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The empha sis in train ing of sampling sta-
tis ti cia ns is on sampling technique s and
methods of mea s uring sample error associ-
at e d with thes e technique s. It is too easy to
fo rge t the other erro rs associat e d with statis -
ti c a l collection s (u sually refer red to as non -
sample errors) and con cent r ate on sample
er ror. It is inefficie n t to have sample error
re duced to 1% when errors from other sou r-
ces (non-sample errors) may amoun t to 10%.
This article giv es a brief des criptio n of the
sour ce and nature of thes e er rors. For int e r-
est e d re ade rs, a good referenc e is Zarkovi c h.

No n-sample errors can affe ct bot h the ac-
curacy (as mea s ure d by the bia s) and the
precisio n (a s mea s ure d by the varianc e) of
estim ates. It is pos sib le for the bia s to be
neglig ible, even thoug h the errors in the indi-
vi d ual obs ervation s are rela t ive ly large. The
frequ enc y dist rib u tio n of thes e in d ivi d ual er-
ro rs is impor tant. If posit ive and negative
er rors are dis tributed at random about a zero
mean, the estim ates of tot als and ave r age s will
be unbia s ed, alt hou gh estim ates of reg res sio n
and cor rela t ion coefficie n t s may be bia s ed.
Bu t the varia n ce of tot als and ave r age s will
be inc rea s ed by the addit ion of a "respons e
varianc e" and, if the re is cor rela t ion be-
tween the indivi d ual errors and the true
value, by a ter m know n as the "co rrela ted
re spons e varianc e." A re spons e varianc e
can exi st eve n thou gh a respons e bia s may
not exi st. Howeve r, in many cases, posit ive
or negative errors pre dominate and the re is
a sys tem ati c bia s. Zarkovi c h sh ows the
abov e ef fects algebraically.

The fol low ing is an att emp t at a con cep -
tual framewo rk for erro rs.

A. Erro rs res ulting from ina dequ ate prep ar-
ation s and methodol ogy:

−− Bi ase d procedure s;
−− Bi ase d tool s .

B. Errors com mitt e d du ring dat a collection:

−− Mi ssi ng data;
−− Re spons e or obs ervation a l er rors;
−− Inter vie wer erro rs.

C. Processing errors:

−− Edit i ng ;
−− Coding;
−− Punching;
−− Ta bulating.

This is not exh austiv e or mutually exc lusiv e
but does giv e so m e fr amewo rk for fur the r
discus sio n.

Biased Pro cedure s

In all statis ti c a l surveys, some procedure s
are pre scr ibed in order to achieve sur vey
aims. A bia s ed procedure is one whose re-
peat e d ap plication res ult s in biase d data .
Examples of bia s ed procedure s consid ere d
below are bia s ed selecting, estim ating, mea-
suring and operation a l procedure s.

The fol low ing is an exa mple of a selecting
procedure whose desig n is biase d. The ex-
ample refers to the use of sample sur veys to
estim ate the yield of ric e pa ddy in India by
cro p cu tting from a sample of plo t s. The
in str uction s is s ued for selecting fiel ds were
as fol low s :

"A gains t the name of each selected vil lag e
are shown thre e random numbers sma l ler
than the hig hest sur vey number in the vil-
lage. Select the sur vey numbers cor respon-
ding to giv en random numbers for exper i-
ments. If the selected sur vey number does
not grow paddy, select the nex t highest paddy
gr owing sur vey number in its place." Fields
not pre c e ded by fiel ds growing paddy hav e
a hig her chanc e of bei ng sele cted, and as
thes e are likely to be different in nature, a
bia s will res ult.

Sele cting procedure s may be wel l desig n-
ed but stil l bia s ed becau se the implem e n ta-
tion is fau lty. Zarkovi c h give s seve r al exa m-
ples.

Bi ase d estim ating procedure s are of int e r-
est as long as they lea d to more accur ate es-
timates than the cor responding unbia s ed es-
timates. In other words, int e rest in bia s ed
estim ates is base d on groun ds of efficie n cy.
The con cep t of efficie n cy cou ld be ext ende d
beyond accur acy. In some cases, the im-
portant facto r is the conve n ienc e of the
methods use d, cos t of computation s, etc.
Fo r ex ample, computation s of varia n ces may
be replaced by some approxi mat e method.
The justific ation of thes e procedure s is in-
crea s ed speed, more conve n ienc e, etc. Be-
fo re a bia s ed estim ating procedure is use d,
the bia s of the estim ato r sh oul d be assesse d.
Even for the com monly use d ratio estim ato r,
there is the pos sib i lity that the bia s of the
ratio estim ato r is of a mag n itude that cannot
be dis regarded .

