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Executive Summary:  Inspected-in quality, as practiced under mass production, has been replaced by quality‑at‑the‑process under lean production.  To reduce error, to increase quality‑at‑the‑process, workers use poka-yoking and the Seven Tools of Quality.  To poka-yoke an error means to 'fix' a process so that the error can never occur.  Since poka-yoking prevents an error '100% of the time,' it should be used first whenever possible.  The Seven Tools of Quality are the flowchart, the checksheet, the Pareto chart, the Ishikawa diagram, the freqency histogram, the scattergram, and the control chart.

Mass production, with its emphasis on quantity, requires its assembly lines to run as fast as possible and without interruption, so 'conformance' quality problems are inspected and reworked 'at the end of line,' but such inspected-in quality has high costs.  A single quality problem causes more problems, and becomes embedded in the product, as it moves down the line.  By the time a problem is discovered, it may have reoccurred many times, and, since workers are not directly responsible for the quality of their own work and are rewarded instead on quantity, there are far more problems to discover.  Under lean production, it is far more practical to ensure quality at the process; methods to ensure quality at the process include poka-yoke as well as some of the Seven Tools of Quality.

Poka-yoke
To poka-yoke an error means to 'fix' a process so that the error can never occur.  Poka-yoke is a proactive, preventative approach.  Here are a few 'everyday' examples of poka-yoke:

SYMBOL 183 \f "Symbol" \s 10 \h
Electrical cords have a 'crown' on one prong to prevent someone from plugging it in backwards.

SYMBOL 183 \f "Symbol" \s 10 \h
An elevator with an electric eye to prevent doors shutting on people, with breaker a/o alarm to prevent operation when overloaded.

SYMBOL 183 \f "Symbol" \s 10 \h
A library checkpoint that triggers an alarm to prevent removal of books that have not been approved for removal by library staff.

SYMBOL 183 \f "Symbol" \s 10 \h
Automobiles that automatically lock the doors when the transmission is taken out of “park,” or automatically locks the doors when the automobile is driven over 15 miles an hour.

SYMBOL 183 \f "Symbol" \s 10 \h
Automobiles with sensors that will not allow the vehicle to start if alcohol is detected in the air of the passenger compartment.

SYMBOL 183 \f "Symbol" \s 10 \h
Vending machines that cannot negoiate Eisenhower silver dollars do not have slots big enough to accept them.  (You might wonder who would make a slot to take in something it wasn't designed to handle.  Kinko's used to have a machine to take 'in' copy cards in order to add cash value.  The other slot on the machine, for dispensing 'out' new cards, is the exact same size as the 'in' slot.  There is no physical 'guard' or other device to prevent someone from putting a card 'in the out slot,' and the machine is sometimes nonfunctional as a result of someone doing so.)

SYMBOL 183 \f "Symbol" \s 10 \h
Mantraps (ie, devices that prevent unuthorized human passage).  In the movie Sneakers, Robert Redford defeats a mantrap using a recording that says "My voice is my passport."

SYMBOL 183 \f "Symbol" \s 10 \h
Some apartment or home doors cannot be locked without a key, preventing accidental lockout.

SYMBOL 183 \f "Symbol" \s 10 \h
Automobile keys that are cut on both sides so that they can never be put in upside-down.

SYMBOL 183 \f "Symbol" \s 10 \h
Nuclear weapons have fragile parts designed to break so that they cannot detonate if they hit the ground.  They also have a switch that must be set closed by the extreme thrust of a launch before it can be detonated.

Airport X-ray machines used to be fronted with a plate that was sized so as to block luggage that exceeded the carry-on size limit.  The airlines lobbied for the installations of the plates, since the process of handling over-limit luggage at the departure gate was effecting delays in take-offs.  As expected, the plates prevented over-limit luggage from reaching the gates and take-off times improved.  The plates, however, shifted much of the over-limit luggage processes (and delays) to the X-raying process, and so security management eventually lobbied to remove them.  (Perhaps airports should install a sizing process in front of both the X‑raying process and the front counter luggage check-in process, so passengers can be quickly “triaged” in the correct direction!)

Since poka-yoking prevents an error '100% of the time,' it should be used first whenever possible.  Alternate terms for poka-yoke include mistake-proof, fool-proof, idiot-proof and fail-safe.  More information about poka-yoke can be found at:  http://campbell.berry.edu/faculty/jgrout/ .

The Seven Tools of Quality
So the story goes, Ishikawa reminded Japanese workers that ancient samuari took seven tools into battle and so production workers should take seven tools into 'the battle for quality.'  The nickname stuck.  The following discussion illustrates the use of each of the Seven Tools of Quality at a "Caribbean Cola" bottling plant.

