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Figure 3.4c. SAMPLE SURVEY DESIGN/EXECUTION: Man aging Non-Response

Ma ny dat a-base d inve s tig a t ion s encou nter the diffic ulty that not all the data called for in the Pla n are acqui red – this is the
ge neral problem of mis sing data. In dealing wit h human popula t ion s, this matt e r is usually refer red to as non-res pon se and it
can impos e se ver e li mit ation s on Answe rs.

A framewo rk to manage non -re spons e, 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
popula t ion and the non-res pon den t popula t ion. The set of units selected
fr om the study popula t ion is the se lec tion, and compris es he sa m p le (fr om
the respondent popula t ion) and the non-res pon den t s (fr om the non-respon-
dent popula t ion). The diag ream 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 ele ments 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
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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.

Also, sup pos e that a selection of ns un its is obtaine d fr om the study popula t ion by
equiprobable selecting (EPS) to estim ate Y

−−s, the study popula t ion ave r age; we hav e:

Y
−−s =

study population total

study population size
=

respondent population total + non−respondent population total

respondent population size + non−respondent population size
=

−N •−Y + −Nnr•−Ynr

−N + −Nnr

where, in the denominato r: −N + −Nnr = −Ns.

The direct infor mation availa ble to us about the respons e variat e Y− co m e s fr om the sa m p le of n resp onden t popula t ion unit s ,
which yield Y

−
as an estim ato r (a n d y− as an estim ate) of Y

−−; we know from Fig ure 2.3 that Y
−

is unbia s ed for Y
−− – i.e., E(Y

−) = Y
−−.

He n ce, usi ng qu ation (3.4c.1), the non-resp onding bia s, when using Y
−

as an estim ato r of Y
−−s, is giv en by:

E(Y
−) − Y

−−s ≡ Y
−− − Y

−−s = Y
−− − −N •−Y + −Nnr•−Ynr

−N + −Nnr
=

−Nnr

−N + −Nnr
(Y−− −Y

−−nr).

The ter m:
−Nnr

−N + −Nnr
=

−Nnr

−Ns
is the non-res pon se rate; its va lue is (ap proxi mat ely):

nnr

n + nnr
=

nnr
ns

;

the cor responding resp onse rate is: −N
−N + −Nnr

= −N
−Ns

= 1 − −Nnr

−Ns
and its va lue is (ap proxi mat ely):

n
n + nnr

=
n
ns

.

-----(3.4c.1)

-----(3.4c.2)

-----(3.4c.3)

-----(3.4c.4)

1. Dealing wit h No n-Response – Gener al Conside rat ions

Equation (3.4. 2) sh ows that the (unatt ain able) ideal of zero non-re sponding bia s, when using Y
−

to estim ate Y
−−s, occurs when:

• the non -re spons e rate is zero – i.e., the re are no non-re spondents; OR

• Y
−− = Y

−−nr – i.e., the respondent and non-respondent popula t ion s have the sa m e av erage for the respons e variat e Y−.

In practic e, we are more conc e rne d with the facto rs that re d uce (a s distin ct from eli min ate) the mag n itude of the non -re spond-
ing bia s when using Y

−
to estim ate Y

−−s; on the basis of our model, thes e (two) facto rs are:

* when Y
−− is cl o se to Y

−−nr – i.e., the respondent and non-respondent popula t ion s have si mil ar av erage s fo r the respons e variat e Y−;

−− this facto r is not un d er the con trol of the inv estig a tor(s) becau se it depends on the dist rib u tio n of value s of the respons e
variat e Y− ov er the ele ments (or units) whi c h ma ke up the respondent and the non -re spondent popula t ion s;

* when the non -re spons e rate is lo w – i.e., when the non-respondent popula t ion is sma l l in size rela tive to the respondent
popula t ion, or when −Nnr<< −N;

−− this facto r is un d er the con trol of the inv estig a tor(s) in the sense that it is par t of the Pla n fo r a sample sur vey (as speci-
fie d in the sa m p ling pro tocol in the Desig n st age of the FDEAC cycle) – strategie s fo r re d uci ng non-re spons e in clu de:

good que s tionnaire desig n – e.g., clear, succi nct, answe r able que s tion s;
careful int e rvie wer selecting and train ing;
in trodu cto ry letter or tele phone call prior to the int e rvie w (a primary approach letter – Fig ure 3.2, rig ht-hand colum n, first parag raph);
in centiv es for respons e;
refu s a l conv ersio n technique s – e.g., randomized respons e (s ee assig nment que s tion A1 – 2);
fo llow-up rem inde rs and call-backs;
us e of proxy respondents – but see Fig ure 3.5f;
us e of stratific ation.
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2. Dealing wit h No n-Response – Ca ll-backs

