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Abstract—Despite the many product development techniques available
today, manufacturers under pressure to reduce time to market while keeping
up with stricter regulatory demands are struggling more than ever with their
product development processes. Here, I list a selection of problems and
challenges frequently encountered in my consulting practice and checked with
literature, as well as practical recommendations for improvement. While in
specific situations some project management techniques prove better suited
than others, overall product development success seems more dependent on
the organization’s willingness and ability to learn and adapt rather than on the
specific technique chosen.
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agement, management of innovation, management of scientists and engi-
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I. INTRODUCTION

MANUFACTURERS today have an
impressive and nonetheless even
growing range of product
development methodologies at their
disposal, ranging from modern
techniques such as Agile, Scrum,
SAFe, Less, Kanban, and Lean
Development, to older waterfall
methods that have fallen out of
fashion lately such as Prince2, V-
model, and Systems Engineering [1].
Despite this abundance, however,
organizations seem to be struggling
harder than ever with their product
creation processes [2]. Partly, that is
because the products themselves
along with the technologies on which
they are based have grown more
complex over the years. Meanwhile,
driven by technological advances and
increased competition, the public has
become more demanding, expecting
new product generations at ever-
increasing pace. Companies failing to
address this demand are overtaken
by their peers that do a better job at
constantly pushing out new products,

and face impending oblivion. Further
complicating the creation of new
products are stricter regulatory
demands, both on the products
themselves as well as on the way
these products are conceived [3], [4].
Products need not only to be smaller,
faster, nicer, and cheaper, but also
better for the environment and safer
to use. A good example is the field of
medical devices, which need to
comply with some of the strictest
safety and environmental
compatibility standards in use, with
their associated risks of use during
the entire product life cycle
meticulously assessed and mitigated,
and paper evidence of compliance
kept on file and readily provided if
requested [5].

Companies thus facing pressures
from the market typically turn to
consultants for help with finding and
implementing product development
processes that are faster than what
was used before, while more
thorough. Unfortunately, though,
despite the many options available,
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each with its own advantages and
drawbacks, no clear-cut advice as to
which technique to select is possible,
as there exists none as such that
warrants success in every case.

The most suitable technique depends
on the specific situation at hand, the
products under development,
markets served, business dynamics,
company history and culture, and
expertise available either in-house or
at development partners, among
other factors. Rather than a quick and
convenient how-to instruction,
adopting the right technique is a
lengthy, laborious, and at times
painful learning experience the entire
organization has to go through; it is a
matter of sensibly selecting a starting
point and adapting it to the specific
needs at hand as one goes, finding
out by trial and error what works and
what needs further tweaking in any
particular case. In this quest for a
dedicated development process,
there are pitfalls, however, problem
areas that time and again turn up both
in practice as well as in the literature
that the consultant can help navigate.

Section II lists a selection of problems
and challenges that I came across in
my consultancy practice most often,
cross-checked with literature, and
categorized into the main elements of
project management (requirements
and scope, team, planning and
scheduling, and quality), while
Section III gives concrete
recommendations for improvement
derived from practical cases.
Section IV concludes this article.

II. CHALLENGES AND PROBLEM

AREAS

A. Product Requirements

1) Product Vision:
Product development starts with the
product idea, the definition of its
features and performance, which
proves one of the hardest things to
get right [6]. Many companies

struggle with this, even those that in
the past have managed to come up
with one or more successful products.
The main reason product definition is
so hard is because it requires vision,
a thorough understanding of both
market demands and technical
feasibility—a combination of technical
and business experience and skills
that is sparse today. In many
companies, successful products can
be traced back to the drive and
enthusiasm of only one or few
visionaries [7]. Without such
visionaries, because they have
retired or left the company for other
reasons, manufacturers tend to turn
to consultancies to help them
understand their markets and come
up with suitable product proposals.
The problem with this approach,
however, is that these consultancies
often rely on industry consensus of
what the market needs and on
publicly available competitive
analysis. Blindly following their advice
therefore implies running the risk of
putting in the enormous efforts
required just to come up with the next
bleak copy and get snowed under in
the already too crowded marketplace.
A more effective approach, albeit one
that takes years for it to pay off, is to
take on or develop from within own
ranks promising candidates that with
sufficient practice and training can
grow into the next product visionaries.

2) Requirements Management:
Once market requirements have been
agreed upon and converted into
viable product requirements or
feature definitions, managing all
these requirements, keeping track of
them, seeing to it that they are all
fulfilled throughout the consecutive
stages of the project, proves to be
another major challenge [8].

First, because of the increased
technological complexity, the number
of requirements can become quite
large, easily growing into the
hundreds or more. Meticulously
keeping track of how these are woven

into the many aspects of the final
design is quite cumbersome and
easily underestimated by teams new
to this [9]. Coming up with a set of
unambiguous requirements as well
as their decomposition into
subsystem-level specifications or
user stories that the respective
development teams can work with is
therefore typically left to system
engineers, requirement managers, or
product owners dedicated to this task.

Second, owing to the nature of
today’s product business with its
frantic markets and rapidly evolving
business landscapes, market and
product requirements tend to change
throughout the development
process.1

Whichever the reason, a solid grip on
requirements is needed if the impact
on both the product and the project of
these changes is to be quickly
assessed. Using simple
spreadsheets or word processors to
keep track of a large set of changing
requirements quickly leads to an
inextricable mess and an unworkable
burden on the teams. Fortunately,
dedicated workflow and database
software tooling allowing for orderly
bookkeeping of requirements along
with their verification and validation
has become more mainstream in
recent years [10].

