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ABSTRACT -- The idea that gre at gai ns in pro ductivity and qua lity
ca n be made by con tinua lly improvi ng a pro ces s is widel y acce pte d.
The basis for the improve men t is a cont inuous accumulation and
application of knowle dge about how the pro ces s works. Con trol
char ts and the associa ted data col lection pro cedures have tra dit i on-
nall y been use d fo r purposes such as pro ces s adju stmen t, pro ces s
sta bilization and rec ord-kee ping. This article exami nes the pos sibility
of usi ng con trol charts as the data col lection met hod for con tinuous
improve men t. The fun ctions whi ch must be car rie d ou t are des cri-
bed and organized in a sys te m. The con clu sion s of this examana-
tion are that gre at care must be tak en in des ign ing a sys te m fo r con-
tinuous improve men t ar ound the chart and that for com p lex pro-
cesses , it is ver y di fficult to use a chart in this way.

Intro duction

It is now well recog n ized that gre at gains in quali ty and produ ctivity
can be made by wor king con tin uou sly on a day-to-day basis on a
proces s. The improve ments occur in many sma l l in crements and
typi c a l ly requi re sm all capi tal outlays but large amoun t s of effor t
fr om many indivi d uals. The Jap anese refer to the sys tem of con tin u-
ou s im prove ment as "Kaizen."

In the con tex t consid ere d he re, con tin uou s im prove ment is equ ated
with con tin uou s re duction of variation abou t a targe t. For exa mple,
if the quali ty charact e ris ti c of interest is the hardness of a casting,
the process is con tin uou sly improve d if the variation of the hardness
abou t the nominal value is made sma l ler and sma l ler. The reduction
of variation lea ds to reduced scrap and rew ork, better machin ing
proper tie s , fe wer problems wit h fin a l surface finish and so on.

The fou ndation upon whi c h contin uou s im prove ment is base d is
the idea that the more that is known about a process, the better it
can made to operate. This means that to achieve con tin uou s im -
prov ement, a sys tem must be in place to cap ture dat a abou t the
proces s, to conve rt this dat a in t o us eful knowledge, and to imple-
ment change s in the process that reflect what has been learned .

Bu rr (1953) says that a con trol chart is "the process talk ing to us."
This famou s quot ation sugge s t s that a con trol chart is a  ver y good
way to col lect dat a abou t a process for the purpose of gaining
know ledge. The aims here are to exa m ine crit ically this pos sib i lity
and to descr ibe aspects of the sys tem that must sur rou nd the chart in
order to achieve con tin uou s im prove ment.

All com ments in this paper refer to charts for ave r age s and for
rang es (Y-bar and R-charts) . The same poi nts apply to other types
of charts.

The Com mon Use s of Contro l Charts

There are many types of con trol charts and many uses for each
type. The analog y to screw drive rs is a good one. The lis t of uses
fo r charts whi c h fo llows reflects my own exper ienc e. I am cer tain
the lis t is inco mplet e. The order in the lis t co rre sponds to the rela-
tive order of usage that I hav e obs erved .

1. A cont rol chart is use d to help the operato r to deci de if a pro -
cess adj ust ment is necessar y. The adj ust ment involves, for exa m-
ple, re-tooli ng, res etting con trols , or rou tin e ma int enanc e.

2. A cont rol chart is use d as a record of process per for manc e. A
custome r of the process may dem and a chart as a sub stitute for
in spection.

3. A cont rol chart is use d as a tool to analyze dat a collected for a
specia l study. For exa mple, in a mu lti-palette process, per iodic

studie s are don e to deter min e which palettes, if any, are per for m-
ing differently from the rest. The study inv olves col lecting a sub -
gr oup of dat a fr om par ts produ c e d on each palette and com -
paring the subgr oup ave r age s and range s using a Y-bar and R-
chart. Palettes whi c h co rre spond to out-of-cont rol poi nts on the
chart are sub ject to speci al maint enanc e.

4. A cont rol chart is use d to help to est ablis h proces s st ability. Not e
that a stable process is one that is in statis ti c a l cont rol , so that in
so m e sens e, process per for manc e is pre dictable. This is the cla s s-
ical use of con trol charts but one that is inf r eque n tly appli ed. See
fo r ex ample dis cus sio ns by Grant and Leave nwo rth (1988),
Wheele r and Chambers (1986), and the ATT Handbook (1985).

