How to Construct a Pareto Diagram

1.
Total the data on effect of each contributor, and sum these to determine the grand total.

2.
Re-order the contributors from the largest to the smallest.

3.
Determine the cumulative-percent of total.

(
For example, the cumulative-percent of total through the fifth con​tributor is the sum of the effects of the first five in the rank ordering, divided by the grand total, and multiplied by 100.

4.
Draw and label the left vertical axis.

(
Label the axis from 0 to the grand total or just beyond.

(
Provide a caption to describe the measure being used.

5.
Draw and label the horizontal axis.

(
Divide the axis into as many divisions as there are contributors.

(
List the contributors from largest to smallest, going from left to right.

(
Provide a caption to describe them.

(
If the contributor names are long, label the axis A, B, C, etc., and provide a separate key.

6.
Draw and label the right vertical axis.

(
Label the axis from 0 to 100%.

(
Line up 100% with the grand total on the left axis.

(
Provide the caption: "Cumulative-Percent of Total."

7. 
Draw bars to represent the magnitude of each contributor's effect.

(
The height of the bars corresponds to the magnitude of that contribution as measured on the left axis. (more)

8.
Draw a line graph to represent the cumulative-percent-of-total.

( The plotted points correspond to the cumulative-percent as measured on the right axis.

(
Line up the points above the right-hand edge of the bars.

(
The cumulative-percent-of-total point for the first ranked contributor should be even with the height of the first bar. If not, you have made an error.

9.
Analyze the diagram.

(
Look for a break point on the cumulative-percent graph. Review the Interpretation section for more details.

10.
Title the chart; label the "vital few" and the "useful many"; and show the cumulative-percent contribution of the vital few.

Quality Tool
Cause and Effect Matrix 
(
A tool that can help with the prioritization of Key Input and Process Indicators (X's) by evaluating the strength of their relationship to Output Indicators (Y's).

(
Useful when no data exists to establish correlations.

(
Most effective in a team consensus environment.
_______________________________________________________________
Link Output Performance to Process
and Input Measures

Example: Call Center

Relationship of Process £t Input Measures

	


Strong Relationship



Weak Relationship
Medium Relationship



Blank No Relationship

Note:
The strength of the relationship is based on how likely changes in the input/process measure will cause changes in the output performance measure.
Example: Cause and Effect Matrix 

	


Process for Creating Cause and Effect Matrix

1.
List across the top the Key Output Indicators.

2.
Assign a priority number for each Output (scale from 1 to 10).

3.
List vertically in 1St column all potential Input/Process Indicators that may affect any of the Outputs.

4.
Rate the effect or correlation of each Input to Output (see sample scale below).

5.
Multiply each rating by the priority and sum across, putting result in last column.

6.
The Input/Process Indicators can be prioritized by the results.

Sample Scale (ratings): 
	0 = No correlation
1 = Little Correlation
3 = Moderate Correlation 
9 = Strong Correlation


Exercise: Cause and Effect Matrix
Create a Cause and Effect matrix for reducing body weight by using the Output Indicators:

1.
Body Weight

2.
% Body Fat

3.
Blood Pressure

Exercise: Cause and Effect Matrix Project or Process Area

Create a Cause and Effect Matrix for your project or process area

(
Use Cause and Effect Matrix.xls template
Quality Tool: Failure Mode and Effects Analysis

Tool profile: 
	


Failure mode and effects analysis (FMEA) (Synonym: failure mode, effects, and criticality analysis).

Stage to Use: 
Identifying opportunities for improvement.

Purpose: 
To examine a prospective design for possible ways in which failure can occur so that actions can be taken to eliminate the possibility of failure, stop a failure before it reaches people, or minimize the consequences of a failure.

Example: Process for Failure Mode and Effects Analysis

Failure Mode and Effects Analysis Form Entry Explanation

1. Item-Item to which analysis applies.

2 Analysis Engineer-An engineer in charge of design project

3. Function-Function of the hem as user perceives it This description should be as broad as possible.

4. Mode of Failure-A mode in which the item will tail as perceived by user.

5. Mechanism and Cause of Failure-What causes failure to occur? 
6. Effects of Failure-What effects will this failure have on the user or nearby person or nearby property?

7. Frequency of Occurrence (1-10-How often is this failure expected to occur? This column is subjectively rated on a 1 to 10 basis.

1= Rare occurrence 
10=Almost certain occurrence

8.
Degree of Severity 11-10}-How severe is the effect of this failure on the user or anything else? This column is subjectively rated on a 1 to 10 basis.

1 = Insignificant loss to user

10= Product inoperable or major replacement cost or safety hazard

9. 
Degree of Detection (1-10~-Can problem be detected by the user before it does the damage? This column is subjectively rated on a 1 to 10 basis.

1= Certain detection before failure

10 = No detection possible before failure

10.
Risk Priority Number (1-1.000) -Order of problem-solving priority is given by multiplying numbers in columns 7, 8, and 9.

11. Design Action-Action to reduce risk priority number. 
12. Design Validation-Method to verify the design motion.
Figure This chart shows a step-by-step process for performing failure mode and effects analysis (FMEA).

Example 1: Failure mode and effects analysis (FMEA)
A performance improvement team at a community hospital in Michigan used failure mode and effects analysis for one of the first times in health care to proactively analyze and reduce medication errors associated with potassium chloride (KCI). The focus was on developing strategies to reduce the risk of future fatal errors. The team followed the steps outlined in Table .1, right.

The process flow diagram developed by the team for the medication use process from point of initiation through completion appears as Figure 1. The team's outline of what could go wrong and its ranking appears as Table 2. 
Table 1. Steps in Failure Mode and Effects Analysis

	1.
Set up a process flow diagram. 

2. 
Retrace the process flow diagram, assuming the worst, to figure out what could go wrong along the way. 

3. 
Decide what the effects of failure might be on the remainder of the process. 

4. 
Rank the estimated possibility of occurrence using the following scale: 


1= remote possibility; 5=possibility; and 10=almost certain. 

5. 
Rank the estimated severity of the overall failure using the following scale: 1= will not cause patient harm; 5=may affect patient adversely; and 10


injury or death will occur. 

6. 
Rank the estimated likelihood that failure will be detected before accident takes place: 1=will always be detected; 5=might be detected; and 10=detection not possible. 

