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Figure 1.5. STAT 231 GLOSSARY
(a bou t 31 0 ent rie s , abou t 260 defi nit ion s – see als o St atis ti c a l Highlig ht #91)

This Glossar y give s defin ition s of ter min ology used in int roducto ry statis ti cs teaching, wit h em pha sis on docum e n ting the in-
novative usage of the 200 4 STAT 231 Cou rse Not es. Its wording reflects deci sio ns whi c h deal wit h fo ur competing ter min ologie s.

* The Glo ssary refers to the (mo re ev ocative) FDEAC cycle rat her than the PPDAC cycle, whi c h or igi nat e d in an early ver-
si on of the STAT 231 Cou rse Not es arou nd 1990 and, unfor tun ately, eva de d ne e ded recon sid eration.

* As in Section 5 on pag es 5.24 to 5.26 of Fig ure 5.7, this Glossar y defin es the study popula t ion as a  combin ation of the re-
spon d e n t and non -re spondent popula t ion s (s ee the lowe r le ft diagr am below) ; this idea is not in the STAT 231 Cou rse
No tes but provi des usef ul empha sis on the per vasiv e diffic ulty for statis ti cs of non -re spons e (o r, more gen erally, mis sing dat a).

* The Glo ssary refers to the normal dist rib u tio n wherea s the STAT 231 Cou rse Not es us e the Gau ssia n dist rib u tio n, alt hou gh
both use the sta n dar d devi ation (not the varia n ce) as the secon d parameter.

* Except for occasio nal rem inde rs in brack ets [‘( really ele ments)’], Glo ssary defi nit ion s ig nore the ele ment-unit dis tin ction for
consis tenc y with the STAT 231 Cou rse Not es. [The STAT 220 Course Mat e ria ls main t ain this dis tin ction]

Number(s) in brack ets in defi nit ion s (u sually at their end) are pag e numbers (predominantly from the Chapt e r 5 Cou rse Mat e ri-
als) whe re the re is con tex t fo r, and/or sub stantiv e discus sio n of matt e r(s) rela t i ng to, the ter m being defi ned .

As a rem inde r of the motiv ation for the ter min ology of STAT 231, fou r diag rams and a tab ular sum mar y of the components
of the FDEAC cycle are giv en bel ow; the diag rams are from pag es 5.1 9, 5.25, 5.27 and 5.30 in Fig ure 5.7 of thes e Ma ter ials.
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Ta ble 1.5.1: The FDE AC cyc le: a struct ure d pr ocess fo r data-based inv est igating
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The last sid e of the Glo ssary (page 1.20) deals wit h the rela ted matt e rs of statis ti c a l distin ction s and not ation.
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Accu racy: the inv erse of inaccur acy. (5. 21)

Alternat ive hypothesis: se e Hypothesis testing.

Ap plicability: a word to be av oided as amb iguou s duplication of
ex isting statis ti c a l ter min ology; appli c ability (of an Answe r) means
(but does not distinguis h) study error and/or sample error.

Ad equ ate repl icating: se e Re plicating.

Ar gument by contr adic tion: the three steps are:
−− an assump tion (a hypoth esi s);
−− de ductive rea son ing (a pr obabi lity calcula t ion);
−− a con tradiction (stre ngt h of evi den ce).

The phrases in brack ets ( ) are the cor responding sta tis tical ter min o-
logy in a test of (sta tis tical) sign ifican ce.

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/pr ocess attributes (past, pres ent, future).

• Cau sat ive: a Que s tion whose Answe r will inv olve primarily
whet her 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. (5.72)

Assigning: in an experimenta l Plan, the process by whi c h the value
of the focal variat e is set for each unit:

−− within each block in a block ed Pla n;
−− in the sample in an unbl ock ed Pla n. (5. 37, 5.48)

Se e also Equiprob abl e assig ning and Prob ability assig ning.

Asso ciation: if a scatt e r diag ram shows , say, a clu s ter ing of its poi nts
abou t a lin e with posit ive slo pe (i.e., we see that, as X− in cre ases, Y−
also tends to inc rea s e), we say X− and Y− sh ow a (posit ive) asso cia tion.
Character istics of an association of statis ti c a l in terest inclu de its:

• Fo rm: fo r ex ample, can the tre n d be model led by a straigh t
li ne, indicating li near association?

• Magnit ude : fo r li near association, what is the mag n itude of
the sl ope?

• Dire c tion: fo r li near association, is the slo pe posi tive or nega-
tive?

Se e also Proportion ality. (5. 30 to 5.31)

At tribute: a quantity defi ned as a fun ction of the respons e (a n d, per-
haps, exp lanato ry) variat e(s) ove r a gr oup of unit s , typi c a l ly:

−− the targe t popula t ion/proces s,
−− the study popula t ion/proces s,
−− the respondent popula t ion,
−− the non -re spondent popula t ion,
−− the sample. (5. 20)

At tribute measurement error: se e Er ror.

Av erage: a mea s ure of location (co mmonly, for dat a), calcula ted as
the sum of a set of entit ies (co mmonly, numbers), div ide d by the
number of the entit ies that are ‘in d ependent’ of each other. (5. 28)

A (re a l wo r ld) aver age is to be dis tinguis hed from a (model) mean.

Bar graph: se e Histog ram.

Bias: the model qu antity repre senting inaccurac y.
(5. 21, 5.46, 5.50, 5.63)

Binary (re sponse) var iat es take only two value s (o ften den oted 0
andand 1), such as Ye s or No, Fe male or Ma le, Succes s or Fa ilu re. (5.62)

Bl ind, Blinding: to wit hhold, for any unit, know ledge of whether it
is in the trea tment gr oup or the control gr oup (whos e un its usually
re c eiv e a dum my tre atment known as a placebo).
Bl inding is typically use d in a cl inical trial, a speci al cla s s of com -
parative exper iment al inve s tig a t ion use d in medical res earch to assess
the effic acy of new for ms of tre atment (e.g., drugs, sur ger y); up to
thre e leve ls of bli nding may the used – bli nding of:

−− the par ticip ants,
−− the tre atment adm inist r ato rs,
−− the tre atment assessors,

depending on fea sib i lity in the inv estig a t ion con tex t. (5. 39, 5.52, 5.61)

Bl ock: se e Bl ocking.

Bl ocking in an experimenta l Plan: for ming groups of units (the
bl ocks) wit h the sa m e (o r si milar) 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 f-
fere nt value s of the fo cal variat e. [Se e also Matching] THUS:
Bl ock ing pre vents con fou n ding of the focal variat e with the non -focal
ex pla n ato ry variat e(s) made the same wit hin each block, the reb y de -
crea sing the li kel y magnitude of comparison error. SO THAT:
By hol d ing one or more Z−s fixe d within block s in an exper iment al
Plan, block ing reduces variation in Y− and so has the addit ion a l bene -
fit of decre asi ng co mparing im pre cisio n, thu s re ducing the lim itation
im pos ed on Answe r(s) by co mpariso n er ror. (5. 36 to 5.39, 5.52)

Bl ocking fac tor: a non -focal exp lanato ry variat e us ed as a basis for
fo rming block s in a block ed Pla n. (5. 37)

Ca libr ating: using known value(s) [st andard(s)] to quantify mea s ur-
ing inaccurac y. (5. 20, 5.60)

Case -Contro l Plan: a (ret rospectiv e) obs ervation a l Plan inv olv ing
co mparing ca ses (w ith Y− =1) and mat che d controls (w ith Y− = 0).
Ma tch i ng the con trols to the cases (us u ally) pre clu des selecting them
pr obabi lis tically, thu s fo rfe i ting its statis ti c a l advant age s. (5.40)

Categor ical: a cat egor ical (or qu a lit ative) variat e ha s value s which
are ca tegories; for exa mple, sex or marit al status.
Qu ant ita tive variat e value s can become catego rical; e.g., ages can be
cl assifie d in t o ag e gr oups. (5.61, 5.62)

Cau sal: the adj ectiv e fr om ca use (e asi ly mis rea d as ca sua l).

Cau sal cha i n: a (us u ally long) sequ enc e of exp lanato ry variat es int e r-
me diat e between the focal variat e X− and the respons e variat e Y−.
(5. 32, 5.43, 5.7 6, 5.77)

Cau sal relationship: there is a ca usa l rela t ion s hip between a re-
spon se variat e and a speci fi c ex pla n ato ry variat e (u sually the fo cal
variate) if the value of an appro priat e attr ibute of the respons e (a n d,
perhaps, exp lanato ry) variat e(s) change s when, for ever y un it (re a l ly
elem e n t) of the target popula t ion:

−− the speci fi c ex pla n ato ry variat e value is change d, AND:
−− all oth er ex pla n ato ry variat es hold thei r (s a m e) value s.

(5. 32 to 5.35, 5.47)

Cau sat ion: info rmally, the idea that deliberate change of (sole ly) ex-
planato ry variat e X− br ing s abou t a change in respons e variat e Y−.
Fo rmally, we state thre e cr iter ia to defi ne what we mean when we
say (a change in) X− ca uses (a change in) Y− in a target popula t ion:
(1) LURKING VAR I ATES: Ensure all oth er ex pla n ato ry variat es Z−1,

Z− 2, ....., Z− k hold their (same) value s fo r ever y popula t ion unit
(r eally ele ment) when X− = 0  and X− =1 (so m etim e s phrase d as:
Ho ld all the Z− i fixed fo r.....).

(2) FOCAL VAR I ATE: obs erve the popula t ion Y−-v a lue s and calcu -
la te an appro priat e att rib u t e, unde r two condition s:
. with all the units havi ng X− = 0;
. with all the units havi ng X− =1.

