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LINE CHART


Purpose


A line chart is a graphic representation useful in comparing quantities or trends.  It is
made up of a series of data points along a line usually representing time.  It is a useful
outline of data  that is easy to construct and allows for effective analysis of trends
displayed.


Single Line Chart-  The most simple of charts which shows the changes in values over
time.  The use of a line to connect data points is useful in visualizing trends and areas for
further research or consideration.


Multiple Line Chart-   Like the single line chart, this chart displays comparable values
over a period of time.  Several units are displayed allowing analysis of a several trends and
comparison of several groups of data together.
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 Process


1.  Select the item or items you wish to track over time.


2.  Decide if a single or multiple line chart is most appropriate to display desired data.


3.  Decide how many categories you want to show on the horizontal line (X axis) of the
line chart.


4.  Choose a scale for the vertical line (Y axis)  that is at least one-third higher than the
highest value to be displayed.  Since the top of the chart may not indicate anything
significant, do not give the impression that the data is filling a required space or achieving
some goal unless that is the intention of the chart.


5.  Plot the data points on the chart then connect the data points to create a line.


6.  Clearly label each axis of the chart along with the scales used to display the data.  Be
sure to include a descriptive title of the chart and other helpful information for the person
who needs to understand the chart.
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Examples


Single Item Line Chart
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Multiple Item Line Chart
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Key Points


• The use of spreadsheet software will greatly simplify the use of these charts.  Scaling is
automatic and most software will systematically carry the user through development of
the chart.


 
• Construct the chart carefully and clearly.  It is easy to distort or conceal data through


the selection of the categories or the range of the interval along the (Y) axis.
 
• If using a multiple item line chart, a maximum of three will increase understanding of


the chart.  The black line on the chart carries the most emphasis and should contain
data for the main item displayed such as the department in question as compared with
others.


 
• If the line chart tracks data over time, attempt to use the most current data to present


the results.
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MANAGEMENT PRESENTATION
CHECKLIST


Purpose


The management presentation checklist is a listing of key points to remember and do to
assist in a team’s successful  “selling” of  ideas to the process owners or others in the
decision-making process.


It is used by teams prior to presentation of team findings.  It contains a list of items needed
in the briefing room, arrangements for the room, and scheduling of personnel.


PRESENTATION


*  GOALS


*  OBJECTIVES


*  ACTIVITIES
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 Process


1.  Assign presentation responsibilities and ensure that all team members have a role in the
meeting.  It is crucial that all members be included since each person shares the
responsibility for the materials to be presented.  Assignments might include logistics,
attendee scheduling, flip chart and overhead projector, key presenter, additional presenters
as needed, and overall coordination.


2.  Reserve a room for the presentation.  The room should be large enough for all planned
attendees.  It should not be so large as to lose the intimacy needed for effective
interaction.  The room should also, if possible, be physically located as close as possible to
the key decision makers.


3.  Invite all key decision makers, the process owners, and others that have a stake in the
recommendations to be presented.  The invitation may be by memo, phone call, e-mail, or
other means appropriate to the work group involved.


4.  Plan the presentation and determine the important data.  Determine how the data will
be presented.  Plan handouts, flip charts, overhead projector, marking board, presentation
software, slides, etc.


5.  Reserve all needed audio visual equipment.


6.  Prepare all materials to be presented.


7.  Prepare script for the presentation.


8.  Conduct one or more walk-throughs of the presentation.  The first can be stop-and-go
with suggested improvements and order.  The last should include all team members with a
“dress rehearsal.”  Comments and corrections are made at the end of the presentation.


9.  On the day before the presentation, contact all attendees to remind them of the meeting
and confirm all audio visual equipment and the meeting room.


10. On the day of the presentation all members need to arrive early.  All materials, audio
visual equipment, and room setup are to be completed.  Arrange the room to maximize its
effective use.
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11.  Greet meeting attendees as they arrive.  Ensure that each attendee has a copy of a
prepared agenda for the meeting.


12.  Start on time, unless the key decision maker’s office calls asking for a temporary
delay of the meeting.


13.  During the presentation:
a.  introduce all team members, stake holders, and key decision makers
b.  speak clearly and slowly
c.  listen to questions carefully
d.  summarize recommendations simply and clearly
e.  outline next desired step
f.  end on time
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Example


PRESENTATION CHECKLIST
________________________________________________________________________


r Room reserved for meeting Room 163, ok, 7/1/97
________________________________________________________________________


r Key decision makers invited All except Joyce Ingram
________________________________________________________________________


r Presentation assignments made
________________________________________________________________________


r Presentation planned
________________________________________________________________________


r Audio visual equipment reserved From DOT Training
________________________________________________________________________


Presentation materials completed
________________________________________________________________________


Script for presentation made
________________________________________________________________________


Dress rehearsal conducted
________________________________________________________________________


Confirm meeting room
________________________________________________________________________


Confirm meeting attendees
________________________________________________________________________


All materials present for presentation
________________________________________________________________________


Room setup correctly
________________________________________________________________________


All team members present
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Key Points


• Ensure that the proper people have been invited.
 
• Begin and end the presentation on-time.
 
• Keep recommendations as short as possible.
 
• Avoid verbosity.
 
• Ensure that all team members are actively involved in the development of and


presentation of its recommendations.
 
• Check-Check-Recheck.
 
• When using audio visual aids that may fail, ensure that you have a backup means of


presenting  the team’s data.
 
• Remember, that this one presentation may be the only opportunity to “sell”  the


team’s process improvement ideas.
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MULTIVOTING (LIST REDUCTION)


Purpose


Multivoting or list reduction is a technique used to reduce a large list of items to a
manageable few.  It is often used to decrease the number of items identified during a
brainstorming session to a select few.   It allows all team members to have input on
deciding which issues are most important to the team as a whole.  It also facilitates
combination of ideas to make the remaining ideas more powerful and widely accepted by
team members.


Team Name: CPI Number of Participants: 10


Topic:  Lunch


Votes Per Item Per Round


List: 1 2 3


BBQ 3 4


Cafeteria 3 7 8


Chinese 4 3


French 1


Hamburgers 6 6 5


Hot Dogs 2


Ice Cream 0


Italian 1


Pizza 5 6 7


Sub Sandwiches 3 4
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Process


1.  Make a list of the items to be reduced
visible for everyone involved and review
with team members the process to be
used.


2.  Review all the items on the list to
ensure full understanding by all team
members of all items to be voted on.
Several of the items may be combined if
they do not reduce the impact of either
item.


3.  First Vote.  Everyone is given the
opportunity to vote for the items on the
list that they consider most significant.
At this time, no weight is given to each
vote.  A team member may only vote
once for an item but may vote for as
many items as the like.  No lobbying,
discussion, or negotiation of voting.


4.  After the first round of voting is
complete, items with the larger number
of votes are circled.  The team will
decide at this point how many votes are
necessary to circle an item.


Example


1.  & 2.  Make List and Review:


Team Name: CPI Number of Participants: 10


Topic:  Lunch


Votes Per Item Per Round


List: 1 2 3


BBQ


Cafeteria


Chinese


French


Hamburgers


Hot Dogs


Ice Cream


Italian


Pizza


Sub Sandwiches


3.  & 4. First Vote and Reduce:


Team Name: CPI Number of Participants: 10


Topic:  Lunch


Votes Per Item Per Round


List: 1 2 3


BBQ 3


Cafeteria 3


Chinese 4


French 1


Hamburgers 6


Hot Dogs 2


Ice Cream 0


Italian 1


Pizza 5


Sub Sandwiches 3
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Process


5.  Second Vote.  All members are again
allowed to vote.  This time each team
member is allowed only the number of
votes equal to half the remaining list.  If
there are 6 items remaining, each team
member may vote for the 3 items they
consider most significant.   No lobbying,
discussion, or negotiation of voting.


6.  Continue to reduce the list using the
voting method of the second vote until
there are only from three to five items
remaining for consideration.


Example


5.  Second Vote and Reduce:


Team Name: CPI Number of Participants: 10


Topic:  Lunch


Votes Per Item Per Round


List: 1 2 3


BBQ 3 4


Cafeteria 3 7


Chinese 4 3


French 1


Hamburgers 6 6


Hot Dogs 2


Ice Cream 0


Italian 1


Pizza 5 6


Sub Sandwiches 3 4


6.  Third Vote and Reduce:


Team Name: CPI Number of Participants: 10


Topic:  Lunch


Votes Per Item Per Round


List: 1 2 3


BBQ 3 4


Cafeteria 3 7 8


Chinese 4 3


French 1


Hamburgers 6 6 5


Hot Dogs 2


Ice Cream 0


Italian 1


Pizza 5 6 7


Sub Sandwiches 3 4
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Key Points


• Never multivote down to one remaining item.  Voting down to one item creates a
winner/loser situation not desired for team dynamics.


 


• Make sure everyone has a clear understanding of how multivoting/list reduction
works before beginning.


 


• This process is used to reduce a list to critical remaining items.  Other tools can be
used to evaluate the remaining items.


 


• Work quickly with no discussion or negotiation unless an item needs clarification.
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NOMINAL GROUP TECHNIQUE
(NGT)


Purpose


Nominal Group Technique (NGT) is another form of brainstorming used to produce a
large number of ideas in a short time while  ensuring that all team members have an equal
voice in the development of a list.  NGT also is used to help reduce a larger list to one
that is more manageable.  It uses a system of voting to prioritize ideas and to weed out
those that fail to get enough votes.


NGT is most used to gain consensus from a team on the priorities of issues to be dealt
with by the team.


             A. 1  2  2  3  4  1  2          15
            B. 2  1  1  2  2  3  3          14
            C. 5  4  4  5  1  5  6          30
            D. 6  5  5  6  3  4  4          33
            E. 3  3  6  1  6  2  5          26
            F. 4  6  3  4  5  6  1          29
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 Process


1.  Write the goal, problem, or process to
be dealt with on the board so all
members can view them.  This ensures
that all team members can stay focused
on the topic and have a clear
understanding of what they are to do.


2.  Have each team member either say or
write the issue they think is the most
important to the written problem
statement.  Having team members write
their issue is useful if you have team
members that are uncomfortable stating
their views orally.  The quicker method is
to have all members state orally what
they think is the most important issue.


3.  Write all issues on a flip chart or
marker board for all to see.


Example


1.  Problem Statement:  What are the
issues that prevent customers from
leaving our offices with a “good” feeling?


2.  Collect Issues:  Since the team in
question is fairly new and have one or
two people who dominate, it was
decided to have all team members write
down what they think is the most
important issue that prevents a “good”
feeling by customers.


3.  Submitted Issues:  Since there are
seven team members, seven issues are
presented.


Price Resistance
Poor Location
Customer Service
Untrained Cashiers
Unfriendly Cashiers
Housekeeping
Crowded Aisles


 Process
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4.  Check with team members to make
sure there is no duplication of issues.  If
team members are saying the same thing
but using different words, those issues
can be combined with the consent of the
team members involved.


5.  Place a letter of the alphabet before
each remaining issue.  Members prepare
a vote sheet with the letter A through F
on a sheet of paper.


Example


4.  Eliminate Duplication:  Team
members that submitted issues of


unfriendly cashiers and untrained cashiers
both agreed that “untrained cashiers”
could encompass both issues.
The revised list-


Price Resistance
Poor Location
Customer Service
Untrained Cashiers
Housekeeping
Crowded Aisles


5.  Letters Assigned:
A.  Price Resistance
B.  Poor Location
C.  Customer Service
D.  Untrained Cashiers
E.  Housekeeping
F.  Crowded Aisles


     Vote Sheets:
A.  __________
B.  __________
C.  __________
D.  __________
E. __________
F. __________


 Process


6.  Each member votes based on what
they think is the most important issue
down to what they think is least
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important.  They record the vote on the
vote sheet with the highest number
(equal to the number of issues) next to
the most important issue down to a 1 for
the least important.


7.  Vote sheets are collected with votes
recorded where all can view the tallies.


8.  Add up total votes for each issue.


Example


6.  Recorded Vote Sheet:


A.  _____1____


B.  _____2____
C.  _____5____
D.  _____6____
E. _____3____
F. _____4____


7.  Tally Votes:


A. 1  2  2  3  4  1  2
B. 2  1  1  2  2  3  3
C. 5  4  4  5  1  5  6
D. 6  5  5  6  3  4  4
E. 3  3  6  1  6  2  5
F. 4  6  3  4  5  6  1


8.  Votes Added:


A. 1  2  2  3  4  1  2          15
B. 2  1  1  2  2  3  3          14
C. 5  4  4  5  1  5  6          30
D. 6  5  5  6  3  4  4          33
E. 3  3  6  1  6  2  5          26
F. 4  6  3  4  5  6  1          29


 Process


9.  Rank order issues from highest
number of votes to the lowest.  This
ranking will become the priority list for
dealing with the issues presented.
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10.  The number of votes for each issue
also indicates the strength of the issue as
compared to the other issues.  Those
items that are grouped closely  indicate
overall priorities.


Example


9.  Issues Rank Ordered:


Rank Votes Item
1 33 D.  Untrained Cashiers
2 30 C.   Customer Service
3 29 F.   Crowded Aisles
4 26 E.   Housekeeping
5 15 A.   Price Resistance
6 14 B.   Poor Location


10.  Indicated Strength:
The top four items all have
strong support from the team.
Perhaps those four should all
be dealt with simultaneously with
the last two dealt with later.


Key Points
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• For large lists of issues, perhaps over 10, use a “one-half plus one” rule in voting.  This
rule would mean that for a list of 20 issues team members would be given 11 votes
(20/2+1=11).  They would vote an 11 for the most important down to a one for the
least important.


 
• In a more detailed NGT process, team members would be asked to note a few items


that make each issue important.  This will help team members in ranking issues and
helps in later discussions about the results of the NGT.


 
• Be sure to double check all columns of the group tally sheet.  This will ensure that all


votes are recorded and that those votes are accurate.
 
• Effective use of NGT can eliminate a lack of commitment by team members to work


on the issues developed by the team.  Each member gave a vote to all the presented
issues, therefore they had input on the issues the team decided were most important.


 
• Prior to finalizing the priority list, the team should discuss the issues presented to


verify that they all have a clear understanding of the issues presented.  If a major
misunderstanding is found to exist, the team may return to the voting phase and re-
vote the issues.
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PARETO CHART


Purpose


A pareto chart is a form of bar chart ranking data in descending order.  It is used to
identify which problems, causes, or processes represent the greatest potential for
improvement.


A pareto chart quantifies either a problem or components of a problem.  It can be used to
measure the impact of process changes.  Pareto charts can be compared before and after
process changes.


Pareto charts take on two different forms depending on what data needs to be displayed
and the relationship of that data.
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Single (Y) Pareto Chart-  It shows the relative importance of each component ranked in
order from highest to lowest.


SINGLE (Y) PARETO CHART
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Double (Y) Pareto Chart-This chart shows the relative importance of each component
using a scale on the chart that displays the total frequency on the (Y) axis.  It also shows
the cumulative percentage of frequencies across the chart.  This percent scale helps
determine where to place corrective action.


DOUBLE (Y)  PARETO CHART
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 Process
1.  Determine the sources or components
of a problem.  These items may be the
result of data already available or
through effective brainstorming.


2.  Gather existing available data on all
components or problems.


3.  Decide on a standard for comparison
of measures.  These may be frequency of
occurrence, financial impact, time delays
involved, or other measures.


4.  Select a time period to be studied.
This period of study may be an hour, a
day, a month, or year.


5.  Gather the data desired based on
standards agreed upon over the time
periods selected.


6.  Compare the data collected for each
category.


Example
1.  Components of drivers license
transactions: Renewals Originals


Duplicates Permits
ID Cards Other
Endorsements


2.  Gather existing data:
Data not available for time period of
planned study.


3.  Comparison Measures:
Data will be gathered on the frequency
and duration of transactions.


4.  Time Period:
Period selected will be one week.


5.  Gather Data:
Teams sent to field to gather selected
data at a sampling of all sized offices.


6.  Compare Data:
Data compared to ensure collection
methods were the same for all personnel
doing the sampling.
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 Process
7.  List data categories on the left side of
a worksheet.  Next to the categories list
the impact or frequencies of the
categories listed.  Rank the categories in
descending order from largest to
smallest.  Construct a chart to display the
categories.    (In the example, only the
top three categories were used.
Normally all categories are used.)