A commonly seen reflex in
organizations struggling with
changing requirements involves the
enforcing of “freezes” (concept
freezes, design freezes, requirement
freezes), with leadership teams then
insisting on discipline in keeping with
past decisions. This rather inflexible,
outdated approach, however, as
proven repeatedly in practical cases,
is ineffective, simply yielding products
that fall short of market demands and

1Often enough, though, these changes
result from altered insights, which, if that hap-
pens too frequently, can point to a lack of prod-
uct vision or disconnect with customer needs.
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are destined to fail [11]. Building in
flexibility during development,
allowing changes to be made to
requirements or features along the
way, sometimes even last-minute,
has become all but unavoidable,
and with proper tooling also quite
doable.

Especially useful for organizations
that have a hard time getting the
requirements or features right in the
early stages are techniques such as
Agile and, more recently, Design
Thinking that enable stepwise
product increments toward market
needs by multiple trial-and-
validation development iterations
[12], [13]. Instead of relying on the
vision of one or few team members
(typically from the product
management department that
formally carries that responsibility
but might not be properly staffed to
deliver on this) these techniques
elegantly tap into the innovative
potential of the entire R&D team.

B. Scope

1) Product and Project Demarcation:
Forgoing explicit listing of product and
project scope remains one of the
frequently named reasons for project
failure [14]. Refraining from
describing project scope in detail and
going over it with the entire team—
contributors as well as
stakeholders—will end up with scope
potentially being interpreted in as
many ways as there are team
members. Absent explicit product
boundaries assumptions will be
made. Again, this is especially true for
development projects carried out with
partners and teams spread out over
multiple organizations and locations,
often in different parts of the world, as
is the case with many product
development undertakings
nowadays.

Describing product boundaries in
sufficient detail is key here. It is often
in the details of scope demarcation

that things that at a higher abstraction
level still looked clear-cut start to get
fuzzy and questions arise. Typically,
then, during these detailed
discussions on scope, the feasibility
of the project is for the first time truly
tried.

2) Interface Management:
After the product demarcation and
the set of external interfaces have
been clarified, the product will
usually be broken down into
multiple components or
subsystems, each with its own
internal interfaces to the rest of the
system or external interfaces to the
outside world, which the
development teams can then work
out in detail concurrently.

The external interfaces,2 which are
after all clearly visible on the outside
of the product and define it, usually
pose no major issues. It is at the
boundary of the components or
subsystems, the internal interfaces,
where things most often go wrong
and special attention is needed, more
specifically at the nonphysical
interfaces in software as well as at the
indirect interfaces3 [15].

Software interfaces can be effectively
managed using application
programming interfaces that enable
components to communicate with
each other using a set of predefined
parameters and protocols [16].
Indirect interfaces tend to be
problematic because they are
notoriously easy to miss and might
even be entirely unknown, especially
to organizations new to the product

under development or technologies
used [17].

As with the external product
interfaces, internal interfaces need to
be considered in sufficient detail and
explicitly described, and any changes
therein carefully managed throughout
the project to ensure that the final
product meets its requirements.
Again, it helps to assign these
responsibilities to one or more
dedicated team members. As a
deep understanding of the many
components of the product along with
their interactions is essential, this task
is best left to senior, scientifically
skilled overview engineers often
dubbed system engineers or
architects.

Product development teams lacking
such system architects often find
themselves struggling with issues
arising during the integration of
subsystems or components; the
subsystems by themselves all seem
to work fine, but once they are put
together everything starts falling
apart. Another symptom of lacking
system overview is the inability of the
organization to cope with changing
requirements; as the component
interaction is not entirely clear, the
impact of changing one component
on the rest of the system is basically
unknown. Teams lacking system
overview are particularly opposed to
changing any part of the product
during development. Conversely, for
development organizations to
become flexible and adept at
delivering new products at a
high pace, system overview is
mandatory.

C. Team

1) Availability of Skilled Workers:
The availability of in-house expertise
and experience has generally been of
concern to product development
organizations, and, following the
latest labor statistics, even more so in
recent years. Skill and experience are

2The external interfaces of an electronics
device, for example, typically include a
mechanical enclosure, a human–machine inter-
face made up of a touchscreen and mechanical
buttons, and communication modules to enable
wired or wireless communication.

3Couplings through one or more subsys-
tems or components. An example of an indirect
interface is the hidden coupling between a
mobile device’s processor speed and its
mechanical enclosure through the introduction
of heat into the device.

154 IEEE ENGINEERING MANAGEMENT REVIEW, VOL. 51, NO. 2, SECOND QUARTER, JUNE 2023

Authorized licensed use limited to: TU Delft Library. Downloaded on August 09,2023 at 06:09:07 UTC from IEEE Xplore.  Restrictions apply. 



scarcer than ever, both within
organizations but also outside,
something leadership teams would
do well to keep in mind when dealing
with employees. Commonly heard
suggestions to resolve or circumvent
this shortage of qualified engineers
by “just” outsourcing part of the work
ignore the fact that development
partners and suppliers typically face
the same issue. Moreover, make or
buy decisions should be based on
broader analysis also factoring in for
example business strategy and
competitive edge [18]. Outsourcing
core competencies crucial to retain
the latter (even if you can find
suppliers willing and able to jump in)
might in the longer run hurt rather
than advance the business. If
outsourcing is to be considered, it will
rather be the generic parts of the
product requiring generic skills that
qualify for this.

Another approach, albeit one that
again requires a longer breath, is to
develop internal talent, selecting
promising candidates and training
them on hard engineering and
business skills as well as soft ones
like leadership and collaboration [19].
This should be a continuous process.
Additionally, to bind core personnel to
the organization as well as to lure in
new recruits, leadership teams should
take care to keep the work sufficiently
engaging and attractive.