(3) ATTR IBUTE: The X−-Y− rela t ion s hip is ca usa l if:
At tribute(Y−, perhaps some of Z−1, Z− 2, ....., Z−k |X− = 0) ≠

At tribute(Y−, perhaps some of Z−1, Z− 2, ....., Z−k |X− =1),
pr ovi ded thos e of Z−1, Z− 2, ....., Z− k in cluded in the att rib u t e have
the sa m e value s when X− = 0  and X− =1. (5. 32)

Census: an inv estig a t ion usi ng all the respondent (or study) popula -
tion unit s/bl ock s. (5. 26, 5.53, 5.55, 5.76)
A census is to be con trast e d with an inv estig a t ion base d on a sa m p le
(the usual situation). (5. 21, 5.50, 5.51, 5.53, 5.59, 5.84)

Cent ral Limit Theor e m: if the random variable s Y1, Y2, Y3, ....., Yn

each have mean µ and standard dev iation σ, and if the random variable
T = Y1 +Y2 +Y3 +.....+Yn, then:

−− the standardized for m of T, (T− nµ)/(√nσ), has a sta n dar d normal
p.d.f. in the limit as n → ∞,

−− the standardized for m Y
−≡ T/n, (Y

−−µ)/(σ/√n), has a sta n dar d nor-
mal p.d .f. in the limit as n → ∞. (5.13)

Chi squ are d distribution: if Z1, Z2, ....., Zν are probabilis ti c a l ly in-
dependent N(0,1) random variable s , the sum of their squares ha s a
χ 2 dist rib u tio n with ν degrees of fre e dom (‘c hi’ rhy mes wit h‘hi’ – it is
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Figure 1.5. STAT 231 GLOSSARY (continue d 1)

pron oun ced ‘ki’). (13.1 4 to 13.16 , Ap.7, Ap. 8)

Clinical trial: se e Bl ind, Blinding. (5. 39, 5.49)

Cluster: a (natural) gr oup of units (re a l ly ele ments) of a popula t ion.
The clu s ters whi c h ma ke up a popula t ion can be of:

• equal size: fo r ex ample, cardboard car ton s of 24 cans in a pop -
ulation of cans of soup; OR:

• unequal size: fo r ex ample, hou seh olds in a popula t ion of people.
(5. 24, 5.55, 5.57, 5.85, 5.86, 5.96)

Com mon cau se: the situation whe re variat e Z− (s ay)
caus es both variat es X− and Y−.
(5. 34, 5.35, 5.42, 5.73, 5.7 6, 5.77)

Com mon response: the situation whe re variat e Y− (s ay)
is the respons e to both variat es X− and Z−.
(5. 35, 5.42, 5.46, 5.7 6)

Comparative Plan: a Pla n involv ing changi ng and co mparing.
Changi ng and co mparing are the basis for inv estig a t i ng a rela tionship
(a Que s tion wit h a ca usa tive aspect). (5. 28)

Comparing in clu des the processes of assign ing and es tim ating.
(5.45 to 5.49)

Comparison error: se e Er ror.

Complement: se e Ev ent.

Con fide nce interval (CI): an expre ssi on for an int e rval estim ate of
a model para m eter, der ive d fr om the dist rib u tio n of an estim ato r;
the int e rval covers the value of the model parameter with a speci fi ed
probability called the con fide nce leve l (e.g., 95%). (13.1 to13.18)
A re alized confid e n ce int e rval is the expre ssi on evaluated from dat a
and is usually giv en in the Analys is stage of the FDEAC cycle. (13.3)

• Info rmal in terpret ation: a range of plausible va lues for the re-
sp onden t popu lation attribute represe nte d by the model para-
meter.

• Fo rmal in terpret ation: under rep etition of the sel e cting and mea-
suring pro ces ses and of calcu lating the CI fro m th e rele vant ex-
pression, appro xim atel y th e confidence level pro por tion of these
in ter vals will contain the value of the model para m eter.

Con fide nce leve l: se e Con fide nce interval.

Con founded: variat es inv olved in confou nding can be said to be con-
fo unded (u nde r the Pla n). (5. 30)

Con founder an exp lanato ry variat e involved in confou nding (a ‘con-
fo unding variat e’) . (5. 30, 5.43, 5.7 0) Se e also Lu r king var iat e.

Con founding: info rmally, when non -focal exp lanato ry variat es Z− i

do not all hold their same value s as X− change s to make app are n t it s
rela t ion s hip to Y−, th eir ef fects on Y−, and that of X−, are conf use d or
mixe d up in such a way that they cannot be dis tinguis hed .
Fo rmally, differ ing dis tributio ns of value s of one or more non-focal es-
planato ry variat e(s) among two (or more) groups of ele ments/un its [li ke
(s ub)popula t ion s or samples] wit h different value s of the focal variat e.
When Z− is a confou nde r, not tak ing accou nt of Z− value s may make
the Answe r to a Que s tion abou t a (ca usa l) rela t ion s hip between X−
and Y− meaning ful ly different from the correc t Answe r.
The fou r types of confou nding we distinguis h, in order of decrea sing
im por tanc e fo r in trodu cto ry statis ti cs, are:
Ty pe 2 (as defi ned above for Z−, X− and Y−) is the primary con cer n of
thes e Course Mat e ria ls , specific a l ly wit h refe renc e to comparison er-
ro r in comparative Pla ns.
Ty pe 1 (of two or more fo cal variat es) : in ability, unde r the Pla n, to se-
parate the effects of two (or more) focal variat es on a respons e variat e.
(This type of confou nding may be exploite d in Desig n of Experiments.)
Ty pe 3 reflects disagreement among statis ti cia ns as to how broadly ‘con-
fo unding’ is to be int e rpret e d; for exa mple, whether a phen omen on like
Si mpson’s Paradox shoul d be regarded as an ins tanc e of ‘confou nding.’
Ty pe 4 is uniqu e to thes e Course Mat e ria ls and is so l ely to provi de
st atis ti c a l in sig ht from recog n izi ng co mmon themes of prob ability
assig ning and prob ability selecting. (5. 30, 5.7 0 to 5.72)

Con founding effect: In an ob ser vational Plan, for a focal variat e with

q value s , we think of the respondent popula t ion as bei ng ma de up of
q subpopula t ion s; each subpopula t ion is those units whi c h have a
particular value of the focal variat e. (5.49, 5.51, 5.54)

When q = 2 and the two subpopula t ion ave r age respons es are Y
−−0 and

Y
−−1, we hav e:

Y
−−1 − Y

−−0 = effect of change in X− + effect of change in Z−1, ....., Z− k

= treatment effect + con founding effect. -----(1. 5.1)

Continuou s: se e Random var iable and Samp le space.

Contr ast : se e Effe c t.

Contro l group: in an exper iment al Plan, the par t of the sample as-
sign ed X− = 0; in practic e, this may mean receiv ing a placebo.
(5. 38, 5.39, 5.40, 5.45, 5.47 to 5.50, 5.53, 5.61, 5.80, 5.82)

Correlation: a num erical measure of tigh tness of clu stering of the
poin t s on a scatt e r diag ram about a straig ht lin e – cor rela t ion is de-
noted r (c wou ld be better, leavi ng r for a ratio) and its value s li e in
the int e rval [−1, 1]. (4.9 to 4.24, 5.29, 5.30, 5.34)

Co unt erfac tual: a variat e value not obs erved unde r the Pla n – for
in stanc e, a unit’s respons e if it were to hav e been assig ned a focal
variat e value di ffere nt fr om the value actually assig ned . (5. 50, 5.7 4)
Su ch hypoth etical variat e value s may arise in statis ti c a l theory. (5. 51)

Cova rianc e: a mea s ure of association; (4.16) fo r random
variable s XandY: cov(X,Y) = E(XY) − E(X)•E(Y);
i.e., cov arianc e is th e mean pro duct minus the pro duct of the means.

-----(1. 5.2)

Cove ring: to try to manage of sample error, the value s of exp lana -
to ry variat es of the units in the sample are chosen to cov er the range
of value s that occur among (mos t of) the units of the respondent (or
study) popula t ion/proces s. (5. 24)
Cove ring is relev a n t to implem e n ting judgement selecting.

Cr oss-ove r de sig n: a cli nical trial in whi c h all particip ants are assig n-
ed both value s of the focal variat e. (5. 51 to 5.52)
Fo r ex ample, the trial star ts wit h half the par ticip ants havi ng X− = 0
and half X− =1; after an appro priat e time, the value s of X− are int e r-
change d fo r the two groups at the cr oss-over poin t of the trial.

Data: value s (o ften num erical) of:
−− variate(s) in statis ti cs, −− ou tco me(s) in probability.

Deduc tion: re asoning from ge ner al infor mation to a particular con-
clusio n (o r answe r), usi ng the rules of log ic and relev a n t theory.

Degrees of freedom: the (unev ocative) name giv en (fo r his t orical rea -
sons) to one or more parameters of the t, K, χ 2 and F dist rib u tio ns.
(13.1 4 to 13.17)

Dependence: se e Independence.

Discrepancy measure: se e Si gnificance test ing.
Elsewhere, a discrepa ncy mea sure may be called a pi v o t al qua ntity
or a test statist i c; we av oid the latt e r two ter ms in STAT 231.

Discrete: se e Random var iable and Samp le space.

Disj oint: se e Ev ent. (5. 29)

Distribution: fo r a quantity that can take two or more value s which
each may occur one or more tim e s , it s dist rib u tio n is the set of value s
and their frequ enc es, us u ally wit h the value s ar range d in an appro -
priat e order (e.g., in ascending num erical order).

DOE: acrony m fo r De sig n of Experiments; this wou ld be more
ev ocative as Design ing Exper imenta l Pl ans (DEP), to indicate its role
as a pr ocess [li ke the Desig n (a n d ot he r) stage s of the FDEAC cycle].

