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Figure 2.2. DAT A-BASED INVESTIGATING: Error Cat e gor ies and Manage m e nt

1. Backg round I – What is Statist ics Abo ut? [o ption a l re ading]

As sum marized in the two schema s at the rig ht, statis ti cs is con -
cer ned with data-base d invest iga ting (o r em pir ical proble m solv ing)
of the real world, whi c h means inv estig a t i ng some popula t ion or
proces s on the basis of data to answer on e or more qu est i ons.
Fo r this introducto ry dis cus sio n, only the inv estig a t ive met hods of
sa m p ling and measur ing are shown in the lowe r schema .

This introduction pre sup pos es initia l ly that dat a-base d inve s tig a t i ng is con cer ned with answe r(s) to que s tion(s) about a col lec-
tion of elements which compris e a popul ation. For exa mple:

a computer manufacture r may want to assess war ranty cla ims for one of its produ cts – an el ement woul d be one item of
the produ ct and the popu lation is all such items sol d ov er some speci fi ed per iod;

a gov ernment department may want to know the pro por tio n of Cana dian adult s who hav e conc e rns about the lev el of fun d-
ing of the health care sys tem – an el ement woul d be a Cana dian adult and the popu lation is all such Cana dians;

a financia l in stitution may wis h to find people whose profile makes them more likely to accep t an unsoli cit e d offer of a cre dit
card – an el ement woul d ag ain be a person but the popu lation is harde r to speci fy; it cou ld be people whose profile puts
them at or above an accep tanc e leve l de eme d li kely to make the cre dit card offer ing profit able for the financia l in stitution.

The que s tion(s) to be answe red may so met imes be con cer ned with an in dividua l to be selected in future from the popula t ion.
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2. Backg round II – Key Ide as: Unc ertainty, Error and Repet ition [o ption a l re ading]

A cent r al is s ue in dat a-base d inve s tig a t i ng is that ext e rnal con strain t s and the type of infor mation we requi re impose sam-
pling and measuring processes on mos t inve s tig a t i ng; we then need to assess the likely ‘co rre ctness’ of the answe r fr om the in-
ve s tig a t i ng in lig ht of the un cer tai nty in trodu c e d by thes e two processes. In essenc e, this is the problem of induc tion. An
ov ervie w of this matt e r is giv en in the schema at the rig ht bel ow; the main idea s are sum marized at the left.

* If we hav e co mplet e infor mation, we can
obtain a certai n answe r; that is, an answe r
we can know is cor rect.

* If we hav e inco mplet e infor mation, we can -
not know an answe r is cor rect (an uncer tain
answe r) – in fact, it is unli kely a numer ica l
answe r (a n ‘e s tim ate’) is (ex actly) cor rect;

−− sampling and measuring yield data (and,
henc e, infor mation) that are in her ently in complet e.

* An answe r which is a number (li ke a sample ave r age) is
called a point est imate of the cor responding popula t ion att ribute
(the popula t ion ave r age).

* To make such an answe r mo re us eful, we want to be able to giv e
an interval est imate, a quantit ative statement about how far the
poin t estim ate is li kel y to be from the true value – this differenc e
is the er ror of the estim ate. Un certainty is ign oranc e abou t er ror.

* In a particular inve s tig a t ion, the size of the error is (and usually re-
ma ins) unknow n; this is reflected in limitations on answe r(s). To
qu antify unc e rtain ty, we tur n to the beh aviour of error unde r rep-
et ition of the sampling and measuring processes;

−− an analog y is tos sing a coi n – we cannot pre dict the outco m e
of a particular toss but pr obabi lity can descr ibe the dis tribution
of outco m e s un d er re pet it i on of the process of tos sing the coi n.

* In the cla s sroom , we can do actual repetit ion (repeating ove r and ove r) to dem ons trate, for exa mple, the statis ti c a l beha -
viour of the value s of sample att rib u t es (e.g., ave r age s) and of the value s which arise from mea s uring processes;

−− the two charact e ris ti cs of sign and magn itude of (nume rical) er ror lea d, unde r repetit ion, to what we call inaccu racy and
impr ecision; the inverses of thes e two idea s – accu racy and pr ecision – provi de more famili ar ter min ology, but we must
re a lize that statis ti c a l methods (tr y to) manage the (un d e sir able) fo rmer to achieve needed lev els of their (desir able) inv erses.