It is diffic ult to conne ct any of the above uses of a con trol chart
with the idea of con tin uou s im prove ment. For exa mple, onc e an ad-
ju s tment progr am is in place or a process is stablized, the goa l of
using the chart has been met and fur the r proces s im prove ment wil l
not take place throug h the use of the chart.

To use a con trol chart for con tin uou s im prove ment, we need to re-
ex amine the unde r lyi ng basis for the chart. This is don e in the nex t
se ction.

Contro l Charts and Pro cess Stability – The Classical
Ap p roach

The unde r lyi ng basis for usi ng a con trol chart is the con cep t of a sta-
ble process. A proces s is stable if its output is pre dictable. This
does not mean that the output is con stant. Rat her, it is the pa ttern of
variation of the output that is con stant. A his t ogr am of a large sam-
ple of mea s urements taken from a st able process wil l always be the
same. If a process is stable, the beh aviour of the ave r age and range
of a sma l l subgroup of obs ervation s is als o predictable. This pre dic-
tion det e rmines the con trol lim its on the chart. Any ave r age or
rang e ou tsi de the con trol lim its is outsi de the nor mal range of beh av-
iour and hence is a sig n a l that the process has become uns table.
That is, something has change d.

The change in the process whi c h produces a sig n a l of inst ability is
often called a speci al or assig n able cau se of variation. When the
specia l caus e acts, it produ c es a change in the process that is large
en oug h to be notic e d ag ain st the backg rou nd variation that is alw ays
pres ent. The backg rou nd variation is due to what are called com-
mon or chanc e caus es. A co mmon cau se, when acting, produ c es a
sm all change in the process whi c h is not notic eable becau se of all
the other variation pre sent.

It is usually assume d that in any process the re are many com mon
caus es and few specia l caus es of variation. To achieve stability, the
id e a is to det e rmine the speci al cau ses, and then to preve n t them
fr om acting. At this poi nt, only com mon cau ses wil l act on the
proces s, each wit h a sma l l ef fect, and so the process wil l be stable.

Althou gh easily stated, this is a diffic ult task to unde rtake. The
chart is usually easy to set up. Howeve r, in complex mul t i-stage
proces s es, on ce the chart sig n a ls the actio n of a specia l caus e, it may
be hard to find the caus e. Als o, the actio n of the caus e is often out-
si de the jur isdiction of the operato r or indivi d ual charged with re-
spon sib i lity for keepi ng the chart. Fur the rmo re, sin ce the chart may
signal at any tim e, it is diffic ult to organize people’s sche dule to look
fo r the cau se. If the actio n of the caus e is rela t ive ly sh ort-liv ed, then
lack of immediat e re spons e will make isola t ion of the caus e im pos si-
ble.

Once a speci al cau se is locat e d, it is frequ ently not easy to preve n t
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the cau se from acting aga in. For exa mple, if bat ch to bat ch variation
in a raw mat e ria l is an assig n able cau se, infor ming the sup pli er wil l
have lit tle effect. Ins tea d, the sup pli er wil l have to find a way to re-
du c e variation in the raw mat e ria l (a new study in its elf) or the
proces s will have to be operated in a different way in whi c h the ef-
fe ct of raw mat e ria l variation is reduced . This secon d ap proach is
on e of Tag uchi’s (1979) basi c methods for reducing variation, and re-
qu ire s a fur the r study of the process.

Cont rol charts are often establi she d to help achieve process stabil-
ity wit hou t sufficie n t consid eration of the diffic ulties mentio ned above.
Even if thes e proble ms are ove rco m e, onc e the process is made sta-
ble no fur the r im prove ments wil l occur and the chart may as wel l
be abandone d (e xcept as a record of process per for manc e).

Contro l Charts for Continuou s Improvement

To use a con trol chart for con tin uou s im prove ment requi re s that we
abandon the idea of speci al and com mon cau ses of variation. In-
st ea d, it is useful to think sim p ly of cau ses of variation. The chart-
ing procedure wil l be desig ned to find the caus es re sponsib le for
large variation s first. Onc e thes e caus es have been rem ove d, the
procedure can be alt e red to find the large s t of the rem ain ing cau ses.
This change in charting procedure and caus e removal con tin ue s as
long as is justifie d by economc con sid eration s. The assump tion for
the approach is that the re is a Paret o-like effect among the variou s
caus es. That is, the re are a large number of cau ses, only a few of
which have a rela t ive ly large effect. Once thes e have been rem ove d,
an othe r fe w caus es em erge as maj or con tributors to the ove r all vari-
ation. In other words, some of today’s com mon cau ses become to-
mo rrow’s speci al cau ses onc e today’s speci al cau ses are reme died .