Effe c t: the effe c t of X− on Y− (u sually) refers to the change in the aver -
ag e of Y− fo r unit change in X− and:

−− im p lie s the X−-Y− rela t ion s hip is (beli eve d to be) ca usa l – a
change in X− ca uses (br ing s abou t) a change in Y−;

−− in clu des bot h the magn itude and direc tion of the rela t ion s hip –
fo r ex ample, the sl ope and its sign fo r a li near rela t ion s hip;

−− requ ire s that all non -focal exp lanato ry variat es Z− i hold their (same)
value s when X− change s;

−− is defi ned (the ‘tr ue’ effect) ov er the units of the resp onden t (o r
study) popu lation. (5.43, 5.44)

X−
Z−

Y−

X−
Y−

Z−
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• Main effe c t: the effect of a facto r in dividua lly. (5.44)

• Tr eatment effect: a more exp licit ter m fo r ef fec t. (5. 50, 5.51)
Tr eat ment effect is als o a broader term for main effects and in-
teractio n ef fects.

• Contr ast : any li near combi nation of tre atment effects whe re
the coefficie n t s sum to zero. (5.44)

Eikosog ram: a picto ria l display inv olv ing a unit squ are subdivi ded
in t o area s in a way that illust r ates combin ation s of eve n t s and their
probabilit ies; eikosogr ams do this more effective ly than Ve n n diag rams.

Element: the popula t ion entity of int e rest to the Que s tion(s) to be
answe red by an inv estig a t ion and for which variat e value s coul d be
obtain ed. [Info rmally, an‘elem e n t’ is an‘in d ivi d ual.’]
An el ement is to be dis tinguis hed from a unit, whi c h is det e rmine d
by the sampling frame. (5. 55, 5.86)
An illust r ation is a Que s tion abou t peop le as ele ments but a frame of
househ ol ds us ed to select the units at the first stag e of sampling.
Elsewhere, ele ments may be called elementary units or observa-
tion units; units may be called samp ling units.
In STAT 231, the unit-ele ment distin ction is ign ore d and only‘un it’ is
us ed as ter min ology. See als o Fr ame and Unit.

Empirical: base d on data.

Equiprob abl e assig ning [EPA]: all pos sib le assig nments of equ al
numbers of units among the value s of the focal variat e(s) are equ ally
probable; this probability is the reciprocal of the number of such
assig nments. (5. 37, 5.45 to 5.50)
EPA is a speci al case (with eq ual assig nment probabilit ies) of prob-
ab ility assig ning.
EPA is usually called ra n dom assig ning or ra n domization el sew here,
but EPA is more evocative of the assig n ing process.

Equiprob abl e sele c ting [EPS]: all samples of size n units from a
study popula t ion of size −NS un its have probability 1/(−NS

n ) of bei ng se -
le cted . This defi nit ion can also be stated in ter ms of the −N un its of
the resp onden t popula t ion. (5. 23, 5.56, 5.57, 5.86)
EPS is a speci al case (with eq ual in clu sio n probabilit ies) of prob a-
bility selecting. (5.48, 5.56)
EPS is usually called si m p le ra n dom sel e cting (or sampling) (SRS)
el sew here, but EPS is more evocative of the selecting process.

Er ror: the differenc e between what is stated [e.g., in an Answe r] or
assume d [e.g., in a respons e model] and the actual st ate of affairs.
We distinguis h si x catego rie s of error. (5.19, 5.25, 5.52 to 5.54, 5.84)

• St udy error: the differenc e between [the (tr ue) value s of] the
study popula t ion/proces s att rib u t e and targe t popula t ion/proces s
att rib u t e. (5. 20, 5.22, 5.23, 5.37, 5.40, 5.50, 5.84)

• No n-response error: the differenc e between [the (tr ue) value s
of] the respondent popula t ion/proces s att rib u t e and the study
popula t ion/proces s att rib u t e. (5. 25, 5.26)

• Samp le error: the differenc e between [the (tr ue) value s of] the
sample att rib u t e and the respondent popula t ion/proces s att rib u t e.
(5. 20, 5.22, 5.50, 5.80 to 5.82, 5.84)

• 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 variat e. (5. 22)
−− 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. (5. 20)

• Mo del error: the div ergenc e of the model ling assump tion s fr om
the actual st ate of affairs in the real world. (5. 27, 5.28, 5.43)

• 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 units wit h dif-
fe rent value s of the focal variat e, comparison error is the differ-
enc 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 units OR −− confou nding.
The alt e rnate wording of the last phrase accom modat es the equ i-
valent ter min ologie s of lur king variat es and confou nding ; in a
particular con tex t, we use the versi on of the defin ition appro-
priat e to that con tex t. (5. 30, 5.36 to 5.39, 5.42, 5.45, 5.46, 5.50,
5. 51, 5.54, 5.7 0, 5.7 5, 5.80 to 5.82, 5.84)

Er ror is impor tant as the sou rce of li mit ations im pos ed on Answe r(s).

Over all error 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 inv estig a t ion.
Se e also Re sidual. (5.19, 5.25, 5.54)

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). (5. 21)

Estimating: a process whi c h us es st atis ti c a l theory to der ive the dis-
tr ibutio n of an es tim ator and data to calcula te an (in ter val) es tim ate.
(5. 21, 8.1, 8.2)

Estimate d re sidual: se e Re sidual.

Estimator: a ra n dom variable whos e dist rib u tio n re prese nts the pos -
sible value s of the cor responding es tim ate un d er repetit ion of the se-
le cting, mea s uring and estim ating processes. (5. 21)

Ev ent : an eve n t (A, say) is a sub set the poi nts in the sample space S.

• Complement: the complem e n t of eve n t A is the set of poi nts
in S but not in A; we den ote it A

−.

• Disj oint eve nts have no poi nts in com mon. (5. 29)

Experimental: to be con trast e d with ob ser vational – it indicates a
co mparative Pla n where the invest iga tor s (actively) assig n the value
of the focal variat e to each unit in the sample or in each block.
(5. 36, 5.38, 5.39, 5.45 to 5.50, 5.54)

External val idity: soci al scie n ce ter min ology for study error.
Se e also Internal val idity and Va lidity.

Fa ctor: an exp lanato ry variat e; (5.43) we dis tinguis h a facto r that is:
−− a fo cal variat e;
−− a non-focal variat e us ed as a blocking factor; (5. 36, 5.37)
−− a non-focal variat e value manage d fo r ot he r re asons. (5.45)

Fa ctor leve l: se e Leve l.

Fa ctorial tre atment struc ture: all co mbin ation s of the lev els of the
(two or more) facto rs. (5.43, 5.44)

• Fr actiona l fa ctorial tre atment struc ture: a sub set of (the run s
of) a (full) fact orial tre atment structure.
Fo r in stanc e, 8 (properly-chosen) run s fr om a ful l fact orial struc-
ture of16 run s is a ha lf fraction. (5.44, 5.45)

Fa lse posit ive : when the re is an X−-Y− asso cia tion fo r which coi nci den ce
can be ruled out as the rea son, a par tia l or complet e fa lse posit ive is
ca usa tion of Y− that is not only, or eve n in par t, by X−. (5.74 , 5.75)

Fa lse negat ive: ab senc e of association of X− and Y− ev en thoug h they
have a ca usa l rela t ion s hip. (5.74 , 5.75)

FDEAC cyc le: acrony m fo r a 5-stage structure d pr ocess fo r data -
base d inve s tig a t i ng; the stag es are:

• Fo rmu lat ion stage: fo rmu lating cle arly the Que s tion(s) for which
the inv estig a t ion is intende d to provi de Answe r(s).

• De sig n st age: draw ing up a Pla n fo r the processes that wil l
ge nerate Dat a that wil l prov ide Answe r(s) to the Que s tion(s).

• Execut ion stage: carrying out the Pla n – col lecting (sele cting,
mea s uring), exa m ining, mon ito ring and storing the Dat a.

• Analys is stage: summarizing and analyzing the Dat a in ways
that effective ly prov ide Answe r(s) to the Que s tion(s).

• Conclusion stage: givi ng Answe r(s) to the Que s tion(s) in con-
te xt, their lim itation s, and (if appropriat e) recom mendation s.

Se e also PPDAC cyc le.

Fishbone diagram: a schemati c display (reminiscent of a fish skele -
ton) for or ganizing the names of explanator y variat es whi c h may af-
fe ct a par ticular resp onse variat e; the re can be up to six ma in bran-
ches on the diag ram , with label s li ke me asurement, person, envi-
ronment, method, material and machine. (5. 23, 5.57 to 5.59)

Fo cal (explan atory) var iat e: fo r a Que s tion wit h a ca usa tive aspect,
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). (5. 28, 5.72)

Fr ame: a lis t [r eal or con cep tual (e.g., a rule that wou ld, if implem e n-
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Figure 1.5. STAT 231 GLOSSARY (continue d 2)

ted, gen erate the lis t)] of the units that can be selected from the respon-
dent (or study) popula t ion. (5. 56, 5.57, 5.64, 5.84, 5.86)

Fu n d a m e ntal Theor e m of Statist ics: un d er equ iprobable selecting
(EPS), the dist rib u tio n of the sample ave r age in the set of all pos sib le
samples of size n is the dist rib u tio n of the random variable Y

− repre -
senting the sample ave r age in a respons e model. (5.91, 13.8)

Gam ma fu nction: The defi nit ion is: Γ(α) =∫
0

∞
xα −1e−xdx.

Tw o proper tie s of the gam ma fun ction are:

• Γ(α) = (α −1)! if α is a posit ive int ege r.

