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ABSTRACT

The National Pood and Agriculture Council of the
Philippines reqularly requires rapid feedbark data for analysis,
which will assist in sopiroring programs to improve and increase the
production of selected crops by small scale farsers. Since many other
davelopsent programs in various subject satter areas also require
sisilar statistical appraisals, this handbook was developed to
present and explain the underlying principles and processes of
scientific surveying. This includes the fundamentals of survay
design, statistical sampling procedures, analytical methodologies,
and presantation techniques., Often these essential steps are
presented in statistical texts, which although technically coamplete
fail to cosmunicate with the nonwmathematically oriented. This
handbook has therefore been prepared as a step-by-step illustrative
guidebook, with the eaphasis on ¢transsitting knowledge and creating
understanding for subseguent dpplication to typical probleas.
Although it can be self-studied, ideally this handbook should be used
initially as the basis for intensive, practical workshop training.
{Author/BW)
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STATISTICAL SURVEY AND ANALYSIS HANDBOOK!

Kenneth F., Smith
Manayement Systems Advisor

U.S. apency for International Development
Man{la, Philippines

MARCH, 1975

This text has been ereorganized and expanded from the tnittal
January 1975 .:rsion based upon an intensive one week workshop
seminar with NFAC/BAECON participants at the Development Academy

of the Philippines. February 1975. The January 1975 text should
no iongetr bhe used.
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when you can measure what you are speaking adout,

and express {t !{n numbers, you know something about it.

When you cannot measure {t, when you cannot express it in numbers,
your knowledge is of » meager and unsatisfaccory kind.

It may he the beginning of ¥nowledge, but you have scarcely

tn your thoughts advanced to the stage of sclence.

Lord Kelvin
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INTRODUCT ION

Scientific data are not takeo for museum purposes:
they are taken a3 8 basis for dotng something.

1¢ nothting {5 to be done with the darts,
then there (8 no use collecting any.

W. Edwards Demting

One of the most frequent "gusstion-statement” challenges an administrator
or a technical subject-mattet specialist fs likely to make to the scientific
approach to surveyia; ty -

Why ihould [ bother to go through statiscical mumbo - jumbo in
order to gather and analyze Jdats. I know my field, 1 have a
"feel” for the siruatton in my area, and I know where to go to
sak questions to supplement my own personal knowledge. How can
outgsiders who aselect name: from a book of numbers or a deck of
cards, tnstead >f potng to the places I recommend, posaibly come
up with findinps detter than mine?

Although he mav not sav all of the above aloud, be sure he thinks {tl

There are of course several ways to make decisions without resorting to
scleatific stattstlcal sample surveye:

1. Cuesy

2. Rely on previous experience and/or memory
3. Use logfle, or “common-sense'

5. Make "wpot check’ and "judpement’ surveys
5. Take a L0V survey

Many good decistions have been made using these approaches. Unfortunately,
many bad ones have also teen made. ‘fhe dirficully with non-scientific "
approaches {s that thev are usually very biased, even thougl' not intentionslly
30. Desplite the fact that the Jdar - reported in spot checks may be accurate,
there {3 no assurance that the ¢ ssions drawn from it are valid and
reliable. Ustnp such information +s a basis for making program management
decistons (s therefore a risky thing -- though spain no one can say how

risky.

Scienttfic Sampling is the use »f efficient and effective systematic methods
for collecting, interpreting and nressnting dazz in a quantitstive manner

to facilitate understanding. Scien.ific sarpling ts not {nfallible, but
btas can be eliminatad to 3 grrat encent, and the probability of being
correct ascertained. At the other extreme, 1002 surveys are expensive,

time comsuming, and often impossible to conduct.

The prime purpos» of scientific sample surveying 1s to assist program
management and policy decision making. If sufficient secondary datah
relevant to the pyoblem (s already avatlable, it may be used as the basis
for decistfon-making. If s+condary data {s unavailable, or fnsufficienz
for the purpose, primary daggz ~hould be collected. Thus the need for a
survey i{s created.

1 Data ortpinally rathered by someonr elge,
2 New and ortuinal darva. 7
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ADVANTACES OF SCIENTIFIC OVER NON-SCIENTIPIC SAMPLING

Urless appropriate sclenciflc methods are used tn the collection of data,
statistics can be discredited In the eyes of management. Undue confidence
placed 1n incomplete or inappropriaste data may lead to wrong decisiuns
being made.

Before we go any further then, [ want to gummarize the Why of'sctentlfic
sampling. The resz of zhe booklet will emphagize How.

Principal ceasnsns for sclencific Disadvantages of judgement sampling

sampling

1. Bias aad subjectivity tn 1. Although seemingly logtical,
selecting sample cnity Ly personal btases can severely
minimized. limit the data collected, the

tindings may be invalid, and
subgequent utilizstion can lead
to gross errors in policy and
rProgram management,

2. Preclse quantirattive statements 2. The validity of "judgement' data
can be made rewarding how closgely cannot be estimated.
the sample can be expected 9
reflect the nopulution from
which {7 (3 drawn.

Y. The probartlicy of Sewne ¢orcect 3. The desvree of securaey of
“judgement” data canmot be
quantified.

(or dncorgect) oo e ost omated.

4. Tt ty efrictent, efrecntoe and 4. The sample drawn by a * judgement"
ecamdmiral | sinace the smallest may be much larper than necessary
4lze of sample necesadry 1 mect tu do the job (and consequently
management ' s speCifl.ations . an wasteful of resources), or too
be calculared, amall to reflect the situation

accurately, which to addition
t) waiting resources will also
fairl to provide management with
an adequate agse=3ment.

In shorec. the validizy - o "judpement” sample is cenerally limited to the

sample populari e ey, and <annat bhe projec »d ty a larper population

with dny degree H7 sontydencs,

Furthermore, samoling L. swenerally more accurate than 1)J0% enumeration
and muct more praccical. This {3 so because there are manvy different
sources of errnfs in any anumeration of mass datz.  For example., varying
interprecations by man. pesple of a common guideline, tncompleteness ot
respondes, e¢rrovy in procesaing the data, delays in processing because of
the volume. 3uch causes f orror are not eastly conrrnlled. hence the
smaller the sample. the less opportunity for mistakes to enter. Thus, a
carafully controlled somole, even thouph small, {s an {nvaluable aid (n
program mdnagement | and pulicy maklng.

8
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THE FIVE MAJOR STEPS IN CONDUCTING A STATISTICAL SURVEY

CLARLFY THE PURPOSE AND CEFINE THE NBJECTIVES
PLAN AND ORGANIZE THE SURVEY

CONDUCT THE SURVEY

FVALUATE THE FINDINGS

PRESENT THE RESULTS

€ach of these ateps will be discussed fn more detafl {n the
followlng pages.
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CLAR[FY THE (AURPOSE AND DEFINE THE OBJECTIVES

s Purpoae/Problem Statement Surveys are usually requested to provide
answers for mansgement un problems they are encountering. Sometimes
ther: ts no pazticular “problem'’; management just wants to be kept
taformed n the statur of key areas of a project's implementation.
[a auy wvent, your firse task {s to develop a conclse statement of
tav purpuse e prublem  Frequenily, mansgement's request is only
nalt formulated, smbiguous, 3 statement of observed symptoms or
#itutls rhat bother them and often 1t 18 expressed as a question.
Cet yout yguldance clear on vhat you are to study hefore you go any
further, or yw will waste a lot of time and efforc. Once the purpose
ot prodlem has been stated tn an objective maidncr the need for a
study becomes clesrer, and the detailed survey questions can be
tormul ated.

5. Use Why does management want the study? Often wmanager :n2 has not
thought throupk the use ts which the answers to their questions will
br nut tnce they have been obtained. However, until you and they do
understind and have defined how they {ntend to use ft, you will be
hamoered tn determining the kinds of questions to ask, and the
mdnner Lo which the findings should be presented.

¢. Impertance How tmoortant does manapement consider the need for
answers’  dnce thts {5 established, you have a basis for establishing
privetrley, determining limitations aad ohtatning personnel, equipment
deed fonding sipport

d. Accuracy How accurate do the results pneed to be {n order to meet
;:Eigvment'« hjectives. Data c¢yllection and analysis s tfime
consuming and expeasive.  Accurdcy can only be obtatned at a price,
rel Aimfntshing returns for expended efforr are always present at
the "ipher levels, Minimizing cime and cost aspects should be an
fuportant - yastderation.

e ituinr  When does manayement want the results? Deadlines are {mportant,
Uf rte answer ts receiued after the need for tt, the entlire effort aay
prove uselesi, no macter how accurate the report, or besutiful fcs
aragentar { .

f. Cost What i3 the *udget ifmttation for this survey?
When trade-offs hive to he made hetween accuracy, timing and cost, the various

options should he discssed with management hefore the study: not offersd
up s sxcnses afterwards for a less than adequate jobl

10



IT  PLAN AND ORCANIZE THE SURVEY

MAJOR ASPECTS TO CONSIDEF

8, AMwiniecratfv: What funds, staff, equi,ment sand administrative
coordination are necessary and avatlable to conduct the survey?

b. Techntcal

l. Data Once the problem ts urderstood, you should formulate
4 number of logica! explanations (hypotheses) of what csused
{t. This {n turn gives direction to the kind of questions
that need to be asked {n order to resolve which (1if any) of
the hypotheses are correce.

Cautton: Failure to take this step, may result in the
gathering and compilation of & lot of data only to learn
later that they offer no solution to your problem!

a. What specific dats are needed {n order to snswver
the various hypotheses presented.

b. What secondary data is already available and can
be uttlized -- to obviate collecting data that
already exista.

¢. Source What is the most appropriate source for
vobtaining the required data.

d. Method of Collection

Sccondary source statistics

. Aaalysis of secondary source data

. Personal interview

Matl questionnaire

Personal measurement by survey staff
Personal observation by survey staff

[ RV - S

2. Questionnaire Format Design and formatting of questionnaires {a
{mportant as it improves accuracy in recording data. Wherever
possible this should be pretested before actual use.

3. Master L'sts 1f the sample is to be taken from eatablished master
lists, copies must be located.

4. Work Schedule A work schedule for completing each major step of
the survey must be prepared st the outset, and then adhered to,
{n order to complete the work fn time for management's use,

\a

Sample Sfze and Distributton An appropriate sample gize miex
be determined. Too larze a sample will be wasteful of resources
(time. money and people), while one too small, and or drawn in

a btased manner may produce {nval{d results.

Most of the above require little or no further elsborstion tn a handbook of
this nature. Questivnnaire and Sample Size determination will be covered
in more depth an tle following pages.

11
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THE QUESTIONNA [RE

There L& no such thing a3 an “"{deal" ruestionnatre. Questiuns and formats
van be as varied aw people. Nevertheleus there are certain useful ground
rules that can *ac!litate their construction. [ wtll only cover the type
of questionnatlze that a traitned interviewer would vse to record t{nformation
for manual “abulatt.n, as this is the mose likely torm that will be
uti{lized Y%y NFAC in the {mmediote future.

QUEST 1ONS

a. 3loyle Purpoae wWhenever poasible, limit the gursvey to a "single
burpwue”. A poor, "ol frvgquenr . practice {1 to try to sccomodate
the needy of qeveral different manapement yroups in one gurvey,
rationalizing that "1t docan't take much lonyer to ask another
questinn while vou 3re there” and "1t ts cheaper than running a
separate survey' ete, Unfortunately, a "mulel-purpuse ahopping
expedition” usually rvesults {n a cumbersome tensus-type document
that may never he completely analyzed, but which will effectively
hinder che gathoriny and neacessing ot data for the primaiy intended
purpoav, Purthermore, 4 gample survev that {3 properly structured
to meet a 4pecific need ts venerally not a4 sultatle vehicle for
answering mulsi-purpose questiong €rom the same sample base.
Cansequently,, »ven @ 1! 14 analyzed, much of the addtcfonal data
mey be (nvalid.

b, Plan Ahead Work Sacawirds, o planniae the questionraire {n terms
of rthe final ceport that L. will he wrewssting Uty management. This
will vnable von 7 gealyse whether the right questtons have been

inc luded whivh Wil provide the gnswers requested

¢. Uimtr the Number Tach g.estton askedl takes time (and costs poney)
to ask, process and anulvee.  Management's ability to ask questions
will always exceed tr3 stafe's capacity to provide answers. Therefore
be s>lectdve.  Screwn cach prvimsed questiso carefully and decide
whether the reanondenc {4 the appropriate source for the answer, or

whether ' sch answer (a0 moge  readily shtained slsewhere,

d. Avold "Teading ' (@sesrting “any peonle (oler their answers to please
the questisner. Thev tel! him what hey cthink he wants to hear.
Others will Loliberatsly distort their answers depending how thoy
percetlve the answer may o Laed, Yoo carant oliainate all problens
tn thiz ares, "ot wvor - an tmprove the sur ey cansideratly by belng
carefol ro ophras-s ghur 3. don aw o et l, s pessible to avotd

hinting ar rthe “desloable” nLwer.

e. Avotld "Memory " pesticnsg geestiong whitch rely omoan individual's
recall and vannor » cerificd (n 9ny medningful wav are likely to
have a hipgh drevoree of {naccucracy.

f. Croas Check Questiong If there {5 likely to he a4 atro element of
doubt or dictortion 4o 'he answer, provide for s>me nbjectively
vertflable crosae check questions, (f possible,

8- Clarity Zvwn “hough the question {s clear to ysu, and you know
precisely what vy, mean "y (r, make sure that athers will interpret
{t in rthe same way Dtherwise | each surveyer will interpret it in
the field in hiz own terms, and vou may end up with confusing and/or
useless resulzs,  [f aecwanary, rephrase the question, and/or provide
additional rufdance n what {t means, definltions, etc.

h. Pre-test your questizns o~  ~hers before decidine on the exact wording
to be used in the questionnalre, 1 22
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FORMAT

The followtng guidelines are proviued, to fscilttate both the gsthering
sad tabulation of the data.

Identificatfon Each juestion and possible response should be uniquely
tdentiffed, with etther & oumber, lettes, or both, so that:.chey may

be readily refeered to LIn the processiog and analytical stage without
repetizion ur reference to th. subjecs mitter {tself.

1. GQueswtion . . . . . . . . . . . .. ... . 2. _____ VYes.
? b. No

Multiple Choice Structure the format 4o rhat as wany questions as
possible can be answered waith a check matk. Spell our catzpories
in which responses are cipected.

2. Question . . e e e e G Aluays
o b. _ Sometimes

c. liever

Numbers When numbers are required for an answer, {ndicate the unit that
19 required. Leave space for raw Jata to be recorded {n other units.
Ofzen in the field responses are not {n terms of the units desired, and
tecalevlation must Ye dote prior to tabulation. If ad> spsce is available,
the raw data may be inserted where the standardized unit rrsponse should
go, which leads to¢ o errovs.

3. Questicn . . [ ] —__ Metric tone

Spscing Leave plency 1 "White space” around each response. The answer
is poiny o be FLlicd in under field conditions, 1,8 small typing. Alse
make allowancss for coents by the iarervieucr.

Block Answevs Sterdricize the mapner for recording answers. Ususlly, a
left hand or rig © Mg column {¢ cualer foo proc2ssing than responses
scattered tihrcuzheut ohe form, or on 4 single line. For multiple responsas
of varytng lenpth  4r i3 ea:tfer ro S¢tn cecord and tabulate the answers
when the Llank spuce precedes, rather thon follows the item. For example

a. Yes Quescion: . . . . . e e e e e e e e e e

b, Yo R e e e e e e e e e e e
c. Boa't kaow .o S e e e e e e e e e e e

Instead of -

4. Queastion: . . . . . L L. e e e e e e e e e e
! A, Yes B ¥ _ c. Doa't know
g
4. Quesrinn: | . e e .. A Yes -
.o . Ce e e b. No
? . Don't know

A recent sucve, format uted by the NF.C is shoun on the followinp page.

13
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MASACANA 99 MANAGEMENT INFORMATION SYSTEM

PROVINCE

DATA YERIFICATION SURVEY

November 1974

o

l

'y

Mas 99 Hectuares Repocted PLANTED as of June 30
Mas 99 Heutares Reported PLANTED as ot July 31
Mas 99 Hecrares eourted JARVESTED as of October 31

Mas 9% Hertures BARVESTED \S »n PEFCENTACZ OF JUNE
PLANTIXC S

Mas 89 Heclarss Reported A\RVESTED AS A PERCENTAGE OF
JULY PLANTINGS

I

HYPOTHES LS €1 APPARENY ZRKIR {n 4 or 5 above.

FIELD COMMEIT" sn a-encady o -Jata and hypothesis, and/or
TeAason toc apba.ent ercor

Mas 3 Proviacsal (VERACE YIELD roported, Cavans/Hectare
FLALD COMMENT on Mag v ESTIMATED AVSRAGE YIFLD

FLELD COMMENT vn oo curacy of reported vield and reason
frr apparent ~rvor.

Mas 1 imela 1e eocteres Renocted Flaated as of October 31

Mas ™S Qoumular? se de_tares teported Hervested as of

e taler 35 v oue)

Mas Tt imated DTANDLL CRQUP teflnre damage (11 minus 12)
Mas 4 Heorrens Penspoet {ooally Sumaped

Mas 97 Fuirameted STANDING CdO? AFTER DAMAGE (14 minus 13)

FIELD COMMENT Fatimated Aos ©9 STANDING CROP AFTER DAMAGE
L8 atore Considored in evrer. (Qiestion {f reported
damap. 1 ety dan Y o sars province and Question {f
reperted damage o0 Saviuilenat Taral Camape or {ncludes
aarttal damag -

FLELD CCAMENT Bsctimator POTENTIAL (11D of Mas 99
;;(.mdln-,.: Crap

Esedmated New oo 00 Lam o ?lantine as nf October 3!
Exrimated Nor./'ta~ Camubaticc Harvesting as nf October 31
Fatimated Noo, Mot Ciely L 0o,

Eatimated Mo/ ae soovva 2ot Toral Deomage Ha

Estimated Noa/¥e's Stevhine Conp

Estimared FOTENTIAL Y.TLD ~f Mon/Mas Standing Crop
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DETERMINING SAMPLE SIZE

Srattisctial methods are genworally useless when dealing with one, or only

a4 few quaniitalive medsutements, ™ Lt {s not poussible to prove a point

or ahed !ight on a problim unless a number of mea2survments or observations
are svailable. At the seme time, complete counts of a population are
uaudlly vither tmpos:ible tH obtain in most instances, or prohibitively
crxpuasdtve,  Thus sampling ts resorted to a3 the most expedicnt method

taer obratatar daca about s popularion 4t a rvasonable cost.

wWhat stz. sample i[s appropriace for conducting a survey however? As a
gencral role of thud, stattstical techniques can usually be cffectively
gjp}iiﬁgmrhcn at least 30 measurements «rv obtaised at random.d This {is
us.slly inaufitctent however Lf we wish to presunt our findings with any
quenclftable degree of confidence.

