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The Celebration

| was alone at the bar when the doors to the tavern opened to a flood
of arriving patrons. | recognized them all. They were my co-workers
at Cytronic Washing Machines, Inc. They were celebrating.

| knew why.

My friend, Jack, was |l eading t1I
on, Charlesodo heydbelhaowedod IAtWh &
not the first establishmentt h e yeeh th.

ANot hing for me, thankso | said
Sam T our supervisor T grabbed me as he was walking in, and
demanded I stay foradri nk t o cel ebr aEmployeka c |

of t he Mont ho.

| reached out to shake his hand, and accidentally dropped a paper on
the ground. He retrieved it for me and, noticing writing on it, stole a

glance. AfHer e vy ouwerginterested ih fraddals.d n ¢
My son is studying these in school right now! See you Monday at

work, Charles! cHe was in a festive mood
ANO you wonot . |l turned i n my

afternoon. O

Sam looked at me, shocked. We had always been friends. He was a
good guy. There had been no acrimony in the office. This took him
by surprise. AWhat 6s going on?



ANODbuULt It has everyt hi n gighttheeido
and on this piece of paper. o

Sam didnot under st and.

The crowd was hollering from inside the bar for Sam to join in a toast.

Hel ooked at me. APromi se me th
that resignation letter on my desk. Come and see me first thing
Monday morningandweé | | 't al k. Proni se me

A F o w, | gramise. Have a good time celebratingt oni ght |,
see you Monday. o



The Drawing

It |l ooked | i ke a fract adsprintddong u e
the piece of paper.

:” “ .
e
. o 1

g

Let me explain, first off, what we do. We make washing machines. It
thatsound s boring, it 6 s othirk gf a Washmga u s
machine merely as something you cram clothes into, drop in some
soap, and push a button.

Ther eds mu d ks thenoiy neich tnare toi any technology,
particul ar Ingmakifgthipgs.ud6r e t he o

And thereds i mmense precision
machine 1 as there is in most technology. We deal in the domain of
thousandths of a millimeter.

J a c tkat sreates the machine itself, while my team is charged with
door assembly.



Our door attaches on the left side of the machine via a steel plate
secured with three screws, and swings open on a hinge. The door
stays closes T and opens T because of a clasp on the right side. There
IS a certain tension necessary to keep the door closed, but not too
much tension, else the door will not open.

As you can imagine, with the door secured completely on the left, but
only partially on the right, there is a great deal of precision in the
drilling of the holes. If any of the holes are off by the slightest, the
door wonot ioopieth womrdtecdllogyse sec
likely spill. The clasp will break. Lots of things can go wrong.

We 6d been wo r-tunedmprgcesaf@ quie a Wwhilen eirtily
recently.

Recentl vy , my doors havenodthadck.en Ifd
to re-drill holes and fix clasps breaking in the testing process.

A

Inventory is stacking up at my work-station. | t 6 s been fr

| asked Jack one day if he was doing anything differently, explaining
the issues | was having. Jack assured me he was not only doing
nothing differently, he was working extra hard to make sure the
washing machines were being built exactly to specifications.

| wondered.

| watched his team work one day, during my break. They were
measuring. They were recalibrating. They were busy. On every
machine coming down the line. And they seemed to know exactly
what they were doing.



Things seemed OK. In fact, the flurry of activity suggested they
were going overboard to do things right T and better. However, |
knew t h efine woause@awdny station was having troubles!

| checked all of my equipment. My processes. Nothing had changed
T with me. It had to be his station.

| decided to measure his work. | quickly took measurements of the
machine center, and noted the coordinates on a separate sheet of
paper. | tracked the first 100 machines coming down the conveyor
belt, and repeated this process.

Later that night, | entered them into a spreadsheet, and graphed them.
The result was the earlier image you saw.
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What did it mean?

And why was it happening now? | had a good guess. | thought this
Aextra wor ko on nbilbblecfdr nsre work ontmy w a
part. To make matters worse, he was being rewarded for his
performance!



