























TABLE 2 VR roadmap key components: objective, deliverables, and tools by phase

VR phase Phase objective Phase deliverables Tools
Prework Prepare for VR 1. Select team Basic statistics
implementation 2. Collect baseline data Histogram
3. Graph baseline data Run chart
Week 1 Develop capable VR team 1. Attend VR training Team charter
2. Participate in team building Goal setting worksheet
3. Establish VR charter, goal, and VR project plan
project plan
Week 2 Initiate standard process, 1. Identify standard process Process map/flowchart
communication, and data 2. Initiate work instruction Value-added analysis
collection 3. Develop and implement delay Spaghetti diagram
check sheet Work instructions
4. Erect visual display Check sheet
5. Initiate action plan Visual display
Action plan
Weeks 3 Implement standard process 1. Finalize work instruction; train Work instructions
and 4 and collect data and implement Check sheet
2. Collect delay data Basic statistics
3. Initiate daily meetings Visual display
Action plan
Weeks 5 Eliminate sources of 1. Analyze delay data Basic statistics
and 6 variation using data 2. Investigate top delays Histogram
3. Identify and verify root cause Run charts
4. Implement solution(s) Cause-and-effect
5. Initiate VR scorecard fishbone diagram
Pareto diagram
5 Whys
Brainstorming
Scatter plot
Visual display
Action plan
Scorecard
Weeks Refine standard process and 1. Continue to analyze delay data, Process map/flowchart
7-12 elimination of sources of investigate top delays, identify Value added analysis

variation; institute process
controls

and verify root cause, and
implement solution(s)
2. Refine standard process, work
instructions, and data collection
3. Implement process controls

Spaghetti diagram
Work instructions
Basic statistics
Histogram
Run charts
Cause-and-effect
fishbone diagram
Pareto diagram
5 Whys
Brainstorming
Scatter plot
Visual display
Action plan
Scorecard
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FIGURE 3 Alignment of VR phases with Six Sigma DMAIC
phases.

Once verified, methods were put in place to control
the improvement over time. The control methods
included additional work instructions and training,
workplace organization, mistake proofing, new
gauging, and, where practical, automation.

Given the educational and statistical background of
the majority of VR team members, simple analysis and
graphical tools that could be quickly and easily
created by hand and/or with Excel were used. In fact,
during the pilots and initial year of VR implemen-
tation, the operations teams were not even
introduced to standard deviation. Variation was mea-
sured using a ratio of the first quartile and the third
quartile (Q1/Q3), referred to as VR ratio. The VR ratio
could easily be calculated by hand or with the use of a
calculator or Excel. VR teams understood that the
smaller the ratio, the larger the variation in the pro-
cess; the larger the ratio, the smaller the variation in
the process. As the organization matured in its use
of statistical tools, limitations of the VR ratio as a mea-
sure of improvement became apparent, especially its
lack of sensitivity to removal of special causes of
variation. With the help of IT resources, the calculation
of the standard deviation was automated as part of the
creation of a common VR scorecard (hallmark 5).

If more advanced statistical analysis tools (e.g.,
hypothesis testing, regression, design of experiments,
etc.) were needed to identify a source of variation, the
opportunity was identified as a potential Six Sigma
project, prioritized by plant management and given
to a Green Belt or Black Belt (depending on the com-
plexity and scope of the opportunity). The Green Belt
or Black Belt could then focus on the analysis and sol-
ution of the problem knowing that the operations
team, through VR, had standard practices and data
collection in place to assist with the analysis. Some
members of the VR teams became Six Sigma Green
Belts, expanding their tool kit, and worked with their
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fellow team members to broaden the scope of issues
on which they could work.

Once silver certified, a VR team was expected to
continue to sustain the behaviors and to continue to
improve performance, either on their primary
metric and/or a secondary metric, alone or in partner-
ship with a Six Sigma Black Belt or Green Belt. This
ongoing improvement in performance was planned
and budgeted during the annual budgeting process.

