply Chains,
Wiesbaden.

Seebach, Andreas. (1996). Betriebswirtschaftliche Systemanalyse des Fahrzeug-Recyclings in der
Bundesrepublik Deutschland, Frankfurt am Main.

Senge, Peter M. (2006). The Fifth Discipline — The Art and Practice of the Learning
Organization, 2" Ed., New York.

Sterman, John D. (2000). Business Dynamics — Systems Thinking and Modelling for a Complex
World, Boston.



Sterman, John D. (2001). System Dynamics Modeling — Tools for Learning in a Complex World,
California Management Review, 43. (4), pp. 8-25.

Thierry, Martijn, Marc Solomon, Jo Van Nunen and Luk N. Van Wassenhove. (1995). Strategic
Issues in Product Recovery Management, California Management Review, 37 (2),
pp. 114-135.

Zamudio-Ramirez, Pavel. (1996). Economics of Automobile Recycling, Cambridge.



PRESENTER: (please include contact details)

Rabyah M. Mansor

Postgraduate Researcher
CORAS, Salford Business School
University of Salford

Greater Manchester, Manchester

Email: imankoo2@yahoo.co.uk
THESIS SUPERVISOR:
Professor B.C.Dangerfield

DESCRIPTION OF RESEARCH TOPIC:

This is a review of work-in-progress to date on strategic modelling for students in
secondary school education into Competency-Based Education & Training (CBET)
particularly in Sarawak (East Malaysia). Modelling using system dynamics shall
determine the most effective policy interventions for the progression and retention of the
secondary school student’s aged 17-19 years. The structure of the model, the behaviour
pattern of the students and the projection of future supply for skilled human resources in
the State of Sarawak will be described.

KEYWORDS:

Competency-Based Education and Training (CBET), Secondary School Students,

Modelling the Progression and Retention for Students in Secondary School
Education into Competency-Based Education & Training (CBET) in
Sarawak, East Malaysia

Abstract

This is a review of work-in-progress and developments to date of the study into the
progression and retention of students in secondary school education particularly in Sarawak
(East Malaysia). The study is focused on strategic modelling of the progression and retention
of secondary school students who were unable to progress into higher learning institutions
after acquiring Form 5 and Form 6 education in the State of Sarawak. Modelling the
progression will look into enhancing the development of the students for competency-based
education and training (CBET). Retention in this perspective refers to the efforts by the
authorities to encourage this particular group of students to continue taking competency-based

education and training.



Through this process, it will add value to the students in enhancing their skills, knowledge and
attitude, thus preparing them with relevant skills to achieve the workforce requirements of the
State. System dynamics will be used as a tool to analyse the human resource development
issues associated with the dynamics of their progression, as it is suited to the analysis of
complex system problems.

The dynamic influences pertaining to progression and retention of the students as well as
government strategies will be investigated. The study will also address the gaps between the
quality of education and training and the human resource requirements of the future
workforce for the State of Sarawak. By doing this study, it will be expected to come up with
the structure of the model, the behaviour pattern of the school leavers and the projection of
future supply for skilled human resources. It is anticipated to design policies for the
government of Sarawak to improve the quality of skilled human resources pertaining to the
Form 5 and Form 6 school leavers who may enter competency-based education and training.
The conclusion and recommendation of this study is not expected to be completed until

summer 2009.

1.0 Introduction

Dynamic challenges and changes in global economy, social and information communication
technology are having great influences on the development of Malaysia as well as for the
State of Sarawak. In meeting these global challenges, the Malaysian government since her
independence in 1957 has manifested her commitment toward education and human resource
development. The development approach in Malaysia is based on a sequence of five-year

development plans.

Producing the manpower needed for economic and social development was emphasized as
early as during the First Malaysia Plan (1966-1970). However, the growth of human resource
development at the initial stage was not as established as it has become 20 or 30 years later.
The emphasis was on education because the government believes that it was the key input to
national development. The Education Act has been amended and new approaches worked out
and the 7" Malaysia Plan (1996-2000) puts a premium on education and skills training. The

government has recognized the importance of human resource development in its quest for



achieving developed nation status. Thus, it became a major thrust in the 8" Malaysian Plan

(2000-2005) in order to produce an educated, skilled and trainable work force.