A Weekend Visit

Still wondering about the issue, and now given a reprieve by Sam
about my job, I decided to visit the plant over the weekend. The
parking lot was empty as | pulled in. | walked through our inventory
storeroom. Shelves and shelves of stock, unsold. | remembered
wor king overtime to meet produ
budget o. I knew how much | h :
bonuses. And here the machines sat.

Oh wel | . ltds not my call

However, looking at the machines, |1 got to thinking: these were built
when everything was working fine. | wonder how these
measurements look?

It was just me and the floor and the bloated inventory, so I decided to
answer my own question. | measured 100 washing machines,
capturing the machine center on a tablet. 1 went home, input this data,
and graphed it:




What is going on here, I thought? | knew our tolerances were small,
and in any industrial process, variation is inevitable. But this
variation was minimal!

At least it used to be!

Herebds Jack wnowh &@mndeheacl at mo®r
better! Worse yet, everyone thinks he is doing better, t oo!
getting awards for AEmMployee of
I thought back to recent images of Jack, anxiously adjusting his
machine as a new body part came down the line. It looked frantic, yet

it was obviously intentional.

And it was obviously wrong.

| 6ve got enough information fo
await Monday morning, with Sam.



The Meeting

| was paged first-thing Monday morning. If Sam was anything, he
was prompt and diligent.

| came to the office and took a chair.

Sam starteid fi ni.t 6silacbookut Jack g
Mont ho, dondt watiomrpyt inanbre time, and e .
particularly took it upon himself to improve the quality of his
machines. 0

A | st whathyou think this is about T jealousy? 0

AWhat else could it be? You WwWEe
implement a policy where Jack wi n s , and t hi dingmor
Youte | | me . thatlwhatisitP 6 s not

Altdés this. o0 -ihagedésied ftrhenthf o fa

A Wh at thid loaee $0 do with anything? You mentioned that as
you |l eft the bar Friday night?o0

| opened my brief case and brought forth a small funnel, and a bag of
marbles.

AnWhat 6s al | t hi s?o0, he asked.

AA simple experiment. Do me a
the center of his office, where a beautiful rug covered the floor.

10
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Drop thesehmahkl ésnnktougl owl vy

He did. o

=]

| held the funnel still, and the marbles progressed down the funnel,
onto the rug. Often times, they rolled right, others left, and as more
marbles collected on the floor, the falling marble would hit one and
bounce away.

Nevertheless, after a short bit of time, 30 marbles were on the rug, in
the following pattern:

to oa°

)

& e
AMost people think of industria
which they are, but even with
ever ywher e. Right ?0
AOf courseodo, Sam replied.
AThereds simple variation in th

11
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Right. . oObv3aomswas growing tir

AOK. Letds suppose |,000tomdecethel o r
variationit o 6 make a .betWhert pmooud wc tyd

~

nl 6d do Wwhdt é werdol to remove t |
happily.

St

Li keowhhbht &aShdowy améd .y f

AOKO, Sam saiBdutcolnéflild ednrtolpy.. Yoo ef
justmakesur e youdre holding the fur
up. Infact,| 6hbld the funnelandyoud r op t he mar bl e

AFair enough. You say OWhenodo.
AWait a minute, o he said. il f
way to figure out whichdirect i on t o move the f
got a roll of maskd ngyod agge sand
rug. o

ATher e. N o w -eyeeandha avaydo figure uuhbw te
move the funnel . o

| yawned. AfDoes that mean youb

Al 6 m r ldecheldythe funnel above the bulls-eye, and | dropped
the first marble.

It hit the bulls-eye, but bounded off to the right.

12



fiShoot. O Hhalled éhey dastance the marble had rolled from the
bulls-eye, and manually moved the funnel the opposite direction from

t he marble. 0o

AWhen. o

| dropped another one, and this one moved closer to the target.
AYes, 0 he exclai med, and agair
distance the amount opposite the bulls-eye from where the marble
landed.