7. 
Calculate the "criticality index" (mean of steps 4, 5, and 6). 

8. 
Decide on interventions to lower the criticality index. 
9. 
Take action. 
10. 
Assess.


Source: Cohen M: Failure mode and effects analysis: Dealing with human error in medicine. Proceedings of the Physicians Insurance Company of Michigan. Apr 1994.

The Medication Use Process at a Community Hospital 
	


Figure 1:
This figure illustrates the simplified process flowchart one community hospital created as step 1 in a failure mode and effects analysis. In step 2 they went through the flowchart, action by action, to brainstorm what might go wrong table 6-2 on page (   ) lists the possible failures the hospital brainstormed. CMAR, computerized medication administration record. 

Table 2 . Possible Risk Points in the Medication Use Process

	Order Received

(
Phone order not clarified.

( Verbal order not clarified.

(
Written order illegible.

(
Dose may be incorrect.

(
Incorrect route.

(
Order written on wrong chart.

(
Order written on right chart, but stamped with wrong name.
(
Wrong drug.

(
Drug not indicated.

(
Language barrier present with verbal phone order.

Unit Secretary Processes Order

(
Does not take order out of chart.

(
Sends order to department other than pharmacy.

(
Misplaces order and does not send it at all. 

(
Misinterprets and thus processes incorrectly. 

(
Delays in processing occur.

(
Stamps wrong name on order sheet.

Registered Nurse Signs Off Order 

(
Delays order.

(
Does not read order carefully, but processes it anyway.

(
Does not take time to read order, but processes it anyway.

(
Cosigns order without giving it to secretary; does not go through correct process.

(
Cannot read/misreads order.

(
Orders added by physician after initial order processed; RN does not see additional orders. 

(
Unfamiliar with drug: allergy, dose, and/or cross sensitivity.
	Order Transcribed onto CMAR

(
RN's handwriting unclear.

(
Order transcribed onto wrong computerized medical administration record (CMAR).

(
Order transcribed incorrectly.

(
Order not transcribed in a timely manner.

(
Lack of nursing communication to RN or licensed practical nurse (LPN) giving medication.
(
Forgetting/failure to transcribe.

RN Mixes Medication 

(
Miscalculated dose.

(
Miscalculated measurement of volume. • Selects wrong drug.

(
Prepares wrong drug brought by supervisor (after hours).

(
Does not match the order to the chart.

(
Labeling errors: drug is not actually added to IV or IV contains drug but no label.

(
Lacks knowledge of administration policies and procedures.

(
Lacks knowledge regarding IV versus oral dosing guidelines.

(
Interrupted during preparation.

(
Lacks routine/organization when doing the task.

RN or LPN Administers Medication to Patient 

(
Wrong patient.

(
Incorrect labeling.

(
Intravenous accurate control (IVAC) not used.

(
No IVAC available.

(
Wrong rate of flow set on IVAC.




Example 2: 

Failure Mode and Effects Analysis

Product: Obstetrical Care 
Feature: Baby Safety
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Mode of failure
	Cause of failure
	Effect of failure
	Frequency of failure
	Degree of severity
	Chance of detection
	Risk priority (4 ×5 × 6) = 7
	Design action
	Design validation

	Unauthorized persons 
	False pass 
	Get on unit with or without pass
	1
	8
	10
	80
	See Prioritization Matrix

	Unauthorized persons
	Wrong door or propped door 
	Get on unit with or without pass
	6
	6
	3
	108
	See Prioritization Matrix 

	Unauthorized persons
	Here for one thing, go somewhere else 
	Get on unit with or without pass
	8
	6
	10
	480
	See Prioritization Matrix

	Unauthorized persons
	Unstaffed desk-staffing 
	Get on unit with or without pass 
	2
	8
	8
	128
	See Prioritization Matrix

	Unauthorized persons
	Mon in bathroom, shower, falls asleep 
	Baby available to be taken
	1
	9
	2
	18
	See Prioritization Matrix

	Unauthorized persons
	Education level low; trust is high 
	Baby available to be taken
	1
	10
	10
	100
	See Prioritization Matrix

	Unauthorized persons
	Non-English speaking patients; don’t understand the instructions 
	Baby available to be taken 
	3
	10
	10
	300
	See Prioritization Matrix


Figure, 2. The team developed a failure mode and effects analysis and used it in conjunction with a prioritization matrix (Figure, 3) to select priorities for improvements. Guidelines for creating a failure mode. and effects analysis can be found in Table 1.
Prioritization Matrix 
	
	Cost 

$ = least costly 

$$$ = most costly no ranking = no direct cost 
	Reduce Risk 

1 = least possibility 

5 = most chance of failure 

	The technological baby security system involves an infrared sensor attached to the baby's umbilical cord that sounds an alarm, and causes doors to lock and elevator doors to lock open if an attempt is made to leave the unit. Staff must assure that the sensor is not removed as part of the baby discharge process until the mother is literally leaving. This measure would prevent unauthorized persons from Leaving with the baby. (In the case of the sentinel event, the baby was discharged and in the mothers care when it was taken.)
	$$$
	2

	Put combination locks or card swipe locks at chapel, coffee shop, and gift shop-alternate entrances that bypass the security officer. (This is one of the brick walls identified in the flow of the visitor process, Figure 8-1.)
	$$
	3

	Remove names from visitor IDs; leave only room numbers. (This is a cause of people getting unauthorized passes listed on the cause-and-effect diagram, Figure 8-2.)
	
	4

	Closely monitor doors that are known to be propped (for example, near the mail room, imaging unit.)
	
	5

	Conduct an educational/promotional blitz with employees as to their role in controlling unauthorized persons. Their roles are to (1) wear ID badge at all times, (2) question those without ID, (3) do not allow unauthorized persons to enter employee entrances, and (4) do not prop doors open.
	
	4

	Go to a four-ID baby identification system, which includes a fourth matching ID band on the father (two on baby, one on mother). This would provide immediate ID to information desk staff and nursing staff.
	
	4

	Retrain staff with an in-service on checking the crib card with the ID every time the baby is returned to the crib.
	
	3

	Retrain staff with an in-service on having the mother state her full name and ID number when the baby is brought to her.
	
	3

	Revise policy/procedure to include patient education regarding caution not to leave baby unattended.
	
	3

	Revise polity/procedure to include the need to cite the ID number, produce the bracelet, and show identification when claiming the baby from the nursery.
	
