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Introduction

This case study describes the background,
planning and organization for Phase 1 of a
challenging project that brought together a
team of 16 subject matter experts represent-
ing 12 different organizations, from industry,
government and academia. It discusses the
key factors that led to the development of a
high performing team and a successful out-
come of Phase 1 of this three-phase project. 

The Lead Free Manhattan Project (LFMP) had
its genesis in two European Union directives
banning the use of lead in electronics manu-
facturing. The directives, which went into
effect in 2006, spurred commercial manufac-
turers to phase out the use of lead in elec-
tronics manufacturing.  For over 50 years
manufacturers have used an alloy of 37%
lead and 63% tin for soldering in electronic
components. Tin-lead, or SnPb solder, has a
number of desirable properties that make it
ideal for electronics manufacturing.  It is
easy to work with (solderability), relatively
inexpensive, has a lower melting point and
creates stronger joints. Perhaps the most
important feature of SnPb is that it essentially
eliminates the growth of “tin whiskers”, sin-
gular crystalline structures that form on tin
and can lead to unintended short circuits
and metal vapor arcs. Whiskers can also
break off, creating foreign debris within the
component. Any one of these problems can
cause the catastrophic failure of a system.
Failures due to tin whiskers have been docu-
mented in commercial satellites, medical
equipment, telecommunications, missile and
radar systems, nuclear utilities and comput-
ers. Apart from tin-whiskers, major reliability
problems have been encountered with lead-
free alternatives.

The objective of Phase 1 was to develop a

report that outlined baseline or best practices
in lead-free electronics across the life-cycle of
a product. LFMP Phase 1 brought together
16 of the world’s leading subject matter
experts (SMEs) in the area of lead-free elec-
tronics for a focused two-week project, spon-
sored by the Office of Naval Research. The
analogy to the Manhattan Project was
drawn because this project brought together
leading experts in a specific, challenging
area of technology from multiple organiza-
tions, it used a structured process and result-
ed in an end-product in a short time span. 

Figure 1 shows an overview of the project
flow. The project began with an initial vision
articulated by two SMEs who eventually
became the project co-leaders. Planning took
place over several months with consistent
communication amongst team leadership via
teleconferences during which SME team

selection occurred. Once the team was
assembled, team building took place and
sub-teams were formed. A structured process
enabled sub-teams to quickly focus on their
task and develop the final report. An impor-
tant feature of the process was a set of feed-
back loops that served as a communication
link between each of the project steps. For

example, the vision was continually refined
until the report was completed.

Developing the Vision 

Much of the success of Phase 1 of the LFMP
project can be attributed to the develop-
ment of a clear vision. The development of
this vision began with two industry leaders
from Boeing and Lockheed-Martin. They
posed the question, “wouldn’t it be great if
we could do something about the lead-free
problem?” The conversation led to the idea
of creating a highly focused project that
would bring together the leading experts in
lead-free electronics to identify current best
practices, develop a roadmap for what
needs to be done to address the challenges
of lead free electronics, and carry out the
necessary research and development. A
phased approach was planned. Phase 1

would focus on identifying current best
practices in lead-free and would identify
baseline practices where no best practices
existed. Phase 2 would focus on developing
a roadmap for the work that needs to be
done in research and development. Phase
3 would be a multi-year effort aimed at
conducting the R&D necessary to develop
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Figure 1 – Overview of LFMP Phase 1



reliable and sustainable Pb-free electronics
in Department of Defense applications.

The initial vision for the first two phases was
stated as follows: 

The objective of this effort is to capture indus-
try-wide Pb-free electronics best practices
and to develop an integrated industry/gov-
ernment plan to mitigate future risks posed
by the worldwide transition to Pb-free elec-
tronic products. The scope of this effort will
be to assemble leading Subject Matter
Experts (SMEs) and have them collectively
define the current set of best practices in use
to mitigate the risk associated with Pb-free
electronics usage in DoD applications and
then to develop an action plan to mitigate
future risks.

Pre-project Planning 

Pre-project planning began in February of
2009 with a teleconference that included
the conference coordinator, the two co-lead-
ers and a facilitator.  It was determined that
Phase 1 would be a two-week, intense
effort that would bring together 16 of the
leading SMEs at one location. 

