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hen Intel announces yet another breakthrough in chip technology, the triumph

is as much a testimony to the rapid advances of modern development tools as it

is to the skills of the research and development team. Indeed, the exponential

performance gains of integrated circuits have fueled dramatic advances in com-

puter simulation and tools for today’s design teams. This progress has now come full circle:

Today’s complex chips would be impossible to design and manufacture without the tools that

they helped to create. Not surprisingly, companies in many fields have invested billions of dol-

lars, expecting that these innovation tools will lead to huge leaps in performance, reduce costs

and somehow foster innovation.

But tools, no matter how advanced, do not automatically confer such benefits. In the excite-

ment of imagining how much improvement is possible, companies can easily forget that these

artifacts don’t create products and services all by themselves. People, processes and tools are

jointly responsible for innovation and development. In fact, when incorrectly integrated into

an organization (or not integrated at all), new tools can actually inhibit performance, increase

costs and cause innovation to founder.1 In a nutshell, tools are only as effective as the people

and organizations using them.

Embedded Tools
Many new products or services depend on innovations in development tools. My research

has found that new tools can significantly increase developers’ problem-solving capacity as

well as their productivity, enabling them to address categories of problems that would oth-

erwise be impossible to tackle. This is particularly true in the pharmaceutical, aerospace,

semiconductor and automotive industries, among others. Furthermore, state-of-the-art tools

can enhance the communication and interaction among communities of developers, even

those who are “distributed” in time and space. In short, new tools (particularly those that

exploit information technology) do hold the promise of faster, better, cheaper.

But that potential should be tempered: New tools must first be integrated into a system

that is already in place. Specifically, they must be integrated into the work that needs to be

done, not unilaterally pasted onto existing routines or substituted for what is presumed to be

an equivalent. It is important to remember that tools are embedded within the organizations

that deploy them as well as within the tasks the tools themselves are dedicated to perform-

ing. Moreover, each organization’s approach to how people, processes and tools are inte-

grated is unique — a result of formal and informal routines, culture and habits. These

long-standing patterns are reinforced project after project. Whether formally designated as a

product development “system” or not, organizational patterns that have existed for years
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function as integrated entities — for better or worse. Attempting

to change one aspect threatens to disrupt the overall system. How,

then, can companies adopt and incorporate new tools into their

existing systems to facilitate, instead of hamper, innovation?

Tools and the Auto Industry
Answers to that question can be found in several studies investigating

new product development at different car manufacturers around the

world. The global automotive industry provides a good microcosm

to understand tool usage for two reasons. The first is the sheer

amount of tooling involved in automotive development, which is

impressive in its own right and contains important general lessons for

innovation management. The second is the complexity, economic

significance and pace of relentless change in the auto industry, which

has made it the subject of considerable research, including studies on

the adoption of new tools. The data highlights how the issue of tools

in use is fundamentally important, representing an almost natural

experiment into the attempted introduction of computer-integrated

tools across firms. Results of this research suggest important lessons

for any company incorporating new tools in its R&D process.

During the mid-1980s, Kim Clark and Takahiro Fujimoto of

Harvard Business School launched a landmark study of automo-

tive development performance and organization at 20 U.S., Euro-

pean and Japanese companies.2 After interviewing managers at

nearly all of the world’s automakers and collecting an impressive

data set on 29 car projects, the researchers concluded that the

Japanese approach to product development was, on average, nearly

twice as efficient as its Western counterparts and a year faster in

bringing new product concepts to market.

To explain that dramatic difference, Clark and Fujimoto cited five

factors. First, Japanese firms were particularly effective at leveraging

supplier capabilities and simplifying project coordination. Second,

the best firms applied manufacturing expertise to routine develop-

ment activities such as prototyping, die making, pilot runs and pro-

duction ramp-up. Third, products could be brought to market faster

partly because of increased overlapping of upstream and down-

stream activities and better communication and hand-offs of work.

