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FOREWORD

A7 HEN developing a speaking acquaintance with a
hook, understanding is sped if one can peer into
the book's intent and recognize one’s own place in
that intent. Sensiblv, a potential veader can judge
whether the hook’s companionship will suit his own
curiosities and compulsions or whether he will save
time and stress by secking other, wmore compatible
literature.

This book was written for a partienlar andience:
those administrators aad teachers on-the-job in Ameri-
can schools—the practitioners of education, located
primarily in clementary: schools,

S0 far into the sixties, the schools have been canght
ap in a ferment of developments and ideas which
appear to promise rather sweeping changes for the
schools, Only a few of these developments have heen
svstematically tested in school situations, and the pro-
fessional literature is filled with proposals for experi-
mentation and rescarch studies designed to support
or discredit the changes on scientific grounds. By the
time that innovations have reached into the schools,
it has already become the practitioner’s job to evalu-
ate them if he is going to defend his judgments and
decisions.

But those who call for research studies in the
schools to accompany the changes which are confront-
ing administrators and teachers have given nntul)l}
scant heed to preparing materials for practitioners
which might help ready them for the research tasks
which are implied. Quite a gap is left between the
need for rescarch in the schools and workable ap-
proaches to accomplishing that rescarch in reality.

P rhaps this book can at least partially help to fill
that gap. H vou are an educational practitioner in a
school svstem, or if you are a practitioner in training
in a college program, or if you are a college professor
working with practitioners, this book may have direct
ideas for vou,

Fred P. Barnes
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Within the teaching profession, and eatside of it too, the talk
about education is Havored with terms that wonkd have seemed
fereign a scant decade ago. Modern mathematics, teaching ma-
chines, clectronic langnage laboratories, team  teaching,  the
nongraded primarv—snch is the current vocabulary of education,
a vocabulary born ont of the quest to find better wavs of teaching.

In the midst of all this ferment, principals and teachers often find
themscelves in a diffienlt spot. How workable are the proposals for innova-
tion? Do the new devices and the new patterns of teachig produce hetter
results than some of our time-honored procednres? Snch guestions cannot
be thrust aside; the practitioner needs answers. He needs answers for
himself in making decisions about instruction, and he needs answers for
use with parents and other lavmen suddenly conversant with the termi-
nology and concepts of educational innovation. But when the practitioner
seeks the answers he needs, when he tums to the professional rescarchers
and students for tested evidencee, he is often confronted with nothing more
convincing than research findings of "no significant difference”™ betwecen
the resnlts of traditional teaching and new wayvs of teaching.

The practitioner finds “no sigrificant difference”™ almost evervwhere he
turns. For example, the Review of Educational Research for April 1962
reviewed research on technological media completed over the preceding
six vears. The over-all verdict about instructional television was “no sig-
nificant differences”™ when televised instruction was compared with ordinary
classroom instruction. In regard to self-teaching devices and programed
materials (teaching machines}, the most popular finding again was “no
significant differences” compared with ordinary instruction. Language
laboratories <. me out somewhat better, chieflyv because the amount of
research being done was so sparse, and the review ended with the observa-
tion that much more controlled research is vitally needed.

It would be a mistake to interpret the “no significant difference”
findings as either a validation or a condemnation of certain technologies
applied to classroom instruction. Rather, the findings may indicate that
the media have been used unimaginatively or that the research has been
guided by the wrong questions. Nevertheless, repetitive research results
of this sort tend to build up the suspicion that neither television nor pro-
graming, for example, has plowed up evidence to indicate that it is a
vehicle on which teachers might ride to newer and higher levels in teach-
ing—at least not yet.

Another illvstration of the lack of convincing research results is found
in the area of school organization. The self-contained elementary school
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classroom, heterogencoushy gronped. has recently: come in for re-examina-
tion, in part hecause of renewed interest in departmentalization and ability
(NCYLZ) grouping. Again, principals and teachers are faced with the
“nosignificant difference” puzae. Departmentalized schemes like the Dual
Progress Plan and the Amidon Sehool are still leagues awav from an
impartial demonstration that they are achieving a significant difference
in children’s learning as compared witly ordinary: organizational patterns,
In relation to grouping. the NEA's publication. The Principals Lock at the
Schools.! revealed a marked trend, just sinee 1937, awav from hetero-
geneous and toward ability grouping in American schools. This trend must
reflect a halo movement since vescareh studies over the past twentv-five
vears have produced onls indeterminant findings which have clearly fallen
short of demonstrating any alleged superiority: of grouping according to
ability.

Some of the standard references on clementary sehool education pre-
sent similar researeh findings and then hasten to the generalization that
administrative schemes—for example, the grouping of pupils and the or-
ganization of subject matter—cannot be expected to solve truly important
instrnctional problems anvwav, Of course, this is simply - neat picee of
rationalization. It accomplishes nothing more than to disiniss the principal
from responsibility and push the onus for instructional improvement back
onto the teachers where it can serve its customary divisive function. More
important. this side-stepping of the question also side-steps cogent ideas
about what can be expected to solve important instructional problems.

Principals anl teachers cannot avoid decisions on instructional probh-
lems. Neither can they rationalize gaps in their knowledge by hecoming
members of the not-so-exclusive club of “no significant differences.” They
are, after all, engaged in a profession which deals with intellection as its
stock in trade. Small wonder, then, that as purvevors of knowledge, they
are expected to apply the froits of knowledge to the conduct of their
specialty. This is the expectation generally held by the public, and it is
both reasonable and complimentary. For that matter, educators them-
selves abjure lack of knowledge, partienlarly lack of knowledge about
their own hailiwick.

Quite ynderstandably, then, principals and teachers look for wavs to
explain and make sensible their own instructional practices: any ostensible
lack of knowledge is highly wnconvincing to evervone concerned. The
need for knowledge becomes particularly acute when a school is involved
in one of the “new™ practices such as televised teaching, programed in-
struction, departmentalization, or ability grouping. In such instances. both
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the: pablic amd the practitioner are especially amums for evidenee of
effectiveness, vet the rebevant b bedige oc desaltons ta sy the beast. Bat
devisions st grerforce e made and it i often hard to el whether some
spevific practice got into a sclud via ntethigence or sabesisanslog

Whether their practices Bave the ghtter of the new or the cofortabbe
asanrance of the cnstomary . it 10 o charactenstic of Auecocan schools to
ba comntantly searchimg for wass to mpwose 1 the respusite Rnowbedge
can't b fonmd in research evadence hlbed with o agimbcant diffen nees”
practitioners kok chewhere for amswers which will wem satnfacton to
thenselves wnd to their public

ALTERNATIVE SOURCES OF KNOWLEDOS

Wit are the alternatine sonrces to whch principab and teachers
may tirn for the information they vl ne naking imtroetumal decivdons
Basedd 100 i soort oo comtinennn. there s to he sis appeosches to the quest
for ew knowbedyge or for «alsdation of informuation alreads koown. Thew:
approaches range along a continaom from the anthoritartan to the u|m|'i
tartan, from dependence apon the tradithonal bneowbedge: of “ev e badh ™
to relative independence amd self-rediame in creatiog and testiog ideas

. l " ' L

Rgure 1. Seurcos of Knowiedge for Schosl Posple

Whet eoverybedy bnows. The: nunt convenient and the most widely
nerd o to louk for defenses of what we do in the whools s in “what
esershudy bnows” We all know whet “everstunds ™ knows, w0 8@ takes
etle efort teo ol ratimsabes fir what we e doing We can Degin wnd
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end our search for knowledge with the assumptions of common parlance.
For example: subject matter consists of what is found in texthooks; vounger
students shonld not and cannot learn the same things as older students:
quick starters and hard workers will kear wore and {aster in sehool than
late Bloomers and rebeds: mental discipline is one of the objectives of
teaching. Here is the anthorits of the majority.

This approach ta the scarch 7o know odge, with its effciency and
directness, would be economical -l preferaiie if we conld onh e con-
fident that what evershody bnows is troe. But such is not the case. It
may not have been true to begin with and, in any event, knowledge does
not stand still. Recent advances in the varions fiekds of knowledge have
made olnolete ninch of the subject matter contained in the testbooks:
psschological rescarch stiddies have hinted that vers smiall children can
learn and are kearning vers big things: late bloomers and rebels may in
time surpass fast starters and hard workers: and mental discipline was
discredited on many fronts several vears ago.

Taking the casy way in the scarch for knowledge and depending
upon our favorite assumptions eventually hecomes 8 serious hindrance in
a world of espanding ideas. 1t hitches us to the past. And once hitched,
there is no way out. heeatse the seeds of fresh thought are not to he
found in what evervhody already knows.

Whet autheritios soy. The next warce of knowledge is abo one of
the favorite founts of knowledge about school practices. The literature of
education is filled with the conchisions, blandishments, wnd analvses of
oducational “lesdens.” The intent of this lterature is simple and direct
enough: if principals and teachers will read or hear the ideas of outstand-
ing scholars in the feld. they will be prepared to transfer those ideas to
the practical problems of teaching children. What an anthority savs is
accepled as valid simply hecause an anthorits said it.

This avemie to workable knowledge, while sunctioned by the academic:
wurld, is Slled with unsuspected pitfalh for both the practitioner and the
anthority. One is commemication. To e the language of infor-
mation theors, the mesage transmitted Iy the sender (the anthority ) nis
be worfully garbled by the receiver (the practitioner ). Certainly this
was the cuse with John Dewes's books on education. The recevers of
his messages came away with many more and fanciful interpretations of
his ideas than he ever intended. In the wme way, intrusion of static may
be deflecting Conant’s messages on the American high school. In Conant's
name, & few hord-1o-believe changes are creeping into some of o second-
ary schools.



The Search for Knowledge

To read or hear an authoritative dictum and then attempt to put it
directly into use without empirical testing is risky business. It is risky
in the first place because it involves traficking in other people’s thoughts
and prestige. It is risky in the second place because it is casy to mis-
interpret the dictum and be misled into doing the wrong things. And most
important, it is risky because the chain of thought—from the authoritative
production of ideas to the consumption of those ideas—includes no interim
sequence of challenging and testing.

All of this is not to imply that other people’s ideas have only question-
able use in the search for knowledge. They have great value if they are
used as m-tivators for one’s own ideas and if they are thought of as
propositions which must be tested hefore they are accepted as true. But
our very revercnce for the authority figure in education ordinarily prevents
our doubting him even in the absence of first-hand evidence, and it is
always faster and easier to nuse an authority’s name in lieu of evidence.

Whet researchers say. Increasingly, a show of being acquainted
with “what research says” is coming to be a popular mark of unassailable
sophistication in the educational world. Certainly, s affinity for knowl-
edge derived from research bespeaks a preference far abjectivity and fact.
The reports of researchers represent a kind of samitinest information uncon-
taminated by human preference or whim; decimmms m= rearhed through
processes quite independent of the frailties of hussas Swmught.

When research is sanctified in this way, it oftew ~erts an influence
which is not very different from the effect of pronowsscssents by authori-
tics. The chief difference resides in the fact that the roseaschers have been
substituted for the authorities. The practitioner—the consmmer of research
—is simply getting the word from the rescarcher—the producer of research—
rather than from the authority. But this difference is not sufficient cause
to suppose that one source is any less authoritarian than the other.

The researcher himself, when occupied with his work, probably offers
the best evidence that this purified view of research is nonscientific. The
competent researcher would never approach the reports of other researchers
as superhuman works quite insulated from humanity. He would be more
likely to regard them as tentative glimpses into another human being's
way of thinking, glimpses which should be carefully criticized and chal-
lenged. Most important, he wonkd probably recognize that the chief value
of someone elie’s rescarches lies in the clues they may offer for further
studies of his own. He would certainly not think of them as the final word
on any subject in which he was interest «d.

As vet, we have a considerable distance to go hefore we develop the

7
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wit to use research in the same scientific way that it is produced. It seems
that we have fallen into a notion that research is for export, that it offers
conclusive :nswers, when we shonld be using it to provide clues to our
own search for understanding. If we allow the findings of research to
restrict, rather than liberate, our wavs of thinking about educational prob-
lems, then school people will lose the potential of personal reward that
comes from being involved in scientific investigation, and there will be no
benefit to the vitality of their professional knowledge.

What practitieners feel. The scnsate impressions and consequent
actions of school people scldom find their way into the literature of educa-
tion, yet in some cases they represent a valued source of knowledge. There
are some teachers who possess an unerrimg instinct for workable, cffective
educational practices. And there are seme administrators who naturally
seem to snilff mst ingenious procedures far schosl operation. These are the
intustive mmetitioncrs who intellectualh leap their way int. stunningly
imgaessive ammsmplishments without quste being able to rar wmalize or
veshalize win they do what they do. These are the people wuo. in the
lamguage o mwonautics, “fly by the seat of their pants.” Whil their col-
leages an pondering, studving, and dsbhating, these naturais seem to
armve camb at insights and achievemsmts that the others can't quite
manage.

The imtuitive practitioner can be fowsd in all professions. A particular
physician or attorney may exhibit a kind o class in his practice that seems
to escape most of his colleagues, even shangh their preparation mav have
been similar. It may be that whatever s profession, the practitioner is
uniquely situated to utilize and perfect wtuitive knowledge hecause his
practice offers him an immediate field a# st and feedback for his ideas;
this is certainly not the situation of the deistered scholar.

In education, the practitioncr wish daeilt-in radar has long been an
intriguing but baflling subject for reuwmmsdwrs. I only his hebavior and
shrewd thought pstterns could be descvtbesd und communicated’ But this
is an ehuive gesd: neither the ressarcher in teacher and adumnistrator
training nor the mtuitive practitioner hiseelt has Vet demonstsmsed much
ability to dimlge the secrets. For cxamie. one can consult sie Encyclo-
pedia of Edesational Research or the nmsably: artful teacher om the simphe
(uestion, “What do talented teachers do we produce such a wallagang effect
on their stiwdemts?” and come awas wit.: the guestion still intert and the
answer atill tragmentary.

Ax i sonrce of knowledge, the practitioner with an instimt for the
visceral iy clurming, bat he is not far removed from the anbhoritarian.
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He is somewliat mystical, even to himself, and thus cannot be publich
shared. Wisdom from this source, like the pronouncements from the
anthority and the rescarcher, generally is taken on faith rather tham on
nderstanding.

Whet practitioners deubt. In the continum of sources of knowledge,
the first vigorous break with tradition, anthority, and mysticism esters
with the man from Missouri. The thoughtful skeptic who demands wo be
shown before he will embrace an idea bas taken the first large stride toward
matnre, independent thimking.

Of course, the persisent freethinker is a troublesome guy to get along
with, especially for the amthoritarian kind of person. Fortunately, there
is & nice, solid cadre of peweipuks ana reanchers wie serve the very waefnl
purpose of irritating the svoponents o variows edwcational doctrimes sl
criticisins. We have built 1p o kng-time (nalmish--ss about sinch peaple
however, and ter ' to diessiss them a emipiticits or simply hardheads.
Beeansc they e | to remmin wnmoved. even i the face of commsonly
accepted educational sanctmns and risals, they se regarded as hard to
edacate (usk almost any college prosewsor). Yet the practitioner who
congenitally gnestions and presses for s amswers is busy stirring np the
sereme: fields of accepted information and thevebawe is of independent worth
in the advancement of knowledge. Philesspher fusiah Royce put the matter
this way: “Despise not doubting: it is otten the hest service thinking mer
can render their age. Condemin it not: it is often the triest piety.”™

The conscientious skeptic is curiows abswt other peoples icens. Mre
is abmost compulsve about this questiomng. He is masivated In the n-
tellverteal fun Lt taking ideus apart to caamine themn. In the case of the
skepturnl edic itional practitimner, this mevalves trying out 2 new instroe
tiomal merthod w matorsd—wch as abilen gronping or 4 prog) imed tew-
heush—hebure enthnsiasm wsllowed to ses m. The trued cun be
thewagh evther formal or mtermal expesmseitution: within the confines of
one s own b After all, ame procedure. be it wew o old, is recommended
to kool puople hecause sumeone believes he s evidence of its preder-
ahilay for ase in certuin simations. What, thew w more directly logieal
thes t0 give the procedure o trial in one of the stnations for which it
was mtended?

The redoubtable, grestimning practrsoncr malbes « solid contribution in
the seurch for knowledge, pst by poiming to the wugh sort of quessans
that ouglt to he asked. Bat of comse. something clse is really needed.
If thee doubter only focuses his attention on dissecting other people's idras,
his own original thinking tesds to be crowded ont of his purview, and he
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remains stimulating hut incomplete. 8+ bus taken the first very necessary
step toward scientific thinking and wsestigation, hut to be satisfied with
just this much is to drink the apévmit amd miss the meal.

Whet prectitieners think. Th- weflective school person, the practi-
tioner who rmiminates a good deal me the embattled state of the schools,
is sooner or later bound to risk trvg e awn ideas and making his own
mistakes. He will become impaticnt et heing led by second-hand knowl-
edge to the mistakes that are seermged ~adewnc 10 schools s flux. This
preference for independence evi  wnmils biuswws into a twll Sedged ap-
proach ta education based upon emgal esprvementation amd research.

The sense of following one's mmme srassming. and then verifving it
through rigorous test, is self-fulfillag amd perwemslh rewarding. Further-
more, scientific inquiry represents the allr meams throngh which maa can
enlarge lis verified knowledge. It m dlerefosc. of supreme importance to
human emterprises. Proficiency in sewntific Shamking and reseasch proce-
dures elevates the school practitionerweyuelih with the intellectus! world
around him. Authoritative pronowussressets becomne far less commanding,
and ideas from all other sources of imsnindy ‘all oo place as tentative
leads which are perhaps worthy of mea

it would be a sevious mistake 1o affow sl of @ to sound overpower-
ing and grandiose. Research can e 20 hege @ as amall, as smbitions or as
simple, as anyone wants it to be. Amst. $%t & strepud in humidity, so much
the better. Far from being an inordesssh ~osngpliented set of distant rituals
dressed in a white gown, research ivunet when it hesames as personal and
comfortable as a well-wom suit of -nthes with baggy trousers. A very
clear stssement on this theme was sugsete wirntist Thomas Henry Husey,
and it applies rather neathy to the gnawr g developed here:

“You have all heard it repestsl  dase wy. that men of science wark
by messs of induction and dedw + amd thwr v the help of these
operations, they, in a sort of sense. «ong fomm Watwse certain ether thimgs,
which are called natural laws, and sumes, and thet out of thene, by seme
cunning skill of thewr own, they i ap wwpatbuses and thmeries. And
it is imagined by many, that the apeumtmes of the common mind can be
by no means compared with thes: ywawmses. snel that thev bave to he
acquired by a sort of specus] appemsneitay to the emft. To hewr all these
large words, you weuld think the «r sted of s man of smence must
be comstituted diffevently from ther of s wlivw mem; but if vou will not
be frightened by terms, vou will dis wew %hic wan ave quite wrong, and
that all these terrible apparatus sw Lwmg e<d w vourselves every day
and everv hour of your lives.™
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Gaining acquaintance and familiarity with Huxley's “terrible appara-
tus” is an advisable antidote for the mystery and bunkum which surround
rescarch activities and their products. Independent thinking and ingenious
testing of ideas—together with appropriate methods and techniques for so
doing—are not difficult and forbidding. H they were, it is doubtful that a
workable scientific content could ever be achieved in education because
it is the practitioners who are in direct contact with pupils and hence
through them that scientific findings finally reach the classroom. Indeed,
principals and teachers are already using the thoughtful methods and feel-
ings of science and rescarch “every day and every hour of |their| lives,”
often without knowing that they do so.

It is, then, to the reflective school person, to the principals and teach-
ers who wish to find out for themselves, that this book is addressed. In
the search for knowledge, the practitioner who understands and utilizes
the methods of research will find himself ahead of the game. Rather than
being helplessly frustrated by reports of “no significant differences” or
mutely obeisant to the prououncements of authoritics, he will have at his
command the tools with which to search independently for the knowledge
he needs.






Research is a wav of dealing witl ideas. It is nothing more than
this, and it is nothing less. Most research deals with ideas tvom
the standpoint of one or the other of two types of orientation
toward time. The first tvpe of rescarch looks from the present
o the past; it represents an attempt to explain what has already
happened. Historical research and surveys are two examples of research
that looks hehind us at where we have been. The methods nsed are cheefly
descriptive m nature. The second type of rescarch reverses the arientation
toward time and looks from the present to the future; it represents an
attempt to sest what would happen if .. .. Almost all experimessal research
in the physial. biological, and hehavinul sciences is an exanuple of research
that looks akead of us, at where we might be if. ... The methass nsed are
chiefly infevential in nature.

In both historical and experinsental rescirch, the ideas of the wesearcher
and the ways in which the ideas are handled constitute the resemech. The
historian attempts as accurately as possible to describe what he shinks has
happened; the experimental scientist attempts as preciscly as passible to
test what he thinks would happen if relevant controlling factors were
deliberately altered.

This book is chieflv cencerned with experimental research. The ex-
perimental research process utilizes cewtmin approaches to thewght and
investigation which have heen developed in order to increase the likeli-
hood that the reswlts of the ressanch will be relevant, sensible, and useful.
The essential natwre of the resessch pescess s discussed in this chapeer.

Experimental research has certain fundmmental characteristics. The
ways in which experimental sesearch does amsd does not atsempt to test
ideas are evident im the following discuasion of ten of these chmsacteristics.

1. Ressorch idecs ore sestricted by the requirement that they
be testoble. Almmst evervone bas an occasiemal stirring and wamsual idea
which soon withers for lack of a promising way to try it out. The effort
of following an iden or inspirate, to its lo'nl conclusian is werthile
only when the researcher has a reasonable assusamce that chasevation or
expevimentation in the natusal wasld cam previde the nasist irfssmation.

‘2. Taseries ond sposvistions eve closely ssluted @ roullly. Owe
of the most rigoveus tests of a thr vy is to ask hew adequately @ expleins
phememena im the natwral woskd “ust of ws have hecome artnestomed o
that fatal duslism, “Mavhe it el work in theonn. but it eon't wesk in
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practice.” The rescarcher is kelv toinsist that a theony which camiot be
verified throngh empincal vescareh and which won't work in practice was
probably an incomplete theory o begin with. He s likeh to segard a
theory as one of the most nseful wass to explain practical events. If a
theory really is divoreed from the actual world, it is not serving its highest
function and is most Kkely only masquerading as theory.,

3. Sumplicity in ideas and conceptualizations is the ideal. Direct,
clear ideas are very difficult to come by and waintain. 1t ahnost seems
that the more edncation some people acquire, the more complicated and
cluttered their mental machinery becomes. This state ot affairs is scarcely
an asset when it comes to solving problems. The elegant idea in research
15 frequently so clear and obvious that others are heard to ask plaintively,
"Why didn’t T think of that®>” And it is the simple, elear idea which very
often is the richest and decpest. Who has not heen impressed with the
elegant formula of Einstein's theory of relativity, - M2 Embodied in
this secmingly simple formula arc the new ideas of space, mass, time,
motion, and gravit>tion that laid the foundation for atowic fission.

4. Reseorch sets out to test, not to prove. “Pruol” is a logical
mipossibility and quite bevond the realm of rescarch. The rescarcher secks
answers to questions through the application of scientific procedures, He
docs not think of himself as a supermortal out to discover and prove ulti-
nuate truth. Instead, be is likely to regard himsclf rather humibly as
tester of ideas which may provide clues to the solution of problems. The
phrase “rescarch proves™ possibly applies to nothing mnore glorified than
toothpaste and aspirin advertisements on television,

5. The concept of “failure” is an archaic interference in research
activities. In a very real and useful sense, it is not possible to fail in
research. The expected norm for research in all of the sciences is “non-
significance.” This means that research projects which resnlt in “significant”
findings are by far in the minority. In many cases. there is wore to be
learned from the reasons why some hvpothesis failed to reach “significance”
than might have been learned from a supposedly sinccessful experiment.
The intrusisn of the failure concept imto resessch is antiscientific; it en-
cumbers the researcher with implied gwilt foclimgs and with a moral judg-
ment which is quite foreign to research objectives.

6. The potential value of o resserch prejaxt is directly related to
the cogency of the questions aoshed. Research always starts from a
question or peoblem of some sort. There are two general kinds of reasons
fer asking sesearch questions: intellectnal ressons. hased on the desire to
bhaow simph for the satisfaction of mwwing: and practical reasons, hased



The Research Process

on the desire to know for the sake of being able to do something better
or more cfficiently. The first kind of question is sometimes seen as leading
to “pure” or “hasic” research; the second. to “applied” rescarch.

At times, these two tvpes of research ere discussed as if thev were
mutually exclusive and as if one were better than the other. But in actual
practice, research on practical problems may lead to discovery of basic
principles, and intellectually motivated research may vield knowledge that
has immediate practical usctulness. Whether the motivating purpose of a
given investigation is primuril. intellectual or primarily practical, the re-
quirements of good research procedure are essentially the same.

7. The methods of research are intentionally devised to prevent
the researcher’s deluding himself and others. It is so casy to believe
that facts have been demonstrated, when in reality nothing has been dem-
onstrated at all, that the precautions common to rescarch seem downright
negative. For example, in a statistical study, we work with a “null” (or
“no difference”) hypothesis. If we reject the null hypothesis at the five
per cent level, this means that we are willing to be wrong in that decision
five times out of a hundred replications because of sheer chance or sampling
error. In a more or less complicated research study, the chances are so
great that our presumed findings will be confounded and that we might
be mistaken in our decisions, that we lean over backward to account for
possible errors. We tiy, so far as possible, to make certain that our ques-
tions and procedures are relevant, reliable, and unbiased.

8. Valuves play a legitimate and important poart in research
activities. Not too long ago, research was thought to he comspletely ob-
jective, dealing only with facts. Because values are subjective amd con-
cerned with hvman preference, it was taken for granted that thev could
not be usefully invesugated through the methods of research. This may
have been true at one time, but the hehavioral sciences have now worked
out techniques for identifying and comparing values through attitude
and opinion scales and the like. Ingenious ways have been developed
to transform what seem to be questions of value into questions of fact.

Opposition to continuous promotion through the grades, for example,
may be based on values having to de with “upgrading the standards of
academic work™ or “using the threat of grade failure” as a motivating
device. Whether grade failure does or does not result in improved stand-
ards, or whether it does or does not provide desirable motivation, is a
question of fact and therefore open to answer by research. In other words,
the empirical effects of values can be systematically studied and inferences
drawn concerning the values themselves.
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Values are also an important part of rescarch in a quite different
context. The rescarcher has a moral obligation to the subjects of his re-
scarch. In educational research, the teacher and administrator have an
cthical respamsibility to students, parents, and the school commnmity. It
is no more defensible to employ experimental deceit in research nnder-
takings involsing students than it is to hoodwink students in the educa-
tional process. Frequent use of what is regarded as deceit (for example,
projective tvpe tests which masquerade as ordinary achicvement tests) may
undermine the necessary confidence hetween investigator and subject or
between teadwer and student. Students, as well as researchers, have per-
sonal values which arc apt to become involved in the research process.
To assume that these are freely exploitable is as unreasonable as for a
surgeon to approach a healthy man with the request, “Pardon me, sir, mayv
I make a deep incision in the interests of science?”

The prime ethical principle is based upon the recognition that achieve-
ment of the mwestigator’s objectives is dependent upon his respect for the
subject’s values. While the principle is applicable to the entire ficld of the
behavioral scarmces, it is particularly crucial when the subjects are a cap-
tive audience of school children. Failure to respect the children’s values
is totally incomsistent with the purposes of education in our society.

9. The metheds of analysis, of logical deduction ond stotistical
inference, showld fit the limitations inherent in the problem being
investigated. It has become quite fashionable in the world of teaching
today to horrow—or at least strike the stance -of borrowing—ideas from the
“basic disciplimes.” In fact, the “interdisciplinary approach” to school con-
cerns has almost become a panacea for educational ills, despite the fact that
the exact meaming of the phrase seems to be considerably more than hazy
to those interdisciplinarians who use it. Of course, borrowing from the
parent fields (who frequently disavow paternity) has long been a trade-
mark of the schools and of cducation. But the cost for so doing has been
heavy. Too frequemtly, the schools and students of cducation have bor-
rowed both the methods amd the findings of rescarch in the related fields,
only to discover that neier the metliods nor the findings it particular
educational peahlens.