Teleconferences were held every two weeks
until the project start. Topics covered in
these meetings included logistics for the
conference, outside speakers, the work
structure, the facilitation process and the
desired outputs. Drafts of a possible struc-
ture and schedule were circulated and com-
mented upon and there was an eventual
consensus as to how the two weeks would
be structured, a detailed schedule, how the
work flow would be managed, how issues
related to team process would be handled
and what the outputs would be.

Team selection

A critical step in the process was the selec-
tion of the team of SMEs to participate in
the two-week session. The primary objective
of the team selection process was to identify
individuals with the best combination of
experience, knowledge and expertise in
lead-free electronics. Two constraints were
added. The group should broadly represent
the Aerospace Industry and DOD service
organizations.  A second constraint was
that the group should be limited to 16 
participants.

The selection began with one of the co-
leaders identifying four well-known experts
in Lead Free Electronics to serve as an advi-

sory panel. Potential SMEs were drawn
from industry, academia, government and
research organizations. Through emails and
teleconferences the advisory panel identi-
fied a group of experts with the requisite

qualifications.  The advisory panel then did
a preliminary ranking of the identified indi-
viduals. At this point the members of the
Industry Advisory Board (IAB) of the Navy
Mantech Electronics Center of Excellence,
seven director-level representatives from
industry, were asked to review the list and
add or subtract names. Once this list was
developed, the IAB and the advisory panel
re-ranked the names. The rankings from
each individual were then sent to the co-
leaders who aggregated them by taking the
average rank across all SMEs and IAB
members. A consolidated list of 37 SMEs
was prepared and sent back to the IAB for
review.  Individuals were then invited to
participate in the LFMP according to their
overall ranking. If an individual could not
participate for any reason the next-ranked
name on the list was invited until a total of
16 SMEs had agreed to participate.   

Setting and Schedule

The two-week session was held at the head-
quarters of the American Competitiveness
Institute (ACI) in Philadelphia. The full team
met in a large conference room set up with
audio-visual equipment, including a projector
and teleconference equipment. The larger
group was organized into five sub-teams,
each with their own breakout room. Each
of the five groups was charged with report-
ing on one of the following topics: design,
testing, reliability, manufacturing and sus-
tainment. For the full-team sessions audio
recordings were made via individual micro-
phones assigned to each of the SMEs. In
addition, selected video recordings were
made during the two weeks.

Each day began at 8am. A “tag-up” ses-
sion was held at the end of the day. These
sessions were intended to review outstand-

ing issues, problems, questions and lessons
learned. Key points were recorded on an
easel and posted in the large conference
room. 

The first two days were set aside for intro-

ductions and an Industry Forum. The pur-
pose of the Industry Forum was to accom-
modate a larger group of SMEs who could
not be physically present but whose expert-
ise could help to augment the current under-
standing of issues and solutions for the
LFMP team. Day 3 was intended to allow
the LFMP team to discuss, synthesize and
react to the Industry Forum speakers, as
well as provide an opportunity for team
interaction and beginning discussion of the
vision and objectives of Phase 1.

Days 4 and 5 were set aside for discussion
of the deliverable and the initial report out-
line. At this time, five sub-teams were
formed with responsibility for Design,
Manufacturing, Testing, Reliability and
Sustainment. This structure was elected
because it was a logical extension of how
products are developed within the DoD
framework. Initial outlines were developed
and discussed within the team and story-
boards were introduced to permit formula-
tion and synthesis of thought before writing
draft textual material. On day 6 sub-teams
gave overviews of their storyboards and
other SMEs provided feedback which
encouraged convergence to a shared con-
ceptualization of the approach and objec-
tives. Days 7, 8 and 9 were devoted to
writing reports, and sections of the sub-
teams’ reports were posted for review and
comment. On the final day teams complet-
ed their initial drafts and agreed on follow-
up activities. The final day ended with a
recognition event at which certificates were
awarded by the Director of the Office of
Naval Research ManTech Electronics
Center.  

