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Figure 11.1. INDUS TRIAL PRO BLEM SOLVING: An Int r odu ction

In Part 11 of thes e Course Mat e ria ls , we dis cus s st atis ti c a l is s ues relev a n t to cos t-effective manufacture of goods and deliv-
er y of ser vic es of high quali ty; the motiv ation for thes e activities is success in the marke tplace. Ideally, three con d ition s ne e d
to be met to achieve com me rcia l su ccess (locally or glo bally) :

* a produ ct (goods or a ser vic e) that fills a real or perceiv ed need;

* high (or hig hest) qu ali ty – of desig n,
of implem e n tation: manufacturing and asse mbling goods,

deli ver ing a ser vic e;
* low (or lowe s t) cos t.

Thes e basi c matt e rs are int roduced in the fol low ing six poi nts; more det ails are giv en in lat e r Figure s of Par t 11 .

1. Eve ry activ ity, eve ry task, can be thoug ht of as a pr ocess; a flow diagr am of any process wil l divi de the work into stage s –
the stage s take n toge the r fo rm the process:

St age 1 St age 2 St age 3 St age 4 . . . . . . .

Wo rk comes into any stage, change s st ate, and mov es on to the nex t st age. Each stage has a cu sto mer, the ne xt st age; the
final st age wil l send the produ ct to the ultimate custome r, the person who buys the produ ct. Any proces s, whet her in the
ma n ufactur ing or the ser vic e se cto r, needs to be con cer ned with the qu ali ty of its produ ct.

* It is gen erally agreed that, for a process (or company) to rem ain profit able, the re must be cont inuous improve men t of its
product(s) , in clu ding con tin uou s im prove ment of quali ty.

Su ccessful companies have often int egr ated the means for achievi ng con tin uou s im prove ment into the basic structure
of all aspect s of their operation s [product(s) , se rvi ce(s) , in ter nal adm inist r ative fun ction s, etc.] .

Some people think produ ct quali ty and produ ct cos t are direc tly rela ted, but there is inc rea sing recog n ition that hig her
qu ali ty can res ult in lo wer ov erall cos t s.

When a process is wor king pro perly (e.g., low maint enanc e, local optim ization), each stage cooperates wit h the other stage s
towards optimum accom modation that wil l re sul t in a lev el of produ ct quali ty the ultimate custome r can boa st about.

2. As sum marized in the flow chart at the rig ht bel ow:

* the fir st requ irement for a quali ty produ ct is a good design;

The processes of dev elo ping and of implem e n ting a good desig n themselves requi re proper desig n.

* the secon d requ irement for a quali ty produ ct is pro per implem enta tion [i.e., pro per manufacture and asse mbly of goods,
proper deli ver y of a ser vic e].

One feature of a good desig n is that it min imizes, as far as practicable, the diffic ulty of implem enta tion; i.e., a good
desig n is con cer ned with manufactura bili ty
and asse mblability (o f
goods) and deli ver abi-
li ty (o f se rvi ces) as wel l
as with end use.

Servicability of goods shoul d also be a desig n consid eration.

Goods

Se rvi ce(s)
PRODUCT

DESIGN

IMPLEMENTATION

‘Man agement’

‘Wor kers’

3. Company operation s involve bot h ‘m anagement’ and ‘wo rke rs’; each group must adequ ately dis charge its responsib i lit ies wit h
re spect to desig n and implem e n tation if a quali ty produ ct is to be deliv ere d to ‘custome rs.’

* It is the responsib i lity of management to set up a ‘s yst em’ in whi c h cons cie n tious workers ca n perfor m in a manne r that
re sul ts in a quali ty produ ct.

* Ma n agement does not always appre ciat e it s re sponsib i lity for the ‘syst em’ and its defe cts; rat her, management is apt to see
carele ss wor kers as the main impedim e n t to quali ty – e.g., poor quali ty output from an assemb ly lin e.

There is growing recog n ition of the 90/10 (o r 95/5) rule: at lea st 90% (or 95%) of quali ty problems are a result of
im pro per management (i.e., they are ‘syst em’ problems ove r which workers, howeve r cons cie n tious, have lit tle or no
cont rol) wherea s fe wer than 10% (or 5%) of such problems typically are ‘caus ed’ by careles s wo rke rs.