* Ou tsi de the cla s sroom , we recog n ize that actual repetit ion is usually not a viable optio n – we use ins tea d hypoth etical repe-
tition base d on an appro priat e st atis ti c a l mo del (fo r the selecting and measuring processes, for exa mple) ;

−− we help maint ain the distin ction bet ween the real world and the model by usi ng bias and va riability as the model qu an-
tities whi c h repre sent inaccur acy and impre cisio n in the real world.

* A statis ti c a l model, including its assumptions, allow s us to achieve our aim of quantifyi ng (so m e of) the unc e rtain ty in our

Complet e infor mation an answe r we can know is cor rect

Inco mplet e infor mation an answe r we cannot know is cor rect
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[in fact, it is unli kely a numer ica l answe r (a n ‘e s tim ate’) is (ex actly) cor rect]

[e rro r is (and usually rem ain s) of unknow n value in a particular inve s tig a t ion]

(e.g., of sampling and measuring)

(hypoth etical repetit ion)

2016 -06 -20 (cont inued overleaf )



Un ive rsity of Wat e r loo STAT 332 – W. H. Che rry

#2. 28

* estim ate(s); par t of identifyi ng the lim itation s on an Answe r is to assess model error arisi ng fr om the differenc e between
(‘i dealized’) modelling assump tion s and the real-world situation. [Model error is pursued in Appendix 2 on pag e 2. 32.]

There is fur the r il lust r ation in Fig ure 1.1 of thes e Course Mat e ria ls of the idea s pres ented ove r leaf on pag e 2. 27.

3. Backg round III – Some Terminology [A more det ailed Glo ssary is giv en in Fig ure 2.1 7.] [o ption a l re ading]

* Aspect: a bin ary cat egor ization of the primary con cer n of a Que s tion, identifie d in the For mulation stage of the FDEAC cycle.

−− De scr ipt ive : a Que s tion whose Answe r will inv olve primarily value s fo r popu lation attributes (past, pres ent, future).

−− Cau sat ive: a Que s tion whose Answe r will inv olve primarily whether and/or how the focal exp lanato ry variat e is ca usa lly
rela ted to the respons e variat e in a popula t ion/proces s.

* Po p u lat ion: a (fin ite) wel l-defi ned group of el ements othe r th an the sample. [An in finite ‘popula t ion’ is a (so m etim e s us eful) model.]

* Element: the entit ies that make up a popula t ion; for exa mple, a person is an ele ment of the popula t ion of Cana dians, but we
re cognize that many popula t ion s in dat a-base d inve s tig a t i ng hav e non-hu man or inanimate ele ments.

* Unit : the entit ies se lec ted fo r the sample; a un it may be one ele ment (e.g., a person) or more than on e (e.g., a hou seh old).

The ele ment-unit dis tin ction is dis cus s ed in more det ail in Appendix 1 on pag e 8. 56 in Fig ure 8.11 in thes e Course Mat e ria ls.

* Process: • a set of opera tions that produ c e or affect ele ments, OR:

• the flow of an of an entity (li ke wat e r or ele ctron s).

Thus, in statis ti cs, a process of the first type inv olves el ements. WHEREAS:

In pr obabi lity, a process is any set of opera tions fr om whi c h there are at lea st two pos sib le ou tco mes; obs erving wh ich ou t-
co m e occurs when the process is exe cuted gen erates data, whi c h may yield value s fo r probabilit ies associat e d with , or other
charact e ris ti cs of, the process. [The popula t ion -proces s distin ction is dis cus s ed in Statis ti c a l Highlig ht #94..]

* Samp ling: in clu des the processes of se lec ting and es tim ating.

* Me asuring: the process use d to deter min e the value of a variat e.

* Indu ction: re asoning from particular ca s es, inve s tig a t ion s or dat a, to a more ge ner al Answe r, usi ng logi c and relev a n t theory.

The schema at the rig ht bel ow sh ows five groups of ele ments whi c h we distinguis h fo r data -base d inve s tig a t i ng (the mo del is dis -
cus s ed in Appendix 2 on pag e 2. 32); fur the r ter min ology relev a n t to this Fig ure 2.2 fol low s the defi nit ion s of thes e gr oups.

* Ta rge t popul ation: the group of ele ments to whi c h the inv estig a tor(s)
wa n t Answe r(s) to the
Questio n(s) to apply.