Fourth, Japanese projects involved on average half as many long-

term participants as U.S. and European projects, thus leading to

wider task assignments for individual engineers. And, finally, the best

firms employed “heavyweight”project management, leading them to

excel in time, cost and quality. In the early 1990s, a follow-up study

showed that U.S. and European automotive firms had been able to

narrow the gap in development performance by adopting Japanese-

style supplier management practices, higher degrees of simultaneous

engineering and stronger project management systems.3

Innovation Tools
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In 1998, I began collaborating with Fujimoto, now at the Uni-

versity of Tokyo, to begin a new round of research that would build

on the prior two studies. Before we started to collect data, however,

we made a significant change that resulted directly from ongoing

field research and case writing in the automotive industry. Three-

dimensional computer-aided design, computer-aided engineering

and new rapid prototyping tools were fundamentally revolutioniz-

ing automotive development, but these changes had not yet been

studied systematically. Hence, we decided to include the use of

such new tools as a major part of our study. Participating firms

answered about 400 questions regarding each car project, and that

information was augmented by site visits and interviews at each

participating company. (See “About the Research.”)

The combined research program on global automotive devel-

opment performance now consists of primary data from 72 new

projects that were carried out in the United States, Europe and

Japan between 1980 and 1999. To understand how performance

evolved over this 20-year period of constant change, we looked at

the number of total engineering hours invested in each project and

the amount of time companies needed to bring a new concept to

market. The first variable, engineering hours, measures the level of

resources required to take a concept to market introduction.4 It

includes all internal hours spent on design, engineering, prototype

construction and so on, as well as any external hours subcontracted

to engineering service firms. Not only do engineering hours have a

direct impact on the total cost of a project, they also tie up impor-

tant resources, thus limiting a firm’s R&D pipeline.

The second variable, total lead time, measures the calendar

time that a company needs to define, design, engineer and

introduce a new vehicle to the market.5 The clock starts when a

new vehicle concept is initiated and stops with the first retail

sales to customers. The longer it takes to bring a product to

market, the more difficult it is for companies to respond to

changing technologies and customer needs, thus increasing the

risk of missing market windows. Conversely, projects that are

completed too hastily run the risk of products with poor qual-

ity or too little functionality.

A Conundrum
To examine the relationship between R&D performance and new

tools, we first looked at the changes in project productivity that

had occurred since Clark and Fujimoto’s study in the 1980s. The

results tell an interesting story: Although the transition from the

1980s to early 1990s can be characterized by Western companies’

closing of the productivity gap with respect to Japanese firms,

data from the late 1990s shows the gap increasing again. (See

“Resource Usage in the Global Auto Industry” and “Time to Mar-

ket in the Global Auto Industry,” p. 27.) What had happened?

One possibility is that companies “bought” development time

by putting more engineering resources to work. The assumption

Some of the data reported in this article

were collected in three phases over

nearly 20 years, commencing with Kim

Clark and Takahiro Fujimoto’s landmark

study on automotive development per-

formance in the 1980s.11 During each

round, field interviews and case studies

led to the design of a detailed question-

naire on project-level data. All major

automotive firms in the United States,

Europe and Japan were invited to partici-

pate in the study, and most companies

accepted. After receiving a completed

questionnaire, the research team visited

companies for follow-up presentations

that also gave participants an opportu-

nity to discuss and possibly correct some

of their responses. Each participating

company received a full feedback report

with aggregate project data to ensure

confidentiality.

The final data were complemented

with information from public sources

before being analyzed with rigorous statis-

tical methods. Clark and Fujimoto col-

lected the first round data, David Ellison

joined their team and was instrumental in

the second round, and I joined forces with

Fujimoto for the third round. Because of

the extensive travel and logistics, each

round of data collection took two to three

years to complete.

In the third round, Fujimoto and I

expanded the scope of the study to

include detailed questions on the use of

development tools: CAD, computer simula-

tion and rapid prototyping. The final ques-

tionnaire contained 13 modules, with a

total of 79 major questions, each contain-

ing several subsections. A fully completed

questionnaire provided about 400 data

points per project. Over three years, we

received data on 22 projects: four from the

United States, five from Europe, ten from

Japan and three from Korea.

Combining all projects in the study into

a single database resulted in primary data

on 72 major car projects that were

launched between 1980 and 1999. The

data made possible the analysis of how

development performance (productivity

and time to market) and capabilities

change over time; a subset of these find-

ings is contained in this article. Because of

differences in project content (for example,

compact versus luxury car classes), a set of

control variables was determined using

regression analysis and the researchers’

knowledge of car design. The performance

variables were adjusted to account for

project complexity, which made an “apples

to apples” comparison possible, particu-

larly over such a long period of time.