EXAMPLE OF VR ON A BINDERY LINE

VR was initiated on a bindery line in one of the
magazine plants in mid-2000. The VR team created
flowcharts of line startup and operation, analyzed
for non-value-added activities and different practices
between shifts and individuals, and agreed to a stan-
dard process for startup and operation of the line,
including line speed for different types of magazine
jobs. This standard process was documented in work
instructions that were used to train all line employees
on the agreed-upon standard process. The team also
identified and defined categories of downtime that
negatively impacted line run rate. With the help of
IT resources, the VR team was able to incorporate
these downtime categories into newly developed
software to capture and report downtime and create
the delay Pareto shown in Figure 4 for the last 30
days of production.

From the delay Pareto, the VR team could see that
the downtime that consumed the most hours during
the 30 days was a “binder infeed high book jam” and
that missing signatures (abbreviated as sigs in the
Pareto) at several packers were identified as eight
of the remaining nine top downtimes in both hours

Delay Pareto Chart- Current 30 Data Points
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FIGURE 4 Bindery line delay Pareto 30 days after standard
process implementation.
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FIGURE 5 Infeed high book jam cause-and-effect fishbone.

and occurrences. These two delay types became the
focus of the team’s VR efforts.

To understand the binder infeed high book jam
delay, the VR team created a cause-and-effect fish-
bone diagram. See Figure 5.

Through multivoting, the VR team prioritized the
investigation of the potential causes. See Table 3.
The infeed trough received the highest number of
votes. Investigation by the VR team and maintenance
found the current trough to be worn. The trough was
replaced by a stainless steel trough, which not only
addressed the current issue but eliminated future
wear concerns. The second highest vote concerned
not jogging the signature, which was a training issue.
More detail on how to properly jog a signature was
added to the work instruction and all bindery line
operators trained on the method.

With respect to the missing signatures, the VR
team worked with their Green Belt resource to
measure and analyze several machine parameters,

TABLE 3 Infeed high book jam effect multivoting results
Effect Multivote count % of Total
Infeed trough 90 19.48
Not jogging signature 72 15.58
Infeed pin 68 14.72
Transfer setting 60 12.99
Curled paper 56 12.12
Packer setup 48 10.39
Feeders 36 7.79
Book size 32 6.93
S. O. Schall

including the vacuum drop at the sucker cups used
to grab individual signatures for collation at the
packers. The vacuum drop was found to significantly
affect the number of missing signatures and associa-
ted downtime. Further testing by engineering and
maintenance quantified the allowable vacuum drop
at the sucker cups. In order to give bindery operators
the ability to measure and control the vacuum drop
on-line during production, engineering and mainte-
nance developed and installed new gauges on the
line and worked with the VR team to train the opera-
tors on their use. Once the results of these new
gauges were verified on this line, they were added
to the remaining lines at the plant. The design was
also shared with other plants with similar equipment.

The improvements to the trough, training, and
sucker cup vacuum gages took approximately 6
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FIGURE 6 Bindery line 30-day delay Pareto after VR improve-
ments.
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TABLE 4 Bindery line productivity before and
after improvements

Metric Before After

NGBPH average 5,561 7,886
NGBPH standard deviation 1,893 1,588

weeks to investigate and implement. Figure 6 shows
the resulting delay Pareto 30 days after implemen-
tation. Note that infeed high book jams is now the
third highest and approximately half of its previous
value. Also note that only two missing signatures
now appear in the top 10 delays.

Table 4 compares the bindery line productivity
before and after the improvements as measured by
net good books per hour (NGBPH) average and
standard deviation.

This effort earned the bindery line VR team silver
certification. The team was able to sustain the
improvements and make further reductions in infeed
high book jams and missing signatures and receive
gold certification five months later.

LESSONS LEARNED AND REVISIONS
TO VR IMPLEMENTATION

Eighteen months after roll-out across the more
than 20 manufacturing plants, the continuous
improvement council chartered a second team
(referred to as v2.0 VR design team) to identify les-
sons learned and to update the VR methodology
accordingly. Data were collected on VR team
performance and feedback was obtained from VR
sponsors, VR champions, VR team leaders, VR
trainers, and VR auditors through surveys and
interviews.