* St udy popul ation: a gr oup of ele ments av ail-
able to an inv estig a t ion.

* Re spondent popul ation: thos e elem e n t s of the study popula t ion that woul d prov ide
the dat a requ est e d un d er the inc entiv es for respons e offered
in the inv estig a t ion [su ch inc entiv es arise pre dominantly when
the ele ments are people, but mis sing data may als o aris e when ele ments are inanimate].

* No n-respondent popul ation: thos e elem e n t s of the study popula t ion that wou ld not prov ide the data reque s ted unde r the
in centiv es for respons e offered in the inv estig a t ion – see als o No te 1 on the facing pag e 2. 29.

Target
popula t ion

Study
popula t ion

Re spondent
popula t ion

Sa mple Sa mple

No n-respondent popula t ion

(tr ue value s) (m e asure d value s)

* Samp le: the group of units selected from the respondent popula t ion actually use d in an inv estig a t ion – the sample is a sub-
set of the respondent popula t ion (as the ver tical lin e in the schema above rem inds us) .

* Va riate: a charact e ris ti c associat e d with each el ement of a popula t ion/proces s.

−− Re sponse var iat e (Y−): a variat e defin ed in the For mulation stage of the FDEAC cycle; an Answe r give s (infor mation

abou t att rib u t e(s) of the respons e variat e ov er the targe t popula t ion/proces s.

−− Explan atory var iat e (Z−): a variat e, defi ned in the For mulation stage of the FDEAC cycle, that accou nts, at lea st in
part, for change s fr om ele ment to ele ment in the value of a respons e variat e.

−− Fo cal (explan atory) var iat e (X−): fo r a Que s tion wit h a ca usa tive aspect, the focal variat e is the explanator y variat e whos e
rela t ion s hip to the resp onse variat e is involved in the Answe r(s) to the Que s tion(s).

* At tribute: a quantity defi ned as a fun ction of the respons e (a n d, perhaps, exp lanato ry) variat e(s) ove r a gr oup of ele ments (or
un its), typically, the: −− target popula t ion, −− study popula t ion −− re spondent popula t ion, −− non-re spondent popula t ion, −− sample.

Fa m ili ar (si mple num erical) att rib u t es are ave r age s , propor tio ns, medians, totals and s.d.s; the impor tanc e of attributes is that:

++ Answe r(s) to Que s tion s(s) are usually giv en in ter ms of att rib u t es, often their value s;
++ fiv e of the six cat egor ies of er ror are defi ned in ter ms of att rib u t es – see the upper half of pag e 2. 30.

* Estimate: numer ica l va lue (s) fo r a model parameter: ++ de riv ed from the dist rib u tio n of the cor responding es tim ator, AND:

++ calcula ted from data .−− Po i nt est imate: a si ngl e value for an estim ate.

−− Interval est imate: an in ter val of value s fo r an estim ate, usually in a for m that quantifie s variability (repre senting impre cisio n).

* Estimating: a process whi c h us es st atis ti c a l theory to der ive the dist rib u tio n of an es tim ator and data to calcula te an (in ter val)

es tim ate.
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Figure 2.2. DAT A-BASED INVESTIGATING: Error Cat e gor ies and Manage m e nt (continue d 1)

* Estimator: a ra n dom variable whos e dist rib u tio n re prese nts the pos sib le value s of the cor responding es tim ate un d er repeti-
tion of the selecting, mea s uring and estim ating processes.

* Limitations: ap ply to Answe r(s) to the Que s tion(s) and must: ++ assess the likely impor tanc e of each cat egor y of error;
++ be expre sse d in the langu age of Que s tion context.

* Er ror: Over all er ror in an inv estig a t ion refers to the net effect of all relevant catego rie s of error on the Answe r(s) from the
inve s tig a t ion – see Section 4 whi c h st arts at the bottom of this pag e 2. 29.

* Impr ecision: sta n dar d devi ation of error (i.e., its haphazard co mponent exhibited as variation) unde r re pet it i on.

−− Samp ling imp recision: st andard dev iation of sample error unde r repetit ion of selecting and estim ating.

−− Me asuring imp recision: st andard dev iation of mea s urement error unde r repetit ion of mea s uring the sa m e qu antity.

* Va riability: the model quantity repre senting impre cisio n, whi c h we distinguis h fr om va riation (d efin ed bel ow).