In tandem with the country’s Vision 2020, Sarawak is also aggressively moving towards its
second phase of development (2000-2020) and is fully committed towards its development
strategy. The challenge faced in the first phase of development (1980-2000) was the problem
of very highly scattered population where the ratio of rural and urban population is 80 per
cent to 20 per cent. This affects the market mechanism of the economy. The main task by the
government then was to get the market mechanism to be more serviceable to the people which

contribute to the development in the rural area.

The State economy is targeting an average real GDP growth of 6.0 percent, as well as
building a progressive society founded on high-quality human capital and a good quality of
life. One of the main strategies to achieve this is through developing human capital and R&D
capability. Priority will be given to education, by increasing investment to develop the
capability to create, adapt and spread new knowledge.

Sarwak’s human capital stock for the educational attainment for age of 18 and above
indicated that 16.47 percent have attained the PMR qualification, 18.27 percent have SPM and
1.98 percent posses the STPM qualification. About 49.95 percent are without any qualification
(Population and Housing Census, 2000).

This has been of great concern to the State Government of Sarawak especially to the Council
for the Development of School Leavers which was approved by the State Cabinet in March
2005. This council amongst others is tasked to focus on issues related to training and
education for school leavers and school drop-outs, developing action plans and policies as
well as conducting research and development for school leavers and school drop-outs. The
age group of 17-19 years are considered as one of the most vulnerable and dynamic group
which if fully utilised and equipped with skills training can be developed into skilled

workforce that will contributes highly to the economic development of Sarawak.

Besides having the above strategies, the Malaysian government has also made a significant
impact in the Eighth Plan (2001-2005) concerning human resource development. The main
goal is to transform Malaysia into a knowledge-based economy and develop human resources
to produce a pool of highly skilled knowledge workers. Even though Sarawak is blessed with



rich natural resources and primary products, the strong emphasis by the government on
human resource development policy is the key to drive the economic development of the State

in her latest phase of development strategy.

1.1  Research Purpose

The main purpose of this study is to recommend what strategic modelling can best determine
the progression and retention of students in the secondary school education into competency
based training and education. To achieve this purpose this research shall address the following
research questions:
a) How to reduce the number of less academic achievers among the form five and form
six students from leaving the path of the education system?, and
b) How to increase or improve the progression into Competency Based Education and
Training (CBET) for this target group of students to evolve into skilled human

resources for the future workforce?

1.2  Objectives

In tandem with the research purpose as stated above, these are the three main objectives of
this research:

e To evaluate the range of dynamic policies necessary for improving the quality of
human resource pertaining to the progression and retention of students in secondary
school education in Sarawak;

e To assess the policies necessary to close the gaps between the quality secondary
school education and training and human resource needs in the State of Sarawak; and

e To create a framework which may enable an adequate, relevant, constant supply of
skilled and productive human resource for the future workforce of the State?

1.3 Methodology

Human resources often constitute the most critical issues in this highly uncertain socio-
economic environment. Well-executed human resource planning will enable the government
to avoid redundant investments, achieve balance and effective policy directions based on

actual needs. Projections made for the supply of skilled human resources by the educational



institutions, particularly technical training institutions, should match the demand for

workforce market requirements.

The goal of competency-based education and training in the context of vocational education
and training is for an individual to acquire knowledge and skills having a value in the labour
market (White, 1988).There are several different approaches to modelling in relation to
human resource planning but the main problems are associated with the accuracy, costs and
the inability to measure both qualitative and quantitative issues together (Asworth and
Harvey, 1994 and Walkin, 1992). Nevertheless, the best choice related to complex policy
matters for such cases is feasible only with mathematical or computer-based models
(Boulanger, 2005).

Complex issues underpinning the education system involve myriad interactions between the
physical infrastructures, market workforce requirements, budget allocation and government
development policy. This challenge of complex global behaviour makes an interdisciplinary
methodology such as system dynamics quite useful (Sterman, 2001). Initially called
‘Industrial Dynamics’ (Forrester 1961), system dynamics is a methodology for analysing and
solving complex problems with a focus on policy analysis and managing complex feedback

systems.

