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Abstract

Shortening development cycle times, without giving in on development costs

or quality has become an important management goal. In this paper, six

hypotheses about what effects design cycle times are formulated. These

hypotheses concern resource availability, vendor involvement, systems

integration, design process technology, workforce flexibility and

manufacturing lead time reduction. These hypotheses are tested on a

database of European manufacturers, and a framework is proposed to interpret

the results.

Key words: development cycle time, development, manufacturing, vendor

relations, integration
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SHORTENING DEVELOPMENT CYCLE TIMES: A MANUFACTURER'S PERSPECTIVE

1.	 Introduction

The performance of product development activities in the firm have

traditionally been measured against three categories of standards: the

quality of design; the cost or the utilisation of resources to obtain that

design; and the lead time in which the design could be made ready for market

introduction. It is often argued that these three categories of performance

measures are strongly inter-related.	 Scherer (1986), Mansfield (1971),

Boehm (1981) have demonstrated that the cost and the development time are

inversely related, and that costs increase if the development time is

shortened.

In earlier studies, time was considered to be important, but often the

attitude was that it was incompressible in an efficient way. The most often

quoted exponent of this attitude is Brooks' Mythical Man Month (1975). The

argument used by this school is that a reduction of the development time

requires a proportionally higher deployment of resources and should only be

done if there are forceful market reasons to shorten the development time.

In a review of the literature, Graves (1989) asserts quantitatively that a

compression of 1% in the development time would result in a cost increase of

1.2% to 2.0%. Moreover the issue of development time is often blurred by

an implicit assumption that development time and quality are positively

related. The longer one can work on a design, the better the design of the

product would become.

Over the last few years, the development time has received considerably more

attention. Three main categories of reasons can be found to explain this

increased interest. There is first the prevalent perception that product

life cycles are shortening. Recent large scale empirical research to verify

this hypothesis is not widely available. Qualls et al (1981) provided some

empirical evidence that the product life cycle is shortening at least during

the introductory and growth stages of household appliances. Other data

about the microelectronics or automobile industry is of a more anecdotal

nature (Urban & Hauser, 1980). But whether product life cycles have
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actually shortened is perhaps less important than the prevalent perception

that they have been reduced. 	 This has tended to force practitioners' minds

on how to shorten development cycle times.

A second category of reasons has to do with the increased variety of

products offered to the customer. Increased product customisation,

increasing the number of options on basic product packages, and

manufacturing strategies based on cost efficient design flexibility (De

Meyer et ai, 1989) all lead to an increased need for improving the company's

design and engineering capabilities. Jaikumar (1987) extends the arguments

up to the point where he predicts that in the era of post-industrial

manufacturing, the real line function will be engineering, while pure

manufacturing might be reduced to a staff function. In such a world,

engineering and design will have to live up to the same expectations as to

those which manufacturing has to live up today: deliver the product on time

to the customer. This will lead to a greater need for control over the

components which make up the development time.

A third category of reasons can be derived from a combination of what some

call "time-based competition" (Stalk, 1988), and of some aspects of just-in-

time ideas applied to design and development. The argument goes as follows:

if one applies production concepts to development, time becomes the

equivalent of work-in-process. It plays the role of buffers in between the

activities and creates the slack in the development system which, in

manufacturing, is provided by excess capacity or in process inventory. The

just-in-time school (see, for example, Schonberger (1982) argues that

reduction of work-in-process is needed to expose problems in the production

system, and to focus managers' attention on these problems. This approach

will ultimately lead to a better understanding of the production process. In

the same vein, reduction of the slack time in product development should

lead to a better understanding of and control over the development process,

and consequently entail a better overall quality of the product design.

Consequently, with respect to development times, the goal must be to

understand better the "how" of the development process, in order to control

it in a more effective way. Shortening development cycle times cannot be a

goal in itself--there is of course an under-limit to the amount of time

needed to develop a new product. The issue is how we can improve product
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development performance, by better controlling the time needed to develop

that new product or service. In this context, reduction of design cycle

time is probably the most pressing issue ►nder the present circumstances,

but it cannot be the ultimate one in product development.

We can conclude that lead time has become an important dimension in its own

right, and reducing it has received a lot of management attention. But this

should not make us forget the trade-offs, or rather, the interrelatedness of

the three categories of quality, resource utilisation and time mentioned

hefore. The issue is not reduction of or control over lead times per se,

but reductions in lead time for a given level of design quality and resource

utilisation.