2) Team Composition:
As found in numerous studies in
varying fields, best-performing teams
consist of a mix of personalities,
talents, specializations, backgrounds,
gender, as well as skills and
experience [20]. A product
development team, therefore, need
not exclusively consist of the
brightest, most experienced,
ambitious outperformers to render it
effective, putting the bleak outlook on
labor availability somewhat in
perspective. Often, one or two
motivated members in the team
functioning as role models can

notably affect its overall performance
[21]. Product development, after all,
only partly amounts to creatively or
intellectually demanding work; it is
mostly painstaking toil requiring
above all perseverance and
mindset—or, as Thomas Edison put
it, “1% inspiration, 99% perspiration”
[22].

3) Team Size and Focus:
Observational research suggests
small teams perform better than
larger ones [20]. Consensus for
product development points to an
optimum team size of 7–10 members
[1]. Small teams require less internal
alignment and thus less overhead
than larger teams; they are leaner
and more agile and typically work
faster. Since the average product
development project given today’s
highly specialized industrial
organization requires more than eight
developers, projects should be split
up into multiple teams focusing on
one or more subsystems or
disciplines.

To speed up development work and
reduce time to market, leadership
teams are often tempted to expand
project teams and add more workers.
But blindly adding more workers
could quickly become
counterproductive. First, employing
more people requires more
management overhead, for example
to coordinate collaboration, align
deliverables and schedules, etc. [23].
Second, and arguably more
importantly, there is only so much the
teams can do in parallel; many
development steps need to be done
consecutively as they require the
outcome of prior steps as input [6].
Taking on more people in this case
only slows down progress. There is,
in short, an optimum to project size,
and finding it remains a fine balance
that can only be gained through
sufficient trial-and-error. Rather than
simply increasing the number of
workers, product organizations in
many cases had better add a couple

of experts with the right experience to
enable the right design decisions
early on, keeping the number of
needed design iterations to a
minimum [20].

Another way to reduce time to market
is by increasing focus. Dedicated
project teams freed up to focus on
one project at a time tend to work
faster than project teams making use
of shared resources, but they are
more costly [1], [24]. Having a team
exclusively at the disposal of any one
of the running projects implies that
team members not needed full-time
all the time will be idling at least some
of the time. Typically, Agile methods
favor dedicated teams where
Waterfall methods hinging on a step-
by-step or phase-by-phase approach
with inherently more dead time tend
to up efficiency by sharing team
members across several projects. It is
up to leadership to decide on the
relative importance of speed versus
efficiency, but these are difficult to
optimize at the same time. Speed,
alas, does come at a cost.

Prioritizing, focusing on fewer
projects running in parallel, tends to
increase R&D effectiveness [1]. The
main hurdle then quickly becomes the
prioritization itself, that is, making
choices, effectively saying no to
certain proposals, which still proves
to be one of the hardest things to do.

4) Empowerment:
In complex projects wielding cutting-
edge technologies, involving
contributors spread out over the
globe, and facing constant time-
pressure from the market, which
typically is the case in today’s product
business, it helps to have
empowered, self-steering teams.
Empowered teams that are
committed, motivated, and need not
be told what to do on daily basis; that
can handle a little unclarity at the
onset of the project and adapt to
evolving insights into the customer
needs; that within agreed limits can
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decide themselves on how to best
tackle certain challenges and divide
the work, are preferable over
subordinate teams lacking initiative
and relying on strict hierarchy for their
daily functioning. This was the case
even before the advent of Agile. Self-
steering teams and even agility are
not exclusive to Agile techniques;
Waterfall methods can be agile as
well and likewise work better with
empowered teams [25].

That said, in practice as well as in the
literature, increasingly issues with
nonhierarchical teams are reported
related to responsibility and
accountability [26]. Frequently heard
problems from companies that had
recently adopted any of the Agile
variants include the issue of workers
supposedly “hiding behind the rules”
[27]. The issue here is that telling a
team it is empowered does not make
it so. True empowerment, being able
to handle the responsibility as well as
the accountability that comes with it,
be it formally assigned to one role or
to the entire team, requires a certain
level of expertise and professional
maturity. It also requires a safe
working environment where failure is
not punished but used to improve.
People hiding behind the rules is
often an indication of a lack of either,
or both.

5) External Teams:
Given the complexity and the many
specialized technologies that go into
today’s products, many companies
use some form of co-development,
collaborating with partners and
suppliers on their offerings.
Collaboration can take on many
forms. Using for example the client–
supplier model, the latter is
responsible for only part of the
product, often a subsystem the
development and manufacturing of
which can be easily separated in
place and time [28]. When the client
uses many suppliers accordingly, it
effectively becomes a system
integrator, a model that was common

in the automotive industry. At the
other end of the spectrum,
collaborating companies can opt for a
fully integrated approach whereby all
teams work together as if belonging
to the same organization. Sometimes
for the duration of a project a new
legal entity is established so that all
team members indeed do belong to
the same company. This model is
frequently seen with large-scale
infrastructure projects. For high-tech
consumer products, which are
typically smaller-scale and for which
collaboration partners tend to change
over time depending on the specific
technological needs of the products
under consideration, an intermediate
model is often used.

Best practices as well as case studies
reported in the literature point out that
using some form of integration,
including external teams in the
regular workflow as if they were part
of the same organization, benefits
both effectiveness and productivity
[29]. Integration also considerably
lowers project start-up time and
improves flexibility with respect to
requirements and design changes.
Unless the subsystem under
development can be easily isolated
from the rest of the system (with
interfaces being relatively
straightforward and fixed regardless
of any changes in the rest of the
system) some flexibility with regards
to product requirements and design
changes will be called for. For today’s
product development then, with its
short time to market and its frequently
changing requirements to keep up
with volatile market dynamics, the
pure client–supplier model
increasingly fails to deliver.