In this case study, system dynamics modelling is to be used to analyse the behaviour of and
policies for the complex dynamic problems of secondary school students aged 17-19 years
after their SPM and STPM examinations to progress to competency-based education and
training (CBET). It will also provide specific supporting features to project future human
resource developments in the light of policies adopted in Sarawak. The potential value of
system dynamics in this context is incorporating non-linear and iterative views, hard and soft
issues, strategic objectives, and changes that occur in the planning and implementation of the

secondary school students among Form five and Form six, aged 17-19 years.

Furthermore, simulation models using system dynamics will offer a foundation to allow
policy choices for the progression of secondary school students into CBET. This will also
include the analysis of the effects observed in short, medium and longer term of the proposed

planning and implementation of the human resource development policies.



1.4 Scope of the Research

This study will focus on the training and education pertaining to the progression and retention

of the secondary school students.

In this case, it refers to the secondary students’ educations that have completed Form five,
aged 17 years and Form six, aged 19 years but are unable to pursue study into the higher

institutions. It is suggested that this study be divided into three components:-

First, the input component for this study will be obtained from the Education Department in
Sarawak. It will cover information on the education system, the enrolment and attainment of
students, and various policies and strategies pertaining to education. Secondly, the types,
levels and modes of training courses and programmes implemented by technical institutions
will be analyzed in the process component to determine the level of skills and knowledge on
technical know-how and the transfer of knowledge. Finally, for the output component, the
study will examine the effectiveness and suitability of training and education in producing
skilled and productive knowledge workers that meet the ambitions for the economic

development of the State.

The modelling boundary for this research will take into consideration the key factors which
influence the progression and retention of secondary school students into competency-based
education and training based on Sarawak’s socio-economic development planning for the

second phase of development.

1.5 Significance of the Research

By conducting this study, it is expected to be able to recommend to the State of Sarawak the
dynamic policies necessary for improving the quality of human resources in so far this relates
to the progression and retention of secondary school students into competency-based
education and training. Also, the study will address the gap between the quality of education
and training and the human resource requirements particularly the supply of skilled,
productive and disciplined human resources that can be adopted by Sarawak to move forward

to achieve her agenda for the second phase of development and towards Vision 2020.



References:

Asworth, A and R. Harvey (1994). Assessing Further and Higher Education. Jessica Kingsley
Ltd, London

Boulanger, P. M. (2005). Models for Policy-making in Sustainable Development: the State of
the Art and Perspectives for research. Ecological Economics, Elsevier. Vol. 55(3) pp 337-350,
November

Forrester, J. W. (1961) Industrial Dynamics. Pegasus Communications, Waltham, MA.
Sterman, J. D. (2001). "System Dynamics Modelling: Tools for Learning in a Complex
World." California Management Review 43, No.4. pp8-25.

Walkin, L. (1992). Putting Quality into Practice, Stanely Thornes Ltd.

White, M. (1988). Making Connections: Disseminating R & D for Vocational Education and
Training. Policy Studies Institute , London



An Analysis of Goal Dynamics and Their Effects in Push, Pull and Hybrid

Manufacturing System

Thesis Supervisor: Professor Brian Dangerfield
PhD Student: Nor Erne Nazira Bazin

University of Salford,

Salford, Greater Manchester

M54WT United Kingdom

Email: N.E.N.Bazin@pgr.salford.ac.uk

Abstract

This poster will report on the current stage of the research; background study and
proposed method. Interest of the research is to analyze the production goal dynamics
and their effects in three manufacturing systems: Push, Pull and Hybrid Push/Pull. In
real world, it is unlikely for a manufacturing system to have a static goal due to
demand variations, shorter product life cycle and competition from rivals. Several
goal changing environments will be considered to identify which of the competitive
priorities will best drive the performance in each manufacturing systems. System
dynamics is the preferable tool to evaluate the behaviour and performance of the

systems.
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Push, Pull and Hybrid System