A pgreat deal ot time, poney and offore can be wasted tf the sfize of the
sample {s v tther larger or tmaller (than (v requires to mect the specified
meds or managenent 1o conducting the survey, More ttems than required
wionrld waste rowourc. s, while fower ttems than necessary would also gtlee
tesults with less than thye reguirced reliabtlitey.

First, wo must corrvt two peroular, by rroneus miaconceptions. It {s
2fZen thought that 4 gample L hould be » . percentage, say 5% or 102 of
the population under study. S.condly, ft {s aften bolteved that a large
sample whould S taken from a large population, and a small sample from
a osmall popuiarian, Netther 0f these {s correct,

In determining rhe atze of 0 yample the actual numerical size is usually
fAr_more {mportant io d. terminirg the reliability of the resalts than
the ovrbo.ontage si2e. in fact, tf the sample ts less than 5 percent of
the populstton undor etudy, its porientag. s1z. plays no stunificant
tole in detoraintng rolfanglie.,

Secondlv, eovn ff the sample <ize 13 thought 0f tn turms of number of
antts rathaer than tom osorcentage of the total population, the size of
the pepularion frsclf is a minor factor in determining the size of the

samg 1o
Fioally, the (ntormaticn 4. rtad from a survey i3 based on the actual
watrs acloernad {n the samplc. Thy rosulte howewrr are applicabir to the

tatal nopulattan fean which the sampl. was drawwn.,  lherefore iz s
ceonmtoal £ swmple from oas larpe a populattion ag possible, given the
Limtzartons of homogoneir -,

L Neweree toss nany puopl 4o make such Judgemants -- for fnstance chey
will ¢ _smmond ~r cundemn o particular rostaureat on the basis of
vrttare o mesl thoro . (ven though {n the long run that may have
Peetoan gngsecl adtuation, not typicel ot “normal’ performance.

2 Cowtton This m or ly enables you to goneralize about a sftuattion,
Mutothe arac sk s net roaresthle. Yoo caanat maky spectfic
far rvne o aboce  onaeticular case, For instance, tf it 1s found

that th  av.tap mournt of ratnfail ta Pampuga on August lat over
"he 30:T 00 year, s beon 2013 dnches, viu should not use this
ro oprediet roac soxt o yoar it will be 2,13 inches.

} Randomness will 5. dtienaesd o oproator Aerril on page 29
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SOME_BASIC STATISTICAL CONCEPTS

Before we go any further, ! want to review scme basic statistical
measures and cuncepts that sre used in determining sample astze.

AVERAGES

The most frequently used statistical measure for describing masses
of data ts the average, because it reduces the many measurements
to a single figure, and makes it possible to generalize about the

situattion,

An average 15 a sinple value derived from & group of values, which
{s umsed to typify the group, 1t should bLe borne in mind however,
tha: stace it 13 a sinple valuv, it does not accurately reflect the
standing of every item In the poiup. It merely provides a means to
generalize about a masa of dara.

This Le sometimes misunderstood, because the variatton around the
average is ipnored. For example. {f we state that the average palay
production in ratnfsd areas >f Central Luzon ts 60 ca/ha, and further
assume that 50 ca/ha enables a farmer to meet expenses and make a
reasonable tncome. it does not tollow that all farmers in ratinfed
arvas 2f Central lLuz.on make 1+ reasonable lacome, only that the average
or typical farmer Jdid. Sole use of the average tends to disguise the
fact that many farmers 4id not attain this standard.

A further problem Ls that one statistical averdape may be used to
tepredent proups 2 situations which are disaimilar. Although the
resulting mathematical cale: lacion may be correct, it may not present
an accurate or useful picture of either group. For example, given

that Lezon » -0 “he Yisayas are experlencing heavy rainfall and flooding,
while Minda . . having a drought, it could be stated statistically
that the over. ratnfall level for the Philippines 3t that time was
“Sattsfactory” ne "normal”. A first step in cslculaving an average

therefore (s to separarte the varioug groups to be averaged fnto
simflar groups, where known, and cvalculate separate averages for
each group.

There are sevo-ral differeac types of "average” in common use (the
‘Mean', "Med{i~" and ™ode”) each 5f which has a special purpose.

16
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Mean

The "Acithmetic Mean”, usually called staply a "Mean™, {s probably the
mat useful and commonly used average. It reflects the summation of
the values 0f a pruup, divided by the number of {rtems. It is often
degscribed a9y 3 mathematical “balance point’, thus

where
M = mean
Mo =X . means the "sum of"
N x = values of the items in the group

N > number of ttems (n the group

A mean Ld4n be readily sbtained trom a series of data as follows:

DATA OATA VALUE

ITEM X

H 2

Y 32 Mean = 524 = 69,33
3 La 9
- T4

Al X}

[ HO

! 92

4 1346

9 ils

s ) x = oaYy

The medtan £5 the "midepoint’ of the range of values in a data series.
In the foregoing serics, the ' ¢ {tem, '"68" {s the m8dian value.

Since there i35 an odd number there is no problem. Otherwise we would
have 11 take the mean f the two middle values.

The medfan 19 a useful average to employ in dealing with frequency
discriburions vhen the first and/or lasc grouping {s open-ended and
the mid-points »f these proups cannot be reasonably estimated, since
the values of the end groups {s not required. Furthermore, when
there are extremely high or low values {n a data series clustered
arruad the extremed, use of the median will tend to overcome this
distortion stace only the value of the mid-point {s significant.

Mord e

The mode {4 a4 "ooacentration polnt' - the most frequently occuring
value in the data sert: . Agaln {n our proceding distribution, {t
ts 7A3".  The mode {s »ften used when dealing with ugagrouped, non-
cantlnuous variohles, since the average that results is a value that
sctually existe rather than a phvsically {mpossible calculated value
«uch a3 5.3 children per family, or 1.2 caradao per farm.

[t should de cemembered that none of the abave averages ls "more
accurate” than the other. Each {3 2 measure of "central tendency”
that can be uted under certaln c{rcumstance: tn assist {n generalizing
about w aroup Sf data, and the most appropriate one for the

situation should he used.

17
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PERCENTAGES AND RANK ORDERINC

Many mensgement probleme csn be answered merely by the uae of
porcentages. A percentige reduces figures to s atandardized scale
of 100, thereby facilitsating comparisons, particularly betireen two
or mote series of raw data frawvn from 4iffereat bases. The formula

is:-

Where

% ® percentage
-t X100 f « Item frequency or value
B B = Base size or value
100 = conscant (100)

Thue, Lf we were to review the data indicatad beiow from aix equal
areas, of the uumber of farme:s using tractors, the mee of the
percentagd would be more meaningful than the raw dats, highligheing
the diffevencss and simplifying comparisons and reak ordering.

No. Farmers No. Farmere R Using Rank
AREA Intsrviewed Using Tractors Tractors Order
A a6 9 9.3 5
B B0 7 8.8° 6
C 60 7 11.7 3
D 40 5 12.5 2
B 20 3 15.0 1
¥ 9 1 11.1 4

Rank ordering s tne final atep to providc the ansver to the manager
vho vants to know the sequence scandings -- who is first and vho fa
last. In comparing many secles of dauta, often the rank ordering 1a
of more f{mportance to msnagemwnt thcn the actual technical progrem
data Ltself. Note however that rsnk ordering merely indicates che
sequence -- L7 does not {ndicate the magnitude or che spread

between cach rank.

A fine point {n rank ordering ts thet when there are "tles” fo: any
position, the rank order should be arithmeticslly sveraged racher than
assigning the most farorable appeariag rank; and subsequent ranks are
unaffected. See rhe rable below for “urther clartficatioa.

PERCENTAGE CCRRECT EXAMPLES OF
SCORE RANK Cgpex. INCORRECT
RATK ORDERDNG
30 1 1 1
65 2.5 2 2
3] 2.5 2 2
50 4 4 3
&0 b3 S 4
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"THE ''NORMAL DISTRIBUTION CURVE"

Alzaough no two altuations are ever exactly altke, statisticians

have discovered that the frequency distributions of processes thet

can be repeated many times under similar conditions, {each occurrence
of whilch ts affected in minor ways by natural common factors snd/or
chance), tend to form s general symmecrrical “bell-shsped"” discribution
pactern. This fe known as the "Normal Discributioa Curve”. It 1is
{nappropriate to attempt to explain the statiscical bssis for the
normal distribution in this booklet. Suffice tt to stste that

many frequency distributions developed in the analysts of agricultural
situations are symmetrical and unimodal, approximatisg the normal
curve, and {t {s thus a useful statistical concept <hose properties
we can eaploy.

Probabtlity of Deviation from the Mean

A major feature of the normal curve (s in determining the extent to
which any range of data_differs from the mean. This is done by

measuring the area under the curve, from the mesn to the vslue of
the data ttems {n question.

The normal curve has certaln properttes. The distance from the mean
to 4ny point is measured in terms of a unit known as the Standard
Deviation. Because of ita shape, the proportions under the curve

in terms oy standsrd deviations arc constant, regsrdless of the actual
dats values. For example 1 SD + mean covers an arca of 68.26% of

the total area under the curve. Similarly the sress under the curve
at 2 and 3} atendard deviations are standsrdized percentsges as
indicated below. A more complete range of values is indicated in

Teble 3 on page 72.
/'r~\\\

/
/
Mean ——\\—/ \
=77

:
\
A

- LoD =i5%.26% .
€&— +25D -L‘)t—..aa N - . ot AXIS
i [
————— +35D=99.74 N
-3 -2 -1 Mean 1 2 3

Note thst the shape of the normal curve is such that it spprosches,
but never touches the "x" axis, but for prscticsl purposes, it {is
not necessary to go beyond ) stendsrd devistions in either direction.

19
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THE STANDARD DEVIATION

Previocusly, we discussed the use of various averages {(mean, median and
mode), as "mcasures of central tendency’. We also observed a major
timtcation, namely rhat the variation arvund that average was ignored,
wvhich could lead to distorted lmpressions of the true situation.

Averages, such 48 average rate of sceding per hectare, asverage rates of
fertilizaclion, average ytaolds, average price per cavan, average loan,
average repayment rate, etc. etc., are all familiar and useful measurea

tn oformulating recormendations for agricultural programs, and tn thetr
management. However, we recognize that no two spectific situations are
exactly altke. Por Instance, even {f both farmer Cruz and farmer

Rodriguez were to follow the same guldelines tou produce « rice crop,
because of the many differences in their personal sicuat ons and attitudes,
the natural factors which extist, and the chance eccurtences which may
affect etther, they are both likely to abtain differing ylelds.

Por program analyets and management purposrs, the extent of the differences
{3 extremely significant. Therciore, in additlon to the foregoing averages
snother unlt of measurement lg secessary which provides a quancitative
“measure of disperaion’”. Tnis {5 the Stendard Deviazion, and

{s derived from the mean and “ne frecuency distribucion ttself.

The formula for caloulatiag 2t Stindird Deviatlon from Sftaple-Random

s

Samples For ungrouped dats 14 a3 {oilows -

Where
. . > * Standard Deviatton
S d = difference from the mean
b M = aumber of items fn the group
Let us tlluscrare i qe 2f this formula with un example.

Find the Standard Ueviazion »f this proup of flve numbers: 10,20,25,40,
80, By additlion, he sum oSf the numbers (s 179, and the mean is
1's
b
The dttferences i cach value from the mean is shown in the table below.
To eltminate tr fafluence of rhe X signs toy obtatin the sum, the
diffecence (s asquared, and later the <quuare root {s taken. Thus

=15

A 2 C D
[tem frem Velue NMitference Difference
from Mean(d) Sguarcdgdzz
1 1) - 25 625
2 20 - 15 225
3 25 - 10 100
A &N + 5 25
) a0 + 55 2025
N=5 R R “ dl = 3000

1

By substituting in the forwula,’ the standard deviati-n {s calculated

3090

-
3

vgmy) @ Qo AW o 240 roauaded g
N

Since the mean Hf the flatelbution was 33, h{s5 new measure tells us
that 10.% 135 :ne szandard devtattion less than the mean, (35 - 24.5) and

$9.3 13 one standard d»station ereater ~hae “he mean (35 4 264.5), We
will use such measurements lacer in analysing frequency digtributions,

1 This (s for {lluscrative purmoses enlv. Actually, "B=1" {s used
{nscead of "W’ for proupz ~f less rhan 30.

20
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IMPORTANT CRITYRIA FOR DETEAMINTNG SAMPLE SIZE

The woet important criceria for detymmining the sise of a sample -ere:

1. Extemt of varubtlttyl in the populatios under study.

2. Amount of ercor that will be rolerated in the findings.

3. The confidenca desired wien presenting the findings, that
the dats ts accurste.

&. The amount of money, time and oths:r resources available to
obtain the Jata, conduct the survey snd process the findiogs.

The firet three of these criteris arc used directly in & formula to
determine sample size The fourth i: a factor at wanagement's
discretion to modify its specifications of '“b" and "c",

Jor instance, Menagement =1ght wani (o inow the production (ca/hs) of
irrigat srmare in lloilo durirg che 1973 : Wet 3Seasoan.

In plenning the survey, o032 aing you must determine fis:

How many hectares sh:culd be sumpled tn order
to estimate the produciicn (cas/bad of lrrigated
farwers 1o lloilo for the 1972 ° Wet Season?

Unfortunately managemeat doer not uscally give preciae directions

when ssking questions. It 1s theraiure purt of your teek as the survey
designer to scquaint managecent s(th the facts of survey lGfe, then
ssaist them {n dezermining the degre2 of sccuracy that will meet thatr
requiremsnts, balencing mat i; peseible, given the time and resources
svsilable to condict tie sucvey. Only then can you esteblish en
sppropriats saople sise. Points to ctress asre:

e. The final ansver will bde {u cerms cf sn aversge, or a
percentage, with vartability around this number.

. No survey can be 1007 #:curate, therufore asnagemsnt
must specify how accurxte thay need it to be.

¢. Warn management that accvracy {(or saything spproaching it)
ueuslly conts excessive!; and texhs time Then 'bargsin”
with them to settle (or aowething less than perfsction.!

Practically, {f mauapement ccanoZ or will rnot wake these judgemente,
you se the dsaigner 41! have to do cheir job for them {n this
situstiocn.

In order to determine che sppropriete size of a sssple, you muat firet
eetablish the typ: of stiruation to be stulied. One of two formulae
cen be used, depeniing upon whnihet you ace seeking your eunswer in

terms of an sveraga or s parcentage.

The prodlem above is jeeking ft3 vitimuts answer in terms of s

sversge. e would expect our finsl arcwer to managewsat to stete
Wrhe estimated producrior of irriyatac farmerc (n lloilo for the

1973 Wet Seascn isa XX cavans per heztar:."

Lot us review eeck of che criteria in -u-n, snd whet can be done about
quantifying them lor our problem.

1 The mmount ol difference becwven individual members in the population.
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VARTABILITY

fx.eat of vartebility ta the population under study. How can you
“evermine the varlablillty {n data before you have collected that data?

This 14 a4 very practical question, and of course the answer is you
cannot!  Therefore you have to start with an educated guess. This
Tun he NMased 50 a4 sample of historical data, experience fn.similar
wituations, or "expert” opinton, I this {sa not possible, don't
maes the flnal determination of sample size unttl you have taken
tne firgt 3O damples, when you can uge that datu to approxirate
trs “standard deviation™ for the formula.

Practically, {f you have any technical background in the subject you
teosurveying, you should be able to nake"tallpark’ estimates of the

sty as follows -

N Eitimate the ranye extremes (Zhe lower and upper limit casea)
Ladt vy expedlt to encaunter in normal production under
prevatling field conditions.  Substitute in the following
formula to odbrarn the csatimated standard deviation.

where:
D = Estimated Standard Deviatio.
. b = wpper limit of the range
" a = lower limit of the range
A = a4 constant (6) to be usud
in all computations.

Toroexemple, Cased n oyoue peotegstonal judpement as an agriculturalise,
e Lriar cwperieace (n tloilo, ysu might expect that the farmers in
ol I produce betwesn 35 o 158 ca/ha, barring some absolute
dlaanrers o fantasticaliy hiph sields.

then
S LY N
o= '~‘_:.~___._~ " .I_g‘:
= 1h e 1Y rounded up

{6 you do ant have any techateal backpround in the subject matter - cons. it
with an "eupert”, and discuss vour needs with him/her.

Fo o not becom averly conceorned about mathematical precisinn here - e
"ot bost judgements avallable, round off to intepers? and get on with
ot geb o Thus using 1?7 a3 the estimated standard deviation 1s & ficet
wpproximatlon which will suffice at this stage. Later, aftoer you have
tixen the sample, ‘udgement wrrors will he reflected and ad justed {n

the final results. The important task fs to make the study and obta'n
those results, not o wuil (aterminably .er making a "correct” esyim-r .
of 2 situatisn Hefore tt has teen atudied!

i The atandard deviationn {4 1 measure of varlability in a enllection
9F dutr. For ot fullee diecussion of “he stundurd deviation and
how to caluglate (2, sne pageqa 18, G5 gnd -6
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TOLERABLE ERRJOR

Amouat of Error that will ce tolerated. Any findings developed from a
sazple survey, ro mutte: hoos zeiantifically ootained, will oaly be
approximacfons. This should be cleurly understood at the dutset, In
gearctel, the yreater the deslce i:r accuracy, the larger the sample
must be. How much error will be acceptable is of course a management
decision to make. However, you stoutd be prepired to provide some
additional data a3 « bisis to hulp munagement .akr that decision.

First of all in our problum of Iluilo farurs what you are ultimately
trytog to estimate {s .he vroductfon rat.. in cavans per hectare. Try
to determine huw close munagerent vasty the fiaal answer to be --
within 1 ca/ha, 3 co/ha or wherl Kew close 1s 'close enough” for

the purpose in thi; instaace? what nagaitude will make 2 difference
in the use to wisch the fiadirgs wil® be aue?

L. As a firs" step, y:t 20 ‘der of the stize the number might be;

elther frum historizal dats, prileor exp2clencs, professional
Judgement; or noce aimrly usfny the ‘cange' data already

developed 20 witimate rae vuriazloa. Thus:-
Wii:re:-
Moo E“%~ﬁ ! M - .etlmatec average

» = upper Jimi: of th? range

- ® ‘cuar liatc of the range

4+ o L.nstant (2) to be used in
a.i cmputcotions

Followlng throyrygs the rrevicus coxample where the upper and lower
limity were 2.tfineten az 155 ad S9 ca‘ha, respectivaly, we have

M= .1..5___2:_52 + 55

« 13X 455
2

- 50 + 5¢

- 105

The averaye (cr mean)® then, f: likeiy to be around 105 ca/ha.

2. If this wer: to be 30, would 100 - 1.0 te close enough to be¢ of
uge o managecent’

Remember excessive accuracy is expensive, wasteful and extremely
time consumin,.