	3

	Increase staff to Seton 1 to ensure desk coverage.
	$$$$
	3

	Permanently post a security officer at the Seton 1 entryway 24 hours a day, 7 days per week.
	$$$$
	4

	Validate passes for every visitor on Seton 1 (would need to add staff).
	$$$$
	5

	Lock magnetic doors to Seton 1 at all times. Staff use card swipe; visitors are buzzed in and out
	$$$
	3

	Monitor and tape all entrances with central monitor in security (similar to the DR).
	$$
	4

	Keep fire doors closed at all times (from LDR to Seton 1); staff can hear distinctive "click" when doors are opened.
	$$$
	5

	Keep fire doors closed at all times and install automatic door opener with button for stretchers.
	
	3

	Increase security patrols on Seton 1. 
	$$
	3

	Retrain staff by holding the FBI all-day seminar on infant abduction, "Safeguarding Their Tomorrows," sponsored by Mead Johnson.
	
	3

	Establish an identifying card-receipt system (from the literature). 
	
	3

	Change policy to include, in the event of an abduction, that all phone calls to nursing unit are "diligently screened" at the switchboard (from the literature).
	
	3

	Photograph all babies at birth as part of the infant security system. In the event of an abduction, the image can be transmitted to the National Center for Missing and Exploited Children when they distribute the image appropriately. A photography vendor will provide the service free of charge (from the literature and researched with the vendor).
	
	5


Figure 8-8: 
The Baby Safety Team developed a prioritization matrix to analyze improvement opportunities. Source: St. Joseph's Hospital and Medical Center, Paterson, NJ. Used with permission.

Confirm or Modify the Mission

Once a project team has measured the symptoms, reached agreement on the def​initions for key terms, completed a high-level flow diagram, considered the re​sults of a Pareto analysis, and done an FMEA analysis, it should decide whether its own mission requires modification. For example, a flow diagram might show that a project is too large and needs to be broken down into more manageable parts or might reveal that a problem differs somewhat from the one originally de​scribed. In both these cases, the team would need to modify its mission. (Normal​ly, narrowing the focus of a project, based solely on Pareto analysis, is not consid​ered a change in the mission.)

Example

In considering how to measure X-ray retakes, one team decided that the most important measure was the amount of radiation exposure to the patient, not just the number of retakes. In this case, the project mission was modified to "reduce patient exposure to radiation from X-ray retakes." The project was stilt concerned with retakes, but with the emphasis on radiation exposure, X-rays that expose patients to greater amounts of radiation had priority for elimination.

Example

One team was chartered to reduce the warranty costs for a particular model X-ray machine. It constructed two Pareto diagrams, one showing the frequency for specific types of repairs, the other showing the total warranty costs of each type of repair. The team discovered that the most frequent repairs were not the most expensive. As a result, the team recommended that the project focus on reducing the number of service calls during the warranty period, rather than on reducing the costs for those calls. It reasoned that during the warranty period the customers were as annoyed with needing an inexpensive service call as they were with the need for an expensive one, as the inconvenience and cost the customer experienced were identical.

Remember: 
When a project must be modified, upper management must be in​formed. If the change is significant, management may want to discuss the change with the team.

Summary

A symptom is the outward, observable evidence of a problem. To analyze symptoms:

(
Develop operational definitions to make sure all team members have the same understanding of the mission statement.

(
Measure the symptoms to determine the scope of the problem.

(
Define boundaries to determine where the problem begins and ends.

(
Concentrate on the vital few factors likely to have the greatest impact on* the problem.

To confirm/modify the mission:

(
Confirm the mission if symptom analysis shows the problem is consis​tent with the one described in the mission statement.

(
Modify the mission if symptom analysis shows the problem is not consistent with the mission statement.
Module 4

Six Sigma Improvement

Step 3: Analyze
OVERVIEW OF THE ANALYZE PHASE

Once the MEASURE phase identifies what is happening (Y's), the next issue is to discover why it is happening (what are the root causes) (X's).

The ANALYZE phase seeks to discover root causes of the major contributor(s) to the problem. Theories are generated by means of brainstorming. The resulting list of theories is organized by means of cause-effect diagrams so the team can dis​cern the specific theories of root causes. Finally, theories of root causes are tested and cause (s) identified.
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Formulate Theories

A theory is simply an unproven statement of the cause of a certain condition. No physician would diagnose influenza solely because of a patient's fever. The physician would consider a number of theories based on a range of symptoms. In the same way, when determining the cause of a quality problem, a project team must speculate about its many possible causes. Jumping to conclusions before considering many theories and proving which are correct would be risky. It would be just as risky as diagnosing an illness before considering all the symptoms.

Brainstorming is a quality tool that is very useful at this point, because it helps the team to consider a full range of theories about possible causes.

Quality Tool: Brainstorming

Brainstorming is a useful quality tool for generating innovative ideas on a given topic. This tool helps encourage every team member to participate and contribute ideas during team meetings. Successful brainstorming sessions follow these guidelines:

Judging Is not permitted. No ideas may be evaluated, whether they seem unusually good or just silly or irrational. A nonjudgmental environment is essential for innovative thinking.
Far-out ideas are encouraged. Ideas may be unconventional, imaginative, or even outrageous.

The emphasis is on quantity. The goal of brainstorming is to generate as many new ideas as possible within a short time (usually 20 to 45 minutes). This approach discourages analytical or critical thinking, which tends to curb the free flow of ideas.
Participants should "hitchhike" on the Ideas of their teammates. One innovative idea often triggers others. Participants are encouraged to expand on or modify their teammates' ideas or to produce new ideas by association.

When to Use

Brainstorming can be used at several points in the quality improvement process to:

(
Nominate projects, when there is not sufficient information to determine which projects should be undertaken

(
Develop theories about possible causes of problems

(
Identify potential remedies

(
Identify potential resistance to remedies

How to Use

(
Define the topic. You will need a carefully phrased brainstorming statement that is:


-
specific--clear about the topic


-
broad--does not exclude any potentially fruitful ideas


-
unbiased-does not imply a preferred way of thinking 
Example


About 5 percent of all X-rays must be taken over again. What are the possible reasons for these retakes?
___________________________________________
(
Follow specific ground rules:

- Do not criticize or evaluate ideas.

- Be unconventional in your thinking.

- Aim for a quantity of ideas in a short time.

- "Hitchhike" on others' ideas.

