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The widespread adopTion of digital design shows that it makes a powerful contri-

bution to r&d effectiveness and efficiency. design tools can be invaluable in visualizing ideas, 

quickly developing a detailed design and conducting fast iterations. on the surface, these are all 

good things. Yet our research suggests that digital design is not a panacea. Unless it is comple-

mented with sound management practices, unforeseen problems will be introduced into the 

product development process. 

some background will help explain why. it is well known that since the 1980s, the new product 

development process has evolved from traditional engineering teams working together in one place 

to an approach that is more global and virtual.1 one major factor that has enabled this transition has 

been the proliferation of digital design tools such as highly capable computer aided design packages 

(such as parametric Technology Corp.’s pTC Creo elements/pro (formerly pro/enGineer), das-

sault systèmes’ CaTia and solidworks), rapid prototyping technologies (such as 3d printers), and 

collaboration tools (such as Microsoft sharepoint, Google docs and project wikis). 

Today’s product development is 
nearly all digital — allowing 
teams to go from idea to precise 
parts quickly, and permitting 
them to continually revise and 
validate throughout the devel-
opment process.

the Problem With  
Digital Design
Yes, digital design is a wonderful tool. But unless it is supported 
with strong management processes, there can be unintended 
— and negative — consequences.
BY TuckER MARION, SEBASTIAN FIxSON ANd MARc H. MEYER 

The leading  
quesTion
What poten-
tial downsides 
does digital 
design intro-
duce into 
product devel-
opment?

Findings
�digital design tools 
can make the work 
appear complete  
before it actually is, 
creating problems 
down the line.

�Because the tools 
are simple to use, 
they can promote 
endless tinkering, 
delaying production.

�Strong managers — 
and well-defined 
management  
processes — are 
needed to guard 
against both poten-
tial problems.

P r o d u c t  d e v e l o P m e n t
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a second factor leading to increased use? Lower 

prices. Today, capable Cad packages can cost as 

little as a few hundred dollars and can run effi-

ciently on desktop or laptop computers costing a 

fraction of those required just five years ago. 

one of the most widely studied payoffs of digital 

design was the Boeing 777, which was designed, 

modeled and tested virtually by an extended devel-

opment team.2 The benefits of this approach 

included identifying part interference and fit issues 

before expensive physical prototyping and having 

different members of the organization (customers, 

manufacturing representatives, vendors, service 

and maintenance individuals, etc.) view and par-

ticipate simultaneously in the design process. 

since the time of the 777, the use of information 

technologies and services has accelerated thanks to 

the proliferation of tools and iT solutions to support 

digital design through the entire new product devel-

opment spectrum. systems for 3d printing (from 

companies such as Z Corp.) allow designers to 

quickly produce prototype parts directly from Cad 

files, permitting the physical validation of engi-

neered designs in a matter of hours. power analysis 

tools, often integrated into Cad systems, allow vir-

tual testing before any physical prototypes and 

preliminary manufactured parts are produced. 

From airflow within a jet engine (fluid dynamics 

simulation) to strength and fatigue testing on a ve-

hicle chassis (finite element analysis), these tools 

offer the potential to reduce cost and improve design 

iteration efficiency.3 and process management 

tools, such as product life cycle management and 

requirements management, have proliferated to 

dimensionalize costs, part reuse and customer 

needs. Moreover, engineers can vet concepts with 

colleagues around the globe through virtual collabo-

ration technologies that are now commonplace and, 

increasingly, free. in sum, today’s product develop-

ment is nearly all digital — allowing teams to go 

from idea to precise parts quickly and permitting 

them to continually revise and validate throughout 

the development process. (see “The evolution of 

digital design Tool Use.”)

so, what’s the problem? There are potentially two. 