1 Although "Average” is a4 “erm (n comcn use, a more precise term
is “mean"” since thure are sevcral types of "average” in general
statistical asc. Gee pages 14 & 15,
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CONF IDENCE

Confidence deaived when presenting the findings

After you have obtaineéd an answer, how sure do you want to be when you
presenc it to management that the answer is correct? Of course, you'd
like to be 100 correct but again in dealing with samples this is not
possible and you must settle for something less. 'How much lesa” {s
8 dacision usually made by the survey director. This decision will
aleo have a bearting on the size of the sample to be taken.

1f we took & 1002 sampie of a population and did everything accurstely,
vhen we calculated the "mean” of that population, we would expect

our answer to be correct. When we take samples of less than 1002
however we know we run the riak that our "sample mean" =may not be
exactly the aame as the "true mean'’. For example, given s totasl
popuiation of nine numbers®-- 1,2,3,4,5,6,7,8,9 the true mesn can be
calculated ay

Me X Where
N
M = true mean
M = LF243 a5 4b+ 74849 Z_ @ means "the sum of"
9 x @ values of the numbers in the
45 popul at {on
R N = population stze

1f we were to take random 5ampleaz of different sizes from this
populatlion, we might obtaln results as follows:

Sarple Size Sample Data Sazple Mean
1 k) 3.00
2 2,5 3.50
3 2,5,7 4,67
4 2,4,6,9 5.25
S 3,6,7,8,9 6.60
6 1,2,3,4,5,8 3.83
7 1,2,4,5,6,7,8 4.71
8 1,3,4,5,6,7,8,9 5.38

Obviously, the "means” of the various samples are not the same as the
“true mean’, nor, reasonably, could we expect them to be. Given such

a difference though, how can we {nfer anyching about the true mean based
on any of these samples?

Statistically, there i{s a procedure whereby we can calculate s range of
error around the "sample mean”. This range (called the "standard error
of the sample mean' 15 the range around sur "sample mean” {n which the
“true mean” will probably fall. It {. calculated as follows:-

Where
K L.T " E = One standard error of the sample mean
E 'V' p 8 - Standard Deviation of the population
from which the samplc was drawn.

n = gize of the sample.
Thue, tt {s & "standerd daviarion" for a special situarian.

I For stmplified {llustration only a ve-y <mall posulation and ssmples
are used.

2 Por 8 discussion of randomness, sgee page 28,
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results can be calculated as shown in the table

In thts example, the
retow -
Sample Stze nample Data Sample Mean Standard Error of
e e the Sample Mean
! ) .00 2.738
N 2,0 3.50 1.936
s 2,57 4,07 1.581
. NN 5.2 1.369
5 [N . i) 1,225
" 1,2,8,4,5.4 1.43 1,118
' L.2,5,5,h, 'R oo 1,035
4 1., e.9,0, 0 8,9 S8 .968
fraphtvally, (5:i4 can he shown ay tollows:
TRUE|MEAN
SM
262 X
62 ; . -~
}'L Range ot sample jerror 11 Standard [ Erroe) $73W
L oM
1
1S4 1 f43n
} 3 - -
! “M
3089 467 14t
528
— J] -
SM
528
1341 i 6619
- 4
| SM
oo
5379 ! 7829
- | 4
’ I
SM
in3
1R 1 4948
¢ —
’ M
47
imn’s I T4
I SM
AL
4412 g n 148
—_— j 4
I
g i . A\ T
{ M i 4 ) b 8
Thuua {n general rhe larger the sampler, the amalier the range of '"sample
error'’, and uanally (hut not alwiys) the [egser the possibility for

actual numeri{zal orror

O
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{n the “gample mean” due to <ampling blas.
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Drawing upos prubabili:cy :h.nryl, with any samply size we cdn cxpress our
confidence in the "sample mean™ as follows:

Number of Probabitity that Probabtlity that  Chance of the "True
"Standard Errors” the "True Mean” ts the "True Mead' 1s Mean” being within
from the Sample Mean within tols range not within chis this range (P/(100-P)

(E) (P) tange (100-2)

3 H8. 267 3. 74% 6£8.26/31.74 aor 2:1
2 5. 44 4.5 95.44/4.56 or 20:1
3 99,74 0.26 99.76/0.26 or 369:1

Although 1.2 & 3 "Srandard Errors’ sre illustrated here, actually sny number
between 3.1 ond 3.9 may be uscd by referral o the "Normal Curve and Related
Probadbility” table on page 72

Essentially, any specified sample mean will fall within a range formed by the
tfue mean, and 4 glven number of "standard errors” on efther side of it. Thus,
about 68 percent of all pussitle means will f£..11 within a range <+ one standard
error of the mear. In other words, the probability is about 68 percent that
the m:an of 2 sample selected a: random will be witkin this range. Conversely,
the probability is 327 chat {c ~tll not be. Thus the chances are 68/32 = 2:1
that it will be. As we increase the range to two standard errors, the chances
are 35.5% (or about 20:1) that che true mean will be within the range of the
sample m sn. Generally, to increise the confidence {n an estimate for a given
gample .12e, 2 wider range of vrror must be allowed for,

When managument specifics the rount of error it will tolertte, the confidence
in the answer con by caleulated, thus:-

Mangemeat Tolerted Error Nusber of stoandard Errors utilized
I Stndard Error
For example, continuing the forcwoing {llustration, with 1 populatton of 9, {f
mANAgem: Nt wanted Co know the tru. me'n 1nd w-s willing to tolerate an error of
2.738, with 1 sample s:2+ of ono, our confidence would be limited to 68.26%.
(1 standard crror).

Jhore
2 738 Srmple Size = 1
7735 © ! Standird E-roc E = 2.738 = 1 Standard Error
o T = 2.738 = Tolerated Error

Howeves {f we worv to Sobw v gomple gafze of oight, where 1 standard error is
reduced to .96, sur confidence woa'd be fneteased s follows:-

Whe re
2238 L8 stind rd wrrors Sampl. Size = 8
.68 E = .96% = 1 Sctandard Error

T = 2.738 » Tolerated Error
which from pag. 22 ts equil to 99,547,

Tewe
Combining these concents of tolerazed orror sod confidence nhead of time, {f
manageme it w3 willing to tolerate :n vrror of 2.009 in our answer, and we
desired to present Hur findings with ~ confidence of 89.91 probabil{ty, then
from page 72 9.9 confidurce Is At the | 64 standard ercor point. Therefore,
1f 10 error of 2.007 {3 permitr.od, nd it must f-1@ it the 1.64 standard error
IHmie, the slze of ane st nderd vrror {s found »s toliows:

Manager £ng [‘,‘lt! tvd E;‘ X9 » ne Standa r
§ rd EI.'I.'O
Numbe r >f St inddnrd Errnra t w utilized

which {n this cose s ;,:?0 . 1.22%

By reviewlng our stand-ed reor £anl for the 8 different size samples tllus-
trated, we ¢in gew thir anl o suaple of % would b¢ required fn this instance.
These concepts cxn »o porcr-l{z.d ints ~ formuls to coleculate the appropriaste
sample size under vartous condition-.
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OPT D saitile slis ZORAULA FUR LU EMATING A MEAN

Having ¢stablianed an understanding of che elenents which are involved,
the following formula can now bue used to determine the oprimum sample

sfze for estimating 4 mean.

Where

» uptimum Sample Size

* Standard deviation of data in the population
= size of the error in the mean that

e — renagement will tolerate

’ N Confidence with which we wish to present

C- the findings

=4
™o

l
A
X

&

Selected
Values of Confldence

X Fercentage Numerical
1 6«‘;,2’7 2.1
2 95.44 20:1
3 929,74 J69:1

(Sve pape Mfor more complete and precise
determinatfons ot "KLY

Let us now restate aur problem of the palay nroduction by Ilotlo farmers:

Quest ion What size sample of hectares should be used in order
to estimate the pala; production (ca/ha) of frrigated
farmers (a IVo1ls for the 1973-74 Wet Season?

Management {8 willing to tolerate an error {n the answer
of 1s much 43 3 ca/ha 1c cither directicn, and we want

a 29 to 1 confidence that 2Ur aaswer will not exceed
this deprve of error. We further estimate the standard
deviation in production to be a>proximately 17 ca/ha.

= 128,44 »r 129 -zouaded up.

This me.as that 129 samples of separate, randomly selected hectares will
me Qut requirements as specificd {n this problem, repardless of the
number of hectares that are actuall heing harvested in Iloilo during the
specified perfod.

Practically, you should tncrcase the acrual sample size over the optimum
ilze to protect acainst possible -rror {n csimating the standard deviation,
to allow for some ~one-reanange during da:cg wothesing, srrors in compiling
data, and other los: becauss of asece . inilicy, ote. Additional samplea
will {ncrease the erlia tlicy ~{ the vstimate, while fewer samples than
speci{fied will loscen [te reliabil{ey ard ~erhaps fafl to meet managecent 's
requirements, 2
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OPTIMUM SAMPLE SIZE FURMULA FUR ESTIMATING n rERCENTACE

The preceding formulas was useful for vitimatting 4 mean. However, it s
often necessary to provide management with an answer in tewms of a
percentage. For example, management might have posed another question:

Queastion: What percentage of palay farmers in Nueva Ecija
have year round irrigatlon on their paddies?

To determine the appropriste ssmple size to answer rhis question, the
following formula {3 used

Where
3 = uptimum Cample Stz

100 - Conutant ( 2J) in all equations
P = Prelimluary estimated percentage

~ (',f L] (The preltmanary estimated answer
<; =\ S t~ the questicn belng asked)
~ T e B E =+ Stze o, the error In the percentage
;o “ that management will tolerate
P ] K = Confidence with which we wish to
/ " present the findings
Selected Confi{cdence
Yalues oy Percenrape Numerical
K - —
§ 63 dn 2 to 1
? PR 20 to 1
3 [N 369 to 1

Uee Pthe vy v ogere ermplete.ad. preeise
Srotetzorion of T,

As in determining the ptimum sample size for a m an, management mest spectfy
the degree of preciston ft wanta {n (L5 auswer, as we'l ae asking the
question.

Stnce "E" and "X" have ilreadv been discussed at lengeh oHn pages 21 through
24 , that discusston will net ke repeated here.  we will eramine "p*

owever.

Preltminary Estimated Percentapey

Similar to the need to determine the wiriabili-y of the populacion (D)

in the previous formula, w. have a requiremenr in zhis formula to make a
preliminary estimate of the auaswer tu the ¢uestion Leing acked As betore,
{f you have any technical background tn the subject matter under study, you
mey be able to make 1 guesstimare If rot, yor should consult with an
"expert” and use h11 taformed opintun.

The need i3 to select a number netween | and 99. (3 amd 10 do not compute!)
As a gulde to this process, you should be awire of the frllewing general

trends
wWhere P - 0 L 10 27 30 40 .
or 00 99 99 60 )
(1720 - P) = P ~ 2 G W00 10N 1N 2500 2500

Thus, {f you have no fee! for the sftuatlon, and roilly #an pet no expert
opinton you can play saf» hy uaing 30.a8 thi: piues the 1irseac poasible
result. Do npt agunize gver this pre Liminary seswer. It s oanly part of a
process to help determine the appropriate sample size t- sake. Select

the number and ge: on with the job of finding the real answer®
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Let us use this toformation to rephrase the quest{on and demonstrate
tha use of the formula.

Question: What percentage of palay farmers in Nueva Ecija
have year round trrigation on their paddieg?

Management {s willing to tolerate an error in

the percentage of as much as 2 percent, and we want
to be 99.74% sure that this degree of error will

not be exceeded. We will assume that the preliminary
percentage estimate ig SOZ.

Then, substituting in the formula-
Where

S = .LQO_';LP S = Optimum Sample Size
(Esx) P = 50 = Preliminary . Estimated Percentage

E = 2 » Tolerable Error
K = ) » Confidence of 99.74%

We have

s = (.00 - 50) x 50
(2/3)¢

= 5,625

This 1a & large sample, and apart from the expense will cake a long time to
gather, .analyse and process. Advise management of this. Perhaps, in
reviewing their needs, they might relax thelr specifications, as follows:-

s = 100 - 30) x 50 P e 50
(3/2)2 E=S5S
K =2

(1.e. 953.44% probabilicy)
s 400

This 15 a much smaller (and thus casier and less costly) study to conduct

Thus, by appropriate feedback consultation with management, the survey
director can usually develop a sample size that is both feasible to
zonduct, within the resource constraints, and appropriste to management's
needs.

As in estimating the Optimum Sumple Size for a mean, it {s good practice
to increase the actual sample size over the optimum size, {n order to
protect against possible error in estimating the percentage, to allow

for some non-response during data gathering, errors (n compiling data,

and other loss because of inaccessibility, etc. Additional samplea will
incresae the reliability of the estimate, while fewer samples than
specified will lessen fts reliability and parhaps fail to meet management's
requirements.
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SCLENTIPIC SAMPLING METHOULS

Once you have established "How Many' samples to draw from a population,
the next fmporcant problem to be resolved 1s "Which ones?”

"Spot-checking” and "judgement” samplus are otten resorted to by people
in a hurry. They tend to “play it by ear,"” recaching ocut in any or all
directions to grasp for information from anyone who might be available'
Such impressions may furn out ti be valid, and again they méy not. With
experience, an i{ndividual may be able to sharpen his judgement and
develop a8 "feel” for the sictusation - where to go and who to ask under
varying circumstances. Nevercheless "'quick and dirty” appratsals
conducted in this manner o«re {mpressionistic only, and although useful
to ansble a policy maker to itmprove his mental picture of the”real
world”, they cannot (5r should .ot) be usc¢d for quantitative snatytical
purposes, since there {: no way of measurling thelr reliability. The
“sctentific way" {3 to use "random sumpling methods.

Contrary to popular impression, random sampling is nut a process of
arbitrary, haphazard s-lection »f itews from a gi‘en popu¥ation. Rather
it ts selaction in a manner which assures that cach 1tem In THeé population

has an equal chance of being selectad.

There are several approved mechods for drawing samples from a population,
each of which has cortain advantages dependinz upon the circumstances.
But, before you plucge In and stert selecring 'representative” {tems, you
must determine the relative {mpartence of {tems in the population. If
each ltem in the popularion (s concid:ced Lo have equal importsnce, you
can take either a "SIMPLE" or a “SYSTEMATIC' RANDOM SAMPLE. If on the
other hand you know thr.t the chavacteriscics of the {tems (n the population
differ markedly and Lt is poss.bl. tc classiiy them, you might want to
select samples from eacn >t these pronpings in order to improve the
validity of the survev. This ncre sophistizated approach is known as
"STRATIFIED RANDOM SAMPLIM:

Pinally, because »f the d1:ficuinte; {n fiold travel in some situations,
and/or in acder to reducs tr sl ime and costs, CLUSTER® sampling may

be the only practical meins availabic zo conduct the survey.

Bach »f these will Be dt1cussed with "how to do it” illustrations.

30
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S (MPLE RANDOM SAMPLING

, Jable of Random Dtpits

A good "scilantific” method tu use in simple random sampling 1is a tadble of random
digits such sa ool ) page 19, These tablas have been carefully constructed
to utilize che digics 0.9 tn a completely unatructured, unsvstematic, randon
manner, wich each digit occurring with ibout the same frequency. The process
"4s as follows:-

Obtain a ccunt of the total populltlonlunder study.

Pirse,

Second, Use the total afze of the population to determine the grouping
of random Jigits tn che tabie that will be used. For example,
Lf che population iy berween 10 and 99, uze groupings of two
digits. between 100 «id 939, use groupings of three digits:
between 1,000 and 5,999 use groupings of four digirs, and so
forch,

Third, Assign sequence numbers to the population under study.

Then, Select any point in the table to atare, grouping as explained
above,

. Pinally, Proceed {n any systematic manner. (i.e. down, across, etc.)

selecting and recording cthose numbers that fall wichin the
populatior ringe, and disregarding numbers outside the range,
untll the tocal designated sample size has been selected.

Por example. let us ussume we are going o gelect five provinces to visit from
8 list of forty three, using the random digle table in .C3le 1 page .38,
1. The population ts 43 therefore use groupings of two digits,

Asaign sequence numbers to the lisc, thus

Q
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2, Determine the groupings.
fs 43, or cwo digits, wve will use ¢

3. Select a starting point from the random digits {n this table.
§ould be used as the <tarting point.)

start wich the top lefe pair of columna, with digits-- *0S5",

Jequence ¢ & Province|Sequence ¥ & Provincd Sequence # & Province |Sequence # & Province
1 Nueva Ecija 112 * guna 73 Quezon 34 Aklan

2 loilo 13 cagayan 24 Bataan 35 Surigzao del Sur
3 Psmpanga 14 Ilocos Sur 25 Bohol 36 Southern Leyte
& Pangasinan 15 Nueva Vizcaya 26 La Union 37 Antique

S Tarlac 16 Capiz 27 Leyte 38 Misamis Occ

6 Cemarines Sur 17 Mindorc Oriental | 78 Dava:- del Sur 39 Negros Oriantal
7 South Cotabato 18 N.gros Occ 29 Bacangas 40 Davao del Sur

8 1Ilocos Norte 19 Mfdoro O-zc 30 Zambales 41 BDekidnon

9 Isabela 20 Alday 31 Camarines Norte 42 Zamboange Norte
-10 Pelasen 21 Zarboanga iuv 32 Cavite 4) Zamboange Norte
11 Morth Cotabato 22 Lanao del Sur 33 Rizal

In this {nstance, .since the total population
wo coiumns for the two digit grouping.

(Any one

For convenience fn {llustration we will

4. Proceed in any systematic mann=r, and select those numbers that fall

within our population range, until fivs
If we vork down the page, the numbers ar
Thoss underlined fall within our range corresponding to:-

2.2

02 Ilotlo,

05 Tarlac.

1% Lavuna,;

24 Bataan;

appropriate numbers have been selected,
I 92.86,87.23.64.57,56.98,51,13,57,51.

39 Negros Oriental

Il Populstion is used in statiatfcs to sipnlfv the zor -l number of things
from which you are draving -sagweple.
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PIVINES

EANDOM DIGITS - OFTIONAL PROCEINRE

An Optional Procedure that will speed up the selecticn process (s to assign more
than one sequence numper to cach Ltem. Dividing the upper limir of the group by

the population cotal and rounding down to the whole number will determine the
appropriate amount of numbers to assign to each ftem. For example, in the sttuation
above, where we have a two digit grouning (upper limit 99) and a total population

of 43,

two sequénce numbers to cach {tem f{n the population would be the appropriate
asllocation. What this procedure accomplishes s to lessen the number of rejected
tandom digits since now 86 (43 cimes 2) of the 99 digits {n the grouping are in use.

