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A number of Hong Kong manufacturing companies have 

moved their production to the People’s Republic of China 
while retaining their supporting functions (such as marketing, 

distribution, etc.) in Hong Kong. As a consequence, their 
mode of operation has become more complex and demands 

better production planning and control (PPC). One solution is 

to use an information system in which all factory resources are 

integrated within a single framework for PPC. The main 

instrument of this strategy is an Organizational DSS (ODSS). 

This paper presents a case study of development and adop- 

tion of an ODSS in a small manufacturing enterprise. Analy- 
sis of the findings highlights the cultural as well as organiza- 

tional underpinnings and the need for effective intervention 

before and throughout the computerization. The implementa- 

tion strategies are described, with emphasis on prerequisite 

infrastructural developments, showing how they provide op- 

portunities and constraints. 

Keywords; Organizational decision support system (ODSS); 

Small manufacturing enterprise; Case study; Information sys- 

tems development; Technology adoption; Production planning 

and control (PPC); Industrial collaboration; Technology trans- 
fer. 

Correspondence to: Migar M.C. Tam, Department of Com- 

puting, Hong Kong Polytechnic, Hung Horn, Hong Kong. 
Tel: (852) 766 7273, Fax: (852) 774 0842, E-Mail: CSMI- 

GAR@COMP.HKP.HK. 

1. Introduction 

The Hong Kong manufacturing industry has 
always been export-oriented, and its success has 
been attributed to its flexibility and adaptability 
to frequent changes of market demands, its versa- 
tility, and industrious human resources. However, 
there are threats to its competitive edge due to 
competition from other South East Asian coun- 
tries and more fragmented and volatile market 
demands, accompanied by technology advance- 
ments. In response, a number of Hong Kong- 
based manufacturing companies have moved (or 
in the process of moving) their production facili- 
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ties to the People’s Republic of China (PRC) and 
other South East Asian countries to take advan- 
tage of abundant and relatively cheap labour 
force, etc. [9]. However, they are still Hong 
Kong-based in their support functions, such as 
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marketing, purchasing, distribution and engineer- 
ing. This mode of operation is complex and de- 
mands the local manufacturing office to liaise 
with their remote production plants in production 
planning and control (PPC>. For example, there 
are problems related to the planning of materials, 
dispatching jobs for production, and quality as- 
surance. In fact, the rationalization of the whole 
PPC function can be troublesome and time con- 
suming. 

Confronting with these challenges, the manu- 
facturing executives call for the use of a Decision 
Support System (DSS) to assist timely decision 
making in response to the fast-changing market. 
A DSS is an interactive Information Technology- 
based system. It is designed to make adequate 
provisions for effective decision making. If a DSS 
is in place, these manufacturing executives would 
use it as a vehicle to “supply the relevant infor- 
mation to offer guides to a decision that commits 
peoples at the various levels of a manufacturing 
operation in providing resources to do work” [7]. 

Table 2 highlights the typical uses of DSS in 
PPC. These DSS applications are not limited to 
individual uses. As recent advances in Informa- 
tion Technology have made it possible to broaden 
the scope of a DSS to include support for group 
decisions, and even organizational decisions, or- 
ganizational DSS (ODSS) begins to draw contem- 
porary research interest [5,13,22,331. In order to 
better relate the conceptualization of ODSS to 
PPC, some examples in PPC that match with the 
scholarly definitions of ODSS are identified and 
they are summarized in Table 2. 

Our past attempts to conceptualize ODSS in 
the above PPC context teach us that an ODSS 
can be characterized by the followings: (1) its 
support orientation towards distributed decision 
making, coordination and cooperative work; (2) 
its development process which capitalises on 

Table 1 
Typical use of DSS in production planning and control (PPC). 

Department Example use of DSS 

Engineering Product configuration management 

Production Planning Plan the physical manufacturing 

Production Control Plan materials supply and processing 

Purchasing ABC analysis 

Shop Floor Control Execute production control plan 

Inventory Control Control and monitor materials 

Marketing Sales forecast 
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Table 2 

Some scholarly definitions of ODSS and corresponding examples in manufacturing management, extracted from [31]. 

Extracted similarities of scholarly definitions Examples in manufacturing 

People from different groups enter into an activity or decision 

process, i.e. the range of decision makers exceeds any specific 

group. 

Production Planning and Control, New product development, 

etc. 

The focus of an ODSS is an organizational task or activity or 

a decision that affects several organizational units. 

Marketing, Purchasing, Production, Engineering, etc. 

The ODSS supports people from different groups and pro- 
vides information which is used across multiple independent 

activities or decisions, i.e. the range of users exceeds any 

specific group. 