One technique to reduce non -re spons e is to ca ll back (d e not e d below
by an abbrevi a t io n cb) one or more tim e s on a sub -sample of the non -re -
spon d e n t s fr om the first con tact, usi ng the mos t ex per ienc e d in ter vie wers
and/or adde d in centiv es for respons e. The diag ram at the rig ht (adap ted
fr om the diag ram ove r leaf on pag e 3. 21) il lust r ates the case of on e call-back
(o r a se con d cont act); the not ation now inv olves an ave r age y−1 fo r the sam-
ple (or fir st cont act) and an ave r age y−2 fo r the sub -sample of the first con tact
non-re spondents (i.e., se con d cont act s or fir st call-backs). In the fol low ing
sy mboli c deve lopment, it is assume d that co mplet e re spons e is obtaine d
fr om the secon d cont act and that samples are obtain ed by EPS.

Re writing equ ation (3.4c.1) in appropriat e notation, we hav e:

Y
−−s = −N

−Ns
Y
−− +

−Nnr

−Ns
Y
−−nr.

Re membering the Pla n’s repon sib i lity to make it rea son able to tre at the (re a l-world) ys as the (model) ys, we
estim ate Y

−− by y−1 (= y−1) for the sample of respondents to the first con tact, and Y
−−nr by y−2 (= y−2) for complet e re spons e fr om the

sub-sample of the non -re spondents (the cor responding random variable s are Y
−
1 and Y

−
2); henc e, our estim ato r of Y

−−s is giv en by:

Y
−

cb = −N
−Ns

Y
−
1 +

−Nnr

−Ns
Y
−

2 (a s s uming the respons e rate – and the non-respons e rate – are known).

Then: E(Y
−

cb) = −N
−Ns

E(Y
−
1) +

−Nnr

−Ns
E(Y

−
2) = −N

−Ns
Y
−− +

−Nnr

−Ns
Y
−−nr = Y

−−s (u nde r equiprobable selecting);

i.e.., unde r EPS and if co mplet e re spons e is obtaine d at the final (he re, the first) call-back, Y
−

cb is unbia s ed wit h re spect to
non-re spons e fo r Y

−
s; the cor responding es tim ate is y−cb.

-----(3.4c.5)

-----(3.4c.6)

-----(3.4c.7)
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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 foregoi ng res ult s can be ext ende d to multiple call-backs if we think of the non -re spondent popula t ion as a se t of sub-
popula t ion s, often of progres siv ely decrea sing size and requi ring an increa sing lev el of coercio n to respond; inc rea sing coercio n
woul d be repre sent e d in practic e by facto rs such as the exper ienc e and persi stenc e of the int e rvie wer, the inc entiv e(s) offered
fo r re spons e, and the fact of mul t i p le con tacts by the int e rvie wer. Each successiv e cont act after the initia l on e is usually wit h a
sub-sample of the non -re spondents from the previous con tact.

To accom modat e this model of the non -re spondent popula t ion into the symboli c deve lopment giv en above, we wou ld ex-
tend the not ation to defi ne y−r as the ave r age of the respons es from the rth cont act [or (r −1)st call-back]. Ideally, the call-back
proces s is repeated until co mplet e re spons e is obtaine d fr om the relev a n t sub-sample of the previous non -re spondents; in prac-
ti ce, the process is con tin ued until eit her of or some combin ation of:

• the sub -popula t ion of rem ain ing non -re spondents is con sid ere d too sma l l to int roduce appre ciable non -re sponding bia s in t o
the estim ate of Y

−−s – this can be thoug ht of as achievi ng the con d ition −Nnr<< −N discus s ed ove r leaf on pag e 3. 21;

• the use of fur the r re sour ces for call-backs is not con sid ere d cos t ef fective in ter ms of the sample sur vey answe rs.

A final matt e r abou t ou r model for the use of call-backs to reduce the effect of non -re sponding bia s when using Y
−

cb as an
estim ato r of Y

−−s is that if the respons e rate, −N/−Ns [a n d the non-respons e rate, −Nnr/−Ns] are unknow n and are estim ated by n/ns

(a n d nnr/ns) in the expre ssi on (3.4c.6) fo r Y
−

cb, tak ing the expectation [as in equ ation (3.4c.7)] involves E(N/ns) and E(Nnr/ns) [N
and Nnr are the respectiv e random variable s repre senting n and nnr], whi c h can be shown to be −N/−Ns and −Nnr/−Ns, respectiv ely,
and sim ilarly for mul t i p le call-backs. Then, the estim ato r of Y

−−s is:

Y
−

cb = N
ns

Y1 + Nnr
ns

Y2 (if the respons e rate – and the non-respons e rate – are es tim ated);

but: E(N
ns

Y1) = EN
[EY1|N

(N
ns

Y1)] = EN
[N
ns

EY1|N
(Y1)] = EN

[N
ns

Y
−−] = EN

[N
ns

]Y
−− = −N

−Ns
Y
−−;

si milarly : E( Nnr
ns

Y2) =
−Nnr

−Ns
Y
−−nr,

so that, as in equ ation (3.4c.7) abov e where the respons e rate – and the non-respons e rate – are known, unde r EPS and if co m-
plet e re spons e is obtaine d at the final (he re, the first) call-back, Y

−
cb is likew ise unbia s ed wit h re spect to non -re spons e fo r Y

−−s

when the two rat es are es tim ated fr om the selection.

-----(3.4c.8)

-----(3.4c.9)

-----(3.4c.1 0)

NO TES: 1. The current con tex t of the study popula t ion and (ou r ter min ology of) the se lec tion, tog ether with thei r att rib u t es
−Ns, Y

−−s, ns and y−s, makes equ ation s (3.4c.8) to (3.4c.1 0) di fffer ent fr om what we rou tin ely encou nter in the usual
cont ext of the resp onden t popula t ion and (ou r meaning of) the sa m p le – in that cont exr, the re is sel d o m a rea son
to inv olve the non-respondent popula t ion and the non -re spondents, aga in unli ke the current discus sio n.

He re, ns is un d er the con trol of the inv estig a tor(s), whe rea s n and nnr are not and, unde r EPS, we model them as
value s of the cor responding random variable s N and Nnr.
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Figure 3.4c. SAMPLE SURVEY DESIGN/EXECUTION: Models for Non-Re sponse (continue d 1)

NO TES: 1. •
(c o nt.)

No n-responding bia s, the focus of equ ation s (3.4c.8) to, (3.4c.1 0) and the random variable s N and Nnr, is pe-
ripheral to the key idea s the two diag rams at the upper rig ht on pag es 3.22 and 3.21 are int ende d to conve y;
this is why, to avo id dis tractio n, roman, not it ali c, letters are use d fo r n and nnr in the two diag rams.

2 The use of con d ition a l ex pectation in equation s (3.4c.9) and (3.4c.1 0) on the lowe r half of the facing pag e 3. 22, to
sh ow that the expected value of the produ ct of two random variable s is equal to the produ ct of their expected val-
ue s , reminds us of three matt e rs:

• Equation (3.4c.9) is rem iniscent of the con d ition a l probability res ult for eve n t s A and B:
Pr(A ∩ B) = Pr(A) ×Pr(B|A).

• We usually associat e mu ltiplicative beh aviour of expected value s with pr obabi lis tic indep enden ce; howeve r,
su ch independenc e is a strong requ irement in that its occur renc e im pos es sub stantia l cons train t s on the relev a n t
probability fun ction s.

• Multiplicative beh aviour of expected value s can occur unde r we aker condition s – here, that EY1|N
(Y1) is not a fun c-

tion of N – than probabilis ti c in d ependenc e, as illust r ated in equ ation (3.4c.9); we are famili ar wit h this idea
fr om the fact that neit her zero cov arianc e no r zero cor rela t ion necessarily implie s probabilis ti c in d ependenc e.

3. Dealing wit h No n-Response – Str atifying

A secon d ap proach to try to reduce non -re spons e is to stra tify the study popula t ion into groups (i.e., strata) wit hin ea ch of
which respondents and non -re spondents are more si milar wit h re spect to the att rib u t e(s) of int e rest than are respon d e n t s and
non-re spondents in the study popula t ion as a whole.

A sum mar y of some pos sib le rea son s fo r non-re spons e is:
1. Non -cont act :

−− in accur ate infor mation abou t the phy sical location of a ele ment (or unit);
−− acces sib i lity of ele ments (or units) – e.g., homema kers vs. un ive rsity students;
−− timing of con tact att emp t(s) – e.g., weekd ays , we eknig hts, weeke n ds;
−− number of con tact att emp t s;
−− co mpetenc e of inter vie wer – e.g., locating people who have mov ed resid e n ce.

2. Ref usal to par ticip ate in the sample sur vey :
−− particip ation is aid ed by int e rvie wer’s lev el of satisfactio n in wor king wit h people, int ellectual curiosity, profe ssi onal

id e n tific ation wit h the sample sur vey’s obj ectiv es, etc.

3. Item non -re spons e (s ome que s tionnaire items not answe red):
−− qu estio n is sensit ive or personal;
−− re spondent does not know the answe r to a que s tion.
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