The increasing interest of manufacturers in pull manufacturing system emerged after
the oil-shock in 1970’s. Majority of the manufacturing companies that implement
typical push system struggled to make profit under the constraint of limited oil supply.
Kanban (JIT), the first pull subsystem introduced, that makes profit through

elimination of waste, had enormous impact on the latter manufacturing system.
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Figure 1 Material and information flow for push system (Bonney et.al 1999)
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Figure 2 Material and information flow for kanban pull system
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Figure 3 Parallel/serial four stage production system (Hodgson and Wang 1991)

Spearman et al. (1990) in his paper emphasized that Kanban system is only suitable to
be applied in repetitive manufacturing processes. While the superiority of pull system
gain an increasing interest, the push system remains as it can be implemented in a

wider variety of production environments.

In recent years, a great amount of researchers put a large effort to further developed
the manufacturing system to become more flexible and applicable in industries. It is

argued that any manufacturing system could possibly be structured as a pure push or



pure pull system where the type of information flow in both elements is critical in the

decision making process (Pyke and Cohen 1990).

Hybrid pull and push system emerged when there is a need of ongoing improvement
in manufacturing process to ensure profitability of a company in competitive
environment. The integration of these two systems will benefits from wider
applications of push system and superior performance of pull system. Another good
reason is that, the earlier systems have limitations to be implemented across various

manufacturing processes.
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Batch manufacture
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part of plant

Variety

JIT suitable for
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manufacture
Process manufacture
Much of JIT in place,
application of selected
Low techniques High
Low Medium Volume ——

Figure 4 JIT and choice of process (Harrison 1992)

As illustrated in figure 4, it is clear that the earlier pull system is best applicable to the
middle region of the graph. Moving towards the top left and bottom right, only

selected applications can be used in the manufacturing process.

Changes in Product Life Cycle

Most of manufacturing companies have employed a typical push system until the
major shift to a pull paradigm occurred in thel980’s. This had the effect of
transferring the power of manufacturers to customers and retailers (Lapide 2006).
Before the oil shock, there were sufficient demands for products in the market place.
Manufacturers produce goods in large batch and push the products to the market

where it will stay sellable to the consumer depending on the manufacturers effort.



Saturation in the market place appeared after the oil shock where there was less
demand for the products as a result of decreasing buying power of the customer.

Customers will only buy products that suit their requirements.

_/
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period
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new products faster than
competitors)

o

Sales volume

‘Market-in’period
(only produce goods,

‘Product-out’ which can be sold)

period (sell all
goods produced)

1974 1988 Year ———

Figure 5 Relationship between supply and demand (Harrison 1992)

It is visible from figure 5 that relationship between supply and demand changed from
selling all the goods produced to develop, produce and sell products competitively.
This creates the requirements for ability to produce goods at competitive price, top
quality, in varieties and fast deliveries, in order to survive current market
environment. Base on the situation described, static production goals will not be
feasible to absorb the changes in the customer requirements, competitions from other

manufacturers, and market surroundings.

Research Purpose and Procedure

The intended purpose of the research is to observe effects from different production
goals in push, pull and hybrid manufacturing system using system dynamics method.
A number of goal changing environments that will affect production goals will be
considered. In order to shape the production goals to be competitive, possible
combinations of competitive priorities are analyze. S.Devaraj et al. (2004) outlined
five manufacturing competitive priorities; cost, quality, delivery, flexibility and
innovation which is going to be included in this research.



The general research procedure can be described as follows:

1) Determine possible goal changing environments.

2) Determine the variables that will be influenced by the changing environments.

3) Design possible combinations of competitive strategies to shape a competitive
production goal.

4) Analyze the behaviour of the push, pull and hybrid systems using system
dynamics under the designed manufacturing strategies.

5) Evaluate the performance of each system based on three parameters; level of
Work in Progress (WIP), finished goods inventory and service level (cycle
time).

6) Produce choice of policies for each system under different environments.

7) Compare the results of using system dynamics in goal setting with other

methods; forecasting and simulation.

Expected Results

This research has only been carried out for six months and there are lots of
refinements to be made. However, it is expected that from the analysis, insights on the
behaviour of the commonly discussed manufacturing systems will be transparent
under different environments. Policies to assist in choosing the strategies that suits the

production system will be established.
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