* Inaccu racy: aver age er ror (i.e., its system atic co mponent) un d er re pet it i on.

−− Samp ling ina ccu racy: av erage sample error unde r repetit ion of selecting and estim ating.

−− Me asuring ina ccu racy: av erage mea s urement error unde r repetit ion of mea s uring the sa m e qu antity.

* Precision: the inv erse of imprecisio n. * Accu racy: the inv erse of inaccur acy.

* Bias: the model quantity repre senting inaccur acy. [Bi as is dis cus s ed in more det ail on pag e 8. 58 in Fig ure 8.11.]

* Re pet ition: repeating ove r and ove r (u sually hypoth etically) one or more of the processes of selecting, mea s uring and estim ating.

Re petit ion is inhe rent in our defi nit ion s of a confid e n ce int e rval, an estim ato r, inaccur acy and impre cisio n.

* Mo del: a provi sio nal idealized symboli c des criptio n of a real-world phen omen on.

We us e Greek letters (e.g., µ,σ and π) for parameters of statis ti c a l and probability model s .

In any situation whe re an Answe r is base d, in whole or in par t, on a mat hem ati c a l model, we shoul d bear in min d a maxim
of the lat e Dr. George E.P. Box , a respect e d U. S. statis ti cia n: All model s are wrong, som e are use ful.

* Va riation: differenc es in (variat e or att rib u t e) value s:

−− across the indivi d uals (e.g., ele ments or units) in a group, such as;

a targe t popula t ion/proces s,
a non -re spondent popula t ion,

a study popula t ion/proces s,
a sample, and:

a respondent popula t ion,
. repeated mea s urements;

−− arising unde r repetit ion [e.g., for erro r or a sample ave r age].

* Lu r king var iat e: a non -focal exp lanato ry variat e (Z−) whos e differ ing dis tributio ns of value s ov er groups of ele ments or units
with different value s of the focal variat e, if taken into accou nt, wou ld meaning ful ly change an Answe r abou t an X−-Y− rela t ion s hip.

* Con founding: differ ing dis tributio ns of value s of one or more non-focal exp lanato ry variat e(s) among two (or more) groups
of ele ments or units [li ke (sub)popula t ion s or samples] wit h different value s of the focal variat e.

NO TE: 1. As indicated in the diag ram at the rig ht, we consid er the study
popula t ion to be made up of the resp onden t and non-res pon den t
popula t ion s. The set of units selected from the study popula t ion
is the se lec tion, and compris es the sa m p le (fr om the respondent
popula t ion) and the non-res pon den t s (fr om the non-respondent
popula t ion). The diag ram has two catego rie s of symbols:

−− the −Ns and ns refer to number s of ele men t s or units;

−− the Y
−−s and y−s are aver ages of a respons e variat e Y− of the

elem e n t s or units.

The rela t ion s hips among the numbers of ele ments or units are:

Study popula t ion = Re spondent popula t ion + No n-respondent popula t ion
−Ns = −N + −Nnr

Sele ction = Sa mple + No n-respondents
ns = n +  nnr

Study popula t ion

Re spondent
popula t ion

No n-respondent
popula t ion

−Ns

Y
−−s

−N Y
−− −Nnr Y

−−nr

Sele ction

Sa mple No n-
re spondents

ns

y−s

n y− nnr y−nr

St atis ti c a l theory, par ticularly of sur vey
sampling, is dev elo ped mainly in the
cont ext of the resp onden t popula t ion,
often wit hou t re cognizi ng it exp licit ly.

4. Six Cat e gor ies of Error in Dat a-based Inv est igating [The tit le matt e r of this Fig ure 2.2.]

We id e n tify six cat egor ies of error (defin ed ove r leaf on pag e 2. 30) which can con tribute to ove r all error defi ned above:

* study error;

* non-re spons e er ror;
* sample error;

* mea s urement error;
* model error;

* co mparison error.

Thes e catego rie s are useful becau se, con tinge n t on pro per Questio n fo rmu lation in ter ms of the targe t popula t ion/proces s, they
help us identify so urces of error; in a par ticular inv estig a t ion, we then incorporate Pla n co mponents whi c h we expect wil l ma n-
ag e in accur acy and manage impre cisio n (by managi ng variation) in ways that wil l re duce, to a lev el accep table in the Que s tion
cont ext, the lim itation s im pos ed on Answe r(s) by (the likely size or chanc e of) each catego ry of error. Pla n co mponents to
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ma n age the six cat egor ies of error are sum marized in Table 2.2.1 bel ow and on the facing pag e 2. 31.