(
In most cases, it is also helpful to follow these "procedural rules":

- Make contributions in turn.

- Contribute only one idea during each turn.

- "Pass" when you do not have an idea. You will have another oppor​tunity on your next turn.

- Do not provide explanations for your ideas. 
(
Begin brainstorming on the session topic:

- Review and discuss the topic to ensure that participants understand what it is and what the objectives are.

- Ask someone to write all ideas on a flip chart or other surface visible to all. Each contribution should be listed, even when there is dupli​cation. If a contribution is lengthy, the leader may need to summa​rize it and then confirm understanding by asking, "Is that correct?"

- Conclude the session while there is still an atmosphere of excitement and accomplishment.

(
Process ideas. To do this:

-
Clarify ideas to ensure everyone understands them. (Attempting to clarify while ideas are being contributed usually hinders creativity and sometimes triggers evaluation.)

-
Group or combine similar ideas.

-
Develop criteria for evaluating ideas.

-
Using the criteria developed, evaluate ideas in a systematic manner, and select those to be acted upon. (Note: This workshop will cover additional tools and techniques that have been used successfully in quality improvement projects. Some of them will be helpful for evaluating ideas developed during brainstorming sessions.)

Quality Tools, Cause-Effect Diagram
A cause-effect diagram (GE) helps a project team to organize existing theories about causes and to develop new ones. A cause-effect diagram cannot identify a root cause; it simply presents graphically the many causes (X's) that might con​tribute to the observed effect (Y). This graphic presentation helps focus the search for the root cause and contributes to the team's understanding of the problem.

At this point, look at the sample cause-effect diagram below and complete the ac​tivity that follows.

CONCEPT

	


A simple cause-effect diagram is shown here. The phenomenon to be explained is "Lost control of car." This is the output of the process, the Y of interest. Some of the possible major factors contributing to that lost control are a flat tire, a slip​pery road, mechanical failures, and driver error. Each of these major categories of causes may, in turn, have multiple causes. A flat tire may come from a nail, a rock, glass, or a blowout from material failure. The causal relationship can be traced back still more steps in the causal chain if necessary or appropriate. Lost control may arise from a mechanical failure; that failure may be a brake failure, which, in turn, may come either from fluid loss or from worn pads. You can prob​ably think of other factors (possible X's) to add to this diagram.

As we can see from this example, this too! has three prominent basic features:

(
It is a visual representation of the factors that might contribute to an observed effect or phenomenon that is being examined.

(
The interrelationships among the possible causal factors are clearly shown. One causal factor may appear in several places in the diagram. For example, if temperature affects both moisture content and physical dimensions, then temperature would appear in both places.

(
The interrelationships are generally qualitative and hypothetical. A cause effect diagram is usually prepared as a prelude to developing the data needed to establish causation empirically.

CAUSE-EFFECT SEQUENCE

The most important consideration in the construction of a cause-effect diagram is the clear understanding of the cause-effect relationship.

When one has completed the diagram, one should be able to start at any end point and read the diagram as follows (using "Lost Control of Car" as an exam​ple): "Snow causes the road to be slippery. The slippery road causes loss of con​trol of the car." Alternatively, one can start with the phenomenon being ex​plained and read it backward, like this: "Control of the car was lost because the road was slippery. The road was slippery because it had snowed." In a properly constructed diagram, reading any of the branches in this way should make good sense. We may not have evidence on which cause was actually the culprit, but the statement should make good logical sense.

All possible sources of causation need to be considered. There are at least four classes of causes that may apply to any problem: (1) objects such as machines and material; (2) conditions such as motivations, temperature, or level of demand; (3) timed sequence in the process, such as time of day or sequence in produc​tion, and (4) the effects associated with place, such as a particular production line, the loading dock, the distributor, or a particular branch office. These are the what, why, when, and where of cause and effect and should always be asked.

In addition to the 4 W's (what, why, when, and where), teams that use cause-ef​fect diagrams have developed two other lists that help them remember to consid​er these several classes of possible causes for a problem. These lists are character​ized as the 5 M's in manufacturing and the 5 P's in services, as follows:

Manpower


People (employees) 
Materials


Provisions (supplies) 
Methods 


Procedures 


Machines


Place (environment)

Measurements


Patrons (customers)

Breakthrough improvement project teams have found the W's, M's, and P's help​ful aids in remembering to consider a full range of possible causes. There is, how​ever, no particular magic in the specific words, and they do not all apply in all cases. You may find one of these lists helpful or develop your own. The important point is to consider all possible sources of causation by posing a number of ques​tions such as, "What procedures do we have that might cause this problem?"

Example

This figure is based on a cause-effect diagram developed by a quality improvement project team whose problem was that the patient records from visits to the Emergency Department (E.D.) at the HMO's hospital were not arriving on time at the individual medical office buildings (M.O.B.'s) in outlying towns where the patients went for follow-up care.

Cause-Effect Diagram: Late Arrival of Data

	


As you study the cause-effect diagram, note the following:

(
The effect, Delay in Lab Test Results, is stated in a box at the right of the diagram, and an arrow points to the box.

(
Five major categories of causes are indicated by branches extending diagonally from the arrow: Materials, Equipment, People, Measure​ment, and Procedures.
(
For each major category, possible causes are written on smaller branches extending from the diagonal lines. From some of these causes, still more branches describe other possible causes for them. For example, one major category, Equipment, shows Analyzer Delay as a possible cause of equipment delaying lab results. Why? The chart shows Wait/Recalibrate as a likely cause for analyzer delay. Why must the equipment be recalibrated? The chart indicates Machine Drift might be a cause. What might cause machine drift? The chart shows No P.M. (no preventive maintenance) as a possible cause.

Alternatively, the sequence of events involving equipment might be read as: Failure to perform preventive maintenance causes the analysis machine to drift. This causes delay while the analyzer is recalibrated, and this analyzer delay is an equipment delay which causes the delayed laboratory results.

A cause-effect diagram helps a team organize theories for systematic review. In addition, the diagram often challenges team members to come up with new theories by asking "Why?" for each factor they list. For example, in our sample diagram above, the team might ask why lab supplies might be spoiled. 
The answer(s) would also be shown on the diagram.
KEY STRENGTHS OF CAUSE-EFFECT DIAGRAMS

The major advantage of this tool lies in the fact that it focuses the attention of all the team members on the specific problem at hand in a structured, systematic way. It encourages innovative thinking and still keeps the team on track in an or​derly way.