First, because the technology makes the work look 

complete at every step in the process, it can create a 

false sense of security. There can be a tendency to 

move on to the next stage in the process before teams 

have taken the time to deeply learn user needs, con-

struct alternative solutions and vet both of these. in 

other words, the “fuzzy front end” of the design pro-

cess may be cut short — to the company’s long-term 

disadvantage. This is, we believe, one of the major 

reasons product failure and success rates have 

changed little over the past several decades.4

second, the very ease with which designs can be 

digitally drafted and prototyped might afford en-

gineers the opportunity to “try it again and then, 

again and again.” in other words, the final design 

process can remain fluid longer than is useful. The 

ability to quickly iterate designs can lead to a spi-

raling effect, chewing up time and labor expense 

and effectively mitigating the benefits of digital 

design itself. research has shown that these “vir-

tual design rounds” can account for 75% of total 

project development costs,5 and they can delay 

project completion. For example, airbus suffered 

severe delays in the development of its new a380 

due to issues with Cad revisions.6

The net takeaway from this: while we are favor-

ably inclined to the generally positive impact of 

digital design — who today would argue against the 

use of computers for any aspect of commerce? — we 

wanted to more deeply understand these two possi-

ble unwanted effects and how to best mitigate them. 

To accomplish this, we embarked on a longitudinal 

study of the product development activities of 145 

The eVoluTion oF digiTal design Tool use
there has been a proliferation of tools and it solutions to support digital design 
through the entire new product development spectrum.
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firms that are heavy users of digital design technol-

ogy. Given that a majority of engineering time is 

spent in front of a computer revising Cad models, 

we focused our lens on the engineering bullpen. we 

surveyed and interviewed engineers and managers 

to understand how digital design work is performed. 

(see “about the research.”) here’s what we learned.

 

A Rush to “Final” design
Modern digital tools allow fast iterations of design 

features and dimensions, once the engineer con-

structs a virtual model. This ability creates a strong 

pull for product development teams to jump to 

building digital design models right at the start of 

the project. Because digital design applications are 

inherently precise, the “fuzziness” of wide-open con-

cept exploration can be avoided for what seems to be 

a highly evolved design that is then prematurely 

moved downstream. That, we found, can lead the 

r&d team to shortchange valuable activities such as 

extensive user research, intensive parallel concept 

development, and deeper systems and architecture 

design as part of the front end of development.

Thomas allen found decades ago that teams 

pursuing a number of parallel concept develop-

ments at the front end of design most often proved 

to be the winners over similar projects where teams 

finalized a design early in the process.7 This sup-

ports the common sense understanding that rushed 

decisions are often not the best. in the case of engi-

neering design, a rushed decision can ultimately 

lead to more work downstream in the process as 

other engineers are forced to improve things. we 

call this effect back-loading, where digital design 

tools are used to revise and rework design problems 

that should have been resolved early in the process.

The obvious point is that a fast rendering is not 

a complete product design. digital design allows 

engineers to produce realistic-looking concepts 

and prototypes quickly and much earlier in the 

process than ever before. while these designs look 

finalized, they are not. a beautifully sculpted and 

realistic exterior shell may not contain the inner 

structure and supports essential to a finished prod-

uct. as one engineer at an aerospace firm explained, 

“Management looks at the early designs and thinks 

it’s done. however, there is a lot more engineering 

to be done on these early models.” 

what is clear from all of this is that interactive 

product development should be front-loaded in the 

development cycle.8 Certainly, front-loading has 

been standard operating procedure in r&d. Con-

cept developers (engineers) would complete and 

test new designs, then send them to manufacturing 

engineers for completion and potentially for modi-

fications through tightly controlled drawings and a 

well-defined change management system. not only 

has digital design allowed concept engineers a false 

sense of completeness, but it has also enabled later-

stage engineers to more easily tinker with designs to 

try to make things better. and that brings us to 

problem number two.

Enough Is Enough
digital design has made projects fluid across the en-

tire development process, which ideally is a positive. 

however, on-the-ground reality sheds a different 

light on the situation. in an ideal environment, this 

flexibility might lead to a higher rate of problem 

solving and therefore, better products. in reality, 

however, many of the managers in our study com-

plained about, in effect, too many cooks spoiling the 

broth. as one executive told us, “Cad has been de-

mocratized. it’s now a lot easier to use and share. The 

downside is: everyone thinks they’re an engineer.”