The LFMP Phase 1 is an example of a project that could be 

replicated for other technical areas... it represents a best practice

for bringing together experts to focus on a problem and produce a

useful outcome in a short time frame.



Development of Team Norms and
Project Culture

Development of team norms was an impor-
tant enabler to project success. Early in the
project, a session was held with the entire
team to solicit their input on a “code of con-
duct” for the two weeks. For purposes of
discussion the code of conduct was organ-
ized around four categories of team behav-
ior: communication, conflict management,
self-management and process review.

• Communication

The team agreed on the following 
principles: 
o All team member listen attentively to

other speakers and allow speakers to
finish before speaking

o If a team member wants to speak he 
or she must raise their hand and be
recognized

o Team members will avoid dominating
discussions and allow everyone to
share in the discussion. A three-minute
rule was adopted; i.e., any single
speaker who speaks over three minutes
will be stopped.

o Leadership will monitor and reinforce
these behaviors during the two week
period

• Conflict Management

The team agreed on the following
ground rules for managing conflict:

o Ok to disagree respectfully

o Respect minority opinions

o Don’t avoid tough issues/questions

o Goal in discussions is to arrive at a
win-win resolution

o In the final analysis debates should be
settled by data where possible 
(“data talks”)

• Self-Management

The following rules were agreed upon
for self-management of the LFMP team:

o Three-knock rule: when the team or dis-
cussion got off point or involved side
conversations the co-leaders or any
member could knock three times as a
signal that the group should be quiet
and listen to the speaker.

o 3 Minute Soap Box Rule: no speaker
should be allowed to speak over 3
minutes.

o Necessary & sufficient: discussions
should last no longer than that which is
necessary and sufficient to cover the
points.

o Content over volume: the content of
discussions should be emphasized over
the volume of the speech.

o There should be a scribe for each ses-
sion to record key points and issues for
feedback and review

o Issues that cannot be addressed imme-
diately should be captured in a 
“parking lot”

• Process Review

o End-of-day tag-up sessions where can-
did discussions of issues, progress and
team comments were used to review
any team process issues

o If the process is not working, fix it
immediately

Artifacts

The LFMP culture was characterized by sev-
eral artifacts that helped to keep the team
focused on their end objectives. Artifacts
included a professionally done brochure,
initial outlines, LFMP storyboards, and a
“baseball bat.” 

The brochure included an overview of the
project and outlined the schedule and agen-
da. The brochure also included biographi-
cal information on each SME. 

The storyboards provided an organization
structure for the sub-team to assemble their

initial ideas and share them with the other
SMEs. Storyboards included the following
sections: A heading for the module, identify-
ing information for the authors, references,
conclusions, recommendations, the current
baseline practice, issues, gaps and misper-
ceptions and a space for figures, charts or
pictures with captions. Figure 2 shows the
Storyboard Outline Form. As storyboards
were prepared they were posted on the
wall under the relevant topic and other
SMEs could review and post comments.

The baseball bat was a humorous symbol
used to “enforce” the ground rules, and to
keep the SMEs on track for their primary
objective.

Benchmarking and Best Practices
Review

Early in the project an overview on bench-
marking and identifying best practices was
presented to the team by the facilitator, an
organizational psychologist. Standard defi-
nitions were presented for best practices.
After a thorough discussion the SME team
reached a consensus that the term “best
practice” did not apply to many areas that
were being addressed in the LFMP. Many
of these issues lacked sufficient data and
experience to make a determination as to
whether a practice was best or not. An
alternative definition was agreed to as fol-
lows: A process or practice that describes
the current state-of-the-art as a baseline
against which future improvement can be
measured. It was also agreed that where a
baseline practice was a best practice it
would be so identified.

Figure 2



Project Outcome

Overall, the LFMP team functioned extremely
well and was successful in meeting the
objectives. Although the schedule was
demanding and the task was difficult all the
sub-teams were able to produce first drafts
by the end of the two week period. Although
follow-up work was needed to turn the drafts
into a final report, the majority of the work
was completed within the two weeks.  

The Keys to Success

The successful outcome of the LFMP was
made possible by seven factors that charac-
terize high performing teams1. These included
clarity of vision, leadership, team selection,
knowledge management, effective collabora-
tion, a structured development process and a
good technical support system.