8.  If cumulative percentages will add
understanding to the chart add them as a
second (Y) axis.


Example
7a.  List Categories and Frequency:


Using only top three categories-
Renewals 1631
Originals 800
Duplicates 546


7b.  Construct Chart:
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8.  Construct Chart (with percentage):
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Key Points
 
 
 
• Make sure the chart is labeled accurately and completely.
 
• A pareto chart, when analyzed correctly, will allow emphasis to be placed in the


correct areas.  Don’t  spend all your time trying to fix something that represents a
small percentage of all the issues being considered.


 
• A standard statement about pareto charts says “80% of all problems come from 20%


of all the causes”.
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PIE CHART


Purpose


A pie chart is used to show the proportional relationship of each part to a whole product
or process.   It is a very simple way of showing the relative values of the part to the whole.


Apple


Pecan


Peach


Cream


Other
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 Process


1.  Take all the data to be used as the
whole and determine the proportions of
each component of data.  Add all data
together to get the total then divide each
component by that total to arrive at a
proportion for each component.


2.  Multiply the product obtained in step
one by 360° to determine the number
of degrees of the circle each component
will occupy.


3.  Using a protractor measure off each
component degrees on a create wedges
that represent the components of the
whole.  Begin the first wedge at the 12
o’clock position.


4.  Label each wedge of the circle with
its component name.  As an option each
relative percentage of the whole can be
added to each label.


Example


1.  Calculate Proportions:


Owned 6 6/12=.500
Leased 3 3/12=.250
Donated 2 2/12=.166
Other 1 1/12=.083
  Total 12


2.  Calculate Degrees:


Owned .500x360° =180
Leased .250x360° =90
Donated .166x360° =60
Other .083x360° =30


3.  Measure Component on Circle:


180


4.  Completed Pie Chart:


Owned
50%


Leased
25%


Donated
17%


Other
8%
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Key Points


• The use of spreadsheet software will greatly simplify the preparation of these charts.
Scaling is automatic and most software will systematically carry the user through
development of the chart.


 
• Like most charts it is important to avoid making the chart cluttered.  The pie chart in


particular is not designed to convey great amounts of information.
 
• Several pie charts used together can be highly effective in presenting a simple


comparison of processes.
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Workbook), 1991


U.S. Department of Transportation, Federal Highway Administration, VE TEXTBOOK,
Publication FHWA-HI-88-047, Revised December 1992


State of North Carolina, Department of Human Resources,  Mastering Meetings
Workshop, (Participant Workbook), 1997


State of North Carolina, Department of Human Resources,  Tools and Techniques Pilot
Workshop, (Participant Workbook), 1996


State of North Carolina, Department of Transportation, Productivity Management
Section, Continuous Process Improvement Guide, 1997
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ROOT CAUSE ANALYSIS


Purpose


Root cause analysis is a technique used to help determine the root or basic cause of any
activity or problem being reviewed.  Many problems in the workplace are “solved” by
treatment of the symptoms of the problem, not the “root cause” of the problem.  The most
effective way to solve a problem is to first determine its root cause.


There are other tools that can be used in root cause analysis.  Described in another tool is
that of cause and effect diagrams.   It analyzes all the factors that work together to
produce an outcome.  The technique described here is the “Why” Technique.


The most simple technique used in solving a problem is to ask “Why?.”  This technique is
the first one used by children in problem solving.


WHY?


WHY?


  WHY?


WHY?


WHY?
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By asking  “why,” you can peel back the layers of an issues to discover the root cause of
that problem.  This may require that you ask “why” more than once, sometimes as many
as five times.  By continuing to ask “why” to each previous response, you can eventually
reveal the root cause of the problem.


The team should continue to ask “why” until there is no further question to ask, or that the
answer lies outside the control of the team or organization.  When asking why a retail
organization’s sales are lower than expected, an answer such as the public no longer
requires the product in question carries it beyond the retail sales staff’s control, therefore
asking “why” stops.


 Process


1.  Team develops a problem statement.


2.  Team asks its first question (this is the first layer) about that problem.


3.  If there is more than one answer to the first layer “why,” then multiple tracks must be
followed.  In the case of multiple answers, use a tree diagram to post the answers.


4.  Team continues to ask “why” until no answer is returned or the answer extends beyond
the teams control or organization.


5.  The final answer when reworded is the root cause of the problem listed in the problem
statement.
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Examples


EXAMPLE 1


Problem statement:  “Construction contracts are not completed on time.”


1st WHY aren’t construction contracts completed on time?
layer Because change order approvals are delayed.


2nd WHY are change order approvals delayed?
layer Because the approval process is too long.


3rd WHY is the approval process too long?
layer Because they must be reviewed by three different


people in Raleigh.


4th WHY must they be reviewed by three people?
layer Because it has always been done this way.


5th WHY has is always been done this way?
layer Because a three person review has been directed


by State contract law.


In this example the team has taken the “why” technique as far as possible for their
authority.  The solution of the root cause might be to review contract law and recommend
changes if appropriate.  The conditions that existed when the law was written may have
changed, or other effective control measures may be available elsewhere and already in
place.


Note that the response “Because it has always been done this way” was easily bypassed to
continue the root cause analysis.


EXAMPLE 2







CPI  TOOLBOX North Carolina Department of Transportation
Productivity Management Section


________________________________________________________________________


________________________________________________________________________


130  Page 2/20/98


Problem statement:  “Internal customer supply orders are not filled on time.”


Not enough Positions frozen
staff


Vacant position


Supplies not Order not processed Budget shortage
on hand


Vendor delayed
Supply
orders
are not Orders not Form not completed Lack of training
filled on complete
time Wrong items ordered Lack of training


Order never Customer forgot Lost order form
picked up


In this example, there are multiple answers to the “why” questions.  Use of a tree diagram
clearly outlined the root causes to the problem statement.  In the case of lack of training,
that issue was outside the control of the team trying to improve this process.  At this
point, the team could recommend training for the internal customers that this applied to.
For the answer of “positions frozen,”  that issue is outside the control of the team and they
must look elsewhere to solve the problem.  In the case of “vacant position,”  the team
could analyze why the position was vacant.  In the case of the “lost order form,” the team
could recommend a follow-up procedure for the supply room.
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Key Points


• The use of the “why” technique is only a tool for the team.  Their own application of
the technique can be customized to fit their own team skills and team dynamics.


• There are other tools that could help solve this problem.  A Check Sheet could be used
to collect data on the first level of causes.  Then, a pareto chart could help point to the
most significant “primary” causes.  This helps to focus the solution on the causes
which have the greatest probability of resolving the issue.  Thus, while doing root
cause helps to identify “possible” causes, it is often necessary collect factual data to
get to the best solutions.
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RUN/TREND CHART


Purpose


A run chart (aka Trend Chart) is used to display data over time.  It is a simple version of
a single line chart and is most used to determine if the long range average of process
indicators are changing or new trends developing.


Of all charts used to represent data, the run chart is the easiest to construct and to
interpret.  If  the process indicators are correct and nothing else changes, there should be
approximately equal number of data points arrayed both above and below the average line.
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 Process


1.  Determine units of time to be
displayed along the horizontal (x) line of
the chart.  These periods might be years,
months, weeks, days, hours, minutes, or
seconds depending on how data is
gathered.


2.  Determine units of measure for data
collected to be displayed along the
vertical (Y) axis.


3.  With the units of measure determined,
decide on a scale for the (Y) axis that
will fairly represent the data displayed.
The scale should be large enough so data
is not bunched at the bottom or top of
the chart.


4.  With the data gathered, place a data
point along the (X) axis at the
appropriate value on the (Y) axis.
Continue with all data displayed.


5.  Calculate the average of the data
collected.  Draw a straight line along the
(X) axis at the appropriate level on the
(Y) axis.  Add labels to increase
understanding.


Example


1.  Units of  Time:


Data collected is daily from Monday
through Friday of each week.


2.  Units of  Measure:


Data collected is for the number of
customer contacts (of all kinds) per day.


3.  Scale of Data Presented:


The largest number is 366 with 213 the
smallest.  A good scale might be by 100s.


4.  Array Data & 5.  Add Average Lines
and Labels:


Daily Customer Contacts
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Key Points


• The use of spreadsheet software will greatly simplify the use of these charts.  Scaling is
automatic and most software will systematically carry the user through development of
the chart.


 


• Collected data must remain in the order collected.  Since a run chart tracks data over
time, the sequence of data points is imperative.


 


• A marked point on the chart represents actual data collected for that period.
 


• If  five or more periods of data show a continuous increase or decrease, this is an
indicator that an important event took place to alter the data.  It may be the result of a
process change or other outside pressures.   This clearly indicates a need for further
investigation.  The number of periods reflecting this change is not necessarily five, it
depends on the frequency of data collection.


 


• When the number of points on one side or another of the average becomes more
weighted, this indicates a change in the average has taken place.  Thus, if an average
line was drawn on the chart prior to adding new points, the average must be
recomputed and will most likely change.


 


• If upper and lower control limits are statistically derived and used to monitor variation,
you will have constructed a Control Chart which is another tool in this publication.
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SWOT ANALYSIS


Purpose


The SWOT Analysis consists of an external scan and an internal assessment.  The
External Scanning Process is undertaken to identify the major threats and opportunities
that face the organization in the foreseeable future.  The Internal Assessment Process is
conducted to examine the strengths and weaknesses of the organization and its ability to
respond to threats and take advantage of opportunities.


Internal Assessment    External Scanning


Strengths Opportunities
Weaknesses Threats
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 Process


A SWOT analysis is simply a collection and review of information related to the external
and internal environment of an  organization.  To begin the analysis some basic decisions
need to be made concerning who will be involved, what needs to be assessed, what the
deliverables will be, and when it needs to be done by.  The Action Plan tool can be very
helpful in doing this.  Also, Brainstorming and Affinity can be used to identify the external
search areas.


A large list of questions is provided to assist with the internal assessment?  These
questions can be revised to better support the purpose of the assessment and the time and
resources available.  Unrelated questions can be deleted and more appropriate ones can be
added.


I.  External Scanning:


A.  Questions about conducting external scanning include:


1. Who should be involved in the analysis?
2. How will the analysis be organized?  (project team?)
3. What is the timetable?
4. What is the desired output?
5. How will the output be used?
6. What are the major search areas to scan?  (See Key Points at the end of this


tool.)
7. What and where are the relevant sources of information on each area?


B.  The external scanning process includes the following steps:


1. Collect information on the search area.
2. Identify mandates relative to each search area.
3. Identify forces and trends for each search area.
4. Identify opportunities and threats for each search area.
5. Analyze and interpret the information -- what are the possible scenarios that


could occur?
6. Produce outputs useful for decision-making and planning.


II. Internal Assessment:
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A.  Questions about conducting the internal assessment process include:


1. Who should be involved in the analysis?
2. How will the analysis be organized?  (project team?)
3. What is the timetable?
4. What is the desired output?
5. How will the output be used?
6. What and where are the relevant sources of information on each area?


B.  The internal assessment seeks to answer the following general questions:


1. What is the organization’s history?
2. Why does the organization exist?
3. What is its statutory authority?
4. What is its current mission or purpose?
5. What is the current level of performance and productivity?
6. What is the level of customer satisfaction with the organization?  (primary and


ultimate; current and trends)
7. What is the level of employee satisfaction?  (current and trends)


C.  The internal assessment should focus on the following broad areas:


Culture:


1. What is the organization’s paradigm?
2. What are the governing values?
3. What is the predominant management style?
4. How does the decision-making process work?
5. What is the level of commitment to the organization?  The customers?
6. To whom are the employees loyal?
7. How does the communication process work?  Is it open or controlled?
8. What is the capacity of the organization to grow and respond?
9. Can it assimilate or embrace change?
10. Can it sustain change?
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People:


1. How many staff are there?
2. How are they allocated?
3. How many are currently needed?
4. Are they appropriately classified and compensated?
5. What is the level of education and experience? Is it adequate?  (current and


trends)
6. What is the turnover rate?  (current and trends)
7. What is the level of staff knowledge, skills, and abilities?  Is it adequate?
8. How is the employee performance appraised?
9. What are the gaps in staffing related areas?
10. What is the grievance history?  Trends?
11. What system of rewards is in place?


Structure:


1. How and on what basis is the agency formally organized?
2. What is the informal structure?
3. What are the reporting relationships?
4. What is the span-of-control?
5. How are roles defined?
6. Are the roles understood?
7. How many levels exist?


Systems and Processes:


1. How is planning carried out?
2. How is work directed?
3. How is work controlled?
4. How are programs evaluated?
5. How can the organization’s policies and procedures be characterized?


Services, Funding and Outcomes:


1. What services are provided?
2. Which are mandated?
3. How are they funded?
4. What are the trends in services and funding?
5. What are the measures of efficiency?
6. What are the measures of effectiveness?
7. What are the outcomes of services?  (current and trends)
8. What is the level of employee satisfaction?  (current and trends)
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9. What is the level of customer satisfaction?  (current and trends)


Facilities and Technology:


1. What facilities does the organization currently have?
2. Are they adequate?
3. Is there a facilities plan in place?
4. What technology is currently available in the organization?
5. How is it utilized?
6. What are current needs?
7. Is there a technology plan in place?
8. What is the state of the art?
9. What are the gaps between what is available and what is needed?


Key Points


1. Other guidelines are available to assist an organization to conduct a self-assessment.
A very popular tool is the Baldrige Performance Excellence Criteria.  These Criteria
address both the internal and external operational environments.  A warning is that
these Criteria are very comprehensive and can be overwhelming.  However, if they are
approached in an organized piecemeal fashion, their degree of complication can be
greatly reduced.  The Criteria have been adapted for Public Sector use by the North
Carolina Quality Leadership Foundation.  Copies are available from that organization.


 
2. External Scanning Search Areas might include:


• Population characteristics such as migrations and demographics
• Economic trends
• Growth or other changes to the industrial base
• Relative technology changes
• Changes in travel/transportation habits
• Changes in customer requirements
• Political agendas
• Privatization and outsourcing trends
• Revenue forecasts
• Innovations in other state government agencies or like activities within and


outside of North Carolina
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SAMPLING


Purpose


A sample is any number of persons, objects, or events selected from a population.  The
goal of sampling is to obtain data about the characteristics of a group of individual cases
(the sample) that will allow us to estimate the value of those same characteristics for the
entire population.


When a team wants to understand the nature of a problem or process in a work
environment, it may need to draw a sample from the population.  Samples can be used
when a team wants to gather information about a population, but it is too expensive or
time consuming to collect data from every member of that population.
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If the team suspects that customers are dissatisfied with the levels of service they are
getting, you could ask a sampling of customers if they are satisfied with service.  If the
majority of the sample is dissatisfied, this would indicate that the majority of all customers
are dissatisfied.  The sample population used could help you identify a problem or process
that needs to be addressed.


Sampling is most commonly done when:


1.  It is too expensive to examine the whole population.
2.  Resources are not available to examine the whole population.
3.  When desired information is needed quickly.
4.  When there are too many items in the population to measure.


Sampling takes three major forms.


Simple Random Sampling-  Items are picked entirely at random from the entire
population with each item having an equal chance of being selected.  Random sampling
helps to ensure that the sample resembles the population as closely as possible and that
selection of items does not bias the sample.  Bias in a sample will lead to inaccurate
predictions about the population.


Example:  Names of the entire population are placed in a jar, someone reaches in the jar
and selects several.  Each member of the population has an equal chance of being selected.


Stratified Random Sampling-  Major components of the population are sampled
separately because of the differences in characteristics of parts of the population.


Example:  Sampling is broken into age categories when sampling about TV preferences.
Age groups have different interests in television viewing.