A mea s uring procedure whi c h can lea d to
bia s ed res ult s is the use of aer ial photo -
gr aphs to mea s ure are as. This procedure is
often use d to measure are as unde r cro ps,
fo rest, etc. A gr id is placed ove r the cou n-
tr y and a sample of grid poi nts chosen. An
aerial photogr aph is taken of selected are as
and are a un d er cro p mea s ure d fr om the

photogr aph. The proce dure wil l be unbi-
ase d if the are a photogr aphed is on one
leve l . On the othe r hand, it wil l be bia s ed if
to pog raphi c reli ef is not taken into accou nt.

Operation a l procedure s can also be bia s-
ed . One exa mple is the use of primary ap-
proach letters. Primary approach letters are
ge nerally regarded fav o urably by int e rvie w-
ers and can help to est ablis h rappor t be -
tween an int e rvie wer and the respondent.
As the fol low ing exa mple shows , there are
situation s where a prim ary approach letter
can have dis ast rou s ef fects. A doct or from
the Lidco mbe Hospi tal want e d to sur vey the
ag ed people in the dist rict to find out thei r
ne e ds for ger iat ric ser vic es. We provi ded
him wit h a sample of dwel lings at whi c h he
wa s go ing to con duct a first-phase int e rvie w
aime d prim arily at dis cov ering in whi c h dwel-
li ngs age d people liv ed. Before con ducting
this first-phase int e rvie w, he sent out a pri-
mary approach letter exp lain ing that he was
surveying age d people. In the first pha s e, he
obtain ed les s than half the expected number
of age d people. He repeated the operation
withou t the primary approach letter and his
sample take was clo se to expectation s.

Biased Tools

The use of bia s ed tools introduces various
er rors in the data col lect e d. An impor tant
charact e ris ti c of errors res ulting from the
us e of biase d tool s (r andom numbers, que s-
tionnaires, ins tructio ns, etc.) is that the er-
ro rs tend to have a sys tem ati c charact e r. If
a par ticular que s tion on a que s tionnaire is
not pro perly worded and giv es ris e to fau lty
in terpret ation, the respondents wil l give the
same type of inaccur ate answe r and the re-
sulting bia s may assume con sid erable mag-
nitude. Exa mples of tools that cou ld be bi-
ase d are que s tionnaires, sample frames, ran-
dom numbers and ins tructio ns and int e r-
vie wer train ing.

The que s tionnaire can be con sid ere d as
the mos t im por tant tool in sur vey wor k.
Any sur vey is base d on some type of que s-
tionnaire. The success of a sur vey depends
largely upon the quali ty of the que s tionnaire.

There are all sor ts of ways in whi c h qu es-
tionnaires may be bia s ed. Mos er and Kalton
have con sid erable dis cus sio n on que s tionnaire
desig n.

Mi si nterpret ation can exi st becau se que s-
tion s are not suf fi cie n tly speci fi c . If a respon-
dent is not able to unde rst and so m e ter ms
or que s tion s, he may not be wil ling to ask
fo r ex pla n ation s and the reb y sh ow what he
may con sid er to be his ign oranc e. This poi nt
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is dem ons trated by the fol low ing Ame rican
study.

1. Do you recall that as a good cit i zen you
vo ted last December in the speci al ele c-
tion for you r St ate repre sent ative? (33)

2. Hav e you eve r heard of the Taft-Johnson-
Pepper bil l on vet e r an’s hou sing? (53)

3. Hav e you eve r heard of the Midwest e rn
Li fe Mag azi ne? (25)

No ne of thes e things mentio ned above eve r
ex ist e d, but the percent age s of "Yes" answe rs
are shown in brack ets after the que s tion.