A quality circle (a worker team that continually identifies and solves quality problems) at Caribbean Cola is looking to identify areas for improvement.   They work together to develop a flowchart that illustrates a portion of their production system.  
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As the circle worked together to create the chart, they discovered that after the Vice President approves the mix request, someone then checks to see if the mix is required or if the mix is already in stock.  If the mix is in stock, then the mix request is cancelled.  If the mix is not in stock, then the mixing process begins.  This decision to cancel or to mix is represented by the diamond in the flowchart; in general, a diamond in a flowchart represents a point where a choice or decision is made.  The circle has not been able to find a good reason why the check is not made before the mix request is forwarded for signing.  They recommend and implement a simplification of the system that saves time and effort and provides less opportunity for something to go wrong:
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The circle then decides to focus its interest on the manufacturing floor -- the mixing, filling and packaging processes -- where quality problems and other undesirable effects are being reported.  In order to decide where to begin, the circle asks the workers at each process to keep a checksheet; the workers simply make a check mark on the sheet every time they encounter some kind of problem.  At the end of the week, all the checksheets are collected and summarized.

There are several major advantages to using a checksheet on the production floor.  It is the easiest of the seven tools to use, it does not require any special or statistical training.  Workers do not spend extensive amounts of time, nor are they delayed by, collecting data.   
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At the weekly quality meeting, the members of the quality circle convert the checksheet summary into a Pareto chart, ie, a bar chart with the bars arranged by height, the tallest bar at left. 
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The Pareto chart is an adaptation of the Pareto Principle (or “80:20” rule).  Nineteenth-century Italian economist Vilfredo Pareto observed that twenty percent of the Italian people owned eighty percent of their country's wealth.
  In 1954, Juran adapted the concept to quality improvement, stating that 80% of quality losses are effected by 20% of all root causes.  He called that 20% the 'vital few,' and the rest the 'trivial many (or useful many).'
 The concept suggests that management resources are best allocated towards modification of the 'vital few.'
  The Pareto chart places the 'vital few' at left.  This Pareto chart clearly and simply prioritizes improvement efforts; the circle agrees to focus further activities towards improving the packaging process, where their time and resources "will do the most good."

The quality circle uses the "leftmost" portion of the Pareto chart to start a Ishikawa diagram, sometimes called a 'fishbone diagram' or a 'cause‑and‑effect diagram.'  The process of completing a Ishikawa diagram works from known undesirable effects towards finding root causes.  Packaging problems (the undesirable effect) is placed at the right end of a straight line called the 'spine' of the diagram.  The members begin asking "why?"  Why are there problems in the packaging process?  As answers are given -- frequent repackaging, products delivered too late, understaffed -- each is added to the diagram as a line extending from the spine.  Then members ask "why?" again.  Why is there frequent repackaging?  The cans explode after packaging and the boxes are not sturdy enough.  And why do the cans explode?  They are too full.  These answers are also added to the diagram:
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The questioning is repeated until everyone agrees the true root causes have been placed on the outer branches of the diagram.  The process bears strong resemblance to the truism that "one must ask 'five‑whys' in order to find the real problem."   The 'five‑whys' and fishbone diagrams (as well as Goldratt's 'current reality tree' and several of Japan's Seven New Quality Tools) are root cause analysis tools.  Using these tools ensure that the quality circle will find and solve the real cause of a problem instead of just continually wasting time and resources treating its effects.  "Jumping" directly from effect to solution, without giving thorough consideration to root causes, often leads to selecting incorrect solutions or selecting more difficult a/o expensive solutions than required.

The quality circle members decide one of the most important outer branch in the finished Ishikawa diagram is 'cans too full;' it really seems to be causing most of the problems.  So the circle decides to focus futher effort on solving the problem of 'cans too full.'  Notice that even though the checksheet and the Pareto chart identified the packaging process as the most problematic, the Ishikawa diagram actually leads the quality circle to seek improvement at the filling process.