Ralph Tyler, Dimector of the Center for Advanced Study in the Be-
havioral Scienoes, poimted w the lack of “fit” at the First Annual Phi Delta
Kappa Sympesssm on Edwcational Rescarch in 1960. “Because of |the]
difference in the kinds of questions under study, the behavioral sciences
not only may fail to provede direct answers to the questions of primary
concern to edweational rewrarch but they may also contribute less in the
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nature of research findings than they do to the development of conceptuali-
zations useful in planning and interpreting studies of education and to the
invention of techniques for designing studies, and for collecting and ana-
lyzing the data of educational research.™

This is not to imply that the behavioral sciences lack value for educa-
tion. Rather, it is to point toward the need for discrimination between
the techniques and methods which fit our limitations and those which
uncritically do not. For example, education is a purposeful enterprise
conducted to accomplish certain social and personal ends. Education is
directed through appropriate objectives which make it goal oriented. The
hasic questions in education tend to be directed toward the determination
of objectives; the selection and organization of educational experiences;
the selection and guidance of students; the kinds of educational personnel
required; administrative organizations, policies, and procedures; selection
and use of instructional materials and facilities; and civic support of educa-
tional institutions and programs. Logical and philosophical analyses can
be instructive when they meet these particular kinds of limitations. When
they do not, they tend to vaporize into abstractions.

Similarly, it is highly possible for statistical techniques to squeeze
educational problems into mathematical models which distort the real
problems of schools. For example, how shall we deal with a small number
of cases, such as the twenty-five or fewer pupils in the ordinary classroom,
when traditional statistical tests of hypotheses improve as the sample size
increases? How can we test, statistically, an obviously non-normal group
of children when statistical models tend to be based on the normal dis-
tribution? How do we interpret research that involves huge groups of
children?

These problems, and ones like them, tend to sound quite defeating.
Fortunately, research designs and analyses which come very close to
fitting the limitations currently present in actual school problems have
been worked out, and new ones are being invented every day.

10. The researcher courts recognition through the power of his
tested ideas, not through the attractiveness of his rhetoric. Eventually,
most investigators find it necessary to shift the focus of their attention
from analysis of data to written communication of their findings. When
this occurs, the researcher becomes a writer, but he is still bound by the
same careful rules intended to avoid self-deception that characterize the
conduct of research itself.

Unlike other writers, the scientific author is not free to choose what
he will include and what he will leave out on the basis of the effect he

1
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wishes to create. The basic rule which the investigator must observe is to
give all the evidence that is relevant to the rescarch question asked. This
he must do, whether or not the results are in accord with his own views.
To do a good job, the research writer will tell enough abont the study
to enable readers to judge the adequacy of its methods, to form an opinion
of how seriously the findings are to be taken, and to repeat the studv with
other subjects if they wish. Crucial points freqaently included are the
study design; the method of identifving and treating the variables; the
nature of the sample; the data collection techniques: the method of sta-
tistical analysis; and the specific levels of confidence accepted in deciding
whether differences are to be considered significant. This kind of detailed
writing lays its claim to distinction in that it invites the reader to make his
own independent check of the procedures used and conclusions reached.
* Preferably, the rescarch writer will be very careful not to claim more
than his data and analyses will allow. Other writers may dramatically
clinch an argument by the trick in logic of generalizing from a particular
case to an entire universe: “Johnnv can’t read; therefore, most children
can't read.” But the researcher only discredits himself and his work if he
indulges in overgeneralizations and pre-ordered conclusions.

TWO WAYS OF REASONING

Students of semantics have fairly well established the fact that our
ideas, concepts, and thoughts depend greatly upon the language we use. A
person who speaks a language that has an entirely different structure from
that of English—such as Japanese, Chincse, or Turkish—does not even
think the same thoughts as an English-speaking person. Because the re-
search process deals primarily with the creation and manipulation of ideas,
the researcher nceds some consciousness of semantic determinants and their
implications for reasoning. '

Logical-verbal reesoning. The thoughts we have depend largely
upon the words we use. Our words are verbalizations of the ideas they
represent; as such, they serve as clues to the meanings we seck. Depend-
ence upon verbal clues means dependence on a highly developed, subtle,
and complicated form of symbolism. Through the centuries, human beings
have agreed to let certain sounds (speech) and certain marks (writing
or printing) stand for specified happenings and phenomena. The symbolic
process is the process through which human beings arbitrarily make certain
things stand for other things.

As human beings, we can manufacture, manipulate, and assign values
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to our symbols. For example, we can agree to let X stand for the boys in
a school and Y for the girls. Then we can let the symbol N stand for all
the X's and Y's. N becomes a symbol of symbols. It is important to note
that there is no necessary connection between the symbol and what it
symbolizes. This is true of all our words and phrases. The word horse
bears no resemblance to the characteristics o1 the animal on the racetrack,
the cowpony on the range, or the Shetland on the wrm. It is a symbol—-
an abstraction—which expresses what is common to the racehorse, the cow-
pony, and the Shetland, ignoring the differences among them.

The symbolic process is made possible through the process of abetract-
ing. This process is an indispensable tool with which we select certain
characteristics of an object or event that suit our purposes and leave out
other characteristics. Our words, or verbal symbols, are a form of short-
hand. They are abstractions which permit us to hold problems in place
while we work on them. They permit us to compare situations Ly examining
likenesses or differences. They also make it ble to build conceptions
which have no direct counterpart in the world around us. In fact, every-
thing that we know is an abstraction.

Some of our abstractions are at a higher, more inclusive level than
others. Highly abstract terms and phrases ultimately serve as classifications
and generalizations. Terms or phrases at lower levels of abstraction help
to make these generalizations clearer and more specific. For example, the
genenalized concepts of “work,” “play,” “communicate,” and “read” are
at a relatively high level of abstraction. They stand for characteristics that
a multitude of activities have in common and leave out most of the specific
characteristics of these activities. The abstraction “work™ does not neces-
sarily imply rowing a boat, bullding a garsge. or managing a business, yet
all of these activities may be work. “Play” might mean anything from
having a game of checkers to indulging in pun-making. “Communicate”
could vary from one person’s sly wink at another to sending a telegram, and
“read” might mean an)thing from interpreting a musical score to receiving
Morse code over a telegraph.

The test of an abstraction is not whether it is high or low level, but
whether higher abstractions can be meaningfully related to0 lower ones in

ine of a hisher tvne than oractical thinkine. A person who has command
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Statistical reasoning. To this point we have heen considering
logical-verbal approach to the research process, embedded in langnage
ssmbals and abstractions. Howeser, there is another Lingnage, composed
of mathematical symbols aud abstractions, which is known as statisties.
Under certain conditions, statistical kimguage can eapress the same thonghts
more cconomically and allow ws to reason in wavs which the verbal ap-
proach cannot encompass.

For example. we mav deseribe a fifth grade gronp of pupils in two
ways, nsing the svmbols and abstractions of verbal Laingiage and of statis-
tical langnage.

vamas SANIREM
Were are twanty-cight puplh b N= 20
this grovp—supive gtk end oy O=12
foon boys. ooy are of everage ('K 17}
intalligenss, wih a0 pupll o
tvomely beight ond ao pupl o 1D mesn = 108; range = 9¢-110
vomely &ull. ook odhisvement
fout sonres overape ¢lose 1o the Senlerd Achigvement medien = $.3
aatiens! nesms.

Pigure 3. Verbol ond Sietistical Descriptions of o Fifth Grode Grovp

The illustration in Figure 2 makes use of descriptice statistics. In most
instances, this kind of statistics enables us to v ot 1! think at a relatively
high level of mathematical abstraction, I with the very
weight, bulk, and inexactness of words. Ames. c ol statistics allows
us to do still other things with our thoughts win | ther « verbal ap-
proach nor descriptive statistics can encompass. These other things are
associated with statistical tests of hypotheses and statistical inferences.
This branch is known as inferential statistics and is based on the mathe-
matics of probability.

We know, for example, that any two measurcments of phenomena ( test
scores) will differ to some extent just by chance or because of errors in
the measuring instrument. Unless we have some way to account for the
operations of chance or the crrors, we have no mesns of estimating whether
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the difference we note between the two measurements is due to chance
factors or whether it is significant.  Probability tests give us a way to
estimate the intrusion of chance balanced against the effect of our predic-
tions. For this purpose, we choose an appropriate statistical test (mathe-
matical model) to apply in the analysis of our data and then consult a
corresponding table of probabilities, found in inferential statistics books.
Such a table allows us to estimate the extent to which sheer chance,
sampling crrors, or measurement errors could or could not have produced
the resnlts we observe. Then we are able to report our findings as “sig-
nificant” or "not significant” at a specified level of confidence (traditionally,
at the one per cent or the five per cent level) in judging the tenability of
our rescarch hypothesis.

The foregoing discussion is a gross description of the procedures gen-
crally emploved in following the chain of statistical reasoning. Later we
will return to a more specific consideration of certain statistical tests and
techniques which are especially nseful for the educational practitioner.

Cencurrent use of legical-verbal and statistical reasening. Statisti-
cal analysis can never be a sabstitute for thinking. No amount of statistical
sophistication can compensate for illogical conclusions. Most frequently,
illogical conclusions resnlt from errors of logic rather than from errors of
technique. What is needed is a proper understanding of the contributions
that both the logical-verbal and the statistical chains of reasoning can make
to research efforts. Figure 3 portrays the interdependence and similarities
of the two ways of reasoning.

Statistical methods may be regarded as methods for measuring, de-
scribing, and analyzing observations which have been made. But while the
chain of statistical reasoning can lead the experimenter to greater precision
in his attempt to quantify his observations, and while it can help to prevent
him from drawing unwarranted conclusions concerning his data, this is not
the whole job. Rules of evidence for drawing valid conclusions are also
required. The rescarcher is still faced with the necessity for logical-verhal
reasoning to interpret the meaning of his findings  As - ~ult, thee < »
constant interplay between the statistical and th ‘oe al Chan,
reasoning in the research process.

Sometimes the experimenter can apply only logical-verbal methods.
There are many problems and questions related to teaching and school
management for which a statistical model simply will not suffice. It may
be that ways to measure and express certain phenomena are not known, or
that certain behaviors cannot be quantified satisfactorily. In such cases,
the only available alternative is to proceed toward problem solution on

4]
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ur—um ) Yontutive sxtimate and rationsd svsluntion
] »
-

Figure 3. The Research Process—Two Chains of Reasoning” (Read from bottom up)

the hasis of logical reasoning. But the experimenter can employ the same
sort of careful thought patterns common to the more precise statistical forms
of reasoning.

SEVEN STEPS IN TME RESEARCH PROCESS

Research always starte westion or a problem of some sort:
Does ability grouping produ « « positive attitudes toward learning
than does mixed grouping? Is rcuding comprehension improved by using
an individualized approach as opposed to the traditional reading group
approach? Should special classes or special schools be organized for gifted
children? Do students learn more and better in specialized areas such as
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art o, and physscal cone woer aw o cialists than they g0 teem gen-
er:  cachers in scl—ontasse:  asee v What is the resstmmship be-
sewwn swal langnage “Kills o sssdos.  onl written langae- Jdadls? Docs
w. = attitude toward triee  svvemee-eibtics—plavground ame: wmnchroom
dv ar example—mfluenc  cwseeent e - or in regard to swen activities?

Uhe purpose o rescarci ~ to aisces T answers to quesssens through
e agplication of screntific prosveses 1 e answerable by reearch, ques-
10ns must be asked in such o . tna \perimentation or omervation in
the real world will vield the 1~wsea e -mation. They must be stated so
that it is possthle to apply . wehile  pracesses in seeking answers  The
processes that are used hane ‘eer de loped in order to increase the
relevance of the information gthe: the question asked. Scientific
questions, of course, are not ra v sheerly speculative. Thev are
prompted by reflections on ten, wiassestugs of different forces and influ-
~nces as we know them or svefve wew - hem. Research processe  allow
15 to test our hunches abow we @ .. forces and influences attect or
might affect one another.

As the various sciences wmave vatwmed, thev have developed efficient
methods to communicate aw.i disv = the methods of the research process.
i tacilitate discussion of smeve wetdhods. it is convenient to orgauize the
~sarch process into a sewws o1 ~wge Customarily, such orgamazations
weem to carry the implicatiom smt sty 4 always should follow step 3 and
-aep 5 always should precede segg ¢ This unfortunate and mechanical
wserpretation of the reseaseh pssasss w simply the result of confusing the
wgical form used in talking obess wemmrch with the actual occurrences
that go on in deing it

There is m» special merit in hmse-~-abde merely to name or identify a
weearch methew used. What is inswostsme is heing able to devise a tech-
wgue of study which will accusstelv-solwesie problem. No methsd or step,
hewever ingemssas, can be called efieets. - unless it leads to wellfomnded
asmmwers. Awd w is the researcher’s pamilowe to devise or invent psscedures
wiich will least him as surelv as pouslle- - t0 relevant concepts amd facts.
s technique or methad wesd shesfihemsmr-be regarded as an embinr itself
m rather as ghe means to an ewd.

Acknowlafiging the anificieliy @ dmowsing the research presess in
wswms of disswte gups, it sosms anflf o 4 mt % t. And since enpuitine
u o efficiont ywa widely sand eohmiges & -omniuniceting idess, it e
he economissl e duscribe Sustiugg!> W% ymar workings of the remsasch
pousess. The ‘maler is wasnssd, lwwove: sgamst the danger of essapling
the description f resessch as substiteters mr direct observation and war-
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sonal experimentation. If the areser:  wi < - ¢ as mots aguoms to personal

experiences that will exemplit and Wt 0 howeves oo mav result

Most descriptions of the resear v seeventoall o calt moa series

of five, six, seven, or more step ¥ LopmepOsSes i wamnnstration and
teaching, seven related and crsauad i : been idenesmc

SHEP 1. Selecting the prolsisss. Ruese . to the scwntis wnat com.

posing is to the musicaam. paveme. ~ the artist, asd vmy to the

novelist. The artistry «f the 1 ss. cr is reflected 1. wart in e
selection of problems w he wmex  ¥roblems dw not -« + outside
of persons. A dilemms hwrs we © wmc a probiwms um o persor.
conceptualizes it. When ehe v> 1 sclects a poblem a+ wortl.
while to act upon. he realls wrllext 1< own conceptual wan of look-
ing at a portion ot the w «d¢ vmane' him. When the tws fit—the
hypothesis and the real wests—me wpothesis is taken to we usabl
with such events.

STEP 2. Accumulating pertinent haswmdye and infasswetion: The cne-
tom of searchimg the lisncstewe iwspesks a prefewnce for making
an original comtribution w» kuswirdge and a cesvelatve desire to
avoid discovering things wikset) ave durady knows.

STEP 3. Latent period: The pmscess of wwmmulating ideas and scheme:
seems to require a period ef wtslllonenl gestation—a time when the
researcher deliberately swew s csmscious attention to somethim:
else. Many persons in such a wiuation find it advisable ® sleep om
the matter. Often, they smathr & Gmd that things have wenderfull
straightened themselves amt.

SYEP 4. ideq or hypethesis fevemssien: Pwwtypes of hepstheses are user
in research: the statistical or ndl hupathesis ( Ho ), wisich is some
times called the “hypsthess of w: difference,” and the alternstive
or research hypothesis (8. <sich ean be acceptes if the null
hypothesis can be rejested # . 2 sasement or propwsition which
is assumed to formulate sulutdoas ¢ e problem or pusislems.

STEP 5. Designing the test of the hypmiames: The comtnp outline
an experiment is simple: An “eupsmmental” greup is eupused to the:
euperimental (imdependent) wentsble, while a “centeal™ group
mot; the two geeups are thas eampused in tesms of the obsswwri
effect.

SWD 6. Critionl ancipnh vy gualbutior of cbesrvations el T
cupesimanter, (o reshar the mickvnn amount of mbovantinn »
vealed shrough his data, must amslvar logicaliv. 25 wol = watm

callv, the meanings of his fndings. ¥ “signirnnt wamt do &
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findings imply for the original problem? If not significant, how
might the problem be approached from another direction?

STEP 7. Rejection or acceptance: In a statistical study, we always test
the null hypothesis to find whether it can be rejected in favor of
the alternative hypothesis. If we are willing to run the risk of being
wrong in this rejecting, say 5 chances in 100, and our probability
level is shown by the appropriate table to he .05 or less, then we
may decide to reject the null hypothesis and accept the alternative
(or research) hypothesis. But if our probability level is shown to
be more than .05, then we cannot reject the null hypothesis and we
conclude that the results obtained did not indicate a “sigmificant”
difference between the experimental and control groups.

In practice, the seven steps of the research process seldom follow one
another in a fixed order. On the contrary, each step in the process does
something to perfect the formation of ideas and to promote the location
and definition of the problem. Each improvement in idea formation and
problem definition leads to new observations that yield new data which
aid in judging more accurately the relevancy of data already at hand. The
elaboration of the hypothesis does not wait until the problem has been
defined; it may come at any intermediate time. The introduction of any
new step need not be final; it may be tentative and exploratory, later to
be withdrawn or revised. In practice, two or more of the steps may tule-
scope; some of them may be passed over hurriedly, and one or two may
be chiefly responsible for the conclasions reached. The way the steps are
managed depends upon the nature of the problem and upon the sensitive-
ness and imagination of the investigator.

One more idea should be noted about the handling of the research
process. Frequently, steps are takem and observations are made that prove
to be irrelevant to the main point being investigated. False clues are fol-
lowed; fruitless ideas are entertaimed; superfluous techniques are tried.
Because the solution to the problem is not known, it has to be groped for
in the dark; lines of inquiry are started that in the end must be given up.
The logical forms that cheracterize conclusions reached and accepted can-
not, therefore, prescribe she way in which answers are sought when a
condition of doubt and inamiry still exists. The printed reports of completed
research projects present very misleading accounts of the ways research
projects are carried out hefore ideas become definite. Seldom, if ever, do
published reports tell of false starts, wasted hours, personal anguish, or
personal exhilaration over unexpected successes. Yet all of these experiences
and emotions are common to research, so long as it is in process.
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In all of % sciemees, reseaschi is basically a highh  meovomal ad-
venture. o research progect is likely to be bwer: than the
creativity amd imaginatwe of the person who comeewed it. This
% is amother way of -avimg fhet technology cannot b substitute

for thinkime And teslmsg abwavs occurs in a hun..aa cranium.
Research problems alwan« grow out «f hmman thought. They w.v. arise be-
cause the investigator is dissaefiew walh the current state  affairs and
wonders what would happen . .. Thes may arise from a fwsling of dis-
comfort prompted thveugh smmply wst hnwwing enough abosst wuman be-
havior—which in suelf s pase of the wery subject matter of esseation. Or
resesrch problems mmy grow amt o the organized skepticmn which is a
necessary part of the sciewtilic sttismde. In effect. then, reseasch problems
arise frem one of two geweral coumres: the desirc to know ar wnderstand
for the satisfaction of kmewimg or wwderstanding. and the deswe to know
in order w do something betster or musre clicient]y.

Whasever its source. 2 pusblem is researchable e whew research
procedures can provide amssers to v One of the ven wem-wiary requer
memts in conducting resesmch is v abilith to recugmize wiat is and =
not researchable amdé © transtarw re~carchable proliere een wpotheses

s omr of the maost heatghn wavs o dlmmsrote what is wmeant by
resesrchability = W esssiderr fret -t wands of probiir-- 2nd questians whicon
aredefinitely mt remawchaldly. Thowe are theee tvpes of queestsons commonk
ashed that fall ssto thes cotmger

The first wwpe of quemton that & not sewssrasbie » e that is so
gemeral aml grandiesr thet .. sl +ull of i ~ven @& they could be
seomred—would scem miiamam 110 welutosm to thr <o f the problem.
The honsst question. “Is o -1weiteer s ssach clrmentary sciws arithmetic by
the meaming theor' tham w muar waditsonal approaches- & ope of these
gemeral questions with » Shansmm werts.

The sccomd categer wemuinh, @ ymestions for which there might be
owess but which ase wst srarsvchulbdr hecanse adequate procodeses o

the reir\ant méormetion v st knswn. An cxample of thes himd
d (mastnn. migiv hr. “Does mtrfinconsl waining in the hasr swbjocts stimn-
etr or dupress creutme thinking”™ There may be an answeer w0 this ques-
tion. but prousdures o wientify covatine thinking have pest latelv been ex-

n derivrd and ar ant geveralh available fer wse in measure-
mwet studies. We ... nmaea M) b tming any @ o . dozen convenient

]
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standardmsed tests—but creativity,” po!

The third reme of guwestion which 1s 1ot reseanchabde deals with a
cheice or lccisimm which involves values, as well as mirmation. "Showld
the state sgislature establish a compulsory svstem for e Snoridation of
drinking water to improve children's dental health?” » 4 gwestion of this
type. The answer imvolves not amly factnal infermaties. such as the effect
of fwerime on the prevention of dental caries, hut also religions heliefs such
as those hekd by members of the Christian Scance faith amd political atti-
tudes which tend to reject anv governmental ceercion. There is no scien-
tific method fmr testing the validity of these vabees. Oniv the conseuences
may be known. Value judgments—as they affeet the belavimr of others and
of the researcher himself—are a legitinster concer of educatimnal research-
ers. and gead techmeyuies are kmown for shtamung informatesn abewt them.
The central positism of vaher pdgments in edwcatiomal study hies in the fact
that they are the wsmmalized expressions of helwt. ind teelines that ivgur
hussan bheings to wmon. But research canmet mide st clearh how people
showdd feel in any e instamce.

Munegechle . What does make « n. 'acms resessrhable® The
first inganction mpr  well dval wish the wnpartance of semsmageable size.
The arnciple of pamamOIy coters the soene o Spcilicalh  this means
that the uestion rs rweter phummesl it it dises not ad the v eefwator into
excesave expenditmees of Wwme. resmrer  and Conimetments.

Mmny questions reulit frem hewmg reunced o from g divided into
a nember of subquestions to ke deslt with: in wepurate stuslies For exam-
ple. a gquiestion mightwse usked wegasking the cficucy of teavhamg by means
of clesed-circuit telowsion as compared with nenal teackeng mwthods. Mat-
ters of coucern mige mclude: 1) academic achievemewt of wwmdents, 2)
atsmdes of studems ) opimiens of tackers, 4) opimions of parents, and
3! admimsstrative wemsibility. Each of thewe wibgestions comld wake o
rasher camplete vessarch question e itnelf whikh invedtigatinn of 2l five
might e mrcessary @ secwre adeguge sfurmation wapuwie W Hor avigh
i grasveliomd qurstion which Ied W the svestigation. T put s that
o gromuyl question \waben (um g0 its menageable ports. can be re-
fommvinted and rewsmsbined » auder w find the most eosnonmsoal wavs to
secure amwwers.

Conmstonen. The seomnd reqpuisrment for rescavchability is that the
question must be ewarrete and enplinit. Comcepts shondd he opesationally
defined, if possible What is heing emestinned —attitudes  perfemmance, a
teaching method, esvtain comcepts? Who i invalved n the question—
eighth geede studemts at Lincoln School, cevamin aighth gmade students se-
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lected as a random sample, all teachers of the fourth grade in Farmer
City, all parents of Miss Miller's seventh grade?

The merits of heing explicit can be illustrated with two corresponding
statements of a research problem. The guestion could be stated, “Might
the first grade teachers of Jasper School, immediately following the first
few weeks of acquaintance with the children in their rooms, be able judg-
mentally to list their children in order of readiness to read as accuratel
as can be done throngh use of the Metropolitan Readimess Test?” Cer-
tainly, this query awakens more definite mental pictures than the corve-
sponding question, “Are teachers able to predict with some accuracy the
potential achicvements of students?” The first of these two questions is
obviously more limited. But it is concrete amd specific 1t imphies the kind
of test needed; and it is apparently doable. The second question avoids
mentioning which teachers, which students, what achievements, and ender
what conditions. Its houndaries are vague, and its empirical referemts are
lacking,

Measurability. A third qualification for a researchable quessmm i
that it should clearly define what is to be measured and should be related
to adequate methods of measnrement. This is simply #o say that the w-
searcher who does not know what techniguies are availabde to test thee isn-
plications of his ¢uestion is in a poor position to formulate usable ques-
tions. The preceding question on readiness, for example, identifies two
ways to measure readiness—teacher judgmewt and the Metropolitan Readi-
ness Test. It might be that the accuracy of these two ways of messsring
readiness could be determined through comparing the results they give
with later school marks or achicvenwat wst scores. How well does veas
end achievement correlate with hegiumisg-of-the-vear peedictions  of
achievement as obtained fiom hoth teasdher mdgmtnts and Setropelitas
test scores? These additional measurement technigues suggest themmrlves
almost spontaneousi-.

The researchable question gives clear and unsmistakable clues to speci-
fic meanings: who, what, how. when, where. ctc. Am omnibws questim is
likely to beget a puzzled answer. And a questimm that lacks meams fur

securing an answer is certain to heget frustration.

DEVELOPMENT OF HYPOWEEES

In research, problems and questions soom become transfommmd imto
hypotheses. A hypothesis is a statemsent or pesposition which is susmed
to formulate solutions to a problem. Whether the tentative propasilien is
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the solutiom to tew difficulty: which originated the problem is the task of
the imguiry .

The role of the hypothesis in scientific rescarch is to suggest expiana-
tions for certain facts and to guide the investigations that will verifv or
refuse the assumed explanations and lead to the discovery of others. [If
the ariginal problens is carefully defined, the definition itself will suggest
the dand of solution that is needed. When investigations of a problem are
comsmcted purely at random, a multitude of facts will e turned up. but
ther will he so unrelated that their very number will add to the difficulty
of the problem. 1t is quite possible for a research project to be swamped
by ®he mewe multiplicity: and diversity of facts. The search for evidenee
is hwest comdwcted when the most probable meaning or supposition is used
as a guide in exploring facts—~especially facts that would lead to one con-
chrsson anal exclude others.

To deweribe the genesis of a hypothesis, we will illustrate with a para-
plwased vemdon of Joln Dewer's example of hvpothesis making which ap-
peared in b How We Think, published by D. C. Heath in 1933, Consider
the familiar case of the antomobile that perversely does not operate prop-
erlv. Something is wrong, to be sure. But how to correet it cannot bhe
decided until what is wrong becomes apparent. The intrained person is
likely to make a wild guess or supposition and proceed directly in random
tashion to pake here and hanmmer there, hoping to hit upon the right thing.
The trained person will proceed in a different wayv. He will observe with
great care, ruling out certain possibilities and narrowing the range of what
might be the difficulty. He will use bis knowledge of the structure of the
machime t0 fermulate the problem and deteet the trouble. He will proceed
in a distimetly nonrandom manner. Finally, he will select his hest guess to
act upom, but e will not rule ont further possibilities by assuming that
his best guess is certainly trae. He regards his guess as a guide, as a work-
ing hvpothesis, and uses it to check some facts, estimate others, and
gather new ones. He may think that if the trouble is caused by insufficient
fuel, and all other requirements for providing fuel to the motor are satisfied,
then most likely the fuel pump is providing inadequate pressure, and he
will look to sce if just these conditions are present. His sense of the prob-
lem becomes more adequate; the supposition ceases to be a mere hunch and
becomes instead a reasoned possibility.

The hypothesis implicitly states the problem and indicates the kind of
soltion that is needed. It forms an intellectual bridge between the prob-
lems and the tests of the most likely solutions to the problem. The hyvpothesis
conditions the design of the tests, the collection of data, and the generaliza-
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tions that may be drawn. Indeed, it is the pivotal point on which the
whole research project turn:.

Research hypotheses and null hypotheses. Hypotheses are fre-
quently worded in “if-then” phraseology. A teacher may say, “If students
choose the desks at which they wish to sit in the classroom, then they will
have increased feelings of heing accepted by the group.” This teacher may
derive his hypothesis from theories of social psychology or from the findings
of other studies, such as J. L. Moreno’s research into sociometric methods
of grouping and regrouping. In such a case, the ti.cory or the studv may
suggest the specific kind of data needed (sociometric choices); the par-
ticular information to be sought (increase or decrease in the number of
mutual choices or isolates); and the design of the test (pre-test of socio-
metric choices, then honest follow-through of regrouping, and a post-test
at some later time). But “if-then” phraseology is not the only way to state
hypotheses. Any other assertion is acceptable as long as it contains a pre-
diction that if certain conditions are provided, certain results can be asso-
ciated with the conditions.

The kind of hypothesis we have been discussing is properly known as
a research hypothesis. But if the study is statistical in nature, an additional
kind of hypothesis is needed. This is known as the null hypothesis or the
statistical hypothesis. The research hypothesis, as we have presented it,
cannot be analyzed by statistical methods; the null hypothesis can be.