Inco mplet e alter native s may be giv en for
qu estio ns requi ring a dichotomou s answe r.
A fur the r co mmon error is to ask a gene r al
qu estio n when an answe r on a specific issue
is want e d. Als o, sim p le langu age shoul d al-
ways be use d. The aim of que s tion word -
ing is to com mun i c ate wit h re spondents as
nearly as pos sib le in their own langu age.
Te chnical ter ms and jargon shoul d be avo i-
de d. Amb iguou s qu estio ns shoul d also be
av oid ed as shoul d lo ade d or lea ding ques-
tion s. An exa mple of a  lea ding questio n is:
"To what life ins uranc e fund do you bel o ng?"
The que s tion is lea ding becau se the respon-
dent has the impre ssi on that he shoul d be
in sure d, and he may be reluctant to say
"n one." Lea ding sometimes takes ver y co m-
plicated for ms and is diffic ult to det e ct. A
study was con duct e d to deter min e re spon-
dents’ opi nio ns on whether the United States
wa s spending too much mon ey on foreign
aid. Two different que s tionnaires were use d
– the first was made "in ter nation a lis t " and
the other "is ola t ion is t." In the int e rnation a lis t
cont ext, 75% of int e rvie wed persons an-
swe red that the United States was spending
the rig ht amoun t on foreign aid, while the
co rre sponding percent age in the isola t ion is t
cont ext was 20%. Que s tion s and answe rs
alrea dy giv en tende d to influe n ce answe rs to
the rem ain ing que s tion s.

The number and order of que s tion s can
also hav e so m e ef fect. Exper iment al re sul ts
in d i c ate that respondents pay more att entio n
to items lis ted at the beginning and at the
end, than to those in the middle (Payn e).
Four idea s we re pre sent e d to respondents in
a different order and the respondents were
aske d to select one of them. Idea A wa s se -
le cted by 27% when at the top, 17% when
in the middle, and 23% when at the bottom .
It was a sim ilar sto ry wit h the other idea s.

Mo st factual que s tion s to some ext ent in-
volve the respondent in recalling infor ma-
tion. His deg ree of success in doi ng this ac-
curately is a basi c deter min a n t of the quali ty
of his respons e. Wit h cer tain que s tion s su ch
as sex and marit al status, the re is no such
proble m but, wit h a large range of sur vey
qu estio ns, recalling infor mation does provi de
a problem , the sev erity of whi c h depends on
what is to be recalled . Tw o fact ors of pri-
mary impor tanc e in mem ory are the lengt h
of time sin ce the eve n t took place and the

ev ent’s impor tanc e to the respondent. The re
is a recent ABS exper ienc e of the problems
of recall. A pi l ot study was con duct e d on a
sample of accid e n t vi ctims. To test whether
re call problems exi sted, a  lis t of accid e n t
vi ctims requi ring hospi taliz ation was ob-
tain ed and inclu ded in the pilo t study. Ove r
50% of respondents selected in this way
fa ile d to recall the accid e n t with a 12-mon th
re call per iod.

There are two types of mem ory errors.
The first is the "recall los s" of whi c h so m e
ex amples are giv en above. The secon d oc-
curs when the respondent repor ts an activ ity
in the recall per iod when it actually took
place outsi de that per iod. This is known
as "tele sco ping" and is par ticularly prevalent
in expenditure sur veys, especi ally for large
and pre s tig e it ems.

The frame is the lis t of unit s us ed in sam-
ple sur veys for the selection of samples.
Si nce the composit ion of the sample is di-
re ctly base d on thes e li sts, the frame is one
of the mos t im por tant tool s in statis ti c a l
wo rk. An inaccur ate frame wil l have some
un its lis ted more than onc e, some units
omitt e d fr om the lis tings and wil l also con-
tain some units whi c h do not exi st in the
popula t ion. The different defe cts in frames
are not equ ally impor tant. As regards the
omissio ns, it is cle ar that units omitt e d have
no chanc e of bei ng sele cted in the sample
and cou ld ser iou sly affect estim ated tot als as
the inflation of sample dat a is gene r ally
base d on the data of only those units lis ted
in the frame. Dup lication s mean that some
un its have "two" chanc es of selection. Their
ef fect is the rev erse of that of omissio ns, and
there are means of estim ating the ext ent of
this ove r-estim ation, alt hou gh the pre cisio n
of estim ates wil l stil l be affected . No n-ex-
is tent units do not caus e mu ch troub le if se-
le cted in the sample, alt hou gh they wil l af-
fe ct the pre cisio n of res ulting estim ates.
They can be tre ated sim p ly as a zero retur n.