Clarity of Vision

The vision for the project was clear and
more importantly was communicated to all
team members in several ways. First, the
written material sent to team members in
advance outlined the objectives of the proj-
ect. As the team met over the first few days,
the vision was discussed, refined and
agreed upon by the entire team. The team
had a common understanding of the vision
and was able to achieve what team
researchers call a “shared mental model.2”
This allowed the team to see the entire vision
for the project and how each of the elements
fit together interdependently. This shared
mental model was enhanced by frequent
feedback from the co-leaders and fellow
SMEs as the project progressed. A simple
example of how the shared mental model
was expressed was in the agreement of
teams to use a common set of colors for visu-
als: green for no change, yellow for minor
change and red for major change.

Leadership

The two co-leaders contributed to the ulti-
mate success of the project in several impor-
tant ways. First, they set the vision for the
end-product and continually clarified and
reinforced the vision so that all team mem-
bers developed a shared mental model.
Secondly, the co-leaders kept the team on
task by providing feedback on the schedule

and the content of each sub-team’s contribu-
tions. Third, the co-leaders participated fully
in the process, leading review sessions, con-
tributing knowledge and expertise, helping
to integrate the various elements provided by
sub-teams and writing sections of the report.
Finally, the co-leaders motivated the team
through their encouragement, obvious com-
mitment and exemplary behavior.  

Team Selection

The LFMP project recruited the “A Team,” 
a group of the top experts on Pb-Free elec-
tronics available. The process used to select
these individuals was systematic and incor-
porated the judgment of a sizable group of
knowledgeable senior managers and lead-
ers in the field of electronics. In addition to
bringing their experience, knowledge and
expertise, team members, without exception,
also brought a passion and commitment to
the issue of Pb-Free electronics manufactur-
ing. This combination of expertise and com-
mitment was an essential combination for
success. There was also a social networking
element to the team’s effectiveness. Prior
established relationships with one another
through professional groups and meetings
allowed team members to move quickly past
the initial stages of team development and
begin working together effectively quickly.
Social networking with experts outside the
team also allowed information to be
obtained and assimilated through the outside
speakers and “lifelines” (experts in a particu-
lar area of Pb-Free) that could be called
upon for information or advice on specific
key issues.

Knowledge Management 

The LFMP Phase 1 was a complex undertak-
ing with a large amount of knowledge and
data to be presented, discussed and assimi-
lated. The effective management of knowl-
edge during the two weeks was accom-
plished in several ways. 

• Outside Presentations & Review

Industry forum presenters were selected to
provide useful, and in some cases,
provocative information for the SMEs.
Following each day of presentations a
review session was held to discuss the pre-
sentations and highlight what one of the

co-leaders called “aha” or “hmm” reac-
tions. That is, were there insights or
thought-provoking aspects of a particular
presentation that might have implications
for Pb-free electronics manufacturing?
These follow-up sessions were lively and
gave SMEs an opportunity to discuss their
own views and thoughts on the same
topic, to indicate that something new had
been learned, or to agree that much more
data was needed.

• Tag-up Sessions

Tag-up sessions were held at the end of
each day to review progress, outstanding
technical or team process issues, schedul-
ing issues and any other topics that might
come up. These sessions often included
the exchange of information or a discus-
sion of process issues that helped all SMEs
to stay on schedule and understand the
perspective that other sub-teams were tak-
ing with respect to particular issues.

• Tacit knowledge exchange

Much of the knowledge about Pb-Free is
not codified, but resides with SMEs. This
tacit knowledge was exchanged through
Industry Forum presentations, SME team
discussions, and discussions within and
between sub-teams. 

• Storyboarding and Posting

Storyboards provided a concise way of
presenting information and allowing the
review and comments of all SMEs. Once
storyboards were completed actual text
and visual material was posted for review
and comment and allowed all SMEs to
track the progress of each sub-team.

• Co-leader Review and Feedback

The co-leaders provided continual feed-
back during the two weeks and added
additional thoughts and information. Co-
leaders were able to take a broader and
integrated perspective by reviewing the
progress of all sub-teams and providing
feedback to sub-teams and the full SME
team in general sessions.