Sequence numbers would then be assigned to the list, thus

Sequence # & Province Sequence # & Province Sequence # & Province| Sequence # & Province
t

1,2 Mueva Ecija 123,24 Laguna | 45,46 Quezon 67,68 Aklan

3,4 Ilotle 25,25 Cagayan { 47,48 Bataan 69,70 Surigeo del Sur

3,6 Pampanga 127,28 llocos Sur ;49,50 Bohol 71,72 Southern Leyte

7.8 Panga®inan {29,370 Nueva Vizcayas 151,52 La Unton 73,74 Antique

9,10 Tarlac 131,32 Caple [53.54 Leyte 75,76 Misamis Occ

11,12 Camarines Sur 33,34 Mtadoro Or 155,56 Davac del Sur 77,78 Negros Or

13,14 South Cotabato {35.34 Nepros Occ 57,58 Batangas 79,80 Davao del Sur

15,16 Ilocos Norre (37,38 Mindoro Occ 159,67 Zambales 81,82 Buktdnon

17,18 Isabels 139,40 Alday 61,62 Camarines Norte!83,84 Zambosnga Morte

19,20 Bulacan 141,42 Zamboanga Sur ! 6),64 Cavite 85,86 Migamis Or
21,22 North Cotabato 43,44 Lanao del Sur 65,66 Rizal t

Using the same starting point and procedure as on the previous page, we would only
have to run through six sequence numbers to get our quota igstead of fourteen as
previously, thus. 05.36.87 02,54,57, rejecting only 87. The provinces selected
would then be - ST

05 Pampanga. 34 Misamils Oriental, 02 Nueva Ecija, 64 Cavite;, 57 Batangas

An {mportant aspect of using a random digit table s that by recording your working
method #nd the pagticular rable used along with the survey results, any charge of
bias csn be despvewed, and hence the objectivity, the relative validtity and
reliabilicy of che aurvey assured. This may be especially {mportant {n some highly
controverstal >r crucial policy wituations,
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DECK UF CARDS

A practical method for drewing random samples from a population {s

tu uae an ordinary deck uf playing cards. Here you have a systematic
2,4,1) or 52-bsse selection pool, using the whole deck®, or any
intermediate size population, by eliminating (or disregarding and
tedelecting, Lf drawn) some cards. The deck of numbers {s easily
"randomized” by shuffling, cutting and drawing. As in using random
dixit tables, you must adsign sequence numbers to the population.

For populat{om larger than 52, you must employ a "mulci-stage
method - that ts tntrtally sub-divide the group and make a few
preliminary climinations before sequence numbertng and selecting
sctual semples from each group and/or sub-group.

This procedure introduces some problems as unless you are careful
ft may not be a3 sctenttifically abjective ay a ran‘om diglt table.i
Neverzheless, {t has certain practical advantages 15 a readily
avatlable and employable method under most field conditions parci-
culacly where random digic tables are difficult to appiy or cannot
be cmployed hecause of the laborious (and often imposaible) task of
ivquence numbe.tng e¢very item in a vaguely defined population. With
cards, you c4n work quite flexibly and rapidly where the total popu-
tation {4 not masterlteted, or well defined.

Piychologtcally, the attempt to eltiminate subjectivity and the concept
2% chance can be more apprectated by the people you are surveying,

1t slso serves as a useful "ice-breaker" to have the fleld management
staff "partictipate” i{n the selection of farmers to be {ntervirwed by
cutting and selecting cards for you, after you have chosen thelr

area to be @arveyed by a previous sub-grouping.

For example, ar the Nactional Food and Agriculture Council (NFAC) level,
although you may know i{n gross numbers how many farmers are enrolled

tu the “Masagana program’ by province, you will not know thelr names,3
Thus {t wiuld not be possible to select whizh farmers to visic.
However, by a nreliminary drawing you may select several provinces to
survey. (Upon arrival act each province, you may further select several
munitcipalities to visit, and upon contact with the municipal management
team, several barrios, and ultimately from the farm managemenc

rechate tan, several farmers can be selected from his master-list.

1 2 - Red/Black, & - Heart, Club, Diamoand, Spade; 13 - Ace through
King revardless of cslor or sulte, 52 - Hearts 1-13, Clubs 14-26,
Diamonds 27-395, and Spades 40-52.

"~

1f the groupingzs, and divisions into sub-groupings are not equal
and symmertrlcal, the individual {tems in the population will not
hav+ an equal chance of selection.

)} dor should you. It 1s not generally neceasdfy nor desirable to
»ceumulaze manses of detalled data at higher mamagewmens lewela.
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SYSTEMATIC RANDOM SAMPLING

This method purposely selects ttems from sll parts of the population in a
systematic manner, without biss, rscher than attewpling to pick items at
random,

To use thia method:-
1. Asaign one sequance cumber to each f{tem in the population.

1. Determine the "skip interval”. Divide the oumber of unicts
in the population by the sample sise.

Where

{ = skip tnterval
P = Populstion Size

[
S = Sample Stize

Wiy

3. Select a starting point from the population at randowm.
(Use a random digit table)

4. Include that ftem in the sample, and every "1"th ttem
thereafter, unttil the totsl sample has been selected.

Dxample: We wish to interview 6 out of 193 technicians assigned to the
Masagans program in Pangasinan. How would these he selected
by systematic random sampling?

l. Assign sequence numbers from 1 to 193 to the technictans.
2. Determine the akip interval.

1 193 a32.1¢
6

Round down to the whole number, = 32.

3. Szlect a random starting point. Here is a working method
which 1 could employ. (You can use your {magination to
create ochers).

8. sStart st the upper 'eft corner of the table. Count ~ff
the digits across the top equivalent to the skip interval.
Croup {n three's after that (equivalent to the population
size - 3 digits) and proceed from left to right, chen
right to left down the page, discarding until a three digie
number {s reached that is withtn our population range.

Enploying this working method, the 32nd digit would be 2,
followed by the g-ouplngs "359", "652" which would be
discorded, and then "065" ¥hich would be acceptedle.

4. Starcing wich technicfon £9, and selecting every 32nd techt i lan
thereafzer, until six tcchnicisns had been chosen, we wouid i1iag
have 69, 101, 133, 165, & and )6, (Note: 165 + 32 = 197. Stince
we only have 193 in our populstion we would have to go back to 1
and start over asgain. Hance, "4" would be the next selection
sfter 165).

Caution: Sometimes, ftems in s populazton sre arranged in a particular
pattern or order which may be repetitive or cyclical. If this s so, and
the skip interval {a on the same cycle, your sample {tems may not be
representative of the totsl populstion but may instesd sll have the same
characteristic.

For instance, you might decide to survey work activity in fleld offices
using particular times of the day for sample observations. If you should
happen to select & 3 hour skip interval, snd start at 9 am -- with a sampling
of sctivicy at 9 am, 12 noon, 3 pm and 6 pm you might draw the conclusion
that there fs very itttle work going on except perhaps early in the morning,
since st other times people were consiatently eating lunch or meriends, or
leaving the office to go home'!' This 1s an obvious case of using the skip
intervel inappropristely, bdut many other situations may be less obvioua.
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3

STRATLPLED RANDOM SAWPLING

If tc 13 known ahead of time that the charactertstics of some fcems
in the population differ markedly. cthat these differences are
significsnt to the problem being surveyed, and it is possible co
classify these items on the bagis of thelr characteristics, we can
usually get a more accurate picgure of the total population by
selecting a random sample from each group so identiffed. This
process 1s known as "stracified” random sampling,

For example, 1f we were studying the ylelds of rice farms (n a province,
ic might be us®ful to stratify the ¢arme by “irrigsted”, "rainfed" and
"upland” since these cnaracteristics #Te already known, can be classified,
sod are significant factors in determining palsy yields. The result
would e much more meaningful chen merely selecting farms at random
without regard to such stratification.

Whenever possible, the sample sife drawn from chese stratificactions
should be proportionate to the g{ze of the group., as this reduces the
snalytical prodblems {n evaluating the results. For instance, 1f we
wanted to take a sample of 200 heccares from South Cotabato and the
province had been stratified ss {nd{csted below, the sample size for
each category would also be bazed on the same percentage, thus:~

Stractification Hectares Percentage S le e
Irrigated 35,000 48,52 93
Ratinfed 31,228 L. 84.4
Upland 8.500 1,33 22,6
Tocal: 75,228 1007, 200

Sampling wichin each stratum can then be done by any of the other
onthcda discyassed.
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CLUSTER SAMYLING

As tndicatad earlier, clustecr sampling 1s often reaorted to as the
oanly practical means to gather data where time limitations and/or
difficulec fleld travel conditions wake it impossibdle to obtain data

éay other way.

As {ts name implies, instead of selocting data from many differenc
geogrp hical locacticons, nany respondents are queried ac fewer
locations. Whanever possible, the tozal appropriste population
{for lnstence ail palay farmers ln a selected barrio) should be

interviewed.

In practice, it may take two or mure days for an interviewer to
obtain responses from ten larmers by simple random sampling if they
are acattered all over the proviuce, a3 this may mesn extensive
travel from one remote barrio to another. On the other hand, by
randomly selecting two barrtos, and interviewing as nany farmers as
posaible within those barrins, many mote farmers may be contacted In
‘s much shorter time pertlod.

Because by this method the samples will be drawn from a more limited
croas section of the toral popuiation, it is desiradble to go beyond

the ainlmum sample sisie specifications. Furthermore, as many clusters
should be selected 2s can be scrmxmodated by the time/budget limitatons.
Clusters should be approximats:ly the aame {n size.

It {s important to remember thit the clusters themselves should scill
be aelected on & scientific -athe. than a judgement basis. Furthermore,
1t sempling {s done within rhe clust+r rather chan the entire gfoup, {t
too should be done randcumly.
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CONDUCTINC THE SURVEY
Some general guidelines which should be observed are as follows:

Brief the Interviewera A survew ta rarely condu ®ed by one tndtvidual.
Therefore, ensure that all the {nterviewers have a common understanding
of the purpos¢ of the survey, definitton of terms, the meaning of the
questions to be ssked, and a uniform way to recozd answers. Provide
guidance on procedure to follow when they encounter difficulties. 1f
possidble, provide for a 'dry run” interview session to supplement the
orientation process.

ln:orvlcqiglgggoccduros Differences in f{nterviewers personalicies and
questioning techniques will affece che responses they obtatn. The
effact of this can never be eliminated but it can be minimized. The
following are general polnts chat should be kept {n mind by the
interviewers.

Introduceion - Introduce yourself.

Verify who you are spesking to.

Put the {ndividual befng interviewed at ease.

Tell the reason for the survey and the use to
which ft will be put.

Tell the fndtvidusl how he was selected to be
interviewed,

Assure him of confidentislity or anonymity of resulces.

Tell him how long the interviev ia likely to take.

Ask if the time {s convenient for an interview now.

See whether there {s a suttable place to conduct the
interview. (Privecy {s often desirable, especially
vhen asking personal questions. However, in many
fleld situatfons, this may be impossible to obtain
43 you may become the focsl point of the barrio's
"live entertainment”.)

Conducting the Interview - yse your judgement whether to follow a
structured questf{onnaire format reading off each item, or whether
to use an unstructured interview style. The structured style may
80l 8 response to every answer, but you may scare or {&hibic che
response, especially tf you record the answers in the presence of
the person being {nterviewed. On the other hand, some people feel
®Ore {mportant when they see you writing down what they say, and
often think that {i you don't wrice it down, you may forget it, and/or
fatl to pass on thefr comment. Unstructured fnterviewing generally
leads to a much more vide-ranging discussion, takes longer and may
gather much suppdemsntary dats whidh may slso be wuseful. However,
you may also miss tmportant questionsg.

Yield Computations Use local or familiar measures, and minimize computations

by the respondent. (et raw data which you can convert to percentages, etc.
later. Most people perform poorly in mental arichmetic, therefore record
information {n the terms which the farmer gives {t to you. Note the
conversion factor and do {¢ later to obtatn the ‘desired measures.
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CAUTIONS TO OBSERVE IN CONDUCTING SURVEYS

Avoid leading quesrions, snd verify responses for accurscy by cross
checking sod/or ba. : trsck repetition. Often individuals misunder-
stand what you sre ssking, or only tell you what they think you
wsnt to hear. They may be trying to fmpress you, or gsin your

sympathy.

Yor {nstance, the farmer may underatate his yield if he thinks he
uay be penalized (by taxes or rents) or overstate it {f he {s trying
to compete for 'farmer of the year" in the Creen Revolution
competition. Therefore, repeat your questions s¢veral different
vays if neccsssry to ensure that they are understood snd the person
being interviewed is responding accurstely to the best of his
knowledge.

Remember - Do no promise anycthing, except to pass on tnformation
unless you have suthority to tske corrective sction. You sre ususlly
only there a3 sn observer and gstherer of facts. The tndividusl

being interviewed on the other hand ususlly regards you ss & represent-
stive of the government vho csn snd should do something about the
situstion. Idle promises will only result {n a lack of confidence snd
lessen cooperation the next time sround.
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EVALUATC THE DATA

After the data hag been gathered and recorded oa the survey forms,
it muse be edited, weighted, calculated and interpreted,

EDITINC Prlor to use, raw data on survey furms, gathered by
different enumerators, must be screened by a astaff using consistent
guidelines. The principal purposes of this are to review for clariey,
internal conatstency, correction and mark-up for further processing.

Clarity Data recorded by enumerators under field conditions

i3 sometimes almost {llegible and/or unintelligidble to a scaff
¢ditor. Numbers may be tllegible, and many cryptic comments may
have been added to the standardized responses which might qualify
the answers recorded from "Yes" to "Yes, Syt . . | " Wherever
possible, questionable {tems should be re-iewed with the {ndividual

making che survey, however this s not always possible, and even then

it does not always produce success. The (ndividual cannot always

read his own writtng, and/or does not recall the . ..text in which
the comments werte made, although at the time they may have secm:d
mesningful.

Where multiple chodee responses have not been used, the editing
staff has a dtfficule cask of developing s standardized scheme to
classify "open-ended"” comments received. It is often {mpossible
{n fact, ac this late atage, since it is highly unlikely chat all
respondents would comment, or that different enumerators would
solicit unstructured comments in any systematic manner. This
emphagizey che need to carefully plan and scructure the sutvey
before gathering the data, not afterwondg,

It may also develop that some things which were overlooked, or
thought aot to be important {n designing the questionnafire
actually have great significance. Thus some preliminary
modification or even elimination of questions and responges may be
required.

Internal Consistency It may be observed on mulctiple choice quesations

that check marks have been placed in more than one option, even
though {t wae sriginally specified that only "one of the above”
was to be checked. There may be clarifying comments {n the "white
space” as to why, or there may be no explanation at all. wWith

number responses, editing s frequently required to recalculate

the recorded value into the standardized units requested. Sometimes
the conversion factor {s Provided, sometimes & has been overlooked.

Correction A whole range of important decisions therefore have to
be made in the editing process on how to treat the dats. Should
it be rejected outright as erroneous, counted at face value
regardless of 1cs apparent error, or accented but reduced in value,
with an attempt to figure the "ingant"? This {s part of the
editorial ctask.
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Matk-up Filnally, to aimplify the data procesaing task which follows
it may be necessary to transform all the check marks (n the standardized

responses into a '‘Base number’. For example, Lf 3 series of questtions
have been asked about rice farming which are to be analyzed in terma
of hectares, the hectarage of a particular respondent’s farm will

be the base number to substitute for the check marks on him survey
form.

To {llustrate the problems of .diting, a serles ol questions ans
reapondes on 4 farmer's farmin: practices are shown ''before' and

“"afrer”.

BEFORE

L. 2.3 has Atea Farmed

4. b.
Yes No DID YOU: - Comment s
2. X X use certitfied HYV 4eed? Doly for 1.5 hectares.
Y., X_ use recommended amounts of Not enough area available.
ferrilizers?
4, X use herbicides?
5. % X recelve credit from the Credit recefved too late for
hank ! land preparation and
transplanting.
. x X receive asdiistance from Technician helped prepare
the government technici{an! farm plan and budget. Dig
not see him afcer that.
. cafha  What vield d{d you sbtatn? 135 Lavans

(34 Wilos/ca)

3. pesos/ca What selliag price did you Sold 30 of the above cavans

get’ (97 Yilos/ca) for 1 total of 2,500 penos.
AFTER
i, . r.
Les No  DID YU -
2 1.5 .3 use rertified HYV seed’
3. 2.3 use recommended amounts of
fortilizers?
4 2.3 o use herbicides?
5 2.3} recefve credit from the banh
) — 2.3 rcecefve asrilstance froam the
gavernment technfcfan”
7. 58,0 sa/ha “dhat vwield did you obtain? 135 Sq 7
(%5 ktlas/ca) 2.3 o
4, 1081 What selling price did you o 2,500 = Il ¢ per kilo

get? (70 %ilos/ca) 30 x &4
7L x 50 = 35.51

Note: Quesgtion 5 & 6 could be edited In several ways. It is important
therelfnre that a dectsinrn be reached Sy the "editor” and held to
consistently throughout all subsequent foym editings.
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WE ICHT INC

Whenever a survey is conducted on a stracified sample basis, it is usually
necesaary to "weight' the raw data responses after the data fiss been collected
This {s done to avotld discortion f{n the evaluation process when the number

of responses from each strattficacion ditfers from the origlnal sampling
scheme .

For exsmple, we might have planned a survey of rchabilitation efforts in
Central Luzon Provinces strattfied according to the reported flood damage,
with a sample sfze of 360. Because of time and distance limitacions, ft
@ay not have been poaslble to contact many of the farme?s (and hectares)
as originally tntended tn some areas, while tn ather areas more hectares
might have been covered. To "“normalize” the data, a welghting factor s
developed by dividing the origtnal area desipnated to be surveyed by the
area actually surveved {n each {ascance. s,

Wetght = Jripinal stratificacion stze
Actual survey sample stze

Por example,

A 8 [» D E F
Rao Stratificatton Ha Actually We ight

Province Damaged T (Ha to be Surveyed) Surveyed o
Bataan 2.000 4. 348 16 25 .64
Bulacan 9,300 19.565 70 40 1.75
N. Ecija 9, w3 19.55% 70 106 .66
Pampanga 15,300 32.-09 1 99 1.19
Pangas inan 3.%00 . 609 27 27 1.00
Tarlac 7,700 19.21; 55 69 .80
Zambales 580 1.087 4 10 .40

Total 46,200 1007, (359) » 375

360

Thus, from this example, an adjustment musc be made to the raw nunberalln each
survey form to reflect the normalizing effect, by multiplyting the Ha actuslly
surveyed by the welght appropriate for that province. 1f this were not done
some areas would de overrepresented and ochers underrepresented in che finsl
resule, ’

* Due to rounding ¢f
I Item E -« hectares 1wtutlly curveyed.
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GROUPINC DATA

After the survey has been completed, and the forms cdited, you have a mass
of "ungrouped data", usually {n a disorganized state. The next task then
is to organize this data into mweaningful grouptings. Each quest ion to be
snalyzed must be extracted from the {ndividual survey form. and tabulated
separately with all the other responses to that question.