Systematic Sampling-  The sampling of some members of the population based on
discrete numbers assigned to a population member.  This method requires that the
population be arrayed with a specific number assigned to that item of the population.  It
should not be used if there is a belief that the population has been arrayed in any other way
than randomly.


Example:  When conducting a survey of employees, those employees with the number
seven as the last digit of their social security number might be selected.  Therefore, a
sample size of one in ten is selected with each person selected not based on any other
factor other than a number.
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 Process


1.  Review data desired from sampling.  Deciding what the team needs to know will help
determine the appropriate method of sampling to be used.  Part of the review would
include clarification of what population is to be sampled.  Is it the population of the State?
Are you only dealing with registered trucks permitted for 80,000 gvw?  Or does the
process in question only involve a specific work group in data entry?


2.  What are the available resources to conduct the sampling?  How many people will be
involved and how much will the sampling cost per sample collected?


3.  From statistical tables determine the level of confidence required for the data collected.
The higher the required confidence level the higher the sample size required to support
that level of confidence.  If you can conduct a sampling of the whole population, you can
be assured that the responses gathered will represent the responses of 100% of the
population.  For large populations this normally is not feasible.


4.  Does the data to be collected support stratified random sampling?  Are there
characteristics of the population that would indicate a need to stratify the population?







CPI  TOOLBOX North Carolina Department of Transportation
Productivity Management Section


________________________________________________________________________


________________________________________________________________________


140  Page 2/20/98


Example


1.  Team decides to take a work sample.  They have decided they would like to know how
many of each type of call personnel handle.  It was decided that the most appropriate
method of measuring the sample was to monitor calls.  The population they are dealing
with includes eighty customer service personnel.


2.  The team has a total of eight members available to conduct the sampling.  In order to
spread out the work and to get 100% involvement, all members would each conduct an
equal number of work samplings.  There will be no direct costs involved in this sampling.


3.  Due to time limitations, it has been decided that they will conduct a 20% sampling
which will give them adequate confidence that their sampling will fairly represent the total
population of customer service personnel.


4.  Since all eighty customer service personnel handle all types of calls, no stratification
appears to be present.


Key Points


• A sample, if selected correctly, should look like a smaller version of the entire
population from which the sample has been drawn.
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SCATTER DIAGRAM


Purpose


A scatter diagram is a graphic representation of the relationship between two variables.
It is used to show if there is a relationship or correlation between those two variables.    It
can also be used to test cause and effect relationships between those two variables.    It
cannot be used to prove or disprove the relationship between the variables, but can
validate the presence of a relationship and the strength of that relationship.
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 Process


A scatter diagram is set up with the horizontal (X) axis representing the value of one
variable and the vertical (Y) axis representing the other variable.


1.  Determine which two variables are to be plotted on the diagram.  These two variables
are the ones to be tested for their relationship.


2.  Obtain raw data for the variables in question.  Each sample will contain one of each
variable and will become the data points to be plotted.   The larger the number of data
points collected the more confidence in the scatter diagram.


3.  Determine the high and low values of each group of variables.  This will help determine
the scale of both the horizontal (X) axis and the vertical (Y) axis.


4.  Draw an (X) and (Y) axis of equal lengths and label them from left to right and bottom
to top with values that will include all data points.  Be sure to label both the (X) and (Y)
axis.


5.  Plot all data points on the diagram.  Where data points are the same draw a circle
around that data point each time it is repeated.


6.  Identify and classify the pattern of correlation found.  (See correlation examples next.)
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Examples


E1.  Positive Correlation-  As the (X) axis variable increases, so does the (Y) axis
variable.  A cause and effect relationship probably exists.


Positive Correlation
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E2.  Possible Positive Correlation-  As the (X) axis variable increases, usually the (Y) axis
variable also increases.  A cause and effect relationship may exist.


Possible Positive Correlation
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E3.  No Correlation-  There is no systematic change between the (X) axis variables and
the (Y) axis variables.  There is probably no cause and effect relationship.
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E4.  Possible Negative Correlation-  As the (X) axis variable increases there is usually a
decrease in the (Y) axis variable.  A negative cause and effect relationship may exist.


Possible Negative Correlation
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E5.  Negative Correlation-  As the (X) axis increases there is a decrease in the (Y) axis
variable.  A negative cause and effect relationship probably exists.


Negative Correlation


0


20


40


60


80


100


120


140


160


0 10 20 30 40


Driver Age


A
cc


id
en


ts
 p


er
 1


00
0


Key Points


• The use of spreadsheet software will greatly simplify the use of these diagrams.
Scaling is automatic and most software will systematically carry the user through
development of the chart.


 
• A scatter diagram may tell you that the (X) and (Y) values may be related, but it


cannot prove or disprove a cause and effect relationship.
 
• For a scatter diagram to be effective collection of at lease 30 data pairs [one (X)


value and one (Y) value] must be displayed on the diagram.
 
• Applied statistical techniques (Correlation and Regression Analysis) can be used to


test the strength of relationships and develop predictive models.  Seek assistance with
these techniques if you fell the analysis will be helpful to your investigation.
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ACTION PLAN


Purpose


An Action Plan is a detailed technique that documents and organizes the schedule, events,
activities, and responsibilities for the steps necessary to complete a project or implement
the team’s problem solution or process improvement.


Action Plans are useful in the coordination of the team’s efforts and in the scheduling of
any team project.  They are also used to help the team explain its project or
implementation plan to management and other involved individuals.


An Action Plan can be organized or formatted many different ways, but all action plans
should answer:  Who?  What?  When?  Where?  How?


                                      Who?


What?


Where?


When?


How?
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 Process


1.  Analyze the project and break it down into achievable steps.


2.  Consider the number of people and other resources involved at each step.


3.  Identify any additional factors that will impact the completion of that step in the
process.  (The team may consider brainstorming to develop a list of significant factors
followed by a Force-Field analysis to categorize the factors into drivers and restrainers.)


4.  Select a team member (or members) to be responsible for each step.


5.  Determine how long each step will take and set a realistic completion date.


6.  Include any assumptions on which the plan is based and clearly label the plan.


7.  Follow the project through its completion, monitoring progress based on the schedule
in the Action Plan.


Example


ACTION PLAN


Action to Responsible Expected Actual Resources Other
Be Taken Person Completion Completion Needed Comments
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Key Points


• Action Plans can be used by individuals, groups, or teams.
 
• An Action Plan may be as detailed as needed to ensure that all desired objectives are


accounted for in the plan.
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AFFINITY DIAGRAM


Purpose


An Affinity Diagram is used to help organize large numbers of ideas or data into
manageable groupings of information.  It is commonly used during brainstorming  or
other information gathering work sessions.
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 Process


1.  Begin by writing the issue to be considered on a flip chart for all to view   In
developing the issue statement ensure that the statement is both neutral and concise.  An
example might be “What tasks need to be done to implement this change?”  Allow for
discussion and editing to ensure consensus support is attained for the final version.  (  See
example A)


2.  Conduct a brainstorming session to address the agreed on issue statement.  Each team
member identifies characteristics that positively support the objective issue and records
each issue on “post it” notes or similar paper large enough for all team members to read.
Ideas should be concise and be limited to between five and ten words.  Ensure ideas are
worded to avoid vague responses.  Instead of “better roads” consider something more
concise like “wider paved shoulder surfaces.”  Another example might be instead of
“shorter lines” use “waiting line of not more than ten minutes.”  All ideas are accepted
without criticism and without editing by the recorder.  There is generally little or no
discussion during this process.  ( See example B)


3.  After all ideas have been submitted, have the team members post them on a wall or flip
chart so that all the ideas can be viewed by all team members.


4.  Have team members gather around and group sheets that are related in some way.
They may be on the same topic, effect common work groups, or some other criteria that
links the sheets together.  If one or several sheets are not connected with any others, allow
them to stand as separate groups on their own.  If one idea seems to belong in more than
one group, duplicate the idea and put it in both places.(See example C)


5.  Look through the sheets in each group seeking for the one sheet that contains the main
idea of that grouping and ties the other sheets in the grouping together.  This sheet
becomes the header sheet and is placed on top of the other sheets.  If a grouping does not
contain a header sheet that is all-encompassing, create one and use it for the header sheet.
(See example D)


6.  When the organization in step 5 is complete, look at the header sheets and place related
groups side-by-side on the wall.   Cascade sheets belonging to each grouping under the
header sheets.   Prepare new header sheets to group several groupings into
“superheaders.”  (See example E)
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7.  The process is now complete.  The components of the issue statement have been
clearly organized and presented for further analysis by the team.


Example


Example A:


What tasks need to be done to implement this change?


Example B:


Idea #1 Idea #2 Idea #3 Idea #4


Idea #5 Idea #6 Idea #7 Idea #8


Idea #9 Idea #10 Idea #11 Idea #12
Example C:
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              4                                        1                                             7


         8                                        10           5                               9
12                                                                                     6


                                                            11


          3                                         2


Example D:


              12                                        11                                             Wait


         8                                        10           5                               9
4                                                                                     6


                                                            1                                        7


          3                                         2


Example E:


                  Quality                                 Wait                                   Value


      12                         3                   Wait                11                            2
       8                                                 9                    10
       4                                                 6                    5
                                                          7                    1
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Key Points


• Use of large post-it notes will help speed up display of statement sheets.
 
• If one person wants to move a sheet from one group to another, let them do it.


Eventually consensus in the organization will emerge.
 
• If two items are alike and both team members who submitted them agree, combine the


items.


• During the brainstorming session, encourage independent thought to avoid “Group
think.”  There is generally no discussion or evaluation during this step.
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SURVEYS


Purpose


A survey can be defined as a structured method of obtaining data and measuring
performance of a work group or to gauge customer satisfaction with a product or service.


A survey is useful whenever quality or process improvement may be desired.  The data
collected can be used to identify opportunities for improvement or indicate that no
changes are necessary.  They are especially important in the phases of quality
improvement, process improvement, and problem solving when problems, solutions, and
customer requirements must be identified and selected.
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Only by gathering data related to the customers’ expectations, specifications, and
satisfaction with the product or service can the team begin to work toward improving
customer service and satisfaction.


Surveys take on countless forms and styles.  The most important issue to consider in
developing a survey are that the questions must be easily understood by the customer; the
survey must be organized and logical in presentation of questions and response prompts,
and the format must be uncluttered and pleasing to the eye.  For self-administered surveys
(an oral interview of a customer), form is not important, but the questions must proceed in
a logical order and allow the interviewer to maintain a comfortable rapport with the
customer.


 Process


Although surveys appear on the surface to be simple to create and administer, they require
many decisions, each of which can affect the accuracy of the results.  However, as difficult
as it is to develop an accurate survey, the quality of the data they provide will justify the
work.


1.  Identify the customer.  It is important to remember that the “customer”  refers to
anyone in the work process who receives a product or service from someone else in the
process.  This might be a clerical person in one department, a supplier, or manager in
another department.  The customer is not just the end user of the product or service.


2.  Determine who will be surveyed.  Who is to be surveyed is as important as what they
are to be asked.  The data source can be as important to your understanding of the results
as is the raw data collected.  A random sampling of a representative number of each
customer population should be surveyed.  If all customers, or customer groups, are not
represented in the survey sample, the results of the survey may not identify all of the
possible variables affecting the product or service.


3.  Determine the sample size.   The random sample must be large enough to assume the
average responses are representative of the average responses of the total population from
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which the sample was drawn.  In determining how large a sample would be effective,
consider the following:


a.  The unit cost of sampling,
b.  The cost of inaccurate estimates,
c.  The amount of variability of possible responses,
d.  The desired confidence level required for the sampling.


Statistical tables and formulas exist to assist in development of sample size required to
achieve the desired confidence level.


4.  Determine  what questions will be asked.  First, develop an outline of desired subjects
followed by careful selection of questions.  Each question should contribute to your
understanding of the process, product, or service in question.


The content of the survey should focus on the needs of the customer, their expectations
for services or products, and how satisfied they are with the service or product currently
being provided.  Survey questions should cover all relevant subject areas related to the
topic being researched.  Not only should questions related to all the issues be included, but
they should be presented in such a way that they identify both strengths and weaknesses.


The decision of which questions to ask customers will determine the quality of the data
collected and to what extent the results will help improve the quality of the process.  It is
important that all questions are worded very carefully.  If not worded properly, questions
can be misleading or confusing to the customer, they can lead to false results, or lead to
results that have no meaning.


5.  Write the questions as outlined in step 4.  Consider the following guidelines for proper
wording of survey questions.


a.   The questions should contain only words which are simple, direct, and familiar
to everyone who will be receiving the questionnaire.  Do not use job language or
jargon unless you are absolutely sure that everyone will understand it.


b.  The questions should be as clear and concise as possible.  Short words are
usually better than long words, and short sentences are better than long sentences.


c.  The questions should be specific.  For example, instead of asking “How long
have you spent on this project?” the more specific question might be “How many
hours have been charged against this project in the past fiscal year?”
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d.  Avoid “double-barreled”  questions.  For example, “ Are you dissatisfied with
your team leader and trying to get off the team?”  Since the question has two parts
it should be divided into two questions.


e.  The content of questions should be as neutral as possible.  The questions should
not influence the customer’s response to the question.  Instead of asking “How bad
is the condition of roads in your county?” try to ask, “How would you rate the
condition of roads in your county?”


6.  Decide on the most effective means of conducting the surveys.  There are three
methods of conducting surveys.  All three have their own advantages and disadvantages.


Telephone surveys are most useful when a quick turnaround is required.  It is also
useful  when there are many questions that allow for free response and where there
is easy access to potential survey respondents.  The cost of a telephone survey is
small but limits effective interaction between surveyor and respondent.


Self-administered surveys are useful when respondents are difficult to reach by
phone, there are visual aids to understanding questions, and the number of
respondents is expected to be large. Self-administered surveys have moderate costs
and large numbers of non-respondents.


Face-to-face surveys are best when the survey is long, requires visual aids to
understand questions, questions allow for free responses, and interaction between
surveyor and respondent will impact the quality of answers.  The face-to-face
survey is the best form but carries the highest cost and is limited in the number of
respondents.


7.  Once the surveys have been completed, data must be analyzed and presented in a
manner that will aid in the understanding of existing problems, identify improvement
opportunities, and uncover possible solutions.  Some of the most useful measurements that
can be applied to survey data include:


a.  Incidents of Satisfaction/Dissatisfaction per number of respondents.  This
simple measure shows how many of the survey respondents indicated that they
were either satisfied or dissatisfied with the issue of the question.  For example,
your survey asks respondents how satisfied they are with the digitized picture on
their new driver’s license.  Their responses are based on a scale of 1 (very
dissatisfied) through 5 (very satisfied).  The number of people responding with a 1
or 2 would indicate the number of respondents that were dissatisfied with their
picture.
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b.  The average response is simply the mean or average response to a question.  In
the above example we would take those same 100 responses and calculate the
average by adding up all the responses to the question and then divide by the
number of respondents (100).


c.  Another technique that could be used to analyze data would be to translate data
to percentage of respondents.  As in the example above we could calculate the
percentage of each response scale (1 to 5).  Each scale is calculated independently.
The responses may indicate 5% of respondents indicated a 1 (very dissatisfied),
10% selected 2 (dissatisfied), 40% selected 3 (neutral),  40% selected  4
(satisfied),  and 5% selected  5 (very satisfied).


Example


The following example questions were used for surveys of internal customers.  The survey
was conducted by a DMV process improvement team and was conducted face-to-face
with small groups of Drivers License examiners.  The questions were all open-ended with
the intention of eliciting free expression by the examiners.


1.  If you could design an ideal Driver License system, what would it be like?


2.  If an ideal system were not possible, what would you continue, start or stop
about the current system?


3.  What would you continue, start or stop about the supervisor’s role?


4.  How are you treated by your supervisor?


5.  What would you continue, start or stop about the administration’s role?


6.  How are you treated by the administration?


7.  What policies, procedures, laws and regulations prevent you from doing your
job as well as you would like?
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8.  What training do you need to enable you to do your job better?