in a poorly monitored process, the number of en-

abouT The ReseaRch
this longitudinal study was undertaken from 2008 to 2011. the research was 
divided into two segments: an empirical study and an in-depth multiple case  
investigation. the empirical segment used an internet-based survey tool. to  
ensure proper longitudinal research design, a framework of the impact of digital 
design on the innovation process was developed and vetted by academic and 
industrial collaborators. the instrument was beta tested in 2009 and distributed 
via blind electronic mail in 2010. the instrument used a mixture of established 
and new variables and scales. Multiple control variables were used. scale cron-
bach alphas, multicollinearity levels, nonresponse bias, etc. all conform to 
academic standards. 

the survey results were self-reported on intensity of tool and practice adop-
tion via psychometric scales, qualitative and quantitative inputs. outcomes 
measures included measures for r&D efficiency (resources used, time to mar-
ket, etc.) and effectiveness (unit costs, performance to specification). some 
145 multinational companies that actively employ digital design participated in 
the empirical segment. When we refer to the most successful or best-perform-
ing companies, we mean those that fall in the top 25% of our survey.

the second research segment centered on in-depth interviews of survey 
participants. these companies were comprised of a cross section of industries, 
from aerospace to robotics. Multiple cases were used; interviews were con-
ducted in person and recorded or transcribed. Quantitative and qualitative 
results were synthesized and formed the basis for this manuscript. 
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gineering changes to a specific design can increase 

dramatically. in fact, minor changes in one aspect of 

design can have strong ripple effects on other areas, 

potentially leading to an overall poorer final solu-

tion. without a well-structured engineering process, 

the number of unnecessary iterations can mush-

room simply because the technology makes changes 

so easy to perform. Chaos can ensue. 

The data gathered from the companies in our study 

confirmed this problem. a large number of engineer-

ing changes late in the process were associated with the 

poorest-performing r&d organizations. Moreover, 

the poorest-performing organizations were heavy dig-

ital design users, underscoring the second potential 

problem. since it is so easy to make changes, people 

continue to do so late in the process. (of course, it is 

possible that the changes were necessary because the 

company moved too quickly on the front end.)

on the other hand, the most successful compa-

nies were practitioners of systematic planning in the 

upfront phases of product development and allo-

cated considerable amounts of time and resources to 

these early stages. For example, the highest perform-

ing companies in our sample were 18% more likely 

to adopt systematic product road mapping and 

planning procedures than the rest. These companies 

also made cost engineering for new product designs 

a clear requirement during concept development.

The best-performing companies in our study 

were also 17% more likely to employ cost engineer-

ing during the front end of development. Managers 

would be well served to focus on defined planning 

and specifications, development of robust product 

architecture, well-defined interfaces and shared 

subsystems. Companies that operate in this fash-

ion, such as honda Motor Co., have a strong record 

of maximizing r&d investment over multiple, 

highly profitable product lines.9

Better upfront planning can reduce later itera-

tions because fewer are necessary. and simple, 

better process adherence reduces later iterations by 

enforcing discipline. The lesson is clear: Use digital 

design tools and systems but not without a disci-

plined, well-controlled r&d process. otherwise, 

product designs will continue to shift until near the 

moment of manufacture, causing undue waste and 

churn. (see “a Manager’s Guide to eliminating 

digital design problems.”) 

A Structured, Well-Managed  
Process Is Important 
Confirming the existing new product development 

literature that endorses structured processes, we also 

found significant correlation between efficient use 

of r&d resources and well-defined conceptual and 

systems design phases.10 The most successful com-

panies in our study were heavy users of digital design 

that combined these tools with management-driven 

process discipline. specifically, they maintained a 

structured r&d approach that protected and pre-

served a front-loaded process that had sufficient 

time for deep user research (ethnography, focus 

groups, etc.), competitor analysis, and rough proto-

typing and systems architecture. as a manager of 

one of these well-managed companies told us: “we 

don’t see a ton of back-loading here because we are 

so focused on process. we’re very rigorous upfront, 

especially during planning.” not surprisingly, the 

need for strong project management and communi-

cation was pervasive throughout our study. often, a 

good project manager was seen as the key figure  

to stop back-loading from occurring. as one engi-

neering vice president at a technology company 

explained: “we don’t see endless iterations in design. 