Inst ruction s and train ing are als o im por-
tant as far as the quali ty of dat a is con cer ned .
An int e resting study was made in Engla n d
of the effect of train ing on int e rvie wer per-
fo rma n ce. Two groups were compare d.
The first group receiv ed fou r hours of cus-
tomar y train ing only. The secon d gr oup re-
ceiv ed a fur the r fo ur hou rs mainly dev oted
to practic e in ter vie w s . To assess the rela t ive
ef fective nes s of the two sys tems of train ing,
all complet e d qu estio nnaires were rat e d in
ter ms of errors. In ter ms of gross error
rates, the secon d gr oup did sig n ific a n tly bet-
ter than the first group wit h an ave r age error
score of 21 compare d to 36.

Missing Dat a

In all sur veys the re is likely to be some
missing dat a. If dat a fr om par t of the sam-
ple is mis sing, the problem arises as to what
conclu sio ns can be made. The re is ple n ty of
ev idenc e to show that, in many sur veys, the

non-re sponding units are different from the
re sponding units, but the bia s can stil l be
sm all if the non -re spons e rate is low. Mis s-
ing dat a may exi st becau se of:

1. Non -cont act s;

2. Ref usals;

3. Other rea son s su ch as langu age diffic ul-
ties, a recent and ser iou s il lness in
the family, etc.

In ABS Sur veys, 1 is the maj or problem ,
particularly for sur veys of the popula t ion.
Thes e proble ms can be min imized if wid e
publicity is giv en to the sur vey, if the re is a
le g al oblig a t ion to cooperate, and if the re is
adequate con trol on enume r ation wit h suit-
able fol low-up procedure s. Wit h a wel l-de-
sign ed sur vey, it is usually pos sib le to keep
non-re spons e down to a rea son able leve l
and to estim ate rou ghly what bia sing effects
it mig ht hav e on the res ult s. Te chnique s ex-
is t which range from adj ust ments at the data
collection stage to pos t hoc adj ust ments to
estim ates becau se of bia s es in mis sing dat a.
Hawkin s give s a good dis cus sio n of tech-
niqu es for dealing wit h missing dat a.

Re sponse Errors

The respondent is als o an impor tant
sour ce of errors in dat a. Many hav e been
discus s ed above wit h qu estio nnaires as it is
often the int e r actio n of the respondent and
the que s tionnaire that provi des the error.
When the respondent star ts to answe r qu es-
tion s in clu ded in the sur vey progr am , an ex-
trem ely complicated machin ery of psycholo -
gi c a l proces s es often starts wor king. Thu s ,
ev en if they know accur ate repli es to the
qu estio ns, they may dev iat e fr om the truth
fo r variou s re asons and pre sent an inaccu-
rate respons e. Respondent errors may be of
seve r al types. Mem ory errors and teles cop-
ing are dis cus s ed above. Other types of er-
ro rs are rou nding off, pre s tig e er rors, and
condition ing.

A study con duct e d in the USA is a good
ex ample of rou nding errors. Farme rs were
aske d to repor t fo r area harvest e d as wel l as
bush ells harve s ted . The figure s on bushells
harvest e d we re div ide d by are as and the fol-
lowing res ult s obtain ed.

"I n 55% of cases for oat s and 49% of cases
fo r so y beans, the quotient was exactly an in-
tege r. 29% of oat s repor ts gav e yi elds of 40,
50 or 60 bushells/acre. 28% of soy bean re-
ports showe d yi elds of 20, 25 or 30 bushells/-
acre. It is a rea son able inferenc e that, in thes e
ca s es, production was obtaine d by mul t i p ly-
ing acreage by estim ated yield per acre."

Inaccur ate dat a are often the res ult of the
re spondent’s desire to impre ss (prestig e er-
ro rs) . Ma ny exa mples are known. Women
do not like to dis clo se their age and often
de clare themselves younge r. Some people
rais e thei r gr a de of occup ation – medical
assis tants become medical practit ion ers, etc.
Expenditure on alc ohol and tobacco is un-
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de rst ated .

