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refurbished, partly refurbished and not refurbished at
OINTRODUCTIOND all, and between suites, doubles, and singles’.

RACTISING . _ | . The consultants state that: ‘Many of the bedrooms
i sta‘tlstlmar?s in a consultancy CalloaC't)é,een were dingy, scruffy, and tatty. There was ample
are often asked ‘How big a sample should | take?

of he whol bi ; ; vidence of lack of maintenanceot just overdue
c.ourse,t € whole su ,JeCt_O an gppropnate SAMBRcoration such as damaged and tired paintwork, but
design for a particular inquiry is in itself a skilled

Y, it i dth Dl q also in daily maintenance and upkeep (e.g. cigarette
task. | et. even It it IS accipte t qt a §Im$ € random, s, stains, frayed and torn lampshades). And most of
sample 1 approprlatei the question |sfo t(_eln Not 3fe rooms seen (in service and available to guests) were
easy one to answer. nve'stlgators untamitiar W',tla tually dirty; layers of dust on various surfaces were
sgmpllng theory aqd practice are often preoccupi mmon as were filthy curtains and nets’. The
W'th sampling f_rapt|ons rathethan absolute samplg, g itants then detailed a long list of defects which
size, although it is the latter (in most cases) rath(?ﬁey noted in one or more of the inspected rooms.
than the former that is instrumental in determining Another firm of management consultants was hired
the precision of samplg results. E_v_en When_t_h'ﬁy the hotel managers to prepare a response to the report
controversy |s_resolved Itis often d',m,CUIt to elicit by the owner’s consultants. A statistician was asked by
from'a%n mr\]/estlga_tor thﬁ objects OI E_'S inquiry, whalis firm to comment on one aspect of this report: the
Eremsmn el reql:ol[res, t eﬂ.exf[ent orhiS resource]cs,rlgggequacy of the sample size of 15 on which conclusions

ow to ][eso :(/eYo enf contlicting rec}u:remeqts oM NISyvere based. This presented some difficulty since it was
piece o qu . Yet, atersome ‘?afe u_quesuons, alrWot clear on what basis the 15 had been selected, and
some Qetalled ways Of 9‘?“.'”9 |nve§t|gators tq makcﬂso the subjective and unsystematic nature of the
thelr aims more eX[t))|IICIt, Itis sometlhmes pos,s'bl(\a‘/\;(&bservations made on the selected rooms. Yet it proved
give some reasonable answers to the question. Whal.qipe 1o make some generalisations under various

forl]lovr\:s IS a cpnfultancylelemple n deéermmm ssumptions about the nature of the latter inspections
YI\; ether a particu arfsart]mpeg olsgn ngf'a elquatg aam% observations. Of course, the manager’s consultants
llustrates some of the underlying diflicufties N\vished to argue that the sample size of 15 was inadequate

answering such questions. It may be useful i o, the seriously detrimental nature of the consultant's
introducing some of the essential criteria to be bo”]%port to the owner

in mind when facing students with the above
questions.

OADEQUACY OF SAMPLINGO
OBACKGROUND O METHOD AND SAMPLE SIZE

Alarge hotel was managed under contract by anothertne sample size was 15 suites or rooms out of a total

chain of hotel owners. It was acquired by a newymner of rooms of 289, although only 217 were avail-

owner who, upon acquisition, appointed a firm ofe for inspection since contractors were occupying the
management consultants to undertake a review pfg;

the operational aspects of the hotel. As part of this There is one facet of the problem that really has no
review a sample of rooms at the hotel was impec"%‘éaring on the matter of sample sitfee manner of
and as a result of this inspection the consultanig,mpje selection. If rooms are selected purposively;
reached the conclusion that: ‘Much of théjiner pecause of convenience, accessibility or whatever,
accommodation seen (bedrooms and bathroomskigsn there can be no scientific basis for making any
incompatible in quality and standard both to thg,qgement about likely errors. Such a selection
perceived image of the hotel and to the high luxunfiechanism is open to all sorts of potential subjective
market that it sets out to attract'. The number Ofjases. Whether this was the case is not clear from the
rooms in the hotel was 289 letting units. The numbgg|eyant sections of the report by the owner’s consultants,
of rooms visited by the inspectors vigsThese were 54 might be the first question asked.