The circle is now trying to narrow their search for the cause even further.  Cans are not overfilled all the time, just some of the time.   When is that?  Are they overfilled, perhaps, just at certain times of the day?  Over the next two weeks, the members collect some data, some evidence:  The overfilling frequency (ie, the number of cans overfilled) compared to the time of day:

	Hour of day
	# of cans
	Hour of day
	# of cans

	1) 12:00mid - 1:00am
	24
	13) 12:00noon - 1:00pm
	11

	2) 1:00am - 2:00am
	17
	14) 1:00pm - 2:00pm
	14

	3) 2:00am - 3:00am
	29
	15) 2:00pm - 3:00pm
	11

	4) 3:00am - 4:00am
	19
	16) 3:00pm - 4:00pm
	25

	5) 4:00am - 5:00am
	13
	17) 4:00pm - 5:00pm
	34

	6) 5:00am - 6:00am
	22
	18) 5:00pm - 6:00pm
	45

	7) 6:00am - 7:00am
	14
	19) 6:00pm - 7:00pm
	54

	8) 7:00am - 8:00am
	17
	20) 7:00pm - 8:00pm
	65

	9) 8:00am - 9:00am
	17
	21) 8:00pm - 9:00pm
	72

	10) 9:00am - 10:00am
	24
	22) 9:00pm - 10:00pm
	78

	11) 10:00am - 11:00am
	16
	23) 10:00pm - 11:00pm
	84

	12) 11:00am - 12:00noon
	23
	24) 11:00pm - 12:00mid
	13


The circle then charts the data as a frequency histogram.  The height of a bar in a frequency histogram represents the "number of times" something is observed.  The X‑axis in a frequency histogram represents each of the different categories.  (The difference between a frequency histogram and the Pareto Chart is that, in a frequency histogram the categories on the X-axis are not arranged in order of descending frequency, but in their own 'natural' order, one after the other.)  
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From the histogram, the quality circle can easily see that the overfilling probem is worse between hours 16 (3:00pm) and 23 (11:00pm) -- the plant's 'second shift' -- and that it gets worse as the shift progresses.  The circle will investigate the overfilling problem on second shift to look for the cause.

Shelly, one of the members of the quality circle stand quietly for hours during second shift in front of the filling machine operated by Sandy, looking for possible causes of excessive overfilling.  One after the other, a can stops in place under the filling nozzle that drops down, fills the can, then raises back up, to allow the next can to move forward.  Sandy is catching some of the overfilled cans and setting them aside.  Shelly suspects that he is not catching them all, a lot of cans are making it all the way to the packaging process where they explode.  

	Overfills
	Nozzle Changes

	19
	4

	3
	8

	4
	8

	3
	15

	2
	27

	... and so on


Shelly eventually notes that fewer cans overfill right after Sandy stops the machine to exchange a clean nozzle for the one on the machine that is now sort of covered with cola goo.  Shelly finds the nozzle cleaning area keeps a record of how many gooey nozzles they pick up per shift.  She tables those numbers to the data already collected about the number of cans overfilled per shift.  After the table is complete, she graphs them as (X,Y) data points into a scattergram:
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A scattergram is used to reveal data patterns useful toward improvement; here, that when the nozzle is changed more than 10 times per shift, there are almost no overfills, but that as soon as the nozzle is changed less than 10 times per shift, overfills often increase from 2 or 3 per shift to 10, 15, 20, or more per shift.  Why?  Shelly asks Windy, a filling operator on the first shift where fewer overfills are seen.  "Oh, when the nozzle gets gooey, the shutoff valve inside the nozzle won't shut completely or quite as fast, so extra cola gets out of the nozzle.  Sandy may not know that.  Management never arranged to train him; they just put him on the filling machine when the old operator up and quit."  So now Shelly knows Sandy should change the filling nozzles out for cleaning frequently all the time, but the chart shows Sandy only does so once in a while.  Why?  "Oh," says Sandy, "I change the nozzles out 30 to 40 times a night -- when clean ones are available from the nozzle cleaning area.  The fewer clean nozzles I have, the earlier in the shift I run out.  Breezy used to keep lots of clean nozzles in stock over there, but a few weeks ago management told him to stop cleaning nozzles and go help out in the packaging area whenever the cans explode.  You know, lately, that's been happening more and more!" 

The quality circle recommends that Breezy should clean nozzles instead of clean the packaging room floor -- that prevents exploding cans in the first place.  They also recommend that Sandy train with Breezy on first shift for several weeks.  The circle also recommends that the overfilling of cans always should be discovered and corrected at the filling process.  It is better to stop and fix the filling machine immediately when cans are overfilling than to let overfilled cans go into the packaging process; it just costs the company more money and time to clean them up when they explode anyway.  To ensure that the filling machine operator is alerted as soon as overfilling occurs, the circle recommends the use of a control chart.
The basic purpose of a control chart is to distinguish between special cause and common variation.  Here is a intuitive explanation of special cause variation, common variation and control charts, using a dice tossing process as an example:

Round 1:  Four dice tossed and totalled, this being the characteristic under measure.  Repeat the tossing and totalling five times.  This sample of five tosses can be used to cacluate an average (of the five tosses) and a range (the highest toss - the lowest toss).  Repeat the sample of five at least fifty times, finding the average and the range for each sample.  This information can be used to calculate four numbers that are required to construct the control chart:

SYMBOL 183 \f "Symbol" \s 10 \h
the overall mean (called "X-bar-bar") -- the average of the 50 averages.