• Γ(½) = √π.
We can think of the gam ma fun ction as a gen erali zation of the idea
of a facto ria l. (5.9)

-----(1. 5.3)

Gauge: a syn onym for measur ing instrumen t, often used, for exa mple,
in manufactur ing indust rie s. See als o Me asuring pro cess. (5.61)

Gauge R&R inv est igation: an inv estig a t ion to quantify the re pea t-
ability and the re producibility of a gauge. (5.62)
Se e also Me asuring pro cess.

Gaussian distr ibution: se e Normal distribution.

Gener ality: a word to be avo ide d as dup lication of exi sting statis ti c a l
ter min ology; gen erali ty (of an Answe r) usually refers to sa m p le er ror.

In DOE, ge ner ali ty (o r a wide r induc tive basis) may refer to usi ng
afact orial tre atment structure so that int e r actio n ef fect(s) can be estim a-
ted . (5.85)

Gener alization: an othe r wo r d to be avo ide d as statis ti c a l ter min o-
logy; like ge ner ali ty, it may refer to sa m p le er ror. (5.85)

Gener alizability: an othe r wo r d to be avo ide d as statis ti c a l ter min o-
logy; it may refer to study error. (5.85)

Histog ram: a bar chart use d to display the dis tribution of the value s
of a variat e; the horizont al axis defi nes appro priat e in ter vals of vari-
at e value s and the area of a bar is the pr oportion of value s that fall
in the int e rval cov ere d by the bar.
A his t ogr am ha s a density scale on its ver tical axi s ; ma ny displays cal-
le d ‘his t ogr ams’ are only bar gra phs, whi c h have a freq uen cy scale
on their ver tical axi s .

Hypothesis: se e Hypothesis testing and Si gnificance test ing.

Hypothesis testing: this ter m sh oul d be use d on ly to refer to statis ti-
cal testing use d as a deci sion rule, to empha size the distin ction from
(s t atist i cal) sign ifican ce tes ting fo r assessing stre ngt h of evi den ce.

When using statis ti c a l testing as a decisio n rule:
−− the null hypothesis is a model parameter value cor responding

to no effec t;
−− the alternat ive hypothesis is a model parameter value cor res -

ponding to the re being an effect;
[o nly a posit ive effect or only a negative effect is a one -side d
alternat ive; eit her direction for the effect is a two-sided alt er-
native.]

−− with a low enoug h P-v a lue, the null hypot hesis is reje c ted, in
favou r of accept ing the alt e rnative hypot hesis.

The doub le negative (reje cting no effect meaning the re is an effect),
phrase d in unfamili ar ter min ology, inv ites conf usi on.
We can think of rej ecting the null hypot hesis as (a cla im of) a sig n a l
being det e ct able above the noi se. See als o Si gnificance test ing.

Impr ecision: sta n dar d devi ation of error (i.e., its haphazard co mpo -
nent, exhibited as variation) unde r re pet it i on. (5. 21)

• Samp ling imp recision: st andard dev iation of sample error unde r
repetit ion of selecting and estim ating. (5. 25, 5.37, 5.39, 5.86)

• Me asuring imp recision: st andard dev iation of mea s urement er-
ro r un d er repetit ion of mea s uring the sa m e qu antity.
(5. 25, 5.50, 5.60)

• Comparing imp recision: st andard dev iation of comparison er-
ro r un d er repetit ion of assig n ing and estim ating.
(5. 37, 5.40, 5.46, 5.50, 5.52)

Inaccu racy: aver age er ror (i.e., its system atic co mponent) un d er re pe-
tition. (5. 20)

• Samp ling ina ccu racy: av erage sample error unde r repetit ion
of selecting and estim ating. (5. 25)

• Me asuring ina ccu racy: av erage mea s urement error unde r re -
petition of mea s uring the sa m e qu antity. (5. 25, 5.60)

• Comparing ina ccu racy: av erage comparison error unde r repe-
tition of assig n ing and estim ating. (5. 50)

Inclusion pro bab ility: se e Selecting pro bab ility.

Independence , Independent: a diction ary defi nit ion is: not subje ct
to the con trol, influence or det ermination of anoth er or oth ers.

• Independent measurements: mea s urements are independent
when the operato r’s knowledge of the value arisi ng fr om one
executio n of the measuring process does not influence the value
fr om any other exe cutio n. (5. 28, 5.60)

• Independent eve nts (Prob abilist ic independence): ev ents A
and B are independent when the probabilit ies of even t s A and
B are such that Pr(A|B) = Pr(A) and Pr(B|A) = Pr(B). (5.60)

• Independent ran dom var iable s: two random variable s are in-
dependent when their joi nt probability (density) fun ction is the
pr oduct of their marginal probability (density) fun ction s.

The idea of independenc e is a (mathem ati c a l) idea lization – the usual
st ate of affairs in the real world is one of dep enden ce (i.e., la ck of
in d ependenc e). (5.11 , 5.12, 5.29, 5.47, 5.7 5, 5.79)

Indicat or va riate: a bin ary variat e which takes only value s of 0 or 1.
Se e also Binary (re sponse) var iat es. (5. 32, 5.7 4)

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 conclu sio n, usi ng the rules of log ic and relev a n t theory.
(5. 23) Indu ction is to be con trast e d with de duc tion.

Interaction of two facto rs X−1 and X−2 is said to occur when the effect
of one facto r on a respons e variat e Y− depends on the lev el of the
ot he r fact or. Int e r actio n means the combin ed effect of two facto rs is
not the sum of their indivi d ual effects. (5.44, 5.45, 5.75 to 5.79)
Interactio n may inv olve more than two facto rs. (5.76 , 5.81)

Internal val idity: soci al scie n ce ter min ology for co mpariso n er ror.
Se e also External val idity and Va lidity.

Intersection: the int e rse ction [den oted A ∩ B (o r AB)] of eve n t s A
and B is the eve n t co mprising the set of all poi nts in A and in B.

• Union: the union (den oted A ∪ B) of eve n t s A and B is the eve n t
co mprising the set of all poi nts in A or in B or in both.

Interval est imate: an in ter val of value s fo r an estim ate, usually in a
fo rm that quantifie s im pre cisio n. (5. 21) Se e Con fide nce interval.

Inve stigation: a data-base d inve s tig a t ive unde rtaking inv olv ing one
(o r a few) Que s tion s to be answe red .
An inv estig a t ion is to be con trast e d with a pr oje ct.

Inva lidity: a word to be avo ide d as dup lication of exi sting statis ti c a l
ter min ology; inv a lid ity (of an Answe r) means inaccurac y. (5.85)

Jo i nt pro bab ility function: se e Prob ability function.

Ju dge m e nt selecting: hu man judgement is use d to select n units from
the −N (o r −NS) units of the respondent (or study) popula t ion.

−− Ju dgement selecting [im p lem e n ted to achieve pro per covering] is
co mmonly use d fo r a Que s tion wit h a cau s ative aspect inv esti-
gat e d using an exper iment al Plan.
Us u ally, judgement selecting is use d becaus e probability select-
ing wou ld be infea sib le to implem e n t.

(5. 22, 5.23, 5.24, 5.38 to 5.39, 5.52, 5.56, 5.80 to 5.82)

Kν distribution: the dis tributio n of a random variable whi c h is the
squ are root of the ave r age of the squares of ν in d ependent N(0, 1)
random variable s; the parameter ν is called the degr e es of free d o m.
(13.1 5 to 13.17, Ap. 5, Ap. 6)

Least squ are s: a process for estim ating respons e model parameters,
base d on min imizi ng the sum of the squ are d re sidu als. (8.1, 8.2)

Leve l: fact or leve ls are the set of value(s) assig ned to a facto r; that is,
(u sually) the set of value s assig ned to the (or a) focal variat e. (5.43)

Like lihood function: the probability of the data as a fun ction of the
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model parameter(s).

• Re l ative likel ihood function: a fun ction of the model parame -
ter(s) defi ned as the likelihood fun ction di vided by the maxi-
mum value of the likelihood fun ction.
The den ominato r is the likelihood fun ction evalue d at the maxi-
mu m li kelihood estim ate and is a number.

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.

Location: refe rs to whe re (the ‘cent re’ of) a dis tributio n is posit ion ed;
in this sense, ave r age s and means are measures of location. (5. 28)

Lu r king var iat e: a non -focal exp lanato ry variat e whos e differ ing dis -
tr ibutio ns of value s (o ver groups of units) for 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.
Lurking variat es are respon sib le for the lim itation impos ed by compa -
rison error on an Answe r abou t a rela t ion s hip.
(5. 30 to 5.33, 5.43, 5.65 to 5.7 6)

Main effe c t: se e Effe c t.

Marginal pro bab ility function: (5.68) se e Prob ability function.

Matching in an ob ser vational Plan: for ming groups of units wit h the
sa m e (o r si milar) value s of one or more non -focal exp lanato ry variat es
but di ffere nt value s of the fo cal variat e. [Se e also Bl ocking] THUS:
Ma tching pre vents con fou n ding of the focal variat e with the non -fo -
cal exp lanato ry variat e(s) made the same wit hin each group, the reb y
de cre asi ng the li kel y magnitude of comparison error. SO THAT:
Ma tching decrea ses co mparing impre cisio n, thu s re ducing the lim ita -
tion impos ed on Answe r(s) by co mpariso n er ror.
(5. 37 to 5.40, 5.43, 5.49, 5.52)

Maximum likel ihood: a process for estim ating the value s of model
parameter(s), base d on maxim izi ng the likelihood fun ction.

Maximum likel ihood estimate [mle] : the value of the model para-
meter(s) whi c h maximize(s) the value of the likelihood fun ction.

Me an: a mea s ure of lo cation of a ra n dom variable. (5. 5, 5. 28)
A (model) mean is to be dis tinguis hed from a (re a l wo r ld) aver age.

Me aningfu l : se e Prac tical importanc e.

Me asurement error: se e Er ror.