a ‘complete mix between rooms which had been neyertheless, the question remains of what could be



said about likely errors in generalisations if theéhe following comments, however, it is assumed that
sample was in fact selected randomly, and iii) is the focus of attention.
particular by a simple random sampling mechanisr.
It is possible here to make some general statements OSAMPLING ERRORS]
that may be useful, but specific statements aboutFrom standard sampling theory the estimated
sample size are difficult without reference to the sogtandard error of the estimate of a proportion in a finite
of information collected and the characteristics giopulation from a simple random sample is
the hotel as a whole, about which it was desired to

p(L-p) EN - n@

n-1 N

generalise. On further questioning there appeared to

be two broad aspects of this problem, which are

possible motivations of the inspectors: where p is the sample proportion. This can be used to

form confidence intervals farat say 95% and 99%

(i) We might suppose that the inspectors had |gvels. In layman’s terms a 95% confidence interval is
checklist of possible defective attributes (e.ga range of values for the hotel proportion which we are
torn lampshades; dangerous flex) and th@asonably certain covers the true value; or put another
proportion of the 15 rooms which was defectivgvay we have only a 1 in 20 chance of being wrong if
on each attribute was noted as an estimate wé assert that the true proportion lies in that range.
the corresponding proportion of rooms in thehe estimated standard error for 289 ranges from
hotel as a whole which were defective on tha.057 when the estimatemfs p = 0.05, to 0.104 when
attribute. p = 0.20 to 0.1301 when p is 0.50. The latter is the

(i) There is some acceptable minimum standard fenaximum value of this estimated standard error. 95%
a hotel room (say, for example, 4 or fewer minogonfidence intervals are approximately two standard
defects) and it was noted whether each of th@rors (s.e.) on either side of an estimate and 99%
sample of 15 rooms fell below this minimumintervals are approximately 2.5 s.e. on either side. These
standard, or not. In this case, interest wouldpproximations are based on the usual approximation
focus on the proportion of rooms in the sample the binomial distribution by the normal. Exact
which were defective on this minimum standaréhtervals could be based on the binomial but the
and this was used as an estimate efpproximation should be sufficient to make the point
corresponding proportion in the hotel as a wholelesired here. Also, in applying the normal approx-

imation for small values of p. the lower limit may
What generalisations the owner’s consultants ma@@pear negative. This is clearly a practical impossibility.
were difficult to say from the sections of their reporHowever, again it is due to the roughness of the normal
available to the statistician. However, it appeared thapproximation for such values. The general point about
they merely listed all the single defects noted on thatie width of the intervals should again not be
tour and made a number of subjective and vaguelyvalidated and the lower limits can be taken as
phrased generalisations. It might be expected that giactically zero.

rooms might have some minor defect or another, Adopting this convention and, for example,

therefore it would seem that (ii) above should be thgipposing the number of ‘defectives’ in the example

focus of any generalisation. Further, we mighias 3, yielding p0.20, a 95% interval for the true
suppose that, apart from a minimum standard for eaglould be approximately 0 to 0.408. Similar calculations
room which could be observed, there was a minimusould be made for other values of p and for 99% or

standard for the hotel as a whole: i.e. if X% of roomsther size intervals. However, it is clear that there is a

in the hotel or more were to fall below the minimunfarge chance of a bigargin of error with a sample

room standard, this would be judged unsatisfactoryf size 15. Results are little affected\it= 217 rather

Certain values of x are possible but in what followsthan 289, and this emphasises the point made in the

have assumed a range of say 5 to 20. In certdiftroduction that it is absolute sample size rather than

circumstances (i) above might be judged theampling fraction which should be the focus of interest.
appropriate approach if it was desired to focus cr

specific types of fundamental defect, and similar [ONECESSARY SAMPLE SIZESI

comments about minimum standards for the hotel as TO ACHIEVE DESIRED PRECISION
a whole could be made. The tables and comments

that follow could apply to either situation so that the

hotel i Id be either. (i i ¢ We might ask what sample size was required to
otel proportionyr, could be either, (i) proportion o fachieve a minimum desirable precision in our estimate

rooms W't.h a specific defect or (if) proportion o of 1 Thus, suppose we desired to achieve a standard
rooms which fell below the minimum standard. In



error of no more thaai= 0.02, then what size ofis  Table 2. Results of testing hypothesis that minimum

required? Idwas 0.02 this would mean that the half- standard is met for various valugfsp.