* St udy error: the differenc e between [the (tr ue) value s of] the study popula t ion/proces s and targe t popula t ion/proces s att rib u t es.

* No n-reponse error: the differenc e between [the (tr ue) value s of] the respondent popula t ion and study popula t ion/proces s att rib u t es.

* Samp le error: the differenc e between [the (tr ue) value s of] the sample and respondent popula t ion attributes.

* Me asurement error: the differenc e between a mea s ure d value and the true (or long-ter m av erage) value of a variate.

−− At tribute measurement error: the differenc e between a mea s ure d value and the true (or long-ter m av erage) value of a

[popula t ion/proces s or sample] att rib u t e.

* Mo del error: the differenc e between the model and its model ling assump tion s and the actual state of affairs in the real world;
mo delling assumpt ions in introducto ry cou rses are typically rest ricted to:

equiprobable selecting of units for the sample;
the nor mality of each residu al;
equal standard dev iation s of (re spons e) variat e value s among different groups of ele ments or units.

the for m of the structur al component of the respons e model;
probabilis ti c in d ependenc e of the residu als;

* Comparison error: fo r an Answe r abou t an X−-Y− rela t ion s hip that is base d on comparing att rib u t es of groups of ele ments or units
with different value s of the focal variat e(s), comparison error is the differenc e fr om the in ten ded (o r true) state of affairs arisi ng fr om:

−− differ ing dis tributio ns of lur king variat e value s between (or among) the groups of ele ments or units OR −− confou nding.

The alt e rnate wording of the last phrase of the defin ition of comparison error accom modat es the equ ivalent ter min ologie s
of lur king variat es and confou nding ; in a par ticular con tex t, we use the versi on of the defin ition appropriat e to that con tex t:

‘l urking variat es’ can more rea dily accom modat e phen omena li ke Sim pson’s Paradox – dis cus s ed in Fig ure 9.8;

‘c onfou nding’ is more com mon in the con tex t of comparative Pla ns (discus s ed in Section 8 in Fig ure 9.1), but the varie ty
of useag e of ‘confou nding’ can be a sou rce of diffic ulty (discus s ed in Fig ure 9.9).

Study error, sample error, non -re spons e er ror and comparison error are defi ned in ter ms of att rib u t es of gr oups of ele ments
wherea s mea s urement error inv olves in dividua l mea s urements – this is why the addit ion a l (s ub)catego ry of attr ibute mea s urement
er ror is needed – see als o the dis cus sio n involv ing equ ation (2.15.1) near the bottom of pag e 2.71 in Fig ure 2.1 5 .

The schema at the cent re rig ht of pag e 2. 28 ha s
been ext ende d, as shown at the rig ht, to inclu de
the model (as a link bet ween the respondent pop -
ulation and the sample) and the effect of our six
catego rie s of error in imposing lim itation s on
Answe rs obtaine d by data -base d inve s tgating.

The arrow rising from each error cat egor y
sh ows its poi nt(s) of imp act.

The fou r ar row s arising from comparison error poi nt to
boxes repre senting gr oups of ele ments or units (a popu -
la t ion or a sample) rat her than, as for the other five error
catego rie s , to li nes joi ni ng boxes; the comparison error
ar row at the rig ht is to be taken as poi nting to both sample ellipses.

Mu ltiple co mparison error arrow s are a con seque n ce of its different manife s tation s in different Que s tion con tex ts – for ex-
ample, as sum marized in Table 9.1 2.2 near the middle of pag e 9.76 in Fig ure 9.1 2.

Target
popula t ion

Study
popula t ion

Re spondent
popula t ion

Sa mple Sa mple

No n-respondent popula t ion

MO DEL

(tr ue value s) (m e asure d value s)

Answe r(s) to Questio n(s)

Comp arison
er ror

Study
er ror

No n-respons e
er ror

Sa mple
er ror

Me asurement
er ror

Model
er ror

Sa mple att rib u t e

Ta ble 2.2.1Er ror
Plan Compone nt category Er ror Man agement Str ategy

Specify the study popula t ion/proces s so its att rib u t e(s) can be anticip ated to be ade -
qu ately clo se (in value) to those of the targe t popula t ion/proces s.