Me asuring: the process use d to deter min e the value of a variat e.
(5. 28, 5.59 to 5.62)

Me asuring instrument: se e Me asuring pro cess.

Me asuring pro cess: a process for qu ant ifying a variat e value.
The co mponents of a mea s uring process are:

−− the measur ing instrumen t or ga uge;
−− the opera tor (s);
−− the measur ing pro tocol: the ins tructio ns for how to mea s ure;
−− the unit mea sured. (5. 59 to 5.62)

Me asuring pro toco l: se e Me asuring pro cess.

Me dian: the half-way poi nt;
−− fo r a pr obabi lity dis tribution, the median divi des the are a un d er

the probability (density) fun ction in half;
−− fo r a data set with an odd number of obs ervation s, the median

is the cent r al obs ervation of the or der ed data set ;
−− fo r a data set with an even number of obs ervation s, the median

is half way bet ween (i.e., the ave r age of) the two cent r al obs er-
vation s of the or der ed data set. (5.64)

Missing dat a: (5. 24, 5.26, 5.52, 5.53) se e No n-respondent.

Mo del error: se e Er ror.

Mo delling asumpt ions: we assess how well five modelling assump -
tion s ap pear to be met – whether: (5. 27, 5.28, 5.43, 5.50, 13.8)

−− the selecting process for units is (e quivalent to) EPS;
−− the respons e model structura l co mponent fo rm is appro priat e;
−− a nor mal model is ap pro priat e fo r the dis tributio n of the resi dua ls;
−− there is equ ali ty among sta n dar d devi ation(s) [o r they var y in a

known way, such as dependenc e on an exp lanato ry variat e];

−− the residu als can be taken as pr obabi lis tically indep enden t.

Mo del parameter: a con stant (us u ally den oted by a Gr e e k le tter) in
a respons e model that re prese nts a respondent popula t ion attr ibute.
(5. 27, 5.28)

No n-respondent: a unit wit h so m e or all of its data mis sing at the
end of the Exe cutio n st age of the FDEAC cycle.
Mi ssi ng data may be due to:

−− non-con t act with the unit, OR TO:

−− non-re spons e (partia l or complet e) when the unit is cont act e d.
‘Non -re spondent’ usually refers to a human un it, whe rea s ‘m issing
data’ is more com monly appli ed to an inanimate unit and may arise
fr om mea s uring ins trument malfunction. (5. 24, 5.26, 5.52, 5.53)

The non-res pon den t s plus the sa m p le co mpris e the se lec tion in our
ter min ology – see Selection.

No n-respondent popul ation: se e Re spondent popul ation.

No n-response error: se e Er ror.

Normal distribution: a probability dis tributio n with a sym met rical
bell-shaped probability density fun ction on the int e rval (−∞, ∞); this
p.d.f. is of the for m e−y2

. It is als o called a Gaussian distr ibution.
The nor mal dist rib u tio n is den oted N(µ,σ), [or G(µ,σ)] , where:

−− µ is the mean AND:

−− σ is the (probabilis ti c) sta n dar d devi ation. (5.15 to 5.1 8, 5.28)

Elsewhere, the not ation may be N(µ, σ 2), in whi c h the secon d para -
meter is the varian ce – see als o Va rianc e.
The st andard normal distribution is N(0,1); value s fo r it s probabi-
li tie s (are as unde r it s p.d.f.) are tab ula ted in many tex ts. (Ap.1)

Null hypothesis: se e Hypothesis testing.

Observat ion al: to be con trast e d with experimenta l – it indicates a
co mparative Pla n where, for each unit selected, the focal exp lanato ry
variat e (pa ssi vel y) takes on its ‘natural’ value unin fluenced by the in-
ve s tig a tor(s). (5. 36 to 5.43, 5.49, 5.51, 5.54, 5.82 to 5.84)

Some statis ti cia ns use ob ser vational as the adj ectiv a l fo rm of ob ser -
va tion, a fun d a m e n tal component of the scie n tific met hod; becau se
obs ervation is always involved in dat a-base d inve s tig a t i ng, this non-
technical (tautol ogical) us e of ‘obs ervation a l’ is to be avo ide d in statis ti cs.

Operator: se e Me asuring pro cess.

Outcom e: the res ult gene r ated by one exe cutio n of a pr obabi lis tic pro-
cess. See als o Data.

Over all error: se e Er ror.

Pivo tal quant ity: se e Discrepancy measure.

Placebo: se e Bl ind.

Po i nt: se e Samp le space.

Po p u lat ion: a wel l-defi ned group of unit s (r eally el ements), othe r th an
the sample. (5.19, 5.55)

PPDAC cyc le: the acrony m fo r a origi nal 5-stage structure d pr ocess
in STAT 231 for dat a-base d inve s tig a t i ng; this Glossar y us es in stead
the FDEAC cycle becau se:

−− fo r the first three stage s , Fo rmulation, Design and Exec ution are
mo re ev ocative names than Pr oble m, Pl an and Da ta; als o, our
Design stag e co rre sponds to the meaning of ‘Design’ in ‘DOE.’

−− thes e thre e revi sed names avo id conf usi on of the stag e name with
it s in put or ou tpu t.

Some lat e r ve rsi ons of PPDAC became QPDAC, naming the first
st age for the Ques tion, but this stil l invites conf usi on of the first stag e
name wit h it s input.

Prac tical importanc e: a practi c a l ly impor tant nume rical Answe r is
on e whos e value is not neg lig ible in the Que s tion con tex t in rela t ion
to a pre scr ibed value.
Practi c a l im por tanc e aris es mos t co mmonly wit h an Answe r that is a di f-
fere nce or a ra tio, when the respectiv e pres cribed value s may be 0 and 1.
A practically impor tant change (o r di ffere nce) (e.g., in an Answe r) can
also be called a me aningfu l change (or differenc e).
Practi c a l im por tanc e is to be dis tinguis hed from statis ti c a l signific a n ce
– see Si gnificance test ing. (5. 30, 5.46, 5.47, 5.7 1)
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Figure 1.5. STAT 231 GLOSSARY (continue d 3)

Precision: the inv erse of imprecisio n. See als o Re liabl e. (5. 21)

Predic tion int erval: an expre ssi on for an int e rval estim ate of a ra n-
dom variable repre senting a respons e variat e, der ive d fr om a respons e
model and the dist rib u tio n of an estim ato r; the int e rval cov ers the
value of the random variable wit h a speci fi ed cove rage pro bab ility.
A re alized prediction inter val is the expre ssi on evaluated from dat a
and is usually giv en in the Analys is stage of the FDEAC cycle.
(16 .5, 16.10 , 16 .13, 16.14)

Prob ability (de nsity) function: a table or fun ction whi c h give s the
probability dis tributio n of a dis cret e (c ontin uou s) random variable.

• Jo i nt pro bab ility (de nsity) function: a probability (density)
function for two or more discret e (c ontin uou s) random variable s.

• Marginal pro bab ility (de nsity) function: a probability (den -
sity) fun ction for on e of two or more dis cret e (c ontin uou s) ran -
dom variable s. (5. 5, 5.65, 5.68)

Prob ability (or pro bab ilist ic) assig ning: using a pr obabi lis tic me -
chanism , des cribed in the protocol for choosing gro ups, in an ex-
perimenta l Plan to gen erate a known (e.g., equ al) probability of as-
signing the value of the focal variat e to the units:

−− within each block in a block ed Pla n;
−− in the sample in an unbl ock ed Pla n.

Probability assig n ing is the basis of statis ti c a l theory for:
−− un biase d estim ating of model parameters repre senting tre atment

ef fects,
−− the rela t ion s hip of comparing impre cisio n to degree of repli c ating

in the groups bei ng co mpare d,
−− an expre ssi on for a confid e n ce int e rval for estim ating a differenc e

of ave r age s.
Probability assig n ing re d uces the risk of (ou r type 2) confou n ding of
the focal variat e with unblock ed, unknow n or unm e asure d non-focal
ex pla n ato ry variat es; the greater the deg ree of re pli cating, the greater
the reduction in risk. (5. 37, 5.47, 5.48, 5.49, 5.72)

Prob ability (or pro bab ilist ic) selecting: using a probabilis ti c me -
chanism , des cribed in the protocol for selecting units, to gen erate a
known (e.g., equ al) probability of selecting each respondent popula -
tion unit for the sample. (5. 23, 5.48, 5.52, 5.56)
Probability selecting is the statis ti c a l id e a l but is not always fea sib le in
practi ce (5.79 to 5.82); it is the basis of statis ti c a l theory for:

−− un biase d estim ating of model parameters,
−− the rela t ion s hip of sampling impre cisio n to degree of repli c ating,
−− the expre ssi on for a confid e n ce int e rval for estim ating an ave r age.

Probability selecting manage s ou r type 4 confou nding. (5.72)
Se e also Selecting pro bab ility.

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

• the flow on an entity (li ke wat e r or ele ctron s).
Thus, in statis ti cs, a process may inv olve unit s. WHEREAS:

In pr obabi lity, a proces s 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 tco m e occurs
in any exe cutio n of the process gen erates data .

Su ch dat a may yield value s fo r probabilit ies associat e d with , or for
ot he r charact e ris ti cs of, the process. (5. 55)

Proj ect: a br oad inve s tig a t ive unde rtaking inv olv ing many qu estio ns.
A proje ct is to be con trast e d with an invest iga tion.

Proportion ality refe rs to a straig ht-lin e X−-Y− association th rou gh the
or igi n – see als o Asso ciation. (5. 31)

Protocol for choosing gro ups specifie s whet her the units of the
sample wil l be selected so they for m gr oups that can be use d to re-
du c e the lim itation impos ed on an Answe r by comparison error or
sample error. (5. 36 to 5.38)

Protocol for selecting units, sometimes called the samp ling pro-
to col, is (a des criptio n of) the process (to be) use d to select, from
the respondent popula t ion, the units that compris e the sample. (5. 56)

Protocol for setting leve ls specifie s the va lues to be taken by rele-
vant exp lanato ry variat e(s). (5.43 to 5.45)

P-v alue: se e Si gnificance test ing.

