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ABSTRAeT A U.S. printing company successfully implemented a team­

based variability reduction methodology to enable operations teams, pri­

marily pressmen and bindery operators, to establish standard processes,

identify and eliminate sources of variability, establish the daily disciplines

necessary to sustain the productivity improvements over time, and create

an environment to facilitate step-change productivity improvement through

Six Sigma projects. This article shares the methodology and how it

addressed the hallmarks of a problem requiring statistical engineering and

incorporated key aspects of the theory of statistical engineering.
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INTRODUCTION

Hoerl and Snee (2010a) defined statistical engineering as "the study of
how best to use statistical concepts, methods and tools and integrate them
with information technology and other relevant sciences to generate
improved results" (p. 60). Hoerl and Snee (2010b) further identified five
aspects of the theory underlying statistical engineering effectiveness:

1. A system or strategy to guide the use of statistical tools is needed to effec­
tively use the tools.

2. The impact of statistical thinking and methods can be increased by inte­
grating several statistical tools, enabling practitioners to deal with highly
complex issues that cannot be addressed with any one method.

3. Linking and sequencing the use of statistical tools speeds the learning of
the approach, thereby increasing the impact of the method.

4. Embedding statistical thinking and tools into daily work institutionalizes
their application.

5. Viewing statistical thinking and methods from an engineering context
provides a clear focus on problem solving to the benefit of humankind.
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FIGURE 1 Representation of primary metric peñormance
pre-VR, VR, and Six Sigma.
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• Understanding the context of the data and the
variability in the process facilitates root cause
analysis (Wheeler 1993).

• Capability of a process can best be improved after
the process has been standardized (Edelson et al.
1992).

• Accountability is powerful: doing what we know we
should do requires someone who will keep us on
track, teach us, and encourage us (Crane 1998).

• Improvements can more easily be sustained when
disciplined daily processes (e.g., defined roles and
responsibilities, work instructions, and cornmuni­
cation mechanisms) exist to support the continu­
ation of the improvements (Ioiner 1994).

By the end of the working session, the design team
carne to agreement on the intent of VR, the system
elements needed for effective implementation, and
an action plan for drafting materials in support of
all e1ements for implementation by]anuary 2000.

VR INTENT ANO IMPLEMENTATION
SYSTEM OESIGN

The result of the design team's efforts was a
12-week team-based, structured VR methodology
that used data-based problem solving to reduce
variability in a primary metric. The primary metric
of focus for all manufacturing lines was run rateo

The intent of VR was to train the operations teams
(primarily pressmen and bindery operators in manu­
facturing) to establish a standard process, identify
and e1iminate sources of variability within their con­
trol (stabilize the process), establish the daily disci­
plines necessary to sustain the improvements over
time (hallrnark 5), and create an environment to
facilitate step-change improvement through Six
Sigma projects. In other words, "squeeze the varia­
bility out of the process." See Figure 1 for a graphic
representation of primary metric performance
pre-VR, with VR, and with Six Sigma.

This approach, which aligns with ]uran's trilogy
(Iuran and Godfrey 1999) of quality planning, quality
control, and quality improvement, has many advan­
tages (Ede1son et al. 1992):

• Many people can participate in the work.
• Efforts to standardize and stabilize the process

yield fast and efficient results as many, even hun­
dreds of variables become more stable.

• It rare1y requires capital or incurs risk.
• Standardization and stabilization of the process

results in a lower noise environment for exper­
imentation and more complex methods of under­
standing sources of variation (for which Six
Sigma is well suited).

The VRdesign team recognized that in order to effec­
tively deploy and sustain VRthroughout the organiza­
tion, a system would need to be defined and
implemented to guide implementation. No such
system currently existed within the organization.
Based on the design team's understanding of
employee engagement and continuous improvement
concepts, past experiences with other improvement
approaches, and back-and-forth discussion during
the S-day work session, the team identified and
defined seven e1ements to be included in the method­
ology for effective implementation:

1. Linkage to the business strategy-Improvement
opportunities using the methodology are priori­
tized based on linkage to the business strategy
and annual plans.