−− A con seque n ce of this ‘rule’ is that indust ria l proble m solv ing usually needs to focus on pr ocess improve men t rather
than on people.

* It is als o ma n agement’s responsib i lity to ens ure that wor kers are pro perly trai ned, by an appro priat e co mbin ation of hirng
qu ali fi ed personnel and provi ding on-the-jo b train ing.

4. Quali ty is an elu siv e conc ept to defin e; howeve r, la ck of quali ty (eit her real or perceiv ed) is usually associat e d with one or
mo re ma n ife s tation s of in cre ase d variation.

* This facet of produ ct quali ty has a data analog ue: dat a variation (when coup led with incomplet eness) is a sou rce of
un cer tai nty in answers, as reflected in li mit ations im pos ed by (ou r si x cetego rie s of) er ror.

* A cent r al conc e rn of statis ti c a l methods, whether of dat a ge neration and analys is or of indust ria l proble m solv ing, is to mi ni-
mize and to qu ant ify variation – see the schema ove r leaf; min imizi ng variation usually ent ails identifyi ng its so urce(s).
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in DATA un cer tai nty in answers

STATISTICAL
METHODS

5. Diffic ulties in tim ely deliv ery of competitive ly-pric e d goods and ser vic es of high quali ty may inv olve all the are as of desig n,
im p lem e n tation, management and workers; as a con seque n ce, a wid e variety of problem -solv ing met hods is often needed
to ove rco m e the diffic ulties.

* St atis ti c a l methods provi de on e im por tant approach to ove rco m ing many (but not all) su ch diffic ulties.

A vit al con tributio n of statis ti cs to this are a is the idea that a plan ned ap proach to problem sol ving is bot h possib le
and ef fec tive.

−− One rea son for the success of Jap anese manufactur ing activ ity (e.g., starting in the 1970s for con sum er goods,
in clu ding automobiles) is their use of statis ti c a l methods to achieve variation reduction.

Cont r ary to com mon perceptio n, si m p le st atis ti c a l methods wil l allow mos t co mpanies to make maj or gains in quali ty.

−− Also cont r ary to com mon perceptio n, the sim p licity of the statis ti c a l methods is not matche d by the sim p licity of
ensuring their ado ptio n in an effective manne r; rat her, this is a di fficult proces s that requi ring much dedication.

* Othe r subj ect are as relev a n t to the deve lopment of successful busin esses are:

or ganization a l behaviour; hu man beh aviour; accou nting; fin a n ce; la bou r rela t ion s.

Thus, the re is an oppor tun ity to complem e n t the study of statis ti c a l methods in STAT 221 wit h suit able cou rses from
area s li ke Management Scie n ces, Psychology, Accou nting and Economics.

6. An ext ensio n of the matt e rs in the foregoi ng poi nts 4 and
5 inv olves the distin ction bet ween stra teg y – the br oad
perspectiv e – and ta ctics – the narrower focus; bot h can
conv eniently be thoug ht of as a set of components. One
ve rsi on of names for components is shown at the rig ht;
this schema als o in clu des, wit hin tactics, the data analytic
technique s know n as Ishikaw a’s Se ven Tools.

St rat e gy

Proje ct

Me asuring

St atis ti c a l thinking

Improv ing

Implem e n ting

Ta ctics

Fo rmu lation

Design

Executio n

Analys is

Conclu sio n

Tools

Check she ets
Paret o diag rams

Caus e-and -ef fect diagr ams
His t ogr ams

St r atific ation charts
Scatt e r diag rams
Cont rol charts

No tew orthy poi nts about the schema are:

* We dis tinguis h a proj ect, whi c h is br oad and inv olves many qu estio ns, from an inve stigation, whi c h is narrower and in-
volves on e (or a few) qu est i ons – see als o the Appendix starting at the bottom of pag e 11 .5.

* In all proje cts and in mos t in stanc es of dat a-base d inve s tig s ting (using, for ins tanc e, the FDEAC cycle), it is necessar y to in-
ve s tig a te the measuring process(e s) to che ck that their inaccur acy and impre cisio n are appro priat e in the que s tion con tex t.

* St atist i cal thin k ing is con cer ned with pr ocess improve men t
by means of variation reduct i on; it can be sum marized as
in the schema at the rig ht, whe re the arrow s are to be rea d
as br ing(s ) in the idea of.