In this paper, we want to develop some hypotheses about shorter development

cycle times, and this based on a non-exhaustive literature review, and test

these hypotheses on the data collected within the European Manufacturing

Futures Project.

2.	 Ways to shorten development cycle times

Shortening the time between conception and having the product ready for

market introduction is clearly not a challenge for the development

department alone. Nearly all scholars indicate the systemic nature of

product development and the need for a close collaboration between the

firm's development function, the production function and the commercial

function. To avoid confusion we will use further in this paper "development

cycle time" to indicate the time used for the whole set of activites which

are required inside the firm (i.e. conception, product planning, product and

process engineering, pilot run and production ramp up) to make the product

ready for the market introduction phase. Let us now derive some hypotheses

on how to shorten that development cycle time.

Earlier work on time and delays in development focused most often on the

relation between time and resource allocation. In a review paper on tools

for planning and monitoring in research and development by Pearson (1983),

there is no reference to any attempt to use these tools to try to reduce the

development cycle time. The attitude which prevails in this paper is a
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reactive one: delays in development exist and one should try to keep them to

a minimum. There is no indication of a proactive attitude of how one could

continously reduce development cycle times through better planning and

monitoring. Hardingham (1970) argued that a large proportion of the reasons

for delay in project completion are due to a lack of resource availability.

Norris (1970) and Wilkes and Norris (1972) were more comprehensive and

reported that the percentage contribution to the total time lost through

delays was fairly evenly divided among unexpected technical difficulties,

lack of manpower and delivery of supplies and services. But, again, one

finds here a strong reference to resources availability, even if it is in

the form of manpower. In the context of the time/cost trade-off referred to

earlier, this lead us to the formulation of a first hypothesis:

H
1
: increased resource availability viii lead to shorter development

cycle times.

One third of the delays are, according to Wilkes and Norris (1972), due to

tardy delivery of supplies and services. This indicates the importance of

the role of vendors and suppliers in the shortening of development cycle

times. Imai et al (1985), in their discussion of five Japanese cases of

innovation, stress at length the role of the inter-organisational network,

consisting of affiliated companies, small and entrepreneurial parts

suppliers, and a network of cooperative R&D relationships. Wheelwright

(1989) mentioned that automobile manufacturers with a more than average

performance in shortening development cycle times, involve the suppliers to

a larger extent in the design of components and this through sub-contracting

of design or common development.

This idea fits very well with the models proposed by Von Hippel (1988) on

the role of users or vendors in the development of new products. Though

he studied the influence and efforts by users and vendors in the innovation

process from the point of view of appropriateness of benefit and costs, the

argument can be extended to the time needed to develop a product. This

leads us to a second hypothesis:
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H
2
: development cycle times can be shortened by taking a systems view

of the innovation process, involving suppliers and vendors,

through subcontracting in the development process.

More recent work has shifted the emphasis from resource deployment to

reduce delays, to new forms of organisations to reduce development cycle

times, keeping resource allocation and quality of the design constant. The

higher involvement of users and vendors, by some called the "integrated

enterprise" or production linking (Ferdows, 1987) (and referred to in the

second hypothesis), is one of the approaches. Another stream of ideas

emphasizes the need for data integration.

The functions necessary to bring a product from conception to the market are

predominantly data-intensive. Product and process development have been

described by many scholars (Pelz and Andrews (1965), Allen (1977), Utterback

(1982), De Meyer (1983)) as mainly a process of creative data-gathering and

processing. This data can Lake many forms: geometric representations,

algorithms, product and supplier specification, scientific literature, etc.

In order to function properly, it would seem appropriate that all parties

involved in the development process would have ready access to a convenient

database about the appropriate materials, components, sub-assemblies,

finished products, manufacturing processes, equipment, tools, market data,

and other relevant information. Moreover for these technologies to work in

concert to produce the right product at the right time, the data they all

use must be consistent, accurate and complete.

In earlier days, most of these databases were based on some hard copy

system, and isolated computerised databases. Exchange and interpretation of

data would be supported mainly by oral communication (Allen, 1977).