Production scheduler, work order dispatcher, shop floor 

supervisor. etc. 

state-of-art Information Technology; (3) and the 
requirement for effective intervention for its in- 
stitutionalization [30]. These characteristics can 
be used as guidelines in making adequate provi- 
sion for effective organizational decision making 
in PPC. 

Firstly, distributed decision making, coordina- 
tion and cooperative work are of paramount im- 
portance in PPC. In production management do- 
main, distributed decision making is often re- 
quired where a set of related decisions is dis- 
tributed among a set of organizational decision 
makers and needed to be coordinated. Coordina- 
tion will mean the act of managing interdepen- 
dence between various decision making activities 
of various decision makers. This interdependence 
may be of various types [19] such as Prerequisite, 
Shared Resources, Simultaneity. Some examples 
are shown in Table 3. 

Secondly, building an ODSS and getting it 
implemented are challenging tasks as these in- 
volve a range of technologies [5,26] (e.g., data 
base, model base, user interface, communication 

technology, etc.). Large multinational organiza- 
tions are more likely to have a sophisticated 
Information Technology infrastructure and the 
expertise needed to develop their own ODSS and 
use it effectively. However, most organizations in 
Hong Kong are small and may not have such 
expertise [7,29]. 

Thirdly, institutionalization of an ODSS may 
present another kind of challenge in terms of 
infrastructural development and management of 
organizational change. Some considerations rele- 
vant to infrastructural aspects are listed below: 

- 

_ 

The development of ODSS can be based on 
personal computer technology. It is well within 
the budget of even a small manufacturing en- 
terprise (SME). 
There are a number of techniques encouraging 
end user participation and design [11,35], pro- 
duction staff may use these techniques to de- 
velop their own ODSS prototypes. By doing so, 
they are able to adapt, in-time, to handle new 
procedures and especially to changes brought 

Table 3 

Examples of distributed decision making and the nature of decision support in manufacturing, adapted from [31]. 

Prerequisite Shared resources Simultaneity 

Operational definition Output of one activity is re- Resources required by occur at More than one activity must 
quired by the next activity. the same time. occur at the same time. 

Examples in manufac- Parts must be delivered in time Two parts made of the same Line balancing. 
turing to be used. material. 

Example of coordina- Moving information from one Allocate resources. Synchronizing the activities of 
tion activity to another, JIT. preceding work stations. 

Nature of decision sup- Ordering decisions, informa- Negotiated Choice. Synchronous information shar- 
port tion sharing. ing. 
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about by new orders. They may also rely on 
their own user-oriented DSS [32] to update the 
information and maintain system integrity. 
Inevitably, technology awareness is necessary 
for its adoption. It can be transferred from a 
Higher Educational Institution to a collabora- 
tive organization [61, thereby ensuring the tech- 
nical competence of the design and on-going 
development of the ODSS. 

est and necessity, are all action-directed mea- 
sures that reflect the attitude towards adoption 
and implementation of a technology. An under- 
standing of these factors is required to enhance 
the impact of the technology on its target adopters 

[161. 

2. The organization under study 

These considerations are conducive to manage- 
ment of technological change. However, recogni- 
tion of a technology as beneficial does not guar- 
antee its adoption [34]: 

the potential adopters may not see a need for 
the technology; 
the contextual factors may not require the 
technology; 
potential adopters may not know how to real- 
ize the promise. 

Further, organizational members at different 
levels, may perceive different needs. Technology 
adoption is therefore more difficult if the tech- 
nology requires organization-wide commitment, 
and ODSS is one such example. The potential 
adopters’ concern such as need, wish, aim, inter- 

2.1. Company background 

The company used in this case study was es- 
tablished in 1960. Its major products are home 
electrical appliances; its markets are in the U.S.A. 
and Europe. The customers are mainly large buy- 
ing houses and hollow manufacturers, therefore 
their stock policy is largely customer-order-driven. 

The company is a family business character- 
ized by Chinese style management, involving: in- 
ternal harmony preserving, conflict avoidance, 
and emphasis on cooperation and synergy, etc. 
[81. It has been enjoying a relatively stable work 
force (most employees have been with the com- 
pany over 10 years). The company was one of the 
manufacturers that moved their production base 
to China and run their operations by remote 
control mode. All production units (e.g. fabrica- 
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Fig. la. A schematic diagram of project control in PPC operations. 
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Fig. lb. PPC control mechanism (simplified) involved in the 
remote plants. 

tion shop and assembly line) except the mould 
making function, are now in China. All non-pro- 
duction functions (e.g. Marketing, Engineering, 
Purchasing, Production Planning and Control and 
Accounting) remained in Hong Kong. Now, they 
are about 50 staff in the Hong Kong office, while 
the plants in China employ more than 2000 work- 
ers in peak seasons. 