The second key strength of this tool is that its graphic representation allows very complex situations to be presented, showing clear relationships between ele​ments. When a problem is potentially affected by complex interactions among many causes, the cause-effect diagram provides the means of documenting and organizing them all. Theories of root cause are easily recognizable. They are located out at the branches farthest from the spine, or where no other theory can be put forward to explain a theory even further.

Cause-Effect Tree-Lost Control of Car

	


For the same reason, the GE diagram has a tremendous capability for communi​cating to others, such as to a Quality Council, the analysis of a complex problem the team may be working on.

The cause-effect tree is conceptually similar to the cause-effect diagram. It is sometimes easier to construct, and some computer software packages have adopt​ed this form. This chart reproduces the contents of the previous chart in a tree form. 
HOW TO INTERPRET CAUSE-EFFECT DIAGRAMS THE RESULT
The cause-effect diagram does not provide an answer to a question, as some other tools do. Its main value is to identify the theories the project team will be testing: theories of root causes (X's). It also serves as a vehicle for producing, in a very focused manner, a list of all known or suspected causes that potentially con​tribute to the observed effect (I). At the time of generating the cause-effect dia​gram, it is not usually known whether these causes are responsible for the effect or not.

A well-prepared cause-effect diagram is a superb vehicle for helping teams reach a common understanding of a complex problem, with all its elements and rela​tionships clearly visible at whatever level of detail is required.

THE DIFFERENCE BETWEEN THEORY AND FACT

We have noted that cause-effect diagrams present and organize theories (possible X's). Only when theories are tested with data can we prove causes (X's) of ob​served phenomena. The cause-effect diagram helps organize the search for the causes, but it does not identify the causes. Other tools, such as Pareto analysis, scatter diagrams, histograms, and box plots, will be used to analyze data to estab​lish the causality empirically.

POTENTIAL PITFALLS AND PROBLEMS IN INTERPRETATION

The most serious possible misinterpretation of a cause-effect diagram is to con​fuse this orderly arrangement of theories with real data. The GE diagram is a powerful and useful way to develop theories, display them, and test their logical consistency. It is no substitute for empirical testing of the theories.

We will discuss in more detail later the need to test each causal relation in the C​E diagram for logical consistency. Failure to make those checks can greatly re​duce the usefulness of the diagram and often leads to the waste of valuable time in collecting and analyzing the wrong information.

Another common pitfall is to begin construction of the diagram before the symp​toms have been analyzed as thoroughly as existing information will permit. In such cases, the effect being explained may be so general and ill-defined that the team will have a hard time focusing, and the resulting diagram may be unneces​sarily large, complex, and difficult to use. A clear and precisely articulated effect (a precise Y, based upon Pareto analysis) will produce more relevant theories, better causal relationships, and a more effective model for the selection and test​ing of theories.

A final pitfall is to limit the theories that are proposed and considered. While the symptom being explained should be as precisely defined as possible, the team must seek to develop just as many theories (possible X's) as possible about its causes (X's).

WHEN TO USE CAUSE-EFFECT DIAGRAMS

FORMULATING THEORIES

The chief application of the cause-effect diagram is for the orderly arrangement of theories about the causes of the observed Y Once the theories are well under​stood and ordered, then the team will use its best collective judgment to identify those theories that should be tested.

There are also other diagnostic opportunities for organizing theories. The team may want to know why some part of the process works better than other parts. For example:

(
Why does automobile A obtain 10 percent better mileage per gallon than all other similar vehicles tested?

(
Why is the productivity of assembly line B always higher than the productivity of the other lines?

DESIGNING FOR CULTURE

During the Improve step, the cause-effect diagram may also be useful for the team in considering the cultural impact of its proposed improvement. A cause-ef​fect diagram can sometimes be helpful in thinking systematically about the resis​tance that the proposed solution is likely to meet. If the phenomenon to be ex​plained is resistance to the proposed improvement, then the team can construct a cause-effect diagram to help identify the most important resistances it will need to address.

How to Construct Cause-Effect Diagrams

1.
Define clearly the effect or symptom for which the causes must be identified.

2.
Place the effect or symptom being explained at the right, enclosed in a box. Draw the central spine as a thick line pointing to it.

3.
Use brainstorming or a rational step-by-step approach to identify the possible causes.

4.
Each of the major areas of causes (not less than two and normally not more than six) should be placed in a box and connected with the central spine by a line at an angle of about 70 degrees.

5.
Add causes for each main area, placing them on horizontal lines.

6.
Add subsidiary causes for each cause already entered.

7.
Continue adding possible causes until each branch reaches a potential root cause.

8.
Check the logical validity of each causal chain.

9.
Check for completeness.

Test Theories
Before accepting any theory as true, a project team must systematically test it with data. If data are unavailable or incomplete, the team must collect data that specifically address the theories developed.

To test theories a team must:

(
Decide which theories to test

(
Plan for data collection collect data

(
Analyze the results
DECIDE WHICH THEORIES TO TEST

Before beginning, the team should be very clear about exactly which theories are being tested. A copy of the cause-effect diagram is an excellent guide for the team at this point. Theories of root cause are chosen for testing. These theories are found on the branches farthest away from the spine, or wherever no further theories can be generated. The team can highlight items on the diagram that will be tested. If the data demonstrates that a theory is not important, that theory can be crossed off. The cause-effect diagram also helps identify related theories that can be tested at the same time.

There are three general strategies for testing theories:

(
One theory at a time

(
Groups of theories

(
All theories at the same time

Example

The team investigating delays in testing and troubleshooting the installed magnetic resonance imaging equipment noted that failures in customized installations showed up in three places-the software, installation procedures, and testing procedures. The team decided to test all those theories with respect to customization as a group. They would analyze their installation logs and compare the testing and troubleshooting time for customized installations with the time for standard installations.

Although each of the customization theories could have been tested independently, testing them as a group was more efficient. On the one hand, if the delays were more common among the customized installations, then the team could proceed to test which of the aspects of customization (software, installation, or testing) created the most delays. On the other hand, if the delays among customized installations were not more frequent; then the team could discard all the theories related to customization after just one test.