This is up to the project manager. we go through the 

necessary iterations and do not overdo it.” 

a key contributor to project management and 

team effectiveness on the management of digital 

design was collaboration software such as wikis and 

Google docs. we found that the best-performing 

firms were 26% more likely to adopt and use col-

laborative iT tools during design. in sum, powerful 

digital design systems need to be matched with ap-

propriate process discipline, supported by a 

relevant iT infrastructure and collaboration tools. 

we also observed that companies with incompati-

ble Cad systems within development groups, or 

between themselves and suppliers, suffered significant 

disruptions and diseconomies in the development 

process. Companies that focused on implementing 

and maintaining a top-level iT infrastructure to 

bridge different r&d applications performed signifi-

cantly better in terms of engineering efficiency.

it is imperative that internal departments, vendors 

and suppliers maintain consistent levels of software 

revision and training and that detail issues, such as  

tolerances, for example, are clearly communicated. 
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The most successful companies in our study reported 

a greater use of iT in facilitating training, compatibil-

ity and communication. The most successful 

companies in our study reported a 22% greater inten-

sity in the use of iT to play a role in interdependencies 

among teams and organizations — facilitating train-

ing, compatibility and communication. in companies 

where such coordination doesn’t occur smoothly, 

problems can occur. as one engineer at a high-tech-

nology company explained: “it used to be that 

vendors — people making sheet metal parts or in-

jection molded parts — would receive dimensioned, 

2d drawings and check their parts versus samples, etc. 

Thought went into tolerances, fit, etc. now, these ven-

dors work right off the 3d solid models. The parts 

come back to us, and they don’t fit well.” That can 

cause unnecessary tooling and design revisions dur-

ing production ramp-up. however, digital design 

allows for dimensions and drawing information to be 

included in the files. it is poor process discipline and 

equally poor management of the iT tools and their 

features, that is the root cause of the problem in this 

a ManageR’s guide To eliMinaTing digiTal design PRobleMs
one size does not fit all when it comes to the 
best way to employ digital design tools effec-
tively. still, managers told us they found 
these four approaches extremely helpful.

1. No points for finishing first. the mi-
gration to digital tools for design and rapid 
prototyping is now standard industry prac-
tice, and that isn’t going change. Perhaps 
your biggest challenge as a manager is keep-
ing teams from settling prematurely on 
detailed designs. as we have shown, this 
can lead to back-loading of problem solving, 
which is the least effective approach for the 
development of compelling products. 

encourage teams to create as many differ-
ent designs as possible upfront and create 
clear processes for vetting so that the best one 
wins. Part of those processes will require 
showing these designs to target users. and 
part, obviously, will require access to data that 
provide good projections of manufactured 
costs. since 70% of development costs are de-
cided in the very early stages of development,i 
having detailed cost estimates derived from 
detailed concepts is highly beneficial. 

2. Supplement the tools with process 
discipline. While individual tools such as 
caD are essential in design and engineering, 
the power of digital design is truly realized 
when it is combined with digital communica-
tions and information management tools. 
these tools include communication, collabo-
ration and project management tools and 
applications. reviewing a caD model on 
skype with global vendors can reduce com-
munication errors and not only reduce travel 
time and expense, but actually leverage the 
fact that teams are far apart. for example, 
one company in our research had skype calls 
nightly with its team members in china, who 
were exactly 12 hours ahead. this enabled a 
near-24-hour development cycle, truncating 
total time to market. our empirical research 

showed a significant connection between the 
use of it support tools and r&D efficiency. 

for project management and team col-
laborations, more companies are using 
internal project wikis (such as PBWiki inc. 
and 37signals’ Basecamp.com). these allow 
distributed team members to share a com-
mon virtual development space where they 
can comment on, edit and revise designs in 
a socially networked environment. We saw 
a significant correlation between improved 
efficiency and increased communication and 
knowledge sharing among team members. 