The rather rigid contractual
agreements defining scope and
schedule typical to the client–supplier
model often obstruct rather than
facilitate fruitful collaboration [29],
[30]. Personal involvement with
projects of this kind has
demonstrated its drawbacks in

practice: the extensive preparation
and start-up time needed to try to get
everything set in stone in excruciating
detail upfront; the endless scope
discussions popping up during project
execution; the futile arguments about
missed deadlines; the ceaseless
escalations with senior management
that lead nowhere and only result in
growing mistrusts between the teams
of the respective parties, to name just
a few. What contractual handles over
one’s suppliers’ deliverables and
deadlines one may fear to lose letting
go of the strict client–supplier model,
one gains in actual productivity and
development speed using integrated
co-development partners.

6) Soft Aspects:
Easily overlooked, but demonstrated
to be essential for team performance,
is team happiness or satisfaction [27],
[31]. Increasingly these days, in many
an organization weekly meetings start
with a round of how everyone is
doing. Next to an obvious social
function, understanding team
members’ state of mind and trying to
improve well-being also helps
improve productivity. Research has
shown unhappy teams to
underperform [20]. In evaluative
retrospectives, causes for
unhappiness or dissatisfaction can be
uncovered and mitigations or
resolutions decided upon. Typically,
the act of monitoring happiness
alone, of showing concern for the
teams’ satisfaction, inherently has a
motivating and inspiring effect.
People feel heard and appreciated—
provided the concerns prove to be
sincere and something is truly done
with the findings.

One of the main reasons for team
unhappiness found in practice is lack
of empowerment: not being able to
decide oneself how to go about one’s
work, sharing the responsibilities
conventionally lying with
management. Empowerment, then,
not only has a positive effect on team
commitment and motivation, and
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hence productivity and speed, but
also on employee turnover and the
organization’s attractiveness as an
employer [19].

D Planning and Scheduling

1) Planning:
Note that planning and scheduling are
not the same; the plan breaks down
what needs to be done to finish the
project, whereas the schedule
describes when these steps are to be
implemented and completed [6].
Planning always comes before
scheduling.

Plans typically list the required steps
(work-breakdown structure elements,
work packages, features, or user
stories) in asmuch detail as possible to
force the teams to consider upfront the
challenges ahead aswell as their
resolution (skills, additional workers or
other resources, or budget). If not all
details are available from the on-set of
the project, the needed refinement or
investigations can be listed as work to
be done. At the planning stage, teams
should also consider the work
sequence andmake this explicit in a
planning flowchart [6]. Somework
packages, for example, will need input
from other work packages (internal
dependencies) or input from outside
the team or organization (external
dependencies) for them to be
completed. Only once all this
information has been gathered do the
teams have a good enough grasp of
the work scope to proceed to the next
stage: scheduling.

2) Scheduling:
Scheduling involves the mapping of
the plan’s elements onto the available
teams and resources, taking into
account sequence and dependencies
to arrive at a timeline or Gantt chart. It
is important that the teams carrying
out the work give input on their work
elements’ needed effort or lead times.

Agile enthusiasts might cringe at the
above. Indeed, for pure software

development—from which field Agile
techniques originated—planning and
scheduling might be kept to a
minimum and figured out on the fly
[1]. The question of timing can then
be resolved by freezing the schedule
in a release cadence while allowing
scope to vary. Missed features, after
all, can always be delivered in a next
update release. But that is a luxury
usually not granted the development
of physical products characterized by
their fixed scope and relatively
lengthy and costly design iterations.
Some form of planning and
scheduling will therefore remain
necessary in this case [32].

Problems with scheduling in practice
often can be tied to lack of planning:
teams jumping to scheduling too
soon, without good notion of the
work-breakdown, the work sequence,
or the dependencies at hand. Without
planning, however, project teams not
only struggle with the predictability of
their deliveries, failing to appreciate
workflow lead times, lacking insight
into critical paths and internal and
external dependencies, but often also
miss opportunities for speeding up
the work, for example by parallelizing
workflows.

Another frequent problem with
schedules has to do with the way they
came about. Instead of letting the
teams that are to implement the work
packages give input on expected
effort or lead times, this is done for
them (for example, to save time or
simply because of the hierarchical
nature of the organization). Often,
these assumptions miss the mark
completely. And worse, as a
consequence the teams may no
longer feel committed to the schedule
forced upon them, nor inclined to put
in the extra effort needed to meet any
deadline.

Counterproductive are also the many
arguments at all levels within the
organization that flawed schedules
and missed deadlines typically

trigger. Leadership teams would do
well to acknowledge schedules in
product development are rarely ever
met; that they are estimates at best
and should be treated as such.4

Failure to do so, creating an
atmosphere where missing deadlines
has implications for careers—a
“heads must roll”mentality—will
motivate team members and project
managers to load up the schedules
with all sorts of unrealistic buffers. But
as the best-guess estimates that they
are, schedules should be made as
realistic as possible. Rather than
relying on buffers, the teams had
better identify the risks of delays and
address their impact on timelines or
budgets to better manage
expectations and minimize
unexpected setbacks [6].

That is not to say schedules hold no
value whatsoever and product
development teams should no longer
be bothered with deadlines.
Schedules remain critical for
business planning, after all. The point
is that missed deadlines should be
analyzed in retrospective sessions
and the causes fed back to the teams
in a productive way; turning such
sessions into blame games where
people feel a need to dodge
responsibility for fear of their career
helps no one, least of all the
business.