The company had tried to implement com- 
pany-wide computerization (mainly personal 
computers) but this was not successful. The pro- 
duction dropped to one fourth during that pe- 
riod. The project was abandoned after six months 
and the electronic data processing department 
was closed. Only a few modules for production 
control, and Bill-of-Material (BOM) processing 
were still used. Because of this, a very conserva- 
tive approach towards computerization was taken 
in subsequent attempts. 

2.2. Scope of the study 

The operations of the company were depen- 
dent on three factors: 

- Remote control 
- Vertical manufacturing 
- Original equipment manufacturing 
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Because of these factors, the management of 
the company was intertwined with considerations 
of its financial situations, project control, order 
control and material control. But project control 
was most important, as it could affect customer 
service. In spite of this, each project was consid- 
ered generically similar, see Figure Ia. 

The identification of project control points fol- 
lowed the order cycle. It was realized that every 
production unit (i.e., remote plant) was regarded 
as a black box, while stock control points were 
monitored before and after each box (see Figure 
lb). Such decomposition of the overall PPC struc- 
ture was based on the assumption that complexity 
could be reduced by self-contained sub-systems 
with clear and well defined operational character- 
istics [4]. Operational planning and control were 
achieved by work order release functions and 
inventory controls that were to be supported by 
other related work documents (e.g., materials list 
and manufacturing instruction). Project control 
was achieved at higher aggregated levels: typically 
at the final assembly schedule. The scope of our 
study was limited to the manufacturing opera- 
tions (mainly PPC) in Hong Kong. Even though 
shop floor decisions and activities are excluded, 
the activities are still very complex. They are 
summarized in Table 4. The interdependence of 
the activities highlights the need for coordinating 
decision-making in different departments. 

2.3. Problems in the operations 

As a consequence of the relocation of plants to 
China, the staff in the PPC had to monitor a 
wider span of activities in geographically sepa- 
rated plants. Therefore, both focus of control and 
field of actions had diverged. The planning for 
day-to-day production was not easy. The PPC 
function was consistently criticized as the bottle- 
neck that hampered production. This could partly 
be attributed to the increase in work load. But 

Table 4 

PPC operations in the case organization, an activity based summary, 

Production control 

_ evaluate production capacity 
- prepare production schedule 
_ release work order 
_ report production status 

Stock control 

_ ensure parts availability 
_ execute ordering rules 
_ vet parts and materials 
_ report parts shortage 

Purchasing 

_ place purchase orders 
- progress purchase orders 
_ expedite deliveries 
_ vendor analysis 
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the management’s main concern was frequent 
stoppage in the production plants in China due to 
lack of materials supply. The apparent reason 
was either a delay in material delivery, or a 
tendency for one or two items missing in the 
delivery. However this only became apparent af- 
ter production began. On the other side, the PPC 
staff complained that information for decision 
making did not reflect the real production situa- 
tion. Some apparent reasons were: 

(a) Data discrepancy. Inventory data kept in the 
warehouse was different from that in produc- 
tion planning. This was also different from 
that in the production plants in China. No 
one set of data was complete, and no one set 
of data could be trusted for purpose of plan- 
ning and control. Similar problems were 
found in the data on work-in-progress, mate- 
rial-in-transit, conversion factor, consumption 
rate, etc. 

(b) Staggered production. Production managers 
claimed that the production plants in China 
were about to stop because of material short- 
age and requested the PPC in Hong Kong for 
immediate release of materials and arrange- 
ments for urgent delivery of materials to 
plants in China. There was no way to verify 
such requests and assess the impact of a 
“considered” response. 

(c) Difficulties in tracking material progress. PPC 
staff had to keep track of all materials move- 
ment (routed from Hong Kong to China and 
back); the corresponding work documents 
needed to be cross checked. The documents 
for status reporting contained information 
that were neither complete nor up-to-date. 
Lengthy turn around time was required to 
locate the responsible person(s) to clarify the 
situations and to cross check the data. By the 
time that data were updated, it would be 
again out-of-date. 

The situation was further accentuated as cus- 
tomer order changes were frequent and they were 
hard to anticipate. Staff in PPC were presented 
with a lot of operational difficulties which came 
as a consequence. For example, they needed to 
change their order bookings as frequently as pos- 
sible in order to reflect the impact of the change 
to the revised schedules. One strategy was to 

delay the issue of the final schedule as late as 
possible. However, it was partially effective. As 
decisions were interdependent, the gain in one 
decision maker was at the expense of others. 
Given little information in advance, reactive deci- 
sions are made solely based on intuition, experi- 
ence, and personal judgement. 