About the Research
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is that project tasks can be broken up and worked in parallel

through the insertion of additional engineers.6 As a result, the

total project can be completed more quickly. Unfortunately,

managing R&D projects is not that simple. Although companies

can buy some time by throwing more resources on projects,

adding more people also introduces organizational and task

complexity. Moreover, the strategy doesn’t fundamentally

improve how new products are developed. Examining the rela-

tionship between adjusted engineering hours and development

lead time for all 72 projects in the automotive study strongly sup-

ports this notion: In fact, companies that brought vehicles to

market more quickly needed fewer development resources. (See

“Time to Market and Resource Usage in the Global Auto Indus-

try.”) It seems that the ability to organize, employ better processes

and manage projects differently resulted in fundamental capabil-

ities that resulted in both higher speed and more efficiency.

Perhaps the most surprising finding was the convergence of

many development practices that had accounted for performance

differences in the 1980s. These included stronger project man-

agement, Japanese-style supplier management practices and the

use of simultaneous engineering. Given that, we were surprised

to find that the performance differences had actually widened

again in Japan’s favor during the 1990s. What was going on?

Certainly, other forces must have been at play, including rapid

advances of new technologies for CAD/CAE, computer-aided

manufacturing and the availability of much-improved rapid pro-

totyping tools. Together, such tools have been fundamentally

changing the way developers experiment, solve problems, learn

and interact with others, as well as manage information (and this

transformation wasn’t just occurring in the automotive indus-

try). Senior R&D managers were in fact telling us that “digital

development” had been the most significant change in their

entire careers. Thus, faced with a performance gap that had to be

explained, we looked at the use of advanced tools as a possible

driver of the Japanese advantage.

Interestingly, an analysis of the most recent car projects revealed

that Western firms were leading Japanese competitors in at least

two very important technology areas. Specifically, the most sophis-

ticated CAD tools, including three-dimensional solid and surface

models, were used much more extensively by U.S. and European

firms. In contrast, some Japanese firms were still relying to some

degree on less sophisticated tools, such as wire frames and two-

dimensional models. (See “Technology of Tools Used in the Global

Auto Industry,” p. 29.)7 That same pattern occurred in the applica-

tion of computer simulations to investigate the crashworthiness of-1 
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Time to Market in the Global Auto Industry



28 MIT SLOAN MANAGEMENT REVIEW WINTER 2006

car designs. Project data and interviews with experts confirmed

that Western firms were using more complex models and tools

with greater user friendliness than were many of their Japanese

counterparts. For example, the number of finite elements — a

measure of a simulation model’s fidelity — was higher in the

United States and Europe than in Japan. (See “Complexity of Crash

Simulation Models Used in the Global Auto Industry,” p. 29.)

A deeper analysis of the data and interviews with managers

revealed that the reasons for the recurring performance gap were

complex. The poor economic performance of some Japanese firms

in the 1990s while their Western competitors posted record profits

surely removed some of the competitive pressures that the latter felt

during the late 1980s. Furthermore, not only complacency but

bureaucracy, poor planning and a short-term outlook certainly

played important roles at some companies. But the research suggests

a more fundamental reason for the apparent conundrum: Leading-

edge tools do not result in exponential leaps in performance unless

they are accompanied by change. Put another way, a company’s

existing processes, organizational structure, manage-

ment and culture can easily become a bottleneck

when seeking to unlock the potential of new tools. In

fact, research in several industries suggests that some

firms can excel with “new” tools that are just good

enough instead of being state of the art.

Behind the Conundrum: Common Pitfalls
Attaining the full benefits of new development

tools is hardly a simple or straightforward matter.

All too often, companies spend millions of dollars

on tools that fail to deliver on their promise, and

the culprit is typically not the technology itself but

the use of that technology. Research in the auto-

motive and other industries has uncovered a

number of common pitfalls for companies adopt-

ing new R&D tools.8

Pitfall #1: Using New Tools Merely as Substitutes
When new tools first become available, companies

decide whether to invest in them by determining

whether existing activities can be accomplished

faster or less expensively. Thus, proponents of CAE

tools initially argued that substituting virtual proto-

types for physical ones could, by itself, save mil-

lions of dollars. And, indeed, savings were

realized through this simple act of replacement.