The null hypothesis is sometimes known as a hypothesis of no differ-
ences. For example, consider the question stated earlier about whether
the first grade teachers of Jasper School can predict reading readiness as
accurately as can be dune through use of the Metropolitan Readiness Test.
A statistical study might be planned to test the comparative accuracy of
the Metropolitan Reddiness Test and teacher judgment. The research
hypothesis could predict: “Scores earned on the Metropolitan Readiness
Test will predict readiness to read more accurately than can the first grade
teachers of Jasper School through listing their pupils from most to least
ready following the first month of school in the autumn.” The corresponding
null hypothesis would be: “There will be no difference between rankings
of pupils in order of readiness to read as determined by the Metropolitan
Readiness Test and by teacher listing.” The null hypothesis is usually formu-
lated for the express purpose of being rejected. If it is rejected, the research
hypothesis may be accepted.

The symbol used for the research hypothesis is Hi. The symbol used
for the null hypothesis is Ho. When we want to make a decision about
differences, we test Ho against H,. In this case, if we let X stand for the

3



Rescarch for the Practitioner in Education

Metropolitan Readiness Test rankings and let Y stand for teacher judg-
mental rankings, we can express the two hypotheses in operational form:
Ho would be X =Y; H: would be X > Y (X is greater than Y).

The nature of the research hypothesis determines how H: should be
stated. If the research hypothesis simply states that the two measurements
will differ, then H. is that X % Y (X is not equal to Y). But if H, predicts
the direction of the difference, i.e., that one specified group will have larger
or more accurate scores than the other, then H, may be either that X > Y
(X is greater than Y), or that X < Y (X is less than Y).

In testing the assertion that the Metropolitan Readiness Test will pre-
dict readiness to read more accurately than will teacher judgments (X > Y)
—as measured by year-end achievement tests, for example—we cannot accept
H: unless we are able to reject Ho. That is, unless we can reject the
hypothesis that predicts “no difference,” we cannot accept the hypothesis
that predicts a statistical advantage for the Metropolitan Readiness Test
scores. 17 we fail to reject Ho, then we must report our findings as those
of “no difi :ance.”

The decision to reject or not to reject a hypothesis is a function of
statistical probability. The mathematics and uses of probability will be
considered later in some detail. For the present, we can be content with
this much consideration of problems and hypotheses.
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The researcher hecomes involved with populations and samples
when he sets out to test a statistical hypothesis. A statistical
question always relates to a group of individuals, rather than to
a single individual. It asks what is true of the group. Statistical
inquiries are of two types. One tvpe of inquiry calls only for
8 description of the group of individuals actually observed. Summary
Measures, per cents, averages, or expressions of variability are computed
from the observations. These measures comprise what is known as de-
scriptive statistics.

A second type of statistical inquiry is more concerned with scientific
investigation and utilizes inferential statistics. It involves a search for ideas
and principles which have some degree of generality. If an investigation
deals with matters of broad interest, the findings are usually applied to a
much larger domain than the cases uctually observed. This larger domain
is called the population, and the group of cases ohserved is called the
semple. The statistics obtained from the sample, which express certain
characteristics of thst group, are used to obtain information concerning
the unknown group characteristics of the population. Such generalization
from sample to population is known as stetistical inference.

Statistical inference is concerned with two types of problems: estima-
tion of population parameters and tests of hypotheses. While our primary
concern in this book is with tests of hypotheses, we still need a clear
understanding of population and sample.

In everyday language, the term population is used to refer to groups
of : \:":Jul of the population of Chicago, or of the state of Utah,
or of the U States, meaning by this all of the people who occupy a
grographical space at a particular time. The statistician, howev or,

this term in a more general semse to refer not only to defined
people but also to objects, materials, and messurements and to
or “happenings” of any kind

example, we may be interested in children with 1Q's below 80
belong to a high socio-economic group, or we may be interested in
children with 1Q’s above 120 who belong to a low socio-economic group.
If questions are raised about the proportion of children in a particular
population or subpopulation with IQ’s ahove or below a specified vulue,
ov if questions are raised about the relationship between IQ and socio-
economic level, then these are questions of a statistical nature which deal
with specified populations.

A further distinction may be made between infinite and finite
populations. The limitless number of times a die could he rolled,

fih
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or all of the variations that could be found among Arctic mosquitoes are
examples of infinite or indefinitelv large populations. And there are manv
populations which are actually definite or finite but which are so large that
for all practical purposes they can best be regarded as infinite. The 180
million or so people living in the United States constitute a large but finite
population which for most statistical purposes may be assumed to be
infinite. This would not be true of a deck of cards, which may he thought
of as a small finite population of 52 members. Nor would it he true of
the twenty-three childrer. in Miss Butler's fifth grade class, if they were
defined as a finite population for a particular purpose.

If we had a research question concerning Miss Butler's fifth grade,
we prebably would prefer to studv the whole small (finite) population,
and we would not have to draw a smaller sample from it. But of course,
we would be able to make statements only about this particular class and
not about fifth grade classes in general.

Miss Butler’s fifth grade, however, might be considered as a sample of
all fith grades in her particular school system. The extent to which we wish
to generalize our findings from sample to population plays a major role in
the procedures used. It mav be assumed that any group of fifth graders
is more like other groups of fifth graders than, let's say, like second graders
or twelfth graders. Miss Butler might consider this similaritv among fifth
grade groups as a rough approximation of a sample drawn from a larger
population. Subsequently, the accuracy of this assumption can be chal-
lenged against test data averages drawn from many fifth grade groups in
the same school system. Miss Butler can use statistical tests of distribution
very handily and profit from the knowledge which can be obtained. In
addition, she can generalize her knowledge considerably bevond her par-
ticular class group. She can ask a question to determine whether and to
what extent she would be justified in considering any particular fifth grade
class assigned to her as a sample of all fifth grades she has taught in the
past or might teach in the future. She could quite casily test the hypothesis
that succeeding fifth grade groups in the school where she teaches will be
significantly similar in crucial educational characteristics by applving the
chi square test of the significance of differences. Of course, this would
result in a longitudinal study stretching over as many years as she wanted
to go, but it could be done provided both the foresight and patience
were there.

But if for some good reason it became necessary to arrive at general
statements concerning all fifth graders in the State of New York, then we
would have a much larger problem. Although the population would he



Rescarch for the Practitioner in Educetion

finite, for the sake of economy and reason, it should be treated as infinite.
We most likely would want to select a representative sample of fifth
graders or fifth grades, measure them in relation to crucial concerns, and
infer back to the total population.

SELECTING A REPRESENTAMVE SAMPLE

There are three major steps in selecting a representative sample: 1)
determining the nature of the population; 21 selecting a statistical model
for analysis of the data; and 3) choosing a method for selecting the
sample to make it as representative as possible. We will now briefly
consider each of these steps.

Determining the nature of the pepuletien. In order to determine
the nature or shape of a population, we generally relv on a body of
knowledge from mathematics. \We know that when enough measurements
are made of any natural phenomenon—the size of oranges, weight of cats,
height of adnlt human beings, 1Q scores—and are charted on a graph, they
tend to form a bell- or sombrero-shaped curve. This curve (or distribution)
has come to be known as the normal curce of probability or, more simply,
as the normal curve.

The normal curve charts the dispersion and variation which can be
expected in any “nonselected” population of measureinents, where chance
alone is operating. It represents what will be the distribution of measure-
ments or ohservations due to the probability of acenrrences. It pictures the
theoretical result of all chance distributions. In school parlance, the normal

60.26%

Figure 4. The Usual Pottern of the Normel Curve
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curve is used to express the distribution of 1Q scores, standardized achieve-
ment test scores, heights, weights, and numerous other familiar measure-
ments. And it is worth noting that the curve tends to smooth out and to
become more bell-shaped and symmetrical as the number of cases is
increased.

Because of the steadv recurremce of the normal curve when large
numbers of phenomena are measured and charted, we are theoretically
justified in assuming that large or inkimwe populations will also take the
same distribution. Sometimes, in reseasc 1 studies, we are able to test this
sort of assumption; more often, it is simply assumed to be true, without
test. This practice of operating on the hasis of reasoned, and not tested,
assumptions is characteristic of statistical procedure, even when popula-
tions are not indefinitely large.

Selecting @ statistical medel for analysie of the dete. We are faced
with many of the same problems when we seck a statistical model or test
for analyzing the data obtained from a sample. Customary parametric
statistical tests of probability, such as the t or F distributions, are based
on their own strong assumptions concerning the shape of the distribution
which is assumed to characterize both the parent population and the
sample. Prominent among these assumptions is that the observations are
drawn from normally distributed populations: they must it the normal,
“chance” curve. The more numerous and stringent the assumptions, the
more questionable the decisions arrived at through the use of any statistical
test of probability. We know that many populations or samples are not
distributed normally. What then? What happens when the measurement
is not of sufficient strength, not truly numerical? What sort of statistical
model might we select which is not hedged with strong assumptions about
the shape of the distribution and measurement requirements?

There are satisfactory answers (o these questions. Just as the para-
metric tests are based on distribution and measurement assumptions, so
there is a branch of statistics known as distribution-free, or nonpsremetric,
statistics. With these nonparametric models we may say, “Regardless
of the shape of the distribution, we may ohserve that the probability of
occurrence is . . . "

However, we should note that the parametric tests with the strongest
assumptions are also the most powerful tests. When those assumptions are
valid, these tests will be most likely of all to reject He when He is false.
But the assumptions and requirements underlying these more powerful
tests must be met before confidence can he plwed in any probability
statement.
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We will shortly return to the use of distribation-free statistical models
when we consider the analves of data obtained from popedations and
samples.

M o mothed far “' H. Sumplnr of conrse,
is a necessary procedure regusmmrss of whetter we are concened with the
shape of the parent popuhssss  The same moscedures of sampling apph
to all cases wiere the gross wemter in the pessbation can validiv he redueed
to promote ease and Convesnr

There are many wavs w duow a simaller sample from a larger gronp.
But in all the many diffevwss wupes of samples. the ment important cha
acteristic is randomness. B tha 1s meant that every sivgle sampling won
in the population has an coumsd evance of bemg drawn into the sample. Tn
the most direct form, the asmpd wight be deawn by simply writing on o
card e name of each indivdeasl werdided in o Gmite population, serambling
the cerds in a hox, and then sei. - ting, withant looking, the number ot
names desired for the samph

Something like this was & selecting wien to be called for ilitary
service during World War 11 «sfer the Natiomal Selective Serviee Act,
\Vhen each individual register~4 wdth his bacal deaft board, he was assigned
a number, ranging from wwe 1 weeral mmmand. Fach of these mmbers
was then encased in 4 capawh e wide grep of capsules thoronghh
mixed, and all of them ploont m o large fishbwml. The President of the
United States, blindfolded. resehed into the bowl and drew ont one capsule
after another. The local draft boards sent out induction notices in the
order of the drawing to the men holding the selected munbers. Placing all
the numbers in similar capsules, putting them in the same howl, mixing
them, and then blindfolding the drawer, made this type of sampling traly
random and nonblased. Such a procedure is known as simple random
sampling. In using this procedure, every effort is made to reduce the
possibility that selection of the sample will be influenced by either
conscious or subconscious bias and to leave instead the decision solely to
sheer chance.

Questions about the optimum size of the sample in research logically
arise at this point. Statistical calculations can give us an idea of the degree
of confidence whicl, can be placed in the accuracy of a sample of a given
size and of the sampling error which may be present. By and large, how-
ever, the accuracy of anv sainple can only be estimated. The rough rule of
thumb is that small pagpuletiims require 4 progortionally larger sample than
do large populations. ¢e cxample, it might be preferable to draw a 50
per cent o1 larger samggh of the 100 mash graders in a particular school,
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while a 10 per cent or smaller sample of the 74,500 sixth graders in a par-
ticular state might bhe adequate. In both cases, random selection would be
necessary. ]

Sampling from populations of very large size can become inordinately
time consuming and tedious. Easier and detensible results can be ob-
tained by use of a table of random nnmbers such as may be found in
most texthcoks on statistics. These tables contain sets of numbers that
after careful examination have shown no evidence of svstematic order.
Before using the table, it is necessary to number all the individuals in the
population to he studied. This cam be done starting with 1 and proceeding
to 50, or 99, or 199, or 1999, or whatever figure equals the total population
number. The table is then entered at some random starting point—perhaps
by making a blind stab at the page with a pencil-and the cases whose
numbers come up as one moves down the colunim of numbers are taken
into the sample until the desired number of cases is obtained. The selection
of any given case places no limits on what other cases can be selected
from the population.

Other types of sampling are available, such as stratified random
sampling. This approach uses the same “blind but fair” techniques which
characterize random sampling. But when a population is composed of
several subpopulations—for example, Negro-white, culturally advanced-
handicapped, or intellectually accelerated-retarded—it may be divided into
two or more strata. A random sample is taken from each stratum, with the
subsamples joined to form the total sample. There is no attempt to make
stratified samples a replica of corresponding populations; the intent in
stratified random sampling is only to take into account the anticipated
homogeneity of the defined strata with respect to the characteristic which
is being studied. And of course, cach of the subsamples can be investi-
gated separately.

SPECIAL PROBLEMS IN SCHOOLS

Knowledge of population and sampling techniques is valuable to the
extent that it can be used feasibly and accurately. But the conditions
surrounsling schools, their organization, and the teaching that goes on
within tiiem set rather severe limits on choices of populations. to study and
on the kind of samples which can be drawn from them. Some attention to
these imposed limits and restricted choices will complete our brief treat-
ment of populations and samples.

In the first place, the students in any single school or school system,
and the teachers and administrators thercin, are not examples of natural
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or unse’ccted populations. They represemt highly selected and particular
kinds of captive groups. Furthermore, the lomger children are in school,
the keener becomes the quest for survival amd the larger becomes the
atsenuatiem rate, thus reducing the number of certain types of children in
segular attendance. Just witness the national cemcern over scheal dropout
rates. Mere than this, the various ways in wiseh children are ggumped, once
they enter schools, memlt in quite unnetwsal enrandsm aggeegates of
imdividuals. The wwls great variations in grewsping st employed
among nembers of separate schools and the select imflwamses on then
populatioms greath cesmplicate the process of generalimg femn sample
to universe.

A further cemplication arises from the fact that sohssls sse deliberate,
goal-oriented sosial inesitmtions, remarkably insulsted fumm scisstiic manip-
ulation. To a significamt degree, researchers im edusssmm swr limited in
the extent to which they can experiment with the cugsminstimn of grade
groups, with insructiomal requirements and the allocatiss of centent, and
with other policies absut the conduct of the school. Im ether words,
researchers dealing with the schools—with deliberate, goal-svisnted institu-
tions—must to an important extent work with the growps that they slswady
have. Because of the very nature of the school as an institmtion, they
cannot select different groups out of a gross, chance population and begin
afresh to organize an imaginative educational system composed of chance
students.

Coincident with this observation, it is impessible to avoid thinking of
the Amidon School in Washington, D.C. Heve was a once-in-a-lifetime
opportunity to choose the students for a school without a contiguous group
of parents, house them in a new building, and manipulate the instructional
program. Of course, this coportunity came about through certain miscakcu-
lations in urban redevclopment which resslted in a new school building
without 2 commmnity and without children to be educated. There was no
other choice but more or less t0 manufacture a studemt population by
importing children from other areas of the city. What a wonderful chance
this would have been to undertake some careful, imaginative, scientific
research!

In any event, the particular problems of population and sampling in
relation to the schools may be responsible for the tendency of educational
research to deal with the “samples” (class groups) which are already there.
Such “samples” are assumed to be representative of a larger population of
theoretical class groups, and findings are then generalized from samples to
populations. And then teachers and administrators are sometimes surprised
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wher remearch findings simph duw ast seom to wansber from e samples
inwh ed in the studies t0 aftwer dassroesms wivich maly up the whole
Pragolstion !

- re are ways to handle e jwonlbrms of populss | and sampling
winch  orwe in educational reearch. amd we will consi -+ them later on
when v get to a discussion + statmsecal amabvsis and t - consideration
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The central outline of an experiment is simple. An experimental

group is exposed to the experimenta, variable while a control

group is not: the two gronps are then compared in terms of the

observed effect. It should he stressed at this point that some

sort of a control group is essential in experimental rescarch.
However, practical limitations frequently denand modifications and in-
ventions in establishing experimental controls.

We have just disenssed some of the diffienlties involved in secnring
adeguate populations and samples. The attempt to provide reasonaide:
similarity between experimental and control gromps innediateh donhbes
the difficulties. For the purposes and conditions of most social rescarch,
the “elegant” research design with “pure” experimental aied control gresps.
nicely matched in all important respeets, is scldom feasible. Rather thim
lose the potential knowledge to be gaimed through cxpevimental reseanch
we tend to deal with estimates or approximations abeet the incaning o
our data. It is one thing to recognize what the ideal set of conditions siw-
rounding research may be; meeting these conditions im the ordinary, on-
going practical world is something else and frequently calls for a good
deal of imagination and inventiveness if the ideal is to be even approached.
An understanding of variables and probability is important equipment for
dealing with the realities that often complicate expesismental research.

In research, there are two broad kinds of variables to be reckoned with.
First, there is the experimental variable which is the crucial characteristic,
occurrence, or procedure being investigated. This is also called the inde-
pendent cariable. Customarily, the experimental or independent variable
is symbolized by the letter X. Second, there is the dependent—or criterion
or predicted—variable whicli is the assumed cffect cf the independent
variable. It is called the dependent variable becawse the prediction of it
depends on the functional relationship or value of the mdependent variable.
Customarily, the dependent or criterion variable is symbolized by the
letter Y.

Thus, an’ experimental hypothesis asserts that a particular character-
istic, occurrence, or effect (X) is one of the factors that can be associated
with another characteristic or occurrence (Y). Or, the hypothesis mayv
predict that if X, then Y. Studies designed to test such hvpotheses must
yield data which will lead to the inference that X can or cannot be
associated with Y under specified conditions.
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An experimental design provides both greater assurance and greater
efficiency by making possible the simmltaneons collection of several lines
of evidence. More specifically, the use of experimental designs makes
possible the collection of three major types of evidence necessary to testing
hypotheses: 1) evidence of concomitant variation—that is, evidence that
the independent variable (X) and the dependent variable (Y) are asso-
ciated: 2) evidence that the dependent variable (Y) did not ocenr before
the independent variable (X); and 3) evidence miing out other factors
as possible influences on the dependent variable.

Evidence of concomitant variation. Evidence of the first type is
secured very easily in an experiment. The investigator knows which sub-
jects have been exposed to the experimental variable (X) and which sub-
jects have not. He measures all subjects in terms of the dependent variable
(Y). He can then determine whether Y occurs more frequently among
those swbjects who have been exposed to X than among those who have
not, or whatever specifc relationship is predicted by his hypothesis.

Evidence that the dependent variable did not occur before the
independent variable. The second type of evidence needed to test a
hypothesis is secured in one or both of two ways. The investigator can set
up the experimental and control groups in snch a way that it is reasonable
to assume that they did not differ in regard to the dependent variable
before the experimental group was exposed to the independent variable. Or
the investigator can measure hoth groups in relation to the dependent
variable before une group is exposed to the independent variable. This
results in a “before” measurement and an “after” measurement, or in a
pre-test and post-test type of design. The differences between the pre- and
the post-tests for both groups provide the desired comparison. The intent
behind this requirement is not 10 demonstrate that one or both groups have
none of the prior knowledge, or attitudes, or qualities being investigated,
but to demonstrate that the experimental group did not have more of the
factors being experimented with before the start of the experiment.

Evidence ruling out other factors. There are several ways to obtain
evidence ruling out other factors as possible influences on the dependent
variable. At least four major sources of uncontrolled factors may interfere
with an experiment.

First, the measurement process used in the experiment may affect the
outcome. If people feel that they are being used as guinea pigs or if they
feel that they are being tested und must make a good impression, or if they
feel that they are different from other people because they are defined as
experimental, the measuring process itself mav distort the results. The
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“before” measuring may crystallize attitudes related to the experimental
variable. The “after” measuring may be influenced if the subjects reflect
test fatigue or hecome bored or defensive. The subjects may try to keep
their second responses consistent with their first responses or may try to
vary them if they feel that variation is expected. If there is reason to sup-
pose that any of these influences is present, alternative designs can be
employed to lessen the impact of the measuring process itself.

Second, normal changes related to the maturation and development
of the subjects may bhe confused with the results of experimental treatinent.
This kind of unplanned interference is especially critical whenever an
experiment extends over a long period of time. However, if the maturational
changes can be assumed to be approximately the same in the experimental
and control groups, the effect of maturation can be ruled out hy comparing
the two groups. Sometimes, interim measurements during the course of a
long-range experiment will indicate whether the two groups are becoming
noticeably unlike.

Third, in any social experiment, unplanned contemporaneous events
may affect the experimental outcome. If during the course of an experiment
in the teaching of science, a foreign nation were to claim new and frighten-
ing scientific discoveries, attitudes toward the teaching and learning of
science in American schools might be influenced—as indeed thev were in
the familiar instance of Sputnik I. If such an event were to affect the
experimental and the control groups in the same way, no problem would
be created since an effect common to the two groups could not be a cause
of difference between them. However, it is very difficult to ascertain the
relative impact of decp-seated, unplanned events on two separate groups.
Such events cannot be controlled, either in the sense of holding them con-
stant or in the sense of deliberatelv manipulating them. But some experi-
mental designs have been devised to take account of this possibility, at
least in part.

Fourth, characteristics of the subjects that are relatively enduring or
are the result of past experience may introduce systematic differences be-
tween the experimental and control groups. In order to rule out such
differences in relevant factors, the investigator may set up his experimental
and control groups so that it is reasonable to assume that they do not differ
widely in the distributions of age, sex, intelligence, social background,
academic achievement, and other factors seen as relevant to the experi-
ment. Or he may measure them before the experiment in terms of such
factors; or he may do both. All of these factors relating to subjects are also
“variables.” But they are controlled variables, controlled to eliminate their
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influence on the dependent variable which is being stndied. At times,
groups rather than individuals are matched. For instance, it may be suffi-
cient to make sure that an experimental and a control group are similar
in relation to averages and ranges of age, intelligence. achievement, and
social background, and any other factor presumed to introduce svstematic
differences. This practice is known as frequency distribution control.

STATISTICAL TESTS OF PROBABILITY

It may be that we have carefully allowed for the collection of these
three types of evidence necessary to testing hypotheses, but there still
remains one more type of evidence which must be obtained. Without it
we still might believe that we had established a clear relationship hetween
X and Y when, in fact, we had not. It might casily be that Y occurs as we
observe because it is an accidental or fortuitous ocenrrence. This fourth
type of evidence is secured through statistical tests of prohability.

Probability enables us to allow for the intrusion of sheer chance or
sampling error. The extent to which chance might have entered into a
research study is expressed as significance. If chance might have plaved a
large part in the findings obtained, the significance value, expressed as a
percentage, will be large; if chance played a small part, the significance
value will be small.

The problem of deciding on the significance of research findings re-
lated to schools may be directly associated with the fact that almost any
teaching method or organizational practice is bound to result in some sort
of change in the students exposed to it. Most teachers and administrators
know that it would be extremely difficult to prevent stndents from changing
(learning) to some extent, regardless of the approach used. This is all part
of the dynamic nature of human beings; they simply will not stay still.
Even if a student is left alone, he will construct an activity out of some-
thing, if for no other reason than to have something to do. Because of this
incessant momentum, there is always the real possibility that the gains in
learning ohserved by the teacher may have resulted from sheer chance
happenings rather than from the activities deliberately planned or assigned.
And to complicate matters still more, the students of any class, in any learn-
ing activity, will show differences in quality, quantity, and speed of learn-
ing. Some may give considerable evidence of gains in the desired direction,
and some may even show a loss. How then can we determine whether the
results of any research project related to schools, children, and teachers can
be attributed to chance or to the effect we predict?
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AN LLUSTRATION

Let's see how probability and tests of significance are used in experi-
mental rescarch. Take the case of Mr. Black, sixth grade teacher, who
wanted to experiment with ways to inerease the number of library hooks
read by the students in his room. He felt that the students wonld read more
books if they had the additional motivation and recognition that could
come about through writing and publishing book reviews with a by-line
in the class newspaper

Mr. Black began by consnlting his records to determine the number
of books read per month by cach student. Then he listed the students’
names in order. from most to least books read per month. After planning
with the class, he encouraged them to write reviews of the books they read
and proceeded to compile another set of records. Two months later. hie
again listed the names in the same way he had done before to determine
whether the predicted increase in reading had occurred.

In following these procedures, Mr. Black had used a pre-test and
post-tes: ingle-group design which utilized sixth grade students as their
own controis. That is, the pre-test (number of books regularly read)
served as the control group, and the post-test (number of books read fol-
lowing the writing of 1eviews) served as the experimental group. He felt
confident that he had given adequate attention to concomitant variation,
that he had evidence of the fact that increases in reading (Y) had not
occurred hefore the writing of reviews (X)), and that other factors had been
controlled by presenting the project to the class in a calin manner as a
part of regular. evervday classroom work.

But he still was faced with the necessity of accounting for the opera-
tions of pure chance. Mr. Black observed that of the twenty-eight students
in the room. cighteen had increased their reading, three had read exactly
the same number of hooks per month that they had read before, and seven
had read fewer books. He could see that there had been a change for the
better with the cighteen students. But what about the ten who showed
either no change or a loss? Were these results significant. or could this
distribution have heen the result of sheer chance? Unless he could deter-
minc whether the results were sitaply chance findings. he could not decide
whether he had made significant discoveries about wavs to stimulate his
class to read more library hooks.

There are very good. feasible methods for Mr. Black to use in deter-
mining the significance of his findings. He can tum to some of the proba-
bility tests in statistical inference, apply his observations (data), and
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determine whether the results are statistically significant. His aims are to
judge the significance of the data and to make maximum use of the infor-
mation gathered. These are the principal problems with which statistical
methods are concerned. And Mr. Black, sixth grade teacher, can learn to
use the statistical tests he necds in just a few wecks.

What “probability” means. 1t will he helpful to take a moment or
two to look more closely at what Mr. Black wonld be doing if he applied
an inferential test to his data. He would start with the realization that a
statistical question always relates to a group of individuals rather than to
single individuals and reveals information about the characteristics of the
group. Next, he would know that the resnlts he would derive from the
test would take into account the probability of chance occurrences and
enable him to say, with a specified degrec of confidence, whether the
differences he noted in the number of books read could legitimatelv be
attributed to the writing and publishing of reviews in the class newspaper.

He would realize that the results of the statistical test would be ex-
pressed in terms of the probability that his decisions might he wrong.
Even if he finds evidence to indicate that writing reviews is an effective
stimulant to reading books, he must allow fos probable error in deciding
that this is so. There are very few facts in life about which we can be
absolutely certain. We are far more justified in thinking in terms of
probabilities than of certainties.

For example, insurance actuarics have caleulated the risk of people
in the United States dying at various ages. Their figures let us know that
a twenty-year old person has one chance out of approximately 740 that
he will not see his twenty-first vear, and that a thirty-four vear old person
runs the risk of one chance in approximately 440 that he will not become
thirty-five. However, if we were to make predictions that a certain num-
ber of any particular group of twenty-vear olds or thirty-four vear olds
would die during those vears, we would probably be wrong to a certain
extent. Yet if our predictions were consistently more right than wrong,
we might regard them as statistically slgmﬁcant

But of course, Mr. Black would not be dealing with insurance tables.
He would be using the mathematical materials and tables which have
been worked out to express the probability of occurrence, such as the
chance of drawing one of the four acrs in a game of poker. (Paren-
thetically, we might make the observation that all statistical procedures
originally grew out of the studv of games of chance.) But to continue
with the explanation of probability: If two or more events are equally
likely or probable of occurrence, this fact can be represented by a ratio
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—for (-.\;unplo, 1 2 as in coin tossing, 1 6 as in throwing dice, or 1/52
as in drawing any particular card from a standard deck. The ratio
mcans that if there are N possibilities. the probability of the occurrence
of any one of these possibilities is 1 N Thus, if a coin is tossed, the
probability of its falling heads up is 1 2, and the very same value holds
for the probability of its falling tails up. And since 1 2 2=1, these
two possibilities are mathematically and logically exhaustive.  Similarly,
if a die, which has six sides and thus six possible wavs of landing, is
thrown, the probability of any one of the six sides coming up is 1.'6. Six
times this fraction equals one, which again is logicallv cxhaustive.