For example {f we were attempting to d®termine the’ average palay yield tn
ca/ha of ratnfed farmers from a sample of 50, after welighting we might have
the following responses.

68,97,15,45,66,51,99,105,26,60,78,47,55,72,74,130,85, /4,57,86,77,102,47,52,73
69.57,88,73,69,&5,101,93.56.65.92.77,85.60,65,58,)2,64,73.79.36,83,96,96.67
About all we could tell from this is that the ytelds vary. With a lftcle

searching we might also be able to fdentify the range. These data could be
ce-grouped from high to low as follows:

130 97 88 81 77 12 67 60 55 45
105 96 86 ’9 74 12 66 0 54 45
102 36 8% ’3 73 69 65 58 52 36
101 43 a5 13 73 69 65 57 47 26
99 92 83 77 73 68 64 57 47 15

Now a pattern {s beginning to emerye. The range is readily {dentifiable
(s span of 115, from 15 to 130) ~nd tt looks as though the mean will be
fn the low 70's,

We could priceed with calculations at this siage, or reduce the number of
items to be manipulated by summarizing them into groups. This concentra-
tion would also have the effect of highlighting the esaential pattern of
the total collection. For very large collections of data, prouping {nto
"frequency distrihutions™ {s extremely helpful to avold a lot of tedious
arithmetic. Let us follow this course of actlon through in this example.

Number of Groups Into how many proups should f collection of data be
condensed? This {s largely a judgement factor.' Generally, the fewer the
number 0f f{tema, the fewer the number of proupings. A good rule of thumb

is around 15 prouptngs, with a range from 8 grouplings for about 100 items,
to 25 groupings for about 1000 ttems. Since the obtective s to reduce

the amount of arithmetical manipulation, and reveal any meaningful pattern
tn the data, convenience, rather than mathematical precision {s the dominant
consideration.

In this {nstance, let us select 10 as the appropriate number of groupings
to use.

1 There is a formula known as "Sturges's Bule” o atermine (iils as follows:
follows: -

Number of proups = | + (3.3 x loparithm of "n"), where n = qumber of

42 items {n the
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gpen of Rach P]m We want the totsl gpan of all the cem groupe chosea
to emcompase span of the dsts in our collection. As a first approxi.
satisn we can determine the spen of each grouping as follows:-

Span of grouping e .:“:I £hoo

Ve can find the span in our ssmpls problem sa follows:-

= 11.3
This span 18 cslled & "clsss intervsl™.

As o general rule, class fntervels sre established in coavenient mmmbers,
either multiples of "5", or even numbers. We should round the above up to
12. If we rounded down to 10, sll the dsts would sot be within the range.

To summerizs our example then, we will have ten groupings with s class
intervel of twelve, for s total spar of 120, which is encugh to handle ourx
dats range.

gd-%;nt. Lkimits & Range of Class F“Eﬂ Because we gre clusctering our
dats (1a our example, from 50 to groups), for further calculstions we will
be using the mid-point of esch class intervel to represent that group. Agsim,
to avoid cumbersome srichmetic, we should try to have an easy mmber to
manipulate -- preferadly multiples of "S" (1f the clssa imterval is set at
that) or even numbers. conjunceion with setting the mid-point, we must
also set the limits of che class intervsl. Scarting with the lower and of the
rsnge of our collectior of dats we cen establish l1ikely cendidaces for the
lover limic of the firsc class interval by calculating values of A and B.

Lower Limtc of = Lowsst Mumber tn _ , .o Vhere

let class fnterval data collection A = Spen of all elass
iIntervab minus Spem
of Dats Collectism

B = 1/2 Class Iaterwel

The smsllest mumber of
the adove should thea
be selected.

Siace from our example, A = |20 - 115 = §
and B=1l/2x12e6

Therafore 5 {s selected and used to establish the lower limit of the
le8: clsse inctervsl.
Thus lower limit of ist class interval = 15 - S = 10.
%o cen eetadlish any mumber between 10 snd 15 28 the lower limit of our

iaicisl clase interval, besriag in mind that we went the aid-point of thst
class interval to be sn esey ome to menfpulace, Becsuse our class tnterval
fs 12, we canmot uee mulciples of 5 as uid-points, therefore we will opt for
the middle of the cless interval to be on even oumber.

Since 1/2 the class interval 1s 6, the lower 1iaic of the class {ntsrval is
between 10 and 15 and “we went an even number, the following mid-points are
"avaiiable” to select from.

6410 « 16, 6+ 12 =18, or 6 + 14 = 20

I will -gelect 20 a8 the mid-point of the {nficial class interval, wich the
lower limic to de 20 - 6 = 14,

) S o:cutou'lly this {s not poesible becsuse some {tems uay spprvach
infinity. In such instances, the first and/otr last groups may be left
“open-endad” {.e. "below 10" or above "150"
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A fire, but significant polnt should be noted herc. Data can be
either “Continuous,”or 'hon-continuous”. It s continuous if
within the range, 2ny velue is possible, 1f a more roefined or
sophisticated measuring device were used, It (s non-cont inuous

tf the items only come (n discrote intérvels. For convenivnce

in everyday life, we vsually crcat dots as non-continuous, rounding
off and using integers for our unit mesures. However, in
caleculating statistical frequercy distributions and class intervals,
ve should really cnstder the range throughout the whole grouping
2s continuous. Thus, with the lower limit at 14, cod a2 closs
interval of 12, the range (B the Lnitial class interval is 16
through 26. The second class {nterval will be 26 through 38, cthe
third 38 cthrough 30, the fourth 3J cthrough 62, etc. until we reach
the final cless interval of 122 throuph 134.

In making discrete groupings ot of - contlnuous discribution
however, confusion will nrise 23 zo which class interval data

at the edpes of the class interval should properly bLelong. For
instance, the questlon would immediately crisc whether 26 would
be nssignud to the first or second class {intcerval, or both.
Actually rthere (8 ao overlap., In 2 continuous distribution,

each inteyer includes 211 the volues up to the next intieger.

Thus 14 includes 14.1, 14.2, 14.3 ecte. cte. up to 14.9, 14,99

or however orecisely you wish to pefine ond measure the process.
In the above .xample, for instance, since our dats s in i{ntegers
in the {nitial class {ntervel the lower limit would be set at 14,
vith the upper limit at 25.9 rather than 25. We would however
retain the mid-potat at 20 for computational purposes.

We cam now prepare ° frequency istribution table with the class
Intervals ,mid-points and frequency for our example 28 follows:-

Lower and Upper Limit Mid-point Frequen.y
14 -- 25.9 20 1
26 -- 37.9 32 2
34 -- 49.9 44 4
50 -- 61.9 56 8
62 -- 73.9 68 il
14 -- 3%.9 A0 10
86 -- 97,9 92 7
3% --109.9 104 4

tte --121.9 116 0
122 --133.9 128 1

With 2 continuous discribution from 14 to 133.9, suddivided tato

10 proups, (class tntervals} with .ven numbers for mid-points, and
assurance that none of our dats will overlap the limits of the class
intervals, we arv now ceady for data analysts.
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Mean

]

A mean can be readily obtained from the data in a frequency
distribution tatle as follows:

A B C=ax?B

Mid-p .ot Frequency Values
27 1 20
3. 2 b4
[ A 17%
56 8 448
68 13 884
8Q 10 300
92 7 544
104 4 416
116 0 0
128 1 128
N - 50 g-ssao

- 3380, ;5.4
Mean 50 1.

It should be remembered however that alchough 71.6 18 a prectse
looking number, {t {s the average of the group of 50 ftems using
the mid-points of the cless interval: not the average of cthe
actusl 50 ftems. By reducing our dats to a frequency distribution
to meke snslysis esasier., we have lost the detail and the precision
of the raw data. 1In this perticulasr fnstuirce, {t {s not too
difficult to calculate the mean of the entire series. (71.84) but
it 1s not & practice that should be sdopted. all anslytical
techniques follow this trend of reducing data to make analysia
easter dut losing a little in the process. It is something that
aanagement must learn to live with.

Madian

The medien (s the "mid-point" of the range of valuea in a date
aeries. In the foregoing frequency distribution, the value
between the 25th and 26th f{tem. Stince they are both 68, there 1a
no difficulty. Otherwise, we'd have to take the mean of thoase
tvo values.
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PERCENTACE FREQUENCY DISTRIBUTLONS

Frequency distributions, coaverted to percentages are extremely yseful
vhen comparing two or mofe se¢ts of data.

For exaople, Ln examining the production of rice farmers under the Operation
Palagad Project, we wanted to compsre the cavan/hectare yleld of &

sampling of farmers who recetved jovernment asuisted credit, with those

who did not. The raw data was not directly comparable however until it

was converted to a percentage frequency distribution. To do this, the

total number of farmers in e¢ach category (181 for borrowers, 129 for
non-borrowers) was used as the base. The raw data and percentage

frequency distributtion dertved from (r are shown below: -

YISLD NUMBERS OF PEZRCENTAGE OF
Ca/Ha Borrowers Non-Borrawvers Borrowers Non-Borrowers
0 - 10 13 4 7 6
1t - 20 ! i 4 5
21 - 30 9 12 5 9
il - 4 16 It 9 9
a4l - 350 16 f 9 3
51 - 60 2! 13 11 10
6t - 70 26 HE) 14 14
- 30 13 4 7 15
3L - %0 R 13 10 10
91 - 10C 13 - 10 5
101 - 110 L1 tl é 9
1t - 120 1 3 7 3
121 - 130 1 3 3 2
Tocal - 141 R 100% 100%

When convertiang raw data £ prreentages, as above, some loss of precision
will occur if the values are "r.ounded Off”. For inatance, {n the first
category where yields are 2 - 1) _avans/hectare,

A3y 100 - 71823206 7
131

whereas

»
35 % 19 = 59015503 7
This generally shuuld not 5 cause for concern. Of course in some
situations, fine measurements are essentinl, and alight vartations
in data values can be sery significant, Qften however the purpose of
data reduction {s to facilitate analysts and highlight gross differences.
In <ych clrcumatances. ao useful purpoge {5 served by greater precision,
and {n fact visftiliey {s sften hindered by the additional “daca
clutter” and much extra preparation time {s eatafled.
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CALCULATING THE STANDARD DEVIATION FROM CROUPED DATA

When the data has already been grouped bv uniform vliss 'ntervals an adjustment
must be made to the formula tu allow for the “"compacrion' o€ varying data iato
clusters.

Where

S = standard Devistion
e { # sizv of the class interval
432 . 2 f = frequency of occurrence of data
S =t / fiﬁl_ ) _éﬂv {n Ehe class i1nterval
- d = difference of the class interval
from the “origin"™: - an arbitrary
8 luected class interval.
n ® number of rtems in the distribuction

Let us recall rhe data from page 42 on the averdye palay yield of ratnfed farmers
{n ca/ba to {llustrate this. You will recall from page 43 that the mean for

this discrtbution was 71.6. To employ this mean for calculating the difference
data required fn the above table would entatl a lot of vumbersome agithmetic.
Fortunately fc is not necwssary, Instead,any vac of che class intervals can be
selected ag the "oripin” and the diyference from this pofint can b¢ messured in
class intervals. Thus columns D, E, B, and G are calculated.

A B C D E(=CxD) F G(=Cx¥F)
CLASS INTERVAL DIFFERENCE FREQUENCY DIFFERENCE FREQUENCY x
Lower Upper  MIDPOINT FREQUENCY FROM "ORIGIN' x DIPFERENCE sqwzmzn DIFFERENCE
Limit Limft (£) (d) (£d) (d¢) SQuAlfD

(f(d)<)

1A 25.9 20 1 -4 -4 16 16
24 3.9 32 2 -3 - 6 9 18
38 49.9 4 4 -2 -8 4 16
50 61.9 56 3 -1 - 8 1 8
62 73.9 68 13 n o) 0 0
74 85.9 30 12 + 1 + 10 1 10
8¢ 97.9 92 7 + 2 + 14 4 28
98 109.9 104 4 + 3 + 12 9 36
110 121.9 116 b) + 4 ) 16 0
122 133.9 128 1 + 5 + 5 25 25
N = 50 S fd = 4 1% {f(d)z « 157

Bote from the above table that 3f(d)2 and (;;fd)z are pot the same!

N

Z0(d)2 = 157 vhereas (. £d)2 1s 152 = 225
Thus:

e g e

fisr
s=12x %%l - ;%ﬁﬁf

« 12 x 1‘ —!—S—I —2-12_..
50 257
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SHEPFARD'S CORRECT ION FOR CROUPED DATA

In grouped, continuous frequency distributions,because of the  -:.. “¢»

for data to cluster around the mean, the mid-points of the cls io. -l
to the left of the mean tend to be too small, while those to ¢ = R

of the mean tend to be too large. Thua, when the diffvrences i .- -
mean are measured, they are too great in absolute size. Furth.: .o

when the values are squared, 'h> errors are not offset, but ra i.r

are compounded. Under these circumitances, the end resule ¢-

standard deviation which ts larger than would ocherwisz ha.. =.: If

the data had been left ungrouped. ''> compensate for thy slse, an
adjustment of , 1/12 knowr as Sheppard's Correction -- ruberacted in the
fwrcule thus the Standard Devisiion with Sheppard's Correction "Scorr”

is calculaced as folluws:-

YAt S

which i3 the foregoing examp.e is

PR ety s gan?
e tfd) F2 fd\ 4
Scorr = ! e - ) o
/

- 12 x ¢’3.L4 - 0.09 - 0.0823

- 12 x .‘,-’.'.-,saa;

= 12 x t 70798

® 20.65 , rarhe: than 20.957 as calculated without the correction.

BESSEL'S “CRRECTION FOR SAMPLE DATA

The foregoing formulae are employed wien calculating the srandard deviation
for a total population. However, .n most situations, the frequency
diatridbution will reprea~;t only a sample drawn from the population,

rather than the total population {Iself. Under these circumstances {t

18 necessary to make s furcher ad)ustment tc the standsrd deviation
calculated for the samplen to sbtain a best estimate of the standard
deviation for the population.

This is known as Bessel s Zorrection and .s cilculated as follows:

Where
SDP = Best Estimate of the Standard
SDP = {n n 1\, 52 Deviati{ion of Population
y § / S = Standard Deviation of the Sample

n = Size of the Sample
l * Constant, one (1)
Thus, continmuing our exmple where
n=3 and § = 20.65

o 430 _\x 20,652
shp \/K 5o - l’X .

- jx.o: y 426,422%

- . 434.95085
48
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COEFFICIENT OF VARL.TION

The coefficicat of variacion (CV) {8 a owasureément that indicatus
the relative variability in the daga, or process beiny studied.

By 1tself, the size of cthe standard deviation indicates how much
variability there is in the data, fn gbsolute tepms. However, in
some circumstances a given number may be relatively large, while in
other situations 2 much larger unic may be relatively small. For
instance, in estimacing the averace seed requirements for a 1/10th
hectare test bed, the standard deviation might be fn grams. For the
same degree of precision in estimating total sced requirements for
4 national production progrem, a sgandard devistion of "hundreds of
cavans” might be appropriate; and cavans, although much larger than
grams in absolutc size would be a pelagively more precise meagure.

The cocfficlent »f variarton (CV) ¢nables us to compare buth of
these for velative preci{sfon. The CV ¢expresscs the standard deviation
83 8 percentoge of the mesn thus: -

cv = . <3ndard Deviation 3z 100
Mean
Judgements about the data ftself can then be made, using the following
table as a guide.

cy

Percentage

Variation InCerErc!ﬂtiOﬂ

Less than 200 Highly consistent, wich very small variatior
20 - 3N Fairly congistent, wicth moderate variation
40 - 597 Inconsistent, with medium var{ation
60 - 797 Highly erzatic, with high vargstion

80% or more Complecely unpredictable, with extreme

variacion,

Thus in our example where the mear §s 71.6 and the standard deviation
20.856 the coefficient of variacion is

cv 20.856
"I xloe
- 2913 x 100

*» 29,13% or fatrly cona{stent, with moderate
variation.
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UTILIZING THE “NORMAL DISTRIBUTION CURVE"

Probability of Deviation from che Mean

A major feature of the normal curve is in dotermining the extent

to which any dsts value in the Aryray differs from the meon. This
is done measuring the area under the curve, from the mesn to

the standerd devistion value of the dats fitem in question.

/ .A}M
Mean i \
-

# B ] B
|\‘

t Lo

/ AN
BN
\\
_ + 15D = 68.26% .

i T M 228D 95480 ooy e
- - - Hxll MIS
o e e . 3 SD = 99 28 . )
! t

-3 -2 -1 Moon i 2 3

Not: that the shape of the normal curve is such thae ft npproaches,
but anever touches the “x" axis, bur for practical purposes it iga

not necessary to go beyond ) standard deviations in cither direction,
Applying the normal curve to our preceding problem situation where

the mean of the distributton is 71.6 ca/ha and given that one atandard
deviation s 20,856 cn/ha.

68.26% of the farmers should obtafn a harvest butween
71.6 ¥ 20.856 = 50.745 and 92.456 ca/ha
95.44% of the farmers should obtain » harvest between
71.6 % 41,712 = 29.888 and 113.312 ca/ha
a2nd
99.74%2 of the farmirs should obtain a harvest between
71.6 > 62.568 = 9.032 nnd 134.168 ca/hs
Although the probabilftivs have been shown for + 1.2, & 3 stendard
devistions, by use of the tabl: on page 72 the probability for any

range, or the range for zny dusired probabtility can by detormined.
This ts on extremely usvful fiature in Anclyzing sample data.
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Example 1 Probability for 8 Specified Range:

Q. Civen the above mean of 71.6 and etasderd._deviation of
20. 836, wvhat ias the probability that farmers will obtain
8 harvest between 65 and 80 ca/ha?

To coavert s data item to standard devistion units, the following
formula is employed:

Dats Item

agpressed in o Data Item Value - Mean Value
Standard Deviation Standard Deviation Value
© Units

Thus 65 -

Data Item

enpresaed {n = w

_SD Units 20.856

- 0.6
20.85%6

* = 0.3164556 or ~0.32 rounded off

Stmilarly 80

8 - 71.6
20.856%

- 8.4
20.856

* $.402761% or + .40 rounded off

From the table 2% s standard deviattion of .32 is equal to s probability
of 12.3Rand s standard deviatfon of _4p 1s equal to s probebility of
13.341. The specified range thus encompasses a probability of 28.09%.

Exemple 2 Determining the Range for s Specified Probability

Q. Civen the sbove mean of 71.6 and Standard Devistion of
20.856 find the range within which 952 of the harvest
is likely to occur.

From table 3952 probability occurs in the range
% 1.96 Standard Deviatioms from the wsean.

Stnce 20.856 ca/ha = 1 stendard deviation
20.836 x 1.96 = 1.96 standard deviations
= 80.88 ca/ha

Therefore the appropriste range is
1.6 +40.88 = 30.72 to 112.48 ca/ha.