But the greater value of state-of-the-art tools lies

beyond their ability to function merely as substi-

tutes. One manager in our study explains this by

using the analogy of being stuck in morning traf-

fic. Even if he had a Ferrari, his daily commute

wouldn’t be any faster unless he could find a new route that took

advantage of the sport car’s capabilities. Similarly, a company

can’t unlock the full potential of leading-edge tools unless it also

finds new ways to experiment, learn and manage innovation.

Consider German automaker BMW’s experience with advanced

computer simulation tools.9 In the late 1990s, the company’s sales

volumes were getting smaller for each model because changing cus-

tomer demands led to increasingly differentiated markets. In

response, BMW had no choice but to substantially increase the pro-

ductivity and speed of its development system. To accomplish that,

BMW wanted to perform more work in parallel, which would

require greater coordination among the teams involved, and the

company looked to computer tools as a possible solution. Through

computer simulations, “virtual cars” that existed only in digital

memory and not in the real world could be tested in parallel with

ongoing design activities. The world of virtual reality also provided

a logical venue for coordinating the efforts of different functional

divisions of a company, such as between design and engineering.
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lar complexity. The best performing projects are in the lower left quadrant;

the worst projects are in the upper right quadrant. The positive correlation is

statistically highly significant — less than 1%.)

Time to Market and Resource Usage in the Global Auto Industry
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BMW’s experience highlights the importance of understand-

ing the role of processes and people in the adoption and use of

new tools. A big advantage of simulated tests is that they can be

used much earlier in the innovation process than can more costly

physical tests. That, in turn, allows people to experiment with

more design options and to find problems before significant

resources are committed. It also enables engineers to kill a bad

idea early, before it takes on a life of its own as an expensive

formal project. To reap such benefits, though, BMW had to

reorganize the way different groups worked together and

change habits that had been so effective in the past.

Interestingly, our research suggests that some Japanese

firms had an advantage precisely in this area, in spite of a tool

“disadvantage.” (See “Timing and Availability of Simulation

Tools and Prototypes in the Global Auto Industry,” p. 30.) To

test crashworthiness, the first technical experiments by these

firms were simulated only months after vehicle layout started.

Most likely, these models were far from perfect, but their cre-

ation and testing forced the technical communication and

problem solving that are needed in parallel work. In contrast,

non-Japanese firms started using their first simulation mod-

els months later in the process. Similarly, companies that

used simulation earlier also made physical prototypes avail-

able much more quickly to their developers. These proto-

types were necessary to complement computer simulations

when the fidelity of the virtual models wasn’t close enough to

reality. The combined result was more rapid experimentation

and problem solving in their R&D organizations when such

activities mattered most: during early development.

Pitfall #2: Adding (Instead of Minimizing) Interfaces Iterative

problem solving often involves different functional groups or

departments. For the process to work, these efforts must be coor-

dinated. Engineers from different disciplines design parts of a

product that have to function as a whole, while prototypes are

often built by another group. In such environments, iterative prob-

lem solving requires fluid hand-offs from one team to another,

without the information loss and time delays that are often associ-

ated with organizational interfaces between the groups.
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In the mid-1990s, Japanese auto manufacturers were using consid-

erably less sophisticated computer-aided design tools than were
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Technology of Tools Used in the Global Auto Industry

During concept development (for projects
completed in the mid- to late 1990s)

During concept development (for ongoing
projects)

During design engineering (for projects com-
pleted in the mid- to late 1990s)

During design engineering (for ongoing
projects)

U.S. Europe Japan

55 57 30

73 110 111

84 125 48

118 192 115

Complexity of Simulation Models Used (in thousands of finite elements)

Japanese auto manufacturers generally used less sophisticated simulation models than did their U.S. and European counterparts in

the late 1990s. (Note: The number of finite elements is a measure of a simulation model’s fidelity.)