It might appear that computerization could 
help in these circumstances. But the staff were 
sceptical. Their perception was that computer 
systems were inflexible especially when changes 
would be required due to new order or order 
changes. They expressed their distrust by saying 
that they were too busy with their daily work to 
spare time to learn the computer systems - or 
else that it was too difficult for them to use. 

In summary, PPC operations are intricate. It 
takes time, effort and cooperation to validate, 
prepare and update the relevant work docu- 
ments. Further, there were difficulties in logistic 
functions, communication and coordination across 
the national boundary. The data discrepancy 
problems meant that no one set of data could be 
trusted for production planning. 

3. Conceptual foundations of ODSS for PPC 

Given the aforementioned PPC context, some 
managerial considerations were come across. 
These considerations, when accepted by the man- 
agement and production staff, gave them insights 
in making better provision for effective organiza- 
tional decision making. These considerations and 
insights are summarized in the following sub-sec- 
tions with an objective that they can be used to 
provide cues tending to sensitize management to 
articulate the meanings of “adequate provision” 
for effective decisions in a PPC context. 

3.1. Integrative decision support for PPC 

PPC may be considered to be a series of inter- 
linked planning and control loops. Integration is 
through establishment of inter-loop linkages at 
various levels, e.g., the item, BOM, order, fund 
flow, project, and department. The generic use of 
an ODSS can be categorize into the methods for 
(1) planning future operations; (2) communicating 
scenarios; and (3) monitoring operations (i.e. pro- 
viding information for short term decision making 
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or special analysis). With respect to this catego- 
rization, each PPC loop could be considered to 
be similar to the extent that it includes the follow- 
ing common activities. 

(a) Planning Future Operations. Production re- 
quirements and schedules are prepared for 
each level, based on committed or forecasted 
requirements. For finished products, the 
higher level requirement will be the customer 
order; however, for purchased parts, the 
higher level requirement will be the assembly 
schedule. Here, the BOM is used to explode 
the assembly into its subassembly or compo- 
nents. An important technique for construct- 
ing BOM for decision support is to embed 
preplanned decision points in the BOM pro- 
cessing. Some typical examples include: inclu- 
sion of lead time offset for time-phasing ma- 
terial planning, rolling up cost figures, sched- 
ule engineering changes, etc. [201. 

M.M.L 

(b) 

cc> 
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Communicating Scenarios. Next, the part re- 
quirements are processed against the stock 
status and each part analyzed for availability. 
Another kind of preplanned decision proce- 
dure can be effective at this point. One kind 
of preplanned decision here is to allow for 
order transaction and analysis; e.g., actual or 
logical allocation of materials or queuing of 
order backlog. The work or purchase request 
is then prepared for those parts needing to 
be replenished. PPC prepares the work or- 
ders and collects the relevant work docu- 
ments and then releases them according to 
the schedule. 
Monitoring Operations. Data collected about 
the stock before and after each production 
unit is available to keep track of the progress 
of an order. 

Once the activity cycles for every PPC loop 
and their inter-linkages have been identified, it is 

Cumulative In/Out for 900-IOO-lo-Xx10, SWITCH-SWIVEL CONTACT DISC SUB-ASSEM 

256ae001 

Date 

Fig. 2a. A cumulative time series representation, e.g. cumulative in/out stock status. 
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possible to design the necessary data models, 
system outputs, the control parameters, and the 
system inputs. Such design considerations are 
covered elsewhere [2,27]. 

An example is given in Figure 2a. A tabular view 
of the Data is shown in Figure 3. 

3.2. Application of visual modelling 

From an information processing perspective, 
production staff can benefit from making use of 
visual models and quantitative aids which aid 
their decision making through improvement in 
information aggregation, analysis, and presenta- 
tion. As every order cycle involves transactions to 
both open and close an order, huge amount of 
data about the order status need to be moni- 
tored. The dynamics of the order transactions 
could be modelled by a linear step function where 
each variable of interest in the transaction is 
taken as a step change with respect to time. The 
change in the variable of interest (e.g. order 
status) therefore is a function of time. It is repre- 
sented as a time-line to be displayed graphically. 

Here, the change of incoming and outgoing 
quantity of any particular item are of interest for 
order status monitoring and tracking. The inter- 
relationship between the two lines represents the 
dynamics of interdependency. The two major dy- 
namic patterns of interest are: change in materi- 
als shortage and surplus with respect to time and 
change of item lead time with respect to time. 
The former is modelled by the vertical separation 
between lines (the stock on hand), while the 
latter is modelled by the horizontal separation 
between lines (the lead time relationship). When- 
ever these two lines cross each other, it indicates 
materials shortage. This concept will be clearer if 
the gap distance between the two lines is repre- 
sented as the balance and shown on a separate 
graph (see Figure 2b). 