£ e 51
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DETERMINING PROBABILITY
Another utility of the normal distribution is that the probability of

gccurvence of any item in a distribution can be determined, given the
distribucion’s mean and scandard deviation.

TN S = Standard Deviation
o P = Probability of
/f occurreace
/
.//
~1 i
T I N
- T I f 1 ‘.MI"
8: -3 -2 -1 Mean +1 +2 +3

"3

L3 2,28 L5.872 S50% B4.13% 97.72% 99.87%

This 18 done in effect by expresaing the value of the ftem in question
in terms of {ts standard deviation from the mean, and then measuring
the percentage of the area under the curve along the "x" axis from the
extreme lafe of the curve to the value of the item in questton.

Tha prooebilities are shown above for several selected standard
deviations, however they can be calculated for any value from
- 3 standard deviations to + 3 standard deviations .

See the footnote sm table 2, page 71.

Thus, from our preceding problem situation, where the mean of the
diatribution 13 71.6 ca/ha, snd the standard deviation s 20,856 ca/has,
1f we wished to know the probatility of a farmer {n this group obtaining
44 ca/ha we convert the 44 ca/ha into standard deviation units end look
it up in the table, as follows.-

Deta ltem Expressed . _ 44 - ATNe
in SD Units 20. 456

= . 27.6

= - 1.323 or -1.32 Standard Deviations rounded off

which from table 2 1s equal to 9.34 % prodabtlity. (50 - 40.66)
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ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

- 5t
NON - NORMAL DISTRIBUTION

Bven {f 4 serics of data ia not distributed {n 2 normal fashion,
crlculation of the standard devistion can still prove uscful for
sanagemont analyais. Rugardluss of how a scries s distributed,

the following formula can be used to determioa: the minimum percentage
of probsbility of ftems that will be {ncluded in 8 given range.

Where
1 100 NS = number of standard deviations
MP = l';'s'z' x from the mean

MP = Minimum percentage of items, or
probebility that {tems will be
included vithin the range

Alternately, the number of srandard deviations can be determined, given
the percentage or probabilicty desirud, from the following formula

160

Som: usaful referuncy polnts durived from the above formulae are
cabulated below:

Nusber of Standard Minimum Probabilicy
Deviaticns from the that items will be
Mean (KS) included in the range (MP)

17.36
.9
50
55.56
66.6
75
84
28 89
90
93.75
25
96

.
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STAMDARD ERNOR OF THE MEAM

Becausc we have been working with samplc data, rather than the actual
total population, the mcan that w haw derived (s only a mean of the
sample, rather than the truc awan. Befors prescating our findings
to managvment, thercfory, it (s tmportant that chis difference  be
taken i8to considiration. Otherwise ocur findings will be limited to
oaly cthe¢ sample population itself and w will haw durived no benefit
from sompling. Mormol distribution thuory can be used to estimate
the likelibood chat the truv scan livs within a given range of the
sample mean. By use of the following formula,l we calculate the
Standard Errvor of the Mvan:-

Whury
S SEM = Standord Error of the Mean
SEM =~ J’ - S = Standard Deviation of che Sample
n B = Sizc of the Sample

In «ffect, thy standard crror is o standard deviation which measures
the vxtunt to which viluvs cstimated from samples differ from the
trux population value.

Thus in the foregoing situation, where the somple man was 71.6, the
scmple size 50, and the sample standard deviation was 20.856, cthe
standard crror of the mean is thua:-

—_—
i 2
spq - [ 20.856
v T s
e
~ T 5o
. J 8.699
-« 2.95

The mognitude of the maximum possible urror can bo «xprussed by dividing
the Standard Error of the Mcan by the Mcan tes lf, and duscribing it as
a percentape thus:
Mognitude = ég! x 100 Whe re
M = muon
which in this case is 3;’: x 100 » 4.12 or about & purcent

I "n-1" ias uscd rathcr than "n” where the sample size is less than 30.
If the siav of the population {z known, the abowe formula {a
modifiud s follows:

) Where

N = Population Size
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CONPIDEMCT INTKRVAL AND STAKINRD FRROR CF THE MPAN

The aignificance of cnlculating the Standard Deviation and the
Standard Error is we can now apply the findings from the s

survey data to the total populatfon and be confidunt (within
specifi.d limieations) that fit is an accurate Tupresuntation of
the truv situation. ’

Sinc: the Scandard Error {s 2 spucial cos. standacd duvintfon, ics
probabilitics ste dutermined from the normal curve in the som:
manfer 28 the standard deviacion previously described. Thue #1
standard orror represents 2 probability (or confidance) of

68.26% that the true mean live vithin this range of the s2mple
mAn,  Ia sur example whery the ssmple mean is 71.6 and the
standard crror of the mean 2.95, therefore we = n stoee wich o

confiduncy of 68.26% that the true rmean of the population lies
betweun

71.6 + 2.95, or 6B8.65 and 74.3%5 ca/ha

To Obtatn thy Range

Dupending upon thy confidunce with which we wish to ¢xpress our
findings, the numb.r of standatd orrors of the mwon to utilizge
c1n algo be dutirmined from the "Normal Curve and Related
Probnbiliey Table" on pagw 72,

For uxample, 1f ww wish to have  confidence of 99.3%, from the
table < range of 2.8l standard crrors of the mean would be

NWCuBsLy.

In the xampl., stnce 1 standsrd crror of the mean = 2.95
2.81 standard ¢rrors of the mean would be 2.95 x 2.8] = + 8.2895 ca/ha
from the sample mean of 71.6,0r botween 63.310% 2nd 79.8893%

Io Obtoin the Confidunce L.vel

Alternacely, Lf minop.ment specifies the range within which ft
vishes the dat2 preswented, we can indicate the confidence that we
have in that range by calculrting 1s follows:

Managemeot tolepsted vrzor . number of standard urrors of cthe
1 stondard vrror mn utilized

For wvxample, in the rbow: situation, if management wanted the answer
within 1 ca/ha, our confidunce would be en lculatod 1s follows:

3133 * .339 or rounded Sff .34 standard crrors of the mean

which from ehe table glves us a prebabiltiey of 26.627%.
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STANDARD ERROR OF A PERCENTACE

The concepts of probability are equally applicsble to other measuves,
besides the mean. Another measure of genersl tnterest is che
percentage. For instance, management might wish to know the extent
to which low productivity was 2z problem tn rainfed paddy areas.

Using the dats sample on page 40 and making an assumption that 60+ ca/ha
1s the satisfactory cut-off point, from our sample of 50, we observe
that 13 of those reported, or 13/50 = 26 percent fall in the problem
area. What inference can thea be drawn sbout the population that was

sampled, from this sample information?

First, we must determine the probable sampling error in the estimated
percentage. The formula: for chis {3 as follows:-

Where
Standard Err..r T SEP = Standard Error of a Percentage
of & Percentage « ;{00 - P) x P 100 = Constsatr {100)
N; N P = Sample Percentage
N = Sample Size

Thus, substtieuting our dats in the abovel

= (100 - 26) x 26

50
r

= ;T4 x 26
./ 50

1924

50

33.48

- 6.2
To get a picture 5f the mapnitude of the posiible error, we divide the
Standard Error nf the Percentape by the Sample Percentage, and express
Lt as a percentape asx follows

Magnitude = é%ﬁ x 100

Thus the error in chis case could be as much as 2:2 x 100 = 23.85,
or almost 247, 2

o

1 “N-1" ts used rather than "W’ where the sample stze (s less than 30.

o6
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COWFIDENCE INTERVAL AND STANDARD ERROR OF A PERCENTAGE

Similarly, confidence associated with the sample percentage can be
cslculated, as it pertains to the true percentage desired by mansgement.

Thus, vhere the sample percentage ts 261 and the standard error of the
percentage 6.2%, we can state with a confidence of 68.26% (1 standard
deviation) that the true percentage of the population that is
unsatisfactory lies between

26 * 6.2 or between 19.8 and 32.2 %

By reference to the Normal Curve and Related Probability Table on page 72
the number of standard errcrs of the percentage to utilize can be
determined fo: any desired confidence. For example, to determine the
minimum percentage unsatisfactory cases with a confidence of 99.9%,

from the table .27 standard errors of the percentage would have to be
substrscted from the sample percentage.

Since 1 standard error of a percentage = 6.2%
3.27 SEP = 6.2 x 3.27 = 20.27
or & minimum of 26 - 20.27 = 5.73 &
By the same token, it could be as much as 26 + 20.27 = 46.27 percent.

Alternately, {f management wanted the answer with a range of 5 percent,
ve could provide that answer, with the reservation that our confidence
was not very high, thus

Minagement tolerated error = number of standard errors of the
1 Scandard error of percentage percentage utilized

For example, in the sbove sftuation, a renge of 5 represents 2% on each
side of the sample percentage, thus

%*% = 0.4 standard ervrors of the percentage

From the table, this converts directly to a confidence level of 31.08%.

These concepts were discussed carlier on pages 1@through 27 in
establishiog the survey to determine the appropriate size ssmple to

be taken, using best guesses for the mean and the standard deviation,

vith specified tolerances. Once the sample has been taken, we merely
reverse the process using the actual data drawn in the sample to determine
that which we had previously guessed at.
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STANDARD ERROR OF THE MEAN FO& STRATIFIED RANDOM SAMPLE

The formula for calculating the standard error of s mean obtained
through a stratified random eauple s & little more cumbersome. It
1s in effect a weighted standard error, since we muat tske {nto
account the fact that each of the stratified”groupings” (atratum) has
its own standard error. First the mean aad standard error of each
stratum 1s calculated in the same manner aa before, then the overall
standard error is calculated from the following formula,

Where
SEM » Standard Error of Mean
Standard Error of a '{Sﬂz x P2 of each Stratum
Stratified Meen = /J—“mz—' P = Wetighted Percentage of
each Stratum Population

100 = Constant 100
For example, gtiven the following situattion

A B C D E r
Province Ha Z of Total Strattfication’ Ha Actually Standaxd
Damaped Ha Damaged (Hs to be Surveyed) Surveyed Error
A
Bataan 2,000 4 14 25 3.1
Bulacan 9,250 20 72 40 4.2
N. Ectja 9,250 20 72 106 3.5
Pampanga 15,000 n 119 98 2.4
Pangasinan 3,500 8 29 27 1.4
Tarlac 7,000 15 54 69 2.1
Total 46, 1007% 3560 375
2 2 2 R
o [ x6h) ¢ 02® x20%) + 3.5% x 20%)er (242 x 33%) » (1,47 x 8% 4 (2.1° 15%)
100+

of €61 x 16) + (17.64 x 400) + (12.25 x 430) + (5.76 x 1089) + (1.96 x 64) + (4.4} x 229
13000

153,76 + 7056 + 4900 + 6272.64 + 125.44 + 992.25
10000

19500,929 = ,1.95 - 1.395%
10000 N
or 1.4 rounded off

Note: The percentage of mach stratum to be surveyed s used, not the
percentage actually surveyed, otherwise some areas would be
overrepresented and others undervepresented in the final reault.
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ESTIMATINC CONFIDENCE INTERVALS FROM SMALL SAMPLES

Ia the discussion o7 sample size, | indicated earlicr that in general, at least
30 measurements shovld Se Jdrawn from a population ¢ make a8 useful quantitative
analysls. In some situations however, Lt may be impractical to draw this many
samples, but nevertheless an analysts ts still called for. What can one do?

One correcting feature which we employ to offset the small ssmple size is to use
"N-1" rather than "N" {n the various equations, as {ndicated in the footnotes.
A problem remains in calculating confidence estimates howsver. Generally, the

problem with 4 small frequency distridutisn is that (t tends to be much more
widely disperased than the normal distribution of rhe pcrulacion from which (it fs
drawn. As the samplzs become smaller, the difference between tham and the true

population tend to become greater.
Fortunately, for our purposes, 3 distribution has been calculated, -- known as

the "Student’s T, -- whicth we can utilize to arrive at a atatement of confidence.
The procedure is somewha: different from the foregoing however,

l. We calculate the Standard Error as before.
2. Then the "T" Table on page 73 is used to obtain the value for "T"
for different sample atzes, for any specified level of confidence.

Note: Instead of Sample 3tze (N), the column {s headed
"Degrees of Freedom". Por our purposes here this {s "N-1".

Thus, for example, Lf we only had a sample size of 15 and desired
to> present our findings with a confidence of 95%, the "T" value
would be 2.145, corresponding to 14 degrees of freedom and 951
probability from the table.

J. To obtain the Range within which the true mean lies, associated
with any glven confidence level and sample size.

Multiply the Standard Error by T.

Thus. given a standard ervor of 2.97 and a ssmple mean of 71.6
in the above situation, the range would be 7.6+

2.97 x 2.145 = 6,37 or
5%.23 through 77.97.

4. To obtain the Confidence Level, associated with any range, the
procedure is resersed, thus

ange

T Standard Error

which must then de looked up {n the table for the appropriate sample
size.
Thus given a sample size of ll, a standard error of 2.2464 and

management's desire for an answer within + S, the value of T is

5

S —— ™ .2
2.244 2.228
which corresponds to 3 probability of 9S%.

If this all sounds terribly complicated, the way to avoid {t i3 to
take larger samples':
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ractices in order to lmprovéﬁ;;aulta. For example, under the Mzsagana
rogrom, availatilicy nnd utilization of credit was scen as a ma jor
ietor which could fncrease formers ylelds.

ienever possibly, such recommund=tions arc made on the basis of carefully

‘aluated experiments, particularly technical recommendations such as

proprinte amounts of furtilizer per hectare. Sometimes, however when
want to change policivs, wv oftun have nothtng better to go oa than
tuition and common sense. At other times, the need to do sonething ts
great that there is no chance for pre-tusting.

these circumstances, it is appropriate that the impact of the rocommeanded
ang<s be evaluated ss soon as praceicable to detcrmine whether the change
8 in fact benefticisl, and thus should be zontinued, or whether it was
significant, or e¢ven detrimental, in which case nanagement would want
rescind fc.

s {s quize 2 complex azen for analysis, and gencrally beyond the scope
this timiced ¢ext. Howuver, Just to whet the appetite, I'd like to
svide an example of thy sinplest cf these correlation snalysis techniques
tear relationship between twe varirbles.

't tollowing formula cin by used for this annlysis:

. . Yhere
XY - ‘XY
- ¥ = coefficient of correlation
T e e x ® lst veriable vnlyes
'N;XZ - (fx)z-ﬁ &\YZ - ({Y)z y = 2rd " wriadble velues

above {8 quite a formidable looking formuia, but sctually it caa
calculated without too much difficuley, nnd provides some vXtremely
ful guidarce.

L. In effwct, from 1 patted set of data values, » covffictent of
correlation " r" (s calculoted. This (s thea compared against
2 scale ringing from - 1.7 to + 1.0, which is inrerprcted as
follows:-

COEFFPICIENT OF
CORRELAT ION INTERPRETATION

- 1.0 Perfcet "Nepative Correlattion” (i.e. As
X" increnscs, "Y" decreases).
( No correlation discernable,
+ 1.9 Purfect "Prsitive Corcelnzion” (L.e. As
"K' incrvases, "Y' {ncrzases also).

2. 3y squaring the coefficlent of corre lacion, the amount of varfation
atiributable tu the indvpendent varirble can be calculated. Thus
Fercentape of
Variation of Y ™ 100 32
attributable to X

3. Alternately, the purcontsge of waexplainible varfation can also
be identiifed

Percentnge of
Varfation of ¥ = 100 (1 - r?)
vhich is not nttributable to X

The magnitude »f these mensuremsats provide menagement an
indication whethur further {nvestigatton s called for.

60
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LINEAR CORRELATION OF TWU VARIABLES
Lat us tllustrate the use of the above formula with an example.

Manageaent {s interested in knowing whether the avatladility of credit
had sny impact upon ylelds. Sample data revealed the following:

Independent Dependent The tollowing table is then developed to

Variable Variable determine the valuez of the various
X Y elemonts {n the €.ouula:

Losns; Pesos) Yieldsica/haj i 2
£ v XY x v
110 25 2%50 12100 625
210 14 2940 44100 196
370 34 12580 136900 1156
420 59 247380 176400 3481
560 60 33600 313600 3600
540 43 27520 409600 1849
710 81 62370 592900 6561
850 79 67150 722500 6241
900 99 39110 810000 9601

% 480 S¥ =496 XY~ 322090 8’1&3213100 Qz «33510
N = Number of Palrs =~ 9
Substituting tn the formula,

© N SXY - aXeX
Ll . 2
/x<x - (X

} < -

Jx s

/

we have

(9 x 322790) - (4330 x 494)

r = ° - —
R 43302 jo x 33510)- 494

. 2505110 - 2384030
J28962900 - 27328900 » /301590 - 244036

. 519080 o

/5634000 %/ 57554

- 319080 - 5195080
2373.6 x 239.9 569436.5

Thus T = 912
end i e 832

Thus the varlacion in ylelds which can be attributed to
changes {n the amount of credit ¢s 100 r? or

100 x .9122 = 23,2 pe’cent
and the unexplainable variation {s

190 - 83.2 @ ' "8 < - .ot

Note: When "r" ta based on sample data, an allowance mus: also be made
€or the fact that {t {s subject to sampling ervor.

The standard error for [ v .g?
the corwelation coefficien: "/J - 3
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LINEAR RANK ORDER CORRELATION OF TWO VARIABLES

The foregoiog analysis gave rise to extensive arithmetic becsuse it compared
the actual values of each dats patr.

A simplified spproach ts to rank order esch data pair and then compare the
following modified formulal

rank orders uaing tha

Thus for the previous

Where

1 = constant 1

6 = conatant 6

d » difference between X and Y
0 * number of pairs

tllustration we would have

Difference
7arladblz  Rank Order Yariable Rank Order DBetween Rank Difference
X X Y Y Orders X aod Y Squared
110 9 28 8 1 1
210 8 14 9 1 1
370 ? 34 ? Q 0
MYN 6 $9 5 1 1
560 5 60 4 } 1
649 4 43 6 2 4
720 k) 81 2 1 1
v 2 79 3 b3 3l
%00 i 99 1 0 0

Subsrituzing

r =1 16 x 10

193 - 9
r -] - 80
120
and 2 = 841

Thus rank ordering considerably simplifies computation. However, it also is

ie3s acturate than uaing the actual data

It 1s a useful technique therefore

viten "probing"” to Aetermine whether a correlatioa aight exist.

e

-

Xnown as the Spearman Rank Order Correlation

(¥iote: Do wot use ftr tf you have "ties” in ei-her of data series for
snawple 1,2,2,-2.5, & instesc-of 1,2,3.4)
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RECRESSION ANALYSIS

Prequently, mansgement desires to moke forecasts to ¢stabliah
realiscic targets, and/or make predictions for policy analysts,
based upon current trend tnformation. This can be done bty a
technique known as regression analysis, which develops the
"line of leasct squares” in the available dacz,

For example, continuing the previous tllustratton where the
correlacton between ytelds and loans wos made, management aight
want to detiermine the appropriste loan size to ach {eve » particular
level of production, assuming a lincar cause/effect relattionship.