However, today's computerised relatienal databases should, in theory at

least, allow the replacement of part of the network of individuel personal

contacts and isolated databases by a common engineering/manufacturing/

marketing database. This leads us to a third proposition:

H3 : improving the development cycle times is positively influenced by

the integration of existing computerised information systems.
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A third area of organisational activities has to do with what is called

parallel or simultaneous engineering activities. The idea itself is not

new. The differences between sequential and parallel strategies have

already been discussed by Abernathy in 1971. But the issue has been

rediscovered by a larger audience through the work of Imai et al (1985) on

five cases in the Japanese industry, Hayes et al (1988), and the work by

Clark and Fujimoto (1989) on the worldwide automobile industry. The idea is

quite simple. In order to shorten development cycle times one should

replace the sequential execution of the different stages through which the

product development goes, by a partially parallel execution of these stages.

Product planning should, for instance, start long before the concept study

is finished, or product and process engineering should be carried out in

parallel. By doing so, the duration of each stage has not to be reduced,

but the overall length of time will be reduced. The principle is simple

enough, and has been advocated for some years in specific areas (such as for

the close interaction between product and process engineering (Ettlie,

1987)), but its practical execution creates a lot of problems. Imai et al

have summarised it as such: "By necessity, the overlapping approach

amplifies ambiguity, tension, and conflict within the group. The burden of

coordinating the intake and dissemination of information rises as well, as

does the responsibility for management to carry out on-the-job training on

an ad hoc and intensive basis."

How can one make this parallel or simultaneous engineering into a workable

form of organisation? Imai et al (1985), emphasize the need for a "shared

division of labour and responsibility" between the development engineering

and manufacturing people. Clark and Fujimoto (1989) consider four aspects

of management skills and operating capabilities which are conditions for a

successful implementation of overlapping development activities: (1)

downstream skill in, and willingness to forecast upstream changes and to

cope with them flexibly; (2) upstream skill in, and willingness to forecast

consequences of its output to downstream and to cope with them; (3)

integration mechanisms to handle increase information load between upstream

and downstream; and attitudes which facilitate integration; and (4)

operating capabilities in short cycle production systems. Hayes et al

(1988) emphasize on top of this the need to identify problems and conflicts

early, pull together people to work on them and solve them.
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Essential in all this seems to be the need to have very open communication,

and an early sharing of information. This would reinforce the importance of

the third hypothesis. Fiexibility in action, adaptation to new concepts, or

knowledge of willingness to take into account constraints imposed by

downstream activities is a second element. Clark and Fujimoto (1989)

explain at length what this implies in die making, and suggest that familiar

manufacturing programmes such as reduced set-up times, line-flow processes,

multi-functional workers, and rigorous process control, all leading to a

reduced manufacturing lead time, create an environnent where effective

simultaneous engineering is possible. This leads us to a fourth hypothesis:

H4 : manufacturing productivity programmes aimed at reducing

manufacturing lead time, will contribute to the shortening of

development cycle times.

Fruin (1989) has carried out a very extensive and in-depth case-study of

what he calls Toshiba's "development factory". He argues convincingly that

Toshiba (and other Japanese electronics manufacturera) have two types of

factories, i.e. one type for normal mass production, and one type which is

specialised in developing, introducing and ramping up new products.

Speeding up development is obviously one of the goals of this development

factory. Among the ten characteristics which differentiate the development

factory from the others are: (1) emphasis on economies of scope; (2) the

(large) size of the development factory; combined with (3) high

specialisation by function and product area (more than 50% of the workers

are indirect workers); (4) centrality in the organisation; (5) high leverage

of the companies' skills in the factory; (6) a tremendous feeling of

community; (7) liveliness ("it is pleasant to work here"); (8) management of

effort rather than of resources; (9) market sensitivity and (10) a clear

strategy of state-of-the-art automation. Many of these characteristics have

an influence which go beyond the single issue of development speed. But

apart for the automation, ail of these programmes are people-oriented.

Managing the human reources in such a way that the company can make better

use of the problem-solving capacity, flexibility and creativity of the

workforce can indirectly and directly contribute to speeding up the

development cycle. This leads us to a fifth hypothesis:
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H5: training programmes and human resources management activities

aimed at increasing the workers' problem-solving capability and

flexibility will reduce the development cycle time.

Finally some scholars, but in particular vendors of computer technology,

argue that automation should lead to reduced development time. Design

process technologies, i.e. ail physical tools or systems which support the

designer in his work, should contribute to a faster development. Computer

aided design, engineering or software engineering, local area networks, desk

top graphics, (super) computers offer means to reduce the development

cycles. Much of it is not yet installed, and the empirical data to support

the positive impact of technology on development cycle times is scant.