The graphical modelling technique is very use- 
ful because it can be applied to a wide range of 
applications, for example, every stock point in the 

StockBalancefor900-100-10-XX10,SWITCH-SWIVELCONTACTDISCSUB-ASSEMBLY 

11e,eee- 

31%7 7 is 91.10.21 91.10.28 si.ii.04 si.ii.ii 
'31.10.18 91.1~.25 91.11.01 91.11.08 91.11.15 

Date 

Fig. 2b. Differences between the two variables in Fig. 2a, e.g. stock balance. 
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Inventory File View 

PART : 900-loo-lo-xx10 

DESP : SWITCH-SWIVEL CONTACT DISC SUB-ASSEMBLY 

DATE : 91.10.15 -> 91.11.15 

Date In out Balance Reference 

91.10.14 10,000.00 51,200.OO 4678 

91.10.16 16,OOO.OO 67,200.OO 4681 

91.10.18 8,OOO.OO 75,200.OO 4684 

91.10.21 14,ooo.oo 89,200.OO 4685 

91.10.21 67,200.OO 22,ooo.oo 8097 

91.10.23 16,OOO.OO 38,OOO.OO 4687 

91.10.25 14,ooo.oo 52,OOO.OO 4689 

91.10.28 18,OOO.OO 70,000.00 4691 

91.10.30 15,200.OO 85,200.OO 4694 

91.11.01 14,ooo.oo 99,200.oo 4696 

91.11.05 99,200.oo 0.00 8280 

91.11.11 15,200.OO 15,200.OO 4706 

91.11.13 16,800.00 32,OOO.OO 4708 

91.11.14 16,OOO.OO 48,OOO.OO 4698 

91.11.14 12,ooo.oo 60,OOO.OO 4709 

91.11.14 31,200.OO 28,800.OO 8205 

91.11.15 28,800.OO 0.00 8211 

Ret no.: l/17 < > 

Fig. 3. Tabular view of Fig. 2a and 2b (a sample output of the text display). 

order cycle could make use of graphics to avoid 
information overload of the stock keeper. Pro- 
vided that the order booking is available, this tool 
could also be used to project order bookings to 
visualize future requirements. It constitutes an 
early warning window for anticipating materials 
shortage in advance. 

3.3. User-oriented DSS development 

The manufacturing business is required to re- 
spond to a changing market, therefore production 
staff require timely operational data to make 
informed decisions in a responsive manner. Such 
decisions could be guided, to a limited extent, 
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through planned intervention and supplemented 
by human intelligence. It is essential that opera- 
tional decision makers are made responsible for 
solving problems in the complex business envi- 
ronment and making continual adaptations to the 
system. 

As the change is frequent and rapid that soft- 
ware for production planning and control has to 
be maintained to meet the changing circum- 
stances. Rigid program structures are one of the 
most significant limitations in using computers 
for live applications [7]. Every change (e.g. prod- 
uct structure re-configuration or material substi- 
tution) requires modelling before putting into op- 
eration. In extreme cases, manufacturing might 
begin even though the product had not been 
thoroughly prototyped. With such (little) informa- 
tion, hardly anything could be modelled. 

With the development of more sophisticated 
user-oriented system development tools, the skill 
required for system development is lowered, at 
least for less complicated applications. Some end 
users (in this case, the production staff) begin to 
develop applications for their own specific needs. 
Staff can be encouraged to use the opportunities. 

3.4. ODSS technology adoption and diffusion 

The fundamental improvements of adopting 
ODSS in manufacturing stem from structural re- 
form in the organization [71: i.e., reviews of oper- 
ating procedures, revising standards to meet the 
current needs, user training and management 
commitment in providing resources, etc. Produc- 
tion staff’s prior experience, perception, and ex- 
pectation inevitably affect the nature of the sys- 
tem requirements. Therefore, in organizing a sys- 
tem development project, it is necessary to extend 
it to cover preparatory works needed for making 
changes, such as revision of policy or renewing 
obsolete procedure. Similarly, it is desirable to 
consider these in the ODSS design. The changes 
will inevitably be regarded as process innovations. 
Their adoption process in general consists of the 
following stages: 

i. 
ii. 
. . . 
111. 

iv. 

acquiring knowledge of ODSS technology; 
persuading relevant people of its viability; 
deciding to adopt it; 
converting the old system by ODSS develop- 
ment; 

V. confirming that it is appropriate. 

Information & Management 

Provided that the ODSS is an integral approach 
to support decision making, it should be sup- 
ported. Based on this, the design of the ODSS 
needs to consider its innovation attributes [24], 
such as its Relative Advantage, Compatibility, 
Complexity, Trialability and Observability in the 
context. In addition, it is necessary to consider 
the innovation diffusion strategies [17] such as 
Transferability, Divisibility, and Implementation 
Complexity. DSS designers must consider the so- 
cial implications of their technology innovations 
as early as possible and keep these considerations 
parallel with the technological constraints in ev- 
ery stages of the project. This is “Innovation in 
Situ” for management of change in the organiza- 
tion 1141. 