• Restrict ing value s of exp lanato ry variat es can reduce variation in the study popula -
tion/proces s – this may decrea s e sample error but increa s e study error.

Sa mple error is prefe rre d becaus e st atis ti c a l methods to manage it are better de-
fin ed than the ext r a-statis ti c a l know ledge usually needed to manage study error.

EPS is the basis of sampling theor y which provi des for:

• un biase d estim ating of the respondent popula t ion ave r age by the sample ave r age;

• qu antifyi ng the likely size of sample error unde r repetit ion [i.e., quantifyi ng sampling
im pre cisio n, whi c h we take here as ‘qu antifyi ng unc e rtain ty’].

Ju dge m e nt selecting aims to make sample error as sma l l as needed in the con tex t of
the particular inve s tig a t ion.

• It provi des no basis for assessing if this aim has been achieve d.

EPS: Sampling impre cisio n decrea s es with increa sing sample size (se e Figure 2.1 6).

Ju dge m e nt selecting: in cre asi ng sample size usually decre ases the diffic ulty of mak ing
sample error as sma l l as needed in the Que s tion con tex t. BUT:

• There is no theoretical basis whi c h rela tes sample size to sampling impre cisio n.

Decrea s es sampling impre cisio n un d er EPS from the (properly-chosen) strata .

• Prov ides att rib u t e estim ates for the strata as wel l as for the respondent popula t ion.

Specifyi ng the study
popula t ion/proces s

Sele cting units

EPS

Me thod of
sele cting

Ju dgement

St r atifyi ng the
re spondent popula t ion

EPS
Sa mple size

Ju dgement(Re pli c ating)

Study

Sa mple
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Figure 2.2. Error Cat e gor ies and Manage m e nt (continue d 2)Ta ble 2.2.1 (continue d)
Er ror

Plan Compone nt cat e gory Error Man agement Str ategy

Ap art from a pos sib le legi sla ted requ irement to respond (e.g., to a popula t ion census) ,
obtain ing respons es from units whi c h are hum ans reli es on in cen tives which inclu de:

• a cle ar, answe r able, succi nct que s tionnaire;
when fea sib le, a que s tionnaire on on e sh eet of paper (or equ ivalent) is an advant age;

• properly train ed int e rvie wers;

• call back to units until those who are unav a ila ble are cont act e d;

• ap peal to altr uism – respond to provi de infor mation that wil l benefit socie ty;

• offer a mat e ria l reward for respons e:

give ever y re spondent a sma l l it em like a pen or a dol lar coi n ;

offer respondents a chance to win a sub stantia l prize like a trip.

The skill and persi stenc e of inter vie wers, deve loped by train ing, are a compon ent of the
in centiv es – see als o No te 4 on the upper half of pag e 2.73 in Fig ure 2.1 5).

The cle a n separation of respondents and non -re spondents is an idealiz ation – par tia l (o r
‘i tem’) non -re spons e is als o encou ntered in practic e when sampled units provi de some,
but not all, of the infor mation reque s ted .

Imputing is the process of assig n ing value s fo r missing obs ervation s – e.g., assig n ing a value for the respons e of a non -re spondent on the basis
of its value s fo r know n ex pla n ato ry variat es (li ke sex , ag e, location) that (it is hoped) are rea son able ‘pre dicto rs’ of the respons e variat e.

• The purpose of imp u ting is to sim p lify the data analys is; it rarel y meaning ful ly inc rea s es the complet eness of the infor mation in the data .

Obtaining
re spons es

Imputing

Incentiv es

Questio nnaire

Inter vie wer

Call-backs

Othe r

No n-respons e

Us e a mea s uring process whose inaccur acy is accep table in the Que s tion con tex t.

• Inccur acy of a mea s uring process does not ne c essarily decre ase as its cos t in cre ases.

Inaccur acy is manage d by using standards (where they exi st – see pag e 2.71 in
Figure 2.1 5) to ca libra te the mea s uring process.

Us e a mea s uring process whose impre cisio n is accep table in the Que s tion con tex t.

• Decrea s ed impre cisio n fo r a mea s uring process usually ent ails a more cos tl y proces s
but the conve rse is not always true.

Un d er EPS, the sample ave r age and sample standard dev iation provi de estim ates, wit h
defin ed beh aviour unde r repetit ion, of the cor responding respondent popula t ion attributes.