AinWhen. o

| dropped a third. This one careened away from the bulls-eye, making
the distance farther than the previous.

Sam again corrected for the error, moving the funnel farther from the
previous spot, but in the opposite direction.

Suddenly the game wamalehintfiniskall 80h &
marbles.

We looked at the floor together, silently.

13
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A Wh at happened?o It was Sam,
Why was did the first 30 marbles make such a nice, tight pattern,
while these are al/l over the ru
Ilbrought out the Afractal pictur et
He | ooked at it. AWhat does it

Al t me a nibve adknowledgedatherd is variation in everything
we do. Extremely small variation, but variation none-the-less. We
can control it. But when we react i or overreact 1 to it, we magnify it.
It becomes worse. Everythingb e c o mes wor se. O

1]

And are you saying we do this

Altds worse than that. Jack wi
to do when you came along with this new policy. Suddenly, he was

14



changing everything. He wahhlas f |
station, and in doing so, he was increasing the variation! He was,
inadvertently, making my job harder T which is why you saw
inventory backing up at my station. | suspect our customer-service
agents are going to start fielding more calls because of the lower
guality machines wedve just ma
doing, what did you do? You rewarded him! 0

Sam sat on the carpet, not saying a word.

ANow you know why | sai d | W a s
ourselves. Youdi d it to wus! And once

t he Mmnsenshodeeps into the system, likely more such policies

will follow. No sir. Life is too short to live under a death sentence

|l i ke that! o

Al 6m putting a stop to it i mmed
nof ¢ oAlltesha to do was ask.
We shook hands and | started t

Somet hing doesndt ma k eingéankyehisde n <
his desk.

AWhat 6s t hat ?0

AYou s ai dhe poditianrofgthe furnel brought everything out
of whack. o
ARIi ght . O

15



i Do ewveeget to move the funnel? How do we ever lower the
variation?o
Al thought youbdd asek otthhaetr, gsroa pl

ALet 6s suppose we try to graph
the quality of the machine, one-by-o n e . | X v ea pogl o t
coordinates so one way might be
centero.

AOKO.
AHer e 6 s ofahe fiyst 20 pnhchines above, done prior to the
performance incentives. o0

3.00 -

£

éz_nn—

]

=

2

,gl.EID-

&

0.00

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 36 91 9
Machine

AOKO, said Sam.
ANotice the natur al variation
mar bl es. Let6s suppose we agr ¢

16



now. Thaatdisomtdfe tvlaeg isyst emb.
maybe not to reduce the variability, but to see if we can find a way to
detect when Osomethingb6s gone W

What do you mean?o

ot

Al knew something was wrong wi:t
see it in the work coming down the line, and the re-drilling we had to
do. o

AOK éo

ASo why donot we abjectevalyt captura thisp r c
information, rather than me goi

AFor example ¢€éo

3.00
[ 7]

£

& 200 -

-

o N Wl A

: !

0.00

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71 76 81 36 91 96
Machine

AThese | ines amptocbngrohel Dma:
the system. As you can see, everything falls within these control
i mits. Everything is fine. o

17



fBut do we have to be satisfie:q

AA gr eati ng udf sotirse oo This data is not a law of
natur e. Il tds just recognition
But if we want to change it, we have to do more than offer $1,000
rewards! For example, suppose we found a way to clamp down the
funnel when webles &hatdvoulnl prpbably geduosma r
the variationir at her t han simply O6hol di

A OK. So what does the graph |
from the next 100 machines? | know youdre itchi
AHer e it i s. Wack to npodify thecyaaxis scaleete ,

accommodate the expanded variat

16.00
7]

EIE.DD—

[

]

S 200 A

i

A 400 1

0.00 NPT 0P8

1 26 51 76 101 126 151 176
Machine

AAsSs you can see, had we had a
pl ace, even i f you didnot Thml i
the team i rightaway: What 6 s golag on, f ol k

18

¢



ilLet 6s get Jack and the r easltof of
this, o said Sam, fHial dt hietn. heFicr
| 6ve got to plan to rework tho
them. Can you work overtime tonight, youand your t eam

ADo you have someone r eadVYyaskedo b
ANoO, but webve got to get back
AAanyprice?0, | asked, and knew 1

19



The Follow-Up Meeting

AWould yowergailtdt 90 haasked Sam
bar, long after hours were over.