Qual itative an adj ectiv e ap plie d to ‘variat e’ and denoting a nomi nal
ca tegorica l variat e (li ke marit al status or skin col our).
We us e ‘q ualit ative’as a syn onym for categor ical. (5.61, 5.62)

Quantitative an adj ectiv e ap plie d to ‘variat e’ and denoting a measured
or counte d variat e (li ke lengt h or number of ins tanc es). (5.61, 5.62)

Random means eq uiprobable in a selecting (or sampling) cont ext or
an assig n ing con tex t.
‘Random’ is better avo ide d as statis ti c a l ter min ology, exc ept in the
est ablis hed phrase ra n dom variable.

Random assig ning: se e Equiprob abl e assig ning.

Randomization: a syn onym for eq uiprobable assig ning. (5. 37, 5.48)
The latt e r ter m is prefe rre d as bei ng mo re ev ocative of the process.

Randomized response: a mea s uring process in whi c h an int e rvie wer
(e.g. in a sample sur vey) can ask a sensit ive que s tion but cannot wit h
cer tain ty int e rprer t the unit’s respons e in ter ms of the que s tion. (5.62)

Random sampl ing: a syn onym eq uiprobable sel e cting.
The latt e r ter m is prefe rre d as bei ng mo re ev ocative of the process.

Random var iable (r.v.) : info rmally, a variat e that takes on different
value s according to chanc e.
Fo rmally, a random variable is a function which assig ns a re a l num-
ber to each poi nt of the sample space (S); i.e., a random variable is
a fun ction wit h domain S and range RR – it is a map ping from the
sample space to the real numbers. (5.17, 5.5 to 5.9)
Us u ally, a discrete r.v. is use d to model a variat e with counte d value s ,
a continuou s r.v. to model a variat e with measured value s. (5.61)

Ratio and regre ssion est imating: using infor mation abou t the value s
of an exp lanato ry variat e, ove r the units of the respondent popula t ion,
to decrea s e im pre cisio n of estim ating a popula t ion attribute like an
av erage or tot al; to accomplis h this , the exp lanato ry variat e mu s t
have a (st rong) posit ive association wit h the respons e variat e whos e
att rib u t e is of interest – the strong er the association, the greater the
de cre ase in impre cisio n. (5. 22, 5.24, 5.53)

Re gre ssion est imating: se e Ratio est imating.

Re l ationship: a rela t ion s hip in statis ti cs is cast in ter ms of variates
– the re are two variat es in the sim p lest case: an explanator y variat e
X− (the fo cal variat e) and a resp onse variat e Y−.
Data -base d inve s tig a t i ng of a rela t ion s hip (to answe r a Que s tion wit h a
causative aspect) involves change and co mparing – thes e activities are
therefore essentia l in the components of a pro per comparative Pla n.
(5. 28, 5.29, 5.35, 5.36)

Re l ative likel ihood function: se e Like lihood function.

Re liabl e or rel iab ility: wo r ds to be avo ide d as statis ti c a l ter min o-
logy; reliability (of an Answe r) may mean:

• adequate pre c isi on; OR:

• (o verall) er ror that is likely to impos e acce pta b le li mit ation s on
the Answe r(s) in the Que s tion con tex t. (5.85)

Re peatability of a gauge is the variation [ex pre sse d as an appro pri-
at e (d ata) standard dev iation] of repeated mea s urements on each of a
sample of (10 , say) par ts by on e operato r using the gau g e;

• Re pro ducibility of a gauge is the bet ween-operato r variation
[e xpres s ed as an appro priat e (d ata) standard dev iation] of two
mea s urements, one by each operato r using the gau g e, on each
of a sample of (10 , say) par ts. (5.62)

Se e also Gauge R&R inv est igation.

Re pet ition: repeating ove r and ove r (u sually hypoth etically) one or
mo re of the processes of selecting, mea s uring and estim ating – see
also the defin ition s of a CI, an es tim ator, inaccurac y and impre c isi on.
(5. 20, 5.21)

Re plicating: sele cting more than one unit/bl ock from the respondent
(o r study) popula t ion for the sample. (5. 23, 5.50)
Un d er pr obabi lity sele cting, inc rea s ed repli c ating reduces sa m p ling
im pre cisio n, thu s re ducing the li kel y magnitude of sample error.

• Ad equ ate repl icating: sele cting ju st en oug h un its/bl ock s fr om
the respondent popula t ion to make the likely mag n itude of sa m-
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ple er ror [and, henc e, the lim itation it impos es on Answe r(s)]
acce pta b le in the Que s tion con tex t. (5. 24, 5.50)

Re pre sentative sample: a sample whi c h ha s sample error (and cor-
re sponding lim itation) that is acccep table in the Que s tion con tex t.
BUT: The repre sent ative nes s of a sample can rarel y be know n.
This phrase shoul d be av oided as statis ti c a l ter min ology. (5. 21)

Re pro ducibility: se e Re peatability.

Re sidual: the stochast i c co mponent of a respons e model; it model s
variation abou t the str uctural component of the model.
In STAT 231, we den ote the residu al by Rj or Rij, a ra n dom variable
with a N(0, σ) dis tributio n. (5.88 to 5.91, 5.97, 5.98)

• Estimate d re sidual: a number de riv ed from dat a and a model
parameter estim ate; it is not a value of the residu al random
variable R.

In STAT 231, we den ote the estim ated residu al by rĵ or rijˆ ; an
(unknow n) value of R is den oted rj or rij. (7. 1 , 7. 2)

Elsewhere, the residu al may be called the er ror ter m in the model;
we av oid this ter min ology becau se of we use ‘er ror’ for a different
(pervasiv e) statis ti c a l conc e rn.

Re spondent popul ation: thos e un its (re a l ly ele ments) of the study
popula t ion that woul d prov ide the data reque s ted unde r the inc en-
tive s fo r re spons e offered in the inv estig a t ion; (5. 24)

• No n-respondent popul ation: thos e un its of the study popula -
tion that wou ld not prov ide the data reque s ted unde r the inc en-
tive s fo r re spons e offered in the inv estig a t ion. (5. 25)

Thes e two popula t ion s can also be pr ocesses in some (rare) con tex ts.

Re sponse model: a mat hem ati c a l des criptio n, inclu ding model ling
assump tion s, of the rela t ion s hip between a respons e variat e and exp la-
nato 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. (5.97, 5.98)

• The structur al compone nt models the effect of speci fi c ex-
planato ry variat e(s) on the respons e variat e.

• The stochast ic compone nt models variation abou t the str uc-
tural component. (5. 27, 7.1, 7.2, 8.1, 8.2)

Re spons e modelling of the beh aviour of er ror un d er (hy pot heti c a l)
repetit ion, wit hou t doing actual repetit ion, is the basis for es tim ating.

Root mean squ are: an adj ectiv a l phrase (abbrev iat e d rms and often
ap plie d to ‘er ror’) den oting the three processes of tak ing the square
ro o t of a mean of entit ies square d. (5.63)
In re al-world cont ext s , ‘r oot average squ are’ is prefe r able. (5. 28)

Run: part of the Exe cutio n st age of an exper iment al Plan in whi c h
all the data are collected for on e treatment. (5.43, 5.44)

Samp le: the group of units/bl ock s sele cted from the respondent popu -
la t ion actually use d in an inv estig a t ion. (5.19)
A sample is a subset of the respondent popula t ion, a ce nsus us es all
the respondent (or study) popula t ion unit s/bl ock s. (5. 20, 5.24)
A com mon (im p licit) assump tion is that the re are no missing dat a fo r
the units of the sample; our ter m sele c tion ma kes this assump tion
explicit. (5. 25) Se e also Census.

Samp le error: se e Er ror.

Samp le of conve nience: using as the sample units conven ien tly av a il-
able to the inv estig a tor(s) – e.g., par ts stil l at a manufactur ing site or
patients at a hospi tal or cli nic clo se to the res earch sit e. (5.40, 5.48)

Samp le size: the number of units/bl ock s in the sample.
No tation for sample size is n (Ro man, not it ali c). (5. 25)
(5. 22 to 5.24, 5.39, 5.40, 5.48, 5.50 to 5.52, 5.57, 5.59, 5.63, 5.72,
5.80, 5.85, 5.86) Se e also Re plicating.

Samp le space: the set of all pos sib le outco m e s of one exe cutio n of
a process (‘process’ is use d he re wit h it s pr obabi lity meaning ).
As a ter m in pr obabi lity, the adj ectiv e ‘s a mple’ in sa m p le sp ace ha s
none (or few) of its sta tis tical connot ation s.
Our not ation of (Ro man) S for sample space trie s to minimize conf u-
si on wit h the symbols s, s, S and S− us ed for (data) standard dev iation s.
A discrete sample space has counta b ly ma ny poi nts, a continuou s
sample space has uncoun tably many.

• A point is on e ou tco m e of one exe cutio n of a process.