9.  What are your opinions about these proposed changes:


a.  eliminating uniforms or going to more casual dress such as slacks and
blazers?


b.  implementation of a suggestion system?


c.  implementation of an employee recognition system?


d.  top managers performing front line work?


e.  part-timers; including greeters, photographers, special service for
elderly, etc.?


f.  displaying a “promise of service?”


g.  independent material and information site?


h.  leadership training for supervisors?


10.  What should you continue, start, or stop that would increase customer
satisfaction?


11.  What do customers expect?


12.  Give examples of customer service excellence you have experienced that
should be implemented by DMV?
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Key Points


• Survey programs may either be one-time events tied to a process improvement
initiative or may be on-going.  An on-going program allows an open channel of
communication with customers and can provide meaningful data that can be
incorporated into many stages of  continuous process improvements.


 
 
• For a survey of external customers, you should have the survey reviewed by The


Research and Policy Unit of DOT.  This unit can help to ensure that the survey is
appropriate, reflects the proper Department image, and is consistent with Department
goals.
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BAR CHART


Purpose


A bar chart is a graphic representation useful in comparing quantities.  It is made up of a
series of bars of uniform width but of heights proportional to the sizes of the different but
related data.  A bar chart is used to visually compare categories of data to one another.
It is also valuable for displaying the breakdown of data into its component parts.
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Standard  Bar Chart-  This chart, the basic building block of bar charts, is used to
portray a single type of data spread over some defined period or divisible units.  The most
common uses would be to display units of data over time.  It lends itself to quick
snapshots of data that are easy to understand and support other descriptions of data.


Standard Bar Chart


0


5


10


15


20


25


30


35


40


Ja
nu


ar
y


Fe
br


ua
ry


M
ar


ch


A
pr


il


M
ay Ju
n


1997


A
cc


id
en


ts
 P


er
 1


,0
00


 P
op


ul
at


io
n


Age 16-20


Clustered Bar Chart-  The clustered bar chart is used to show the impact of sub-
components on the item being displayed.  In this chart, the sub-components of each bar
are displayed as smaller bars bunched together into small groups or clusters.  These
smaller bars are usually distinguished by color differences or by shading but are grouped
together without spaces between them.  The only spaces in the chart are between the total
bar categories.  The clustered bar charts can be used to compare the relative contribution
of sub-units in a single period of time.


Clustered Bar Chart
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3-D Bar Chart-  Like the clustered bar chart, the 3-D bar chart is used to show the
impact of sub-components on the item being displayed.  The sub-components of each bar
are displayed behind each other in a staggered manner giving the 3-D appearance.  They
are usually distinguished by color differences or by shading changes.  The 3-D bar chart
is used to compare multiple sub-units over time.
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3-D Bar Chart


Stratified (Stacked) Bar Chart-  The stratified bar chart is used to show how each bar or
item varies in composition.  The sub-components of each bar are stacked on top of each
other in order to create the total bar.  The various components are displayed in proportion
to the unit that they represent.  Stratified bar charts are used to compare the relative
contribution of units across time.


Stratified (Stacked) Bar Chart
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 Process


1.   Select the item or items you wish to track over time or compare in different areas.


2.  Decide which type of bar chart to use.  In addition to the simple bar chart, are the
clustered, 3-D , and stratified bar charts.


3.  Decide how many categories you want to show on the horizontal line (X axis) of the
bar chart.


4.  Choose a scale for the vertical line (Y axis) that makes it at least one-third taller than
the tallest bar.  Since the top of the chart may not indicate any significance, do not give the
impression that the data is filling a required space or achieving some goal (unless that is
the intention of the chart).


5.  Draw bars of equal width for each category.  The height of each bar should correspond
with the frequency of that item on the vertical (Y axis).  Make sure to leave equal spaces
between bars or clusters of bars.


6.  Clearly label each bar, cluster, category, or sub-component.  You should also label
each axis clearly, include a descriptive title of the chart, include time periods of the
measurements, and any other helpful information for the person trying to understand the
chart.


Key Points


• The use of spreadsheet software will greatly simplify use of these charts.  Scaling is
automatic and most software will systematically carry the user through development of
the chart.


 
• Construct the chart carefully and clearly.  It is easy to distort or conceal data through


the selection of the categories or the range of the intervals on the vertical (Y) axis.
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VALUE-ADDED ANALYSIS


Purpose


Value-Added Analysis is a technique to evaluate the individual steps or activities in a
process to determine if they “add value” to the output.  The technique explained here is
actually a combination of methods.  Applicable parts of a method called Value
Engineering are combined with a method typically called Process Analysis.  For a more
detailed description of Value Engineering refer to the VE Textbook listed in the
References section of this Toolbox.


Value-Added Analysis can be used to improve a current process or aid in creation of a
new process.
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 Process


1. Begin with a clear description of the process to be analyzed.  This will usually
require a detailed Flow Chart, identification of inputs and outputs, comprehensive
knowledge of equipment used, and clearly defined customer output requirements.


2. Keeping customer output requirements in perspective, work your way through the
individual steps in the process using the investigative questions as a guide.  It is important
to remain objective and base this evaluation on facts rather than opinion wherever
possible and practical.  The more costly the step or the more impact the step has on the
basic functions of the process, the more critical it is to conduct a data and fact-driven
analysis.


Investigative Questions


General:


⇒  What does it do?
⇒  Why does it work?
⇒  What must it do or accomplish?
⇒  How does it relate to other systems, units, or components?
⇒  What requires this step to be done?


Decision Points:


⇒  Does the decision point represent an appraisal, a review, or an inspection
which could be eliminated if prevention were built into the process at an earlier
point?


⇒  Is this a necessary decision or can the process proceed without a decision here?
⇒  Is there repetition of decision points within the process?
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Value-Added:


⇒  Does each activity within the process add value to the output, the product or
service which the customer receives?


⇒  Is the activity necessary to meet the customer’s requirements and expectations?
⇒  Would the customer be willing to pay for that step of the process if the


customer knew it existed?


Activity Flow:


⇒  Does the process move frequently back and forth between various units of an
organization?


⇒  Can any of these movements be eliminated?


Duplication of Activities:


⇒  Are some activities duplicated or repeated?
⇒  Can any activities be removed from the process while meeting the customer’s


valid requirements for outputs?


Time Required:


⇒  What is the time required for each of the steps or activities within the process?
⇒  Can the time be shortened for any of the steps or activities?
⇒  Is unnecessary time wasted on transportation, storage or delays?
⇒  How much time is used between activities?
⇒  Can time between activities be reduced?


Materials:


⇒  Are the supplies and materials used in the activity effective?
⇒  Have new materials been developed that would perform the function for less


cost?
⇒  Have there been any price, delivery, or quality problems?


Technology:


⇒  What is the cutting edge technology for this process?
⇒  Is there a related technology which could be adapted to improve this process?
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Process Users:


⇒  Why are you doing this?
⇒  What document controls this activity?
⇒  How were you trained?
⇒  Was the training adequate?
⇒  How do you know you are performing the activity correctly?
⇒  Where do you get the inputs you need to perform this activity?
⇒  What types of errors come to you?
⇒  Do you have any problems related to this activity?
⇒  What makes the job difficult?
⇒  Do you have any suggestions which would improve this activity?


3. Use the responses to the investigative questions to identify additional information
needs and focus on improvement opportunities.  There are several techniques in this
Toolbox for developing selection criteria and prioritizing opportunities.  There is also a
section of the CPI Guide which provides help with problem solving activities.


Key Points


• Value can be viewed as a relationship of functionality or effectiveness over the 
cost.


Functionality
Value =        Cost


• Thus, the value of the output can be increased by either reducing costs or 
increasing the effectiveness or functionality of the output.  Therefore, when 
considering changing a process through value-added analysis, you should be 
evaluating alternatives based on their impact on both efficiency and effectiveness.  
Achieving a minor increase in functionality at a major cost may not be justified.  
Whereas, a major increase in functionality with a minor cost could easily be 
accepted.
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WEIGHTED VOTING
 (LIST REDUCTION)


Purpose


The process of weighted voting is a means of quantifying various alternatives developed
by team members.  Like multivoting, weighted voting helps reduce a larger list of
alternatives to a smaller list.  It allows all team members to have input on deciding which
issues are most important to a team as a whole.


Weighted voting does not make decisions.  It acts only as a means for team members to
express where they stand on an issue and the strength of their position.  A system of


Team Members: Option 1 Option 2 Option 3 Option 4
Cynthia 1 1 3 1
Donald 2 1 1 2
Glenn 3 1 0 2
James 1 1 2 2
Nancy 1 1 3 1
Odessa 1 2 1 2
Ron 0 0 4 2
Walt 1 2 1 2


Totals: 10 9 15 14
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voting is critical for teams to obtain consensus to assure that all views are shared and have
equal value.


 Process


1.  On a chart list the options being considered across the top of the chart with the team
members’ names down the left side of the chart.


2.  Review all the options included on the list to ensure all team members have a clear
understanding of each.


3.  Each person is given a number of votes equal to about 1 and 1/2 times the number of
options.  If you have four options, each member has six votes.


4.  On separate sheets of paper have each team member distribute their votes according to
their own preferences.  Encourage members to spread their votes for more than one
option to show their relative feelings about each option.  If a team member is sold on
option one but could support options two and three, he/she may spread votes as follows:


Option 1 4
Option 2 1
Option 3 1
Option 4 0


Analysis of this vote would indicate that they strongly support option one at four times
that or option two and three.  The team member does not support option four.


5.  Record votes for each option on the chart.  Record votes one option at a time.  Ask
each team member how many votes for the option under review.  Continue until all votes
and options are covered.


6.  Sum the totals for each option.  The relative values of the totals will give an indicator
of where consensus may already occur or to help further reduce options.
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Example


Below is displayed a completed chart for a team using weighted voting.  The team
consisted of  eight members with four items for consideration.  With four options to be
considered each team member had 6 votes.


Team Members: Option 1 Option 2 Option 3 Option 4
Cynthia 1 1 3 1
Donald 2 1 1 2
Glenn 3 1 0 2
James 1 1 2 2
Nancy 1 1 3 1
Odessa 1 2 1 2
Ron 0 0 4 2
Walt 1 2 1 2


Totals: 10 9 15 14


Key Points


• This process allows for development of opposing viewpoints.
 
• Team members need to spread their available votes based on their relative feelings


about each option.
 
• There is no discussion of options to sway other team members.
 
• Weighted voting does not make decisions.
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BENCHMARKING


Purpose


Benchmarking is the process by which organizations compare their performance in key
areas with that of other organizations, especially those that have a reputation for being the
best in a particular area of interest.


Product quality, services provided, business practices, customer loyalty, and customer
satisfaction are a few examples of where benchmarking may be applied effectively.  The
method provides an awareness of what “the best” are doing, how they are doing it, and
how well it is working.


Benchmarking provides the organization with valuable information.  It provides
information about achievable levels of performance.  By knowing the level of success
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achieved by another organization in a particular area, the organization is better able to set
high but achievable standards of performance.


Benchmarking can be used to help better understand work processes.  It is not enough to
simply ask how good a comparable organization is.  It is also important to find out how
and why they are so successful.  The purpose of benchmarking is not just to identify star
performers, but to help reach and exceed their level of performance in the benchmarked
processes.


Benchmarking is a valuable tool in the analysis of how well the organization is meeting
customer requirements.  Benchmarking is an important tool in CPI for several reasons:


CPI has customer satisfaction as an overall goal and defines quality as “meeting or
exceeding customer requirements the first time and every time.”  Benchmarking
helps formulate real-world guides as to whether or not customer requirements and
quality goals are being met.


If the results of a benchmarking activity show that some other division, agency,
state, or organization is meeting customer requirements better, then a change is
clearly called for.


Who Should Be Selected as a Benchmark?


One of the most frequently asked questions is how to identify organizations that excel in
those work processes that are similar to yours.  Private sector organizations often
benchmark a competitor who has a reputation for doing a particular process well.  Trade
journals, associations, and industry analysts are helpful sources of information.


Government agencies may benchmark other agencies within the state and agencies in other
states.  Information about possible benchmarking targets may be obtained through
national quality award committees, the state’s quality award organization, local quality
networks, or by direct contact between agencies.  However, it is not necessary to
benchmark against another governmental organization.  Public and private organizations
do have some like or similar functions or activities.


When a particular process is specific to a department or agency, it will probably be
necessary to check with counterpart departments in other states, particularly those who
have a reputation for doing it well.


It is important for participants to understand that benchmarking needs to be carefully
planned and implemented if it is to succeed.  It is not just a matter of making a few phone
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calls or visiting another state agency for a few hours.  It is also important to emphasize
that benchmarking asks two important questions:


1. How well is the process performed by those who are recognized as being among the
best?


 
2. How have they achieved that level of performance?


 Process


Benchmarking has been used extensively in the private sector as a part of quality
management processes.  The four stages of the benchmarking process are:


1. Plan  -  Decide what process is to be benchmarked, who is going to be benchmarked,
and how you will obtain information about the benchmarked organization.


 
2. Analyze  -  After the data are gathered, it must be analyzed.  The analysis of the data


is designed to shed light on such questions as:  Is the benchmarked organization really
better in the area of interest?  If they are, how much better are they?  What makes
them better?  What are they doing that we are not?  Could we do it that way?  Should
we do it that way?


 
3. Integrate  -  In this phase, the organization decides what changes have to be made,


who is going to be affected by the changes and what the standards for quality
improvement will be.  On the basis of the data analysis, decide what changes are going
to be made in the way work is done.  If the changes involve other people or additional
resources, this step includes communicating to them what has been learned and what
needs to change.  The support of key decision-makers is also sought to ensure the
availability of the resources necessary to accomplish the goals.  Together, a list of
goals can be established that take advantage of what has been learned from the
comparison to “the best.”


 
4. Act  -  The action phase involves taking what has been learned from the analysis of the


data and translating it into meaningful steps that the organization can take to close the
gap between current levels of performance and the performance level of the
comparable organization.  Action plans to achieve goals should be developed,
implemented, and evaluated.







CPI  TOOLBOX North Carolina Department of Transportation
Productivity Management Section


________________________________________________________________________


________________________________________________________________________


18  Page 2/20/98


Example


BENCHMARKING PROCESS MODEL


Plan 1.   Identify benchmarking subject


2.   Identify benchmarking partners


3.   Determine data collection method


4.   Collect data


Analyze 5.   Determine current competitive gap


6.   Project future performance


Integrate 7.   Communicate findings


8.   Gain acceptance


9.   Establish functional goals


Act 10.  Develop action plans


11.  Implement plans


12.  Monitor progress


13.  Recalibrate benchmark
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Key Points


• Determine how “world class” organizations perform similar type work and compare
that to the way your unit does work.


 
• Look outside your particular type of organization for possible benchmark comparisons


for a different perspective.
 
• Benchmark processes where the anticipated benefits of the improvements will justify


the expenditure of resources to study the processes and make the changes.
 
• Select processes that are important to the unit mission and to the customers.
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BRAINSTORMING


Purpose


Brainstorming is a technique used to quickly generate a list of ideas by a team to solve
problems or issues.  It is used to help a team or group to increase creativity and idea
generation in a very short amount of time by focusing on the quantity, not quality, of
ideas.


Brainstorming is used throughout the problem solving process whenever the team needs
to generate ideas quickly and effectively.  It is useful as a data-gathering technique to :


a.  Identify possible causes when constructing a cause and effect diagram.
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b.  Identify drivers and restrainers in force field analysis.


c.  Identify suppliers and both internal and external customers of a process or
organization.


d.  Identify other organizations appropriate for benchmarking.


e.  Identify possible solutions to problems or process improvement ideas.


f.  Any other time when a team needs to tap the ideas, expertise, and creativity of
the group.


What does brainstorming look like?  It is a fast moving, free flowing session pinpointing
wild ideas, creativity, leapfrogging (building or feeding on others’ ideas), and in some
cases a feeling of uncontrolled interaction.  The end result is a list of ideas, problems,
issues, and solutions that can be used as a starting point in further analysis.