The impor tanc e of variation re d uct i on in indu s trial pro -
cesses is to be con trast e d with main t aining variation in
popula t ion s in nature, to provi de a base from whi c h
natural selection can operate.

* An illust r ation of strategy is the Six Sig ma syst em, dev e-
lo ped by Moto rol a and Asea Brown Bov eri and ado pt e d by
co mpanies like Gen eral Ele ctr ic and Bombardier. The
names this syst em uses for the components are:

Defin e; Me asure; Analyze; Improv e; Cont rol .

Analyze refe rs to improvi ng exi sting processes on the basis of identifyi ng cau ses of var iation in process output;

Control means mak ing the improve d proces s the normal (o r defau lt) way of operating – this is als o des cribed as
ta king irrever sib le cor rec tive act i on.

* Ishi kaw a’s sev en tools are des cribed starting in Fig ure 11.1 8; thes e tool s are valuable but les s fo rma l methods of dat a
analysis – they thu s belong in the Analys is stage of the FDEAC cycle.

The str ucture d proces s of the FDEAC cycle (des cribed in Statis ti c a l Highlig hts #88 and #89 and sum marized here on pag es 11. 5
and 11.6), illust r ates statis ti c a l thinking appli ed more broadly to des cribe the statis ti c a l (a s oppose d to the scie n tific) met hod.

In summar y, a quali ty produ ct requi re s a good desig n;
careful con trol of variation in mak ing and assemb ling components;

in deliv ering a ser vic e.

Give n a good desig n, lack of quali ty arises becau se things go wrong in manufa tur ing and assemb ling components,
in deliv ering a ser vic e;

St atistical Thinking

Processe s Input(s and output(s)

Re petit ion
Variation in input(s)
Variation in output(s)

Me asuring

Wa y s to re duce var iat ion

Improved proces s es

Data -base d inve s tig a t i ng of the for m and caus e(s) of variation
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Figure 11.1. INDUS TRIAL PRO BLEM SOLVING: An Int r odu ction (continue d 1)

things go wrong becau se of ‘proble ms’;
thus, statis ti c a l and othe r proble m-sol ving skills are needed to att ain and con tin uou sly improve quali ty.

In the last few decades (i.e., in the lat e r middle decades of the twentie th centur y), thes e id e as hav e been implem e n ted with the
mos t conspi c uou s su ccess in manufactur ing indust rie s in Jap an – for exa mple, in the automotiv e in du s try.

REFERENCE: One book whi c h deals wit h thes e and rela ted matt e rs in det ail is Dem ing, W. E.: Ou t of the Crisi s. Ma s sa-
chus ett s Institute of Technol ogy Cent e r fo r Ad v a n ced Eng ine e ring Study, Cambr idge, Mass., 1986.

With referenc e to Poi nt 1 on the first sid e (page 11. 3) of this Fig ure 11.1, identify the main produ ct(s and/or ser vic e(s) associat e d
with each of the enterprizes lis ted bel ow; in each case, indicate you r expecta tion of quali ty and the ext ent to whi c h it is
achieved in you r ex per ienc e:

• an automobile manufacture r (id e n tify the make of veh icle you hav e in min d);

• a building con tract or (specify the building you refer to) ;

• Cana da Post (id e n tify the catego ry of mail you dis cus s);

• the Unive rsity of Wat e r loo (deal wit h a speci fi c aspect of the Unive rsity) ;

• a hospi tal (in d i c ate the hospit al and the nature of the ser vic e you are consid ering);

• a Gov ernment department whi c h deals wit h the pub lic (e.g., Emplo ym e n t Cana da, Cana da Reve n ue Age n cy) .

1

With referenc e to Poi nt 1 on the first sid e (page 11. 3) of this Fig ure 11.1, name some of the in ter nal admi nistra tive fun ctions
of a company that need to be con cer ned with con tin uou s im prove ment.

• Br ief ly des cribe possib le ‘qu ali ty’ problems, how im prove ments might be made, and wh y the improve ments you indicate
woul d be beneficia l.