Key patterns from the data and feedback included
the following:

e The majority of manufacturing VR teams could
successfully implement VR in 12-16 weeks.

o Though not originally designed for nonmanufac-
turing process teams, VR was found to work in
transactional processes (e.g., logistics, customer
service, and finance). The primary metric for trans-
actional processes was either cycle time or defect
rate. However, due to the fact that transactional
processes do not always operate every day,
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transactional VR teams required 16-20 weeks to
meet the deliverables.

Transactional VR teams requested that the VR
training and VR implementation guide be revised
to minimize manufacturing-specific terminology
and to incorporate transactional examples.

VR teams felt penalized by the use of the VR ratio
as a measure of variation reduction when they
reduced special cause sources of variation that
were not reflected in the VR ratio for up to 2
months (due to the 60-day moving calculation).
VR teams were increasingly comfortable with the
use of standard deviation.

VR team leaders and teams requested additional
information on roles and responsibilities by phase
to supplement the VR matrix.

Area or process supervisors were often selected to
serve as the VR team leader. Because most manu-
facturing supervisors were promoted into the role
from a lead pressman or lead binding operator
role, few had training in team building, conflict
resolution, and other team-based dynamics. Not
all supervisors were comfortable serving as VR
team leader and guiding such a team-based effort.
Since the original VR design, corporate HR
had developed a 5-day workshop on change man-
agement and teambuilding for supervisors. VR
team leaders who participated in the workshop
highly recommended that all VR team leaders
attend the workshop prior to serving as a VR team
leader.

VR trainers who were not Green Belt certified
struggled to support VR teams that required
training and coaching on the tools beyond that
included in the VR 2-day training.

The discipline required to perform root cause
analysis versus jumping to solutions had not pre-
viously been a part of most plants’ cultures. VR
teams lost time and energy implementing changes
to their process when they did not first verify the
root cause(s).

Due to the number of manufacturing VR teams, it
had become increasingly difficult for the continu-
ous improvement directors to manage requests
for and schedule VR audits within their business.
VR sponsors and champions also questioned con-
sistency of VR audits from one auditor to another.
Some VR teams did not sustain performance after
achieving silver certification. VR sponsors and
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champions requested more frequent follow-up for
such teams.

e A compliance management system that provides
mechanisms for document management and con-
trol, maintaining training and audit records,
and tracking nonconformances provides the infra-
structure to sustain improvements long-term and
frees the VR team from such administrative
tasks. Such a compliance management system
had been purchased and implemented at several
of the plants in conjunction with ISO 9001
registration.

Based on these patterns and other recent corporate
activities, the v2.0 VR design team identified
improvements to the VR methodology and updated
the implementation guide and training materials
accordingly. Key improvements included the
following:

e A separate VR roadmap was developed for use in
transactional processes. The roadmap was
extended to 16 weeks to deal with the fact that
transactional processes do not always operate
every day. Separate transactional VR training mate-
rials were also developed that removed manufac-
turing language and incorporated transactional
examples. The implementation guide was edited
to incorporate both manufacturing and transac-
tional roadmaps and examples.

e The VR roadmap was reformatted into a cross-
functional flowchart and roles and responsibility
matrices created by phase. Both were incorporated
into the VR implementation guide and VR training.

e The VR ratio was removed from VR training and
the VR scorecard and communications drafted
and provided to the continuous improvement
council to use throughout the organization. An
appendix on the use of standard deviation versus
VR ratio was added to the VR implementation
guide.

e The VR team leader role description and training
requirements were updated to include the corpor-
ate HR change management and team building
workshop for supervisors as prerequisite training
for all new VR team leaders.

e The VR trainer role description and training
requirements were updated to require that VR trai-
ners be Green Belt certified. This helped ensure
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that the VR trainers had more training on the tools
than that included in the VR training and had
demonstrated their knowledge through appli-
cation on a minimum of two Green Belt projects.
Supplemental root cause analysis training was
developed and provided to VR trainers and teams.
The training was developed in partnership with
corporate environmental health and safety (EHS)
resources. VR auditors were also trained to look
for VR team difficulties in conducting root cause
analysis and to work with the plant VR trainer to
coach the VR team leader on using the data-based
tools to identify and verify root causes before iden-
tifying and implementing solutions. More empha-
sis was placed on root cause analysis for silver
certification.