There are three approaches commonly used in brainstorming sessions.  Each group must
understand before the session starts which approach the team will use in conducting its
brainstorming session.


Free Wheeling Brainstorming is the technique where participants call out their ideas
when they occur to them and in no particular order.  A recorder posts all ideas for
everyone to see as they are presented.


Advantages- very spontaneous
increased creativity
easy to leapfrog (build on) ideas


Disadvantages-strong individual may dominate
too many members talk at once
ideas may be lost in the overall confusion of the session


Round Robin Brainstorming is the technique that provides each individual an opportunity
to participate.  Each team member is asked, in turn, for an idea.  Members may pass on
any round as the session continues until all members have passed during the current round.


Advantages- difficult for one person to dominate session
discussion is more focused
all are encouraged to take part in the session


Disadvantages-difficult for some team members to wait their turn
loss of energy and spontaneity
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reluctance to pass
not as easy to leapfrog ideas


Slip Method of Brainstorming is a structured technique where each individual writes
down their ideas on small slips of paper or index cards.  The slips are then collected and
organized by the group.


Advantages- anonymity allows sensitive topics to surface
can be used with large teams or groups
not necessary for team members to speak up


Disadvantages-not possible to leapfrog ideas
some ideas may not be legible
difficult to clarify ideas


  


 Process


The typical brainstorming session consists of three phases:  1)  Idea Generation, 2)  Idea
Clarification, and 3)  Idea Evaluation.


1.  Idea Generation


• The team leader presents the topic to be brainstormed  The topic should be
stated in specific, precise terms, and should be visible to all participants.


 
• The team leader makes sure that the team understands the problem, the


objective of the session, and the method of brainstorming to be used.
 
• A team recorder writes ideas on a flip chart.  Only one person talks at a time to


ensure that the recorder is able to effectively record the idea presented.
 
• Team members begin generating ideas using the method selected for the


session.  Do not stop until all ideas are exhausted.  Idea generation sessions
should last no more than 10 to 15 minutes.  The time allowed will be flexible
depending on the energy of the session.


2.  Idea Clarification
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• Review the list for understanding and eliminate duplication.
 
• Do not discuss the ideas now.  Evaluation and discussion will occur in later


stages or in conjunction with the use of other tools.
 
• Clarification or modification of an idea is only done with the approval of the


idea originator.


3.  Idea Evaluation


• Review the list to eliminate irrelevancies or issues that are not related to the
predetermined purpose of the session.


 
• Idea evaluation is often performed in conjunction with other analytical tools


such as multivoting and decision matrix.  And, it may take place outside the
team meeting itself.


 


Example


Ideas developed during a brainstorming session on the purposes of a traffic signal.


1.  Stop flow of traffic
2.  Manage traffic flow
3.  Allow cross traffic right-of-way
4.  Allow pedestrians safe passage across roadway
5.  Test for color blindness
6.  Restrict speeding
7.  Exert governmental control over citizens
8.  Provide for safe left turns against traffic
9.  Test brakes in case of an emergency
10. Absolutely nothing at all
11. Add color to an otherwise boring drive
12. Give State traffic services people something to do
13. Prevent accidents
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Key Points


• Brainstorming Rules


*  Clearly state the purpose of the brainstorming session.


*  Record ideas where they are visible to the whole group.  Recorder writes down 
the words of the idea presenter unless the presenter agrees on an
acceptable paraphrase of their idea.


*  Build on the ideas of others (leapfrog).


*  Strive for quantity (not quality) of ideas.


*  Do not evaluate ideas, there are no right or wrong ideas.


*  Encourage presentation of wild or even impossible ideas.


*  Never criticize ideas.  Remember the goal is quantity not quality.


*  Everyone contributes
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CAUSE AND EFFECT DIAGRAM


Purpose


A cause and effect diagram (also known as a Fishbone Diagram or Ishikawa Diagram) is
a graphic illustration of the relationship between a given outcome and all of the factors
that worked together to produce the outcome.  The chart developed is most commonly
called a fishbone diagram and part of the cause and effect analysis.  The purpose of a
cause and effect analysis is to help a team solve a problem by identifying its possible
causes.


A fishbone diagram helps teams to reach a common understanding of problems and
exposes gaps in existing knowledge.  While they can be used at almost any point in the
problem solving process, fishbone diagrams are most commonly used to help analyze


                                      


 EFFECT


 CAUSES
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problems.  They are also frequently used to identify the factors that must be present in
order to successfully implement solutions.


The fishbone diagram is broken down into two major components.  The first is the effect.
The effect is what has happened or what is wrong.  This portion of the diagram is usually
known as the “head box” of the diagram.  The second component is the cause of the
problem at issue.  In order to develop a cause and effect diagram it is necessary to
determine what categories the causes will take.


There are three methods of developing the major categories of causes.


1.  You can review and include those appropriate categories taken from generic causes:


a.  Environment f.  People
b.  Machines g.  Plant
c.  Materials h.  Policies
d.  Methods i.   Procedures
e.  Money


2.  If you are working on a process, you may break down the process into its major steps
by creating flow charts.  Each of those major activities are then assigned a bone on the
fishbone diagram.


3.  You may also brainstorm possible causes.  After the brainstorm list is generated,
segment the ideas into major categories and use them as major bones in the fishbone
diagram.  A brainstorming session is useful in minimizing the possibility of overlooking
one or more possible causes.
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 Process


1.  Draw a blank fishbone diagram.  Start
at the right, building major categories to
the left.


2.  Write the problem statement in the
“head box” of the fishbone.


3.  Determine the major categories of the
fishbone that relate to the stated
problem.


Example


1.  Blank fishbone diagram:


2.  Record problem statement:


P R O D U C T
D E F E C T S


3. Major categories defined by use of
appropriate generic categories:


EQUIPMENT
PEOPLE
PROCESS
MONEY
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 Process


4.  Place identified categories on the
fishbone diagram with the most likely to
have caused the problem nearest the head
of the fishbone.


5.  Beginning with the most likely cause,
break that cause down into factors that
contribute to that cause.  This is not the
time to evaluate whether a suspected
cause is a true or root cause.  The goal
here is to identify possible or most likely
causes based on the knowledge or
experience of the team members.  Record
results on the fishbone.


6.  Continue until all major causes have
been broken down and recorded as in
step 5.  If sub causes are further broken
down list the lower levels under the sub
cause heading in a tree fashion.


Example


4.  Place categories on fishbone:


P R O D U C T
D E F E C T


E Q U I P P E O P L E


P R O C E S S M O N E Y


5.  Record factors of the main cause:


STAMPING MACHINE
   GEAR SLIPPAGE
      CHAIN
         SUPPLIER


E Q U I P M E N T


S T A M P I N G  M A C H .


G E A R  S L I P A G E


C H A I N  H A R D N E S S


S U P P L I E R   P R O B .


6.  Record balance of factors for each
main cause:


In this example it was determined that no
other factors contributed to the problem
statement.
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 Process


7.  Team takes further action to collect
data that supports or disproves causes to
the problem.  This could take the form of
interviews, root cause analysis, check
sheets, flow charts, etc.


Example


7.  The team decides to develop a check
sheet to collect data on the equipment-
related causes of the problem.  The check
sheet will record the causes over a period
of time as the problem occurs.  (See
Check Sheet in the Toolbox.)


Key Points


• The most common main causes (among the generic ones listed) are people, machine,
materials, methods, and environment.


 
• When using the fishbone diagram and during cause and effect analysis, you are listing


only causes, not symptoms.
 
• When asking “why”  or “how”  or “what” from the main category, the team can


identify possible causes which can help determine the root cause or lead to where
further analysis or data collection is needed.


 
• Try not to extend the diagram much past the control of the group or process owner.
 
• Ensure that there is team consensus on both the problem statement and finally its root


cause(s).
 
• Avoid jumping to solutions during cause determination and analysis.
 
• Be sure to collect factual data to verify or validate possible root causes.
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CHECK SHEET


Purpose


A check sheet is a simple form on which data can be recorded in a uniform manner.
Check  sheets vary in type, style and complexity from a simple tally sheet to a multiple
entry ledger.


A check sheet is used to systematically record how often certain events happen.  For
example,  the number of customers that arrive for service at different times of the day.  If
the categories are selected properly for a check sheet, data collected can provide an
objective means to make decisions based on the data collected.  A check sheet is among
the first steps in converting theory and opinions into facts that can be effectively analyzed.


ABC CHECK SHEET


1 2 3
                                  A b b b


                                  B b b b b


                                  C    b b b b b b
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Check  sheets are effective because they are a simple means of collecting data.  Most
check sheets require nothing more than a check or tally mark in an appropriate column or
block.


The most common types of check sheets include distribution check sheets, location
check sheets, cause check sheets, and classification check sheets.


Distribution check sheets are designed to gather data about how a variable is distributed
throughout the range of possible occurrences.  For example, a distribution check sheet
could be used to collect information about the number of people arriving for service at a
drivers license office at various times of the day.  Data collected in this sample could assist
in determining staffing levels at different times of the day.


Location check sheets focus on the actual physical location of a defect, error, or problem.
Although location check sheets are most commonly used in manufacturing, they are also
useful in helping to improve the quality of service delivery.  For example, at a rail station
serving the Piedmont train, we may want to know where passengers stand while waiting
for the train to arrive.  This information might be used to improve signage, place seating
options, or to reduce boarding time.  This check sheet usually contains a sketch of the
area in question and provides space to record where passengers are waiting.


Cause check sheets are used to count the frequency or causes to a particular problem.
For example, we may want to know the relative frequency of causes to customers being
rejected for service.  In our drivers license example, we may want to know how many
people fail to have proper identification, have a “stop” on their license, cannot pass the
vision, written or skills test, or don’t have the necessary fees.  This information would be
useful in directing problem reduction in areas where the causes are the greatest.


Classification check sheets are used to count the frequency of occurrence of major
classifications of service or product delivery.  We might want to know how many of each
type truck passes through the weigh stations.  This data might be used in changing
legislation to either increase or decrease the numbers of trucks passing through the weigh
stations.
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 Process


1.  Determine what kinds of data are to be collected.  What do we want to know about the
issue or process?  Ask the below listed questions.  By asking these questions you create a
set of categories that will help ensure that the data collected will address the majority of
data needs involved in the process or issue.


a. What happens ?
b. Who does it, receives it, or is responsible for it ?
c. Where does it happen ?
d. When does it happen ?
e. How often does it happen ?
f. How does it happen ?
g. How long does it take ?
h. How much (quantity) does it require ?


2.  Attempt to have those people responsible for gathering the data be involved in
developing the sheets used to record the data collected.  They are the people who know
the process the best and their input is essential.  Those people who use the sheets will also
be more committed to the data collection process if they helped design it.


3.  Obtain consensus from team members on what data are to be collected.  The team
needs to make sure that everyone is expected to be looking for the same things.


4.  Develop a sample check sheet to test the validity of the data to be collected and the
ease in use of the data sheets.


5.  Develop a header for the check sheet.  It should contain information on who collected
the data, where it was collected, when it was collected, and how it was collected.


6.  Develop the body of the check sheet.  Use the sample check sheet and comments.


7.  Decide on the time period during which data will be collected.  The time period
selected will involve cost of collection, time constraints, desired sample size, and
availability of personnel to collect data.
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8.  Collect data as planned by the team.


9.  Use data collected and other tools to interpret what the data say.  Check sheets
themselves are not designed to analyze data collected.  The data collected are transferred
to other analysis tools such as bar charts, histograms, pareto charts, line charts, etc..  By
analyzing  the data through other tools described in this toolbox, teams should be able to
discover why problems exist and make suggestions to fix them.


Example


Driver License Weekly Service Check Sheet


Facility:                                                                      Examiner:
Week Of:


Service Mon Tue Wed Thu Fri Total


Initial Issuance
Renewal Issuance
Reinstatement
Transfer
Duplicate
Voter Registration
CDL Issuance
CDL Reinstatement
CDL Renewal
Other:
Other:
Other:
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Key Points


• Check sheets should be well designed, easy to read, and clearly labeled.  This is
important since the data collected on check sheets are usually collected as the events
happen.  A simple form is necessary to facilitate accurate recording of those events.


• Ensure that the data collected are what you need to analyze the process.
 
• Record only necessary information.  Don’t attempt to collect data not specifically


related to the issues being studied.
 
• Make sure data measurements are accurate and related to the issues being studied.
 
• Remember that your sample may not be homogeneous (not from the same region,


different machinery, different service levels, etc..).  If not, it must be stratified or
grouped prior to data collection or at least prior to analysis.


 
• Keep it simple.
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CHECKLIST


Purpose


A checklist is an itemized listing of things still remaining to be completed or done prior to
the end of an event, step, or process.  Checklists are probably the  most widely used of all
analytical tools.  They are used by individuals and all types of groups to ensure needed
steps are completed.  The most common checklists are shopping lists or to-do lists.


It is used to systematically display and compare information gathered, track completed
tasks, to record data and to assist in analysis of a problem.  A checklist may also contain
who on the team is responsible for completion of an item on the checklist.


Grocery List


b   Milk
b   Hamburger Buns
b   Flour
b   Rice
b   Cereal
b   Onions
b   Apples
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 Process


1.  Gather all information needed to complete the task in question.  This may be the result
of a brainstorming session or other idea generation tool.


2.  Organize the data to ensure duplication is eliminated and that listed items belong on the
list in question.


3.  Question the items remaining on the list.  Are there other things that need to be
completed prior to doing each item on the list?  Add these items if necessary.


4.  Assign items remaining on the list based on team input.


5.  Where necessary, assign completion dates.


6.  Ensure that all team members have a copy of the checklist.


Example


Simple unstructured checklist.  This one prepared over time as items for the list are
discovered:


Grocery List


*  Milk
*  Hamburger Buns
*  Flour
*  Rice
*  Cereal
*  Onions
*  Apples
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More structured checklist.  Does include team members assigned and needed completion
dates.


Team Checklist


*  Schedule meeting room,  Angela, one week before next meeting
*  Obtain overhead projector, Terrance, for next meeting
*  Copy updated personnel roster, Jackie, for next meeting
*  Send out agenda to team members,  Robert, one week before next 


meeting
*  Research data on population trends, Katherine, for August meeting
*  Verify survey data against historical data, Terrance, for May meeting
*  Have report to team on population breakdown,  Clarice, for next 


meeting


Key Points


• There is no correct or incorrect method of preparing a checklist.
 
• A checklist could be items extracted from other sources such as process manuals or


technical publications.
 
• A checklist saves time and ensures completion of all needed tasks.
 
• Checklists may or may not be prioritized.
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CONSENSUS BUILDING


Purpose


Consensus Building is a highly interactive process utilized to develop high quality team
decisions with a high level of team member commitment.  It recognizes that all team
members may not fully agree with a decision, but based on the best information available,
can support the decision.  It is not a unanimous vote that the decision in question is the
best answer.  It does represent a decision by all team members to be bound by the decision
agreed to.


Consensus Building is a useful continuous process used throughout problem solving.  It
is most used when a quick, total agreement among members is needed.  It should always
be used when a group decision will have a major impact on the success of a process
improvement.
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In order for Consensus Building to be successful it requires, in addition to an open mind
by team member, skills in communication, the active participation of all group members,
and disciplined conflict resolution skills.  Consensus Building may be the result of
brainstorming, multivoting or nominal group techniques (all three are tools included in this
toolbox).


 Process


Since Consensus Building is a continuous process a step-by-step explanation of how to
use it would be difficult.    There are numerous contributors to Consensus Building,
among them are:


1.  Listen.  Be sure that each team member has a full understanding of what other team
members are saying.


2.  Contribute.  Share all relevant information even if it conflicts with personal interests.


3.  Inclusion.  Ensure that everyone is included in the decision making process.


4.  Evaluate.  Determine what points team members agree on and what points they
disagree on.  Spend time evaluating the differences.