Samp le sur vey: se e Su rve y. (5.84)

Samp ling in clu des the processes of se lec ting and es tim ating. (5. 20)

Scatt er diagram (or scatt er plot): a Car tesio n plo t with a respons e
variat e or estim ated residu al on the ver tical axi s, an exp lanato ry vari-
at e on the horizont al axis. (5. 29, 5.31, 5.65)

Selecting: the process by whi c h the units/bl ock s of the sample are
obtain ed from the respondent popula t ion – it is des cribed in the pr oto -
col for sel e cting units in the Desig n st age of the FDEAC cycle.
(5. 20, 5.22, 5.26 to 5.28, 5.37 to 5.40, 5.48, 5.49, 5.52, 5.53, 5.56,
5. 57, 5.64, 5.7 1, 5.72, 5.79 to 5.82, 5,84 to 5.86)
Sele cting can inv olve more than one stage; in two-stage sele cting:

−− at the fir st st age, clu sters (gr oups of el ements) are selected from
the respondent (or study) popula t ion;

−− at the se con d st age, one (or more) ele ment(s) are selected from
each clu s ter selected at the first stag e. (5. 57)

Se e also Equiprob abl e sele c ting and Prob ability selecting;
se e also Ju dge m e nt selecting and Vo luntary response.

Selecting pro bab ility: un d er any protocol for selecting units, we dis -
tinguis h:

• the probability a par ticular sa m p le is selected, FROM:

• the probability a par ticular unit is selected . (5.85)

The latt e r is als o called the unit inclusion pro bab ility. (5. 56)

Selection: the group of units selected from the study popula t ion,
co mprising the samp le and the non-respondents. (5. 25)

The rela t ion s hips among the numbers of 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

(1. 5.4)-----

Sensitivity: a word to be avo ide d as dup lication of exi sting statis ti c a l
ter min ology; sensit ivity (ability to det e ct an effect) refe rs to adequ ate
precisio n (a t taine d by managi ng imprecisio n). (5.85)

Si gnificance test ing: a five-step probabilis ti c ar gumen t by contra dic-
tion for assessing the stre ngt h of evi den ce prov ide d by data ag a inst a
hy pot hesized value of a model parameter;

1. State the hy pothesis in ter ms of a model para m eter.

2. Esti mate relevant model parameters.
3. Choos e a discrepancy measure (D), a random variable whose

value (d ) mea s ure s the ‘dist anc e’ bet ween what is ob ser ved and
what is expected if the hypot hesis is true.

4. Fin d the P-v alue (P), the probability of a value of D at lea st as
ex treme as the value (d) actually obtaine d.

5. In terpre t the P-v a lue in (fo rma l) st atis ti c a l la ng uag e. ALSO:

Give the An swer in the langu age of the Que s tion con tex t.
Si gnific a n ce testing is to be dis tinguis hed from Hy poth esi s test ing;
unfor tun ately, the two ter ms are sometimes used int e rchangably
The useful process of sig n ific a n ce testing is not wel l se rve d by its
arcan e ter min ology, some of it in more than one versi on.
Se e also Hypothesis testing and Discrepancy measure.

Simp le ran dom sampl ing (SR S): a syn onym for eq uiprobable se-
lec ting and, like ra n dom sampling, is better av oided as statis ti c a l ter-
minology. (5. 56)

Simpson’s Par adox: a name that refers to the (surprising) behaviour
of pro por tio ns when they are use d to assess the direc tion of an X−1-Y−
rela t ion s hip fo r un its in groups base d on variat e X−1 and when thes e
gr oups are subdivi ded on the basis of variat e X−2. (5.65 to 5.7 0)

St age: on e (o f possib ly two or more) steps in a selecting process –
se e also Selecting and Unit. (5. 57, 5.86).

St andard: a unit wit h a known variat e value, use d to ca libra te a
mea s uring process. (5. 20, 5.60)

St andardization: fo r a random variable, the process of subtracting
it s mean and divi ding this differenc e by its standard dev iation, so the
sta n dar dized random variable has mean 0 and standard dev iation 1.

St andard dev iat ion (s.d.) : a mea s ure of variation wit h two cont ext s:
−− fo r a set of data (o r number s) – a ‘d ata’s.d.; (8.1, 8.2)
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Figure 1.5. STAT 231 GLOSSARY (continue d 4)

−− fo r a ra n dom variable – a ‘probabilis ti c’s.d. (5.6)
This dis tin ction for a mea s ure of variation parallel s the ave r age -mean
(r eal world-model) distin ction for a mea s ure of lo cation. (1. 20, 5.28)

St atistical sig nificanc e: a statis ti c a l ly sig n ific a n t nume rical Answe r is
on e with a P-v a lue bel ow 0.05 in an appro priat e test of sig n ific a n ce.
A highly st atis ti c a l ly sig n ific a n t nume rical Answe r is one wit h a P-
value bel ow 0.01 in an appro priat e test of sig n ific a n ce.

St rat u m, str ata: se e St rat ifying.

St rat ifying: subdiv iding the respondent (or study) popula t ion into
gr oups (called strata) so that units wit hin a stratum hav e si mil ar re -
spon se variat e value s and units in different strata di ffer as much as
fe asible in the inv estig a t ion con tex t; the sample is obtaine d by selec-
ting units from ea ch st r atum. (5.85)
St r atifyi ng (properly implem e n ted) can manage sa m p ling impre c isi on.
(5. 24, 5.38, 5.40, 5.59, 5.86, 5.96)

St rength: a word to be avo ide d as dup lication of exi sting statis ti c a l
ter min ology; strengt h (o f an Answe r) means pre c isi on. (5.85)

St ruc tur al compone nt: se e Re sponse model.

St ude nt’s tν distribution: the dis tributio n of a random variable whi c h
is the quot ien t of independent random variable s with N(0, 1) and Kν
dist rib u tio ns; the parameter ν is called the degr e es of free d o m.
(13.1 4, 13.15, Ap. 3, Ap. 4)

St udy error: se e Er ror.

St udy popul ation: a group of units (re a l ly ele ments) av ail able to an
inve s tig a t ion. (5. 22, 5.52)

Su bdivi d i ng: a for m of matching, use d in an ob ser vational Plan, in
which the value s of the respons e variat e fo r the units of the sample
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. (5. 37, 5.38)
Subdivi ding pre vents con fou n ding of the focal variat e with the
non-focal exp lanato ry variat e that is the basis for the subdivi ding.
(5. 39, 5.43, 5.49)

Su rve y: an inv estig a t ion to answe r a Que s tion(s) wit h a descript ive
aspect.

−− The ter m samp le sur vey ma kes it exp licit that the sur vey inv ol-
ve s a sa m p le, not a census; survey sampl ing is the are a of sta -
tis ti cs dealing wit h the theor y and practic e of sample sur veys.

−− Elsewhere, a sur vey may be des cribed as an inv estig a t ion wit h
a Pla n that is ob ser vational (u sed in its non-technical sense).

Su rve y (u nqu ali fi ed) is better av oided as statis ti c a l ter min ology.

Sys tematic selecting: sele cting one unit by EPS from the first k re-
spon d e n t (o r study) popula t ion unit s [k<<−N (o r k<<−NS)] and then
sele cting eve ry kth un it. (5. 56)

Ta rge t popul ation/process: the group of units(r eally ele ments)/oper-
ation s to whi c h the inv estig a tor(s) want Answe r(s) to the Que s tion(s)
to apply. (5.19 to 5.23, 5.25, 5.26, 5.29, 5.32, 5.33, 5.36, 5.38, 5.52,
5. 54, 5.55, 5.58, 5.63, 5.83, 5.84)

t-distr ibution: se e St ude nt’s tν distribution.

Te st of hypothesis: an ins tanc e of hypoth esi s test ing.

Te st of sig nificanc e: an ins tanc e of sign ifican ce tes ting; the re are many
su ch tests – con tex t deter min es whi c h (if any) test is appro priat e.
A more evocative phrase is test of stat ist ical sign ifican ce, to empha -
si ze the (ea sily ove r looke d) differenc e between st atist ical sig nificanc e
and pr actical importanc e.

Tr eat e m e nt: a co mbi nation of the lev els of the facto r(s) that can be
ap plie d to a unit (in the sample/bl ock s). (5.43)

Tr eatment effect: se e Effe c t.

Tr eatment gro up: in an exper iment al Plan, the par t of the sample
assig ned X− =1; in practic e, this often means receiv ing the ‘treat-
ment.’ (5. 38, 5.39, 5.40, 5.45, 5.47 to 5.50, 5.53, 5.61, 5.80, 5.82)

Trustworthiness: a word to be avo ide d as dup lication of exi sting
st atis ti c a l ter min ology; trustwo rthin ess (of an Answe r) means accu-
ra cy. (5.85)

Tw o-stage selecting: se e Selecting.

Un certainty: ig noranc e (in complet e know ledge) of error; for exa mple:
−− fo r a num erical Answe r, ign oranc e of the mag n itude and/or the

sign/direction of error;
−− fo r a cat egor ical Answe r (li ke Ye s or No), ign oranc e of whether

the Answe r is the cor rect cat egor y. (5. 20)

Union: se e Intersection.

Unit : an entity whi c h can be selected for the sample – it may con tain
on e or more than one el ement. (5.86)

Multis tag e sampling Pla ns hav e pr imary sampl ing units, se con d ary
samp ling units, etc., at their successiv e st age s. (5. 57, 5.86)

In STAT 231, a unit is a basic entity for which variat e value s coul d
be obtaine d; ‘el ement’ is better terminology than ‘un it.’ (5. 55)

Un trustwo rthiness: a word to be avo ide d as dup lication of exi sting
st atis ti c a l ter min ology; unt rustwo rthin ess (of an Answe r) means in-
accurac y. (5.85)

Va lidity: a word to be avo ide d as dup lication of exi sting statis ti c a l
ter min ology; valid ity (of an Answe r) means accurac y. (5.47, 5.85)
Se e also External val idity and Internal val idity.

Va riability: the model qu antity repre senting impre c isi on.