2

With referenc e to Poi nt 1 on the first sid e (page 11. 3) of this Fig ure 11.1 and using a speci fi c cont ext (e.g., an automobile manufacture r):

• ex pla in brief ly why cos t s might go up with improve d qu ali ty;

• ex pla in brief ly why cos t s might go do wn with improve d qu ali ty.

Indicate which of the two outco m e s is likely to be the dominant one in practic e.

3

With referenc e to Poi nt 2 on the first sid e (page 11. 3) of this Fig ure 11.1 and using a speci fi c cont ext of you r choic e, dis cus s
br ief ly the impediments to good product design .

4

With referenc e to Poi nt 3 on the first sid e (page 11. 3) of this Fig ure 11.1, lis t possib le ca uses of poor quali ty output from a
production lin e assemb ling an item from components; to make you r discus sio n specific, deal wit h the manufacture of an
it em of con sum er goods (a car, a hou seh old appli anc e, etc.

• Ar range the caus es you des cribe in what you con sid er mos t li kely to be the order of decrea sing impor tanc e in the case
of the type of item you hav e chosen.

−− Which of the caus es are ‘ma n agement’ problems and whi c h are ‘wo rke r’ problems?

5

With referenc e to Poi nt 4 whi c h st arts near the bottom of the first sid e (page 11. 3) of this Fig ure 11.1, des cribe situation s you
have encou ntered (involv ing manufacture d it ems or se rvi ces) whe re decre ase d qu ali ty is due to inc rea s ed variation.

• Fo r each situation, sugge s t how the variation mig ht be decrea s ed; indicate the ‘cos t’ of each met hod you sugge s t fo r
achiev ing decre ase d variation.

6

Sup pos e that the int e rnals of an automobile transmissio n consis t of sev en sub -assemb lie s (e ach con taining an appre ciable
number of par ts) ; thes e sub-assemb lie s mu s t be put tog ether end -to -end (with appro priat e in terlocking conne ction s) to
fo rm the complet e ‘w orks’ of the transmissio n, and the whole must then be fitt e d in sid e a casing. Indicate briefly what diffi-
culties you wou ld anticip ate in the produ ction of complet e transmissio ns from the sub -assemb lie s and casi ngs, on an assem-
bly lin e with an output of 1,000 transmissio ns per 8-hou r shift. [As s ume that accep table tole r anc es are ver y sm all fo r an
it em as complex as a transmissio n, whi c h may con tain of the order of 1,500 indivi d ual par ts.]

7

With respect to Poi nt 5 on the secon d si de (page 11.4) of this Fig ure 11.1, sugge s t re asons why si m p le st atis ti c a l methods are
mos t ef fective for dealing wit h the maj ority of indust ria l proble ms.

• Su gge s t plau sible rea son s why it is often so di fficult to ensure that eve n si mple statis ti c a l methods are appli ed effective ly
(a n d on a cont inuing basi s) in indust ry?

• What are the likely advant age(s) and disa dvant age(s) of usi ng mo re co mplex st atis ti c a l methods for indust ria l proble m solv ing?

8

1. Appendix: The FDE AC cyc le – Proje c ts, Inve stigations and Pro ble ms

As introduced in poi nt 6 on pag e 11 .4 (and to deve lop the idea s encompasse d by the FDEAC cycle), we dis tinguis h:
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* a proj ect, whi c h is br oad and inv olves many qu estio ns [on e go al of proje ct fo rmulation is to pr ior itize thes e ma ny que s tion s];

* an inve stigation, whi c h is narrower and inv olves on e (or a few) que s tion(s) – this que s tion(s) may arise from a proje ct or it
may be of int e rest in its (or thei r) own rig ht.

−− The que s tion(s) to be answe red are the in put to the For mulation stage of the FDEAC cycle.

−− Within the FDEAC cycle, the ou tpu t of each stage is the in put to the nex t st age, exc ept that the knowle dge ou tput from
the Con clu sio n st age answers the input qu est i on(s) to the For mulation stage.

Furthe r discus sio n of dependencie s between stage s of the FDEAC cycle, and bet ween fou r of the stag es and the model
(w hch is needed as a basis for fo rmal methods of dat a analys is) is giv en in Appendix 2 on pag e 2.18 in Fig ure 2.1 of the
STAT 220 Course Mat e ria ls , and likew ise in Statis ti c a l Highlig ht #88 on pag e HL88.1 6.