Finally, over the years I have
noticed in many product
development organizations a
persistent attitude toward project
planning and scheduling as if they
were the exclusive domain of the
project manager. This, however, in
my view is a misconception, and a
rather damaging one at that.
Projects are managed by the entire
team rather than any one person

4Plans, therefore, are typically more valu-
able than schedules as they contain the indis-
pensable information on what needs to be
done. Discussions had rather center on plan
than on schedule, something rarely happening
in boardrooms, though.
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[21]. Project-based working implies
a systematic approach to coming
up with functioning and safe
products that meet market demands
understood and practiced by the
entire team. No project manager will
be able to make a difference with a
team that cares nothing for
structure and control. It is therefore
crucial that the entire product
development department be trained
on project management techniques,
rather than merely the management
and leadership teams [26].

E. Quality

1) Quality Management System:
Having explicit business processes in
placewith defined output helps improve
quality of products delivered,making
sure they comply to all requirements
applicable [6]. This holds for any field,
and certainly for product development,
despite the often-heard notion that
creative processes cannot be captured
in a straitjacket and documentation
wouldmerely serve the need of pencil
pushers.

Most manufacturers have some sort
of quality management system in
place for developing new products;
the problem usually is applying it:

� First, because the teams that
need to use them fail to thoroughly
understand the business
processes in question [33].

In part, this may be due to the above-
described opposition to process
thinking and documentation in
general, but it often also stems from
the fact that the quality management
systems in use are outdated and no
longer suited for the present-day state
of business. Such quality systems
typically contain large amounts of
waste, things that are done a certain
way because they have always been
done that way. Obviously, to gain buy-
in from the product development
departments, such waste needs to be
eliminated.

� Second, because many quality
management systems suffer
from poor practicability, further
feeding the misconception
that product development does
not lend itself to quality
management.

A quality management system
spanning over 800 pages
throughout hundreds of documents
(a real-life example5) is not
workable. Better to keep it short
and refrain from overspecification,
especially when just setting up
quality management: not all
processes need to be described
and formalized in painstaking detail.
The main purpose of process
definition for product development
is for it to be reproducible and
traceable so that design iterations
can be checked for correctness and
compliance, and easily changed if
needed.

2) Staged Development:
Product quality systems nowadays
typically call for some form of
staged development, dividing
product creation into consecutive
stages from market study and
feasibility, to concept development
and prototyping, industrialization
and market introduction, and finally
volume production [34].

Staged development processes are
frequently applied too rigidly.
Arguments then arise about the
exact phase the project should be
in; gate review meetings turn nasty
when expected deliverables turn out
to be missing or incomplete and
projects as a result held up.
Keeping in mind the purpose of
staged development, however—that
is, a) to warrant product quality, and
b) to be able to identify as early as
possible products that will not make

it to market6—will help resolve such
stand-offs.

Making sure all necessary steps have
been taken to check the product’s
viability at each gate, we find it is not
that important at which stage exactly
the checking is done, as long as it is
done (satisfying purpose a) and done
as early as possible (satisfying
purpose b). It may well be beneficial
for the project on a whole to proceed
to the next stage (for example for
timing purposes or because of
resource availability) even if not all
stage goals have been met.

Alternatively, different parts of the
product may be allowed to reside in
different development stages, each
part thus following its own staged
development with its own dedicated
gate deliverables. Part a and b, for
example, may be in prototyping while
part c is still in the conceptual phase,
preventing the teams working on a
and b from having to idle until the rest
has caught up. In practice this
multitrack staged approach works
well and has been shown to reduce
time to market, provided everyone is
kept well-informed on the status and
the risks of advancing only part of the
project to the next phase are closely
managed [35].

Always to be avoided, however, yet
regularly encountered in practice,
especially with inexperienced
leadership teams, is allowing (parts of)
the project to advance to the next phase
despite failure tomeetmilestone
deliverables, merely to delay painful
decisions. Project staging’smain

5Matters in this specific case were even
worse as part of the hundred or so documents
where just empty shells contained nothing but
preformatted text.

6Identifying early product failures and terminat-
ing corresponding projects helps increase R&D
effectiveness and speed as it frees up time and
resources that can then be allocated to more
promising endeavors [14]. Because of this, all var-
iations of staged development follow the same
rationale, going from technically risky, relatively
low-cost activities to low-risk, high-costs ones.
Only once all technical risks have been eliminated
and commercial viability proven, are organizations
ready tomake the big investments associatedwith
manufacturing andmarket launch.
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purpose is to enable go/no-go decisions
early on and free up the resources for
likely successes [36]. Giving the go,
however, is always easier; it takes
courage to terminate a project—one of
themain reasonsmany dead-on-arrival
projects tend to drag on.

3) Testing:
Common sense dictates before
launch products to be thoroughly
verified and validated. Perhaps less
obvious is that verification should be
a continuous activity throughout the
product development process and
even afterward, during the product’s
life cycle [37]. Synthesis/verification
iterations should start all the way at
the beginning of the project with the
setting up of the business case, and
continue well beyond market
introduction, identifying reliability
issues well before they occur in the
field.

Testing, checking, making sure the
product does what it is supposed to
do, is such an important aspect of
product development that compared
to strict design work it likely will take
up at least an equal share of overall
development time, budget, and
resources [31]. Project stage gates,
each further detailing of the product,
should call for a full set of verification
reports and documented proof of
compliance. Quality needs to be tried
at each point.7

Many troubled product development
efforts suffer from lack of verification
and validation; sometimes
verification is viewed as a singular

final step in the development
process that may even be omitted
altogether and replaced by
mandatory certification testing at
external notified bodies. Such
approaches are bound for disaster,
leading to poor manufacturing yields
and issues in the field requiring
recalls and sometimes even
resulting in considerable claims
leaning heavily on profitability. To
turn this around, a quality mindset
needs to be built into the genes of
the entire organization; in an almost
legalistic approach product
performance, regulatory compliance,
etc., should be treated as
nonexistent until proven otherwise
through documented evidence [31].