The approach des cribed above dem ands a sys tem for pro per use.
It wil l not wor k, for exa mple, to teach operato rs of a machin e how
to con str uct a con trol chart and then tur n them loose and expect to
se e contin uou s im prove ment. Exper ienc e ha s sh own that this lea ds
to frust r ation, ang er and the eve n tual abandonm e n t of the chart be-
caus e so many of the caus es are outsi de the operato r’s are a of con-
trol . It is not the chart that is at fau lt but the lack of a pro per sys-
tem. Bel ow, a pos sib le sys tem for con tin uou s im prove ment whi c h
us es cont rol charts is des cribed.

A Sys tem for Continuou s Improvement Using Contro l Charts

The sys tem has seve r al maj or components.

1. A ma n agement team to deci de whi c h proces s es to att ack, to es-
tablis h teams to wor k on the proje ct, to allocat e re sour ces and
to rev i ew progres s. The team wil l also be inv olved in decisio ns
to rem ove a cau se of variation by a solutio n which requi re s a
capi tal outlay or a maj or change in operating procedure.

2. A team to set up and mon ito r the study. This group shoul d in -
clude at some tim e repre sent ative s of eve ryone wit h an int e rest
in the process inclu ding operato rs, engi neers, maint enanc e, sup -
plie rs, customers etc. The basic task of the team is to isola te the
caus es of variation.

3. A team to find ways to rem ove or rem edy cau ses of variation.
This team wil l in clu de members from the first two teams and
mu s t have author ity to make change s in the process and to in-
stitute new studies on the processes for which the isola ted cau se
is an output. For exa mple, if an operating tem perature is isola ted
as an impor tant caus e of variation in the charact e ris ti c of inter-
est, it may be necessar y to study the process whi c h cont rol s the
temperature in order to reduce temperature variation and hence
remove the caus e of variation of the charact e ris ti c of interest.
The team requi re s specia l sk ills in inve s tig a t i ng non -capi tal int en-
sive solutio ns for rem ovi ng cau ses of variation.

4. An indivi d ual or sma l l team who simul tan eou sly col lect the data
on the charact e ris ti c of interest and on the status of the hig h pri-
or ity cau ses. This group is a sub set of the team descr ibed in 2

and wil l re c eiv e st rict ins tructio ns from that team on when, how
and what dat a to col lect. This team shoul d also sum marize the
data col lect e d in a conve n ient for m fo r the cau se-hu nting team .

The role of each team is cle ar and it seems unlikely that the
proje ct can be successful wit hou t each of thes e role s being filled . If
a sim p le process is bei ng studie d, such an ela borate sys tem is prob-
ably unnecessar y. Howeve r, all of the fun ction s are requi red. The
task s of the secon d team are des cribed in more det ail in the nex t
se ction.

The Cau se Hunting Team

This team must have a sys tem ati c ap proach to its task. The sugge s-
tion s give n below cor respond directly to the steps in any problem -
solv ing sys tem . He re they are adapt e d to apply to a study in whi c h
a con trol chart is the basic tool for col lecting and analyzing the data
and the purpose of the study is to reduce con tin uou sly process vari-
ation.

1. Defi ne the process as it is. The descr iptio n mu s t refle ct reality,
not int ent. A thorou gh rev i ew of what is known about the pro -
cess inclu ding infor mation from sup pli ers and customers, dat a and
conclu sio ns from previous studie s , et c., shoul d be par t of this step.

2. Speci fy the charact e ris ti cs of the process on whi c h the improve -
ment effor t will be con cent r ated . This step must be don e ve ry
carefully to avo id the waste of resou rces. The customers (i.e.,
thos e who are affected by the output of the process) must be
cons ult e d at this stage.

3. Identify the pot entia l caus es of variation in the impor tant charac-
ter istics. Not e the empha sis on the word "potentia l." At this stage,
all pos sib i lit ies must be con sid ere d. The goa l is not to identify
actual caus es. Input from a large varie ty of sou rces shoul d be
soli cit e d.