However, anecdotal evidence would lead us to formulate a sixth hypothesis:

H6: automation of the design process through computerised design

process technologies will lead to shortened development cycle

times.

3.	 Methods and database

The hypothesis formulated in the previous section will be tested on the

database of the European Manufacturing Futures Project. In this project (*)

data is collected through yearly surveys between 1983 and 1988 on the

manufacturing strategy of large European companies. Each year between 165

and 225 companies have answered. In Table 1, some summary characteristics of

the 1988 sample are provided. The analysis is limited to the data for the

period from 1986 to 1988, since these three surveys cover the period for

which the change in performance was gauged. To test the hypothesis four

sets of data will be used.

(*) The European Manufacturing Future Survey is part of a larger research

programme, the Global Manufacturing Futures project. This project is

carried out by J. G. Miller at Boston University, J. Nakane at Waseda

University (Tokyo) and Kasra Ferdows and Arnoud De Meyer at INSEAD

(Fontainebleau).



The first set consists of data on specific action programmes in

manufacturing. A major part of the questionnaire was dedicated to gauging

the degree of emphasis placed by the respondents on various action

programmes. From 1986 to 1988, a list of 36 to 39 action programmes were

offered to the respondents for which they could indicate on a Lickert scale

their degree of emphasis on each of them.

These lists were of course not exhaustive. The fact that they changed

slightly over time is an indication that one can never describe the full

set of feasible action programmes in manufacturing. Nevertheless, being the

result of cumulative experience of an international team of production

researchers in the U.S., Japan and Europe, the list is credible.

Furthermore, the list has gone through recursive examinations of being

presented to a large number of executives and being modifed over several

years.

As has been said before, for the 1986 and 1987 survey, we have data on a

Lickert scale (ranging from 1 to 5 in 1986, and from 1 to 7 in 1987),

indicating how the respondents intended to emphasize the particular action

programme. In the 1987 and 1988 survey, we also have data on past action

programmes, i.e. not only what they intended to do, but which action

programmes they had emphasized in the previous year. In this case of 1988,

we have only binary data, in the sense that the respondents were asked to

tick off those action programmes which they had greatly emphasized. For

1987, we have a 7-point Lickert scale.

The second set of data concerns manufacturing performance. In the 1988

survey, we measured the changes in eight performance measures between 1985

and 1987. The respondents were asked to take 1985 as a base year for each

of the performance measures listed in Table 1 and indicate how much it

changed by the end of 1987. One of the performance parameters is the "speed

of new product development". This parameter will be used to differentiate

the companies which have considerably improved their development cycle time,

from those who did not.

The third and fourth set of data consists of, respectively, a list of 7

organisational innovations and 10 technological programmes for which the
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respondents were asked in 1988 to indicate on a 7-point Lickert scale how

useful these programmes have been in the past.

A final word of caution. The questionnaire was developed for and answered

by senior manufacturing managers. What will be discussed in further

sections is consequently from a manufacturers' viewpoint. The same

questions asked of an R&D manager could lead to different results.

Moreover, the unit of analysis is a business unit, not an individual

project. Consequently, we test the actions which lead to an overall

performance improvement, not the improvement for individual projects.

4.	 Results

The question concerning how the "speed of new product development" had

changed was answered by 119 companies. This group of companies is far from

homogeneous as a rapid glance of Table 1 will reveal. There are some

general characteristics, however. Ail of them are large, European-based.

None of the samples we work with is biased towards a particular industry or

European country.

Insert Table 1 here

The mean value for the performance indicator is 105, and the standard

deviation 11. The mode is 100: 79 respondents indicated that their

performance in speed of introducing new products has not changed. The

distribution of this performance indicator is not normal. To create a group

of high performers, which can be contrasted with low performers, we defined

the high performers as those which reported an improvement higher than the

average for the whole sample, plus one standard deviation. This approach to

single out high performers has been used in previous studies in a different

context (Allen, 1966). The group of low performers was defined as those

companies for which the speed of new product development remained the same

or has actually deteriorated. There are 25 high performers and 94 low

performers.
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Not ail of these 119 companies answered in 1987 and 1986. The numbers of

high performers for which data is available for 1987 is 15 and for 1986 it

is 7. The number of low performers fox which data is available in 1987 and

1986 is respectively 42 and 27.