An easy indicator as to whether
verification has been sufficiently
accounted for in any development
organization is the size of its test
department. As a rule of thumb, there
should be as many testers as there
are developers. (Often, though,
developers also do test work, so this
indicator might give a clouded view.)
Another indicator of quality-mindset is
the existence of a test department
that focuses on products already
deployed to the field, for example for
checking regression of software
updates, product compatibility with
other third-party products, or lifetime
and reliability issues. The automotive
and high-volume consumer
electronics sectors typically serve as
good benchmarks for quality
standards.

4) Demonstrations and
Documentation:

Use of consecutive prototype
demonstrators advocated in modern
product development methodologies
such as Agile, Lean Development,
and, more recently, Continuous
Engineering helps to carve out the
path to customer needs through quick,
actionable feedback at each design
iteration, and thus speeds up time to
market [38]. Demonstrations are also
a great way of keeping everyone

updated and involved; they are more
engaging—and often more
informative—than progress reports
filled with tables and graphs and the
obligatory green/orange/red traffic
lights. But use of demonstrators is no
excuse for circumventing
documentation or doing away with
requirements traceability, nor does it
dismiss the development teams from
truly understanding product behavior
and the underlying science.
Exclusively relying on feedback
gained during demonstrations might
quickly turn development into trial-
and-error tinkering reflective of
pastime rather than of professional
engineering.

5) Risk Management:
Among the risks to be managed by
product development teams are
technical risks and project risks.
Technical risks (potential weaknesses
in the system) can be identified and
mitigated using failure mode effect
analysis (FMEA), tailored to either the
design (D-FMEA) or the
manufacturing process (P-FMEA)
[39]. In practice, despite the
technique being around for quite
some time, many organizations still
struggle with identifying technical
risks. It takes a lot of experience with
the process of FMEAs as well as with
the subject matter at hand to get
usable results. Inexperience typically
leads to endless sessions
erroneously rendering the entire
design and process technically risky.
FMEA, therefore, runs the risk of
being considered a mere
administrative formality and, alas, of
not being used to its full potential.

Typically, the main project risks for
product development projects pertain
to scheduling [6]. Because of the
complexity (owing to the many,
sometimes surprising dependencies)
and the technical uncertainty
involved, product development
projects prove to be hard to both plan
and schedule accurately. One way to
reduce scheduling risks is by keeping

7Product requirements must be evaluated
against market demands and nonfunctional
business requirements. Then, the system archi-
tecture and specifications should be compared
to the product requirements. After that, the
detailed designs of all subsystems, including
their interfaces, need to be validated against
the specifications. Subsequently, system inte-
grations must be tested against system specifi-
cations, and so on, until the verification of the
manufacturing and supply chain processes dur-
ing pilot production, and finally, the validation of
the offering in field trials.
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to proven technology as much as
possible, steering clear of research
(the outcome of which is by definition
unsure). Maturing new, unproven
technology, after all, takes a long
time—typically years or even
decades. Admittedly, new products
always require at least some amount
of research, but one can aim to
achieve novelty through the
combination of state-of-the-art yet
existing technology rather than
through invention of entirely new
technology. It is, hence, not the
building blocks themselves that need
to be new but rather their
combination.

That is not to say research-heavy R&D
projects should always be shied away
from,8 but they should be handled
appropriately, the research aspects
along with the technical and
scheduling risks clearly highlighted so
that expectations can be set right from
the start. Many product development
endeavors ultimately approved by
leadership teams and financiers that
are far from the science—as is often
the case in today’s high-tech business
environment—reach a dead end
specifically because of the failure to
appreciate the research involved,
resulting in unrealistic, overoptimistic
expectations for the required
development effort and lead time [40].
Disillusioned once the full extent of the
challenges at hand becomes painfully
apparent, these leadership teams
finally feel compelled to abandon the
project—perhaps justifiably so, but for
reasons that could have been clear
long ago.

An elegant way to keep technical and
project risks under control is by
advancing research parts to the early
stages of the project, establishing
technical and commercial feasibility
well before committing to the
implementing of the clear-cut parts of
the product, thereby avoiding wasted

effort [41]. Alternatively, the research
and development parts could be done
in parallel to save time, but then at
every step the risks need to be
carefully weighed and the costs of
moving ahead with development of
potentially unfeasible parts of the
product balanced against the benefits
of earlier market introduction.

6) Knowledge Sharing and Transfer:
With today’s prevalent co-
development model, using teams
distributed over multiple locations in
different parts of the world, access to
shared data is more critical to
success than ever. Shared IT
infrastructure (collaboration and
workflow tooling) can be of help here,
but while software tooling can
facilitate the sharing of information—
data, specs, documents, etc.—it
cannot warrant the sharing of
knowledge—that is, the true
understanding and skill gained
through decades of toil [42].

This becomes painfully apparent
when knowledge needs to be
transferred from one site to another
(for example, because of a company
acquisition or the shutting down of
one or more locations). In one
practical case in which several sites
were shut down and their operations
taken over by a newly established
office, an attempt was made to
capture the knowhow of the soon-to-
become redundant workers into an
advanced knowledge system.
Despite the project running for well
over four years, the knowledge
system’s functioning in the end turned
out to be highly controversial. Luckily,
some of the highly experienced
employees were willing to move to
the new location after all and
“knowledge transfer” could in that way
be secured.