From this way of stating probabilities, all manner of more complex
expectations or probabilities can be derived. For instance, the expectation
of obtaining two heads from two tosses of a coin is no longer 1/2 but is
1 2X 172 or 1 4; the expectation of obtaining three heads from three
tosses is 1 2> 1 2X 1.2 or 1'8. Or the expectation of rolling two sixes,
or any other two numbers, on a pair of dice is 1 6 X1 6 or 1 36. And
it has been found that if all possible combinations of heads and tails on
ten successive tosses of a coin or on the simultaneous toss of 10 coins are
computed, the resulting distribution turns out to be the normal, bell-
shaped curve.

What “significance” means. From the type of mathematical model
just described, it is possible to say just how likely a given outcome is if
chance alone is operating. If, therefore, in a situation where an inde-
pendent variable has been deliberately introduced the results are such
that they might easily be attributed to chance alone, we do not consider
that anything has been demonstrated. But if a result is obtained which
would be expected by chance only one time in a thousand (P = .001)
then we can say that it would be very unlikely for chance, rather than
the variable in question, to be influential. This is the logic of the null
hypothesis—the hypothesis that the difference obtained between the ex-
perimental and control groups is not due to the' deliberately introduced
independent variable but is due instead to an accident or error of sampling.
What the evidence we collect does is to discredit the null hypothesis—the
hypothesis of no deliberately produced difference. It is here that the
calculation of probability may help us to decide whether we have achieved
evidence in which we can have reasonable confidence.

It is just this sort of calculation and decision that Mr. Black would
undertake in analyzing his data for significance. Fortunately, he has
access to statistical formulas and tables which will simplify the computa-
tion for the various tests he might use. And he can use the newer
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distribution-free tests which have been made generally available since
1956. In using any of the tests, Mr. Black would have some decisions of
his own to make. He would have to decide how much risk he is willing
to take that he might be wrong. Would he be willing to accept his experi-
mental results if he were wrong one time out of a hundred? Five times
out of a hundred? Twenty times out of a hundred? Depending on the
crucialness of his rescarch question and the accuracy of his measuring
instruments, how right might he insist on being, and how much risk is he
willing to take that he might be wrong?

In the language of statistics, probability values range between 1 and 0.
The probability that each of us will someday die is 1. The: probability
that any one of us will never die is 0. The probabilitics that people will
live to given ages may be expressed as a decimal fraction somewhere
between 1 and 0. All probabilities may be expressed this way. For in-
stance, if we toss a coin, we can state that the probability of obtaining a
head is one out of two. We write this as P =— 1.2, or .50.

Mr. Black will state the risk he is wiling to take this wav. If he
wishes to restrict the probability of being wrong to one chance out of a
hundred, he will test his data at the “.01 level”; if he wishes to restrict it
to five times out of a hundred, he will test his data at the “.05 level,” and
so forth. The statistical tables he will use are designed in terms of these
alternative choices, and he can read directly from them the significance
of his data at the level of risk he is willing t> take. Of course. if he chooses
to work at the .01 level, he will not be able to accept his experimental
findings and consequently be able to reject his null hypothesis as fre-
quently as he might be able to do if he worked at the .05 level. And he
could possibly reject the null hypothesis many, many times more frequently
if he worked at the .10 level. But the decision is Mr. Black's, and he
should report his research findings as “significant at the Z level.”
Then other people can decide whether, for their purposes, they wish to
accept or reject his findings at the probability level he reports.

Working with these statistical methods, Mr. Black would know that
significance is never a matter of true or false, of significant or not signifi-
cant. He would know that significance is always expressed in levels of
probability of uccurrence in an infinite number of theoretical tries, stated
as a percentage.

Incidentally, the table of probabilities for the distribution-free Sign
Test shows that for the way Mr. Black's students were distributed in
regard to increased reading of library books (18 read more, 3 read the
same number, 7 read fewer Looks), the experiment was significant at the



O

ERIC

Aruitoxt provided by Eic:

Variables and Probability

022 level, Sheer chance conld not have acconnted for these results more
than 2+ times out of a hundred theorvetical tries.

We should end our consideration of probability with a word of
restraint. With a large enough mimber of cases, extremely stall differ-
ences may be Ustatistically significant.” For exaple, with a sufficie ‘uth
large (\p('rlnwnt.ll and control group, a difterence of one pmnt hetween
their mean or median 1Q scores could make the difference “siguificant.”
although it is hard to see what importance such a small difference might
have. It is sometimes difficult to recognize any real import in trivial find-
ings. Statistical manipulation is no substitute for thinking.
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The various phases of the research process can be hrought under

control by designing the rescarch. To design is to plan: that is,

design is the process of making decisions before the situations

arise which require the decisions to be implemented. It involves

deliberate anticipation of sitnations which are expected to arise
and an effort to bring them under control. In planning the (I(-s'ig,n it is
safest to go right back to the origin of the inquiry and ask, “Why am 1
doing this particular thing? Will it really tell me what T want to know?”
After all, it is rather poor policy to carry out an experiment without
having a clear-cut idea in advance of just what is being tested and without
an equally clear tentative plan for putting the test into cffect.

The ideal experiment is sometimes described as one in which all
relevant variables are held constant except the one under study, the
effects of which are then observed. But this is not the best pattern in
some cases, and in most actual situations encountered in the behavioral
sciences, it is not practical. Consequently, some device is needed to help
correct or account for the effect of unanticipated or uncontrolled variables
during the course of an experiment. The introduction of controls provides
this sort of device. In most cases, the real object of the experiment is
some sort of comparison, and with the introduction of controls, this takes
the form of a comparison between the experimental and the control groups.
But in educational rescarch, it is extremelyv difficult to secure control
groups precisely matched with experimental groups on all relevant vari-
ables. Hence, it is important to have at hand a variety of wavs to provide
for some sort of control in experimentation. ll.l\mg, a choice among
several research designs makes it possible to select some sensible pattern
of study which will not sacrifice the very real advantage of controls simply
because of the difficulties of securing them.

The entire design of an experiment has the function of providing for
the collection of evidence in such a wayv that inferences of a relationship
between the independent and dependent variables can be drawn as surely
as possible. To achieve this, many rescarch designs have been developed
in the various sciences. We will now describe and illustrate five designs
which are particularlv usable in studies of tcaching and administration.

DESIGN 1: “BEFORE-AFTER” STUDY WITH CONTROL GROUPS

This design is one form of the classical control group design. It uses
two groups of individuals which have been reasonably matched on variables
relevant to the experiment or which have been randomly assigned
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to the two groups. Usually, both groups are measured in relation to
the dependent variable at the heginning (Y1) and at the end (Y:) of the
experimental period. The experimental or independent variable (X) is
introduced in the experimental group only; it is not introduced in the
control group. Since the experimental and control groups are both pre-
measured, subject to uncontrollable t: ctors and vulnerable to unplanned,
contemporaneous events, the differences between the scores of the two
groups should approximate a direct indication of the experimental vari-
able’s influence alone

The pre-measures of the experimental group (Y;) and the control
group (Y") may be used simplv to check the initial absence of difference
between the groups. With this much assured, the final scores of the two
groups (Y: and Y’:) may be compared to analyze the influence of the
experimental variable (X). Or we may use both the pre-measure scores
and the post-measure scores of both groups to calculate change scores.
Then we compare the change in the experimental group (d) with the
change in the control group (d').

Example of a “before-after” desiyn with one control group. Samuel
A. Kirk’s Early Education of the Mentally Retarded contains an example of
a “before-after” experiment using one control group.* The experiment
reported in this book was undertaken to determine the effects of pre-school
edacation on the social and mental development of young, educable, men-
tally handicapped children. The report on this experiment has been selected
for our purposes here because, in addition to illustrating the design, it also
may illustrate the kind of modification in the “ideal” design pattern made
necessary by restrictions encountered in actual situations.

To quote directly from the published report of this research study:

“The difficulties with experimentation in this area are numerous. Many
factors are beyond the control of an experimenter when he is dealing with
children, parents, and communities, whose movements and operations are
their own affair. It cannot be managed as simply or as accuratelv as experi-
ments with rats or human experiments using nonsense svllables. One has
to be satisfied with an approximation of an experimental design. The aim
of the present project was to set up an ideal experimental design and
approximate it as closely as possible.

“Under ideal conditions one would obtain a group of children within
a specified range of age and mental ability, randomize a control and experi-
mental group, subject one group to training, and leave the other group at
home. Ideatical tests and observations would be made on both groups
before and after the training period. After five years, comparisons would be



Q

ERIC

Aruitoxt provided by Eic:

Designy and Decisions

made between the two groups. No children would get sick, no families
move out of town, and all wonld attend or not attend as directed. Since
this ideal is impossible. an approximation of it v.us carried out, and devia-
tions in terms of loss of cases, randomization. and so forth, are explained
in later pages. To obtain experimental evidence on this problem it was
necessary to set up a project as follows:

“1. Commumity Experimental Group. This experimental group con-
sisted of 28 preschool mentally handicapped children from the community
who were given an enriched nursery school environment from nine to three
o'clock cach dayv. At about six vears of age these children were placed in
a regular first gmd(- or a spec ial class. There were about 15 children at
any one time in the nursery school.

2. Commmity Contrast Group. This group of children consisted of
26 young mentally handicapped children found in the same community
or in neighboring communities. They were examined at the same interv als
as those in the experimental group, hut they did not attend a preschool.
The term contrast group is used here instead of control g group, since these
children and the children in the Community Experimental Group were not
randomized in the usual sense. It was impossible to find sufficient children
at any one time to randomize them.™”

In this stady, Kirk also used the same design to conduct a parallel
study of feebleminded children who had been committed to state instito-
tions. This concurrent, but separate, study was set up as a replication of
the community pre-school experiment. The two institutional groups being
compared were named the Institution Experimental Group (15 children)
and the Institution Contrast Group (12 children). The purpose of con-
ducting this concurrent replication was twofold. It served as a check on
procedures emploved in the comnumity experiment, and it revealed infor-
mation concerning the effects of spe cialized training on the development of
institutionalized children.

The control group-experimental group pattern is admirably suited to
experimental studies; in fact, its basic design elements are essential in some
form if we are to have a firm basis for inferences about the effect of the
experimental variable. But the full design is beset with difficulties in prac-
tical situations. The investigator should be aware of the potential difficulties
if he is to make allowances for them, as was done in the Kirk study.

Advantages and limitations. As we have pointed out, this design
allows us to take account of the effects of initial measurement, uncontrol-
lable factors, and contemporaneous events in determining the influence of
the experimental variable. The use of a control group allows us to avoid
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confusing cxperimental resnlts with irrelevancies. \We can relate the two
groups to each other, control or manipnlate the relevant variables, and
compare the experimental variable group with the nonexperimental variable
group. If the two groups have been satisfactorily matched hefore intro-
duction of the experimental (independent) variable to the experimental
group, and if adequate control is achieved to keep experimental conditions
as pure as possible, then the difference between the scores of the two
groups should constitute a measure of the effectiveness of the experimental
variable.

However, the measuring process itself mav affect the characteristic
being measured in any tvpe of research which uses human subjects. And
the “before-after” design is especiallv vulnerable to this influence. It is
important to repeat that if people feel they are being used as guinca pigs,
or if they feel they are being tested and must make a good impression, or if
they feel “different” from other people because they are dubbed “experi-
mental,” or if they trv to keep their second responses consistent with their
first responses or try to vary them if they feel that variation is expected,
distortion is apt to creep into the results. The “before” measuring may
crystallize attitudes related to the experimental variable. The “after”
measuring may vield contaminated results if the subjects reflect test fatigue
or become bored or defensive. The investigator who is sensitive to these
possible influences may be able to minimize their effects through careful
planning. He may contrive to collect his data as part of a normal course
of events and not in a special test situation. He may find ways to keep
pre-measnres and post-measures separate from cach other and not con-
nected in the subjects” minds. He may deliberately avoid overtesting to
prevent wearing out the good will of his subjects. And he may keep situa-
tions free of threat to avoid stirring up defensive reactions.

Extensions of the control group design. To provide additional safe-
guards against the influence of pre-measurement, contemporaneous events,
or developmental changes, more complicated extensions of the control group
design have been worked out. These extensions involve adding additional
control groups, each of which is handled differently. These more compli-
cated extensions of the classical control group design are seldom used. This
is quite understandable because they are obviously lahorious and highly
difficult to contrive. But a quick look at what we might be doing if we
attempted to provide for “ideal” controls should illustrate the necessity for
securing the hest control group possible, even if it turns out to be some-
thing considerably less than “ideal.”

The first extension involves the use of two control groups. The second
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control gronp is not pre-measured but s exposed to the independent
(('Xl)(‘rilll(‘llhll) \';Iri;lblv all(l tll(‘ l)()ht-lll("dsllr(‘. Tlll‘ first ('()lltl‘()l gr()up
is both pre-measured and post-measured but is not exposed to the ex-
perimental variable. The pre-measure for the second control group s
assimed to be similar to the average pre-test score for the experimental
group and the first control gronp. This produces a second control group,
with an assumed pre-measure and a post-measure, which has been exposed
to the experimental variable but which in no wav can refleet the influence
of the pre-measurement. I the difference between the post aw s
scores of the experimental group and cach of the two eontred (e oo,
widely divergent, it may be assimed that the-c o imteractun vewes o
the pre-measure and the expernnental «arable S b steractwn nee he
found by comparing the chasge in wcores o the three groups. Ot course,
the three groups should be selected by random assignment or by some
matching procedure to insure that they differ only by chance at the be-
ginming of the experiment.

The second cxtension involhes the use of three control gromps. Here
again, all fonr gronps (one expernuental and three control groups) should
be selected in such a way that they differ onlv by chance in the initwl
stages of the experiment. The experimental and the first control group are
pre-measured. The second and third control gronps are not pre-measured,
and their pre-test score is assumed to be similar to the average pre-test
score of the experimental group and the first control group combined. The
experimental variable is introdnced in the experimental gronp and in the
second control gronp. It is not introduced in the first and third control
groups. All four groups are subjected to a post-measurement.

Change in the first control group reflects the cffects of pre-measure-
ment, contemporaneous events, and developmental changes. Change in the
second control gronp reflects the cffects of the experimental variable and
of contemporaneons events and developmental changes. Change in the
third control group can be sibtracted from change in the second control
group to gain an approximation of the cffect of the experimental variable
alone. This can be done because control groups two and three are similarly
influenced (presence of contemporaneous events and maturational proc-
esses) with the exception of the experimental variable introduced to group
two. Thus, the extent to which the change in the experimental group re-
flects the influence of pre-measurement, contemporaneous events, develop-
mental changes, or the experimental variable can be determined through
comparison of the changes in this group with those in the other three

groups.
8
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All of the multiple control group designs really amount to condncting
simnltancously the same experiment two or more times. In essence, this
amonnts to two or more replications of the same experiment under different
conditions. If the results of these cxperiments are similar, we have greater
swnrance that the onteone o not confounded. If the results are not similar,
we . an probe for factors which mav have influenced them. You will recall
that Kirk conducted two simultancons experiments (community and insti-
ttion caperimental and contrast groups) in his study. One experiment
aas vmee o areplication of the other  This check-countercheck procedure
1s what 1 attempted in the use of nasbtiple control gronps.

The use of multiple control groups, and sometimes of cven one con-
trol group, confronts the investigator with truly momentous difficulties.
But believable experimental research has not yet discovered ways to dis-
pense with the control group approach, difficult as it mav be.” Instead,
efforts have been directed towasd wmwventing desigms which resemble and
may substitute for the somctimes “impossible” classical experimental group-
control group design. The next four designs may be viewed as examples
of the classical design, modified in wavs to surmount anticipated obstacles
and to make otherwise “mute” question-asking palpable.

DESIGN 2: “AFTER-ONLY” STUDY WITH CONTROL GROUP

Although Design 1 is the most frequently used and approved type of
design for experimental rescarch, the post-test only design not only avoids
the possible contamination of pre-test influence and permits research in-
vestigation in instances where pre-testing is not possible, but also provides
for all of the essential characteristics of true experimental designs.

While the experimental and control groups are not pre-measured,
randomization of assignment to the two groups is employed to assure lack
of initial biases between the groups. Properly handled, randomization can
suffice without pre-test to lend credence to the assumption that the experi-
mental and control groups are “equal” before the experimental treatment.
The experimental or independent variable (X) is introduced in the experi-
mental group only, and not in the control group. Since the experimental
and control groups are both randomized instead of matched, subject to
uncontrollable factors and vulnerable to unplanned, contemporaneous
events, the differences between the post-measure scores of the two
should approximate a direct indication of the experimental variable’s in-
fluence alone. The post-test scores of the two groups (Y: and Y’5) may be
compared to analyze the influence of the experimental variable (X).
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In addition to satisfving the hasie reguirements of experimental design,
the post-test onhy design makes it possible to conduct rescarch projects
in those circnmstances where pre-testing is inadvisable or impossibic.
Rescarch studics which employ as subjects very vonng children taken from
pre-school or the primary grades frequently: canmot nse pre-tests which
reguire facility with reading and writing. Alo, the ages of children place
rather severe limits on the length and complexity of tests which reguire
even a mininm of sustained effort to employ ingnage skills. And research
studies which employ as subjects older and more sophisticated children,
or even adults, are at a loss to pre-test when completely new and unfamiliar
concepts or abilities are the subject of investigation. The numerons enrrent
studies being addressed to rescarch on the newer media of instrnction such
as edncational television, I:lngnng(- laboratorics, prngr;nm-d instruction,
and the like really have no satisfactory pre-tests available. Then we fre-
guently are fuced with variables abont which we are not free to make
(-xp(-rim('ntnl changes. Relevant variables sneh as the father’s ocenpation,
parents” education, and the familv's previous places of residence cannot
very well be experimentally manipulated or conditioned by a rescarcher.
Sometimes the most important (-nn(litiuning expericnees and measnre-
ments have already taken place and further pre-measures might be con-
sidered indelicate or unnecessary,

In the case of the “after-only™ with control group design, we really
know very little about the “before™ phase. Bnt it is possible to reconstruet
it historically or to conceptualize it on the hasis of available evidence.
For instarce, we may nse existing 1Q scores, school marks, age, sex, or any
one of numerons existing measures, and this generally is done to provide
more complete evidence. However, the basic comparison is a statistical
one wherein we nse various correlational and significance of differences
t(-clmiqn('s to climinate or confirm one factor after another. Or we may
clioose to control the experiment statistically through the use of analysis
of variance or analysis of covariance techniques.

Example of an “after-only’” with control group design. An illus-
tration of this tvpe of design may be found in the June-July 1962 issue of
The Journal of Educational Research in which Jolm D. Krumboltz and
Barbara Bonawitz report on “The Effect of Receiving the Confirming
Response in Context in Programmed Material.”* This study obviously
was a case within which no pre-test measures would have been possible.

The experiment was conducted comparing two approaches of pre-
senting the confirming response in a programed textbook designed to teach
prospective teachers how to write valid classroom achievement tests. The
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“isolation” approach consisted of presenting the desired response to the
stimulus frame as a single word or phrase in the traditional programed
manner. The “context” approach consisted of presenting the confirming
response as a complete thought, usually by inserting the desired response
in a repetition of the relevant part of the stimulus frame. A control group
received a completely different program.

Thirty-two subjects were randomly assigned to the three treatment
groups. The subjects for the experiment were undergraduates in a course
in introductory educational psvchology at Michigan State University.
Subjects were assigned at random to three treatment groups: the “context”
group, the “isolation” group, and a control group which received a com-
pletely different prograin on interpreting test results. Randomization was
accomplished by arranging the three tvpes of programs in a random
sequence and distributing them to the students in the order in which thev
were seated in the classroom.

It was evident that the basic program on writing valid test items
had a desirable impact on those taking it, regardless of the method of
receiving the confirming answer. The control group scored far lower on
the total criterion test than did either of the other groups. A finding of
much interest was that the confirming answer “in context” seems to have
a desirable effect on the ability to respond correctly to application questions.

Advontages and limitations. Although this design shares a problem
encountered in all research with people (that the measurement proce-
dures themselves may alter the characteristics they are supposed to meas-
ure) the problem is vastly less serious here than in “before-after” studies.
The assumption is made that both groups are subject to similar matura-
tional processes and to the same uncontrollable external events between
the time of selection and the time at which the measure on the dependent
variable (Y:) is taken. If this assumption is justified, the position of the
two groups on Y: at the close of the experiment includes events and
processes that have affected both groups. The difference between Y: and
Y’z may be taken as an indication of the experimental treatment.

Another advantage of this design for studies conducted in schools has
already been noted but should be stated again because of its importance.
A large number of our problems and questions related to schools have
antecedents which are beyond our control and which alreadv exist. Edu-
cation is bound to family and community factors which come with the
child to his school and to his learning activities. Principals and teachers
can do little, if anything, to alter the father’s employment status, income,
or educational level, or the mother’s employment outside of the home.
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Thus these and other available measures niay be wsed in liew of pre-tests,
and the effect of the experimental variable, which we can anipabate,
mav still be investigated.

The major limitation of this design i, of conese, the problem of the
missing “hefore's.” Design 2 fills o med for handling the difficadt or -
possible “before” measuring. amd in addition i appropriate in all cases
where Design | might be sl

DESION 3: “BEPORS-APTER” STUDY WITH A SINGLE OROUP

In many practical : aations, Bnding a4 control gronp may prove ta be

not only difcult but aho a ninistratively impossible. This third design
gets around the problem uite neath In having cach subject sen e as his
own contral. The difierence bretween the pre-measitre on the dependent
variahle (1)) and the post-measire on the dependent variable (V) is tuken
as a measure of the effect of the independent variable (X).

The single group “before-after” cxperiment is sometimes called the

“successionsl” experiment and is often 1nsed in lshoratory rescarch.  No

is more common in the total array of research procedures than
the and-after messirement of a variable o test the offect of o
stimulus, sn event, or & change which has been introduced hetween the
first and second measurements. In the instriuctional setting, the range of
change producing factors which are the subject of stidy is very hroad,
indeed. Administrators and teachers can cusily and naturalh manipulate
these factors as experimental variables, as in the study of the efiect of special
concrete materials on learming snd retention in arithmetic. At times, to
test the lasting effect of a changre, more then two messrements are taken.
The measurements are over a continning period rather than on either
side of an en variahle, and the intest hrcomes trub * scces-
sional.” Other variations of this sort of resning experiment, of conrse,
are avallable.

“ of @ “bolere-afer” sudy with ¢ singlo growp. P naps
the hest known example of a single growp “hefore-after” exprriment may
found in the hook Menagrment ond the Worker® This was the famone
caivied out by Mayo, Raethlisherger, Dickson, and others at the
Hawthorme plant of Western Klectric Company in Chicagn. 1t was one
of soveral w-colled Fuminatinn studics common to the mncial research of
he thirties.

The investigators had initialh come 10 the prediction that the intro-
duction of improvements in the ph sl conditions of wark would result

gf
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in increased productivity of an experimental group engaged in the pro-
duction of telc:hone reiay assemblies. The "before™ period consisted of
intensive observation in which production and behavioral norms were
identified—variation in output, interruptions, communication patterns, pro-
" ction rate, percentage of telephone relavs rejected because of poor
juality, and sc furth. At subsequent intervals, the variables to be meas-
wed were introduced. The “after” phase consisted of measuring the dif-
ferences in production and in the behavioral norms which, interestingly
enough, impressively followed the original prediction.

But the most interesting finding was what has come to be known
among researchers in the hehavioral sciences as the “"Hawthorne etiect.”
In order to manipulate more exactly the physical factors affecting pro-
duction, the experimenters had set up a special experimental room for the
girls who were wiring the telephone relays. This wiring room was sep-
arated from the rest of the factory and, as a result, the workers became the
center of attention. Furthermore, they received special attention from the
outside experimenters and from the management of the plant. Careful
studies of this wiring group showed marked increases in production which
were related only to the special social position and social treatment they
received. The fact that these workers were made the center of attention
thwarted the intent of the reseurchers to “control” the important variables,
and almost any sort of change introduced into the conditions of work
resulted in increased output and improved behavior.

The major trouble with the Hawthome study wat the absence of «
control group for comparison. It was possible to assume that before the:
relevant varisbles were introduced, the experimental group was the same
as the control. But there was no way to tell what might have happened
to the control group if there had been no introduction of the ltt("(‘(l
variables, Of course, the experimental group in the Hawthorne study was
placed in a position which differed from customary work conditions,
and this bly set the subjects apart in their own minds. School chil-
dren, accustomed to the introduction of differing instructional procedures
and the subsequent testing of results, may he somewhat immune to the
danger of being made J, provided that the general conditiors of their
schoolwork are not ly and drastically akered. Nevertheless, although
we may sometimes he unshle to contrive a separate control group und
“measure the efiect of the non-stimuhs,” we must at least be aware of the

danger: inherent in this gap.
Adventages end limbatiens. Onc of the major advantages of this
design is its sheer convenience and feasibility. If research studies of local
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school problems depended ultimately on separate control and experimental
groups, vastly fewer studies would ever be attempted. And at the very
least, it is better for questions to be asked and answers to be sought
systematically than for nothing to be attempted because of formidable
impedimenta such as finding “matched” control groups or locating a suf-
ficient number of subjects to make possible a random assignment to control
and experimental groups. The ordinary classroom group is composed of
twenty to thirty students, and this may be the total number of subjects a
teacher can have at his disposal. The invention of a design pattern where
each subject acts as his own control in effect doubles the number of subjects
available, and no more precise matching is possible.

The use of this design may be justified when the investigator has good
reason to believe 1) that the “before” measure will not in some way affect
the response to the experimental treatment, and 2) that there are not
likely to be any other influences, besides the experimental treatment, during
the course of the experiment whicl might affect the subjects’ responses at
the time of the “after” measurement. In order to be reasonably sure that
such assumptions are justified, the investigator must have considerable
knowledge of the probable effects of his measurements and of conditions
other than the experimental treatme it that ace likely to influence the
dependent variable. This is fortunately true in the case of individual school
environments where principals and teachers are apt to approach problems
with an already impressive array of knowledge about the subjects and
where they normally exercise considerable control over the planning and
conduct of the learning environment.

Another advantage can be found in small N studies (25 or 5o subjects).
In contrast to large-scale experiments, the smaller number of subjects
makes possible deeper and more complete study of individual subjects.
In addition to analyses of a group of subjects—for example, statistical
analyses—individual case studies can he completed. Kirk did this cffectively
in his study. In truth, the staff members of individual schools are in a
unique position to exercise a kind of control and completeness that is
simply not available to outside researchers.

Sometimes, the “hefore-after” design used with a single group of
subjects is criticized because it is alleged that the findings cannot be
generalized to other groups. In the case of the schools, thix may not
strictly be the case. The teacher-researcher wants to engage in investiga-
tions that will help him make better decisions and improve his practices
now. He also hopes that his indings will apply to the children he will
teach in the future—probubly in the same school and at the same grade
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level. Whether they will apply, of course, depends npon the extent to
which his students now represent a random sample of the popnlation he
will have in the future.

Stephen M. Corey, in his hook Action Research to Improce School
Practices, presents some interesting material on this point." He reports
on a series of stati<tical tests of the null hypothesis that the distribution of
scores on individ-.al classes and the distribution for the total population
of N classes taught by the same teacher will not differ more than might
be cxpected as a consequence of chance. Students in twelve different class
sequences extending over three years, taught by twelve teachers in New
York City and West Orange, New Jersey, were the subjects of the analysis.
The variables studied were 1Q, subject matter achievement test scores,
and silent reading test scores. The chi square test of the significance of
differences was applied to the distribution of scores. The probabilities
resulting from thirty-eight chi square tests, with one possible exception,
indicated that the students in a teacher’s class at anv one time could be
considered to be a random sample of the total population of several
consecutive classes. Of course, any teacher, if he has available the
necessary scores for several consecutive classes, can apply the chi square
test to determine if the differe ces between tl.o classes are greater than
would be expected by chance uime.

It is quite pertinent to inquire into how much confidence can be
placed in the generalizations derived from a single study, even if the
study’s sample was randomly selected from an indefinitely large popula-
tion. For example, some investigator might use a random sample of all
fifth graders in the State of New York or the State of California. But teachers
anywhere would do well to question whether the immediate group with
which they are concerned is at all similar to the one on which the “ran-
domly sampled” study was based. Research studies in education hove long
been criticized for the tendency of rescarchers to generalize on the shim
basis of a single study completed once and never again. There is a strange
lack of replication of studies in education, to the detriment of believable
scientific knowledge. In this state of affairs, it might be wise for any
practitioner in education to form the habit of performing check studies in
his own situation hefore accepting generalizations derived from unrepli-
cated studies done clsewhere.