Detailed VR audit checklists and definitions of con-
formance were developed and documented in the
VR implementation guide. Existing auditors were
retrained to use these checklists and definitions.
The VR auditor role description and training
requirements were also updated to require audit
training. Such audit training had recently been
developed by corporate EHS resources and cor-
porate ISO 9001 resources. VR auditor certification
was also defined. After receiving audit training, a
VR auditor was required to participated on a mini-
mum of two VR audit teams prior to being certified
to lead VR audits.

Manufacturing VR audits were scheduled and
monitored at a corporate level as part of a continu-
ous improvement scorecard. Recent changes in the
organization’s structure created a process manage-
ment function to coordinate continuous improve-
ment support activities such as training and
auditing. This included the scheduling of monthly
audits while corrective actions were taken for
those VR teams whose run rate performance dete-
riorated or whose VR audit scores fell below a
threshold value two consecutive quarterly audits.
Best practice samples of using the new compliance
management system for work instructions, VR
training plans and records, and VR audit reports
were identified in partnership with corporate ISO
9001 resources and posted on the VR intranet site.
The team also recommended to the continuous
improvement council that roll-out of the system
be expanded to the remaining sites within the next
one to two years.
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Version 2.0 of the VR implementation guide and
training materials were released to the corporation
in January 2002. Version 2.5 was released at the
end of 2002 and further integrated transactional
processes into the VR materials. VR deployment con-
tinued at least through mid-2004 when the author’s
work with the organization ended.

BENEFITS OF VR

An analysis at the end of 2003 of the 485 silver cer-
tified manufacturing VR teams yielded an average
sustained improvement in throughput of 4% and
2% reduction in throughput variation versus pre-VR
levels. A similar analysis of the 95 gold-certified
manufacturing VR teams vyielded an average sus-
tained improvement in throughput of 10% versus
pre-VR levels. Gold certified presses saved an aver-
age of $57,600 and finishing lines an average of
$73,600 per year in labor costs alone. Additional sav-
ings included reductions in paper, ink, utilities, and
waste expenditures.

In addition to the productivity improvements and
cost savings, the organization saw the following
anecdotal benefits through the implementation of
VR:

e Operations teams owned daily process improve-
ment activities, including work instructions, daily
performance tracking, and problem resolution
using data-based problem solving. Operations
team members from the process supervisor to
pressmen and bindery operators were the heart
of VR. They identified where improvement was
most needed, identified and verified the root
cause(s), and identified and implemented solu-
tions within their control. An external team did
not come in and do it for them (or to them).

o Improvements lasted longer as the operations
teams owned the results and had the team disci-
pline and tools to sustain the improvements over
time.

¢ Capital expenditures for the improvements were
minimal.

¢ Conformance to schedule for VR manufacturing
assets improved with the reduction in variability.
This in turn allowed customer service to commit
to new work within a specified time period with
more confidence.
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e ISO 9001 activities involving document manage-
ment and control, training, and auditing were
integrated into daily work on VR assets.

e The efficiency of Six Sigma resources was
increased. Black Belts and Green Belts were able
to focus on problems with unknown solutions
beyond the skill and control of the operations
team. The average savings per Black Belt project
increased from $258 K in 2002 to $299K in 2003.
With over 70 Black Belts completing at least two
projects per year, this had the potential for gener-
ating approximately $5.6 million in additional
savings per year.