5.  Time.  Don’t waste time discussing those points that team members already agree on.


6.  View.  Conflict about ideas, solutions, predictions and other items should be viewed as
helping rather than hindering consensus.  These conflicts help ensure that all sides of an
issue are explored to the satisfaction of all team members.


7.  Look.  Observation of both verbal and non-verbal signs from team members will help
determine when consensus has occurred.  In many cases a formal vote on an issue is not
necessary.


8  Compromise.  When used in Consensus Building, it doesn’t mean that a team member
will give up a position in exchange for support on another point.  It does mean that the
opinions of all team members are equally important, that each member will discuss an issue
with an open mind, and is willing to fully support a decision made by the team.
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Example


What Consensus Building is NOT:


It is not a unanimous vote;  consensus may not represent everyone’s first choice of
solutions.


It is  not a majority vote;  in a majority vote, only the majority get what they want,
people with the minority vote may get something they don’t want at all.


It is not a way to obtain TOTAL agreement among team members.


It is not useful when very quick action is necessary.  It may occur in quick action
situations when all team members agree that there is not enough time for true
consensus, but agree on an issue to expedite it.


Consensus Building is:


“I do not necessarily agree with the majority of the team, but have been convinced
by the team members that this decision represents the BEST solution to the
problem at hand given the available resources.”


“ I do not fully agree, but agree to be bound by and fully support the decision of
the team on this issue.”
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Key Points


• Separate the things agree upon from the things not agreed upon.  This helps the group
to see that essentially there is agreement on most of the issues and further allows the
team to focus on the points of disagreement one at a time.


 
• Determine each reason for disagreement.  While the process is going on, it is useful to


conduct analysis to crystallize the points of disagreement and open the team to new
solutions and options.


 
• Determine as a team what to do about things not agreed on.  Avoid bogging down or


dividing members by identifying available options such as 1) set aside an issue and
collect more data or opinions, 2) allow time for more reflection on the issues, 3) allow
time for getting used to an idea, or 4) to allow creative solutions to emerge over time.


 
• Poll the group at appropriate times to determine if consensus is reached on the issue


being discussed.  Then, move on to the next issue.
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CONTROL CHART


Purpose


A Control Chart is used to analyze and monitor the variability of a process over time.
This is accomplished by observing how the variability within the process causes the trend
line to fluctuate in relation to a pair of calculated control limits.


When the fluctuations within the process occur in a non-random pattern or go beyond a
control limit, the process is “out of statistical control.”  Non-random variation represents
an opportunity to improve the process and bring it into “statistical control.”


A process is said to be in a state of statistical control when the variation within the process
is consistently random and within predictable limits.
Control charts can help a group or individual:


X bar and R chart
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• Understand and recognize variability and how to control it.
 
• Identify the presence of “special causes” of variation or changes in performance of a


process, i.e., a shift in the process average, change in the variance, cyclic behavior, etc.
 
• Stop trying to fix a process that is varying consistently over time and objectively


determine the root causes of the problem.


Attribute Control Charts
Attribute data require a good/bad or go/no go decision and counting, e.g., type of defects
(non-defects), percent late or defective (not late), etc.  The formulas for developing these
charts are not given in this toolbox.  If you need to use this type of control chart, consult a
statistical reference book or contact the DOT Productivity Management Section for
assistance.


Variable Control Charts
X bar and R chart  is a two-part Control Chart used to monitor processes with variable
type data.  In general, variable data requires some form of measurement, e.g., length,
temperature, time, volume, pressure, etc.  This is the most common of all control charts.
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Interpretation of Control Charts


There are situations that indicate when a process may be out of control and the situation
should be investigated to determine the problem.


Points Outside of the Limit - Control limits are drawn to represent the boundary of the
natural variability of the process.


Run - A run is a series of seven or more consecutive points that occur on one side of the
center line.  Other runs include 10 out of 11, 12 out of 14, or 16 out of 20 points on one
side of the center line.


Trend - A trend is a series of seven or more consecutive points that steadily increase or
decrease.


Hugging the Center Line - Hugging is where 15 or more consecutive points occur
within the center third of the control region.  This may indicate a mixing of data from
different populations which results in control limits that are too wide.  The populations
must be separated before any interpretation is possible.


Cycling - A cycle is a consistent repeating pattern of variation over time.


Approaching Control limits - Two of three consecutive points lying in the outer third of
the control region.
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 Process


Construction of  an X bar and R chart
where data values are variable:


1.  Set up a distribution table of variable
data.


2.  Prepare a standard run chart to
display the data collected.


Example


1.  Data collected was for data entry
errors counted during quality control
inspections.


Week                           Errors
1 72
2 71
3 70
4 68
5 68
6 68
7 65
8 63


Total 545


2.  Run chart for data collected:
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3.  Calculate the mean for the data
collected.  The mean is equal to the sum
of all values divided by the number of
samples.  The formula used:


                       ∑ X
X  =  ----------


                         N


Where X     =  mean
∑ X  =  sum of values
N     =  number of values


4.  Calculate the standard deviation for
the data collected.    The standard
deviation is equal to the square root of
the difference between the sum of the
raw values squared, which is divided by
the number of values, less the mean
squared.  The formula used:


                    ∑ X2


SD  =          -------  -  X2


                      N


Where X2      =   mean squared
∑ X2   =   the sum of the


   square of each value


Example


3.  The mean for the data collected is as
follows:


∑ X  =  545 defects counted
N     =  8 weeks of data


                          545
X  =  ----------  =   68.13


                           8


4A.  Calculate the sum of the values
squared:


X                                 X2


72 5184
71 5041
70 4900
68 4624
68 4624
68 4624
65 4225
63 3691


545= ∑ X  37191= ∑ X2


4B.  Calculate for mean squared:


68.13  x  68.13  =  4641.7


 Process
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5.  Calculate upper control limits and
lower control limits.  The formulas are:


UCL  =  X  +  (3 x  SD)


LCL   =  X   -  (3 x  SD)


Example


4C.  Solve for standard deviation using
numbers solved above:


                    ∑ X2


SD  =          -------  -  X2


                      N


                   37191
SD  =          --------  -  4641.7
                       8


SD  =           4648.9 - 4641.7


SD  =            7.2


SD  =             2.68


5.  Upper and lower control limits
plugged into equations and solved:


UCL   =   68.13   +   (3 x 2.68)= 76.17


LCL   =   68.13    -   (3 x 2.68) = 60.09


 Process


6.  Draw control limits on the chart in
addition to the mean.
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Example


6.  Complete new chart:
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Key Points


• A Control Chart is used to track the trend or the performance of a process over time.


• A Control Chart can be used to determine if a process is “out of statistical control.”


• A Control Chart cannot tell you WHY a process is out of control.  A cause and
effect diagram, supported by data, can help you identify the special cause which is
affecting the process.


• A Control Chart helps you to identify the normal process variation, which is system
variation or random variation.  Thus, two processes with widely different ranges of
variation can both be in control.  This does not mean both processes are equally good.
The process with the least variation always will produce more predictable, dependable
results and therefore is a better process.
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COST BENEFIT ANALYSIS


Purpose


Cost benefit analysis is a process used to estimate economic factors (costs and benefits)
over the life cycle of the process or solution.  It attempts to include all costs and benefits
associated with the process or solution.  Comparison of the  total costs and benefits of
various solutions helps determine the most cost effective of the options considered.


Cost benefit analysis is used to make informed comparisons of possible solutions.
It induces the team to discover all the known costs and benefits associated and helps in a
decision to implement or not implement a possible solution.


Year Cost Benefit


1 33,900 49,000
2 28,930 49,000
3 28,930 49,000
4 28,930 49,000
5 28,930 44,500


TOTAL   149,620           240,500
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 Process


1.  Team may use the brainstorming
process to decide on both the direct and
indirect costs associated with each of the
proposed solutions.


2.  The team determines the cost of each
factor being considered.  For indirect
costs try to use a percentage of
“utilization” or use a best guess/estimate.


3.  Determine which of the listed costs
are recurring and which are one-time
only costs.  From this listing a new list of
costs for the second and later years is
developed.


Example


1.  Team decides on both direct and
indirect costs for proposed solutions:


a.  new equipment
b.  added personnel
c.  additional office space
d.  added supervision


2.  Cost of each factor:
a.  equipment


telephone    300
computer 3,000
desk 1,200
chair    500


b.  added personnel
1 clerical @ 18,000
+ benefits   6,000


c.  additional office space
100sf@12.00 1,200


d.  additional supervision
10% of 28,000=2,800
+ benefits      900


3.  Cost of each factor (2-5th year):
a.  equipment


telephone      30
b.  added personnel


1 clerical @ 18,000
+ benefits   6,000


c.  additional office space
100sf@12.00 1,200


d.  additional supervision
10% of 28,000=2,800
+ benefits      900
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 Process


4.  Team determines the benefits
associated with the solution in question.


5.  Team calculates and records benefit
data.  For indirect or intangible benefits
try to use a percentage or best estimate.


6.  Determine which of the listed costs
are recurring and which are one time
only costs.  From this listing a new list of
costs for the second and later years is
developed.


Example


4.  Benefits associated with solution:


a.  reduced overtime
b.  improved customer service
c.  reduced on-the-job stress


5.  Calculation of benefits:


a.  reduced overtime
2000 hours at $15 per
hour excluding  benefits  
= 30,000
+ benefits @ 33%=


10 ,000
b.  improved customer service


purely intangible=     0
c.  reduced on-the-job-stress


10% improved 
productivity  of 5
employees affected
18,000x5x 10%=


9,000


6.   Team determined that all benefits
occur in years 2 thru 5 except that
productivity gains might be reduced by
1/2 by the fifth year:


productivity 9,000/2
= 4,500
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 Process


7.  Build a chart to track first thru five
years costs and benefits.  Compare costs
and benefits for each year and compare
the five year totals.


8.  Perform analysis of data displayed in
chart developed in step 7.  Questions to
be asked include:


a.  How soon will benefits exceed
costs?


b.  How much can be saved in 
five years?


c.  What is the associated 
benefit/cost ratio?


d.  Based on data recorded, 
should this solution be 
further considered?


Example


7.  Chart Comparing Costs & Benefits:


Cost Benefit
Year 1 33,900 49,000
Year 2 28,930 49,000
Year 3 28,930 49,000
Year 4 28,930 49,000
Year 5 28,930 44,500
Total 149,620 240,500


8.  Perform Analysis:


a.  Benefits exceed costs the first 
year and each year 
thereafter.


b.  Solution can save 240,500-
149,620=90,880.


c.  Benefit/cost ratio is
240,500/149,620= 1.61.


b.  Based on data recorded, 
solution should be further 
considered.
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Key Points


• A common question asked when proposing solutions that have associated costs is
“What is the payback period?”  Cost benefit analysis can answer that question.


 
• The example presented was for a five-year period.  When proposing machinery,


equipment, facilities, or other items with a limited life,  calculations should be made for
the entire life of the equipment.  Hence the phrase “life cycle costs.”
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CRITERIA RATING FORM


Purpose


A Criteria Rating Form may be used during a decision-making process to further
evaluate alternative solutions against each other using criteria agreed on by the team
membership.


It is used to test several options developed during other team evaluations against criteria
judged by the team as being important factors in making a decision on a single option.


The criteria selected for evaluation against the options can be either treated equally, or in
most cases weighed according to the relative importance of each criteria against each
other.  In deciding on the purchase of a new car, is a safety record more important than


OPTION 1 OPTION 2 OPTION 3
CRITERIA WEIGHT VAN CAR TRUCK
Cargo Space 2 4*2=8 2*2=4 2*5=10
Mileage 1 3*1=3 4*1=4 2*1=2
Cost 1 3*1=3 4*1=4 3*1=3
Safety Record 3 5*3=15 3*3=9 2*3=6
TOTAL 29 21 21
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expected fuel economy?  Is fuel economy more important than the number of cup holders
in a vehicle?  Is trunk space important to a buyer that must transport large boxes?


 Process


1.  Decide on what factors or criteria are to be considered.  Normally from three to six
criteria can be considered.  However, it is up to the team to decide on an optimum
number.  Having too many criteria will seriously delay and complicate the process while
adding limited value.


2.  Reach agreement on the definitions of each criteria selected.


3.  Agree on a scale to be used ( 1 to 3, 1 to 5, or something else) to rate the options.
Determine if any weights should be assigned to the accepted criteria.


4.  Discuss each “cell” on the form developed to arrive at a consensus rating for each cell.
It is best to evaluate each criteria against all options.  The best option for the criteria being
evaluated would get the highest value with each other option given a lower value.   Give
the highest value to the option that best fits the criteria.


5.  Continue evaluating each criteria against all options until the “cells” are all filled.


6.  When complete, multiply the values times the weight assigned each criteria.


7.  Sum the points for each option.  The option with the highest points is the best option
and the one with the lowest points is the worst option.







North Carolina Department of Transportation CPI  TOOLBOX
Productivity Management Section
________________________________________________________________________


________________________________________________________________________


2/20/98 Page  63


Example


Example 1, Non-Weighted Criteria


OPTION 1 OPTION 2 OPTION 3
CRITERIA VAN CAR TRUCK
Cargo Space 4 2 5
Mileage 3 4 2
Cost 3 4 3
Safety Record 5 3 2
TOTAL 15 13 12


Example 2, Weighted Criteria


OPTION 1 OPTION 2 OPTION 3
CRITERIA WEIGHT VAN CAR TRUCK
Cargo Space 2 4*2=8 2*2=4 2*5=10
Mileage 1 3*1=3 4*1=4 2*1=2
Cost 1 3*1=3 4*1=4 3*1=3
Safety Record 3 5*3=15 3*3=9 2*3=6
TOTAL 29 21 21


Key Points
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• Some teams prefer to not total the numbers for each option.  This will avoid the win-
or-lose detractor from the process.


 
• The criteria rating form is merely a tool in decision-making not the decision maker


itself.  Thus, other information and tools can present a different view of possible
solutions.


 
• When using numerical scales, remember that a higher scale number always indicates a


better rating.  This can be confusing when using a criteria like cost.  In the examples,
the higher the number, the lower the cost.  For the criteria of safety record, if the
definition of safety record for this exercise is accidents per 100,000 miles driven, the
lower that number the better the rating for safety record.
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DECISION MATRIX


Purpose


A decision matrix is a tool used to evaluate several recommended process improvements,
problem solutions, or courses of action.  After the root cause of an issue has been
determined, potential solutions may be suggested and evaluated.


The decision matrix will allow a team to analyze the pros and cons of each recommended
solution against criteria selected by the team.


Solutions Positive Mgt Can High Fix Root


Impact Support Implement Cost Cause


Hire Yes Yes Yes Yes Yes


Retrain Yes Yes Yes No No


Automate Yes No Yes Yes Yes


Decent. Yes Yes Yes No No


VRU Yes No Yes No Yes
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 Process


1.  Team will select possible solutions or
improvements to the existing process.
These possible solutions should address
the root cause of the issue determined
earlier.


2.  A list of sound criteria for evaluation
of the solutions is developed.  Those
criteria selected should meet the team’s
charter and are specific to the solutions
offered.    Sample criteria include:


• Will proposed solution make a
positive impact?


 
• Will the process owner and upper


management support the proposed
solution?


 
• Can the team and/or process owner


implement the needed changes?
 
• What will be the cost of the proposed


solution?
 
• Does the proposed solution fix the


root cause of the issue?
 
• How difficult is the proposed


solution to implement?


Example


1.  List of possible solutions to the
problem:


Hire New Staff
Retrain Existing Personnel
Speed Up Automation
Decentralize Help Desk
Install Voice Response Unit


2.  Criteria to be evaluated for each
solution:


Positive Impact
Management Support
Able To Implement
Cost To Implement
Fix Root Cause
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 Process


3.  Create chart listing solutions down
the left side and criteria across the top.


4.  Answer criteria questions for each
solution proposed.


Will it have a positive impact?
yes or no


Will it have management support?
yes or no


Can it be implemented by team or
process owner?


yes or no
Will the cost of implementation be high?


yes or no
Does it fix the root cause?


yes or no


5.  Record the answers to each question
on the blank chart.


Example


3.  Prepare Blank Chart:


Solutions Positive Mgt Can High Fix Root


Impact Support Implement Cost Cause


Hire


Retrain


Automate


Decent.