2. Roles and responsibilities--An organizational
structure to support the tasks associated with the
methodology are defined and incorporated into
daily work.

3. Performance tracking-The methodology includes
metrics and reporting using a standard report cardo

4. Documentation-A mechanism to capture, docu­
ment, and share best practices associated with
the methodology is incorporated into implemen­
tation plans.
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5. Training-Deployment of the methodology
inc1udes a common training curriculum and
certification of trainers.

6. Audit-The methodology inc1udes an assessment
process to hold individuals and teams accountable
for results and ensure long-term sustainability.

7. Certification-A process to qualify and recagnize
individuals and teams for successful implemen­
tation is incorporated into the deployment of the
methodology.

These e1ements provide a strategy to guide the use of
the data-based tools in reducing variation (aspect 1).

Details of how these seven elements were imple­
mented in VR are discussed below.

1. Linkage to business strategy. Opportunities for
using the VR methodology (initially press and fin­
ishing línes) were prioritized based on savings
potential, capability to meet current and future cus­
tomer demand, capability to meet other business
demands, and the availability of resources. The
continuous improvement director in each business
unit was charged with leading this prioritization
process with plant management during the annual

budget planning process. Implementation at a
single plant was typicalIy staggered so as not to
task common resources (for example, HR, engin­
eering, maintenance, and information technology).

2. Roles and responsibilities. Management commit­
ment and involvement was recognized as a key
component to VRsuccess. The manufacturing vice
president for each business unit was identified as
the VR sponsor and coached by the continuous
improvement director for the business unit. The
department manager was the VR champion and
the process supervisor was the VR team leader
and coach. In keeping with the concepts that the
natural work team that operates the process on a
daily basis is best suited to address unmanaged
sources of variation because they understand the
cantext of the data and the variability in the pro­
cess, members of the operations team (for
instance, pressmen from each shíft) formed the
VR team. A plant Six Sigma Green Be1t was
assigned to the VR team as a data analysis
resource. Support was also provided from HR,
engineering, maintenance and information
technology (IT) as needed. Roles, responsibilities,
and deliverables were integrated with daily work
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FIGURE 2 Graphical representation of VR visual display.
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FIGURE 3 Alignment of VR phases with Six Sigma DMAIC
phases.
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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 BINDERV UNE

5

FIGURE 4 Bindery line delay Pareta 30 days after standard
process implementation.
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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,
inc1uding line speed for different types of magazine
jobs. This standard process was documented in work
instructions that were used to train allline 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 de1ay Pareto shown in Figure 4 for the last 30
days of production.

From the de1ay 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

Once verified, methods were put in place to control
the improvement over time. The control methods
inc1uded additional work instructions and training,
workplace organization, mistake proofing, new
gauging, and, where practical, automation.

Given the educational and statistical background of
the majority ofVR team members, simple analysis and
graphical tools that could be quickly and easi1y
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 (Ql/Q3), referred to as VR ratio. The VRratio
could easi1ybe ca1culated by hand or with the use of a
ca1culator or Exce1. 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 VRratio as a mea­
sure of improvement became apparent, especially its
lack of sensitivity to removal of special causes of
variation. With the help ofIT resources, the ca1culation
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 ofvariation, 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. Sorne
members of the VR teams became Six Sigma Green
Be1ts, expanding their tool kit, and worked with their
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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 S.

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,

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 assocía­
ted downtime. Further testing by engineering and
maintenance quantified the allowable vacuum drop
at the sucker cups. In arder to give bindery operators
the ability to measure and control the vacuum drop
on-Iine 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 planto 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

Delay Pareto Chart· Current30 Data Points

20 -.----------j ~ ~~~~~rences [-- - - - - - -,- 800

Infeed high book jam effect multivoting resultsTABLE 3

Effect

Infeed trough
Not jogging signature
Infeed pin
Transfer setting
Curled paper
Packer setup
Feeders
Book size

Multivote count

90
72
68
60
56
48
36
32

% of Total

19.48
15.58
14.72
12.99
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10.39
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FIGURE 6 Bindery line 30-day delay Pareto after VR improve­
ments.
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