width of our confidence interval would be 0.04 forMaximum Sample estimate (I00p%)

95% confidence and 0.05 for a 99% confidencacceptable

interval. From standard sampling theory theTt 5% 10% 20% 30% 40%

minimum sample size is 5% NR NR + ++  ++
Nn(l— 7_[) 10% NR NR NR + ++

20% NR NR NR NR +

n=
m(1- 1) + (N -1)d?
This required sample size varies according to the tridRindicates inability to reject at 5% level.

value ofrranddin a way indicated in some selected  indicates rejection at 5% level.
cases in Table 1 below: ++ indicates rejection at 1% level.

Table 1. Minimum sample size to achieve desireds Will be seen, the general conclusion is thastiraple

precision in estimating result would have to beonsiderably greaterthan the
Desired standard error (100d%) desirable minimum standard if it was to be claimed that
1% 2% 3% 4% 5% 10% the hotel as a whole fell below this minimum standard.
N=289;=50% 260 198 142 102 75 23 Power could only be increased for much larger sample
N=217;1=50% 199 161 122 91 69 22 sizes.
N=289;m=I0% 219 126 75 47 32 9 We may now investigate what is the minimum sample

N=2177=10% 175 111 69 45 31 9
N=289;1=5% 179 84 45 27 18 5
N=217,7=5% 149 77 43 26 17 5

size necessary to establish rejection of the above
hypothesis at the 5% level for a range of desired
minimum standards and a range of sample regults

(N=289), i.e. to conclude that results indicate that the

The general conclusion to emerge from ah : hole | it - |
inspection of the above table is that for practicallj/ot¢! @S @ whole is unsatisfactory? Table 3 presents a

all reasonable situations a sample size far in exce@19€ Of results.
of n= 15 would be required. Thus a sample of at . ] o
least 30 would be required unless the fmeas less Table 3. Necessary sample size to achieve rejection of
than 0.10 AND we desired to estimate it with a hypothesis of satisfactory standards for
standard error which is relatively quite large specific sample results.

(certainly greater than 0.035). In confidence interv%esired

terms we would be willing to accept a sample sizg ..

of at most 30 if we are vyllllng to accept such a Iargﬁcceptable Observed sample estimates (1)

margln of error that gives us a 95% Conf|der.]Cﬁ)0Tp/o 7.5% 10% 15% 20% 25% 30% 35% 40%

interval length from our sample of 0.14 for somethingos 120 44 12

that in fact is around a value of 0.10. It is doubtful0% 289 73 22 10

that this would.be a desirable state of affairs if W%5% 289 108 38 15

were to guestion the investigators 0% 289 109 36 18
q g : 25% 289 119 43 20

As will be seen, a sample size considerably in excess
OTHE NULL HYPOTHESIST of the one used would be necessary, unless the sample
THAT HOTEL MEETS STANDARD  result was considerably greater than the desirable
maximum value oft For a rejection at the 1% level the
We might also approach the problem in Sample sizes would have to be even larger. Results are

hypothesis testing framework which could lead tdttle affected by population size.
an investigation of Type Il errors in this situation.

This approaches the problem from the angle of OCONCLUSION]
supposing that there is a maximum acceptable figure

for rrof between 5% and 20%. What would be}ﬁ/e have seen that it is possible to give some advice
required in the nature of the sample result to reje o P! 9! o
n the suitability of certain sample sizes in simple

the null hypothesis that the hotel meets the minimu . S
standard, if the sample was only 15 in a populatior ndom sampling once the objectives of a survey have

of 2897 Table 2 presents a range of such possibilitietée.}en _clar_lfled. Itis clear in this example that, n an
examination of the problem from several inferential

standpoints, the sample size chosen was far too small.
However, it is demonstrated that fairly simple




approaches can lead to constructive suggestions
about adequate sample sizes. The question is one
faced by any statistician whose advice is sought on
planning a survey and sometimes not an easy one
to answer. This example might serve to illustrate
the line of approach that may be chosen in many
common situations when faced with a finite
population.