Do a higher amount of resources make a difference? To test the first

hypothesis, some of the demographic data on the companies was analysed for

1987 and 1988. (Table 2). The questionnaire provides data on the proportion

of sales spent on R&D, the proportion of internai versus external sourcing

of process know-how and the number of manufacturing engineering employees as

a proportion of the total number of manufacturing employees. There is

almost no significant difference between the high and low performers on any

of these measures. If anything, it is surprising that the amount of money

spent on R&D, or the ratio of engineering personnel to total manufacturing

personnel is actually lover for the high performers. Thus, more across the

board spending on R&D or having more people available for engineering does

not lead in the short or medium term to a better performance in development

cycle time. Ail of these indicators are not project specific. It can, of

course, be that though the overall spending is of the same level, the

resource commitment per individual project is different.

Insert Table 2 here

To study the other hypothesis, the list of action programmes will be used.

This list is obviously too long for our purposes. Some of the programmes,

such as plant relocation, closing plants, or determining a manufacturing

strategy have no direct connection with shorter development cycles. The

action programmes were regrouped under the headings of "design process

technology", "human resource management", "integration", "manufacturing

flexibility", "vendors" and "commitment to development" (Table 3). The

different columns in this table have, of course, different implications.

Emphasis on future or on past action plans entails a different degree of

commitment. One can assume that respondents are fairly honest about what

they have emphasized in the past, and that there is some degree of wishful

thinking in the emphasis on future action plans. But in the questionnaire

we ask specifically which action plans will be emphasized in the near future
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(2 to 5 years). Given the long lead times involved in manufacturing

programmes, we assume that these future action plans are the ones which our

respondents have already committed to. So we can reasonably assume that

both past and future action programmes, as they were emphasized in 1986 and

1987 have eventually had an impact on the performance improvement over that

period. The future action plans in 1988 are, of course, of a different

nature. Here the argument can be made that the emphasis placed on

particular programmes is perhaps a consequence of superior performance in

speed of new product development.

Insert Table 3 here

What does the data show? One finds the strongest differences between high

and low performers with respect to vendors and production and inventory

control systems. Vendor quality, vendor lead time reduction and purchasing

management were all more heavily emphasized in 1986 and 1987 future plans.

Vendor quality is also the single programme that in the 1988 past action

plans was significantly more emphasized. And the better performers will

keep on emphasizing vendor lead time reduction and vendor quality. This

gives considerable support to hypothesis 2.

Though generally speaking the integration of information systems is more

heavily emphasized by the high performers, there are no statistically

significant differences. However, those respondents who have realised a

better performance, will emphasize more heavily integration of information

systems with manufacturing and this in a significant way. Consequently,

hypothesis 3 cannot be confirmed, but the change in attitude for the future

seems to indicate that manufacturers have high expectations on what can be

done with integration of information systems in the near future.

Manufacturing flexibility is characterized by a set of six programmes:

manufacturing lead time reduction, computer aided manufacturing, flexible

machining systems, reducing set-up times, just-in-time and zero defects.

For none of these programmes was there really a difference in the past

(except for a very slight indication in 1988 that just-in-time and reducing

set-up times would be a bit more emphasized). But four of these programmes
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will be significantly more emphasized in the future by the better

performers. Why this change (which we could also observe for integration of

manufacturing information systems)? Perhaps because this manufacturing

flexibility is a "second order" programme: other elements have to be in

place before one tackles the issue of manufacturing flexibility. To verify

how strong this commitment to manufacturing flexibility was, the following

analysis vas done. One of the action programmes is the "improvement of new

product introduction capability". This goes beyond simply speeding up the

development process, but it includes definitely the speed. Those

respondents who score high, i.e. 6 or 7 on the Lickert scale, were isolated

and contrasted with the others, to examine which other programme they

emphasized significantly more (Table 4).--To avoid us simply choosing

respondents which tend to score high on every item, those sets for which the

average score on all the action programmes was 6 or more were discarded--.

The first thing that is noticeable is the length of the list. Many

programmes were positively correlated with improving the new product

introduction capability. Moreover, nearly all of the programmes related to

manufacturing flexibility and integration of information systems can be

found on the list. If they have not been emphasized in the past, they will

be in the future!