Many companies still face challenges 
though, particularly with product life cycle 
software. these systems can be cumber-
some for teams to use and can result in 
layers of old part revisions, duplicate files 
and mismanaged data. as one lead engineer 
told us, “We use PlM, but it’s really a messy 
vault system. We have 27,000 variations in 
the vault. so, say you want to look for a de-
sign, you have to go back and look at all the 
revisions. there are multiple copies saved. 
there is no structure. it’s really extremely big 
and complicated.” often, instead of reusing 
a design, this company will just design a 
new part because it’s more efficient. our 
study data showed no significant difference 
in the development outcomes of those firms 
that intensely adopted PlM and those that 
did not. 

it is clear that r&D managers need to en-
sure discipline not only in the development 
process, but also in the maintenance and 
use of stored data. one large company we 
visited ensures that all files are properly 
maintained and stored in a secure intranet 
vault, with a clear indexing system to facili-
tate rapid lookup for engineers working on 
new projects. We found a significant con-
nection between the use of a design 
repository and r&D efficiency.

3. Ensure compatibility across the 
work force and with partners. one of the 
challenges faced by companies that are 
heavy digital design users is software revi-
sions and data commonality throughout the 
value chain. there are often issues with  
design revision levels, such as part files not 
containing information on tolerances and  
desired materials and finishes, and a re-
duced reliance on control drawings. in one 
example, an american company transferred 
caD rendering for a new printed circuit 
board to a chinese contract manufacturer. 
the contract manufacturer opened the files 
with an older software revision of the caD 
package. unbeknownst to the team, a small 
short appeared across two circuit traces as a 
result of the software generation difference. 
the error was discovered in pre-production 
testing and resulted in a time-consuming, 
manual fix that delayed order fulfillment. en-
gineering managers need to ensure that the 
digital design files contain the proper data 
and, more importantly, not eschew impor-
tant control drawings for the sake of “just 
sending the file.”

4. Manage expectations of executives 
and clients. Digital design can also improve 
senior management’s understanding of new 
concepts by virtue of hands-on visualization. 
But it also presents a challenge discussed ear-
lier: some executives may perceive the project 
as complete, or close to complete, when being 
shown digital images. expectations may be 
raised for rapid completion — leading to inap-
propriately tested concepts being rushed to 
market. this is all the more risky for truly novel 
concepts where the company is exploring 
new markets, new users and new component 
technologies.ii consequently, senior manage-
ment needs to be educated about the 
difference between a photorealistic rendering 
and a completed design. 
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particular example. Ultimately, such problems have to 

be solved further down the line, causing unwanted 

back-loading. 

Training and bullpen proficiency were shown to 

be important in our study. In the companies we stud-

ied, up to 75% of project time was directly related to 

digital design hours; without proper training in the 

digital design tool, that use of time is suboptimal. An 

engineering manager at a large aerospace company 

noted that designers were “the real experts,” and they 

needed to be trained accordingly. Training and profi-

ciency are critical to R&D success. In our interviews, 

we found that younger engineers were often heavily 

reliant on digital design and were not fully vetted in 

engineering methodology. These less-seasoned engi-

neers went right to solving the problem digitally, 

without fully defining and exploring the problem 

first — a significant contributor to back-loading.

The bottom line from our research? Innovation 

managers need to use caution in wholesale adoption 

of digital design technology. There is no doubt that 

having a computerized drafting board, backed by ac-

cess to libraries of prior design widgets, product 

components and manufacturing costs, can save engi-

neering design teams time and expense. Besides, new 

recruits live and breathe digital technology as college 

students, and there is no way that one can prevent 

their use of computers in the early design process. 

That being said, while digital design certainly 

helps enhance R&D productivity, it also carries the 

risk of allowing designers and engineers to rush to 

conclusion prematurely, bypassing critical upfront 

steps that are so valuable to the project. The result is 

often a need to rework designs later in the process, 

reducing efficiency while increasing the risk of im-

plementing “tweaks” that were not intended by 

upstream developers. In our research, the best-per-

forming companies ensured that this does not 

happen through managerial oversight and protec-

tion of the front end of product development. 

Tucker Marion is an assistant professor of technologi-
cal entrepreneurship at Northeastern University’s 
College of Business Administration in Boston, Massa-
chusetts. Sebastian Fixson is an assistant professor 
of technology and operations management at Bab-
son College in Babson Park, Massachusetts. Marc H. 
Meyer is the Matthews Distinguished Professor and 
the Robert Shillman Professor of Entrepreneurship at 
Northeastern University. Comment on this article at 

http://sloanreview.mit.edu/x/53403, or contact the  
authors at smrfeedback.mit.edu.
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