VRU


4. Answer Questions & 5. Record
Answers:


Solutions Positive Mgt Can High Fix Root


Impact Support Implement Cost Cause


Hire Yes Yes Yes Yes Yes


Retrain Yes Yes Yes No No


Automate Yes No Yes Yes Yes


Decent. Yes Yes Yes No No


VRU Yes No Yes No Yes
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 Process


6.  Do any of the proposed solutions fail
to fix the root cause?  These solutions
can be eliminated from consideration
since they fail to meet the basic test
criteria.


7.  Analyze remaining solutions.  By
comparing the criteria answers against
each solution, either a clear winner will
appear or, the team may be able to
reduce the list of possible solutions.
From the remaining solutions, either a
new decision matrix with other criteria
can be developed or, further analysis can
be done.


Example


6.  Block Out Solutions That Fail Major
Criteria:


Solutions Positive Mgt Can High Fix Root


Impact Support Implement Cost Cause


Hire Yes Yes Yes Yes Yes


Retrain Yes Yes Yes No No


Automate Yes No Yes Yes Yes


Decent. Yes Yes Yes No No


VRU Yes No Yes No Yes


7. Analyze Remaining Solutions:
Based on analysis of remaining solutions,
all three have merit and should be
analyzed further.  Points to analyze are
why is there a lack of management
support for two of the solutions.  Can
they be overcome?
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Key Points


• A decision matrix is sometimes known as a selection matrix.
 
• This tool can be used at numerous points of process improvement to help analyze


possible process changes against each other.  This is of particular value when only one
possible solution can be implemented.


• A decision matrix can also be weighed.  In place of a yes or no might be numerical
values such as +1 or -1.  The relative values might state that one criteria is 5 times
more important than another, therefore responses in this column could range from +5
to -5.







CPI  TOOLBOX North Carolina Department of Transportation
Productivity Management Section


________________________________________________________________________


________________________________________________________________________


70  Page 2/20/98


THIS PAGE LEFT INTENTIONALLY BLANK








North Carolina Department of Transportation CPI TOOLBOX
Productivity Management Section
________________________________________________________________________


________________________________________________________________________


2/20/98 Page  71


FLOW CHART


Purpose


A flow chart is a pictorial representation showing all the inputs, activities, decision points,
and outputs of a given process.  It is an excellent tool in examining how various steps in a
process are related to each other.    It can map existing processes to determine possible
steps that can be eliminated, steps that delay the overall process, and identify where
process improvements can be effective.  It can also be used to map a proposed process to
help ensure that all steps are included and that the steps interact with each other in an
effective manner.
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BASIC SYMBOLS OF FLOW CHARTS


The Activity Symbol is a rectangle which represents an activity or something that happens
to the process.  Within the rectangle is a brief description of that activity.


The Annotation/Comments Symbol is connected to a process step to provide additional
information on a process.  Although not directly part of the process, it is used to add
understanding or further detail to a process step.


The Connector Symbol is a circle used to indicate a continuation of the flow diagram on
another sheet.  A letter or number is placed in the circle indicating where the process
resumes on another page.  There will be a connector circle at the end of each page of sub-
process and another at the beginning of the next page or continuation of the process.


The Decision Symbol is a diamond which designates a decision point from which a
process branches into two or more different paths.  The path taken depends on the answer
to the question appearing in the diamond.  Each path is labeled with the answer to the
question.


The Flow Line is a line with an arrowhead at one end that represents a process path which
connects process elements such as activity symbols or decision symbols.  The arrowhead
on the flow line indicates the direction of flow in the process.


The Terminal Symbol  is an oval which identifies the beginning or end of a process.
Within the label is a short description of the product or activity that triggers the beginning
of a process or the final step in a process.  This symbol is sometimes labeled merely as
“START” or  “END”.
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 Process


1.  Gather a group of personnel together who have knowledge of steps in the process.
They need not know the whole process but some components of the process.
Collectively, this group should be able to map the entire process.


2.  Draw a flow chart of what steps occur in the process and how those steps are related.


3.  Review and expand the basic flow chart to include all steps that occur in the process.


4.  Draw another flow chart of the ideal process.


5.  Compare two flow charts to find out if there are any differences in what currently
happens and what should happen.


6.  Make corrections and develop a revised flow chart that shows an improved method of
performing the process in question.


7.  Make several test runs of the revised flow chart to ensure that all the steps have been
included and that the desired end product is correct and requires either less time or
generates a better end product.


Example


(See Next Page For Example)
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Key Points


• Ensure that standard flow chart symbols are utilized.  Use of standard symbols will
help eliminate misunderstandings between people involved in the process and decision-
makers in revising a process.


• Where appropriate, include time measurements to components of the flow chart.
 
• All flow charts should begin and end with a “terminal symbol.”
 
• The use of pre-printed flow chart worksheets can be of value in standardizing process


flow charts.
 
• Use of computer programs can facilitate flow charting and making revisions.
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FORCE FIELD ANALYSIS


Purpose


Force Field Analysis is a method for analyzing, organizing, and displaying elements
which resist (Restraining Forces), and elements which push  (Driving Forces) for change
to a desired state.


Force Field Analysis is an attempt to understand how change occurs.  Change is viewed
as the result of a struggle between forces that are seeking change and those favoring the
status quo.  Change results when the forces driving the change are stronger than the
restraining forces.


Force Field Analysis assists teams in the careful analysis of a situation when they are
planning for change.  Once driving and restraining forces are identified, teams can make


OPPORTUNITY


                TIME                                                 PERSONNEL


                 BUDGET                    INERTIA
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plans to use and support the available driving forces and overcome the restraining forces
that may prevent implementation of a solution.  These plans to facilitate change should be
included as a part of the team’s Action Plan.


Force Field Analysis is also useful in situations where several ideas are being considered
for their potential.  If several equally effective solutions are available, the ease of
implementation, as determined by a Force Field Analysis, may help the team decide on a
course of action.


 Process


1. Identify the potential improvement, task, change, or concern to be analyzed.
 
2. State what the situation is (current state) and what it should be (desired state).
 
3. Draw a line down the center of a flipchart and label the left side “Driving Forces” and


the right side “Restraining Forces.”
 
4. Use brainstorming to identify the existing forces which are, or can help to move the


situation to the desired state.  These will be listed in the “Driving Forces” column
later.


 
5. Use brainstorming to identify the existing forces which are keeping the situation where


it is, or are causing it to get worse.  These will be listed in the “Restraining Forces”
column at a later time.


 
6. Rank all listed items as high, medium, or low.
 
7. Match up restrainers with drivers that could balance or overcome their influence.
 
8. List matching drivers and restrainers on the chart.  Each idea should have an arrow


drawn under it pointing to the right or the left indicating that it is helping or hindering
the movement of the situation to the desired state.


 
9. List non-matching drivers and restrainers. Then, brainstorm offsetting drivers for the


non-matched restrainers (it is not necessary to come up with a driver for every
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restrainer).  These ideas should be listed in the “Driving Forces” column and circled to
signify they are proposed, not existing.


 
10. Identify items needing team action using your rankings (High, Medium, Low).
 
11. Focus first on reducing or eliminating restrainers.
 
12. Develop an action plan based on the needs and priorities developed.


Example


Telephone Customer Service


Current State: Desired State:
Phones not answered by Phones answered before
the third ring. the third ring.


Driving Forces Restraining Forces
________________________________________________________________________


Customer Dissatisfaction Number of staff available to answer
phone  (High)


Population growth (Low)


Desire for improved customer Current automation technology  (Medium)
service


Current telephone technology (Medium)


Administration support for Budget limitations (Low)
change   
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Key Points


• Driving and Restraining Forces can be anything.  Among them are supplies,
equipment, personnel, money, regulations, traditions, and resistance to change.


 
• When listing forces, be as specific as possible.
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GANTT CHART


Purpose


A gantt chart helps organize a plan to implement a new project or process.  It documents
what is to be accomplished, who will be involved, and when each step will take place.  It
also acts as documentation for an implementation plan.  It will show at a quick glance the
order of implementation, and areas that overlap.  Additionally it  provides guidance for
projecting and allocating resources.


CPI STEPS Week Number
Task Assigned To 1 2 3 4
Review Mission & Vision Process


Owner
Choose a Process Team


Members
Identify Customer
Requirements


Customer
Team


Document the Process Research
Team


Measure the Process Research
Team


Identify Improvement
Opportunities


Team
Members


Re-engineer the Process Research
Team


Solve the Problem Team
Members
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 Process


1.  Develop a list of all tasks to be carried out as part of implementation.


2.  Organize listed tasks in sequential order.


3.  Assign a person or groups of people to be responsible for each step.


4.  Decide how long each step will take, when it can be started in relation to other steps,
and when it is to be completed.


5.  Develop a chart to portray the above steps.  Include sequencing and overlapping of the
various steps as needed.


6.  Document assumptions upon which the plan is based.  Where needed, develop
contingency plans to implement in case some of the assumptions prove wrong or need
modification.  An example might be that a step will require four weeks for completion and
must be completed prior to beginning the next step.  If that step actually takes six weeks
what would be the contingency plan to ensure that the next step was not delayed.
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Example


GANTT CHART OF
CPI PROCESS


CPI STEPS Week Number
Task Assigned To 1 2 3 4 5 6 7
Review Mission & Vision Process


Owner
Choose a Process Team


Members
Identify Customer
Requirements


Customer
Team


Document the Process Research
Team


Measure the Process Research
Team


Identify Improvement
Opportunities


Team
Members


Re-engineer the Process Research
Team


Solve the Problem Team
Members


Plan Ongoing Monitoring Team
Members


Document Results Research
Team


Evaluate the Effort Process
Owner


Choose a New Process Team
Members
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Key Points


• Using either project management or spreadsheet software will greatly simplify the
development of these charts.  Scaling is automatic and most software will
systematically carry the user through development of the chart.


 


• The format used in developing a gantt chart is flexible based on the needs of the
process to be changed.
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GLOSSARY OF TERMS
Glossary terms with the word “tool” indicates that a tool exists within this toolbox which
details the purpose, process, examples, and key points of that tool.


Action Plan (tool):  A detailed graphical  representation  that documents and organizes
schedules, events, activities, and responsibilities necessary to complete a project or to
implement a process improvement.


Activity:  One specific action or operation, composed of tasks, which are a factor in a
process.  A series of activities comprise a process.


Activity Chart:  An input/output process chart which identifies suppliers, resources
needed to perform each activity within a process, outputs generated by each activity,
recipients (customers) for the outputs, and identifies potential problems occurring in each
activity.


Affinity Diagram (tool):  A method used to organize a large number of ideas or
information into manageable groupings of those ideas or information.


Appraisal:  Action to detect defects in a product or process.


Attribute Data:  Data used in control charts that have specific attributes that delineates
that data.


Bar Chart (tool):  A graphic representation useful in comparing quantities.  It consists of
a series of bars uniform in width, but with different heights proportional to the sizes of
different related data.


Benchmarking (tool):  A continuous process by which organizations compare their
performance in key areas with that of other organizations, especially those that have a
reputation of being the best in a particular area of interest.


Boundaries:  The natural limits of a process, defined as where the process begins and
where it ends.


Brainstorming (tool):  A technique used to quickly generate a list of ideas by a team to
solve problems or issues.  It is used by a team or group to increase creativity and idea
generation in a very short amount of time by focusing on the quantity, not quality, or
ideas.
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Cause and Effect Diagram (tool):  A graphic illustration of the relationship between a
given outcome and all of the factors that work together to produce the outcome.  Also
known as a Fishbone Diagram or Ishikawa Diagram.


Charts:  Graphic presentation of data.


Checklist (tool):  A listing of items remaining to be completed or done prior to the end of
an event, step, or process.


Check Sheet (tool):  A simple form on which data can be recorded in a uniform manner as
the data is collected.


Consensus Building (tool):  A method of developing proposals acceptable enough that all
team members can support the proposals.


Continuous Process Improvement:  A step-by-step method used within the Department
of Transportation to improve efficiency and employee involvement.  This method enables
managers to lead and teams by using a systematic approach to increase efficiency and
effectiveness by developing and improving business practices and processes.


Control Chart (tool):  A simple statistical tool, based on historical process data, which
monitors variation within a process.


Cost/Benefit Analysis (tool):  A process used to estimate the economic factors over the
life of a process, solution, or item of equipment.


Cost of Quality:  Activities or tasks which are not required to perform the mission or
purpose of a work unit, but deal with preventing defects and correction of product or
process failures.


CPI:  See Continuous Process Improvement.


CPI Guide:  A guide developed for use within the Department providing  a technique of
continuous process improvement .  This guide supplies a step-by-step systematic approach
to improve efficiency and employee involvement as part of an overall goal of developing
and improving business practices and processes.


CPI Process:  A ten step process detailed in the Department’s CPI Guide that carries the
manager or team through a systematic approach to process improvement.
Criteria Rating Form (tool):  A form used in the decision making process to weigh
alternative solutions to an agreed on issue.  The form is used to rate those alternative
solutions against each other to determine the best solution based on the criteria selected.
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Customer:  The person or organization receiving the output of a process or subprocess.
The person or organization which validates requirements for goods or services.  The
person or organization for whom the process exists.  There are two types of customers,
internal (part of the same organization either inside or outside the same work unit) or
external (not part of the same organization).


Decision Matrix (tool):  A chart used to evaluate several recommended process
improvements, activities, or courses of action.  It is used by a team to analyze the pros and
cons of each recommended solution against criteria selected by the team.


Detection:  Practices to ensure goods or services conform to valid requirements by
detecting defects.  Detection means include inspection, review, appraisal, checking, or
testing.


Effectiveness:  Meeting agreed-upon requirements for supplier inputs and customer
outputs.  The customer determines the requirements that determine effectiveness.
Sometimes refered to as doing the RIGHT things.


Efficiency:  Minimizing time or other resources spent on activities which do not add value
to the product or process.  Sometimes refered to as doint things the RIGHT way.


External:  Outside the boundaries of the process.


Facilitator:  The individual responsible for coaching and coordinating employee
participation activities such at CPI Teams.


Failure:  When a process does not yield a product or service that meet valid requirements,
resulting in a need for defect correction.  Defect correction includes plan revisions,
rewriting, field engineering changes, emergency equipment repairs, or process
modification.


Fishbone Diagram:  A graphic illustration of the relationship between a given outcome
and all of the factors that worked together to produce the outcome.  See Cause and Effect
Diagram tool.


Flow Chart (tool):  A visual graphic presentation showing all the inputs, activities,
decision points, and outputs of a given process.


Force Field Analysis (tool):  A method of analyzing, organizing, and displaying elements
which resist change and elements which push for change toward a desired state.
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Gantt Chart  (tool):  A chart used to document what is to be accomplished, persons
involved, and each step required.  It is used in the implementation of a new project or
process.


Group Dynamics:  Interpersonal exchanges and processes that take place among
members of a team or group.


Histogram  (tool):  A chart which displays the spread or distribution of data that can be
measured but not easily categorized.  Categories used are merely ranges of data.


Inputs:  Things and information needed to perform an activity or process.  Time,
materials, resources, equipment, parts, people, procedures, instructions and data are
examples of inputs.


Internal:  Within the boundaries of a process.


Interview  (tool):  A structured technique for gathering data or information from groups
or individuals.


Ishikawa Diagram:  A graphic illustration of the relationship between a given outcome
and all of the factors that worked together to produce the outcome.  See Cause and Effect
Diagram  tool.


Life Cycle Cost:  The sum of all the expenses associated with a process or equipment
over the whole life of the process or equipment in question.  It includes such items as
purchase price, installation costs, utility costs to run the equipment, personnel costs to
operate the equipment or process,  maintenance costs until scrapped, cost of capital, and
cost of modifications during the life of the item.