4. Prior itize the pot entia l caus es on the basis of their perceiv ed im-
portanc e, the ease of rem oval, and the ability to mea s ure or track
the associat e d fact or. For exa mple, if sou rce of raw mat e ria l is a
potentia l caus e of variation but it is impos sib le to identify the
sour ce upon produ ction, this cau se shoul d be ign ore d. This does
not eli min ate the caus e but sin ce the charting effor t cannot iden -
tify it the re is no poi nt in con sid ering this pot entia l caus e un til a
track ing procedure is ins talled .

5. Select the top few high prior ity potentia l caus es. The number con -
si dered depends on the resou rces availa ble to the group who are
re sponsib le for reacting to the sig n a ls from the chart.

6. Evaluate the mea s urement sys tems for all impor tant charact e ris -
ti cs and facto rs associat e d with the selected cau ses. Make cer-
tain that, when eve r a charact e ris ti c is mea s ure d, it is pos sib le to
id e n tify the stat e of the pot entia l caus es.

7. Defi ne the sampling scheme for the con trol chart. The step in-
cludes speci fi cation of the ration a l subgroup inclu ding size and fre -
qu enc y of col lectio n. The ration a l subgroup must be defi ned so
that if one of the hig h prio rity pot entia l caus es is acting (and
the cau se is actually impor tant), the statis ti c a l proper tie s of the
mea s urements in the subgr oup shoul d be change d. For exa mple,
suppos e a mul t i s pin dle machin e is par t of the process and one of
the hig h prio rity pot entia l caus es affe cts indivi d ual spi ndles and
not the whole machin e (e.g., tool pro per tie s). Then the subgr oup
sh oul d be made up of mea s urements on par ts produ c e d fr om one
spin dle only. Different subgr oups can be taken from different spi n-
dles. Sin ce the re are sev eral pot entia l caus es of interest, gre at care
mu s t be taken to defin e the subgr oup so that the pos sib le effects
can be det e ct e d.

8. Set up the charting procedure inclu ding the assig nment of respon-
sibility for col lecting and recording the data (both on the charact e r-
ter istics and the pot entia l caus es), sum marizing the data, identify-
ing sig n a ls from the chart and documenting the effor ts. This
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st ep must be caref ully manage d becaus e if the procedure bre a k s
down no progres s can be made.

9. Est ablis h a reg ular rev i ew of what has been learned about which
of the pot entia l caus es are impor tant and whi c h are not. Docu-
ment the evi denc e fo r the team responsib le for rem ovi ng the im-
portant caus es. Change the prior ities on the pot entia l caus es as
mo re is learned and adj ust the charting procedure as des cribed
in step 7. Analyze the data col lect e d in the longe r ter m to mon i-
to r the improve ment bei ng achiev ed and the cos t of the effor t.

Conclusions

The procedure des cribed above is complicated and requi re s de dica-
tion, dis ciplin e, and careful management. It has no fixe d time hori-
zon and is henc e diffic ult to budge t. For thes e re asons , it shoul d not
be unde rtake n lig htly. Wit h large complex processes it is not practi-
cal. Other quali ty improve ment methodol ogie s su ch as desig ned ex-
periments are more appro priat e in those cases.

The sys tem is an exa mple of an obs ervation a l study. The re is no
ma n ipula t ion of the causal sys tem to see the effects. This is an ad-
vant age if the process unde r study is in produ ction as the study
method does not in any way int e rfe re wit h the process. Howeve r,
the study wil l have gre at diffic ulty unrav elling the effects of cau ses
which int e r act. Als o, the causal facto rs unde r consid eration wil l neve r
move outsi de their nor mal operating range in this type of study. Aga in,

only a con trolled study such as a desig ned exper iment can sol ve thes e
proble ms.

The purpose of des cribing the sys tem in such det ail is to empha -
si ze how many aspects must be taken unde r consid eration when us-
ing con trol charts for con tin uou s im prove ment. It is often stat e d that
contin uou s im prove ment can be achieve d with lit tle capit al expendi-
ture but with a gre at deal of tenacity and effor t. This cer tainly ap-
plie s if a con trol chart is the statis ti c a l tool of prefe renc e.
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