Unlike information, knowledge proves
very difficult to share or transfer. It
needs to be built from the ground up,
which is a painstaking process that
takes years rather than months. This

should be kept in mind when doing
business planning.

III. PRACTICAL

RECOMMENDATIONS

A. Requirements

� Refrain from overly relying on
external consultancies to
understand market needs and
generate product proposals.
Their analysis will typically be
based on market consensus,
leading to unoriginal products.
Recruit and develop in-house
product visionaries who can
combine technical and business
skills to come up with products
that are truly ahead of the
competition.

� If development teams are
bogged down by product
requirements changing all the
time, failing to reach a
consensus on what to build,
consider using an iterative
development approach such as
Agile or Design Thinking to arrive
at products that seamlessly
connect to market demands.
Avoid introducing arbitrary
design freezes just for the sake
of scheduling because that may
lead to quick results that nobody
is waiting for.

� When starting with requirements
management, do not feel
discouraged if at first it starts
growing into an untamable
multiheaded monster. Get rid of
the spreadsheet or word
processors and start using
dedicated database tooling. It
takes some practice to be able to
find the right balance between
what to specify and what to leave
undefined, how to make it
sufficiently measurable,
actionable, etc. Assign dedicated
roles such as system engineers,
system architects, product
owners, or product managers to
the task of setting up, managing,
and keeping track of the
requirements.

8Wemight have never witnessed some of the
most useful products around today otherwise.
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B. Scope

� Make scope explicit in sufficient
detail and go over it with whole
team, including stakeholders and
co-development partners. Failing
to do so will result in people
making assumptions, the
erroneousness of which often
pops up only at a later stage in
the project when repairs will be
time-consuming and costly.

� Pay extra attention to the
boundaries of the individual
teams’ subdeliveries as that is
where things most often go
wrong. Assign the task of
managing these interfaces to
dedicated team members such
as system engineers or
architects with a sound overview
on all parts of the product.
Technical control over the
interaction of the product’s many
parts enables fast and effective
handing of requirements and
design changes, and thereby
shortens time to market.

C. Team

� As skilled workers are scarcer
than ever, start appreciating and
treating them as such. The fight
for market share and even
survival is very much a fight for
talent. Select and develop
promising employees and bind
them to the organization by
keeping the work engaging.

� When considering outsourcing
part of the work and engaging
development partners, make
sure to select the right parts for
this. Ideally, it is the generic parts
of the product requiring generic
engineering skills that qualify.
Outsourcing the core of the
product which distinguishes it
from that of the competition
means trusting your competitive
edge into the hands of others.

� In configuring the teams,
remember that diverse teams
consisting of a mix of
backgrounds as well as skills and

experience perform best. Having
one or two motivated workers in
a team can significantly boost
morale and performance. Also,
put enough consideration into
putting together the steering
committee or project review
team, as they have a similarly big
impact on project performance.
Like all team members, steering
committee members should
appreciate their role and refrain
from acting like directive bosses
or as if being part of the project
team, doing its work for it,
debating content rather than
process.

� Use small teams as they are
more agile and need less
overhead. Do not just add more
workers to speed up
development as this may result
in quite the opposite. More
workers means more overhead,
more alignment, more
communication, and more
opportunities for this to go wrong.
Additionally, there might be only
so much that can be done
concurrently. Analyzing
workflows and critical paths, we
find that product development
lead times are often dictated by
design-verification iterations
leading to consecutive
prototypes with increased
maturity level. Some overlap is
possible, but it makes no sense
to start the next prototype without
completing necessary
verification of the previous one
only to push out the fixing of
potential problems. To speed up,
add expertise and experience
instead: one or two experienced
experts to enable the right design
choices early on and keep the
number of required prototypes
down will do much more for time
to market.

� Alternatively, to speed up the
work, add focus and use
dedicated teams, which means
daring to say no to other projects,
however hard that may be.

Resource efficiency and
development speed are
tradeoffs: one comes at the
expense of the other. Decide
which is more important to you
and organize your R&D
department accordingly.

� Develop your R&D organization’s
engineering and leadership and
collaboration skills so that its
members can be empowered.
Empowered, self-steering teams
work faster and are more
effective handling requirements
and design changes. Beware,
though, of empowering teams
that are not ready yet and might
yield under the weight of
increased responsibility. Also,
make sure to create a safe
working environment where
errors are treated as ways
to improve rather than as
motives for punishment. It will
benefit people assuming
accountability.

� Integrate your co-development
partners’ teams into your regular
workflow, treating them as if they
were part of the organization.
Rigid contractual agreements
minutely specifying deliverables
and timelines only yield a false
sense of control; they take
forever to agree and usually only
end up in endless scope
discussions and arguments
about missed deadlines,
deteriorating strategic
relationships and causing
mistrust back and forth. Using
integrated teams offers more
flexibility with respect to
changes, smoother
collaboration, and less
miscommunication. Integrated
teams are happier and more
motivated, and therefore more
productive.

� Monitor teams’ happiness. It
serves a social function as well
as helps you improve
productivity. Happy teams are
more motivated and productive
than unhappy ones. That said,
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take your teams’ dissatisfaction
seriously and put in the effort to
improve; otherwise, you will only
aggravate the problem. A
frequently heard cause for
dissatisfaction in product
development teams is lack of
empowerment.

D. Planning and Scheduling

� Planning comes before
scheduling; do not confuse the
two. The plan is more important
as it specifies what needs to be
done; the schedule is a mere
estimate. Do not start scheduling
before you have a sound plan,
otherwise your timeline
estimates will make even less
sense and be even more off.