Effective Collaboration

The larger team was able to collaborate
effectively in the early stages of the project
by adhering to the code of conduct and

1 Lynn, G., Reilly, R. (2002). Blockbusters: Developing Award-Winning New Products,  Harper-Collins.
2 Mathieu, J., Heffner, T., Goodwin, G., Cannon-Bowers, J., Salas, E. (2005). Scaling the quality of teammates’ mental models: Equifinality and normative comparisons. Journal

of Organizational Behavior, 26, 37-56.



engaging in constructive conflict. Ground
rules were generally followed, with occasion-
al reminders about hand-raising and use of
the three-knock rule. Sub-teams also func-
tioned effectively and the sub-teams met with
one another to discuss interdependencies
and ensure that issues were being handled
consistently. Conflict during the sessions was
always about the task or the process and
never about individuals. As one of the SMEs
remarked on the last day of the project
“nobody’s ego got in the way and nobody
came with an agenda.” The sub-teams inter-
faced effectively and helped one another
when it was appropriate, even writing 
specific sections for another sub-team in 
some cases. 

One important feature of the LFMP was the
co-location for two weeks of all team mem-
bers. This provided fertile ground and a con-
tributing environment for the exchange of
tacit knowledge between team members that
would have been otherwise difficult or impos-
sible without collocation. The use of outlines
and storyboarding promoted collaboration as
it allowed all sub-teams to understand what
was being covered, where there might be
overlap, where there were inconsistencies,
where there might be a need for cross-team
collaboration, and where there might be
gaps in what was covered. In addition, most
team members were housed in the same
hotel, allowing off-line discussions and rela-
tionship building that helped the team to con-
tinue to work together effectively. This was
further enhanced by nighttime team-building
activities (an evening dinner, a major league
baseball game and a dinner cruise) during
which the team was able to relax and share
some fun time together.

Structured Development Process

A structured development process enabled the
team to quickly engage in their task within a

common framework. The process began with a
template for the reports which was then turned
into outlines by the sub-teams. Following the
development and review of outlines the sub-
teams developed storyboards which addressed
specific elements of their report. Finally, story-
boards were turned into draft reports. As
noted, an important element of the process

was the posting of material at each step. This
allowed feedback, coordination, identification
of overlap or other issues that needed to be
addressed. One other element of the process
that should be mentioned is a hard deadline
for completing the drafts imposed by the co-
leaders with a well-defined schedule. The
deadline served to mobilize and focus the
efforts of the team and made keeping on
schedule essential. Specific milestones were
used by sub-teams and the co-leaders to moni-
tor progress.

Effective Supporting Technology

Supporting technology was used to help the
team achieve its goals in several ways. First,
most outside speakers were not on-site so Web-
enabling technology and teleconferencing
equipment was used to allow speakers to pres-
ent information and dialogue with the LFMP
SMEs. Second, all SMEs had access to the
internet which allowed them to search for infor-
mation and communicate via email with other
experts. A local FTP site was set up so that sub-

teams, co-leaders and individuals could both
upload and download documents as they were
prepared. In addition, resource materials were
uploaded and resided on the FTP site so that
they could be used by SMEs at any time.
Breakout rooms had wireless connections and
projectors so that sub-teams could share focus
on material as it was being developed.

Conclusions

The LFMP was an unusual project in several
respects. It brought together leading experts,
drawn from multiple organizations, in a specif-
ic area of technology, it used a structured
process and resulted in an end-product in a
short time span, hence the analogy to the
Manhattan Project. The LFMP Phase 1 is an
example of a project that could be replicated
for other technical areas.  As such, it repre-
sents a best practice for bringing together
experts to focus on a problem and produce a
useful outcome in a short time frame. It is sug-
gested that the seven principles described here
– Clarity of Vision, Leadership, Team Selection,
Knowledge Management, Effective
Collaboration, a Structured Development
Process and Effective Supporting Technology –
should be followed to ensure a high perform-
ing team and a successful project outcome
when leading experts are brought together for
a focused, collaborative effort.  ■
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