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#HL 8.1[St atistical Highlight #8]
_________________
_________________

ERROR : Categor ization of Error in the Socia l Science s

The idea of error and its catego riz ation in dat a-base d inve s tig a t i ng is
widely recog n ized but terminology differs among dis ciplin es; Table HL8.1
at the rig ht compare s the ter min ology in thes e St atis ti c a l Highlig hts wit h
that in the socia l scie n ces. Advant age s of the for mer are:

seve r al words wit h the same (or sim ilar) meaning s are avo ide d;

sour ces of different catego rie s of error are dis tin ct and wel l defin ed;

fo ur popula t ion s and the sample, the indivi d ual case and repetit ion,
and the real world and the model , are cle arly dis tinguis hed .

Ta ble HL8.1: ERROR TERMINOLOGY

St atistical Highlights Social Science s

Study error Ext e rnal valid ity, sample bia s,
ge nerali zability

No n-respons e er ror Sample bia s
Sa mple error Sampling error, gen erali zation

Me asurement error (Cons truct valid ity)

Comp arison error Int e rnal valid ity
Model error -----

Me asuring inaccur acy Mea s urement (in)valid ity,
syst emati c mea s urement error

Me asuring impre cisio n Me asurement (un)reliability,
random measurement error

SOURCE: (fo r soci al scie n ces ter min ology): Singlet on, R.A., Strait s , B. C. and
M.M. Strait s: Ap proaches to Socia l Rese arch. Secon d Edit ion, Ox-
fo r d Un ive rsity Pre ss, New Yor k, 1993, pag es 114 -11 8,171 -172, 185 -
187, 216 , 393, 402, 433 and 452-456.

NO TE: 1. Becau se they unnecessarily dup licate terminology in thes e St atis ti c a l Highlig hts, words (or phrases) to av oid in clu de:

* Ap plicability (o f an Answe r) refers to study error and/or sample error.

* Gener ality (o f an Answe r) usually refers to sample error; in DOE, ge neral ity (o r a wide r induc tive basis) may
refe r to whether the Pla n involves a facto ria l treatment structure so that int e r actio n ef fect(s) can be estim ated .

−− Gener alizability refe rs to study er ror and ge neral ization to sa m p le er ror (pp.185 -187 in the Sour ce above).

* Re liability [u sually] refers to adequ ate pre cisio n (a t taine d by managi ng imprecisio n) [so m etim e s to adequ ate accur acy].

* Sensitivity (a b i lity to det e ct an effect) refe rs to adequ ate pre cisio n (a t taine d by managi ng imprecisio n).

* St rength (o f an Answe r) means pre cisio n so we akness means imprecisio n.

* Trustworthiness (o f an Answe r) means accur acy so untrustworthiness means inaccur acy.

* Va lidity (o f an Answe r) means accur acy so inva lidity means inaccur acy.

Thes e matt e rs and, more gen erally, the ter min ology of thes e Highlig hts are the sub ject of the Glo ssary in Statis ti c a l
Highlig ht #91; backg rou nd infor mation abou t st atis ti c a l distin ction s, and not ation whi c h helps to maint ain them, are
give n in Section 3 on pag es HL91. 2 and HL91. 3 in Statis ti c a l Highlig ht #91.

• Construct validity – the meaning of a respons e to a measuring ins trument and a sou rce of mea s urement error –
is barely con sid ere d in thes e Highlig hts (e.g., see Not e 8 at the top of pag e HL2.12 in Statis ti c a l Highlig ht #2 –
se e also pag es124 to129 in the Sour ce giv en above).

Ap pendix [o ption a l re ading]

The idea of er ror [in trodu c e d near the middle of the first sid e of Statis ti c a l Highlig ht #87 (and els ewhe re, like pag e HL18 .1
in Statis ti c a l Highlig ht #18)] is the differenc e between a poi nt estim ate of a num erical Answe r and the true value.

Mo re speci fi cally, over all error is the differenc e between the (nume rical) Answe r prov ide d by data -base d inve s tig a t i ng and the
(u nknow n) answe r that reflects the actual (o r ‘true’) state of affairs in the popula t ion or process.

Defin ition s of ou r si x catego rie s of error (li sted in the first six lin es of the left-hand colum n of Table HL8.1 above) are:

* 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 the targe t popula t ion/-
proces s att rib u t e. [The popula t ion -proces s distin ction is dis cus s ed in Statis ti c a l Highlig ht #94.]

* No n-reponse error: the differenc e between [the (tr ue) value s of] the respondent popula t ion and study popula t ion attributes.

* Samp le error: the differenc e between [the (tr ue) value s of] the sample att rib u t e and the study popula t ion/proces s att rib u t e.

* 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.

* 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 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 – see Statis ti c a l Highlig ht #51;

• ‘c onfou nding’ is more com mon in the con tex t of comparative Pla ns – see Statis ti c a l Highlig hts #63 and #3.

* 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;
modelling assump tion s in introducto ry cou rses typically inclu de:

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 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;
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NO TES: 2. Study, non -re spons e and sample error are defi ned in ter ms of attr ibutes of groups of ele ments whe rea s mea s urement error
involves in dividua l mea s urements – this is why the addit ion a l (s ub)catego ry of attr ibute mea s urement error is needed .

3. We need both tr ue value s and long-ter m av erage value s in the two measurement error defi nit ion s becaus e:

• ‘t rue’ value s fo r qu antit ies like lengt h, mass and tim e (a n d the many quantit ies derive d fr om them) can be inv oke d
becaus e there are st andards (i.e., cer tifie d known value s) for such quantit ies – see Statis ti c a l Highlig ht #42;

• long-ter m av erage value s may be all we hav e av a ila ble when, for ins tanc e, inv estig a t i ng the dist rib u tio n of re-
spon ses to a que s tionnaire wit h particular que s tion wording and/or que s tion order.

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 and whi c h
are inv olved in the defin ition s of our six error cat egor ies giv en ove r leaf on the lowe r half of pag e HL8.1. Als o, the model is
in clu ded in the schema, as a li nk between the sample and the respondent popula t ion.

* 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 dat a 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 4 bel ow.

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)

* 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) .

NO TE: 4. As in d i c ated 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.

The imp act of our six cat egor ies of error can
conv eniently be displaye d as a dev elo pment of the
up per schema at the rig ht.

• Five error cat egor y names are giv en across
the bottom of the schema at the rig ht,
althou gh ‘mea s urement error’ is really
‘s a mple att rib u t e mea s urement error’.

• The arrow rising from each error cat egor y
name shows its place of imp act in the schema .

−− The fou r ar row s arising from comparison error poi nt
to boxes repre senting gr oups of ele ments or units (a popula t ion or a sample) rat her than, as for the other five error cat e-
go rie s , to li nes joi ni ng boxes; the comparison error arrow 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, as
summarized in Table HL60.2 on the lowe r half of pag e HL60.4 in Statis ti c a l Highlig ht #60.

• The broad arrow from the sample ellipse of mea s ure d value s back to the targe t popula t ion repre sents Answe rs(s) to the Que s-
tion(s) about the targe t popula t ion that are in fer red fr om mea s ure d sample dat a on respons e (a n d, usually, exp lanato ry) variat es.

−− The thi ck lin es crossing this broad arrow at the arrow s risi ng fr om each error cat egor y repre sent li mit ations im pos ed by
er ror on Answe r(s); the progres siv e decrea s e in widt h of the broad arrow after each error cat egor y reinforces this idea .

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
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