When estim ating the respondent popula t ion ave r age or tot al un d er EPS, ratio and re-
gres sio n estim ating improve the (si mple) estim ate by usi ng the respondent popula t ion
av erage or tot al of an explanator y variat e with a (st rong) posit ive association wit h the
re spons e variat e whos e att rib u t e is of interest.

• Ratio estim ating decre ases sampling impre cisio n when the standard dev iation of the
re spons e variat e in cre ases lin early wit h the squ are root of the exp lanato ry variat e.

• Re gre ssi on estim ating decre ases sampling impre cisio n when the standard dev iation
of the respons e variat e does not change wit h the value of the exp lanato ry variat e.

Ratio and reg res sio n estim ating int roduce es tim ating bia s but can have sma l ler rms er-
ro r than Y

−
or −NY

−
as the estim ato r of the respondent popula t ion ave r age or tot al.
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Li mit ation s im pos ed by model error from two model ling assump tion s are manage d by:

• ensuring the selecting process for units is (e quivalent to) EPS;

• ensuring variat e value s are mea s ure d in dep enden tly.

As s essing how well model ling assump tion s ap pear to be met usually inv olves graphi c a l
displays (e.g., scatt e r diag rams) of the estim ated residu als from the respons e model;

• us e a nor mal quantile plo t (o r, sometimes, a his t ogr am) to assess noma lity;
transfo rming (e.g., tak ing log arithms of) the dat a can help meet this assump tion;

• us e a plo t in the tim e order of dat a collecting to assess probabilis ti c in d ependenc e.

• us e si de-by-sid e dot- or box plo t s , or a plo t with the exp lanato ry variat e fr om the
st ructural component of the model on the horizont al axis , to assess equ ali ty among,
or dependenc e on an exp lanato ry variat e of, standard dev iation(s).
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• Bl ocking: fo rming groups of units wit h the sa m e value s of one or more non -focal
ex pla n ato ry variat es; the units wit hin a block are then assig ned di ffere nt value s of
the fo cal variat e.

• Equiprob abl e assig ning: a pr obabi lis tic me chanism use d to assig n the value of the
focal exp lanato ry variat e to the units: −− within each block in a block ed Pla n;

−− in the sample in an unbl ock ed Pla n.

Bl inding participant s an d tr eatment administr ators: by wit hholding from par-
ti cip ants and tre atment adm inist r ato rs knowledge of whi c h gr oup a par ticip ant is
in, thes e two bli nding s tr y (li ke eq uiprobable assig ning) to manage facto rs whi c h
may promo te differenc es in ave r age s of unknow n and unm e asure d non-focal ex-
planato ry variat es in the (treatment and con trol) gr oups whose (av erage) respons e
variat e is bei ng co mpare d. [Ma n agement of comparison er ror.]

. Bl inding tre atment assessors tr ies (li ke mak ing mea s urements in dep enden t) to
prev ent the assessors’ other knowledge from impro perly influe n cing their assess -
ment of par ticip ants’health status. [Ma n agement of me asurement er ror.]

• Matching: fo rming groups of units wit h the sa m e value s of one or more non -focal
ex pla n ato ry variat es but di ffere nt value s of the fo cal variat e.

Su bdivi d i ng: a for m of mat ching in whi c h the value s of the respons e variat e fo r the
un its of the sample, and the att rib u t e they are use d to estim ate, are subdivided on
the basis of the value s of a non -focal explanator y variat e that may be confou n ded
with the focal variat e un d er the Pla n (s ee Table 9.6 on pag e 9.15 in Fig ure 9.1).
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5. Appendix 1 – Over all Error for Que stions wit h a Descr ipt ive Aspect

Fo r a Que s tion wit h a de scr ipt ive aspect, the ove r all error is the sum of fou r er ror cat egor ies:

over all error = study error + non-res pon se error + sa m p le er ror + sa m p le attr ibute mea surem ent error. -----(2. 2.1)

The schema at the lowe r right shows picto ria l ly, when estim ating an aver age to
answe r a Que s tion wit h a des criptiv e aspect, the bre a kdown of ove r all error
give n in equation (2. 2.1); symbols are defi ned in Table 2.2.2 at the rig ht.
Li cenc e on two matt e rs improve s the clarity of the diag ram:

all fou r er ror components are posi tive – in practic e, ove r all error
may inv olve some ca ncell ation among error components of opp osi te sign;

the dis tributio n of measured sample att rib u t e value s ha s been mov ed do wn.

