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        What is it?

A cause-and-effect diagram is a picture of various system elements that may
contribute to a problem or outcome. The cause-and-effect diagram was devel-
oped in 1943 by Professor Kaoru Ishikawa, president of the Musashi Institute
of Technology in Tokyo. Therefore, it is sometimes called an Ishikawa diagram.
It is also known as a fishbone diagram because of its resemblance to the
skeleton of a fish.

The cause-and-effect diagram is used to identify possible causes of a specified
problem or effect. The graphical nature of the diagram allows groups to orga-
nize large amounts of information about a problem and pinpoint possible causes.
It also encourages investigation of causes at many levels, improving the odds of
finding the root or key causes.

The cause-and-effect diagram is useful in any setting including manufacturing,
service, and administration. In manufacturing it is most often used to solve
problems related to variation in production. However, the cause-and-effect
diagram can be used to solve virtually any problem, such as late payroll, em-
ployee absenteeism, injuries, and late reports.

The cause-and-effect diagram is used to find special or common causes of
variation from a control chart1. These are both the unexpected and everyday
variation in a system. Although the cause-and-effect diagram looks simple to
make, it is not easy to do well. Hitoshi Kume2, a Japanese quality professional,
has said, “It may safely be said that those who succeed in problem solving in
quality control are those who succeed in making a useful cause-and-effect
diagram.”

Cause-and-effect diagram

1 Items that are in bold italics refer to other tools in this book.
2 Hitoshi Kume, Statistical Methods for Quali ty Improvement (Tokyo, Japan: The Association for Overseas Technical
Scholarship, 1988), p.27.
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          What does it look like?

A completed example of a cause-and-effect diagram is shown below. A team in
a hospital made this cause-and-effect diagram to find possible causes for late
delivery of medications. 
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       When is it used?

Use a cause-and-effect diagram when you can answer “yes” to all of the
following questions:

1. Do root causes of a problem need to be identified?
Cause-and-effect diagrams are designed for specific issues. If a problem is
very large, use an affinity diagram instead.

2. Are there many ideas and/or opinions about the causes of a problem?
Often people closely connected to the problem being studied have formed
opinions about what causes the problem. These opinions may conflict or
may fail to express the root causes. Using a cause-and-effect diagram
makes it possible to collect all these ideas for study.

        How is it made?

1. Identify the problem.

The problem (effect) is usually in the form of something to improve or
control. The problem should be specific and concrete: for example, radiator
grill scratches, machine wobble, or late medications. A vague or broad
problem statement will cause the number of ideas on the diagram to be very
large. If the problem is vague or broad, use an affinity diagram instead.
“Late medications” is the identified problem in the example.

2. Record the problem statement.

Write the identified problem on the far right side of the paper and allow
space for the remainder of the diagram to the left. It is a good idea to use a
very large space such as a white board or flip chart to construct the dia-
gram. Draw a box around the problem statement.

3. Brainstorm the causes.

In this step the group brainstorms for causes of the problem or effect. This is
the most important step in constructing the cause-and-effect diagram. Refer to
the brainstorming section of this book for more information. Ideas generated in
this step will drive the selection of root causes. It is important that only causes
of the problem, not solutions, are identified. Listings such as “need new equip-
ment” imply solutions. Avoid this terminology. Solutions are generated once the
root cause has been identified.

Once the brainstorming session is complete, assess the number of ideas
generated. If there are a large number of ideas, too many for a cause-and-
effect diagram, convert the output into an affinity diagram.
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The main bones can be labelled with any general cause category that fits the
particular problem. The labels used may be customized for the problem being
studied. Some organizations have a set of standard labels for use when con-
structing cause-and-effect diagrams. The labels may also be obvious after the
brainstorming session has been completed. The example completed through
this step is shown below. Notice that the main bones are labelled a little differ-
ently than the traditional five listed previously.

4. Draw and label the main bones.

Draw and label the main bones of the diagram’s skeleton. The main bones
represent the primary input/resource categories or causal factors. The traditional
labels are materials, methods, machine, people, and environment. Usually, the
first four (materials, methods, machine, and people) are listed on the big bones
(two on each side of the backbone) and the last area, environment, is listed on
the end of the backbone or tail. Draw a box around each heading. Shown below
is an example of the traditional cause-and-effect diagram skeleton.
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5. Put the problem causes on the diagram.

Record the causes on the diagram. Each cause is recorded on a line or
bone attached to the relevant category. Do not get bogged down by
discussions about where a cause should be placed. If consensus is not
possible, a cause may be placed under more than one category. Although
this step starts by using ideas generated during the brainstorming session,
the addition of more ideas at this stage should be encouraged. Causes can
also be placed at varying levels on the diagram. Many levels and ideas will
produce a better result. The root causes of a problem may be located
(hidden) many levels below more easily identified causes. Any sub-causes
are placed on the diagram on lines (small bones) under the cause to which
they apply. In the example, under the category “People,” three causes
were identified: “New pharmacist,” “Nurses unfamiliar with generic
versus trade names for medication,” and “Workload uneven.” The team
asked, “Why is the workload uneven?” The answers were “Mid-morning
load” and “Incorrect scheduling.” These were placed on lines under
“Workload uneven.” The example completed through this step follows.
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6. Identify and verify the  most likely cause.