Complexity of Crash Simulation Models Used in the Global Auto Industry
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New tools, particularly those that are IT-mediated, can, by

themselves, reduce some of these losses because information

transfer is both reduced and standardized. Some CAD tools, for

instance, allow a single master representation of an object that

can be modified by developers. This is in sharp contrast to the

practice of having many models and prototypes in multiple

forms for a single product under development, which then turns

any design change into a major obstacle. At the same time, these

new tools create other interface problems, both functional and

organizational. In the global automotive study, we examined

organizational interfaces that could inhibit problem-solving

cycles. In particular, we investigated how development work was

divided between technology specialists and engineers. Compa-

nies employed specialists — people focused on a tool itself — to

build up their expertise in the new technology, but the downside

was that problem solving could be slowed when the integration

of this expertise was not managed well.

Western firms were also employing more tool specialists than

Japanese firms. (See “Use of Tool Specialists in the Global Auto

Industry.”) Although these individuals supported the engineers,

they were not expert designers and, in fact, they tended to sepa-

rate the engineers from the design details and tools. In contrast,

companies such as Japan’s Toyota Motor Corp. preferred simpler

tools that were transparent to engineers and lowered the barriers

between groups. In general, the Japanese engineers were per-

forming more CAD/CAE work themselves, effectively reducing

the number of interfaces involved overall and speeding up exper-

imentation and problem solving. It is important to note that

when project engineers are more skilled at using design tools,

they are less likely to relinquish integration to technology spe-

cialists, who tend to be less familiar with the system aspects of the

product under development.

Pitfall #3: Changing Tools, But Not People’s Behavior As discussed

earlier, the promise of fewer expensive physical prototypes has

been a powerful argument for investing in new tools, because this

benefit can be measured and toted up easily. Even companies that

are reluctant to rethink their R&D processes should see some

quick gains when their development teams switch from expensive

physical models to cheaper virtual ones. But the research suggests

that replacing expensive prototypes with computer simulation is

hardly straightforward or simple. An analysis of physical proto-

types per project showed no significant overall decrease in the

number of prototypes built, and Western firms on average built

at least as many physical car prototypes as their Japanese com-

petitors, in spite of their use of more advanced digital tools.10

Perhaps the cost savings in prototyping were realized in new

projects that started in the very late 1990s and thus were not part

of our sample, as more recent anecdotal evidence suggests. Or

maybe the increase in automotive regulation (for example, in the

Important Process Milestones

First crash simulation (in months after start of
vehicle layout)

First physical prototypes available for functional
testing (in months after first drawing release)

U.S. Europe Japan

11.6 9.5 4.9

15.5 7.5 4.1

Japanese auto manufacturers used initial crash simulations and physical prototypes much earlier in the development process than

did their U.S. and European counterparts (for projects completed in the mid- to late 1990s).

Timing and Availability of Simulation Tools and Prototypes in the Global Auto Industry

Important Process Milestones

Number of CAD specialists per engineer

Percentage of simulation work done by CAE
specialists (not design engineers)

U.S. Europe Japan

2.3 0.8 0.3

75% 36% 37%

Japanese auto manufacturers relied less on tool specialists than did their U.S. and European counterparts (mid- to late 1990s).

Use of Tool Specialists in the Global Auto Industry
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crash-testing area) increased the need to test more prototypes

and, as a result, an even greater number of prototypes would have

been needed if digital tools had not been available.

But in my interviews with managers, I have come across

another compelling explanation that should not be underesti-

mated: The rate of technological change often exceeds that of

behavioral change. (See “Implementation Issues.”) That is,

when the knowledge base of an organization depends on the use

of particular materials, prototypes and tools, engineers will not

easily dismiss much of what they know, nor will they change

how they work overnight. That’s why people had trouble

accepting the results of a simulated test when they had spent

years or even decades learning from physical models. Thus,

when senior managers increased a team’s budget to run more

computer simulations, anticipating substantial savings, they

were sorely disappointed, because people ended up building

more physical prototypes to verify that the simulations were

accurate. The result was larger investments in both information

technology and costly physical prototypes. In some cases, the

engineers’ skepticism was well founded, because the virtual tests

turned out to be poor substitutes. But in areas like crashworthi-

ness, management’s inability to convince people to change their

work patterns led to many wasted resources.