Essentiolly, che line of leasc squartes is obeained by solving for
two simultanvous equations with the dats developed for the
correlation analystis, and chen substituting the values {n che
formula for a seratght line,

Y Y = a2+ bX where
g e Y = value of the Y axts data
- X = value of the X axts daca
] ’ Y a 't the point where the
l - TTX line intercepes the Y axts,
a -, and the value of x {s 0
it b = the slope of the line,
f determined quantitatively
e as Y velue

X value

The line of lenst squares ts found by solving for the following two

equations.
where
$Y = sum of Y valucs
(1) >Y = na + by > X = sgum of X values
ZXY = gum of XY values
(2) ¢ XY = Alx + b x? n = number of poirs of data
Q'XZ' sum of x2 values

This can be {llustrated with the data from page 60, as gshown on the
followtng page.
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EXAMPLE OF RECRESSION ANALYSIS

From page 60

(1) 494 = 93 + 4830 b X = 4830
$Y = 494

(2) 322790 = 4330a + 3218100b XY = 322790
¢ x%= 3218100

Pirst we can simplify cquation (2) by dividing it through by 10, chus
(3) 32279 = 483+ + 321810b

Next we musz climinate one of th¢ unknowns(either “a" or "b") from both
¢quations, (1) and (3). This we cean do by testing for a muleiplier
that will set 93 cqual to 483a,by dividing 48] by 9 chus:-

é-g- . 53.66666

We now multiply equation (1) by the mulciplier to obtain equation (4),
and roundd off, chus

(4) 26511 = 483a + 259210b

Subtract equatfon (4) from equation (3)

32279 = 4832 + J21310b
- 26311 = 483a + 259210b

5768 » O + 626000
Therefore b = z%%gg s 092

Substitute this valuce of "b" in 2quation (1)
494 = 92 + (4830 x .092) PAPCIY U T

transposing, 93 = 494 - 444.36 or 49. 64

. H9.54 - 5.52

therefore 3 5

These two values for "a” and "b” con then be substituted in the straighe
line equation ¥ = » 4+ bX
Y = 5.52 4+ .062X

Craphtcally, a line of least squares can be plotted from any two data
values in the table. For axample, .

Where X = 110 Y = 5.52 + (.092 » 110) a 5.52 + 10,12 » 15.64
and where X = 900 Y = 5.52 + (.092 x 900) = 5.52 + 82.8 e 13,32
By extrapolation and inspection, the values of vither X or Y can be

astimated for a given value of Y or X. These values can nlso be obtained
by calculation, using ¢ither formula Y = o 4+ bX or X = !_é.ﬂ

For example, to determine the appropriate loan size in order to obtain
a harvest of 100 ca/ha, from the preceding dat: zad assuming a linear
relatioaship,

X « 100 - 5,52 . G94.48 e« 1026.96
.092 .092

or approximately 1027 pesos rounded off.
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5> ICNIPLLANCE

Sample surveys are often requested by management becauce they want
information about an areva of interest oa wnlch, for one reason or
another, litrle or no daca exists., -- For example, to assess the [mpact
of 4 typhoon on rice plantings and/or harvestings which are underway,
Other times new dati may be required fur an fupo.cant preyram or policy
declafon -- such as whether to change the race of fertilization for a
particular seed variety durfng the dry season, Sometimes sampling is
seen as the most efficient method of gachering regular serte of Jaca -
such a» the Burcau of Agricultural Economic, Quarterly Suzvey on dice

Producction,

Often however, sample surveys are conducted to assist the program
manager in ldentifving hils strong and weak areas, and to Ennitor the
degree to which the program is living up to expectations. when repular
program reports are received on key {(ndicators from “{nareresied”
practittoners, pertodic .ampling of data tn the fleld %y “oblec.ive"”
evaluatory can give indications as to the quality of those repcrts.

For instance, does the sample survev indicate :the sam~ level of production
as {s belng reported, or does {c differ? 1€ 1t does vary, (5 1. worth
worrying about. {.e. L3 it "within the ballpark”?! e can improve upon
the subjectivity of thts question by asking '"{s the variation
statistically gigntficane?”

The size of the Standard Deviation i{s one useful §ndicator € th: quality
of program tmplementation. Since the sample data should kcve becn
gathered in a random fashion from a relutively homogc.aeuus popilation,
the actual spread of the data should not vavy much i «bsolute amount {f
all aspects of the process arv well managed A imall szandard veviation
represents a ndrrow range ind a relatively tightly managed peogrim,
whercas a large standacd deviation represents a wide daza range and
consequently much wider tulerances, pointing the need €or follow-up

and Improvement. Of course, "Small” and "Tacge” are relative tecoms
depending upon the subiect under study «n agricultuce . wheredn.,
carefully controlled expevimencal plots mry produne ¢ siicently good
ylelds; many tndividu:ls with differcnt mentsl at.ituds. fa-ming under
varying physical cond{ziony will preduce ridoly varying -esulis,
Nevertheless, the distribution should follaw a ncrmal pate:rn under most
Circumstances.

When results occur which are unlikely to hive bappuned by chance, they
are labelled “statistically sigmificant”. The swariscic.l sigrificance
{s of course based upon protabtlity, When statisrici’ly sigatficant
data sre {dentified In program analysis, this .5 an irc’cazlon to
management that sometning unuinai is happering >har warrcucs attoncion.
If we are trying to make something unusual hapoca, [t is gooa. TIf we
are not it indicates that something {5 wrong for cither ihere i{s an
anomaly ln program implementstion which reguires remeainl action. or
the data reported i3 {n error. In Jay event, we Yhoood o wake oL agement
aware that something s:nusnal {s hanpening,

Before ralsing alarms hiwever, the {nitial ascumplion f a hemogoneous
population groupine (and -hur the expectgtion 0 & ae ~al d.str Ly ion
pattern) shouild be veri{fied. For added confid:r e a s2arch:ir; {ov
false/erronecus data resorts, the Juta siew.d v toecked s £y whecher
Lt s below the minimum expectatinns for 4 'aon-rarmal Digtribur ns”

There are several tezts which -an he anplind t wats te deror.inc

their signtficanca, devenaing upon the  iruatian  Some f cacs will be
discussed on the folliomwing pages.
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SICNIFICANCE TESTINC FOR A MEAN

A managyt ncvds dats to »ssfst him f{n the deciston making procuss. To
weet this newd, regular rvports arc furnished by the various operating
departmints, and to supplument thuse, sample surveys arv conducted on
spucial interwst nress whure tt s not practical to obtatn revgular rueporting,
Periodically mansgement should -valuate the qualicy of tts regular reports
by muans of an independent ssomple survey. This fs particularly necessary
where the "operators” usually ruport on their own performance, but it {s
worth restating that rarcly is "1002" reporting ons hundred percent
accurastea, «ven when no vestud tnterests are involved., There ts no
possibility of attatning sbsoluty certafnty cven through sampling,

however sampling rvsults con be expressed in terms of probabilictus.

By significance tuscting the xccuracy of the reported datn cen thetvfore

be judged.

The proccdure for significance tusting {s 18 follows:

1. Bstadlish the following hypothésis, known s the "Null® hypothusetis:-

Thervy is no statistically signtficant differ.nce
butwiwn the sampl. mcan and the reported meon

2. Determine the crituertns for signtficance; f.u. the minimum acceptable
probability that the srmple muan could have boun drzwn from a
populnation with the reported mean.

3. Then tust the Hypothesis,
a. Calculats "2 whure

wZ2* = Smple Mean - Reported Muon
Standord Error of the Sample Mean

b. Look up the volue for "2" {n the table on page 74.

Z indicates the probabil: o (percentage of occurrences) that
the sampic muan and the .o+ rted mean could bave com from
the s2aw population,

c. IF Z IS LOWER than managumeat's minimum sccueptable leveld,
THE HYPOTHESIS IS REJECTED, snd we conclud. THERE IS A
STCNIFPICANT DIFFERENCE,

IF 7 IS BQUAL TO OR GREATER than monagemunt's minimum
1w ptable level, THE HYPOTHESIS IS ACCEPTED and we conclude
THERE 1S NO SIGNIF ICANT DIFFFRENCE.

NOTE: sStotlsticrlly, we cannot prove or disprove = hypothuatls.
W« c3n only Indicate the probabiltty of it being %8 stated.

An example should clsrify this.

A province reports that the average palay yivld is 85 calha. However,
a sample survey {n that province tndfcates that the sverage yleld ta
only 78 ca/ha, and the Staedard Error of the Sample Mean §s caleulated
a1s 3.8,

1. Null Hypothesis - Thore s no statistically significrnt differuence
between 78 nd 85 ca/ha.

2. Minioum acceptadble probabtltity is SI.

'8 - 35 _-7
Aa. Z =2 " 9 a - . L84
a 38 73 1.8

b. Prom the table on page 74
- 1.86 = 3,29

Stnce 2 {a lowcr than management’s minfmum, the Hypothusis is
rvjectad snd wu conclude thure IS 1 stignificant differvnce.
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TYPE 1 AND TYPE [I ERRORS

By relytng upon the results of significance tests In the above sttuation nand getkent
runs the risk of making what (3 kpown as a TYPE I ERROR.

ACTUAL SITUATION

HET Ei 1Cr
L1 0 T

TEST INVEREZNCE AND ACTION

There 1S a significant Corr:ct Interence

difference.

There IS & significant difference. 1.
The Hypotheais {8 rvjucted.

o

Monagemen? ts too "uptight’,

2. There really is NO TYPE [ I'RRCU MADE

significant diffirence.

The risk management takes under these clrcumstances s to criticize the r:portars
unjustly, and/or look for problems in & reporting situation where nonuc uxlit

The chances of making such an ¢rror can be reducud by lowering thy miailmuo azceptable
probability. For (nstance, {n the last example there {8 no sigul€icant d!lferunce

at the 3.29% level.

In the cvent thoe there (s no signtficant difference (ndicated. and the cynslt
{s accepred, managemeat faces another risk, known as a TYPE .ourror.

IEST INFERENCE AND ACTION

Therv 1s NO significant diffcrence. 1
The Hypothesis ts accepted.

esig

ACTUAL SITUATION Nl FURECT

There {8 NO significant Corcest inference

difference.

2. There IS a significant
difference,

TYPE I1 JSRO? MADE

Management s “too lax".

The risk managemuent takes under these circumstances s to overlook poor reporting,
and fall to take corrective action wherc {t is needed. The chances of mak 1 ng,

such an vrror can b¢ reduced by ratsing the minimum acceptable probability.

Thus menagemu:nt should tndicate whether it {s morc important to avold Ty o 7 errors.
or Typy [I vrrirs, or whether both are equally as crittcal.

Por examplc {f management's minimum acceptable -~probability had been 27 !n the
above example, where 2 ® 3.292 no sipnificant difference would have Sven obae-ved,

It would not have shown up as significant unctil management had ratscd {t3 critecta
to 3.289%.

Study the sketch bilow to make sure you understand these concepts.

Significant
Difference

Mansgement
Minimum
Acceptlblg/

ey

L

A

NO Signtfics

Dtfference

5

\

AN

/s.m;/uu)
Mean

Reported
Mean
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SICNIFICANCE TESTING FOR A PERCENTAGE

Significance testing for a percentage ¢mploys the 2Z-test in much the gsame
way as for a4 mcan. There are two principal diffvrences however.

l. The Z-tast only gives accurate results when the percent age
and/ot the number of samples is relacively large. The rule
of thumb 1is to uttlize Z test hen a combination of

oumbezr of -
sanples x reported pcrcontnpf’ 500 ox more

Por cxample 10 samplus x %0 percent

Otherwise the distortions are too great and a more exact
muthod must be used.

2. 1n calculating the standard c¢rror of the sample percentage
the "reported percentage" is used fnstead of the "sample percentage”.

The formula t»:
2 = Sample Pc!centago - Reported Percantage

Stendard Error of Purcentage

For example, a province reports that 85% of {ts supervised farmers
are betng viesited by the e¢xtunston technfcian during the month. A sample
survey of 25 farmers indicates however that only 60% were visited,

STEPS :
1. Test whether Z test s approprinte. Either [25 x 85] or

[25 x (100 - 8%) ] should vqual at least 500. Therefore the
Z test is appropriate. 25 x 85 = 2125, 25 x (100 - 85) = 375,

2. ERatedlish the null hypothests

tatiscica aign cant difference
etween the sample percentage and the reported percentage.

3. Management cstablishes the minimum acceptable probabilicy atr 5%.

4. Calculate Standard Brror of Percentage using "reported percentage”.

———— . whoerte
SEP Y 100 -R) x p P = Reported Percent = 85
N

N = Sample 5{ze = 25
.‘/(100 - 85) x 85
' 23

e 15 x85 . 11275
T T V38

J—

"N 31 = 714

5. Cnalculate 2

a.znu
.14

[ SR
w

7.14

«-3.5
b. Prom the table on page 74

- 3.5 ® less than .1391

Stnce Z 1s lower than monagemwnt's minimum, the hypothesis s
tejected and we conclude there s a significant differcace.

SIGNTIPICANCE TESTING -- CONCLUSION
Significance casts can be extromely useful in "quality control” of adminis-
trative program management processes, by checking regular reports agafnst
candom gamples. Also tmprovements over timw can be evaluated by followtng
up sn earlier random sample :nd comparing the significonce of the changes.

1 Or (100 - reported percentage)
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PRESENTATION OF RESULTS

The final step in the survey process as far as vou are concerned

ts o present the findings of the study. This {s a very cricical
phase. In fact {t is the point of the wholv exercise. Designing
questionnaixes, {nterviewing, and statistical manipulations of
various kinds were just 2 means to the end - providing answers to
management and possibly furnishing them with some additiomal fnsights
into a program for which they have responsibilicy. Many well
concelved, planned, and executed surveys fafl miserably at this
stage becsuse they do not communicate with their tntended audience.
Reoember menagement has not had the experiences that you have just
had fa travelling, intervicwing, researching and analyzing this
survey data -- so It {s difficult for them to empathize with you.
They will oaly know what you tell them plus any impressions they
may have gathered through judgement s~ ,les of their own, and other
reporzs. It {s your job to see that t .y get the message loud and
clear. -

A frequent problem {s that after dofng all the foregotlng work, survey
technicians are reluctant to summarize. They want the bose tc gee
all the detzil of everything they did so that he doesn't “miss"
anything. Nothtog {s left out, no matter how tnsignificant. Unfor-
tunately {n such cascs he usually misses everything becaus» after
picking up the weighty tome and ruffling its pages, it 1is set astde
until there {s time to read {t thoroughly, <« a time which rarely
comes to the busy executive,

The first princtiple of report writing thervfore is to purge --
drastically! The second principle ts to simplify what 1s lefe.
And then, Summarize! If you must include details because they are
too preclous to throw away, consider putting them in s technical
appendix {n which other researchers and technicians may delight to
vallow but which the manager may {gnore {f he chooses. Above all
else -- provide the reader with a one page summnry of the purpose
of your study, your findings and your conclusions. If you don't
get it on one page, you haven't purged, simplified and summarized
enough,

Presentation 1s a whole subject in ftself. I will there fore limit
myself to & few major points, and leave the rest to others.
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MAJOR POINTS IN WRITING SURVEY REPORTS

Avoid “technical jargon” unless you arv sure that your
iatended reader fs completely familtor with ft.

Round off numbers whercever possible, it won'tc usyally
dtstort a thing, Even though you may have buen gathering
data in hectares, or ¢ven tenths of hucearcs, shen the
final riport is written you will probably be dealing tn
thousands, tens of thousands, c¢ven hundrud: vi thousands,
80 avoid daca clutecr and round off,

Us« graphs (nstund of tables whuruever possidle -- usually
te is the teend of the drta thoe is tmportant rather than
the precise oumburs. Thurefore tdentify th. point yeu are
trying to make, then make ftt, simply.

Where you do use tables - whenewver poasibly gut all rne daca
on onw page. There is nothing thar will discrace a rvader
from gleantng the moss2ge from your table morc than having
to flip papus,

Tablus should be organized so that 1 singiv mssag. 1s
highlighted. Comprehonstve metrixes of bastic daca are
only uecful for rescarchers to nalyze -« they do not
communiciate te managemnt until they are (nterproted,

If you nuvd the comprehensive table - the appendix ts the
placy for ft, Extract from it the point you wish to make:,
and then prepare 3 condensed version i{n the text at the
ppropriste poine,

After using » tadble, summ:rize {n the nareitive wh=t the
teadvr {8 supposed to lesrn from studying 1t. Som: pvople
have 1 avntal block ‘gifnst numbuvrs +nd only rend rhe rext --
skipping over tabl.s

If you newd to go {nto det1ii on a polnt, nd {t would clutter
up the text, use 3 footnoty. Remmbir however that 3

footnote {3 best guen 1t the foot of the prge on which :he
point ts patsvd, “PFoornot.s" reloegated to the boack »f the
“ext rarely, (Lf cwr) get retd un relrtion oo the: points

they arv clartifying.

Siugle spice the nirr~tive  This flics in the face of mose
rvseireh orfented trifning where doubl. apaced texe ts
tvquired, but unluss i+ {5 7 dr-ft where vitensive rewrite
is to by expected, no us-ful PUrpose 18 derved by deuble
spacing. It ankes the report twice 18 bulky 2s {f nuud be,
it wistes papur, snd e usually {nhidbics r« 3dability becruse
the "concupt density” .- the number of thoughts per page --

is half.d!
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BRIEFINGS

In additton to the sritten report, be prepared to present an
oral bricfing. Used wisely, charts, slides and graphs can be
much morc ¢ffective in getting the mes .ge act ss than velumes

of wrtitten documunts.

1f you have to present a brivfing -- don't gc at it alone.

Consult vith media specialists. In addition to giving you appropriate
stimulating prescagation cechniques, and tdeas, they will help

you avold the most common “deadly sin' of researciters -- namely
transposing the pages of the written report to charts, and then
reading the words to the audience!

Your jcb s to {nterpret the report's findings, not to read it.
The graphics are there to help you present the message.

You must practice to speak cxtemporancously, with the graphics

as your notes. TB{: {ncrevaases your cye contact and rapport with
the sudfence, kueps them awake and you alert. You shoulda't need
to read the report -- after all you sbould be morc familiar with
it than anyone clse at this pofnt. Above all, {n briefinys speak
loud and clear -- tf they can't hear you or understand what you
are sayfng -- you are not communicating, and {f you arc¢ not
commnicating the results of your survey then there wasn't
muich point in deing Lt {n the first place!

ueLuston

This booklet was written primarily as an {nttial introduction to,

and overviewyof the statistical survey and analysis function for

the support ataff of the Philippine National Food and Agriculture Coun-
et ool related agencics under the Masagana Crop Productfion

Programs.