Another Example
One team was testing theories of the causes for delays in beginning out-patient surgery. Some of the theories included:

(
Failure to order proper supplies

(
Errors in lists of items for standard set-ups for specific surgeons

(
Errors in filling requests in Central Supply

(
Stock-outs in Central Supply

(
Items ordered for one procedure used for another

(
surgeon changing mind on which items to use

While each of these theories could be tested individually, it was more efficient to test them as a group by collecting data on all cases of missing supplies at the scheduled start of surgery.

Plan fop Data Collection
When the theories to be tested are stated clearly and precisely as the team understands them, it is time to plan for collecting data to test them. Each of the following is important in a data collection plan.

(
Design the test.
(
Describe the data required.

(
Decide where to collect the data.

(
Decide how to collect data. Options include:

-
research of existing records

-
direct observation

-
personal interviews telephone interviews

-
mail surveys

(
Design the data collection.

(
Train data collectors.

At this point, some teams decide to try implementing a change in the process as a means for testing a theory. This is almost always a poor strategy. There are times when a well-designed experiment is the final stage in identifying the root cause, but such experiments should be undertaken only after theories have been carefully tested with data from the existing process.
Collect Data

The team should audit the data as they are being collected to ensure that the specified procedures are being followed and that biases are not being intro​duced through the procedures being used.

Analyze the Results

The data must be tabulated and the results displayed. Then the team must answer three questions with respect to each test.

1. 
Which theories are supported by the results? The team should highlight these on its cause-effect diagram and plan for any further testing that may be needed to prove the root cause. (Later in this chapter we will discuss in more detail how to recognize when the root cause has been proven.)
2. 
Which theories are eliminated by the results? The team should remove these theories from further consideration by crossing them off its working copy of the cause-effect diagram. Root causes should account for most of the problem. Any theories that account for only small parts of the problem should be eliminated.
3.
What new theories are suggested by the results? The team should always be open to new theories. Often the results of data analysis will suggest new theories that should be added to the cause-effect diagram. The team must decide how to test them further.
Now we will look at three very useful tools for testing theories: the data sheet, histogram, and scatter diagram.

Quality Tool: Data Sheet

The data sheet is used to gather information about a quality problem. Specific bits of data are recorded in a simple tabular format and then analyzed by the project team. A typical data sheet to investigate delays in reporting laboratory results might look like the sample on the next page. It tracks each lab order from the time the order is written until results are entered into the computer.

Laboratory Time Study - Data Sheet

This sheet is to stay with each lab order until the results are entered into the computer. If you complete one of the steps below, then please do the following for your step.

Thank you,

The Speedy Test Team

	(
Record time you completed step to nearest minute. 

(
Use 24-hour notation. 

(
Enter your initials. 

(
Use "Notes" section to record anything unusual.

(
Questions? Contact Jean Brown, X 2222
	Date: 6/1/92

	
	Test: CBC 

	
	Patient: M. Jones 

	
	Room: D512


	Step 
	Time
	Initials

	Order written:
	1413
	ABC

	Drawn:
	1421
	DEF

	Log into Lab Computer:
	1437
	GHI

	Test Complete:
	1519
	JKL

	Results in Computer:
	1539
	GHI


Notes: Tower Building Elevators Out of Service

Put completed forms in blue box by lab entrance

Note that the sample data sheet is arranged for easy use and includes clear instructions. It calls for information that can be used to test several sets of theories. For example, if the elapsed time from logging the test into the com​puter until the test is completed is short, the team could eliminate two theories: failure to follow FIFO (First In First Out) procedures and analysis equipment problems.

Usually, more than one set of data is needed to diagnose the root cause of a quality problem completely. Delays from blood draw to computer entry can arise from a number of sources, so further diagnosis is required.

Theories cannot be tested by numbers alone. The data must be analyzed and conclusions reached. Various diagnostic tools are helpful in this analysis. We have already seen how the Pareto diagram can keep the team focused on the "vital few." Other helpful quality improvement tools are described on the pages that follow.
Quality Tool: Histogram

A histogram is a chart that uses bars to display variations in a single character​istic. Patterns in the variations often reveal new facts about a process. The following histogram shows the varying lengths of time it took during the course of a week to place patients in a bed after the Emergency Room physi​cian signed the admitting order.

Time To Admit From ER - Histogram

	


Minutes From Order Until Patient on Floor

Each bar represents a range of time required to complete the admission (15 to less than 20 minutes, 20 to less than 25 minutes, and so on). The height of each bar indicates the number of patients within a certain range. For example, for five patients, it took from 15 to less than 20 minutes to complete the admis​sion.

Analyzing Histograms 
Refer to the histogram on the previous page. Note that it shows five patients were in their beds in 15 to less than 20 minutes. At the other extreme, it took from 60 to less than 65 minutes to place another four patients. There are two peaks in the histogram. The first peak shows that for 25 patients, it took 20 to less than 25 minutes. The second shows 40 patients waiting from 40 to less than 45 minutes. Use this information to answer the questions below.

1.
Why do you suppose there are these two peaks?

2.
What do the peaks tell you about the process of admitting patients from the ER?

Quality Tool: Scatter Diagram

A scatter diagram uses dots to show the relationship between two factors. In the diagram below, each dot represents one patient admitted from the Emer​gency Room. The vertical placement of the dot shows the number of minutes required to complete the admission. The horizontal placement indicates the hospital census at the time of the admitting order.

Time To Admit From ER & Hospital Census -- Scatter Diagram

	


The scatter diagram below relates to the same problem: long delays for admis​sions from the ER. This chart, however, demonstrates the relationship between admitting times and the number of ER cases presented per hour.

Time To Admit From ER & Cases Entering ER Per Hour - Scatter Diagram

	


Interpreting a Scatter Diagram

The first scatter diagram presented in this chapter was created to test the theory that admissions were delayed whenever the hospital census was high, because it took longer to find beds for new admissions. Refer to the diagram and then answer the question below.

1.
What do you think of the theory based on what the scatter diagram reveals?

Now refer to the second scatter diagram. This diagram was created to test the theory that admissions were delayed whenever the ER case load was high because the ER staff was so busy with patients it didn't have time to complete the admitting tasks. Use the data in the diagram to answer the following ques​tions.

2.
What do you. think of the theory based on what the scatter diagram reveals?

3.
Based on the data in both scatter diagrams, which theory would you pursue further?

4.
What would you do next?

Identity Root Cause(s)

Using breakthrough improvement tools like those just described usually helps de​termine the root cause (s) of a quality problem. When a root cause is removed, it will sharply reduce or eliminate the deficiency.