The group identifies the most likely cause candidate(s) of the problem or
effect. The causes identified are only educated guesses and must be
verified with data. Identify these candidates through extensive group
discussion. All the causes in the diagram are not necessarily closely related
to the problem; the group should narrow its analysis to the most likely
causes. It may even be helpful to make a new diagram, deleting unlikely
causes. The most likely cause(s) chosen should be identified as a
candidate(s) by circling it or marking it with an asterisk.

If a group is finding it difficult to establish the most likely cause candidates,
a relations diagram or nominal group technique can be utilized. These
are effective methods for establishing a root cause(s).

Once cause candidates have been chosen from the cause-and-effect
diagram, new data must be gathered to verify the causes. Causes can be
verified in two ways: first, that causes produce the effect they seem to
produce; and second, that in the absence of these causes, the effect is not
produced. In other words, test whether the effect is produced only when
the cause is there, and not produced when the cause is not there. It is
difficult to prove the exact strength of the relationship between a cause and
an effect. Many different factors can produce one effect. To achieve the
greatest improvement, identify, verify, and remove the cause that contrib-
utes most to producing the effect.

In the example, the team identified “Medication requests by phone” as the
most likely cause of late medications. The team in this case verified the
cause by collecting data to make a scatter diagram. The scatter diagram
showed a correlation between the number of medication requests by phone
and the number of late medications. The team now has data that supports
its educated guess. The completed cause-and-effect diagram follows.
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        Applications

Remember that these diagrams are designed for specific issues; if an issue
becomes generalized or the number of ideas becomes large, use an affinity
diagram.

All industries
• Reasons for lost sales of a particular product or service
• Reasons for sales success
• Reasons for delays in the sales process
• Causes of customer dissatisfaction
• Causes of safety issues in a particular area
• Reasons for delays in getting employees back to work after

a safety incident
• Causes of delays in customer orders
• Issues with the customer order system
• Reasons for delays in a project
• Causes of noncompliance to a procedure
• Reasons for delays in producing a procedure
• Reasons for a special cause in a control chart

Administration
• Reasons for delays in invoicing a customer
• Reasons for delays in receiving money from clients (accounts receivable)
• Reasons for delays in answering incoming calls
• Causes of errors in documentation

For example; invoices, purchase orders, customer order forms
• Reasons documents misfiled
• Reasons for delays in closing end-of-month accounts
• Causes of errors in payroll
• Problems our suppliers experience working with the organization
• Reasons why it takes so long to make a purchase
• Reasons for calls at a computer help desk
• Causes of computer errors

Manufacturing
• Reasons for delays in a specific manufacturing process
• Causes of variation from the manufacturing schedule
• Reasons for material being reworked from a specific process
• Causes of late goods to customers
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• Causes of product contamination
• Causes of damage

For example:
• During transportation to the customer
• While moving parts from one process to another
• To raw materials
• During manufacture

• Causes of scrap from a specific process
• Reasons products fail a specific test
• Causes of a specific warranty claim
• Causes of variation in the measurement system
• Maintenance issues for a specific piece of equipment
• Downtime issues for a specific piece of equipment
• Causes of product spoilage
• Causes of errors in documentation or labelling

Service
• Reasons for delays

For example:
• In responding to a customer query
• Renting a car
• Servicing a room in a hotel
• Serving food to a customer
• Processing an insurance claim
• Delivering packages or letters
• Check-in at an airport
• Service in a bank
• Preparation of a tax document
• Preparation of a legal document
• Completing a project
• Pizza delivery
• Bus, train, plane, taxi
• Register in a hotel
• Car service or repair

• Cause of incomplete or incorrect documentation
For example: time sheets

• Causes of defects
For example: inadequate cleaning of cars, buses, trains, planes, street,
hotel lobby, restaurant
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When completing a cause-and-effect diagram, some groups get mental blocks.
These diagrams can be difficult. If a mental block occurs, physically walk
through the process where possible, and look for causes of the problem.

Cause-and-effect diagrams can also be used for purposes other than root
cause analysis. The format of the tool lends itself to planning. For instance, a
group could brainstorm the “causes” of a successful event such as a seminar,
conference, or wedding. The outcome would be a detailed list, grouped by
categories, of things to do and include for a successful event.

                     Diagram 1: first level                                               Diagram 2: second level

         Remember

1. The cause-and-effect diagram is a graphical way to display a great deal
of cause information in a compact space.

2. The cause-and-effect diagram helps move from opinions to theories that
can be tested.

3. The cause-and-effect diagram appears simple but is critical to under-
standing how to improve systems. It may be more difficult to produce
than it seems.

Getting the most from cause-and-effect
diagrams

Cause-and-effect diagrams can be carried out on multiple levels. First, do a
primary analysis to identify the most likely cause. Next, this most likely cause
becomes the effect (or problem statement) for a second cause-and-effect
diagram. Using the cause-and-effect diagram in this way helps focus the
analysis to get to the root cause of the problem. See the following diagrams for
illustration.