Insert Table 4 here

Human resource management has been somewhat differently emphasized in the

past. In 1986, it was a change in management/labour relations, and there is

a weak indicator for job enrichment in 1987. Job enlargement and management

training are emphasized more strongly by the high performers on the list of

the future action programmes. Perhaps a similar reasoning as for

manufacturing flexibility can be developed. Indeed one can find in Table 4

a higher emphasis by those who want to improve the new product introduction

capabilities on a change in management/labour relationship and management

training.
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For the design process technologies (CAD and value analysis), there seems to

be no difference between high and low performers, with the exception of the

future emphasis placed in 1988 on value analysis.

In Table 3, there is a last group which is called commitment to development,

and which groups the development of new processes for either old or new

products, and the emphasis placed on the improvement of new product

introduction capabilities. This category was formed, partially to test the

first hypothesis in another way. Indeed, one can argue that the financial

data given in Table 2 are a very imperfect indication of the resources

allocated to speeding up the new product development. The three action

plans which are grouped under commitment to development are another proxy

for speed of new product development. There is no apparent reason why

developing new processes would necessarily mean improving the development

cycle time. But if the company works on this development cycle time, it

should be reflected in emphasis on these three action plans. The results

are interesting. Commitment to development of new processes either for old

(1987) or new products (1986 and 1988) is emphasized more heavily by the

high performers than by the low performers. The same is true in 1988 for

the emphasis placed on new product introduction capabilities. Commitment to

the development process has a positive impact on speeding up the introductin

of new production.

Another way of testing the hypothesis is by looking at the usefulness of

some of the programmes (Table 5). The usefulness was obviously only gauged

for those programmes which had been implemented by the respondents'

companies.

Insert Table 5 here
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The high performers do put a significantly higher emphasis on the

restructuring of the procurement network, and (administrative) process

controls. These (technical) process controls recur in the list of

significantly more emphasized technological innovations. Automated

materials handling, computer aided process design and computer aided

inspection and testing are the other technological innovations more strongly

emphasized as being useful by the group of high performers.

This data provide some support for the second, fourth and sixth hypothesis.

A different approach to the procurement of components has been useful for

those who have shortened the time for new product introduction. Getting the

manufacturing process better under control, be it with either administrative

or technological tools helps also. Improving the logistics process through

better materials handling is another useful tool to speed up the

introduction of new products. Usefulness of control, and of better

materials handling supports the fourth hypothesis.

Some programmes which one would have expected to be useful given our

hypothesis, do not stand out: integration of information systems and

electronic links to supplier and customers; worker training and motivation

programmes; computer aided design. Some of these results can be explained

by the fact that the respondents to the questionnaire are senior

manufacturing managers: computer aided (product) design, for example, is

outside their realm of authority and responsibility, and they might not be

aware of the positive and/or negative effects of C.A.D. But the results on

integration are consistent with the tests mentioned above, and should be

within the understanding and experience of our respondents. The only

conclusion we can ome to is that integration of information systems has so

far not yet contributed to the shortening of new product introduction times.

The fact that they are heavily mentioned as future action plans in 1988 can

only mean that the expectations are high.



5.	 Discussion

The results of the tests do not support the hypothesis in a straightforward

way. Keeping in mind that the empirical data is obtained from a group of

senior manufacturing managers, one can assert the following conclusions:

a. An improvement in new product introduction time does not require a

substantially higher availability of financial resources for

research and development or human resources in across the board

engineering. But a higher commitment of the company to the

development of new processes and to the improvement of the

innovation process has a positive effect. The message could be

that throwing money at the problem does not necessarily help, but

that focusing the minds on the problem, and reallocating the

resources to improve the design capabilities has a positive effect.

This is in fact a conclusion similar to what has been proposed for

quality improvements or inventory reduction programmes.

b. The second hypothesis is the one which is best supported by the

data. Improved purchasing management, better relations with the

vendors seem to have positive effects. Restructuring of the

procurement network vas perceived to be useful by the high

performers. Improving new production introduction times is

dependent on involving vendors, in other words taking a systems

vie, of the development process.

c. Changes in the management of human resources and the relationship

between management and labour have contributed to improving new

product introduction times, but the usefulness of specific

training, motivation or job enlargement programmes is not clear.

However, the high performers will emphasize job enlargement and

management training in the near future.

d. Both the integration of information systems and the improvement of

manufacturing flexibility have not particularly been emphasized in

the past by high performers, and they are not perceived to have

been particularly useful to them in the past. But the expectations

for the future appear to be high. The high performers emphasize

-18-
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them in their future action plans for 1988, and these action plans

are positively correlated with the emphasis on the improvement of

the innovation process as a whole.

e. Design process technologies such as CAD do not explain shorter

development cycles. The lack of evidence might be due to the

composition of the sample. This interpretation is somewhat

supported by the fact that the high performers seemed to appreciate

more strongly the usefulness of technologies typical for the design

of the production process.