Perhaps the major limitations of this design have heen adequately noted
in relation to the Hawthorne effect. The chief weakness is, of course
that there is no control group to provide information on the effect of the
nonstimulus.
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DESIGN 4: “AFTER-ONLY” STUDY WITHOUT CONTROLS

Perhaps a design equally common with the one just described is the
single cell. This generally represents the over-all design used in school
surveys, many research studies, assessment studies, status studics, and case
studies. Treatment of the data is usually descriptive in nature, with only
incidental attempts to attribute findings to associated variables. As such,
this is actually a report on what exists at the tine of the study. It is not
a design used in experimental research, thougl it mav be a necessary step
in charting the territory for later experimentation.

When we have gathered adequate data about the group being studied,
we can relate various characteristics and gain information about factors
which may have been previously obscure. The more we study such a single
cell, the more confident we become that certain forces may be influential
in shaping the results we uncover. Our logical analyscs may jibe with
good common sense and suggest a flood of hypotheses to be tested later.
Studies conducted within this design can be very useful, but they do not
test reasoned solutions to conceptualized problems. Ordinarily, surveys and
status studies are insufficient for experimental purposes. The chain of
events associated with experimental research calls for some sort of both
control and experimental groups to see 1) how the experimental variable
has affected the experimental group, and 2) how the lack of, or difference
in, the experimental variable has affected the control group.

Enample of an “sherenly” study withewt contrels. Onc massive
“after-only” study was conceived and conducted by the twenty-seven
members of an ASCD Yearbook Committee and published as the 1958
ASCD yearbook, A Look at Continuity in the School Program.'' The com-
mittee members chose to study the present situation with respect to articu-
lation and continuity as viewed by children from kindergarten
through the senior high school. To do this, the committee members worked
out a simple interview guide to give a structure  children’s reports in a
group interview situation. Committee members or their representatives
talkked with groups of children about experiences which had helped or
hindered them in their progress through school. Then they asked the
individual children in esch group to answer four simple questions written
on a mimeographed guide sheet:

“1. Tell about anything that has happened to you which has helped
you to feel that your progress was smooth and that the school helped you
move along without unnecessary difficulty.

“2. Tell about anything that has happened to you which has made it
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difficult for you to move along simoothly through school.

“3. Tell about any experience that has been very pleasant or very
vnpleasant and which grew out of this question of vonr progress throngh
school. It may have happened gnite a while ago or latelv. Write as mnch
as yon can remember about it: tell how it made vou feel at the time it
happened and how vou feel about it now.

“4. If yon have moved from one school to another. tell ow von felt
abont moving, before and after vou moved. Do vou feel the same wav
now?" 2

The commiittee’s plan for gathering data purposely: allowed for varia-
tion in responses. Each committee member was left free to modify the
interview guide form in any way that seemed desirable to him. as long as
he got children to give their own free reports to the fonr basic gnestions.
Particularly with voung children, the interviewers had to modify and
reword the questions. In some cases, it was necessary to take notes, use
recording devices, or arrange for stenographic reports,

Scts of student reports were submitted by seventeen committee mem-
bers from eleven states. They had collected a total of 2731 usable reports.
A group of analysts (the committee chairman and twelve advanced students
of the Univensity of Alabama) reviewed the completed reports and worked
out data sheets to which the material could be transferred. This procedure
resulted in orﬁmizing the data under common categories regardless of
where in a child’s report the pertinent  (crial was recorded. Any tvpe of
situation which represented at least one per cent of the total situations was
included as a category in this grouping. The data sheets were also classified
according to grade level: primary, intermediate, junior high school, senior
high school, and a mixed group for which the grade level at the time of
the incident was not indicated. A total of 4197 data sheets were used in
the final summarization.

The completed study organized the data by grade level groups around
fourteen categories of situations. Eleven tables were required to present
the summarized data. The data in the tables were grouped according
to frequencies, percentages, and rank order of positive and negative
reactions. :

The fourteen categories of responses to the initial four guide sheet
questions turned out to be: 1) moving to new school community, 2)
teacher behavior, 3) subject matter, 4) moving to next school leve!, %)
smooth progress, 8) extracurricular activities, 7) differences in teaching
methods, 8) illness, 9) rewards, 10) punishments, 11) promotion, 12)
grading, 13) retention, and 14) accidents. Interestingly enough, the per-
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centage of negative responses reflected on the data sheets was greater than
the peveentage of pnsi(i\'v YCSNSeS,

The writers of this vearbook were explicit and positive i their
insistence  that the study was merely aa introductory and - exploratory
treatment of a subject which is in need of wmnch stn(l\ research, and
evaluation.

Advantages and limitations. The survey or deseriptive stady is a
process for learning pertinent information abont an existing situation. The
principal devices for gathering data from people involved are the inter-
view, the questionnaire, and summniaries of existing documents which comnt
and ennmerate phenomena, such as those which are published by the
Burcau of the Censns and by the Research Division of the National
Edncation Association.

The survey fregquently becomes more than a mere fact-finding device.
It mav result in important hvpotheses or conclusions that help to solve
current problems, and it may provide basic information for comparison
studies and for identifving trends. Survevs completed five or ten veurs
ago may be repeated, and something will be learned abont changes which
have taken place in the meantime. School district sneveys have long served
certain needs in education by providing previonsly lacking descriptions of
enrrienla, attendance centers, citizen opinion, and physical facilities. Thev
have also helped to pool divergent ideas, technignes, and bits of inforna-
tion, thus throwing light npon cxisting conditions in need of change and
improvement.

Most times, it is far casier to obtain data throngh single cell studies
than it is to draw valid conclusions from the facts discovered. Stadies of

“this type tend to have a larger scope and to range more freely than experi-

mental studies with control gronps. Surveys frequently tend to be com-
posed of a loose confederation of several single cells related or yrelated
to cach other. These characteristios lend to the stadies the impressions
of size and convincingness. And herein lies perhaps the major limitation
of single cell studics. The freedom to range more widely and not to be
strictly. bound by the requirements of expe rimental rescarch also makes
nnpossll)lv definite problem solution, prediction based on theory, and
probability inference. In spite of feelings of certainty which may be
drawn from single cell stadies, it is important to note that snch feelings
or convictions are not demonstrations. The very real and necessary con-
tributions to he made through pre-research studies, case studies, survevs,
status studies, and other forms of cnumerative investigations shonld not
be dilnted by reading inta them more than can be demonstrated.
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DESIGN 5: EX POST FACTO EXPERIMENT

The basic pattern of the classical experimental design is one of com-
paring the result of the experimental variable upon an experimental gronp
with the result of not introducing that variable into a comparable group
under the same conditions. Most frequently, this involves a prediction of
what will be the difference in results between the two groups, i.e., it is
nsed as a projective design which looks forward in time. However, the
classical logical pattern need not be confined to projective designs. It can
also be applied to problems which look from the past to the present rather
than being oriented toward the futnre. This is known as ex post facto
research.

The major characteristic of this procedure is that the investigator can
control the crucial variables only by selecting those which have already
been recorded. The investigator may locate a group of subjects which has
been exposed to the type of experience in which he is interested and
another group, similar in other relevant respects, which has not been
exposed to such an experience. He then compares the groups on the basis
of present performance. In hasic logic, however, projective and ex post
facto experiments arc the same. The purpose of both is to compare two
groups similar on all relevant characteristics save one in order to measure
the effect of that characteristic.

In the ex post facto experiment, we manipulate pieces of paper instead
of experimental conditions. That is, we manipnlate existing records which
symholize the behavior upon which the experiment is focused. Control
is achieved by matching records in such a way that the control and experi-
mental groups are similar in relation to all hut the crucial variable. The
records are then followed through hy suring the conseguences as
observed in present hehavior.

The teacher-investigator may not be in a position to test a hypothesis
by assigning subjects to different conditions in which he directly controls
the experimental variable. For instance, there verv well may be a limit
to which certain types of instruction can be justifiably withheld from a
group of control students. Or the teacher may be interested in exploring
the effect of some long-range school practice but simply does not have
time to wait several years for maturational effects to become evident.
Consider, for example, the research that has been done on incidental
(activity type) instruction in arithmetic. The extent of incidental instruc-
tion compared with formal instruction has not heen controlled, as it would
be in a “purely” experimental study, by assigning different individuals to
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classroom groups where instruction proceeds according to different basic
curriculum patterns. Rather, records have been secured which symbolize
the arithmetical behavior of students in activity (experimental) schools
and students in formal (control) schools. The relation between type of
instruction and performance in arithmetic is then computed. And for many
reasons, it is not likely that the basic design of a school curriculum will be
manipulated to suit experimental conditions.

The ex post facto pattern involves the same problems of matching that
are present in projective designs. However, it has two additional problems
that are uniquely inherent: 1) It is necessary to find adequate records
after a lapse of some years; and 2) Problems are restricted to those arcas
for which adequate records exist and are available to the investigator. If
important material was not recorded, the needed information cannot be
resurrected just for the purpose of study.

However, teachers find themselves in an unusually advantageous posi-
tion to make ready use of complete records that go back in time. Adminis-
tratively, schools have become avid storers of information: academic
marks, intelligence quotients, health charts, attendance records, height and
weight charts, aptitude scores, citicenship marks, parental information,
judgmental descriptions by teachers, personality scores, achievement scores,
sociograms, and a host of additional measurements. In fact, there are very
few other sources of meticulously kept records which cover so wide a
range of the behaviors of people over sustained periods of years. Theo-
retically, it is possible to reconstruct Johnny at any particular time—in
terms of his father’'s occupation, the story of his physical health, his rate
of physical growth, his intellectual achievements, his sequential progress
through school, what his teachers thought of him, how he got along with

laymates, what his talents were, the developing pattern of his abilities,
{fnd many more qualities belonging to Johnny and classroom groups around
him at various times.

Frequently, the investigator may not find it possible to assign indi-
viduals to different groups, one of which will have the experimental treat-
ment and one of which will not. An alternative solution is to find two
comparable groups which will be, or have heen, exposed to experiences
which differ in relation to the crucial variable of interest. This alternative
s a very common procedure in most types of research studies and serves

ery well in the case of ex post facto experiments.

Example of an ox pest fecte experiment. A particularly ingenious
scheme was used in one study, “The Grouped and the Ungrouped,” by
Jo Taylor Auld."* This study set out to investigate the effects of traditional
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“high,” “average,” and “low” ability grouping in elementary schools. It
could not have been conducted at all if there had not been already existing
records which could be manipulated on an ex post facto basis.

Two elementary schools in a South Carolina city were included in
this study. The neighborhoods served by the two schools were alike in
terms of housing, community facilities, churches, etc. In each school, the
principal had held the post for more than fifteen years. The number, age,
and experience of faculty members were approximately the same. The
facilities in the schools were equal, as were the organized play programs,
library periods, and so forth. Being in the same city system, the schools
operated under the same policies and followed the same testing pr-cedures.

In School A (the experimental school) there were thirty-one boys and
twenty-seven girls in the sixth grade who had been in attendance there
since they entered the first grade. These children had been grouped in
“high,” “average,” and “low” groups when they entered the second grade.
The grouping had been based on teacher judgment and on reading ability
as measured by the California Achievement Test.

In School B (the control school) there were twenty-nine boys and
twenty-seven girls enrolled in the sixth grade who had been attending the
school since they entered the first grade. These children had not been
grouped in any manner throughout their six years in school. In other words,
they had been in heterogeneous classes throughout their school experience.

In each school, there was an active PTA with a membership of 100
per cent of the families. The families were much alike in the two schools
with regard to their socio-economic status. More fathers in School B were
engaged in professional occupations, and slightly more mothers in School
A were employed in positions outside the home.

The median intelligence quotient of the group of children in School A
was 107, with a range from 87 to 134. In School B, the median was 110,
with a range from 87 to 133.

During the 1959-80 session, Auld studied the test results obtained
when the children in School B were in the first grade. On the basis of the
reading test and the recorded teacher evaluations, she arranged their
names in three groups—“high,” “average,” and “low”—in the same nanner
that the children would have been grouped for instructional purposes if
they had been enrolled in School A when they entered second grade. Thus,
she was able to establish comparable groups in the two schools and study
the differences, if any, that existed in the students after more than four
years of schooling under different systems of grouping.

The following findings are based upon the results of the Metropolitan
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Achievement Test (Intermediate Batterv VI) which was administered to
the children of both schools.

1. There were no statistically significant differences in the perform-
ance of the students in Schools A and B who were in the “high” or “average”
groups.

2. Among the “low” group, those in School B demonstrated signifi-
cantly inore achievement than those in School A. This difference was qQuite
marked, with the School B students caming a mean grade equivalent of
6.3 whereas those in School A earned a mean of only 5.0. This difference
was significant at the .01 level of confidence.

3. Achievement in reading, arithmetic, and language on the part of
“average” and “low” groups was higher in School B where the students
had not been grouped for instructional purposes. The data indicate that
at least among these students in these two schools, grouping o-er approxi-
mately a four-year period apparently hindered the achievement of the
average and below average pupils, and it did not provide advantages for
the above average or “high” pupils.

Advantages and limitations. The major advantages of the ex post
facto experiment cluster around the simple fact that it makes it possible
to seek answers to certain kinds of questions that otherwise would go
unanswered. The ex post facto pattern in effect compresses time, per-
mitting study of the effect of many years’ experience now, rather than
waiting for the experience to happen. In a very real sense, this expresses
a common and regular responsibility of all schools everywhere. Measure-
ments are made and records are kept to predict the probable success of
students in college, in jobs, and as citizens. Grade point averages, academic
experiences, and citizenship marks are used as predictors of future abilities
and accomplishments. These records, if carefully secured and preserved,
can provide the needed data to check the educational procedures which
gave rise to them in the first place.

Of course, the investigator will find it necessary to account for several
factors which might operate to confound the data. He will want to be
sure that the individuals who have undergone different experiences were
comparable before they were exposed to the different experiences in
question. He will want to be sure that the time order and intensity of
exposure to contrasting variables are similar. He will account for some
of the extraneous variables which might have operated during the course
of the experiment. And he will avoid such obviously confounding factors as
comparing an assigned group with a self-selected group. The Auld study,
for example, accounted for factors such as these. But it must be remem-
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bered that her study could not do more than approsimate the control group-
experimental group design.

The major limitation of the ex post facto experiment is that it cannot
provide safeguards as adequate as those given by random assignment of
individuals to experimental and control groups, control over the extraneous
variables that might operate during the course of the experiment, and
dircet manipulation of the experimental variable. In addition, the experi-
menter is limited by the degree of thorouglmess and accuracy which un-
known and past record keepers have displaved. Aud of real concern and
frustration is the danger of encountering “blank spots™ where some crucial
data may not have heen recorded at all or mav have heen recorded in an
unusable mamer,

In the same sense that the creative investigator may view himself as
one who observes what happens when he treats the world as if it would
operate as he hvpothesizes, so he may view himself as one who can plan
(design) cvents to facilitate the operation of his hypotheses. He devises
ways to cantrol and numipnlate conditions to make observations of his
byvpotheses-in-action clearer and sharper. This calls for ingennity and in-
vention. It also calls for the recognition of opportunities inherent in the
original problem and its hypotheses in order to exploit new ways to plan
for collecting data or to modify alreads known designs which have been
successfully used elsewhere. For instance, Auld employed mnusual insight
in emploving the ex post facto records in one heterogencously grouped
school to arrange the children’s names in the same manner that they would
have been arranged had they been in a homogeneously grouped school.
In this manner, she contrived a way to control and manipulate conditions
so that her hypothesis could be tested.

It would be a mistake to regard tiie various designs for conducting
tests of hypotheses as complete, final, or restrictive. The world is wide
open for new and thoughtful ways to plan the conduct of problem solving.
And theoretically, at least, there shonld be as many different wavs to plan
as there are different problems to be solved and different people to solve
them. _

This chapter has presented only five types of “standard™ design used
in research. Many more are described in the literature on rescarch methods.
Some are highly complicated and include undnly diffienlt or impossible
requirements for people engaged in actual sitnations. Others are purely
statistical, focusing chicfly on mathematical models. But the problem of
design is mainly logical in nature and is onlv secondarily statistical for
the ordinary investigator, School people would do well to expand gradu-

12
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ally their knowledge of the aternatives suggested by any available design
pattern and then choose the ones most feasible, promising, and flexible
for their own research interests.
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of observations or measurements. We have seen that these data
- are more likely to yicld credible information and apply to the
" answers that we seek when the experiment is gnided by adroit
hypothe-izing, careful sampling, and insightful pre-planning or
designing. In addition, when we considered variables and probability,
we saw that the testing of hypotheses requires four types of evidence:
1) concomitant variation, or evidence that the independent variable (cause)
and the dependent variable (effect) are associated: 2) time sequence, or
evidence that the dependent variable did not occur before the independent
varisble; 3) internal control, or evidence ruling out other factors as possible
influences; and 4) probability, or allowance for the operations of chunce
or sampling error—instead of the deliberuely introduced independent vari-
able—to have produced the effects that we obscrve in an actual experiment.
During and after the collection of data, it is necessary to unalyze them
in terms of the four types of evidence which lend reliability to the con-
clusions reached. Logical analyses apply quite handily to the first three
types of evidence. But the fourth type of evidence, allowing for the
operations of chance, can very seldom be ascertained by simple direct
inspection of the data or by logicai analyses of them. Statistics provides
the methodology whereby this can be done.

l The data resnlting from any experiment are usnally a collection

The fundamental statistical problem arises when we try to see if one
variable produces a change in another variable in a situation where the
latter spontaneously changes due to the influence of other causal factors
which are commonly termed “chance.” In other words, starting with a
mathematical model for random variation, we ask what the chances are
of drawing two separate samples whose mean or median difference is as
great or greater than the difference obtained from an actual experiment.
If the chances are small (say one in a hundred) of obtaining a difference
of this magnitude from two random samples drawn from the same parent
population, we may tend to regard favorably the likelihood that the actual
difference is due to the effect of the independent variable which was
deliberately introduced into the experiment. But if this likelihood is con-
siderably greater (say fiftven, twenty, or more in a hundred), we dismiss
the difference as easily due to chance. Of course, this reasoning involves
the assumption that the variance in the population or samples with which
we are dealing in an actual experiment is normally distributed, as it is
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in the mathematical model. If it .. not—and it often is not—then * sti-
fication for the comparison is seriously questionable.

Because such assumptions are often unsuitable in practice, and be-
cause the requisite conditions on the assumption of “normaley” in the
distribution of sample or population scores either are not met or are un-
testable, increasing attention has recently been paid to the newer statistical
tests that do not depend upon such assumptions and conditions. These
are the nonparametric or “distribution-free” tests. Some nonparametric
techniques are called “ranking tests” or “order tests,” and their titles suggest
their characteristics.

The customary “stundard™ techniques of statistical inference are bhased
o1. several strong assumptions about the nature of the population from
which the scores were drawn. For example, a technique of inference may
be based on the assumption (seldum tested) that the scores were drawn
from a normally distributed (bell-shaped) population. These population
values are called “parameters”—a mathematical term indicating variables
entering into any distribution where the possible values of the variable
correspond to the distribution. Because « f this, the usual statistical tech-
niques are called parametric. That is, parametric techniques are tied
closely to the shape of the distribution of scores or ohservations. When
using parametric tests, we arrive at conclusions which may be valid if the
assumptions regarding the shap of the population are valid.

Nonparametric or distribution-free techniques require fewer quali-
fications and assumptions regarding the shape of the population. In test-
ing hypotheses about a control group and an experimental group, the
comparison is between distributions and not between parameters. \When
using nonparametric tests, we arrive at conclusions which may be valid
regardless of the shape of the population values.

Several disadvantages and advantages of nonparametric methods have
been pointed to by Lincoln E. Moses.!* Paraphrasing the Moses treatment,
we may compare on several counts distribution-free techniques and normal-
distribution techniques. This may provide a rather quick summary of
reasons why nonparametric tecliniques seem reasonably well fitted to re-
search projects undertaken in individual school systems, individual schools,
and individual classrooms.

Disedventages of nenparametric metheds. 1. Nonparametric tests
applied to normal data—rather than normal-theory tests—are wasteful of
data. The degree of wastefulness is measured by the “power efficiency”
of a nonparametric test when compared with a similar parametric test.
“Power” can be defined as the probability of rejecting the null hypothesis
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when the alternative (research) hypothesis is true.

If, for example, a test has 80 per cent efficiency, this means that
where the data are from a normal distribution, the appropriate classical
test would be just as effective with a sample of 20 per cent smaller size.
In this way, “efficiency” (a mathematical test of statistical tests, both
parametric and nonparametric) expresses the relative merits of the non-
parametric test and the classical test under conditions where the normal
test is correct. It does not, however, tell us how the tests will compare
on non-normal data.

2. For large samples, some of the nonparametric methods require a
great amount of labor.

3. Writing in 1952 and 1954, Moses listed as another disadvantage
the fact that the nonparametric tests and tables of significance values were
widely scattered in the periodical literature. Since 1954 this objection has
heen largely overcome through the publication of several quite usable
books which contain both the methodology and the necessary tables.
Among these are:

Wilfred J. Dixon and Frank J. Massey, Jr. Introduction to Statistical
Analysis. New York: McGraw-Hill, 1957.

Norville M. Downie and Robert W. Heath. Basic Statisti »! Methods.
New York: Harper & Brothers, 1959.

George A. Ferguson. Statistical Analysis in Psychology and Edu-
cation. New York: McGraw-Hill, 1959.

Sidney Siegel. Nonparametric Statistics f~r the Behavioral Sciences.
New York: McGraw-Hill, 1956. (This book, entirely given over to
nonparametric tests, contains a very large collection of appropriate
tables of significance values.)

Merle W. Tate and Richard Clelland. Nonparametric and Shortcut
Statistics. Danville, Illinois: Interstate Printers and Publishers, 1957.

The appearance of the literature on nonparametric statistics has been
matched by the spread of knowledge and the use of distribution-free
methods. Just a decade or so ago, nunparametric techniques seemed to
be the exclusive property of mathematical statisticians in both this country
and England. Since that tim¢, researchers in many theoretical and applied
ficlds of knowledge—psychology, agriculture, sociology, biology, education
~have learned to use these newer techniques.

n
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Advantages of nonparametric methods. 1. If samples are very small
{as small as six or fewer members), there is no alternative to a
nonparametric  test.

2. I the sample consists of observations from several different popn-
tations (ard perhaps a different nmber of cases in each subsample), there
may be a suitable vonparametric treatiment,

3. In certain cases, data can only be taken as “better” or “worse,”
or “gain” or "loss.” That is, an observation can only be expressed as a
plis or minns, Obvionsly, the classical tests are not applicable to sneh
data, but some distribution-free tests are.

4. If the data are inherently in the nature of ranks, not measurements,
they can be treated directly by ponparametric methods withont assuming
some special shape for the underlving distribution.

5. Whatever may be the shape of the distribution from which the
sample has been drawn, a nonparametric test of a specified significance
level actually has that exact significance level.

6. Nonparametric methods are usually mueh more imderstandable
and much easier to apply than the classical techniques. Pencil and seratch
paper will do quite adegnately for most calenlations, and there is much
less need for clectronic computers. Possiblv this is one of the strongest
arguments for these methods in the case of investigators who nmst spend
something less than full time on research activities and withont the aid of
expensive calculators,

MEASUREMENT SCALES

At this point, the nature of the data with which the behavioral sciences,
including ediication, mast deal is very much to the point. The operations
allowable on a given set of scores are dependent on the level of measure-
ment which has been achieved. The theory of measurement consists of
a scries of levels or scales of measurement: 1) nominal, 2) ordinal, 3) in-
terval, and 4) ratio.

The nominal scale consists of numbers or other svinbols which are
nsed to identify and name groups to which various persons or objects
belon«. ldentifying boys and girls as B and C (or 1 and 2) is an example
of usin«, a nominal scale.

The ordinal scale assigns numerals to objects which are rank-ordered
with respect to some characteristic. Th® persons or objects can bhe ranked
starting with the highest score, and then proceeding to the next highest,
and so on until the lowest score is reached. Or the ranking can start with
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the lowest score, proceed to the next lowest, and so on mntil the highest
score is reached. Thus, the rank of students in a graduating class, or the
order of students from high to low on examiation questions correctly
answered, gives us an ordinal scale.

The interval scale defines a mit of measurement such that a difference
of one scale value is equal to any other one scale value. Dates on a calen-
dar, degrees on a thermoncter, or carefully constructed standard achieve-
ment test scores may appmxnn.nt(- an |||tur\'.l| scale.

The ratio scale is an interval scale which starts at an absolute zero
point, so that it is correct to speak of one scale value as being twice, or
three times, etc., as large as another. Thas, weight of objects expressed as
pounds, or ounces, or grams has a true zero point, and the ratio between
any two points is independent of the unit of measurement. But 1Q scores,
for cxample, are not ratio mcasurements since there is no such quantity
as 0 1Q, and an 1Q of 120 does not simplyv indicat~ twice as much intelli-
gence as an 1Q of 60.

The major point to be served by this rapid consideration of measure-
ment scales is that typically in the behavioral sciences, onr measurements
are unavoidably crude and inexact—compared with the physical sciences,
for instance. It may be illustrative to consider that ratio scales are rarely
achieved in the behavioral sciences. Thus, rescarch in edncation is left
with three tvpes of usable scales: nominal, ordinal, and interval. Non-
parametric tests are most useful with the first two tvpes of measurements,
in the order listed, and to some extent with the third type. Parametric
tests are most useful with interval scale level of measurements and pro-
gressively less useful with ordinal and nominal levels of measurement. To
the extent that the bulk of our judgments, scores, and measurements in
education cluster around the nominal and ordinal scales, distribution-free
techniques increase our research equipment and flexibility.

STATING AND EVALUATING THE NULL HYPOTHESIS

When we have secured the desired evidence, as expressed in terms of
any measurement scale, we then proceed to evaluate it in regard to levels
of significance. We will next consider what is meant by “significance,” and
how this level is determined in actual situations.

It has been stressed repeatedly in this publication that the job of
statistical studies is ta handle the problem of the null hypothesis (the
hypothesis that the results obtained for the differc ice between two or
more groups is not due to the deliberately introduced independent vari-



Rescarch for the Practitioner in Education

able, but is due to an error or accident of sampling). Evidence is 1 .cd not
to “prove” some positive hypothesis (a logical impossibility) but to pro-
gressively “disprove” or discredit the null hypothesis.

Levels of significance. In the application of a statistical test of the
evidence, we are interested in determinin,, if the observed deviation be-
tween two groups is too large to be accounted for by chance. The statis-
tical model that we select will enable us to calculate the probability that
the results we observe might be attrihuted to chance. The statistical tables
which accompany the model will allow us tu read dircctly the “significance”
of the evidence produced by an actual experiment. If the probability is
small that chance variation might have produced the results we observe
(say 5 out of 100 repeated times) then we an reject the null hypothesis
(Ho) and accept the research or alternative Lvpothesis (H,). On the
other hand, if the probability is too large that cliance might have produced
our observed results (say 25 out of 100 repeated times) then we fail to
reject the null hypothesis and, of course, we cannot accept the research
hypothesis.

Customarily, the research worker states ahead of time at what level
of significance he will reject his null hypothesis—the amount of risk he is
willing to take. If he decides i advance that all decisions will be made
at the 1 per cent level, he merely disiegaids other results, such as a differ-
ence being significant at the 5 or 10 per cent level. 1t should be noted
that there is nothing sacred, other than custom, about the 1 and 5 per cent
levels. There may be situations in which an individual is willing to operate
at the 10 per cent level or more. Note, however, that when we reject the
null hypothesis at the 1 per cent level, we have 1 chance in 100 of being
wrong in that decision; at the 5 per cent level, we have 5 chances in 100;
and at the 10 per cent level, we have 10 chances in 100 of being wrong
in the decision.