Tools in Use
The drive to compete through relentless innovation means that

organizations must both keep up with and take advantage of new

innovation tools. The essential issue here is that managers should

think of “tools in use” as a core concept. As research has shown, the

effectiveness of the same tool can be totally different depending on

how the technology is deployed. It is the use of a tool that deter-

mines whether value is created (or resources are wasted).

To appreciate the difficulty of imple-

menting new tools, consider the experi-

ences of two middle managers from

different car manufacturers that intro-

duced computer-aided engineering tools

into their organizations. The first man-

ager, who heads a large department of

CAE specialists intended to help project

teams in the development of new cars,

recounts the following:

“While senior management agrees that

the potential of CAE [tools] is impressive,

my company simply doesn’t take enough

advantage of it. As simulation specialists,

our input to important engineering deci-

sions comes much too late. Few of my

people are co-located with engineering

teams and most of them talk to other sim-

ulation specialists. Project teams send us

simulation jobs after hardware tests have

been run and we are asked to verify their

findings. Rarely do we get involved early

in the process when learning what doesn’t

work can make a big difference. And

when our results disagree with physical

tests, project engineers usually question

our models and assumptions rather than

check if their tests have been done right.

It will take time to change our culture and

people’s mindsets. In the meantime, the

company spends millions on additional

[tools] that we neither trust nor integrate

into our processes.”i

The second manager, who heads a

group of engineers directly responsible

for a new car project, signals her frustra-

tion as follows:

“Many of our engineers were not

ready to accept the results from simu-

lated tests [that is, those using the new

CAE tools] because they aren’t [consid-

ered] real. When senior management

decided to invest in new information

technologies, simulation software and

specialists, they anticipated substantial

savings. But the more we simulated, the

more physical prototypes were built to

verify that simulation was accurate. No

one was going to make a commitment

and decision based on a computer model

only. Because of simulation, we ended up

spending more money on prototype test-

ing than before.”ii

Both companies recognized the

tremendous potential of CAE tools, but

neither anticipated the problems they

would encounter because of how the

tools had to be integrated, not only into

product development routines and the

organizations surrounding them but also

into existing expectations. In the first

case, the expectation was that experts

(that is, specialists) would perform CAE-

tool tasks essentially offline. Like consult-

ants, these people were outside the

“normal” development process and, as

such, would not be integrated at all. Con-

sequently, the tool became more of a lia-

bility than an asset. In the second case,

the expectation was that by introducing

simulation tools, existing procedures

would simply die off, and the actual cost

savings that these “virtual” tools could

provide vis-à-vis “real” ones would be

realized. But in this organization (as in

the other), real modeling tools were inte-

gral to the product development process,

with decades of work routines, activities,

practices and, most important, validity

behind them. That is, what had been

done in the “real” routine was believable;

what was attempted in the “virtual”

approach needed validation via existing

procedures. In sum, it was simply not fea-

sible to swap in something new — and

radically new at that — and presume that

both behavior and economics would

magically (and swiftly) change.

i. S.H. Thomke, Experimentation Matters: Unlock-
ing the Potential of New Technologies for Innova-
tion (Boston: Harvard Business School Press,
2003).

ii. ibid.
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For their part, engineers, designers and technicians often think

in terms of how tools function vis-à-vis the work at hand. Articu-

lated or not, they grasp the relationship between what they must

do and how they accomplish it. That, of course, can lead to a deep-

seated mistrust of anything new. Many resist embracing new tools

because they fear a disruption to the established (and proven) ways

of doing things. Because of that, managers need to establish the

connection between a new tool and its specific usage before intro-

ducing that technology into the workplace.

If managers, especially senior executives who have the final

say about which new tools their companies adopt, recognize

that such artifacts are embedded in people’s work, routines and

processes, and are ultimately part of an innovation system, they

can regard such decisions more holistically on the one hand and

more “situationally” on the other. The direct connections

between a new tool and the work that must be done should

always be considered, in and of itself but also in light of an orga-

nization’s strategic purpose. After all, it is not the new tool per

se that makes the difference. What matters is how it can be

deployed within a particular situation that is integrated into an

innovation system dedicated to pursuing corporate goals.
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