How can these results be interpreted in a broader framework? When, in the

introductory section, the hypothesis were proposed, there was the implicit

assumption that the different tools and organisational changes could and

would be implemented simultaneously. The results seem to suggest that the

hypotheses do not have to be rejected outrightly, but that there might be

some rank order in the tools and changes to be implemented. As was

suggested in the results section, there are perhaps first and second order

effects. To interpret the results, we suggest the framework presented in

Figure 1. As prior conditions to shortening development cycles, the company

has to (a) make a clear commitment to this objective; (b) adopt a systems

view, i.e. involve vendors and suppliers in the process; and (c) change the

relations between management and labour, i.e. shift from a Taylorian view of

the workforce to a more collaborative approach. The general environment

that this creates will lead to a first significant reduction in the

development cycles. Once the first results are obtained, the company can

Lake a next hurdle by investing in the integration of information systems,

the implementation of process design technology, the increase in flexibility

of the workforce, and the reduction of manufacturing lead time. It is

suggested here, but beyond the scope of the tests, that the combination of

these four categories of actions will enhance the chances of success of

implementing simultaneous engineering and integrated organisations and

groups. All of these action programmes and their consequences will then, in

their turn, contribute to shorter development cycles.

Insert Figure 1 here
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If the model can be validated by further tests, it has some important

managerial consequences. First, companies which intend to invest in shorter

development cycle times should be wary of programmes involving hugh resource

outlays across the board. Money will not necessarily help, and some

programmes seem to be preconditions for the implementation of other

programmes. Some of the more sophisticated actions such as simultaneous

engineering, or integration of information systems, require a climate of

commitment and a systems view, and perhaps already a few successes in

shortening development cycle times, obtained through simpler means.

Secondly, shortening design cycle times is not a challenge for the

development department alone. Perhaps the automation of the design process

technologies can help, but according to the results of tests on our

manufacturing database, other functions such as manufacturing, purchasing,

personnel management, etc. can have an important impact on development

times.

6.	 Conclusion

Shortening development cycle times, keeping quality and resources constant

has become an important target for management effort. Shorter product life

cycles, reduction of slack in the development process and the increased

demand for production variations and modifications have forced companies to

examine the duration of the development process. In this paper, the data

gathered through the European manufacturing futures survey was used to test

six hypotheses on the role of resource availability, human resource policy,

vendor relations, integration of information systems, design process

technologies and manufacturing lead time reduction. The results show that

the relations are not as straightforward as one would expect. There seem to

be some first and second order type of programmes which can contrebute to

shorter development cycle times.
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Table 1:	 General characteristics of the sample

(n=174)

Median of annual sales revenues ECU 1,219,929,000

Average pre-tax return on assets 16.4%

Average pre-tax profit as a % of sales 7.8%

Average market share of primary product 26.5%

Average market share of main competition 22.8%

Average growth rate (units sold) 11.3%

Average number of countries in which the
respondent has plants 2.3
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Table 2:	 Demographic data of high and low performers