Decision theery. The choosing of the level at which we will reject
the null hypothesis is known as decision theory. There is a rather ext sive,
and sometimes puzzling, body of 'iterature dealmg with the -~autions

advisable when deciding that a nul. thesis is false (i .- » quently
rejecting it) or deciding that it is truc - .~ failing to reje - Rut the
operational qualities of decision makir.. - ' e related clos . the con-
sequences of accepting and acting up. .. e knowledge dirived from

research projects, and this is not obscure, nor is it mathematical or
puzzling,

In this context, deciding is contingent upon the nature of the risks,
or values, which are involved. For example, much interest has been evi-
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denced in regard to “curative” drugs for cancer. It is quite understandable
that people who might prescribe and use such drugs insist upon experi-
mental evidence secured at a very high level of significance, such as .001
(1 chance in 1,000 of being wrong ), or at an even more extreme level. The
consequences involved in the general use of such a medicine, tested under
conditions where assumed curative properties might too ecsily he due to
chance, are that other treatments tend to be stopped, and the results
may be disastrous. On the other hand, an experiment concerned with
temporary or minor changes in diet can safely afford to be based on a
decision to use a much larger significance level—say the 5 or 10 per cent
level. The chances are reasonably good that something useful will be
learned and, at the very least, serious and lasting injury will not be the
result.

In other words, “truth” is a reiative matter. The evidence at our
disposa! is always partial, incomplete, and to some extent, tentative. This
is part of the reason for saying that “proof” of a positive hypothesis is a
logical impossibility; there is always some room for doubt, no matter how
smail. Also, what is “good enough™ for one purpose may not at all be
sufficient for another. And different persons who intend to use the results
of certain research projects may be willing to . ~pt or not accept the
findings as “good enough” at differing levels of significance. An investi-
gator cannot foresee all of the situations and circumstances in which his
findings might be relevant. Since this is true, he may be ¢xceeding his
responsibility and right to pre-judge the matter fur other people by setting
a decision point in advance of experimentation—a decision point on one
side of which the results will be declared “significant” and on the other
side, “not significant.” Of course, the experimenter is free to use his find-
ings as he sees fit, but he would show more consideration and courtesy if
he would simply indicate his findings as “significant at the % level”
and leave decisions regarding the use of his findings to those interested in
reading his report.

Woin to hendie the null hypothesis. In stating and evaluating the
null hypothesis, there is one more area of information that is essential to
statistical testing and to reading the tables of significance whicn have
been prepared for the various statistical models. This area of information
is con~erned with two different ways to state and handle the null hypothesis,
depending upon the researcher’s purpose and state of knowledge on the
problem being investigated. The two ways for handling the null hypothesis
may be illustrated through reference to two broad sets of conditions sur-
rounding all research investigations.

(]
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The first condition involves those instances wherein we are able to
predict what kind of differences we will find between experimental and
control groups—for instance, that experimental scores will be higher or
lower than control scores. The rescarch (alternative) hypothesis makes
the prediction, say, that experimental group scores will be higher. The
appropriate null hypothesis would be that experimental group scores will
be equal to or less than those of the control group.

The second condition involves those instances in which we are
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Figure 7. Areo of Rejection for a Two-tailed Test
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merely trving to find ont it there is a difference hetween the two groups.
Perhaps we do not know enonghi to predict the direction of the difference,
or perhaps our interests will he satisfied if we simply find that the two
groups differ in any respect. This time our rescarch hvpothesis would be
that the experimental group scores will differ from the control group
scores (either higher or lower). The appropriate unll hypothesis wonld
he that of no difference.

In those instances where, on the basis of theory, previous experience,
or other cues, we are able to predict the direetion of difference, we make
what is called a one-tailed test. Ir those instances where we are not able
or do not wish to predict .more than that there will be a difference, we
make what is called a two-tailed test. These two terms refer to the tails
of the distribution, as shown in Fignres 6 and 7.

Suppose that we set up an experiment using a new r('aulirg t(-chniqu(-.
We select two groups: the control group which is taught by one of the
conventional  cading methods, and the experimental group which s
taught by the new method. We have reason to feel, oa the basis of
newly developed theory and prior re. arch findings, that the experimental
group will score higher on a post-test in reading which is given follewing
a period of instruction. The null hypothesis that we test is that the
experimental group will have scores equal to or less than the control group.
But suppose we are working in an instance in which there is no relevant
theory and in which there are no reports of prior research studies addr-ssed
to this particular problem. Yet we feel that the new method and the con-
ventional method will not vield identical results. Our interest becomes
onc of testing for Jifferences between two methods—in any direction. This
time the null hypothesis is that there will be no difference between
experimental and control group scores.

When we use a test statistic to discredit a null hvpothesis, we are
using a sampling distribution. This total distribution includes all possible
values that a test statistic can take under the null hypothesis and is repre-
sented by the curve of that distribution. We are interested in determining
whether the sample we actually observe will yield a value which is among
the values associated wit! 1 null hypothesis, when it is true. If our ob
served sample value is located in a very small area of the entire space
included under the curve of the sampling distribution, then we have
reason for rejection. This small area is know - .5 the a-en of rejection.

For a one-tailed test at the 5 per cent level, we have all 5 per cent
of the area under the curve in one tail. In using a two-tailed test, we use
both ends of the curve. At the 5 per cent level, we have 2.5 per cent of
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the area in each of the two tails, for a total of 5 per cent.

The tables of significance are worked out for hoth one-tailed and
two-tailed tests. From them, it is possible to read directly the values re-
quired for significance at several levels (.01, .02, .05 .10, .20, etc.) These
levels correspond to the various areas of rejection under the curve of the
sampling distribution. When the investigator has decided upon his
research design and upon his hypotheses to test, he is able rather quickly
to determine the necessary significance values for either one-tailed or two-
tailed tests of the null hypothesis.
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Nounparametric tests vepresent divect applications of probability
theory to computing significance svels tor rejection of the null
livpothesis. The probability Tevels are nsmallv exaet regardless
of the shape of the population distributions.  But these con-
oaerations are only part ¢ the story, for we still are faced witly
the problem of selecting an appropriate coptimum) statistical test for data
analvsis. T choosing a statistical test. we mnst consider the nature of the
population from which the sample was drawn, the snanner in which the
scores were obtained, the kind of mcasurement Aing) which was
('lnplnl\»('(l to CAPress the scores. and the like.

Fae problem of selecting an appropriate statistical test may he related
to varions yescarch conditions whicl stipulate the operational definitions
of the variables involved and the guestions which can he asked of the
dati. Fo. this |)l||)|i(';|lim|_ cleven statistical tests have heen selected and
gronped in terms of siv commonly encountes U onditions which necessi-
tate o choice between tests. Although the nditions, and the clesen

selected statistical tests, tall short of el ane the availuble slll)l)l_\ of
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Figure 8. A Minimum of Statistical Tests To Suit Ordinary Conditions
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nonparametric tests (Siegel's book presents twenty-seven), they include
sufficient Jeeway  to permit analvsis of nost instances cncmmt('r('d in
administration and teaching, h!,nr( S identifics the six research conditions
which call for different treatiments, and the various statistical tests which
are appropriate in cach case. We will next turn to a description of what
is involved in using cach of the eleven tests.

THE ONE SAMPLE CONDITION

The Binomial Test is uscful when a single population is conceived
as consisting of only two classes. Here we are dealing with a “head or
tails” situation where, for example, the probability of a coin’s landing
heads up is 1 2 and the prohability of its landing tails up is also 1 2, so
the proportion (P) to b expected for obtaining cither a head or a tail
when tossing a single coin is also 1 2. But what is to be expected if we
toss 20 coins simultancouslv? I the null hypothesis is true, we would
expect to find abont half of the coins landing heads up and half of them
landing tails up. when tossed a fairly large number of times.

But when we do rescarch, our statistical interest is in determining
the probahility of - btaining the observed values—say 6 heads and 14 tails,
instead of 10 heads and 10 tails—in a toss of 20 coins. This probability

can be computed by applving the formula for the binomial distribution

which is (p + q)", where p represents the proportion  (frequency) of
lieads and ¢ the frequeney of tails, and n is the number of cases in the
sample (both heads and tails). The hinomial expansion can be computed
to deteriine how often a sample as unusual as the one observed would
come from some hypothesized population whercin we are testing a de-
liberately introduced independent variable (say psvehic powers of the
coin-tosser).

However, binomial probabilities for various combinations of two-class
events have conveniently been tabled, and from one of the tables we can
read directly the prohability of most actual occurrences. Use of the table
obviates the necessity for computing the biv inial expansion. The tables
gencrally let the symbol x equal the smaller number of observed frequen-
cies, and the symbol N equal the total number of frequencies in the
sample. For example, referring back to our mention of obtaining 6 heads
and 14 tails from a toss of 20 coins, what is the probability of obtaining
this exact distribution? Here x--6 and N = 20. The tabled probability
for these values is .058, or significance is reached at slightly more than the
5 per cent level. To continuc with these examples of two categories from
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the same population, other tabled values whieli we might have occasion
to use are: N = 8,1 - 1, P (probabilitv) == .035; N =21, x- », P - .039;
N=48, x=17, P=030; N=100, x 41, P = .044. As we can see
from these illustrations, some binomial tables allow ns to work with sample
sizes between 3 and 100. The tabled significance values are one-tailed.
When a two-tailed test is desired, the significance valne is donbled. Thns,
when N =20 and x == 6, the two-tailed probabilitv is 2(.058) = .116.

There are natural populations in the school world, the measnrements
of which may be dichotomized and analvzed throngh nse of the binomial
test. Examples of such categories are: boys and girls, Negro and white,
stars and isolates, teachers and administrators. For such cases, all pos-
sible observations from the population will fall into either one or the
other of the two classifications. When the proportion (frequency) of cases
in each of the two categories equals 1/2, the prepared tables may he
used. When the frequencics in the two categories are not equal to each
other, they may be expressed as proportions and substituted in the formula
for the sampling distribution of the binomial. But to promote simplicity
and parsimony in computational labors, it is generally preferable to select
samples and designs which give an equal number of randomly selccted
cases for each of the two classifications.

The One Somple Chi Square Test is suitable when the researcher is
interested in the number of subjects in a single sample which fall into
~rious categories or classes. The number of categories may be two or
more. Chi square is a test of the significance of differences—in this case,
differences between categories.

As an illnstration, suppose that a congenital right-hander tosses a
coin 100 times with his left hand and keeps track of the results. He ob-
serves that 38 heads and 64 tails appear. We refer to these frequencies as
the observed frequencies. Next we state the null hypothesis that this
distribution does not differ froom what we would expect by chance, or
50 heads and 50 tails. Thes: ! iencies are called the expecied (or
theoretical) frequencies. The ved and the expected frequencies can
be compared through recording them next to each other in what is called
a contingency table, like this:

Table 1. Comparison of Observed and Expected Frequencies in 100 Coin Tosses
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We test our null hypothesis by using the general formula for chi
squarc:
(observed frequency  expected frequencyf

chi syuare  the sum of: cxpected frequency

The formula requires that we take cach observed frequeney, snb-
tract from it the corresponding expected freguency, snare the difference,
and divide the resnlt by the expected freguencey. The sum of these opera-
tions is chi square; or 36 50 - 14 198 50 -~ 392, and 64 - 30-=
14198 30 392 and 392 392 - 7.84, which is the obtained chi
square in thix case. We compare this computed value with the valnes
shown in a table of the Distribution of Chi Square. The tabled compari-
son shows that our observations are significant at hetter than the 1
cent level, which cquals a chi square value of 6.633. Our computed vam
is larger than this, but smaller than the 10827 required for significance
at the .001 level.

In this illustration, we determined the level of significance by means
of the general formula for chi square. We conld have accomplished sub-
stantially the same thing through application of the hinomial test. Using
the same frequencics in our contingency table, we see that we have an
N (total freqrencies) of 100, and an 1 (the smaller frequency) of 8.
Referring to a table of significance valnes for the hinomial distribution, we
find that when N - 100 and x == 38, P = 003,

At this point, we have to be concerned with the tails of the two dis-
tributions if we are to compare them. The chi square table is computed
for two-tailed tests of the null hypothesis, and the binomial table is com-

ited for one-tailed tests. As we have already seen, we can convert the
Emunhl values to their two-tailed equivalents by doubling the significance
values shown in the table. Thus, the tabled value of 003 hecomes
2(.003) = 008. Our obtained chi square significance level was higher
than the 01 level and something less than the .001 level. This compares
quite favorably with the two-tailed significance level of the binomial test.
In both instances, we can be quite confident that these results are different
from those produced by chance alone.

The Sign Test is the simplest of all the nonpsrametric tests. Caleu-
lation of the probability of an ohserved distribution requires nothing more
ted than the simple counting of positive and negative signs, and

then referring these values to the appropriate table of probabilities. But
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simplicity should not be confused, as freguently happens, with super-
ficiality. In the case of the Sign test, more acenrate synonyms would he
“nninvolved” and “elegant.” The clear appeal of this unchittered test iy
probably responsible for its use in agrienltural, medical, and physical
research,

In many tvpes of investigation, uantitative  measurements camot
be made, or even a complete ranking of the material may ot be possible,
but cases can he compared in pairs.  Thas, experimental and con trol
subjects can be matched in pairs and each subject compared with it
control. The only regnirement is for cach pair to be matched with respect
to sex, age, 1Q, or other relevant characteristios pertinent to the study
being condneted. As we have noted hefore, one way of accomplishing
this is to nse cach subject as his own control, If observations of cach pair
can reliably indicate even nominal differences such as “better-worse,”
“faster-slower,” “greater-fewer” ote., the sign test is pesticnlarly useful.

Of course there may be instances in which we do not haye quantita-
tive measnrements (like teacher-made tests) which resalt in numerical
scores for the two menmibers of a matched pair. For example, in both the
nonguantitative and the quantitative comparisons, we may be working
with a research hypothesis which asserts that the experimental treatment
will vield resnlts superior to the control treatment. This, of course, calls
for a one-tailed test. The method consists in finding the difference between
an observation or score for a member of the experimental group and that
of his match in the control group, and then counting over all how many
of these differences are positive and how many are negative. \When scores
are tied for any pair, the difference is zero. In the event of tied scores, the
zeros arc dropped from the analvsis and the N s reduced. The null
hypothesis, of course, is that we woukd expect to find about half of the
differences positive and half of them negative. H. is rejected if too few
differences of one sign occur.

To illustrate the application of the sign test, imagine that we are
working in an eighteen-teacher clementary school. Our problem is to
improve teachers’ attitudes about faculty mectings. Based upon the in-
volvement principle, we hypothesize that if the teachers plan and conduct
their own meetings, instead of continuing the customary practice of at-
tending “the principal’s meeting,” they will reflect an increase in satisfac-
tion with staff meetings. The null hypothesis would be that we could
expect about as many dissatisfactions as satisfactions with the new
approach. To obtain measurement of feelings. we construct a simple
satisfaction-dissatisfaction scale:
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Before the change is made, we ask cach teacher to espress his feelings
concerning the censtomary “principal’s meeting.”™ This is done on a pre-
pared sheet of paper. and the sheets are preserved to serve later as
control scores. After the change is made. we again ask cach teacher to
record s feelings by drawing a cirele arond the x that most nearly
represents how he feels, The namerical weights—03) () (3) () (D)—
do not veed to appear on the scale prepared for the teachers, but the use
of seale weights helps in recording and interpreting the positive and
negative signs.

This procedure gives s 18 matched pairs, and it also gives ns a
“hefore-after with control group”™ design.

N suppose further that we swmarize onr data by finding the
difference between the first and second scaled response for each teacher,
taking care to subtract cach time in the same order {sav second response
minns first response). In line with onr rescarch hypothesis, positive and
negative differences will indicate increases and decreases in satisfaction.
When we record or findings, assime they look like this:

Table 2. Positive, Negative, and Zero Signs for 18 Teachers
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By counting these signs, we observe that 2 teachers showed no change
between the two treatments (0). Thev are dropped from analvsis, and
the N is reduced to 16, There are 4 negative signs, and these are repre-
sented by the symbol x. Consulting a table of distribution for the sign
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test, we ohserve that for N == 16 and x - 4, the level of significance is
038, or the null hypothesis can be rejected at slightly more than the
3 per cent level (one-tailed).

It should be apparent that what we were doing is analogous to the
binomial test, and that in effect we were seeking the prohability of tossing
4 tails (or heads) out of 16 tasses of a coin. But the sign test permits us
to deal with a two sample condition, instead of simply a ane sample case,
and this introduces us to the classical and most often used circumstance
in the entire range of research design and statistical analysis.

THE TWO INDEPENDENY SAMPLES CONDITION
The Menn-Whitney U Test is one of the most powerful of the non-

parametric tests. “Power” here refers to the relative efficiency of this
statistic in rejecting the null hypothesis when that hypothesis is false. And
the null hypothesis tested by the Manu-Whitney U Test is that the two
independently drawn groups are samples from the same population.
This test is used with independently drawn groups, and the size of
the two groups nced not be the same (although it may be). It is used to
test the difference between the distributions of scores tnr the two groups,
or the difference between two methods or trcatments applicd to the
members of an experimental group and a control group. Scores must be
expressed at least in ordinal measurement scales to permit ranking. In
fact, this is one of the most frequently used nonparsn.etric “rank tests.”
The procedure is quite forthright and uncomplicated. When measure-
ment has been achieved for both the experimental and control groups, the
scores of both groups are ranked together in one composite distribution
from low to high, assigning the rank of 1 to the score which is algebraically
lowest (if negative scores are present), rank 2 to the next lowest, and so
forth until all scores receive a rank. Tied scores are assigned the average of
the tied ranks. During this joint ranking, it is important to retain the identi-
fication of each score as E (experimental group) or C (control group).
The next step requires that the two groups be separated, each score
now being assigned the rank determined for it in the composite distribution.
The smaller of the two groups is identified by the symbol ni, and this
may be either the experimental or the control group. The larger of the
two groups is labeled n., and of course may be either the E or C group.
Next, the ranks for each of the two groups are summed. The symbul
R is used for the sum of ranks for the n;: (smaller) group, and the symbol
R: signifies the sum of ranks for the n: (larger) group.
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When the values of n,, n:, Ri, and R: are known, the valwe of U may
be determined. This is done through making substitutions in two formulas.
The two formulas vield different values for U. It is the smaller of these
two values that is used to detennine significance. The symbol U, is used
to represent the smaller value, and the symbol U denotes the larger value.

The method for determining the significance of the observed value
of U, depeuds on the size (number of cases) in the n: group. Tables have
been prepared for one-tailed and two-tailed tests of n:-==3 to n. = 20,
For n: groups from 3 to 8, exact probabilitics are tabled; for n. groups
between 9 and 20, critical values of U are tabled; and for n. groups larger
than 20, an approximate test based on the normal curve is available. Tt
has been shown that when n, and n: are larger than 20. the sampling
distribution of U rapidly approaches the normal distribution.

The Medion Test will provide information on whether two independ-
ent groups have been drawn from populations with the san.e median. It
is applied when individuals are assigned to the two groups (and conse-
quently to two experimental treatments) at ranJdom instead of by maiching
as is the case with the sign test. The null hypothesis states that the two
groups are from populations with the same median. The research hypothe-
sis may be that the median of one group is different from that of the
other (two-tailed) or that the median of one group is higher than that of
the other (one-tailed). The number of individuals in each of the two
independent groups does not necessarily have to he the same.

The procedure closely follows the intent of the test. The idea is to
compare the numbers of individuals in each group whose scores are above
the median score of both groups ranked together and the number of indi-
viduals whose scores fall at or below the composite median. If the two
groups are samples from populations with the same median, we would
expect abhout half of each group to have scores above the composite me-
dian and about half to have scores below this median.

To perform the median test, we first determine the median for the
combineu scores of hoth groups. Customarily, this is: accomplished by
ranking the scores from lowest score to highest score (or vice - ersa).
The median is that value which has as many cases below it as there are
cases above it. There are just as many cases with values below the median
as there are cases with values above the median. When there is an even
number of cases, the median is the value halfway between the two central
numbers. For example, if we had an N of 40, and central numbers of i9
and 20, the median would be 19.5. To permit ranking, the scores must
be expressed in at least an ordinal scale.
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Neat we connt the namber of scores above the joint median for cach
of the two groups and the mmber of scores which fall at of helow the
median for cach of the two groups. These values are entered in a 2 - 2
or fourfold contingeney table such as the following .

Table 3. 2 - 2 Contingency Table Showing Placement of Frequencies and Totals

Slgho-hand
Gvonp ¢ Gronp B Margia Totah

Above the Medien o . [y ko4 b

At or Bolow the Modien . d et
N4 Der

Sottem Row Margie Totuk ®ieta alb4 & (= 4 w)

If both group 1 and group 11 are samples from populations with the
same median, we would expeet frequencies @ and ¢ to be about equal, and
frequencies b and d to be abont equal. The significance of discrepancies
from this expectation can be determined hy substituting the ohserved values
derived from an actoal experiment for the letters a. b, ¢, and d in the
contingency table, and then calenlating the value of chi square. A formula
is available for this purpose which lends itself to machine computation
and which avoids the necessity of calcalating expected frequencies.  This
is not the general formula for chi square which was used in connection
with the one sample chi square test, and it may be used onlv in the jnstance
of data which can be set u in a 2 ~ 2 or fourfold contingency table such
as the one just presented for the median test.

If a two-tailed test of the data is desired, we use a table for the Dis-
tribution of Chi Square to determine the level of significance.  This is
done directly because the chi square table of significance values is put up
in terms of a two-tailed distribution. If a one-tailed (directional) test is
desired, we halve the level of significance shown in the table. For ex-
ample, according to the table of significance, an obtained value of chi
square of 2706 or more (and less than 3.841) is significant at the .10
level for a two-tailed test. Halving this, we have .10 2 = 05 for the signifi-
cance level of a one-tailed test. It is important to note that a one-tailed
chi square test is permissible only in the instance when a 2 X 2 or fourfold
contingency table has been employed as a way to set up the data. Al chi
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square tests which deal with more than two groups or more than two
classifications must follow the general procedures for two-tailed hivpotheses
and decisions. It is not possible to convert chi square contingency tables
larger than 2 - 2 to one-tailed tests.

We will next turn to the chi square two independent samples test
and take a brief look at I) determining expected frequencies; 2) further
nse of the general formula for caleulating the value of chi square; and
3) using the significance table for the Distribution of Chi Square,

The Chi Square Test for Two Independent Samples may be used to
determine the significance of differences between two independent groups.
This test may be used when the data can be expressed as frequencies
(number of cases) in separate classifications (discrete subgroups of the
total sample), and all cases can be accounted for among the classifications.
The measurement involved may be as simple as nominal scaling, or ordinal
and interval scaled data may be used if desired. Numbers of cases in the
two groups and in the several classifications do not necessarily have to be
the same.

The research hypothesis to be tested usually is that the two groups
differ in respect to some characteristic, and therefore in respect to the
number of cases which fall into the separate classifications. To test this
hypothesis, we count the number of cases from each group which fall
into the various classifications, and for each classification, compare the
proportion of cases in one group with the proportion of cases in the other
group. To do this, we use the general formula for chi square exactlv as
it was presented for the one sample chi square test.

But now we are faced with two procedures, in addition to the use
of the general formula, which were not pointed out in the description of
the one sample case. The first procedure concerns a method for detcr-
mining expected frequencies, and the second procedure concerns the
calculation of what is called “degrees of freedom” which is necessarv to
the use of the Distribution of Chi Square table of significance values.

To illustrate these procedures, a simple example of a research problem
involving chi square will be given. We will be using the general chi
square formula which directs that we take each observed frequency, sub-
tract froun it the corresponding expected frequency, square the difference,
and divide the result by the expected frequency. The sum of all these
resulting quotients is chi square.

Suppose that we wished to test differences between the 43 sixth grade
girls and 52 sixth grade boys (N =95) of one elementary school in
regard to their preferences for science, dramatics, and band. This school
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maintains a schedule of clnbs which the children may clect for three
meetings per week inder faculty guidance. We wish to test whether girls
and boys differ with respeet to their interests in these three clibs, as
expressed by their elective affiliation with one of then, We set np a
frequency connt of the mmmber of girls selecting each club and the num-
ber of hovs selecting cach club:

Table 4. Girl;' and Boys' Choices of Interest Clubs

The null hypothesis would be that sex is independent of interest: i.c.,
that the proportion of girls selecting cach club is the same as the pro-
portion of boys selecting cach ¢hib when the total membership of all three
clubs is considered. But it is necessary to determine the expected frequency
for cach count tabulated above.

To do this, for cach observed frequency recorded above, we multiply
the two totals in the margins common to a particular frequency, and then
divide this product by the grand total, N, to obtain the expected frequency.
For example, the observed frequency of girls selecting the science club
is 12. The total in the right-hand margin wlich is common to 12 is 44,
the total in the hottom margin which is cominon to 12 s 43, and N = 95.
So we have 44 X 43: - 1892 and 1892 95 = 109, Hence, we have an ob-
served frequency of 12 and an expected frequency of 19.9. In the case of
the number of boys who selected the band clib, we maltiplv 15 X 52 (the
two totals in the margins common to 6) and divide this product by 95, or
780 95 =8.2. We continue to do this same multiplication and division until
we have determined an expected frequency for every ohserved frequency.
At this point, it may he pertinent to interrupt with the observation that
the expected frequencies amount to a numerical statement of the null
hypothesis: these are the frequencies we would have had if there had been
no differences.

When we have the observed and the expected frequencies, we can
complete the chi square calculation which directs us to subtract each

expected frequency (E) from its correspoiding observed frequency (0),
%
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square the difference, and divide by the expected frequeney. The resulty
ct this operation for all pairs of observed and expected freguencies are
simmed, and this is chi square.

When subtracting the expected from the observed frequencies, some-
times the difference is a negative number. Bat this canses no - difficnlty
becanse the next step is to square the difference, and negative numbers
('nn\'('ni('lltly (|isupp(-ur. The sqrare of any number, positive or negative,
is always positive.

The complete set of steps in the computation of chi square for omy
problem concerning sixth grade clubs follows:

Table 5. Calcuvlatian af Chi Square far Data aof Table 4
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To determine the level of significance for any obtained chi square
value, it is necessary to compnte the degrees of freedom associated with
that value. Chi square is really a family of distributions: that is, there is
a different sampling distribution for every value of degrees of freedom.
The significance table for the Distribution of Chi Square lists the varions
nmnbers of degrees of freedom (nsnally frome 1 to 300 vertically down
the left-hand coluimn of the table. When we know the degrees of free-
dom (df). we read horizontally into the table opposite the appropriate
listing where we find a row of chi square values. If an observed value of
chi square is equal to or greater than the valne given in the table for a
particular level of significance, at a particnlar df. then Ha may be rejected
at that level of significance.

L]
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How is the nuimber of degrees of freedom caleulated? In any con-
tingencey table composed of R rows (classifications) and C colimns (groups),
the nimber of degrees of freedom is given by (R~ 1) (C —1). In our
example, we have three rows (science, dramatics. and band) and two
cohmmns (girls and boys). Thus R = 3 and € = 2. The number of degrees
of freedomiis (3--1) (2-- 1), 0r 2~ 1 ==2. We are working at 2 df and
this enables us to refer to the table for the Distribntion of Chi Square to
determiine the level of significance. In our example, the obtained value of
chi square was 10.67. At 2 df this valie is larger than the tabled value
of 9.210 which is significant at the .01 level, but less than the tabled value
of 13815 reguired for significance at the 001 level. Hence we may decide
to reject the mall hypothesis at slightly better than the 01 level. We may
conclude that there is a difference in girls” interests and bovs’ interests as
expressed by our data.

For a contingency table composed of two rows and two columns,
referred to as a 2 ¥ 2 or fourfold table, the mmber of degrees of freedom
is(2—-1)(2-1),or1 ¥ 1==1 The 2 < 2tableis a special case always
having df = 1. You will recall that this set-up is essential to the median
test, and that it represents the single instance wherein chi square can be
converted to a one-tailed (directional) test.

THE MORE THAN TWO RELATED SAMPLES CONDITION

The Friedman Two-Way Analysis of Variance by Ranks is useful
for testing the significance of differences among three or more related
gronps. The null hypothesis to be tested is that three or more samples
have been drawn from the same population or populations with the same
median. The restriction is that the several groups must each consist of
matched individuals, and this of course results in the same number of
individuals or groups in each sample. The matching may be achieved by
the researcher’s selecting three or more groups of subjects matched on
certain relevant variables (age, 1Q, sex, socio-cconomic status, etc.) and
then randomly assigning cach individual or group to onc of several experi-
mental situations.

The data are arranged in a two-way table containing rows (which
correspond to the individuals or groups selected for study) and columns
(which correspond to the experimental situations). Thus, we work with
a table of N rows and C columns. For example, if one wished to study
the differences in learning achieved under four different teaching methods,
N sets of four matched students might be selected, and one student from
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cach set would be assigned to method I another frone cacle set to method
1L another from each set to wethod HE and the fourth to method V.
Suppose that we wish to study the scores of six groups nnder the four
teaching methods or situations. Eacle group contains four matched stu-
dents, oue being assigned at randow to cach of the four situations. Further
suppose that the scores for this study are those given in Table 6.