Line Chart  (tool):  A graphic representation of data useful in comparing quantities or
trends.  It is made up of a series of data points along a line usually representing time.


List Reduction:  See Multivoting Tool or Weighted Voting Tool.


Lower Control Limit:  LCL is that point in a control chart which lies three standard
deviations below the mean of values.  Is normally used to describe values that lie outside
the normal lower limits of values.  See the Control Chart toolbox item for the appropriate
formula.


Management Presentation Checklist  (tool):  A checklist of key points to remember and
perform to ensure the successful “selling” of ideas to the process owner or others in the
decision-making process.
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Mean:  The average value of a set of numbers.  Is equal to the sum of all values divided
by the number of values.


Median:  The value that lies at the midpoint of a set of values ranked in order of size.


Mission: A brief statement of the processes or products a work unit is expected to
perform as part of a larger work unit, or for its customers.


Mode:  The value in a set of values that occurs most frequently


Multivoting  (tool):  A list reduction technique used to cut down a large list of items to a
manageable few.  It is often used to decrease the number of items identified during a
brainstorming session.


NGT:  See Nominal Group Technique.


Normal Distribution:  The bell shaped distribution of a histogram that displays a
descending array of data points on either side of the peak data.


Nominal Group Technique  (tool):  A form of brainstorming used to produce and
prioritize a large number of ideas developed during an idea generation session.


Outputs:  Products, services  or information which are the end result of a process.


Pareto Chart  (tool):  A form of bar chart which ranks data in descending order.  It is
used to identify which problem or process should be addressed first.  It quantifies either a
problem or components of that problem.


Pie Chart  (tool):  A chart used to show the relationship of each part of a single product
or process.  It is a simple means of showing the relative values of the whole visually.


Prevention:  Action to ensure quality is built into a product or service.


Problem Solving Process:  A process used to solve problems.   There are any number of
models used by teams and managers to solve problems.  One model suggests (1) identify
the problem, (2) analyze the current situation, (3) identify the potential root causes, (4)
identify possible solutions, (5) select the solution, (6) measure the results of change, and
(7) standardize the revised process.


Process:  A series of tasks or activities which converts inputs into outputs.    A method of
performing a series or activities or operations which produce a product or service.
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Process Owner:  That individual manager or supervisor with the authority to change,
modify, or eliminate a process.  The manager or supervisor should have the ability to
delegate to the team the authority (within identified boundaries) to make those changes in
a process.


Productivity:  A measure of output compared to input.  It is normally used as a measure
of the efficiency of the utilization of various resources (namely personnel or machines).  In
a team setting, the goal is to “work smarter, not harder” but does not include working
faster.  Gains in productivity usually include improved work processes, reduction of errors
and increased output without increased input of resources.


Required:  Activities or tasks essential to accomplish the mission of a work unit or to
produce outputs conforming to the customer’s valid requirements.


Root Cause Analysis  (tool):  An activity utilized to determine the root or basic cause of
any problems or activity being reviewed.


Run Chart  (tool):  A simple version of a single line chart used to determine the long
range average of process indicators that change, or that new trends are developing.


Sampling  (tool):  The selection and measurement of persons, objects, or events that will
allow an estimate of the value of the measured characteristics for the entire population.


Scatter Diagram  (tool):  A graphic representation of the relationship between two
variables.  It is used to show if there is a relationship or correlation between two variables.


Special Cause:  Cause not normally part of a process which creates process variation,
generally forcing the process out of control.   Any abnormal unpredictable variation.


Standard Deviation:  A calculated process measurement permitting identification of
variation within a process as the effect of a system/random cause or special/assignable
cause.  See the Control Chart toolbox item for the appropriate formula.


Statistics:  The measurement of characteristics that are obtained from a sample and used
to estimate the values for the population.


Stratification:  The  process of dissecting an issue or problem and examining each piece
separately.  The problem or issue in question may only be present in one or more distinct
pieces and not the whole population.


Supplier:  The person or organization providing inputs used by another person or
organization.
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Survey  (tool):  A structured method of obtaining data and measuring performance of a
workgroup or to gauge customer satisfaction of a product or service.


SWOT Analysis  (tool):  Strengths, Weaknesses, Opportunities, and Threats.  SWOT
consists of an external scan to identify the major threats and opportunities facing an
organization, and an internal assessment conducted to examine the strengths and
weaknesses of an organization.


Task:  The smallest measurable unit or work.  A series of tasks forms an activity and a
series of activities forms a process.


Team Leader:  A leader that directs and controls the activities of a team.  Normally an
initial team leader is selected by the process owner or supervisor that has the authority to
make process changes.  Team leadership may rotate among members or delegated to a
single team member after the team has developed its own dynamics.


Trend Chart  (tool):  A chart used to graphically display data over time.  Like the run
chart it measures quantities, events and other measures over periods of time.


Upper Control Limit:  UCL is that point in a control chart which lies three standard
deviations above the mean of values.  Is normally used to describe values that lie outside
the normal upper limits of values.  See the Control Chart toolbox item for the appropriate
formula.


Valid requirements:  Requirements that meet the needs of the customer that are current,
realistic, understandable, measurable, and compatible with other valid requirements.


Value Added:  Activities or tasks essential to accomplish the mission of a work unit or to
produce outputs conforming to the customer’s valid requirements.


Value Added Analysis (tool):  A process by which an organization examines a process to
insure that all steps in the process are necessary and contribute value to the end product or
service.


Variable Data:  Data used in control charts with variable measures in that data.


Variation:  Periodic or sporadic changes or deviations within a process.


Weighted Voting  (tool):  A means of quantifying various alternatives developed by a
team.  Like multivoting, it helps reduce a larger list of alternative to a smaller list.  It
allows team members to “weight”  what they consider most important.
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Why Technique  (see Root Cause Analysis Tool):  One of the techniques used in root
cause analysis.  It asks why an activity or problem exists until the root cause of the issue is
discovered.
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HISTOGRAM
(CENTRAL TENDENCY & DISTRIBUTION)


Purpose


A histogram is a chart that shows the spread or distribution of data that can be measured
but not easily categorized.  Categories used in this data display are merely ranges of data.
Data is arrayed on the chart showing the central tendency of data collected.


A histogram is used to analyze and evaluate the effectiveness of a proposed process
change.  The data portrayed may take on several patterns.
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Normal (bell shaped) Pattern-  Data has a central tendency with the highest point near the
middle of the data.


Normal Distribution
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Comb Pattern-  Data alternates between several high and low frequencies and may
indicate either errors in data measurement, data rounding, or data grouping.


Comb Pattern


0


0.5


1


1.5


2


2.5


3


3.5


4


2.0 4.0 6.0 8.0 10.0 12.0 14.0


Classes


Fr
eq


ue
nc


y







North Carolina Department of Transportation CPI  TOOLBOX
Productivity Management Section
_____________________________________________________________________________________


_____________________________________________________________________________________


2/20/98 Page  87


Double Peaked Pattern-  Data may or may not be accurate.  This could be the result of
data collection differences between observers or two different processes being observed.


Double Peaked Pattern
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Isolated Peak Pattern-  A single high or low spike in the normal data curve.  May indicate
either a data transfer error or a single instance out of the normal ranges.


Isolated Peak Pattern
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Skewed Pattern-  A large peak close to either end of the data distribution indicates that
some limit existed that caused a long tail to the data distribution.


Skewed (Left) Pattern
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Truncated Pattern-  Has the data peak at one end of the data display tapering off to a tail
at the other end.  This may actually be a normal curve but part of the data has been
screened out due to a lack of 100% sampling.


Truncated (Right) Pattern
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 Process


1.  Determine the purpose of the
proposed data collection and decide on a
unit of measure that will support the
purpose of the data collection.


2.  Decide how data will be collected.  A
common method of data collection is to
time transactions.  Others include
counting occurrences such as defects,
responses, arrival times, departure times,
waiting times, etc.


3.  Collect data using the method agreed
upon.


4.  Count the number of data points
collected for the data set.


5.  Determine the range of the entire data
set.  The range is the distance from the
smallest value to the largest value.


6.  Determine the number of classes
(groups) to be used:


# Observations# Classes
1-50 5-7
51-100 7-10
101-200 8-12
over 200 10-20


Example


1.  The purpose of the proposed data
collection is to determine the right
amount of time required for a DMV
weight enforcement officer to stop and
weigh a truck using portable scales.
Amount of time required will be
measured in whole minutes.


2.  Data will be collected using time
measurements of weight enforcement
officers using portable scales.


3.  Data collected:
 3 10 25 9 3
11 12 7 12 12
11 13 6 3 3
7 7 2 12 6
14 10 7 5 17
13 7


4.  Number of times measurements
taken: 27


5.  Range of data is:
Smallest value:  2      Largest value:  25
R=Max-Min          R=25-2            R=23


6.  Based on 27 observations, it appears
that  7 classes of data would be effective.
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 Process


7.  Determine the class width (range of
data that will be included within each
group).  A formula that can be used to
determine class width is:   W=R/C
(where W=class width, R=range of data,
and C=the number of classes agreed on).
At this time it is helpful to round off the
class width to one more decimal than the
original data collected.  Data with no
decimal places (whole numbers) would
be rounded off to one decimal place.


8.  Determine the class boundary.  The
lower end point or class boundary will be
the smallest value of the data set with the
upper boundary being the largest value.
To the lower end point add the class
width, these values will be the class
boundary for the first class.  Continue the
process until all class boundaries are
calculated.


9.  Construct a frequency table based on
the values computed above.  Count the
number of data points that fall within
each class boundary and enter on the
frequency table.


Example


7.  Calculate class width:
W = R / C                  W = 23 / 7
W = 3.2857142                   W = 3.3


8.  Calculate class boundaries:
2+3.3=5.3 5.3+3.3=8.6
8.6+3.3=11.9 11.9+3.3=15.2
15.2+3.3=18.5 18.5+3.3=21.8
21.8+3.3=25.1


9.  Frequency Table:
Class    Boundaries      Frequency    Total
1 2.00-5.29 xxxxxx6
2 5.30-8.59 xxxxxxx         7
3 8.60-11.89 xxxxx             5
4 11.90-15.19 xxxxxxx         7
5 15.20-18.49 x                     1
6 18.50-21.79                        


0
7 21.80-25.09 x                     1
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 Process


10.  Construct the histogram based on
the frequency table developed above.  In
most cases, class boundaries are depicted
on the histogram.  However, if the
software or space will not allow this it is
acceptable to use start points (as shown)
or class mid points.  Then it is good to
indicate the class width to help prevent
misunderstandings.


NOTE:  There are several alternative
methods of determining boundaries
for classes as well as beginning and
ending points.  All are useable.


Example


10.  Histogram:
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Key Points


• A histogram may display data with a central tendency.  Deviations from the central
tendency (or normal bell shaped) may require further analysis.  Other factors may be
impacting  the data distribution.  The data sample may be too small,  data may have
needed to be more specific and not rounded off during collection, or other factors not
accounted for.


 
• Some processes will always deviate from the normal or central tendency distribution.
 
• The number of classes chosen for the graph determines how much of the pattern will


be visible.  The larger the number of classes chosen increases the data that will be
visible.  Too many classes will make spikes in data more visible.
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INTERVIEWS


Purpose


An interview is a structured technique for gathering data or information from groups or
individuals.  They can be very useful when the information being sought requires
discussion or the use of open-ended questions


Interviews are used when the team has access to the people to be interviewed.  They may
be conducted either in person or by telephone.


DOT







CPI  TOOLBOX North Carolina Department of Transportation
Productivity Management Section


________________________________________________________________________


________________________________________________________________________


94  Page 2/20/98


 Process


1.  Prior to conducting any interviews the team must develop a list of questions.  Use the
Surveys toolbox item to develop interview questions.


2.  Have practice session for interviewers to ensure that they understand all the questions
and that they have a clear understanding of the goals and purposes of the interviews.


3.  Where possible schedule interviews in advance.  Appointments should be at the
interviewee’s convenience not the interviewer’s.


4.  Arrive early for all interviews.  The interviewer needs to be familiar with the settings
used for interviews.  Personal interviews should be conducted in a location comfortable
for the interviewee.


5.  Be friendly.


6.  Stick with the list of questions, but remain flexible to get additional feedback.


7.  Take good notes but don’t fail to listen while you take them.


8.  Verify your understanding of the interviewee’s responses.  Where needed, restate what
you heard and ask if your interpretation was accurate.


9.  Be sure to limit yourself to the agreed on amount of time.


10.  Thank the interviewee for their input and emphasize its value to the project.
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Example


Sample Dialogue-


Interviewer: How many interruptions do you average in a one-hour work period?


Interviewee: About four.


Interviewer: What types of interruptions do you encounter?


Interviewee: Telephone calls asking questions, work mates inquiring about activities,
or the boss wanting some special work done.


Interviewer: How would you eliminate or reduce these interruptions?


Interviewee: Set up an information center to handle the telephone calls and provide
private offices to reduce drop-in conversation.
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Key Points


• Be sure to include follow-up questions to ensure you get the information needed.
 
• If possible make interviewing a two person affair.  One person asks the questions and


listens to the responses.  The second person acts as a note taker and handles all writing
of responses.


 
• If you are collecting sensitive information, ensure the confidentiality of the


interviewees.  Avoid recording the respondents name, work unit, identifiable quotes,
other information that would identify the respondent.
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INTRODUCTION
A.  Purpose


One of the key goals for the Department of Transportation is to “Improve
efficiency and employee involvement.”  The purpose of this Continuous Process
Improvement (CPI) Toolbox is to, along with the companion Continuous Process
Improvement Guide, help achieve this goal.


This toolbox provides many of the necessary analysis and organizational tools
needed to follow the systematic improvement process outlined in the CPI Guide.
The CPI Guide provides a ten step process that can be used by teams or
individuals to improve work processes within the Department.  The steps outlined
in the Guide are:


1.   Review Mission and Vision
2.   Choose a Process
3.   Identify Valid Customer Requirements
4.   Document the Process
5.   Measure the Process
6.   Identify  Improvement Opportunities


a.  Implement Obvious Improvements
b.  Re-engineer the Process
c.  Solve the Problem


7.   Plan Ongoing Monitoring
8.   Document Results
9.   Evaluate the Effort
10. Choose a New Process


B.  Use of the CPI Toolbox by Individual or Teams


This toolbox was designed for the use of teams to analyze and solve problems.
Although designed for teams, many of the tools presented are valuable to assist
individuals in performing accurate and systematic analysis of issues.







CPI  TOOLBOX North Carolina Department of Transportation
Productivity Management Section


________________________________________________________________________


________________________________________________________________________


iv Page 2/20/98


This toolbox is organized to present tools in alphabetical order.  At the rear of the
tools is a glossary of terms that can be used to find an appropriate tool to help
solve an issue at hand.


C.  Assistance, Training and Facilitation


Assistance is available for teams and individuals on the use of tools presented in
this Toolbox.  The Productivity Management Section  can provide assistance in
the use of these tools and in the organization and facilitation of teams.


Purpose


Each of the tools is presented with a brief
description of what that tool is and when it is
used.  This “purpose” follows the picture to the
left.


Following the description are detailed steps for
using the tool. The information is not designed to
make anyone a statistical expert but should be
sufficient in most cases.  If more detail is desired,
outside sources may be required.


  If feasible, an example is included to demonstrate
use of the tool.  In some cases, the example is
alongside the process.  In other cases, the example
follows the process.


At the end of each tool is a short listing of “Key
Points” that can assist in the effective use of the
tool in question.


 Process


Example


Key Points
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For the assistance of a certified team specialist in the development and facilitation
of teams, or assistance in the use of these tools, contact the Productivity
Management Section at 919-733-2083 or fax 919-715-2533.  If you desire to
contact Productivity Management by e-mail, contact Ron Oates at
roates@mail.dot.state.nc.us  for further assistance.


D. Feedback


The Productivity Management Section would like to improve this toolbox to
ensure understanding and usefulness of the tools presented.  Please contact this
office by phone, fax, or e-mail with your comments or suggestions.
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