SYMBOL 183 \f "Symbol" \s 10 \h
the average range (called "R-bar") -- the average of 50 ranges.

SYMBOL 183 \f "Symbol" \s 10 \h
the upper control limit -- calculate (the overall mean +  .577 * average range).
  

SYMBOL 183 \f "Symbol" \s 10 \h
the lower control limit -- calculate (the overall mean -  .577 * average range).  

Construct a chart with three horizontal lines, one each using overall mean, the upper control limit, and the lower control limit.  The fifty samples collected during the Round 1 were needed only construct these three lines, and may now be discarded.  Now Round 2:  collect fifty new samples in the same manner, then chart.  An example, generated from a spreadsheet, is shown below:
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The logic of the results is easy.  No one expects to roll 4 sixes together -- five times in a row!  The same can be said of four ones.  Maybe "once in a blue moon," but there is no reason to see it happen more than that.  This is why the top and the bottom of the chart are empty.   Most of the time, the five tosses will contain totals that are towards the middle (eg, 13, 19, 17, etc.)  and so the average of the five tosses will tend towards the middle.  Even if we did get 4 sixes on one toss, the other four tosses would 'bring down' the average towards the middle.  The upper and lower control limit lines were calculated using a given statistical formula using the Round 1 data so that the "X's" should almost always stay between them.  But there is some scattering, of course; we are not going to toss exactly a total of 14 (the number exactly in the middle) every single time.  Each die takes a little tumble this way or that, just random, just chance.  This is called common variation.  (Alternate terms for common variation include statistical variation, systemic variation, natural variation, and random variation.)

Then, while we were not looking, a bad, bad man comes along and places a 'loaded' die in the bunch; the 'load' is a weight that makes that die always toss up to a six.  Round 3:  fifty more samples in the same manner, then chart those samples to the right of Round 2:
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The logic of the results in Round 3, too, is easy.   Now one die tosses up a six every time, of course the totals will be higher!   But we didn't know there was a new die, we weren't watching.  Nevertheless, we can see evidence of the change in the chart; "X's" should not fall outside the lines, but they do.  The horizontal lines reflect the way "things used to be;" so when "X's" begin to fall outside the control limits then that is evidence that "things aren't that way anymore."  The data points did not appear outside the control limits due to the tumble of a die this way or that; something special has happened to cause the change seen in the Round 3 chart.  The variation due to the loaded die is attributed to special cause variation.  Of course all of us understand dice:  the highest toss possible is 24, the lowest toss possible is 4, the average in the long run will be in the middle -- 14.  This same technique, though, can be used to make control charts for wood length, drilled diameters, liquid tempuratures, or other such measurements to tell us when things have changed due to a special cause.  The purpose: so that appropriate action can be taken.  The appropriate action:  locate the cause then either 'remove' it if the effect is undesired (ie, we want 'fair' dice) or 'ensure' it if the effect is desired (ie, we want 'crooked' dice).  Shelly and the quality circle install new equipment that will weigh each can right after it is filled to determine the 'fullness' of the can, perform the control chart calculations, and display the control chart on a screen beside the filling machine.

The Seven Tools of Quality do not have to be used 'one after the other,' as seen in this 'nice, neat' example.  Just like tools such as hammers, pliers and saws, a quality tool is used whenever it is needed, whenever it is 'the right tool for the job.'  More information about The Seven Tools of Quality can be found at http://deming.eng.clemson.edu/pub/tutorials/qctools/qct.htm or

 http://www.goalqpc.com/RESEARCH/7qc.html 
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� 	Cours d'economie politique, 1896.





� 	Universals in management planning and controlling, The Management Review, November, 1954.  See also: � HYPERLINK "http://www.juran.com/research/articles/SP541.html" ��http://www.juran.com/research/articles/SP541.html� and � HYPERLINK "http://www.juran.com/research/articles/SP7518.html" ��http://www.juran.com/research/articles/SP7518.html�





� 	The "80:20" rule reappears much in management; eg, 80% of revenue comes from 20% of  the product line.  For example, see � HYPERLINK "http://library.shu.edu/HafnerAW/awh-th-math-pareto.htm" ��http://library.shu.edu/HafnerAW/awh-th-math-pareto.htm�.








� 	The number .577 is specific to this example.
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