It {s designed as a refresher cours. (in on-the- job training sessfons)
for those who have forgotten most, tf not all of the statiatics

that they had in school, and for those who for onc reason or

another never learned. Subsequent use {s {ntunded as a ready
refervnce, with "cook-book' examples to fmprove recall for most

of the formulse when the need arises.

Obvioualy there {s much more to the subtect than is contained

hersin. A oumber of topics worthy of uxtunsive treatment have been
simplifi{ed and summarized, while others have been completely ignored.
In dofng this., I have tried to follow the "min{-skirt” principle

of asepiog {c long enough to cover the subject, and at the same

time, short emough to remain fnteresting!

Thus there should be plenty to appreciate and absorb sntl tf ¢t {g all

applied to everyday osperations where appropriate, it ghculd result
in » significant tmprovement in program monitoring and management.
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TABLE 2 !

THE NOSMAL DISTRIBUTION CURVE
(One S$1d«: of the Mesn)

Percentage of all values included within the range formed by the mean plus,(or
sinus) a specitied number of standard deviation (SD) units..To calculate cumiTative
probabilities see fnotnote helow: -

30
untta .00 .01 .02 .03 .04 .05 .06 .07 .08 .09
.0 00.00 00.40 00.80 01.20 91.60 01.99 2.3%  02.79 03.19 03.59
.1 03.99  04.38 04.78 05.17 05.57 05.96 6,386 06.7% 07.14 07.53
.2 07.93 08.32 038.71 09.10 09.48 09.87 10.26 10.64 11.03 1l.44
.3 11.79 12.17 12.55 12.93 13.31 13.68 14.06 14.43 14.80 15.17
.4 15.54 15.91 16.28 16.64 17.00 17.36 17.72 18.26 18.44 18.79
.3 19.1% 13.50 19.8% 20,19 20.54 20.88 21.23 21.57 21.90 22.24
«6 22.57 22.91 23,24 23.57  23.89  24.22  24.56  24.86 25.17 25.49
.7 25.80 26.11 26,42 26.73  27.03 27.3& 27.646 27.94 28.23 28.52
.8 28.31  29.10  29.39 29.67 29.9% 30.23 30.5d 30.78 31.06 3.3
.9 31.59  31.3%¢ 2,12 3J2.38  32.64 32.89 33.15 33.40 33.65 133.89
1.0 34,13 34.38 34,61 35.385 35.08  35.31 35.54  35.77 35.99  36.21
1.1 36.43 36.65 36.85 37.08 37.29 37.49 37.70 37.90 38.10 38.30
1.2 38.59  18.49  33.83 39, 39.25 39.44 30.62 39.80  39.97 40.15
1.3 40.32  40.49  4d.b6 40.82  40.99  41.15  4l.31 41.47  41.62  4l.77
1.4 41.92  42.07 42,22  42.36 42,51 42,65  42.79 42.92 43.06 43,19
1.5 43.32 43.45 43057 43.70  43.82  43.94 44,06 4418 44.29 44,41
1.6 %4.52 44,63 L4.74 0 46,34 44,95  45.05  4S5.15  45.25 45.35  45.45
1.7 ©5.54  45.64 45.73  45.82  45.91  45.99  46.08  46.16 46.25 46.33
1.8 46.41 46,49 45.56  46.h4  46.7) 46.78 46.86 46.93  46.99 47.06
1.9 47.13  47.19 42.26 47,32 47.38  L1.44 47.50  47.56 ‘1.51 47,67
2.0 27.72  47.78  47.83  47.88  47.93  47.98 48 03  48.08  4u.12 48.17
2.1 48.21 48.26  48.30 4B.34 48.38  48.42 43.46 4B.50 48.54 4B.S?
2.2 48.61  48.64 43,68 48.71 48.75 48.78 4B.81 43.84 48.87 48.90
2.3 48.93 48 96  43.98 49,01 49.04 49.06 49.09 49.11 49.13  49.16
2.4 49.18  49.20  49.22  49.25 49.27 49.29  49.31 49,32 49,34 49,36
2.5 49.38 49,40 49,4l 49.43 49.45 49,46 49.68 49,49 49.51  49.52
2.6 49.53  49.35  49.56  49.57  49.59  49.60 49.61  49.62 49.63  49.64
2.7 49.65  49.66  49.47 48,68 49.69  49.70  49.71  49.72  49.73  49.74
2.8 49.76 49.75  49.76 49,77 49.77 49.78  49.79 49.79 49.80 49.81
2.9 49.81  49.82 49.82 49.83 49.84 49.84 49.85 49.85 49.86  49.86
3.0 49.87 49.37 49.87 49.88 49.88 49.89 49.89 49.89 49.90  49.90
3.1 49.90  49.91  49.91 49.91 49.92  49.92  49.92 49.92 49.33  49.93
3.2 49.93 49.93  49.946 49.94  49.94 49.94  49.94 49.95 49.95  49.95
3.3 49.95  49.95  49.95 49.96 49.96 49.96 49.96 49.96 49.96  49.97
3.4 49.97  49.97  49.97  49.97  49.97  49.97  49.97 49.97 49.97  49.98
3.8 49.98 49.98 49.98 49.98 49.98 49.98 49.98 49.98 49 98 49.98
3.6 49.98  49.93  49.99  49.99  49.99  43.99  49.99 49.99  42.99  49.99
3.7 49.99  49.99  49.99  49.99  49.39  49.99  49.99 49.99  49.99  49.99
3.8 49.99  49.99  49.99  49.99  49.99  49.99  49.99 49.99 4% 99 49.99
3.9 30.00 50.00 50.00 50.00 50.00 $0.00 50.00 50.00 50.00 50.00

Pootnote: To catculate cum.lazive probabilicties locate the value for the stancard
deviation shove. Then,

tf the sipn 1sa + add SO0. For example +PSO = 59 + 34,13 ~ 34,172

L€ the wignm L - subtract from 30, for exsmple - 1 SD = 50 - 34,13 < 15.8/7.

Source: Derived from Statistics for Managem=nt. B. J. Mandel, Dangary Publishing Co.
Balttmore, Md. 1966, Appendix C.
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TABLY 3 TUY NORMAL CURVE AND RELATIO PROSABILITY
(Boch Sides of che Mean)

81 .¢ of rhe itaadard Error - Puycencage of wecurrences falling within che range
srzedosd Deviatton - {Probabifiry dueatred)
or Value of " ~ (Confidencs dosired)

.CO 201 .02 .03 .04 )] .09 .0 .08 -09
’

3.0 3 0G.00  00.30 Ol.€0 0260 03.26 03.95 04.7¢ 05.53 06.38 07.18
0.1 ) 07.56 03.76 09.%6 10.36 1.4 1i.32 17,72 (3.50 14.28 15.06
0.2 15.35 .66 17.42 14.20 15.96 19.74  20.52 21.28 22,06 22.82
.31 23.53  26.34  25.10 25.36 26.6 27.36  28.1, 28.856 29.60 30.34
0.4 131,08 31.32 32.56  33.28  34.CO0  34.72  35./4  36.i6 36.33  37.58
0.5 ; 33.20 0 39,00 3970 4938 61,08 4176 42.46  43.14 43.80 44.48
0.6 7 45,16 43,32 66.23 47 4 47.78  4B.44 45.C8 43,72 50.2%, 50.98

3L 60 32,22 52.% )46 54.06 54.68 35.28 55.368 S56.46 57.04
3. .62 28,20 53073 S3.34 0 59.90  60.46 11.02 6.5 62.12 62,66
L0314 372 426 K4LTE 65.23  65.78  66.30  66.80 67.70 67.78
a B3 2% A3.16 0 £9.22  au 20 70. 16 70.62  71.08 71.%4 71.93 72.22
1) 73,3 73.72 Te.15  T6.33 0 14,23 75,40 7789 76.20  76.60
v3 75,33 17.76 Tu. 14 783.50 72,34 79.24 /9.6 To.0% 20,34
o .98  31.)32 Ji.ek 31.95  42.30 B82.67 82.¢%% 83.24 833.%
L2 84, 8 L5 b.72 23,02 35.30 3,.53 85.26 36.12 86.38
“a 46,36 4$7.16 37.%0 37.054 87.34 48.12 38.36¢ 88.58 88.32
0% 39,25 3743 99,63 33.9C 500 90.30 90.50 9C.70 90.90
A A 5 L4 9'.63 0 71,32 91.93  92.1 32.3  92.50 62.66
82 92.93 93.12 9523 ©3.42 9,36 93.72 931.36 93.78 %.12

d
.

Rl L N N N - We

- N o A T -
tw = 2N W Csm

4 i e

)

o2 PP %52 06.6% 96,76  94.83 950 95..7 ©5.22 95.34
" Bt "3.56  95.46  95.78 0% .36 95.96 94,35 3% 96.26 96.34

MW .42 33,32 96 .40 96 63 96.76 2% 34 $6.92 47.00  97.08 97.14
97.22 57.:3 97 36 97.42 87.50 97.56 7.62 g, .03 S57.74 97.80
47,86 27.92 97.9¢6 5%8.07 Gh.08 93.12 93.'8 "2.22 93.26 98.32
RPTRLE 13.40 3 .44 94.50 94.54 93.53 $8.62 ®3.04 95.68% 98.72

« o & -
\-n‘r-'au’)k'DwU‘\ﬁ&-uN,-oog;Na
Ca

276 98,30 9f, 4 929 .. PROT B e 9E S5 T 0y 99,06
FU06 9%.10 92,12 9916 9uLLd J6.26 9.2 59.24 29.26  99.28
CTT0 99,320 39034 99046 €234 99,40 942 99.44%  99.45 99.48
39,48 99.5C  99.52 9y %4 99.%%  99.36  97.55  99.53  22.60  99.62
99.51  99.64  99.64 9“6 <5.55 99,63 23,70  0.70  $9.72  99.72
79.76 99.76  99.76  39.76 9% 74 §9.73 90./3 <0.74 95.20 99.80
%9.30 99,42  99.32 99,32  99. .34 99.34 ‘.36 92.74 0 49,565 99.86
199.86  99.46 99.53  9:.38  99.33  979y..4 7 33 9¢.30  99.90 99.90
99.9C  99.90  99.90 S92  92.9' 99,32 9,.92 ©).72 99 32 99 -94
99.9% 99,96 99.94 9.9 55.9%% 99.9 99.%  99.94 ©9.9 99.96
33.76  33.36 99 96 19.96  99.96  39.9¢  5.90  99.96  99.36 99.96
£0.96  99.%6  39.93  99.934 99.93 19.68 99.93 9993 99.98 99.98
£3.93 0 909 99.93  29.98  99.93  99.93 §9.98 99.98 99.98 99,98
99.58  99.93  99.70  £9.98  $9.93 99.93 99.c3 99,33 99.93 99.98
100.30 100.00 100.00 iCN.0C 1CO.Q0 100.00 100.00 100.00 100.00 100.00

7.

.

. . .
LI NI O ok~ et

o« »

W L W WD W42 NI 2 02N s 10 .
. o e . . o« o e

Source. Derived from Statisties for Managpement, B, J. Mande!, Dangary
Publishing Co. Balrimire Md, 1966, Appendix
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TABMLE 4 - 73 -

STUDENT “T'* DISTRIBUTION

Value of "T" for the following Percentage Confidence Levela

Degreea

of Freedomd 30% 907% 95% 962 99%
: 1 3.078 6.314 12.706 31.821 63.657
2 1.886 2.920 4.303 6.965 9.925
3 1.638 2,353 3.182 4.541 5.841
4 1.533 2.132 2.776 3.747 4,604
5 1.476 2.015 2.571 3.365 4.032
6 1.440 1.943 2.447 3.143 3.707
? 1.413 1.895 2.365 2.998 3.499
8 1.397 1.860 2.306 2.896 3.355
9 1,383 1.83 2.262 2.821 3.250
10 1.372 1.812 2.228 2.764 3.169
11 1.363 1.796 2.201 2.718 3.106
12 1.3% 1.782 2.179 2.681 3.058
13 1.3%0 1.1 2.160 2.650 3.012
14 1.345 1.761 2.145 2.624 2.977
13 1.341 1.753 2.131 2.602 2.947
16 1.337 1.746 2.120 2.583 2.921
17 1.333 1.740 2.110 2.567 2.898
18 1.330 1.73% 2.101 2.552 2.878
19 1.328 1.729 2.093 2.539 2.861
20 1.325 1.725 2.086 2.528 2.845
21 1.323 1.721 2.080 2.518 2.531
22 1.321 1.717 2.074 2.508 2.219
23 1.319 1.714 2.069 2.500 2.807
24 1.318 1.711 2.064 2.452 2.797
25 1.316 1.708 2.060 2.485 2.787
26 1.313 1.706 2.9356 2.479 2.779
27 1.3154 1.703 2.052 2.473 2.1
28 1.313 1.701 2.048 2.467 2.763
29 1.311 1.699 2.045 2.462 2.756
30 1.310 1.697 2.042 2.457 2,750
e 20% 102 5% b 8 12

*  "Degrees of Freedom" {5 a statfeiical term which rapresents the number
of tndependent pleces of informetion avatilable sbout the variabilicy
of & population. There ia no variability in s ssmple of one, one
degree of freedom in a sample of two, and so forth. Rach additional
observation adds one additional independent niece of information
about the population variance. In general, in s sampla size of "a¥,
there are "n-1" degrecs of freedom. For determining correlztions
between two variables, in a ssmple size of “n" pairs, there are
"n-2" degreea of fraedom.

*4 When the tadle 1s read from the foot, the tabled values are to be
prefixed with a negative sign.

Source: Derived from Fisher snd Yates® Statistical Taobles for
Blological, Agricultural and Medical Research,
Oliver and Boyd, Ltd., Edinburgh.
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TABLE 3
PERCENTAGE OF OME TAIL OF THE NORMAL CURVE
AT SELECTED VALUES OF Z FROM THE ARITHMETIC MEAN
Y4 . 00 .21 .02 .03 .94 .03 .06 .07 .08 .09

0.0} %0.00 49.60 49.20 43.30  48.40 48.01  47.61  47.21  46.81  46.41
0.1 46.02 43.62  45.22 44.8)  44.43  44.04  43.64 43.25 42.86 42.47
0.2} &2.0 41.68 41,29 40.90 40.52 40.13  39.74 392,36 38.97 38,39
0.3} 321 37.33  372.45  37.27  36.69 35.32 35.94 35.57 35.20 34.83
0.4) 34.46 36,99 33,72 33.36 133.00 32.64 32,28 31.92 31.56 31.21
0.5] 30.85 30.%0 30.15  29.81 25.46 29.12 28,77 28.43 28,10 ?* 76
0.6! 27.43 27.32  26.7¢ 26.4) 26,11 25.78 25.46 25.14 24,83 24.51
0.7] 24.20 23.89 23.58 23.27 22.96 22.66 22.36 22.06 21.77 21.48
0.8} 121.19 20.90 20.61 20.33 20.05 19.77  19.49 19.22 18.94 18.87
0.9 | 18.41 13.14 17.88 17.62 17.36 17.11 16.85 16.60 16.35 16.11
1.0} 15.%7 13.62 15.39 15.13 14.92 14.69 15.46 14.23 14.01 13.79
1.1} 13.37 13.35 13,16 12.92 12.71 12.51 12.30 12.10 11.90 11.70
.2 ] 11.51 11.31 11.12 10.93 10.75 10.56 10.33 10.20 10.03 09.8%
1.3 | 09.68 09.51 09.34 09.183 09.01 08.85 038.69 08.53 08.38 08.23
1.4 | 08.08 07.93 07.78 07.64 J7.49 07.35 07.21 07.08 06.94 06.81
1.5 ] 06.68 06.55 06.43 06.30 06.18 06.06 05.94 05.82 05.71 05.%9
1.6 | 05.48 05.37 05.26 05.16 03.05 G4.95 G4.B5 04.75 06.65 04.55
1.7 1 04,46 04.36 04.27 04.18 06.99 26.01 03.92 03.34 03.75 03.67
1.8 | 03.%9 G3.51 03.44 03.36 93.29 03.22 03.14 03.97 03.01 02.94
1.9 | 02.87 02.31 02.74 02.58 )2.62 02.56 Gi.50 02.44 02.39 02.7)
2.0 ) 02.28 02.22 02.17 92.12 02.07 02.02 &3.97 O0l1.92 01.88 01.83
2.1} 01.79 01.76 01.79 01.66 0l.62 01.58 01.54 0O1.50 O01.46 01.43
2.2 § 01.39 0l1.3¢ 01.32 01.29 0t.25 01.22 21.19 Qi.l¢ 01.13 01l.10
2.3 1 01.07 01.06 01.92 00.9%0 00.954 00.932 00.914 00.889 00.866 00.842
2.4 1 00.820 00.798 00.776 00.135 00.7%% O00-I%% 00.695 00.676 00.657 00.639
2.5 | 00.621 00.604 00.587 00.570 00.554 00.539 00.523 90.508 00.494 00.480
2.6 1 00.466 00.453 00.440 00.427 00.415 00.472 00.391 00.379 00.368 00.357
2.7 | 00.347 00.336 00.326 09.317 00.307 00.298 00.289 00.280 00.272 00.264
2.8 | 00.256 00.248 00.240 00.233 00.226 01.219 09.212 00.205 00.199 00.193
2.9 1 00.187 0n.191 00.175 00.163 00.164 00.159 00.154 00.149 00.144 00.139

Source: Derived from Tables of Areas in Two Tails and in One Tail of the
Normal Curve, by Frederick E. Croxton. Copyright, 1949, by
Prentice Hall, Inc.
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SELECTEUL BIBLIOCRAPHY

There ts much more statistical "knowhow" than is covered by
this handbook. There arv also innumerable texts on the
subject.  [a fact. judetng fyom the quantity, one can imply
that there is borh an extensive felt need to disseminate and
€5 recelve scatisrical knowled:e. Unfortunately, siace
mathemdatles &9 2 scieace of concise notation, many of the
eXpeLts write duout sratiscics in the sarw style -- long on
symbology and formulae but shor” on explanations. 1If you
have a "mathematical mind” and can grasp equatione and

their implications ceadily the literature is wide open to
you, and there is pleniy to choese from. Gtherwise you can
quickly get lost -- pa-ticularlv in self-study -- and become
discouraged.

Three extremely useful readable books from which I personally
have “enefitted, and recommend to the reader who wishes to
progress further, are as follows: -

8.J. Mendcl, Statiscics for Management, Dangary
Publishingy Compeny, Baltimore, Maryland, 1966

M.J. Morcney, Facts from Fipures, Penpuin Bosks,
daltlmore, Maryland, 1962

2 ¢
D. Joé‘( How to Lte with Statistics, W. W. Norton & Co.,
New York, 1954
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