Condition ing can be a proble m in longitu -
dinal and pan el sur veys. Con d ition ing re-
fe rs to those change s in the respondent’s re-
action to sur veys in gen eral and to variou s
qu estio ns in the sur vey progr am in par tic-
ular that res ult from previous expos ure to
requ ests for the same or sim ilar mat e ria l.
Condition ing may be the exp lanation for a
phen omen on fou nd in labou r fo rce sur veys
in the United States, Canada and, to a  les s er
ex tent, in Aust r alia . In all cou ntr ies, the
same respondents are kep t in the sample for
a number of sur veys (eight in the United
St ates and Aust r alia), and the unemplo ym e n t
rate is sig n ific a n tly hig her in the first sur vey
than in the fol low ing sur veys. Con d ition ing
is a likely exp lanation as, after the first sur-
ve y, respondents can "prep are" the answe rs
they wil l give to int e rvie wers.

Interviewe r Er rors

The mos t us u al method of col lecting dat a
in popula t ion sur veys is by personal int e r-
vie wing. The use of int e rvie wers usually
in cre ases the respons e rate ove r what wou ld
be possib le wit h ma il que s tionnaires, but
they stil l may be a pos sib le sou rce of error.
This can happen in sev eral ways .

1. A number of studies have shown that
the personal charact e ris ti cs of int e rvie w-
ers can influe n ce the answe rs obtaine d,
eit her becau se of the impre ssi on she
ma de on respondents or the way that
sh e ha d aske d qu estio ns.

2. Sev eral studies have fou nd that int e r-
vie wers’ opi nio ns are rela ted to the re-
spon ses they hav e obtain ed. A sample

of Chris tia n re spondents were selected
with the aim of obtaining their opi nio n
on the influe n ce of Jews in the busi-
ness world. In the par t of the sample
where Chris tia n enume r ato rs were use d,
56% of respondents decl are d that Jews
ha d too much influe n ce in the busin ess
wo r ld. In the par t of the sample int e r-
vie wed by Jew ish enume r ato rs, the same
answe r wa s obtain ed from only 22%
of respondents.

3. It has been fou nd that int e rvie wer effects
aris e not so much from int e rvie wers’
charact e ris ti cs and ideol ogy as from
thei r ex pectation s of the respondent’s
vie w s and beh aviour. This may hap pen
in sev eral ways . Questio ns early in the
in ter vie w give the int e rvie wer an im-
pres sio n of the respondent. She may
in terpret answe rs lat e r in the int e rvie w
in the lig ht of thes e ex pectation s.

4. Careles sness in recording is another
potentia l sour ce of error.

5. Cheating does not seem to be a maj or
proble m. Complet e fa lsi fi cation of entire
qu estio nnaires seems to be rare. This
proble m is reduced if a reg ular rei nter-
vie w prog ram is emplo yed .

Processing Errors

I wil l not say much about processing er-
ro rs. It is easy to see how errors can occur
in coding, pun c hing and tab ula t i ng. As
thes e er rors wil l tend to be sys tem ati c, it is
im por tant to have some for m of quali ty con-
trol (e.g., accep tanc e sampling) to ensure
that such errors are unde r cont rol .

Edit i ng of sur vey sche dules is int ende d to

detect and, as far as pos sib le, eli min ate er-
ro rs in complet e d qu estio nnaires. Eve n
thou gh editing is desig ned to improve the
qu ali ty of dat a, it can provi de a sou rce of er-
ro r in its own rig ht. One of the greatest
proble ms a sampling statis ti cia n ha s to face
in sample estim ating is that of an outly ing
obs ervation, par ticularly when the obs erva-
tion con tributes a sig n ific a n t amou nt to the
sample estim ate or the sample error. The
us u al technique is to decid e whet her or not
su ch a sample obs ervation is really repre -
sent ative of the parent popula t ion. The
us u al procedure is that if it is decid ed that
the obs ervation is repre sent ative, no adj ust-
ment is made, but other wise it is delet e d
fr om the sample. Such a procedure is bi-
ase d, and can only be justifie d on the
gr oun ds that the mean squ are error is re-
du c e d. But whole s a le un d ertak ing of this
type of deletio n can lea d to ser iou s bia s es
and this has been shown to be the case in
seve r al sur veys run by the ABS.
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