Further, some western decision technology 
does not fit into the oriental culture. Typical 
problems include, cultural clash [36] and differ- 
ence in collective decision making behaviour [23], 
etc. Consider brainstorming, which is typically 
used as a fact finding or knowledge elicitation 
techniques in group settings. One of the underly- 
ing assumptions is that open confrontation help 
to reveal underling assumptions. However, in an 
organization that emphasizes harmony preserv- 
ing, open confrontations are avoided. 

Nevertheless, early diagnosis to reveal cultural 
clash is required to avoid problems in later stages 
of the development 1251. Evolutionary or partici- 
patory development making use of prototyping 
11,151 techniques seem useful. 

4. Managing ODSS development in the organiza- 
tion 

4.1. Ready decision makers 

The efforts in the earlier stages of develop- 
ment were centred around opportunity finding. 
Opportunity for ODSS development were sought. 
At this early stage, they were limited to some 
readily available and ease-to-use applications. 
Some applications identified and implemented 
included: 

- a word processing program to issue purchasing 
contracts, 

- a graphics program to present engineering test 
data, 
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- data base applications for storage and retrieval 
of outstanding purchase orders, 

- spreadsheet applications for analysis of final 
assembly schedule, 

- Chinese part-description-label printing. 

Initial successes motivated the production staff 
to participate by forming informal groups to ex- 
plore further opportunities for improvement. 
They began to team up for ODSS developments. 
Interest groups and project teams were formed 
for joint application developments. This sug- 
gested that consensus was being formed between 
organizational members in resolving conflicts and 
realizing the challenges of ODSS development. 

structural weaknesses into preplanned decision 
procedures and building them into the BOM 
processing. These tasks at background were req- 
uisites to supporting the subsequent ODSS de- 
sign and development. They were regarded as 
custodial or administrative developments. In fact, 
these are another kind of administrative innova- 
tion to the organization. Some typical examples 
are given in Table 5. 

4.3. On-going improvement 

4.2. Preparing for operational rationalization 

A properly designed and structured BOM is 
extremely important for management of produc- 
tion and product information (especially in a ver- 
tical manufacturer). Any discrepancy in its struc- 
turing or processing logic could be regarded as a 
form of structural weakness in the design. 

A strategic plan for the next three years was 
developed. The goal was to create an early warn- 
ing window that would highlight further material 
shortage. The essence is to project the order 
bookings into the future and shown the impact on 
the graphic window using the visual modelling 
techniques outlined in section 3.2. 

In this case study, as the manufacturing staff 
learnt about the concepts of embedding pre- 
planned decision procedures in the BOM pro- 
cessing, they began to realize that there were a 
lot of structural weaknesses in their existing BOM 
structure that prevented them from reaping the 
potential benefits for integrated production plan- 
ning and control. Before specifying any Informa- 
tion Technology solution, method and process 
were redesigned with an objective of turning 

The pilot project was selected because it was a 
major component in over 70% of the finished 
goods. It helped the PPC to avoid materials 
shortages. The early success motivated both the 
management team and user group to increase the 
project to cover a wider span. Therefore, it in- 
volved the full sub-assembly of parts, and subse- 
quently all sub-assemblies and finished goods as 
well. The scope of the project was also extended 
to include every order booking; this typically con- 
sisted of materials allocation, materials onorder, 
and outstanding orders. 

The structuring of preplanned decision into 
the BOM processing was decomposed into a se- 
ries of tactical plans. They are complementary to 

Table 5 

Example custodial projects with objectives to overcome structural weaknesses. 
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Project 

Variety reduction 

Prime objective Targeted structural weakness 

To design a generic BOM so that it is applicable exception handlings related to option items. 
(group tech.) to all order types, whether it is make-to-stock, substitute items, mock up, customer order 

make-to-order or assemble-to-order. changes, etc. 