In bot h proje cts and inv estig a t ion s, the re wil l in evitably be matt e rs of for mulation that requi re subj ect-matt e r ex per tize – that is,
extra-statis ti c a l know ledge. Exa mples of proje cts (phrase d as Ho w can .... que s tion s) are:

How can the amou nt of scr ap produ c e d by a manufactur ing process be reduced?

How can the quali ty of drinking wat e r in a provi nce be improve d?

How can the per for manc e on standardized tests of students in a provi nce be improve d?

How can transpare n t de cisio n-mak ing processes in a large organization be achieve d?

How can a large software sys tem be made les s pron e to failu r e or easie r to maint ain?

How can satisfactio n fo r the custome rs of a company provi ding goods or ser vic es be inc rea s ed?

As indicated in thes e ex amples, a proje ct is a br oad un d ertak ing, inv olv-
ing answe rs to many qu estio ns and sub stantia l co mmitment of resou rces.
The tasks of fo rmulating a proje ct and pr ior itizing it s qu estio ns (on the
basi s of facto rs like impor tanc e, cos t, log ical necessity) requi re sub-
je ct-matt e r ex per tize. The display at the rig ht shows the prior i-
tized que s tion s fr om a proje ct as inputs to a seque n ce of
FDEAC cycle s; each ‘ma in’ FDEAC cycle (sh own large r)
may inv olve one or more (sm aller) sub -cycle s to answe r
qu estio ns that arise in answe ring each ‘ma in’ que s tion.

As wit h answe ring a statis ti c a l qu estio n using the
FDEAC cycle, a que s tion requi ring extra-statis ati c a l
know ledge is usually als o best answe red usi ng a
structure d pr ocess – for exa mple, the five -st age
Defi neMea s ureAnalyzeImproveCon trol of Six Sig ma. St atist i cal
qu estio ns arise mos t obviously in the I stag e of DMAIC,
but the FDEAC cycle is als o relevant to the tasks of proje ct
des criptio n and que s tion prior itizing in the D stag e; statis ti c a l
consid eration s of mea s uring processes, int roduced in Section 9 on
page HL88.1 4 in Statis ti c a l Highlig ht #88 and pursued in Statis ti c a High -
lig ht #38, are relevant in the M stag e.

• To hel p distinguis h cont ext s which requi re dis tin ct st ructure d proces s es li ke the FDEAC cycle and DMAIC, we can say:

−− the FDEAC cycle deals wit h answering (sta tis tical) Ques tions, −− DMAIC deals wit h (e xtra-sta tis tical) pr oblem sol ving
[a lthou gh, in a con tex t li ke that of Hig hlig ht #90, we might prefe r: DMAIC deals wit h answe ring (e xtra-sta tis tical) Ques tions.]

We av oid equivocal phrases like a task to be don e or a con clu sion to be drawn.
Also, thes e Course Mat e ria ls us e the more evocative data-base d invest iga ting in prefe renc e to em pir ica l pr oblem sol ving.
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To empha size the on erous nature of dat a-base d inve s tig a t i ng, the diag ram
at the rig ht conve ys three image s relevant to using the FDEAC cycle to
obtain Answe r(s), wit h accep table limitation in the inv estig a t ion
cont ext, to sub stantiv e (s tatis ti c a l) Questio n(s):

the ef for t of pushing a (heavy) obj ect uphil l;

potentia l wa ste of resou rces by pre mature cessation of effor t;

the ci rcu lar obje ct is a rem inde r of the FDEAC cycle.

Despit e the ‘obviousness’ of matt e rs like for mulating cle ar Questio n(s)
and using mea s uring processes of accep table inaccur acy and impre cisio n
in the inv estig a t ion con tex t, often -poor implem e n tation of thes e and othe r
co mponents of the FDEAC cycle (unne c essarily) yields ‘wrong’ Answe r(s).

Experienc e d inve s tig a tors realize that on e misstep in dat a-base d inve s tig a t i ng
can negat e doing cor rectly all the oth er co mponents of the inv estig a t ion; an exa mple is malfunction in a mea s uring process that
re sul ts in los s of some or all data or yields inaccur acy and/or impre cisio n that impos e un accep table limitation on Answar(s) .
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