High Low

R&D as a % of sales (87) 4.3 5.0

R&D as a % of sales (88) 7.6 6.1

Sales attributed to new products (87) 24.0 16.0

Sales attributed to new products (88) 34.0 38.0

Internal sources for process know-how (*) (87) 5.0 5.4

Internal sources for process know-how (*) (88) 4.8 5.3

Industrial engineering personnel as % of total

personnel (87)	 18%	 14%

Manufacturing, process and/or industrial

engineering as % of total personnel (88) 	 7%	 5%



1988

past action (*) future emphasis

lev
n=94

high
n=25

low
n=94

high
n=25

.65 .64 5.3 5.7

.49 .60 5.3 6.0

.45 .64 4.3 5.1

.34 .44 4.1 4.5

.45 .36 4.5 4.8

.47 .56 5.1 5.8

.61 .64 5.4 5.8

.33 .40 4.5 5.4

.55 .84 5.4 6.3

- - -

.54 .72 4.9 5.7

.52 .36 4.4 5.0

.29 .44 3.9 5.2
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TABLE 3

1986 1987

Future emphasis past action future emphasis

low	 high low high low high
n=27	 n=7 n=42 n=15 n=42 n=15

3.4	 4.1 4.3 4.1 5.0 5.3

3.6	 4.2 4.5 4.4 5.3 5.4

3.1	 2.9 4.4 4.1 4.9 4.6

2.7	 2.5 3.4 3.7 3.8 4.7

3.3	 2.5 4.0 4.1 4.3 4.5

- 4.7 4.7 5.0 5.2

morker training

vendors

- - - -

Vendor lead time
reduction

- 3.7 4.5 4.4 5.3

Vendor guality 3.2 4.0 4.6 4.8 4.9 5.9

Purchasing management 3.1 4.1 - - -

Production & inventory
control systems

3.6 4.4_ 4.9 4.9 5.3 5.2

Design Process Technology

Computer-aided design 2.8 3.4 3.2 3.8 4.0 5.0

Value analysis 2.7 3.4 3.5 3.3 4.1 4.6

Intégration

Integrating informe-
tion systems between
mftg and other functions

Integrating information
systems within aftg

!lumen Resource Management

Job enlargement

Job enrichment

Changing labour/
management relations

Supervisor/management
training



Manufacturing Flexibility

Mftg lead time réduction 3.6 3.5

Computer-aided mftg 2.9 3.5

F.M.S. 3.2 3.2

Reducing set-up times 3.0 3.5

Just-in-Lime - -

Zero defects - -

	4.3 	 4.7

	

4.1	 3.7

	

3.6	 3.6

	

4.0	 4.4

	

4.7	 4.1

-
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Commitment to dvpalt 

Developing new pro-	 3.4	 2.8	 4.6	 3.3
cesses for old products

Developing new pro-	 3.0	 4.1	 4.2	 4.3

casa for new products

Improving new product	 -	 -	 4.6	 4.1
introduction capabilities

Note: the average scores which are underlined are different
underlined with a broken line are different on a 10%

4.7

4.8

4.5

4.7

5.2

-

4.7

4.9

5.3

5.4

4.9

4.5

5.6

6.0

-

4.4

5.6

5.7

.49

.49

.33

.49

.47

.47

.33

.41

.31

.52	 5.0

.56	 4.5

.40	 4.5

.64	 4.8

6.0

5.1

5.1

5.7

.60	 4.9 5.8

.64	 5.4 6.2

.36	 4.8

.56	 4.3

5.2

5.4

.64	 4.6 6.0

froc■ Bach
level

other on a 5% level; the ones which are

(*)	 yes or no answer
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Table 4

Action programmes enphasized significantly more by those respondents
vho vill eaphasize strongly winproving nev product introduction capability"

(on a 5% significance level)

Change labour/management relationships

Manufacturing reorganization

* Management training

Manufacturing lead time reduction

Vendor lead time reduction

Computer-aided design

* Developing new processes for new products

Developing new processes for old products

Integrating information systems across functions

* Integrating information systems withing manufacturing

* Vendor quality

* Just-in-time

Flexible machining systems

* Production and Inventory Control Systems

(*) Significant on a 1% level.
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Table 5a: Usefulness of organisational innnovation

Low High
(n=83) (n.24)

Quality improvement programmes 5.3 5.7

Internai restructuring/reorganisation 4.8 4.5

Restructuring of the procurement network 4.1 4.8

Integration of information systems 4.7 5.0

Lead-time reduction programmes, inc. JIT 4.7 5.3

Worker training programmes 4.9 5.4

Process controls 4.9 5.6

Worker participation and motivation programmes 5.0 5.5

Table 5b:	 Usefulness of technological innovations

CAD 4.8 5.6

CA-Process-D 3.9 5.3

Computer driven materials requirements,
planning and scheduling 5.5 5.7

Automated shop floor data collection 5.0 4.8

Computer numerically controlled machines 4.8 5.0

Robotics for welding, painting, picking and
placing 4.3 5.8

Process controls 5.0 5.8

Automation systems for materials handling 4.6 5.8

Computer aided inspection and testing 4.9 5.8

Electronic link to suppliers/customers 4.3 5.0



commitment systems view

change in management/
labour climate

shorter development cycles

- integration of
information systems

- implementation of
process design
technologies

- investment in manu-
facturing lead time
reduction

- increase in workforce
flexibility

. simultaneous
engineering

. organisational
structures

Figure 1: Framework for shortening development cycle times
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