Table 6. Scores of Six Matched Groups Taught by Four Methods
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To analvze these data using the two-way analysis of variance by ranks,
we rank the observations in cach row from 1 to 4, giving the lowest score
it cach row the rank of I, the nest lowest the rank of 2, and so forth.
For exanple, the four observations in the top row of Table 6 are 22, 14, 6,
and 19. These .= replaced by ranks 4, 2, 1, and 3. The ranks in each
colinan (situations) are then summed, thus obtaining the data in Table 7.

Table 7. Ronks of Six Groups Taught by Four Methods
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If the samples (columns) have been drawn from the same population,
the ranks in each column will be a random arrangement of the numbers 1,
2, 3, and 4. Under these circumstances, the sum of ranks for columns wil!
tend to be the same, or nearly so. But if the subjects’ scores have been
dependent on the various teaching methods (situations), then the rank
totals will vary from one column to another. If the totals differ signifi-
cantly, then H., may be rejected.

The formula to be applied to the column sums of ranks is Friedman's
chi square test. The values given by the Friedman formula are distributed
approximately as chi square with df = C (columns) — 1. In our example
we were working with 4 columns, or- df =4 — 1 =3,

The general table for the Distribution of Chi Square can be used when
the number of rows (N') and columns (C) is not too small. For very small
N and C, a table of exact probabilities is available for C =3, N=2to 9;
and for C=4, N =2 to 4.

When the investigator is working with individuals not organized into
groups, it is feasible to substitute individual subjects for groups in record-
ing row scores. In such an instance, the same sample of N individuals is
tested under each one of a number of different experimental conditions,
and matching is achieved. Here N equals the total number of subjects
(rows) and C equals the number of different experimental conditions
(columns). The procedure is the same as that just described for the
case of groups randomly assigned to various situations.

Because the Fricdman test, by definition, is always concerned with
more than one degree of freedom (three or more groups), the sampling
distribution of chi square always is analyzed by a two-tailed test. Hence,
the research hypothesis is capable of predicting an over-all differcnce, but
not the direction of that difference.

THE MORE THAN TWO INDEPENDENT SAMPLES CONDITION

When three or more groups or situations are to he compared in an
experiment, it is helpful to use a statistical test which will indicate whether
there is an over-all difference among the groups or situations being studied.
If an over-all difference of sufficient magnitude is found to permit rejec-
tion of Ha, then any pair of samples may be picked out to test the signifi-
cance of the difference between them. Otherwise, the two-tailed nature
of testing three or more samples approaches scientific value chiefly as a
hypothesis generator for more explicit (one-tailed) tests and decisions.
We have just considered procedures for testing three or more random sam-
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phes of expral sz which are metched accordingg (o rebes ant citeria whaeh
wuad alfect the vabos of the olmenationn. We shall now consider two
procederes for testing theee or auwe samplis which sre sof metched and
which are st of the wme sin

The Krushel-Wellls One-Wey Anslysis of Verianee by Renbe
weeful when we wish 40 test three or moee independent samples, wnt of
the same size and ot matched on the busis of o pruwi varsables. The
Krushal-Wallis techosiepue teate the null by pestheas, o dins the Friedman
twchnbper, that theee or e vampls (ool ) are deawn from
the same populetion or from pupsiletions with sesiler as crages.

To v this test, sl of the soores for the there or s

wd by ranks in a single series arranged from low e 4o high sonee.
Of course, at lrast ardinal mewstrement i repiined 10 premit the ranking
of wores. The lowest vahor s seaigned o runk of §, the meat ket o rank
of £ and 0 on. The sum of runks, R, B, R. . . . R. b cuch of the ¢

is obtained. When ties accwr, the wsusl comention

of ssigning to the tied charvrvations the o of the ranks they wosnld
have arcupied had theee heew no ties. N the total numbey of casrs
in oll samples combined.
statistic, H, s colcwlated from the dota. The foruveda werd revalts
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Table 8. Aniude Scores on X.Y- 2 Ability Grouping of Three Semples
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Table 9. Aniude Ranis on X.V.2 Ability Grouping of Thiee Somples
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the ten emn wundd ncdicate tefative strength of agreemest with abilits
sronopingg. and a bow scon: wonddd indicate relative disagreenent.

Talbsde % preaents the sevwes dedermiond oo the: conoaplited nrtronments
The 21 wowres were then rasshesd together fromm howest 1o hiiglu-st to oliam
the: ranshe dusmn 00 Tuble 9

From thes: data, the statinti: 11 was compmten) In sodntitntinng the
homerredd vabus 100 the Krinhal Walhe fossda  The comguitation ri-vailtesd
w3178 Becovne the immebeer of sondos sbisabe i cacle of the thn
gronagn was bergesr than 3. the oltannsl vabie of 1 atdf 3V 1 2 wan
rederred disecth G tabile for the: Ivetrilnetionn of €l Speare Tlae tabsde:
ol o] thut weth twee degrees of forecbione. an 1 vabu exgal to or groeates
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than 3219 would be needed 0 geach sugnificance at the 20 level. The
oltansedd value of 11 in this example was Jess o this 3178 o signihi-
canee was reached at joust o bit Jess than the 30 besel. The decision i this
case was that 1. conkl it be repcted. The three gronps of weluol
adhministrators  did  wot differ  sigoificanthy in regard to attitudes an
N-Y-Z abilits groaping.

The Extoncien of the Median Teet iv a simpler mtluwd for testing
the differences between three or more independent samples. The data are
comprised of C wonples of w ne ne 0 nc olservations. As hetare
regard to three or nuwe sanythes, the anll b pothesis is that o differ-
ence exists in the 1 odians of the populations fromn which the samples are
drawn.

The wexdian of the combined Cjointh ranked) wy + 0 o0 N
obmersations is cabeo! tedd. Then the samples are separated, and cac h one
is treated exacthy as described and ilhistrated carier in the case of the
Median Test for Two Independent Samples. That is, for cach separate
sumple the nimber of scores alune the joint median is comted. and the
mumber of scores which full at or helow the median is comnted. These
vahies are then entered into an B (rows) - C (cohmnns) conteegency table.
A chi mpuare test is upplied using the general fornmmla for che wguare. For
this procedure, cypected frequencies st be compoted  The iguificance
of the obtained vabie of chi spuare can he read from te gosseeal Gosle of
the Distribution of Chi Sqpuare st df R D) (€ 1.

Tuble 10 prosents the data for foar samples:

Table 10. $cores Rocorded for Four Indepondont Grawne

The total mesher of olmers utions is M. The median is I8, When we
urrarge these data in u contingercy tublee and compate the expected fre-
qencies, we lne the duta preserted in Table 1)
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Teble V1. Observed ond Expected Frequencies of Scores for Four Groups

With thear Jata, we proceed direetly to compute chi waiare as we
dud in W ame of two indpendent samples. The obtained  1due of chi
wquare caluaduted from this tuble is 8.25 The number of degre:  of freedom
s (4--1'.2 1)- 3 The tabled valwe of chi square resuwed for sig-
wiicance st the 5 per cent level is 785, The observed vake s slightly
wwre the this, und we may conclude shat an over-all (two-tusded) differ-
cuce exims among the four groups.

Thethi-Square Yoot for More Thumw Twe Indopondont Semples is 2
straightferward extension of the chi sapmare test for two independent sam-
ples. In general, the test is the same tor two independent grouwps and
three or more grou

The null prothuls is that the C wsssples of frequencies or proportions
have come from the same or identicad pupulations. This hypothesis mas
be tested by applying the general dmmmula for chi square where each
obeerved fnquencv or proportion, ks wshtracted from it the correspond-
ing expected or theoretical frequenes e diffevence is squased and then
divided by the expected frequency: ans all resulting quotients sse summed
to vield the valne of chi square. As in she chi square test far two inde-
pewdent samples. the data (frequencies or preportions) are wmtered into

an R (roms) » C (columns) contingsmey table of discresr categories.
These date mav he expremed in terms of nominal or ordimel scales.

For enameple, suppose that we are sterested in testing s differences
in children s M) scores, grade level by guade level. in one eloemsmtury school.
We can set up a contingency table wish six columns repressasing the six
grade levels in the school. Then we cun categorize the possibdde range of
1Q scores m increases of ten-point intervals, sad enter sevea such cate-
gories in the rows of the table. The blank table might look M this:
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Table 12. A Blenk Comingency Teble for IQ Scores by Grade Levels 1-6

t+re we ase workingweith a vess wrge contingemey talle wihich is
6 - 7 nsize. The degrees-wf freedom s (6 - 1) (T 1), ar M. There
are 42 cells in the table, ams for the werved frequency recorded in each
of them, an expected frequency st be calculated through manipulating
the totals in the margins. (hvisush . the amount of labor is increseed for
a problem of this size. but the pracedure remains the same as that pre-
viously presented for two imsdependrat samples.

For this use of chi squase, six separate independent samples are being
tested simultaneously for an over-all difference hetween them The test
is two-tailed. It will enable the imvestigator to determime the significance
of any difference detected. mt of course will not, be itself. imdicate the
location of that difference.

Up to thin gmint, we hame been comeerned chiefly with the effect of a
single independant variable. We noa cwsider the problem of determining
she degree of sismltanesus or concesnttant variation of two varisbles. The
data under conmderation comsist of pasm of measurements. For example,
the data may he measures of both height and weight of children, or meas-
ures of both intelligence and scholastic performance. The essential feature
of the data is that one observation can he paired with another observation
for each member of the greup. This twpe of data has two closely related
features: comrelation and pwediction. Correlation is concermed with the
degree of relation between two varishies. Prediction is concerned with
estimating the estent of one variable from the knowledge of another.

The Spearman Renk Gswelstion Coofficiont was one of the earliest
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statistics based on ranks and » oe of the best known today. It is what
is known as a “product-momeia” correlation coefficient and is similar
to the esteemed (and more ditinesdt' Peorwon correlational method. And
the Spearman formula cnjovs msitwonal advantages of its own. In many
situations where ranking metmssis are used, quantitative measurements
are not possible. For examph cwlidsen may he ranked by teachers on
social adjnstment, friendliness. « atwrr qualitative factess. In such cases,
the data are comprised of sets o osimmed masssbsers (first. veeond, third, cte.).
Or, if the data are expressed  wvws of cardmal numbers (one, two, three,
etc.), they may be used diressin

Cocficients of correlation ar- aony cotmumaally: defined to take the valaes
F1 0, and 1. These indicate. n the cwder given. a perfeet positive,
neutral, and perfeet negative whetwe betwees the two variables. And the
degrees of relation are alwas s ~xyppessed an a decimal fraction of 1.

The Spearman formula diweesone 10 mabc o list of the subjects. Next
to cach subject’s entry, his vass tor the \ vanable is recorded. and his
rank for the Y variable is rexwoed  The difference between these two
runks is recorded. This diftewsme o o (wdliasd by the letter d. Then
cach d is sqnared to obtain a clemm @ 4 Fhen the F cohmmn is snimmed.
When we know the values of N oot o of sebjects '+ and d°, the cocffi-
cient of correlation can he conpreed. The twmula comstains these steps

' _ wx times the sum of *
Cocflicient - one whole numbe- per in sample (N) S N* = ]

Teble 13. Rank Order Commmnes~ Gutween fisading and Arithmesx
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Statistical Tests

By way of illustration, one investigator was interested in the strength
of the relationship between achievement in reading and achievement in
arithmetic. The scores of ten eighth grade students in both areas were
selected at random. The results are shown in Table 13.

There are significance tables available for the rank correlation proce-
dure. In this case, the coefficient of correlation computed from the Spear-
man formula is 722, Reference to a table of significance values shows that
for an N of 10, this coeflicient of correlation is significant at the .05 level.
We may conclude that proficiency in reading is significantly associated
with proficiency in arithmetic.

As we have seen, the selection of an appropriate statistical test is
related to the research conditions which determine the operational defini-
tions of the variable involved and the questions which can be asked of the
data. Different research conditions call for different statistical tests. The
nature of the population from which the sample was drawn, the way in
which the scores were obtained, the kind of scaling which was employed
to express the scores—these are among the considerations which must be
taken into account in choosing an appropriate test.

While this chapter has not discussed all of the available nomparametric
tests, the eleven which have been presented are sufficient to permit analysis
under most conditions found in school administration and teaching. The
investigator, of course, must exercise wisdom in selecting the test and in
applying it to his data. No amount of statistical sophistication can substi-
tute for good judgmer:..

1LY



CHAPTER MINE
AEPONTIAS AESULTS

ERIC

Aruitoxt provided by Eic:



' To say that all research projects should eventuallv be reduced
to words and svmbels would be to run the risk of appesring
pedantic and tediows. Certsinly, the custom of pressasurely
QY rushing ideas and cxperiences into writing is schoolish and
WS frequently discouragimg. Formal verbalization of ideas and
ﬁndmgs which have mst been refined through a period of imteRectual
gestation amsownts to little more than the embalming of primesse coneepts.
No, not all research activities should find their wayv into westiten reports.
Some showld e saved for the dilettawte pleasure of simph heoving fun.

But it wmmld be 2 mistake to helirve that written accommsts and reports
have little valwe. The nature of the research process makes it marticularly
important o record the question being investigated, the steps twing taken,
the decisions made, and the discovemes enconntered. The ssaentific ob-
server regamtls his work as “public.” He welcomes checks and wepetitions
of his work as complimentary and as additions to the knowldge he is
seeking. He strives to repert his work in sufficient detail to enslde himsclf
and others o pursue addisional related research studies. 1t is ¥hwough this
kind of repert that research becomes cemmmlative and uncertainty is reduced.

In addition, the resemecher genevall finds it quite necessary to keep
an informal notehook. Serh a notebowk i used to record immediatelv data
on ohservations made. Because the hassmn memory is notoriowsdy fallible,
the notebook habit is sosm nwewred as an mdlspcnsahle convemience and
is seldom regarded as drvwdgery. Many esploratory and pre-research stwdics
are not taken hevend the notehssk phasr. But even in these cases, notasans
may later prove 80 be extremel suggestive for other studies.

Customarily. a report on oompk-hd research, when it appears as an
article in a professional jourmal or whew it is filed for the use of colleagues
in curricolen improvement pesgrams, follows an outline sweh as this:

I andﬂnwnww“ﬂn&odyus
—~Review of the literature, if a
—~Review of prior studies, if a
~Summasw of local isswes, if apprepsiste
~Clear ststement of salmtion beimg ssmght

. Procsdures Empleyed
~Descrigtion of pepulation er samples vesd
~Objectives or hvpethews heing tested
—~instrumentation and dusa esllection methods
~Summary talles. when_ qupeepriste
~Methads of anslvzing essn. imcluding statistical tests awd duwisions
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. Results

~Presentation of findings, including levels of statistical sigmilicance
—Logical analvees of major findings

V. Discussion

~Reference to objectives or hypotheses being tested
~Ideas on extended meanings of the findings for additional studies

V. fReferensss

—~References in standard form for bibliographical search
—Annotated references, if desired

Although this owtline is extremely useful .in economically reporting
research findings, it usfortunately tends to produce a report which gives
wnintended and inaccurate impressions of what research actually is. Pub-
kished reports strongly suggest that research projects have been carried
out in a sequential fashion and that they always res:it in “significant”
findings. But the research process, in the doing of it, almost never follews
the neat sequential pattern suggested in the reports. Furthermore, “failure”
to achieve significant findings or to verify predictions made is the usual,
not the exceptional, end result of research studies.

The research process would be much simpler logically if the researcher
could follow a prescribed sequence of procedure, each step presupposing
the completion of the preceding one. In practice, however, it is frequently
necessary to take various steps out of order~sometimes to backtrack, other
times to compress two or more steps into one, and on other occasions
simply to omit one or more steps. Also, the research process imvelves
many additional activities which are rarely mewtisnsd in rescarch reparts.
For example, methods of data collection may be nestly ssmmariaed,
skipping the more imvolved decisions sheut the kimd of deta meeded and
the activities carried out in developing amd pre-trsting the data collection
mstruments.

The impression that reported ressssch stwdies are invariably “success-
ful” may hawe an even more unfortumste comsequence than the impres-
sion that the sesearch process follows a prescribed sequence of steps. It
may be trwe that published rcports of research stmadies in education have
temded to seweal only the significamt amd have smppressed the nonsig-
mileant. ¥ =, educational research has been less than half-reported.
®evhaps we allow our research actiwitees to becowe confused with our
geameral woskaday ohsession with “suooee  and “failwse.” These two words,
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Reporting Results

which have taken on a moral overtone, are ont of place in reference to
research. Nowhere is this more apparent than in relation to the rescarch
activitics of American indistry. In many indastries, rescarch projects that
resnlt in new and profitable discoveries are distinetly in the minority. The
majority of the projects do not work out as intended. bat they are care-
fully': preserved because knowing where the potential blind allevs are s
greatly important. In a very real sense, no carefullv constrmeted research
project can be worthless, regardless of its results. Every project can add
nseful information to onr knowledge and thinking. And the nonsignificant
studies can make a needed contribntion if they are presented in written
forn so that we and others can think abont them as we plan for similar
studies,

It is quite reasonable to expect that cach individnal school and cach
individual school system will one day keep a library of research reports
completed by its own staff. As more and more school svstems allocate an
annual budget to snpport local rescarch, it will be increasingly expected
that the outcomes be visible. The NEA's Project on Instruction report,
Schools for the Sixtics, makes this recommendation: “The National Com-
mittee has recommended that cach school svstem allocate a definite and
adequate proportion—at least one per cent—~of its anmual operating budget
for the support of research, planning and development.” '™ When this s
done regularly and when research activities hbecome a budgetary line
item, school people, board members, parents, and colleagues will develop
a regular hunger for local reports which indicate scientific growth in
school development and staff improvement.



CHAPTER TEN

THE RESEARCH LITERATURE




The literature on teaching which is found in college textbooks
and many professional journals for the most part does not
include reports on research. The conclusions of research studies
and their implications for practice may be referred to, but they

- "\ are mentioned in quite general treatments. Such general dis-
cussions are useful in undertaking to build a background for a given
subject, but they lack the detail and specificity of original reports. Par-
ticularly the administrator who wishes to build a background in current
research subjects will find himself in need of different and more special-
ized sources of information from those provided by the customai v literature.

It is entirely reasonable to assume that few administrators aid teachers
subscribe to specialized research journals or have knowledge of their
sources. This should not be surprising because traditional programs of
teacher preparation, and much current in-service literature, are not focused
on the understanding and use of original research reports. But for the
person who would become involved and develop skill in conducting his
own research, acquaintance with the small list of journals most likely to
contain papers on the subjects of his interests will be most rewarding.

It is very important to keep a steady stream of new ideas flowing
into a research project. Often these new ideas come from browsing in
specific reports of what other researchers are doing, how they state their
problems, treat their data, arrive at conclusions, and the like. Becoming
overwhelmed with reports on what is being done should be guarded
against, and a search of the literature should not be carried too far or it
will go on forever and serve as a complete bar to action. On the other
hand, even the wise selection of pertinent literature is impossible unless
the investigator has knowledge of the structure and sources of research
literature. The effort to acquire this knowledge will repay itself handsomely
in saving time spent in the library and in selecting journals for private
subscription.

In regard to the literature, there are two important and feasible goals
for the researcher. The first of these is to find whether the problem area of
a proposed research project is being investigated elsewhere, the names of
principal investigators in the area, and the kind of investigations being
pursued. The second goal is to acquire reassurance in broadly questioning
the practices of schools and teaching. It should be borne in mind that
findings coming from research projects in education and in the behavioral
sciences in general are seldom conclusive or final. The extent to which the
generalizations .* even the most carefully conducted research project
can bhe applied to a specific classroom per se is probably very small. The
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foregoing two statements suggest that it is preferable for the investigator
in his own situation to “try” experimentally and check out others’ research
findings before he adopts them. This sort of replication is one of the best
and most needed contributions to the broad field of research on teaching.
It also represents one of the finest uses of the research literature. Knowing
where to locate and how to use the available material can be a desirable
addition to the educator’s hackground.

Books and textbooks provide basic material and a general level of
information. They provide one of the first approaches to a new specializa-
tion in order to gain a feeling for the whole field. There is no simple way
of finding all the books on a given subject. The most immediate place
to look is the subject index of a good library.

There are a few books which attempt to organize material on methods,
research areas, and techniques of searching which seem generally useful.
The titles which are cited as references in this volume are not repeated

here, although they, too, may be considered part of this list.

Carter Alexander and Arvid J. Burke.
How to Locate Educsational Information
and Data. Fourth edition. New York:
Rureau of Publications, Teachers Col-
lege, Columbia University, 1958

The book a) brings the user up to
date on hundreds of sources for locating
educational information and data, and
b) makes revisions in methods and ref-
crences contained in earlier editions
which save time and energy for users.
Included in the book are two main
headings: 1) Basic Techniques of Li-
brary Utilization which includes chap-
ters on locating books and periodicals,
using the indexes, library reading, and
note taking; and 2) Special Applica-
tion of Library Utilization Techniques
which includes chapters on book evalu-
ation, government documents, refer-
ence hooks, quotations, statistics, bio-
graphical information, etc.

14

O. K. Buros, editor. The Filth Mental
Messurements Yearbook. Highland -
Park, New Jersey: The Gryphon Press,
1959.

Lists 1857 commercially available
tests published during the years 1952-
1958. Also included are over 6,000 ref-
erences on the construction, use, and
limitations of specific ists. There are
tests of bookkeeping, Latin achieve-
ment, English progress, nursing, sensory
acuity, coordination, sales aptitude,
handwriting, etiquette, sex knowledge,
health, religion, honesty, and many
other skills and aptitudes.

Stephen M. Corey. Action Resesrch to
Improve Scheel Practices. New York:
Bureau of Publications, Teachers Col-
lege, Columbia University, 1953.

Addressed to practitioners in educa-
tion and stresses cooperative research.
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It containy a stimulating chapter on re-
search in cducation, several interesting
aceonnts of action research projects,
and an exeellent 80 item bibliography.

N. L Cage, editor. Handbosk of Re-
search on Teaching. A Project of the
Americon Educational Research Asso-
ciation, NEA. Chicago: Rand MeNally
Company. 1963,

This book has been called the most
important contribution to edncational
rescarch methadology vet made. It con-
tains 23 sections written by 31 anthors,
cach of whom is a specialist in his par-
ticular ekl The book is organized inta
four parts: Part | "Theoretical Orienta-
tions;” Part 11, "Methodologies in Re-
sarch on Teaching.” Part 11 “Major
Variables and  Arcas of Rescarch on
Teaching.” and Part IV, "Rencarch on
Teaching Varions Grade Levels and
Subject Matters.” The 1218 pages of
the book present a suficiently compre-
hensive range of basic material ta serve
the interests and needs of most people
interested in rescarch on teaching.

Jerome J. Hausman, cditor. Ressareh in
At Education. Ninth Ycarbook, \Wash-
ington. D.C.: The National Art Fduca-
tion Association, NEA, 1999,

A compilation of completed resesrch
studies in art education. Five main di-

visions—philusophical-psvchological re-
scarch, rescarch and creative hehavior,

rescarch into teaching process, surveys
and descriptive research, and research
into problems of teaching handicapped
und exceptional children—are carefully
explored by outstanding authorities in
the art field at hoth the high school and

university levels.

C. W, Hunnientt and William J. Iver-
son, editors. Research in the Theee R's.
New York: Hlarper & Brothers, 1938,

Contains studies of varving bevels of
scirntific quality dealing with reading,
writing, and arithmetic. The works in-
chided were chosen for their signifi-
cance, influence, and importance in the
field. Authors of the studies ans well-
known people with special interests in
these arcas.

Cardner Lindzey, etitor. Handbesk of
Secial Psycholagy. Vol. |, “Theory and
Methods.”  Cambridge:  Addison-Wes-
kv Publishing Compaiy Inc.. 1954,

There are nine chapterss devoted to
rescarch methods.  Like Landbooks in
many of the sciences, this one is large,
technical, and informative.

Phi Delta Kuppu. Sympesium en Ede-
cational Ressarch. Bloomington, Indi-
ana: the Fratemity.

This series of volumes includes for-
mal papers and subseqquent discussions
comprising two-day symposia consider-
ing different uspects of educational re-
search. The fiest book (1980) deakt
with the current stuge of development
in oducational research; the  second

(1981 ), with rescarch design and anal-

ysis.

Copies of these buoks are published
cach veur snd may be obtained by
writing to Phi Delta Kappa. Inc., 8th
ond Union, Bloomington, Indiana.

Phi Deita Kapps. Rossarch Studiss I
Education. Rloomington, Indiana: the

Fraternity.
These studies are subject-suthor in-
deves and research methods bibliogra-



phies.  Dissertations, reports, and field
studies under wav or completed at col-
leges and universities in the U.S. and
Canada are classificd by subject under
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general headings.

Available in most university and col-
lege libraries.  New  editions appear
vearly.

ENCYCLOPEDIAS

The next level of specialization for most of the sciences consists of
the various encyelopedias which are extremely useful for acquiring a
comprehensive, vet detailed, view of a given field. Only one encyclopedia
centering on educational research, which is sponsored by The American
Educational Rescarch Association, is included in this list. It provides a
convenient one-volume source book of unquestioned authority, providing

rescarchers with recent developments in their areas of special interest.

Robert Ebel. editor.  Escyclopedia of
Educstional Research. Fourth Edition.

The Maemillan Company. New York,
1960,

The eneyclopedia presents a critical
evaluation, synthesis. and interpeetation
of all the pertinent research—early as
well as recent—on a variety of subjects
spread over the entire range of educa-
tional topics. Four editions of the vol-
ume have been published: 1941, 1950,

1960, and 1969, The American Educa-
tional Rescarch Association lias been
responsible for the publication. with
two different educational leaders sery-
ing in the editorial capacity. Each new
volume updates the material found in
the other encyclopedias. At the end of
cach topic. there is an exhaustive hibli-
ography of both books and periodicals
which are concerned with the specific
topics treated.

Bevond encyclopedias, one comes to the general guides for selection
of literature. The guides generally classify titles Mwesi ~.'  enetimes in-

clude reviews and criticisms of the content. Ceta
descriptive and frequently are a valuable help m «

literature.

Boskiist and Subecription Beoks Dulle-
fia. American Library  Association.
Chicago.

Formerly the Subscription Books Bul-
letin, the periodical was combined with
another publication of the American
Library Association, Booklist, in 1986,

«times are
g available

The publication is used mainly by k-
brarians in evaluating new books. Up
to 1958, the periodical gave critical re-
views of various reference books, e.g.,

indexes, etc. In this new
publication, other books are also in-
cluded in the critical reviews.
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Puhlished twice a month September
through July and once in August. Single
copies may be ohtained by writing to
the American Library Association, 150
E. Huron St.. Chicago. 1llinois.

Cumuistive Book Index. The H. W.
Wilson Company. New York.

A world list of books in the English
language. Information about any book
is available through three souwrces in
one alphabet: author, title of the book,
and subject. For a book for which the
title is known, information may be ob-
tained through the publisher's name.
Information is arranged under names of
persons by:

1. Works which the person authored

2. Works of which he is joint author,
editor, or translator

3. Works ahout the person.

Under names of places the order is:

1. Official publications by depart-
ments or bureaus

2. Works about the place
3. Societies, institutions.

Published every four or five years, de-
pending on the magnitude of the num-
ber of entries to be indexed. It was first
published in 1932, and the current edi-
tion is a 1959 publication.

Education Index. The H. W. Wilson
Company. New York.

A cumulative subject title index tu a
selected list of educational periodicals,
books, and pamphlets. Near the be-
ginning of each volume are listed
the various from which ma-
terial has been indexed. The first vol-
ume was published in 1832 and con-

tained material written from 1929-1932
(3 years). At present, a volume is ac-
cumulated every three years. Small
paper-bound copies of current months
are availahle so that the reader may
find the latest literature if he wishes to
do so.

NEA Catalogue of Publications. Nation-
al Education Association. Washington,
DC.

Lists publications under the headings
of the NEA units responsible for pro-
duction. Incorporated alio are alpha-
betical and subject indexes. In each
catalogue. the publications are listed
first by number and then are referred
to by that number afterward in the
indexes. Entries in green print are new
issues. There is a research division of
NEA. and its publications are included
in the listing,

The recent catalogue may be ob-
tained by writing to the National Edu-

cation Association, 1201 Sixteenth St.,
N.W., Washington, D.C.