Othe r matt e rs about the diagr am are:
. tr ue (T) and measure d (M) value s of a sample att rib u t e (he re, an aver age),

un d er repetit ion of the selecting, mea s uring and estim ating processes,
have each been model led by a normal dist rib u tio n ;

. the value of the true av erage of the sample se lec ted, from among the
set of all pos sib le samples, is repre sent e d by the black filled circle (•);

. the value of the measured sample ave r age, from among the set of all
possib le such value s , is repre sent e d by the black filled squ are (-----);

. there is no sampling bi as – the mean of the sampling dis tributio n is Y
−−;

. there is mea s uring bi as – the horizont al dist anc e between y−t and the
long-ter m aver age (the mean of the dist rib u tio n) of its measured value s;

. sampling variability is large r than measuring variability – the standard
devi a t io n of the dist rib u tio n of the Ts is large r than that of the Ms.

Ta ble 2.2.2: SYMBOL DEFINITIONS

Y− Re spons e variat e

Y
−−T (Tr ue) targe t popula t ion ave r age

Y
−−S (Tr ue) study popula t ion ave r age

Y
−− (Tr ue) respondent popula t ion ave r age

y−t Tr ue ave r age for sample selected
y−m ≡ y− Me asure d av erage for sample selected

T Tr ue value of a sample ave r age
M Me asure d value of a sample ave r age

Overall error

Study

er ror No n-respons e

er ror

Sa mpleSa mple

er ror Sa mple att rib u t e mea s urement

er ror

Me asuring bia s
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6. Appendix 2 – St atistical Modelling and Model Error [o ption a l re ading]

* Re sponse model: a mat hem ati c a l des criptio n, inclu ding model ling assumpt ions, of the rela t ion s hip between a respons e
variat e and exp lanato ry variat e(s); the for m of the rela t ion s hip is con tinge n t, in par t, on the Pla n fo r the inv estig a t ion.

−− The structur al compone nt models the effect of speci fi c ex pla n ato ry variat e(s) on the respons e variat e.

−− The stochast ic compone nt models variation abou t the str uctural component.

* Mo del parameter: a con stant (which we den ote by a Gr e e k le tter) in a respons e model that re prese nts a respondent popula -
tion attr ibute; for exa mple, µ repre sents Y

−− in the respons e model (8.11 .2) near the middle of pag e 8.49 in Fig ure 8.11 –  see
also the upper diagr am at the rig ht bel ow and the discus sio n to its left.

The fou r ma in respons e models [which inclu de (HL77.2)] discus s ed in STAT 231 are sum marized in Statis ti c a l Highlig ht #71; mo-
del symbols are defi ned in Hig hlig ht #72, an ove rvie w of lea st squ are estim ating of model parameters is giv en in Hig hlig ht #73.

Model-base d methods of analys is in statis ti cs use dat a fr om
a sample to es tim ate value s of model parameters whi c h
then repre sent plau sible value s (in lig ht of the data) for re-
spon d e n t popula t ion attributes and, henc e, for Answe r(s) to
Questio n(s); we distinguis h a poin t estim ate from an in ter val
estim ate (defin ed at the bottom of pag e 2. 28). When the nor-
ma l model is appro priat e fo r the dis tributio n of the respons e
variat e value s , the model mean µ is estim ated by the sample
av erage y− and σ is estim ated by the sample standard dev iation s
– bot h poin t estim ates. As il lust r ated at the rig ht, we can think of the
proces s of estim ating µ by y− and σ by s as approxi mating the his t ogr am of a
data set by the nor mal p.d.f. wit h the same ‘cent re’ and same ‘w idt h’ as the his t ogr am .
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E P S

All mat hem ati c a l models are idealiz ation s and are produ cts of the
in tel lect and the imagi nation; as shown in the schema at the rig ht, we
think of the model as a li nk between the sa m p le and the resp onden t
popu lation. Also, Table 2.2.3 bel ow give s ter min ology whi c h helps
ma int ain the real world-model dis tin ction for mea s ure s of location and
of variation and variability (se e also Section 6 in Statis ti c a l Highlig ht #94).
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Ta ble 2.2.3
At tribute Real Wor ld Model

Location Ave r age Mean
Variation/variability (Data) standard dev iation (Probabilis ti c) standard dev iation
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