These two questions will help you decide whether you have found the root cause.

1. Do the data suggest any other possible causes? After each data collection and analysis, it is usually possible to discard some theories and place more confidence in others. Theorizing is not a one-time activity, however. Each data display-the Pareto diagram, histogram, scatter diagram, or other chart should always be examined to see whether it suggests additional theories. If competing plausible theories are consistent with new data and cannot be discarded based on other data, then you have not arrived at the root cause yet.

2. Is the proposed root cause controllable in some way? Some causes are beyond our ability to control directly, like the weather. We can control the effects of the weather by turning up the heat or running a humidifier, but we cannot control the weather directly. So no useful purpose is served by testing theories about why the weather is cold.

Other possible causes are too broad and general to control and need to be bro​ken into components. For example, "lack of training" as a cause needs further de​finition of the specific skill or knowledge that is missing.

Example

If aircraft departure delays are greater when the airport is busier or the weather is poor, there is little most airlines can do to control either. They can, however, develop ways to deal with the airport being busy, such as providing more backup aircraft, rescheduling flights, or shifting hub operations. The airline might also look for root causes of departure delays when the airport is not busy and weather is not a factor-in other words, procedures or processes that the airline uses and controls that contribute to departure delays. The airline may be able to reduce departure delays so that, even when the airport is busy, the flights are less likely to be delayed.

Example

If delays in admissions from the Emergency Room are greater when the ER is busier, the busyness of the ER is not really the root cause. We cannot usually do much to control the arrival of emergency cases. The root cause, however, might relate to the procedures used to admit the patients. If saturation of capacity is reached as a result of non-emergency cases in the ER, then the root cause may be the case referral or triage methods used.

Once a team has diagnosed the cause (s) of a problem using the steps outlined in this module, you will be well prepared to develop improvements. Step 4 of the Six Sigma breakthrough improvement process, Improve, is described in Module 5.

Summary: Diagnose the Cause

To formulate theories:

(
Identify the many possible causes of the problem before drawing conclusions about the root cause. (Brainstorming is useful for this activity.)

(
Use a cause-effect diagram to organize theories and develop new theories.

Brainstorming:
(
Guidelines:

-
Do not criticize or evaluate ideas.

-
Be unconventional in your thinking.

-
Aim for a quantity of ideas in a short time.

-
"Hitchhike" on others' ideas. Procedural rules:

-
Make contributions in turn.

-
Contribute only one idea in each turn.

-
"Pass" when you do not have an idea.

-
Do not explain your ideas.

(
May be used for these quality improvement activities: 

- nominating projects

- developing theories about possible causes of problems

- identifying potential remedies

- identifying potential resistance to remedies

To test theories:

(
Decide which theories to test: 

- one at a time


- in groups


- all together

(
Plan for data collection: 

- Design the test. 

- Describe the data.


- Decide where to collect.


- Decide how to collect.


- Design collection.


- Train data collectors. 
(
Collect data

(
Analyze results:


- which theories supported?


- which theories eliminated?


- what new theories?

Three helpful tools for testing theories are: 
(
Data sheets

(
Histograms 
(
Scatter diagrams

To determine whether you have found the root cause, ask these questions:

(
Do the data suggest any other possible causes?

(
Is the proposed root cause controllable in some way? (If it is not, the team must probe further.)

Module 5

Six Sigma Improvement

Step 4: Improve

OVERVIEW OF THE IMPROVE PHASE

Once root causes (X's) of the problem are proven with evidence, the team de​signs changes to the process that will remove the cause (s) or go around the •cause (s). They use tools to select from among a number of possible alternatives, to plan the rollout of the improvement, including how to prevent or overcome resistance to the changes required by the improvement. Finally, the team learns how to prove the effectiveness of the improvements and to implement them.
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Introduction

The fourth step in the quality improvement process is Remedy the Cause. This step requires six activities:

(
Evaluate alternatives. 
(
Design remedy. 
(
Design for culture. 
(
Prove effectiveness. 
(
Implement.

Once the breakthrough improvement project team has identified the root

cause (s) (X's) of a problem, it is ready to begin the Improve step. In this chapter you will learn how to perform each activity of this step. You will apply some quali​ty tools described in previous modules and learn about a new one.
Evaluate Alternatives

The Improve step begins by deciding on the improvement that will best remove, or reduce the effect of, the root cause (s) of the problem. Because all possible im​provements are not equally good, the project team must consider a range of pos​sible improvements and agree on the most effective and appropriate one.

The team's first task is to identify a number of possible alternatives. Brainstorm​ing is often helpful at this point. Once project team members have identified many possible improvements, they should evaluate each one in terms of its prob​able impact on the problem and on the organization.

Evaluation Criteria

Each team must agree on the criteria it will use. The most common criteria for evaluating alternatives include:

(
Total cost. Costs to implement a remedy should not exceed available resources. Usually, quality improvement lowers costs, but some initial investment may be necessary. Resources for that initial investment may be acquired by:

      - reallocating existing budget and staff


- obtaining new budget authority from the Quality Council


- drawing on existing revolving funds available to quality improve​ment teams for implementing remedies

(
Impact on the problem. The team needs to estimate the impact of alter​native remedies on the problem. Some remedies may solve more of the problem than others.
(
Benefit/Cost relationship. While total cost and total impact are impor​tant considerations, the cost of each alternative compared to its impact on the team mission is even more important. A remedy with an unfavorable benefit/cost ratio is a poor solution.

(
Cultural impact/resistance to change. Technical and operational changes usually create cultural changes within the organization, and these changes may generate resistance. People frequently fear the impact of the new and untried. When evaluating alternatives, the team must consider the impact of each proposed remedy on those who would be affected by it. Possible resistance is not sufficient reason to rule out a remedy, but it should be weighed with other factors. All other factors being equal, the remedy likely to provoke the least resistance is preferable. We will, discuss ways to deal with anticipated resistance later in this chapter.
(
Implementation time. The team will want to assess the time it will take to implement the remedy and weigh this against the urgency to reach a solution. The greater the urgency, the more important the time element.
(
Uncertainty about effectiveness. Even if a proposed remedy has a favor​able benefit/cost ratio, it may not be a good solution. For example, a remedy may require untested technology or major organizational changes. Even if the costs are relatively low and the potential payoff is high, the uncertainty of that payoff may be too great.
(
Health, safety, and the environment. No proposed remedy should pose new threats to the health and safety of customers, the community, or people working within the organization. The environmental impact of a proposed remedy should at least be neutral and, if possible, positive.