Va rianc e: a mea s ure of variation – it is the square of the (pr obabi-
li stic) sta n dar d devi ation. (5.11)

From the perspective of int roducto ry statis ti cs, the wid e spre ad use
of varia n ce (in stead of standard dev iation) in pre senting statis ti c a l
theory is unfor tun ate becau se:

−− it s un its are unnatural (e.g., varia n ce of lengt h ha s un its of area);
−− it is (mu ch) easie r to vi sua lize st andard dev iation than varianc e;
−− so m e ex pre ssi ons inv olv ing varia n ce imply that variation s add,

wherea s (n atural) variation s add lik e Pythag ora s. (5.11 to 5.1 4)

Emphasis on varia n ce produ c es the (unhelp f ul) N(µ, σ 2) parameter-
iz ation of the nor mal dist rib u tio n.

Va riate: a charact e ris ti c associat e d with each unit (r eally each el e-
ment) of a popula t ion/proces s.

• Re sponse var iat e (Y−): a variat e defin ed in the For mulation
st age of the FDEAC cycle; an Answe r give s so m e 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 (X− or Z−): a variat e, defi ned in the For mu-
la t ion stage of the FDEAC cycle, that accou nts, at lea st in par t,
fo r change s fr om unit to unit (re a l ly, from ele ment to ele ment)
in the value of a respons e variat e.

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

• across the indivi d uals (e.g., units, items) in a group, such as;
−− a targe t popula t ion/proces s, −− a study popula t ion/proces s,
−− a respondent popula t ion, −− a non -re spondent popula t ion,
−− a sample, and: −− repeated mea s urements;

• arising unde r repetit ion (e.g., for erro r or a sample ave r age).
Variation can be qu ant ified by standard dev iation. (5. 21, 5.28)

Ve n n diag ram: or igi nally dev elo ped to illust r ate ove r lap among (un i-
ve rsal) pr oposi tions in logi c, Venn diagr ams were (unfor tun ately) ado p-
ted more recently to illust r ate combin ation s of even t s and their proba -
bilit ies; eik oso gra ms are better suited to the latt e r task.

Vo luntary response: an unne c essar y ter m which acknowledge s that
it is not fea sib le to co mpel a person to respond (to a que s tion); ins tea d,
we use in cen tives. Wil lingn es s to respond is a se p ara te st atis ti c a l is -
sue from accur acy or truthfuln ess. See Randomized response.
Vo lun tar y re spons e is not to be conf use d with vo lunteer selecting –
asking for volun teers, usually after a brief exp lanation of what the
inve s tig a t i ng wil l ent ail for units of the sample. (5. 52, 5.56)

We akness: a word to be avo ide d as dup lication of exi sting statis ti c a l
ter min ology; weakness (of an Answe r) means impre c isi on. (5.85)

Wide r induc tive basis: a phrase sometimes used to des cribe the
advant age of Answe rs about rela t ion s hips obtaine d fr om a full fac-
torial treatment structure – see als o Gener ality. (5.45, 5.85)
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Ap pendix: St atistical distinc tions and Not ation

Un d erstanding statis ti c a l methods requi re s an appre ciation of three dis tin ction s – bet ween:

* the popula t ion and the sample; * the real world and the model; * the indivi d ual case and beh aviour unde r repetit ion.

Disciplin ed use of ter min ology in this Glossar y, tog ether with not ation like that dis cus s ed bel ow, can enshrine maint aining thes e
distin ction s and so fos ter a min d-set whi c h routin ely recog n izes what statis ti c a l methods can, and cannot, accomplis h.

From the star t, we avo id unt hinking ado ptio n fr om mat hem ati cs of matt e rs unsuit e d to statis ti cs.

* Rather than (dependent and independent)‘v ariable s ,’ we hav e‘v ariat es’
which (as summarized in the schema at the rig ht) are desig n ated as respons e
(le tter y) or exp lanato ry, wit h the latt e r being focal (le tter x) or non -focal (le tter z).

* Inst ea d of usi ng ju s t it ali cs as is com mon for types etting mat hem ati cs, we exp l oit more broadly letter case and face/style:

Variat e Re spons e (y)
Explanato ry Focal (x)

No n-focal (z)

−− up per case bold le tters are for popul ation qu antit ies, −− lowe r ca s e Ro man letters are for (sample) dat a,
−− up per case it ali c le tters are for ra ndom var iables, −− lowe r ca s e it ali c le tters are for va lues of random variable s;
−− also, lowe r ca s e Greek letters are use d fo r re spons e model para m eters [e.g., µ (m u), σ (s igma), π (pi)].

As indicated for a respons e variat e in the first lin e of Table 1.5.2 at the rig ht, thes e notation
conv entio ns enable maint aining the popula t ion -sample and real world-model dis tin ction s.

• The lin e throug h the bold le tter (we sa y ‘y cross’) is to dis tinguis h Y− fr omY in handwrit ten symbols.

• From the beginning, we us e le tter y as the ge ner ic variat e, whi c h is a resp onse fo r mu ch of the dis-
cus sio n in introducto ry statis ti cs; this hel ps avo id conf usi on
fr om (the surprisingly com mon practic e in introducto ry tex ts
of) st arting wit h x as the gen eric variat e (a car r y-ove r fr om
mathem ati cs?) and then havi ng to switch to y when (say) lin ear reg res sio n is dis cus s ed.

The secon d li ne of Table 1.5.2 is for an attr ibute [o f a gr oup of unit s (r eally ele ments) like a popula t ion or a sample] , specific a l ly
an aver age in the con tex t of our sim p lest respons e model of equ ation (1. 5.5). We say (or write): th e population aver age Y

−− is
re prese nte d by the model mean µ, fo r wh ich the es timator is the random variableY

−
and the es timate is the sample average y−.

• Implicit (and easi ly ove r looke d) in this statement is the inv estig a tor’s responsib i lity to ens ure that the Pla n fo r the inv estig a-
tion makes it rea son able to tre at y− (the sample ave r age – a number – calcula ted from dat a) as y− (the value of the random
variable repre senting the sample ave r age in the model).

• The lengt h of the stat ement makes it tem pting to try to sho rten it but, as words are omitt e d, the distin ction s it makes become
obs cure d or are los t altoge the r (e.g., ‘µ is estim ated by y−’) – see als o Ta ble 5.7.5 on pag e 5. 28 of Fig ure 5.7.

• Sy mbols are often sub scr ipt e d; e.g., Yj and Rj in the model (1. 5.5) and Z−1, Z− 2, ....., Z− k fo r mu ltiple non -focal exp lanato ry variat es.
Good places to see thes e conv entio ns (and some ext ensio ns of them) in use are Fig ure s13.1 and 16.1of thes e Course Mat e ria ls.

Ta ble 1.5.2
Re al
wo rld Model

Y−, y Y, y

Y
−−, y− Y

−, y−, µ

Yj = µ +Rj, j =1, 2, ....,n, Rj ∼ N(0, σ),
in d ependent, EPS

-----(1. 5.5)

We dis tinguis h fo ur popula t ion s by evocative adj ectiv es:

* the target popula t ion; * the st udy popula t ion; * the re spon dent popula t ion; * the non-respondent popula t ion.
Thes e popula t ion s are key to dev elo ping the first two catego rie s of er ror in Table 1.5.3 at the rig ht bel ow, and they appear, for exa mple,
in the two lowe r schema s on the first sid e (page 1.11) of this Glossar y. [Some con tex ts inv olve a pr ocess rather than a popula t ion].

The indivi d ual case -repetit ion dis tin ction is alrea dy implicit in our int roduction of:

• er ror, whi c h aris es in an in dividua l inve s tig a t ion, AND:

• a respons e model like the one in equ ation (1. 5.5), becau se
su ch model s only des cribe behaviour unde r re pet it i on.

The dis tin ction is explicit in the ter min ology for our six cat egor ies of
er ror; as shown in Table 1.5.3 at the rig ht, (nume rical) er ror unde r
repetit ion can become eit her inaccur acy or impre cisio n, depending on
whet her its sig n or mag n itude is inv olved . Re pet it i on is evo k ed by
adding ‘-ing’ to the eleve n adje ctive s fo r in accur acy and impre cisio n.

• Studyi ng and non -re sponding impre cisio n are de-em pha sized in the rig ht-hand colum n of Table 1.5.3 becau se thes e Course
Ma ter ials assume a determinis tic (not a stocha stic) process for speci fyi ng the study popula t ion and, for people as units, de-
ci ding whether to respond (un d er giv en inc entiv es) . [Elsewhere, the re are stocha stic model s fo r the respons e proces s.]

• Me asurement error arises for an indivi d ual measurement but over all er ror inv olves attr ibute mea s urement error.
−− Us u ally, att rib u t e mea s urement error erro r is manage d in an inv estig a t ion by managi ng mea s urement error.
−− The ef fec t of mea s urement error may differ bet ween variat es and an att rib u t e (li ke the slo pe of a reg res sio n li ne) .
−− Our usual con cer n is wit h sa m p le att rib u t e mea s urement error becau se a census is rare in practic e.

• Model error (in the last lin e of Table 1.5.3) is the only cat egor y of error not defin ed in ter ms of att rib u t es; its nature means
it is sel d o m ap pro priat e to con sid er model ling impre cisio n, as indicated by the final dash (-----) in Table 1.5.3.

It is unfor tun ate that, for two essentia l conc epts, statis ti cs deals direc tly with inaccur acy and imprecisio n, whe rea s co mmon us-
ag e involves the (mo re fa m ili ar and, seemingly, more straig ht for ward) inve rses, namely accur acy and pre cisio n.

Ta ble 1.5.3
Indivi du a l case
Er ror Ina ccu racy Imp recision

Study Studying (Studyi ng)
No n-respons e No n-responding (No n-responding)

Sa mple Sampling Sampling
Me asurement Mea s uring Mea s uring
Comp arison Comparing Comparing
Model error Model ling -----

. . . . . . . . . . . Re pet ition . . . . . . . . . . .
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