� In pure software development,
planning and scheduling can be
done on the fly as scope is
allowed to vary. In hardware
development yielding physical
products, we cannot do without a
plan (and rarely ever without a
schedule). Agile and Waterfall
techniques can then be
combined.

� Let the teams do their own
planning and scheduling (or at
least give their input); do not do
this for them. You will miss the
mark and lose the teams’
commitment and motivation.

� Treat schedules as the best-
guess estimates that they are.
Analyze reasons for missing
deadlines in retrospective
sessions and come up with ways
to improve. Do not go looking for
people to blame; do not create a
“heads must roll” atmosphere in
the organization. Schedules will
become longer and longer and
be loaded up with so many
buffers that nobody will be able to
understand them anymore.

� Contrary to common belief,
planning and scheduling are not
the exclusive domain of project
management. Projects should be
managed by the entire team, and
so the entire team up to the most

junior engineer needs to be
trained on project control
techniques.

E. Quality

� Train your teams on your quality
management system and start
using it. See what works, change
what does not—and regularly
update, eliminating waste. Check
if it is still practicable, and
shorten accordingly, avoiding
overspecification. Whenever
projects feel a need to deviate
from the quality management
system for good reasons, let
them and evolve your quality
management system
accordingly.

� Document your design, not only
the as-built drawings for
manufacturing but also how you
came to a specific design,
including design considerations
and decisions, calculations,
simulations, verification plans
and reports, etc. Do not let
iterative development techniques
such as Agile be used as excuse
to bypass documentation. First,
for a growing number of products
(including software products)
stricter safety and environmental
compatibility regulations require
the technical file to contain
above-mentioned information on
the design as well as
manufacturing process. (Medical
devices are just one example.)
Second, having access to such
design rationale makes the
handling of regularly required
product changes during the
product lifecycle (for example
because of parts going obsolete)
as well as development of follow-
up iterations much easier and
quicker.

� Agree with the entire team on the
documentation to be delivered at
all stages of the project upfront;
do not just find out a week before
the stage gate review.

� Use project stage gates wisely.
Milestone deliverables are not set

in stone, and if beneficial for the
project on a whole, theymay
deviate as long as product quality
is warranted and everyone
involved agrees on the product’s
technical and commercial
feasibility. (If the latter is not true
and the signs aremostly red, do
not hesitate to terminate the
project.) Allow different parts of
the product to be in different
stages to speed up time tomarket,
even if it makesmanagement and
administrationmore
cumbersome, but do have sound
riskmanagement in place then.

� Make sure prototypes are
thoroughly tested. Do not believe
verbal feedback; insist on written
evidence in the form of test
reports. Similarly, all design
steps need to be verified, starting
all the way at the setting up of the
business case and product
requirements. Quality should be
tried at each point. Do not
release products to the field that
have not been stress-tested
extensively. You do not want to
find out about reliability problems
only once you are in the field.

� Product development needs as
much testing as it does strict
design work. Test and design
teams should be about equal in
size. Testing should continue
well after product release and
should in fact never stop,
checking for potential failures of
products already in the field,
preparing for potentially needed
mitigations.

� Iterative development techniques
such as Agile and Design
Thinking relying on demonstrator
feedback for upcoming design
iterations should not transform
scientifically sound engineering
into hobbyist trial and error.
Everything said about
documentation still holds true.
The science behind the product
needs to be properly understood
to be technically fully in control
and guarantee quality.
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� Technical risks in any
development project can be
mitigated using FMEA. FMEA
sessions should include
engineers with sufficient
experience and system overview
for them to be used to their fullest
potential and their results to hold
value. Otherwise, FMEAs run the
risk of being viewed merely as
administrative overhead.

� R&D projects are hard to plan
and, especially, schedule
accurately. Scheduling risks can
be reduced by limiting research
and keeping to proven
technology as much as possible,
arriving at the novelty of a
product through new
combinations of existing
technologies.

� If research cannot be avoided,
clearly indicate for which parts of
the product fundamental
investigations are needed along
with the technical and scheduling
risks involved. Failure to do so
will set wrong expectations and
might end up in disillusioned
senior leadership teams
prematurely terminating the
project.

� Keep research risks in R-heavy
R&D projects under control by

completing all research tasks first
(for instance in pre-development
stages), before committing time
and resources to the strict
development work, thus
preventing wasted effort. You
can do research and
development in parallel, but then
some form of risk management is
needed to be able to make sound
go/no-go decisions at every
stage.

� Finally, knowledge cannot be
transferred, no matter how smart
or advanced your knowledge
system. Information, data,
documents, etc., those can be
shared, but knowledge has to be
built from the ground up. Either
transfer the people holding that
knowledge or be prepared to
spend a long time gaining it. Do
not close any sites before you
have the ones taking over almost
fully operational, and plan for
some overlap.

IV. CONCLUSION

The product development challenges
in the sphere of product
requirements, scope and interface
definition, team composition,
planning and scheduling, and quality

encountered in practice along with
suggestions for their resolution
described here were found to be
principally unrelated to the specific
project management method chosen.
Some techniques indeed lend
themselves better to particular
business goals (for example, Agile
for flexibility with respect to
requirements, Lean for development
quality, and V-model for validation
and verification traceability) and
might be more prone to specific
issues (for example, poor quality
control with Agile, work sequence
rigidity with V-model), but that does
not mean these goals cannot be
achieved or the issues satisfactorily
tackled with any of the available
techniques, either through some
alteration or combination of
techniques. Product development
success, therefore, in practice proves
to be more dependent on the
organization’s willingness and
capacity to learn and adapt, rather
than on the specific method chosen.
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