After evaluating alternative remedies, the team agrees on the one that is most promising. Sometimes, a team might combine certain features of several proposed alternatives, drawing on the strengths of each. 
Quality Tool: Remedy Selection Matrix

Here is a matrix for evaluating alternatives. You can use it to assess each proposed remedy according to the evaluation criteria. Place an H (High Desir​ability), M (Medium Desirability), or L (Low Desirability) to indicate the relative degree of expected impact. Note that an H for total cost means that the impact is highly desirable - that is, the cost is low.

	Criterion 
	Remedy 1 
	Remedy 2
	Remedy 3

	Remedy name 
	
	
	

	Total cost 
	
	
	

	Impact on the problem 
	
	
	

	Benefit/cost relationship 
	
	
	

	Cultural impact/resistance to change 
	
	
	

	Implementation time 
	
	
	

	Uncertainty about effectiveness 
	
	
	

	Health & safety 
	
	
	

	Environment 
	
	
	

	Summary (Rate 1 for best, 2 for next, and so on)
	
	
	


The team can use this matrix in a number of ways. For example:

(
Each team member can complete a matrix and then have someone average the ratings of all team members.

(
The team can discuss each criterion and reach consensus on the rating for each proposed remedy.

The summary rating can be obtained either by assigning a numeric weight to each criterion and calculating an average or by using judgment to evaluate the net effect for each remedy.

Exercise 
Evaluating Alternatives

In the last chapter, you analyzed a flow diagram showing the admitting process from a hospital Emergency Room. You also analyzed a scatter diagram which suggested strongly that delays in admitting patients from the ER to Nursing Units were heavily affected by the rate at which new patients arrived in the ER. Further analysis revealed that most of the delays occurred during the evening and night shifts.

As the team pursued its investigations, it discovered that when the ER was very busy, the ER nurses often could not come to the phone to discuss the physician orders. In addition, they had trouble finding time to provide transport for special cases. When they did get the time, then a transporter was often not immediately available, and the opportunity was lost. 
Several remedies were proposed for this problem. Three of them are listed below. Use the matrix on the previous page to evaluate the remedies as best you can. Use whatever information has been provided, plus any other informa​tion you can reasonably imagine from your own experience. None of the remedies is necessarily the best solution. They are here to give you a chance to apply the evaluation criteria. Do not simply reject any of the proposals that you do not like. Logically evaluate each of them by the criteria.

Proposed Remedy 1: When the rate of new patients arriving exceeds ten cases per hour, the ER receptionist will call the Transport Department, and two transporters will be immediately assigned on a dedicated basis to the ER.

Proposed Remedy 2: Increase the ER nursing staff by two during the evening and night shifts.

Proposed Remedy 3: When visits to the ER exceed ten per hour, the ER clerk will notify Admitting, which in turn will advise the Nursing Units when the room is assigned. A unit nurse will then go to the ER, review the patient chart and existing orders, prepare her paperwork from those documents, and then confirm her understanding with the ER nurse. Finally, the unit nurse will then accompany the patient to the unit.

Design the Remedy

Once the team selects a remedy, it designs the remedy by performing four tasks:

(
Ensure that the remedy achieves project goals. The team may need to review project goals to verify that the remedy will achieve desired results and that all team members are in agreement on this point. This is a final check before moving ahead.

(
Determine the required resources. The team must make every effort to determine, as accurately as possible, what resources are required to implement the proposed remedy. These resources include:

- people

- money

- time

- materials

(
Specify the procedures and other changes required. Before imple​menting the remedy, the team must describe, explicitly, what proce​dures will be required to adopt the proposed remedy. The team must also describe what changes need to be made to existing organizational policies, procedures, systems, work patterns, reporting relationships, and other critical operations. Any surprises down the line may sabo​tage the remedy.

(
Assess human resource requirements. The success of any remedy depends on the people who will implement the required changes. Often it will be necessary to train or retrain staff. The team must explore fully all training requirements, as well as the training re​sources needed.

There are several quality tools useful when designing a remedy. These include the following:

(
Flow diagram 
(
Tree diagram 
(
Planning matrix 
(
Planning network
Flow Diagram 

You have already learned how to use a flow diagram when analyzing symp​toms, constructing theories, and testing theories. A flow diagram is also useful when designing a remedy, to indicate how the remedy will operate. This visual representation helps the team clarify the proposal, identify any gaps or ambigu​ities in the design, and explain the remedy to others.

Quality Tools, Tree Diagram
While a flow diagram may be used to show how a remedy will operate when completed, a tree diagram outlines the steps for implementing a remedy by listing all the basic tasks needed to achieve that outcome.

A project team in a large clinic wanted to remedy the problem of missing medical records. The team wanted to use new covers for the records and a new set of "out-​guides"-rigid plastic sheets-to be filed in place of any record checked out ,of the record room. Both the covers and out-guides were to have plastic pockets to hold a card indicating the record's next destination. In addition, the organization redesigned its computerized tracking system to print cards for same-day requests. Previously, same​-day requests were handled by telephone, and only requests more than 24 hours in advance were generated by the system.

The success of the remedy depended on four factors: new medical-record -covers, new out-guides, a modified computer program, and new procedures for the medical record staff. Each of these factors relied on the successful completion of specific tasks such as designing, ordering, receiving, and installing the new medical record covers. The principal tasks associated with the remedy are shown in the diagram that follows. If necessary, each of these tasks can be divided into still more specific parts. Each task can now be assigned to specific individuals.

New medical-Record Tracking Procedures-Tree Diagram 

	


Quality Tool: Planning Matrix

A planning matrix assigns each task in a tree diagram to an individual, group, or department. The matrix specifies who will complete each step and when. It may also specify for each step who will help, what the budget will be, who the team contact is for work done outside the team, the status of the task, etc. All these details on the matrix help the team to be certain that the needed tasks will be completed.

The planning matrix on the facing page is, in fact, an extension of the tree diagram shown on the previous page. It shows all the factors, components, and tasks required for the new medical-record tracking procedure. In addition, it provides spaces at right for specifying who will perform each task and when.

New Medical-Record Tracking Procedures - Tree Diagram with Planning Matrix
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