Part master with bi-lin- To rationalize the coding system, and also Coding discrepancy: no Chinese part descrip- 
gual display ensure that staff who find difficulty in reading tion, different code with same description 

English can also use the system whether English or Chinese, description too 

long 

Conversion factor To capture the conversion factor in every shop, variability in process yield, multiple measuring 
every production line, and every process; and units (e.g. kg, lb, ctw, PCS, roll, etc.) 
safeguard its consistency 

Consumption factor Similar to the conversion factor project Excessive wastage, lost, excessive work-in-pro- 
gress 
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the development of the warning window project. 
Typical examples include: rationalization of the 
part number system and restructuring of the BOM 
system. These plans were organized as user-ori- 
ented projects. For example, one major project 
was in tracking of material progress and arrang- 
ing order bookings. The staff from Stock Control, 
Purchasing, and Production Control developed 
their individual DSS to keep track of individual 
records of materials booking using a shared rela- 
tional data base. 

:: 

(e) 

Inventory Control Project. 
Material Allocation Project. 
Scheduling \ Rescheduling Project. 

4.4. Setting-up an IT infrastructure 

Shortly after execution of several projects, the 
management and some of the production staff 
realized that the ODSS project was not a single 
project, but it was a series of on-going projects. 
Matrix project organization has been set up, see 
Figure 4. In fact, the way that identification of 
DSS along the business cycle (i.e. order cycle) 
was found to be instrumental in achieving seam- 
less integration of these various projects. The 
primary projects are: 

(a) Extended Part Master Project. 
(b) Generic BOM Project. 

A new design, namely Throughput Material 
Requirement Planning (T-MRP) [31], was pro- 
posed as a distributed resources management tool 
for logistics support for remote plants in PRC. 
The major functionalities of T-MRP included: 
keep active account of Input/Ouput material 
status and provide timely report of them; syn- 
chronize the material movement on order basis; 
detect bottleneck and perform material shortage 
analysis based on order bookings. T-MRP was 
developed using a system development software 
(which usually known as software development 
environment) that consisted of relational 
database, software modules libraries, graphic 
generator, report writer and other software utili- 
ties including a Chinese User Interface develop- 
ment tool kit. The software platform was chosen 
in consideration for ease of promoting user par- 

I Industrml Sponsored Project (ISP) 

PRIMARY PROJECTS 
A. Extended Part Master Project 
B. Part Number Issuin Project 
C. Generic-BOM Pro’ec 

1 p D. Inventory Contro Project 
E. Material Allocation Project 
F. Scheduling/Rescheduling Project 

CUSTODIAL PROJECTS 
G. Conversion Factor Project 
Q. Consumption Factor Project 
I. Chinese Part Description 
J. Variety Reduction Project (GT) 

Fig. 4. Project matrix of the ODSS development in the case organization. 
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ticipation in their user-oriented development. The 
existing system infrastructure was stretched: 
stand-alone personal computers were re-config- 
ured into a Local Area Network (LAN) and 
equipped with additional Office Automation fa- 
cilities; applications whether newly acquired or 
originally run on stand-alone personal computers 
were upgraded to be Local Area Network 
(LAN)-based; system architecture was redesigned 
to be a Client-Server based; data capture termi- 
nals were set-up in the PRC plants and con- 
nected to the host systems in Hong Kong through 
modem. These system changes not only facili- 
tated integration of T-MRP with the existing sys- 
tem but also reserved much flexibility for further 
system enhancements. 

4.5. Implications to management 

The company wide implications of the ODSS 
development were apparent to management and 
production staff: The structural weakness in the 
BOM structure and inconsistent data were im- 
proved; staff in various departments began to 
integrate their order bookings, and project them 
into aggregated demand and supply at various 
levels of control; the evaluation function offered 
by the warning window helps to assess materials 
shortage in advance; and there was a behavioural 
change in the organization associated with the 
ODSS development; the decision making style 
changed from confrontative to collaborative. 

The staff in the PPC began to try more periph- 
eral ODSS developments. These eventually 
turned into incentives that motivated both man- 
agement and staff to sustain the ODSS develop- 
ment. As a result the management team decided 
to consider a new strategic plan for the next three 
years. The previous work laid the foundation 
towards integrated manufacturing, and encour- 
aged management to include other areas in fu- 
ture ODSS development, e.g. Engineering De- 
sign, Shop Floor Order Dispatching. 

5. Lessons learned 

5.1. Collaborative team work 

The case study highlights the need for 
preparatory work before computerization. It in- 

volves tasks that typically relate to data capture, 
work simplification and networking staff across 
functional boundaries in collaborating teamwork. 
ODSS development would inevitably accompany 
with behavioural change in the organization. A 
form of cooperative on-the-job improvement, if 
successfully cultivated, would be conducive to 
support and reinforce the ODSS development. In 
essence, this team collaborative approach empha- 
sizes the need for pre-implementation efforts in 
data capture, in-house training of production 
staff, simplifying working procedures and elimi- 
nation of structural weakness in the operations. 