Al was ready to, wasnodét | ?0
ABut why? Didnét you have conf
about this?0

AHereds the thing with progrmgam:
along fine, making a reasonable profit, producing a quality product.
Were we doing as good as we could be doing? Of course, not. Look

at al | t hat I n v e-and-ashalfyto pwaud,rjust top a
sit on a s hresidtthrondngthatin. coul dnot

AAnd along you <came wit hprogram. 6 E
What happened? The system went to hell pretty quickly. Customer
service complaints were likely coming. Product quality was falling.
Employee morale T at least mine T went intotheta n k . 0

AAnd whose job is it to fix all

Sam responded, hesitantly, in the tone of a prolonged question:
fiMine? o

A | n di ere dhat would you have come up with? More programs?
Sending the system further into

That is, this is the death spiral | saw coming, rapidly:

20



THE DEATH SPIRAL OF POOR MANAGEMENT

Sam comes up with more and
mare "pragrams", as things

'

We have a system in J Sam comes up with an

cvele out of control,

place. People, "Emplovee of the

processes, efc.

The system goes to hell
pretty quickly,

Month" program.

erease dramatically. inte the tank.

Custemer Service calls Product quality falls Employee morale goes
rapidy.

The compaty 15 ih a
Worse position -
financially, product-wise,
and emplovee-wise.

The job of the
SUPErVISOF 18 10 Inprove
the compaty ..
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The Funnel Expe

W. Edwards Demin(

Various Visual Doftaysiiesind
Improp@&Bystem Action
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The Funnel Expe

W. Edwards Demin(

Tracking thdividual Paiatsl Targets
for the Various Rules
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THE DEMING FUNNEL EXPERIMENT

RULE 1
Aim at Bullseye

NEW TARGET ACTUAL RESULT

%}Hﬂ

Actual Data After
186 Trials




THE DEMING FUNNEL EXPERIMENT
RULE 2

Adjust Aim for Deviation Remaining After Previous Aim

NEW TARGET ACTUAL RESULT

Actual Data After
164 Trials

;

bbb
g

e
e
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THE DEMING FUNNEL EXPERIMENT
RULE 3

Aim Opposite the Previous Deviation from the Bullseye

NEW TARGET ACTUAL RESULT

b o
g

i

Actual Data After
164 Trials

;

b b g
b b g
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THE DEMING FUNNEL EXPERIMENT
RULE 3

Aim Opposite the Previous Deviation from the Bullseye

NEW TARGET ACTUAL RESULT

H—'—@i—!—!—!—lﬂ

%
i
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THE DEMING FUNNEL EXPERIMENT
RULE 4

Aim At Previous Point

NEW TARGET ACTUAL RESULT

Actual Data After
186 Trials
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The Funnel Expe

W. Edwards Demin(

The Fractal Beh
the growth of this fractal phenome
simulations.
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RULE 3
Funnel Trials 1254 Funnel Trials 1-59%

Funnel Trials 1-756 Funnel Triale I-1864

Funnel Trials I-1256 Funnel Trials I-1564
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RULE 3
Funnel Trials I-1754 Funnel Trials 1-2068

Funnel Trialy 1-2254 Funnel Triale I-2568

Funnel Trials 1-2756 Funnel Trials I-3668
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RULE 3
Funnel Trials 1254 Funnel Trials 1-59%

Funnel Trials 1-756 Funnel Triale I-1864

Funnel Trials I-1256 Funnel Trials I-1564
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RULE 3
Funnel Trials I-1754 Funnel Trials 1-2068

Funnel Trialy 1-2254 Funnel Triale I-2568

Funnel Trials 1-2756 Funnel Trials I-3668
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