The successful deployment of VR across the
organization led to the seven continuous improve-
ment methodology system elements being extended
to other continuous improvement efforts. Though
today we recognize that linking projects to strategic
business needs, defined roles and responsibilities,
performance tracking, best practice documentation,
a common training curriculum, and recognition
through certification are keys to successful Six Sigma
deployment (see Snee and Hoerl [2003] and Zinkgraf
[2006]), such a structured approach was not part of
many Six Sigma deployments in 1999-2002. The
initial implementation of Six Sigma at this organiza-
tion consisted primarily of training and certification.
Beginning in 2003, the seven elements were
extended to Six Sigma, 5S, quick changeover, and
ISO 9001 deployments. Projects for all continuous
improvement efforts were strategically selected and
scheduled during the annual budgeting process,
roles and responsibilities were defined for each
methodology and documented in methodology
implementation guides, performance was monitored
and tracked via scorecards available through the
company intranet, training curricula were developed
and delivered using certified trainers, audits were
systematically conducted using certified auditors at
critical points of implementation, and individuals
and teams were recognized for various levels of
achievement.

SUMMARY

A US. printing company faced productivity
improvement challenges typical of the eight hall-
marks of a problem requiring statistical engineering.
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A structured variability reduction methodology that
used data-based problem solving to reduce varia-
bility in a primary productivity metric by standardiz-
ing and stabilizing daily operations was developed
and implemented across the company’s assets and
work processes. The primary metric of focus for all
manufacturing processes was run rate; the primary
metric for transactional processes was either cycle
time or defect rate. The methodology engaged
operations teams (pressmen and bindery operators
in manufacturing; technicians in prepress; clerks in
logistics; and customer service representatives in cus-
tomer service) to establish a standard process, ident-
ify and eliminate sources of variability within their
control (stabilize the process), establish the daily dis-
ciplines necessary to sustain the improvements over
time, and create an environment to facilitate
step-change productivity improvement through Six
Sigma projects. The methodology included seven
elements that addressed aspects 1 through 4 of the
theory underlying statistical engineering effective-
ness. Documentation, training, audits, defined roles
and responsibilities, and certification embedded the
methodology into daily work, provided the structure
for consistent implementation across multiple facili-
ties, and sustained results over time. The statistical
and nonstatistical tools of VR were sequenced to
enable operations teams to learn the tools and meth-
ods and to quickly attack sources of variation within
their daily control. Over the course of 4 years, the
company would see a 4-10% increase in sustained
throughput of its manufacturing assets and evidence
of improvement in their Six Sigma deployment.
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APPENDIX

Printing Process, Key Terminology
and Roles (Printer’'s National
Environmental Assistance
Center, 2011; HowStuffWorks,
2011; PsPrint, LLC, 2011)

Most commonly used printing processes consist of
three steps: pre-press, press, and finishing.

Pre-press involves converting the digital document
into the proper format for transfer onto either a metal
plate (offset printing) or etching into a metal cylinder
(gravure printing). Offset printing is the most
common method; gravure is limited to large runs of
magazines and direct-mail catalogs. Multiple pages
are typically included on one plate or cylinder. The
resulting printed sheet with multiple pages on it,
called a signature, is folded during finishing so
that the pages are in their proper sequence. The
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personnel that work in pre-press are often called
pre-press technicians.

At an offset press, the plate is mounted on a roller
and ink and water are applied to the plate. The ink
binds to the part of the plate that contains the image;
the water keeps the ink off the non-image areas of
the plate. Oil is mixed with the ink to ensure that
the ink and water repel each other and there is no
smearing on the final product. The plate transfers,
or offsets, the image onto a rubber blanket roller
which in turn transfers the image onto paper. In
four-color printing, this process is repeated three
times, once for each color.

279

At a gravure press, the cylinder rotates in a bath of
ink. As the cylinder rotates, excess ink is wiped off the
cylinder by a flexible steel blade. The ink remaining
in the recessed cells of the cylinder form the image
by direct transfer to the paper as it passes between
the printing cylinder and an impression cylinder. Like
off-set printing, this process is repeated three times
for four-color printing. Often, the wet paper is run
through an oven to dry before finishing. The person-
nel that work on the press are often called pressmen.

Finishing includes such activities as folding, cut-
ting, collating, binding, and covering. The personnel
that work in finishing are often called operators.
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