5.2. Parallel organizational development and adop- 
tion of technology 

The logical steps involved: Identification of the 
user-oriented DSSs (usually simple applications) 
and identification of structural weakness in the 
operations. Insights are learnt on-the-job when 
incremental improvement projects are imple- 
mented. The detailed procedures could be gradu- 
ally rationalized along the business cycle during 
successive development and improvement 
throughout the ODSS implementation. Therefore 
the management team should however, be en- 
couraged to become involved in the development 
process to enable them to cultivate and foster 
insights in situations that must ultimately be in- 
cluded. 

This pattern ?rf steps in summary is not an 
isolated incidence. Review of past successful pro- 
jects [6] of the same nature shown similar pat- 
terns: “simple DSS, procedure rationalization, 
management vision to formulate incremental im- 
provement into projects, technology adoption, in- 
cremental but continuous improvement”. The 
logical and tactical steps involved may not be 
linear. However, it seems that simple rather than 
sophisticated ODSS is required to start up the 
process. 

5.3. Information systems research challenge 

With an ODSS, the user and their systems 
capabilities are constantly pursuing forthcoming 
challenge; but there will never be a complete 
solution. There is a consistent criticism 
[3,10,21,28] about research on complex real world 
problems: model is usually simplified in order to 
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obtain results in a relatively short time. Such 
artificial conditions limit the research design and 
conflict with reality. As illustrated in this study, 
such weakness can be overcome if the research is 
conducted in real life setting. In case that tech- 
nology transfer is required, it can be done in 
collaboration with Higher Educational Institu- 
tions [6]. 

6. Conclusion 

In this paper, a case study of development and 
adoption of an ODSS in a small manufacturing 
enterprise is described showing the value in pay- 
ing attention and supporting the design process 
as well as users’ social process of learning and 
innovation. The mechanism that provides oppor- 
tunity and constraint is discussed illustrating the 
adoption and implementation strategies to ad- 
dress these issues. The technical system was insti- 
tutionalized in the case organization. Further 
ODSS development will hinge on parallel devel- 
opment and adoption of technology as an effec- 
tive strategy for continuous operational improve- 
ment; and the extension of the experience to an 
ODSS for integrated logistic management is un- 
der discussion. 

The study is aimed to assess the need of devel- 
opment and enrichment of ODSS as primary 
component of strategic IT platform in general 
and for small manufacturing enterprise in partic- 
ular. At the same time the development of such 
system has to be concerned jointly with the need 
to manage technological innovation with organi- 
zational change and human resources develop- 
ment. One condition that improves the chance of 
creating a success out of a new market niche 
would depend on the presence of a co-design 
process which brings out the best from the peo- 
ple. The DSS is employed to channel the creativ- 
ity of these highly competent people in a respon- 
sive manner for the parallel process of design, 
development, testing, implementation and institu- 
tionalization of ideas so that the business contin- 
ues to offer a product or service of “value” to the 
customers. 

The challenge in adopting a DSS is to convince 
the organization the need to acquire a new men- 
tal set while the transformation of the organiza- 
tion is taking place with the use of the DSS. 

Persuading the organization a need to change its 
management style is more than an announcement 
for the adoption of a new organizational struc- 
ture. Once again, human creativity holds the key 
in which an infrastructure of competent people 
could be strategically located to maintain busi- 
ness continuity. If the teams of competent people 
are developed over time internally, this reduces 
the need to take excessive risks which otherwise 
might threaten business continuity. The ODSS is 
the state-of-the-art managerial perspective found 
useful in the case study to develop these teams of 
competent people. The ODSS also guides the 
formulation of a framework for using DSS in 

manufacturing management. 
Given an organization has acquired this man- 

agerial perspective of using ODSS, one might 
venture to say that the teams of competent peo- 
ple are better equipped to drive the organization 
faster than competitors could in anticipating and 
managing emerging technologies for organiza- 
tional innovation. The business would prosper 
with these talents operating and creating new 
market niches. 

Project of the nature as described in the case 
study requires extensive technology transfer. In- 
dustrial collaboration between Higher Educa- 
tional Institutions and Industry help to bridge 
such a technological gap. Perhaps it is pertinent 
to point out that although Hong Kong may be 
lagging behind in advanced science and technol- 
ogy [12], it excels in mid-level manufacturing 
technology which is what China needs so much 
[18]. If technology is interpreted in a broad sense 
to include management information systems, in- 
tegrated planning and control and flexible incen- 
tive schemes for the promotion of manufacturing, 
South China can benefit from such technology 

transfer. 
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