Resder’s Guide to Periodical Liderature.
H. W. Wilson Company. New York,
1957.

An author and subject index of arti-
cles taken from many American peri-
odicals. These publications are listed in
the front of each issue. Provides a well-
balanced - ‘lecties opula: v h-
nical muaggon nting ol th. 1m-
ports. - sexnuinc techaical, and subject
fields. Current issues of Reader’s Guide
are paper-backed publications and are
produced every two or three months by
the H. W. Wilson Company, 950 Uni-
versity Avenue, New York, New York.
Available only in libraries.
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ABSTRACTING AND

These journals are one of the
is secking information on specific «
saving method of keeping up with ¢

Dissertation Abstracts. University Mi-
crofilms. Ann Arbor, Michigan,

A monthly compilation of abstracts
of doctoral dissertations submitted by
more than 115 cooperating institutions.
Facluissue consists of a principal sec-
tion. an author index, and a subject in-
dex. The principal section contains the
abstracts, arranged under the subject
categories assigned by author. The Wb
plabetical list of categories is given i
the table of contents. Author and sub
ject indexes are comulated annually asd
include “see also” references to mo
specific or closely related  subject

TAlso, a serox copy of any dissertatic

thiit Jias been completed in the Unite
States ¢zu_be seeured from Universit:
Microfilms. "~

Fora sahscril")fiﬂlg)r for a xerox copy
of a dissertation, wite to Uni\'cl‘sit)’
Microfilms, Xerox Corporation, 300
Zeeh Road, Ann Arbor, Michigan.

Education Abstracts. UNESCO Publi-
cations Center. New York, New York.

Each issue of the publication deals
with one topic only. Abstracts are listed
by country and are sometimes written
in the native language. Many of the
issues  center on education in other
countries, curriculum, and educationa’
methods.

Published every month cxcept July
and August. Single copics may be ob-
tained by writing to the UNESCO Pub-
lications Center, 801 Third Avenue,
New York, New York.

It for the Practitioner in Education

" «G JOURNALS

ces for the investigator who
ey also provide one time-
«warch cmphascs.

Al agical Abstracts. Amecrican Psy-
Al Association, Inc. Washing-

cts of various studies  heing
on in all najor areas of psvclol-
- reported. Problems dealt with

| the nervous system, learning,
" malvsis, personality, crime and
he rwmey, mental testing. and others.
+ lume includes one  calendar
‘oo d is indexed by subject and
an Monthly editions are also avail-

current studies.
eshed monthly with two issucs
mber. Copics may be obtained
ting to: The American Psycho-
-~ l Association, 1333  Sixteenth
weeet, NW. Washington, D. C.

Seciologisal Abstracts. Lco P. Chall,
editor. New York, New York.

The purpose of the periodical is to
present abstracts regarding, in order of
priority, 1) sociological periodicals and
books; 2) periodicals and books bearing
on sociology: and 3) nonsociological
periodlicals containing significant, ap-
plicable material.  Abstracts are listed

subject areas by author’s name.
criodical was first published in

e .iis now issued five times a vear
#®  uary, April, July, October, and
November. Single isuses are available
by writing to the Editorial Office, ¢/o
Leo P. Chall, 225 West 86th Street,
New York, New York.
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ABVIEW JOURNARS

Review pmmrmm

whspensable in emmismmg researchers to have

some idew of wes .~ reeme  o:complished alomg wmmsus lines of investiga-

tion. These sOU - speveTair

“rovide more commmmeee 1nformation than the

ahstracng journms Tmugt wscussing reports in werms of their theoretical

settings

Poyshelegical Revie~ Mworw.. . Psy-
chedogical Associamw«, I ' shing.
ton. D.C.

Devoted to articdbs f the . 4] sig-
nificance to any smea of » 1ne en-
deavor in psychoimge wdinesey the
periadical does no v «oogmal re-
search but makes ¢ . . gpom « e this
research is inchode 1 = - theo-
retical article whewt atramgpts o: mte-
grate several relmswd ongsssll swdies.

Published bimenahls .md aailable
by writing to the wmernas Pswholog-
ical Association, msc. Ty saxteenth
Street. N.W., Wasinmmgee:. 2C.

Review of Educationsiiiianggt®. Amer-
ican Educational Reseassh Smsaciation,

NEA. Washmgton, D. C.

The purpose of the Review is to re-
port major rescarch findings during a
designated period. organized by areas
of interest. Significant studies are iden-
tified, summarized. and critically ana-
Ivzed. The more active fields of educa-
tional research arc  ‘viewed every three
vears; the less activ ¢ fields are included
in alternate cycles.

Published in February, April, June,
October, and December. This journal is
a “must” for researchers in education.
Single copies may be obtained by writ-
ing to the American Educational Re-
search Association, National Education
Association, 1201 Sixteenth Street,
N.W.. Washington. D.C.

GRERREH JOURNALS

These journals arc *1c mmsmary source of complete and full-flavored
maeerial in “repovsed” remcasen projects. Commonly. thev contain descrip-
time and discussions of tembmiques, designs, ammbvees. and sampling
mothods used. They temd »# to be unduly compeessed, and contaim
suflivient detail to male w=sible critical reading amd replications b
imevested peaple. Thes -essmmls provide the richest tvpe of priman

mtance with the Mbsamswsr on research in actiem

“he jousmals listedidmoe +r~ gomuped in three major weis-clossifisations
edutation, psvchalngy. sat wrwiag

Es  emm L his journsl made @& debwt in Jasu-

A Bdutuytietitmns. 21y 1964. It publishes arigins! repoves
Am: can Educeteswnal @lesreset  we-  Of experimental amd dhweretical studies

ciat H, NEA. Washingten ' in education. Repmrs incleded are
"



complete, containing informatemn o
pwrpises of the investigation. essig:
amdd procedure, description of the -
ple studied. results, discusssion tabibe
and charts, and conclusions. Bmwerwy
of books on research are inchessd
each issue.

Published four times a year. Samgh
copies may be obtained by writmg
the American Educational Reseasah Rs-
sociation, 1201 Sixteenth Street, v~ W
Washington, D.C.

California Journal of Edumsicnsd @
search. California Teachers Associates
Burlingame, California,

Reports on: a) city and county schsl
research pertaining to  curriculamm
guidance and counseling, evaluusssm.
supervision, and finance: b) digess .of
theses and dissertations that have psc-
tical application; and ¢) studies fmer
present novel, but tested, approaces
to the solution of educasional probless
Certain articles may also be foumd w.
Psycholagical Abstracts.

Published five times a wear: januan
March, May, September, and Novem
ber. Single copies are available wpsn
request from California jeurnal of Edu-
cational Research, 1786 Musches
Drive, Burlingame, Califomnia.

Cansdisn Education andullesensch IB-
gest. Camadian Educatiom Association
Toronto, Ontario.

Includes articles on various asspecw
of the Camadian educetiome! svstom
Some of the welting is in Hev ' Qn
inchuded @ sume issues are sbot: 't of
stalf studies amd summaries of graduate
theses in _n,

This publication is isswed qguarterh

R rch for the Praazssoner i Education

bt unuadian Edmeation Association.
W Jae-1s Street, " omsnto 5. Ontario
hee -waptions to the /1oest mav be ob-

w U writing te e adeess above

sl and Foyahetapadfvieasuss-
wm® (. Frederk Kuwe— Durhan
v ot arolina.

Lr ted to repestamg: . rcussion
W 3 etems in the ouidd of o Weusure
w4 indiwidual differomsees 2) re
p7 ot research om the deweiopmen-
wwi wee of tests and measwswments
~emmen, industry., and gewermnment
+  deessiptions of testing pregams bhe
wg, wed for variews purposss and 4
wvecllamwous notes - to the
wrssssrmmrnt field. Baok reviews at the
' of each issme provide current
wamces af informasien for fwrther stud\

bomed Guarterly. one cemplete vo-
e pov calendar year. For singe
amgwrs write to Educationsl and Psyche
bagical Measurement. Box 6887, College
Stwtmm. Durham, Newth Caswlina.

Qv Samte University. Cadmmbus, O

“estmmes articles on cemwent areas ot
aryest m educations] resssrch and re-
~arw~ basks that are nevsss the variss:
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lems. Emphasis is on techniques used,
methods employed, and major out-
comes. Authors include public school
personnel, college professors. special-
ists, and local unit research directors,
Each magazine issue carries inter-
esting articles describing research, ex-
perimentation, and other projects in
Illinois schools. Contributions to the
magazine are welcome and sought.
This journal is published three times
a year and distributed to members of
the Illinois ASCD as part of their
annual membership.  Subscriptions
available at $3 a year. Order from
Administrative Relations Director, 11li-
nuis Education Association, 100 East
Edwards Street, Springficld, Illinois.

Journsl of Educational Research. Dem-
bar Publications, Inc. Madison, Wis.

Reports significant research being
carried on in a wide variety of areas
It attempts to be inclusive by statimg
very clearly the problem, method of
procedure, summmary conclusions, amd
implications. Each article is a whole
study, not a synopsis or simply a re-
view. There are certain issues which
are devoted entirely to one subject, and
annotated bibliographies are included.

Published monthly nine times a year.
Single copies may be obtaimed by writ-
ing to Dembar Publicatioms, Inc., Box
1605, Madison, Wisconsin.

Journal of Sducstien.
Dembar Publications, Inc. Madison,
Wisconsin.

This is a periedical repwrt of sci-
entific investigations relating to child
development, curriculum, leaming,

teaching  supervision, measurements,
statistics, and experimental techniques.
Whole research projects are reported
and a selected bibliography is included
with each study.

Published quarterly in September,
December, March, and June. Single
copies are available by writing to Dem-
bar Publications, Inc., Box 1605, Madi-
son, Wisconsin.

NEA Research Bulletin. National Edu-
cation Association. Washington, D.C.

Research reported is of a cumulative
(survey) type. Information on a sub-
ject is accumulated and the figures are
reported. There is little effort to in-
terpret data in terms of the conclusions
and implications involved. Information
that has been brought together can be
used, however, to view trends in the
various areas studied.

Published in March, May, October,
and December. Single copies may be
obtained by writing to Publications-
Sales Section, NEA, 1201 Sixteenth St.,
N.W., Washington, D.C.

Psychology

Awerican Journal of Psychology. Uni-
versity of Texas. Austin, Texas.

Reports in a sophisticated way re-
search studies in the field of experi-
mental psychology. Five departments
are represented in every issue: articles,
minor communications, descriptions of
apparatus, notes and discussions, and
reviews of books. Studies are reported
in their entirety and include purpose,
procedure, subjects, and summary and
conclusions.

The American Journal of Psychology
is published quarterly, on the 15th day
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of March, lunc. September, and De-
cember. Back numbers and volumes
may be obtained from the Business
Manager. Department of Psychology:,
Mezes Hall. University of Texas. Aus-
tin, Texas.

British Jomma! of Educational Powehal-
ogy. British Psychnlogical Suciety. Lon-
don, England.

Reports research in a rigorous tra-
ditional way. Intreduction. procedures,
resmits. and discussion are the rube for
every paper. The topics dealt with are
verv specific in wature and require a
sophisticated kwowledge of statistics
and psychology for understanding. This
publication is isswed three times u vear,
in February, June. and November, and
may be obtaimed by writing to the
Manager, B.JEP. Departwent, Mec.
thuen and Co.. Ltd. 38 Essex Street.
Strand, London. W.C. 2. Esgland.

QMM Developmmt. The Saciety for
Research in CBil Development, Inc.
Purdue Univesie Lafavette, Indiana.

The publicstion = deveted to basic
research and themsy camserning the
growth and dewahagmeees o the - child.
Each issue is comupauwd of 2 mamber of
completed resewsch gumgrets, reported
fully by men of eaesrim the field. An
attempt is made imanch study to report
background wowk, geecedre. composi-
tion of the sample summaty. conclu-
sions and implicatisms. snd discussion
of the results.

Published quuutusly in March. Jour
September, amd Decewsher. Single
copies may be alstained by writing:
Child Developmsat Pubdications, Pee-
due University, Lafayette, Indiana,

12

Koo e~ ner in Education

Journni «t Admsemgnl and Social Psy-
chelagy. ‘merwan Psvehological Asso
ciation. Im W\ ishemgton. 1).C.

Emphasis 1« nlaced on basic researct,
amd theon rammer than on the tech.
nijues ana are of practice. Papers n
abnormal psvemslogny contribute to the
fundamental hnowdedge of the pathol
ogy. dvnamics  amd  development of
personality or indissdual behavior, So
cial psychological papers contribute to
the basic knowledge of interpersonal
relations and of group influences on the
wathology, dvnamics. and developiaent
« individual behavior.

Issued bimonthly in January, March,
\ay. July, Septewdser. and November:
~wo volumes per vear. Single copies
may be obtaimed W writing to the
American  Pswchological  Association
o, 1333 Sixeeenmth St N, \Wash.
=gton, D.C.

Publishes ouggimal imvestigatioms of
ponblems of lnasmmg teaching, and the
povcholagpesl devalugmment of e in-
disidual R commins articles relating
to the develupmment o interests, atti.
tudes, paysemulix wacimd relations, and
vecatiomal orestsn with respect to
school adjustmest The impact of the
schoul program wpmm development and

y » cmsulimm, motivation and
character. mewtel devel t, amd
methwds v abso explared. Studies pub-
lished dwal with all dewels of education
—pre-sshool, collegc and adult edaca-
tion, smd with all age groups.

Cogies (published bimonthly) mav
be ohtasined by waitr ¢ to the American
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Psychesmgical Assmmatoon. 1333 Sn
teenth 9. NW. Wasimpgton D.C

Jourmal of Napovimmtel Pevelningy
American Psvchologmal  Assocostesa
Inc. Washingson, D.C.

Reports original experimentml inwees-
tigations which are mtended w0 cus
tribute toward the developmeast of pes
chology as an cupesismentsl sciewre
Studies using nomsel bumen bemgs =
subyaets are cosphasmed. encopt whan
abnesmal or amimal sebjects brad thems-
selves to extemsion of helmsvien thewss

Published monthly and mun be ab
taimed be writing to the Amsenscan Pw-
chological Association. IXR Sewieeash
$ . N.W.. Washington, DC

Jansusl of Gensth Dhplnlegy. The
Jowrnal Press. Povincesswa Masa-
chusetts.

Devoted to the studs f chilnd b
havior. amimal betovvem snd compgunn-
tiwe povchologs  Toumssch  otvdee aov
saphisticated end wypeswt repasrd.
Amticles ave funtnoted and et ref-
emmnces which mav e werer! & amoveti
gae the topic mose carefulin

A quasterly publivation 1t v meed
in March, Jume, Septamive ot B
cemsber. Singhe isswes s ovailnfily
the jousmal Pyess. 2 Commmmpeind Stneer
Provimeetown. Massaclnstts.

Sonsmt o Oongtiflly. Dube Uwivew-
dty P Bwrbam North Cosnline.

Camment stress v placed an cupun-
——d-ﬁadh**.d._.,
mul chusentr siyuctume porsenaliy w
‘dc«-—nﬁmh.den
wutian, and the (e -clapasw & pov-
wrality in #ts coltvexal comifevt Mot

of the comtribatiom = emgarical m
classacter.

Published quarterly -~ March. Juwe.
September. and Decenr ~ Back single
meuwes are available b writing to the
Duke University Press .wx 6897, Col-
wge Station. Durham. Newth Carolina.

Socwlogy

Joumnsl of Gducaticundrfuuislegy. The
Paver Edecational Seeidegy Founda-
tiom. New York Usmswewsty. New York,
New York.

Asticles on rewsmecn: m the field of
edcational socasbugn  are written by au-
thesitics in thew resmsctive speciad s.

Published wantily fsen Septomsser
thomagh Mas o< mmn be obtamed
by writing e» Pegtinates and Busmrss
Ofice. New Yk wwversity, Washang-
tom Squasr New senh, New York

Seumul-<iinultBWopcholagy. The joue-
nal Press. Pr~aaresen, Massachussms.
Repures fuswmal stmdies in political.
raciel. sed diffsvemsus) psvchology. The
reonmmth » o o fmewe! mature and is
segunted = . tensiewmal, sophisticased
waw Each serte » footmoted and is
follswed bv 2 kst « mfevences which
way be used for twtiher stedv in vari-
ous wsberest areas.

Published quaseds in  Februmw.
Mav. August. and Nevewber. Singr
*mvh«h the Juer-
wml Poess, 2 Cunmmewcial Swet. Tawy -
mw

Seslmatyy. The Amserican Sociological

Seciwty. New Yamk, New York.
Exuphasn » mmced on reposting re-

wanch deading with measuremsent of
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social belmmmior. Cemeralizatyvms are
derived fnw  the mmestigation of the
processes amd products of sacial intey-
action at the imterpersonal. intraper-
sonal. intergroup, and mtragroup levels
of conemleagion.

Published four times a vear m March.

Rescarch tor the Frrsstesary in Education

Jume. September. and Devember. Avail-
able in single copus m writing to The
Amertican  Sociologecal wociety, New
York University, W ashimgton Squase,
New York 3. New %ork. Back issmes
dated 1937-1955 shwuld he ordered
from Beacan House. Beacem. New York.

GHUERAL JOURNALS ALSO CONTAINING ERSEAREN PUBMECTS

There are many jourmals which carrv artiches

in the asen of currewt

rescasch studies, ressarch methodology. and reviews of publications on

research. Addhough sach artiches

man met

repicsent 2 primary facws of

the wurnaks, the resssrcher will do well to mctnde such publicatians in

his kimt of places to k.

AduB Edusation (Awmrvican). Adult
Education Association & the Unmited
States of America. Norssm, Oklabsma.

‘Deals with currewt ‘remking m the
ficld .md reports somme -esearch ramy
carried wm in various aseas of adult egle-
catiom Buth articles anst vesnaech topecs
are repwted in 4 way wesish = comdn-
cive tv easy reading amed full weeder.
standimg.

Pulished (uarterly—wsstomn, wisger.
sprimg. and summer. Swwele copies are
availehde by writing te  vebult Edeaca-
tion Association of wm- USA. 743
North Wabash Avess Chicago. Il
nois.

SR Rfmmies (Sswich N\ stvemsl
lostet ot Sduit Fdmumen. [amchm
Enghand.

Both a record of stwities amd an
open forum for the diwrussion of mat-
ters relating to adult escation. It con-
taims articles of a nonswararch oviewted
character. Book rewimers, pamphlets
and reparts. and notes are topics in-
cluded in the format in addition to arti’

124

cles wisich .re ewiitem bx mem from
many dilfer + Grdids of imwest.

Puubsdusir( . uateris i o Septem-
ber. Decemmiwr. and  Yach. Single
capes mar - Obtasmed writing to
the \ation.. institute of Aded Educa-
tiow B Queen Amme St.. Lomgnn W, 1.
Emgpanal.

British Jensus) of Bihmagionny Sewdies.
Faber and Raber. Lod  Lammdon, Eng-
land.

Presemts asticles dealing wath various
aspects «f the English educational sVs-
wm, comeast news in M Sedd of e
Yo corvapemdenne bk pevicws and
At ntices of wrw baoks

with respect to the imSerests and com-
_dw-heh-‘kwntq
» clewr and fully festusted.

&
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Child Study. Child Studv Association
of America. New York, New York.

Centered on parent education, so is
relatively free from the rigorous type of
scientific rescarch present in other jour-
nals. The publication deals with a cen-
tral topic in each issue. Articles are
written mainly by medical doctors but
also by parents and other people inter-
ested in children.

Published quarterly in the summer,
fall, winter, and spring. Single copies
are available by writing to the Child
Study Association of America, 132 East
74th Street, New York, New York.

Childhood Education. Association for
Childhood Education International.
Washington, D.C.

Presents articles by qualified people,
dealing with elementary school age
youngsters. Although research topics
are not reported as such, they are
quoted and cited in the articles. Cur-
rent books and pamphlets for both chil-
dren and adults are reviewed.

Published monthly September
through May. May be obtaimed in sin-
gle issues by writing to Childhood Edu-
cation, 3615 Wisconsin Avemwe, N.W,,
Washington, D.C.

Educational Leadership. Association for
Supervision and Curriculum
ment, NEA, Washingson, D.C.
Centered on a general cwriculum
theme with features on specific aspects.
Authors of the articles t state
departments of education, public
schools, and universities. Incorporated
into each publication is a section ea-
titled “Research in Review,” which
summarizes some of the current ex-

peviments and research projects being
carricd on in the area of the gemeral
theme,

Copies of Edwcational Leadership are
published momthly, October through
May. and may be obtained by writing
to the Association for Supcrvnslon and
Curriculum Development, NEA. 1200
Sixteenth Se., N.W., Waushimgton, D.C.
D.C.

The Educational @ecesd. Amervican
Coumcil on Educatvn. Washimgton.
D.C.

Presents articles and sawme research
concemed  with various aspects of
higher education. Written by pmem-
nent men of the natimm’s colleges and
universities, material desls with a wade
varietw of problems. Research » re-
ported in a condensed, easy to sead
style, with the emphasis placed om find-
ings and conclusions rather them om
proceduses and history.

lowed quarterly in January, Ageil,
Jubs. and Octabax. Single copies may
b ardoerd the Ameviven
Canswfl on Educstion, 1785 Massache-
setts Avenue, N.W.. Washingpes, DC.

Journsl.
of Educatien of The University of Chi-
cago. Chicaga. Hlinois.

Preseats comsmt articles and resamsch
topics in the finkl of clementary ednca-
tion by swthess ive of heth
the public schesls and the colleges and
wniversitics. Emphasis is placed en the
nonstatistical, memtechmical type of we-
porting in mast cases. Annotatededinc-
tive refemmmrces on general topies are
imcorposated imto the format of each
publication.



Published msonthi' October through
May. May be obtained by addressing
a request for single copies to the Uni-
versity of Chicago Press, 5-50 Ellis

Avenue, Chicago, 1Binois.

Exceptiosss @lidren. Council for Ex-
ceptional Chwlaliren, NEA. Washington,
D.C.

Composed of: a) esmpirically ground-
ed rescarch sudies of current interest
and b) artides om various problems
regarding emceptiomml children that re-
port progress or stae epinions. A sec-
tion of everv issue is devoted to review-
ing new bosks in the feld.

Issued mumthly, September to May.
Single copies are avaslable by writing
to the Council for Exceptional Chil-
dren, NEA, 1201 Sixteenth Street,
N.W., Washington, D.C.

Jourwal of Educatiem. Boston Univer-
sity, School of Education. Boston,
Massachusetts.

Since December 1988, this magazine
has considered a simgle topic and has
featured articles by only one or two
authors. The subjects picked concern
both elementary and secondary schools.
Some of the issues ase devoted entirely
to reporting resessch studies, while
others simply state what has been
leamned from the literature and research.

Published quarterly in October, De-
cember, February, and April. Single
copies may be obtained by writing to
Journal of Education, 332 Bay State
Road, Bostem, Massachusetts.

Jowrnal of Negre Bducation. Howard
University Press. Washington, D.C.

The purpose of this journal is three-
12
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fold: first, to stimulate the collection
and facilitate the dissemination of facts
about the education of Negroes; second,
to present discussions involving critical
appraisals of the proposals and prac-
tices relating to the education of Ne-
groes; and third, to stimulate and spon-
sor investigations of problems incident
to the education of Negroes.

Published quarterly in winter, spring,
summer, and fall. Single numbers are
available by writing to the Joumal of
Negro Education, Howard University,
Washington 1, D.C.

Journal of Teacher Education. National
Commission on Teacher Education and
Professional Standards, NEA. Wash-
ington, D.C.

Composed of articles and research
studies dealing with various aspects of
teacher education. Some of the research
topics are reported in detail and include
conclusions and implications. Other
studies and articles merely cite research
done in that area or state an educa-
tional viewpoint. “With the Research-
ers,” a regular feature by the research
editor, draws attention to significant
problems or findings in the field which
need recognition.

Published in March, June, Septem-
ber, and December. Single issues raay
be obtained by writing to the Journal
of Teacher Education, 1201 Sixteenth
Street, N.-W., Washington, D.C.

The National Elementary Principal. Na-
tional Association of Elementary School
Principals. Arlington, Virginia.

Articles in each issue center on a
single topic in elementary. education,
such as handwriting, grouping, art, etc.



The Research Literature

Articles are published every year which
incorporate much of the research con-
cerning the elementary school princi-
palship. Research is cited in the body
of articles and in the bibliographies
which are listed at the end of many
articles.

Published in September, November,
January, February, April, and May.
Single copies may be obtained by writ-
ing to the National Elementary Prin-
cipal, 1201 Sixteenth Street, N.\V.,
Washington, D.C.

Phi Delta Kappaa. Phi Delta Kappa.

Bloomington, Indiana.

This is the official journal of Phi
Delta Kappa, professional educational
fraternity. Research articles. reviews,
and news alert the professional edu-
cator and interested layman to signif-
cant developments in education.

The Kappan is published nine times
a vear, from October through June.
Subscriptions may be obtained by writ-
ing to Phi Delta Kappa, Inc., 8th and
Union, Bloomington, Indiana.

School sad Society. Society for the

Advancement of Education. Lancaster,

Pennsylvania.

Research studies are incorporated
into the periodical on a limited basis.
All articles are very short, easy to read,
and run the full range of educational
topics.

The magazine, in its fortieth year of
publication, is published biweekly.
Single copies may be obtained from
Business Press, Inc., 10 McGovern Ave-
nue, Lancaster, Pennsylvania.

School Review. Department of Educa-
tion of The University of Chicago. Chi-

cago, Illinois.

Composed of a series of articles
which center on a single topic or gen-
eral area. While the material presented
is not a report of research, it does offer
some of the best writing in the field on
the particular issues discussed. Besides
the articles, there are sections devoted
to book reviews, new hooks in the field,
and editorials,

Published quarterly: spring, summer,
autumn, and winter. Single issues are
obtainable by writing to The University
of Chicago Press, 5750 Ellis Avenue,
Chicago. Illinois, )

MONOGRAPHS

Materials produced in pamphlet form are convenient to read, file, and
use. Researchers can select the particular titles which reflect their
interests and ignore titles which seem not to deal with what is wanted.
This quality represents one large advantage of monographs which hooks

and many journals do not share.

What Research Says to the Teacher. (A
Series of Monographs). Department of
Classroom Teachers and American Edu-
cational Research Association. NEA.
Washington, D.C.

The purpose of the pamphlets is to
keep the classroom teacher abreast of
current research in the field of educa-
tion. More than thirty-three separate
publications are available on a wide
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variety of topics. Opinions on various
studies are included in the reviews. At
the end of each pamphlet there is a list
of research references for further study.
Single copies of the What Research
Says series may be obtained by address-
ing communications to the National
Education Association, 1201 Sixteenth
Street, N.W., Washington, D.C.

Research Resame. California Teachers
Association. Burlingame, California.

These research bulletins are intended

One troublesome problem that
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for use in California and apply mainly
to situations in that state. However,
some of the topics treated are of a more
general nature and hold significance for
all. The subjects are of a fairly con-
crete nature and make for easy reading
and understanding.

The publication has no set dates for
issuance, but single copies will be
available by title through the Publica-
tions Supply Department, CTA, 1705
Murchison Drive, Burlingame, Cali-
fornia.

an investigator faces is to preserve

in convenient form the information he has acquired from his reading. Of
course, his reading will be highly selective and account for only a small
part of the voluminous amount available. But even this selective part
will be cumbrous to retain in memory.

The solution is to devise a suitable system. One flexible approach to
the keeping of records is that of recording titles, authors, references,
sources, and notes on index cards, which are then filed according to some
system. The cards may be filed alphabetically by name of authors. This
does not help to locate cards dealing with specific subjects, so it may be
preferable to file cards according to subjects, alphabetically arranged. Or
each item may be catalogued alphabetically under the name of the school
system or university where the work was done. In this system, the card
references from a single research group are kept together, regardless of
the author. Arrangement by broad subject categories, between which
there are few overlaps, is usually desirable, whatever system is emploved
within cach category.

All in all, the major point is that the investigator should keep his
records and notes in some fashion which will be easy and convenient for
his work. The individual has to decide how extensive a system he wishes
to use. Once decisions have been made, even a small amount of effort
spent in keeping notes will seem justified.
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or any other book, for that matter—would equip educational

practitioners with all of the ideas and skills necessary to pro-

ductive research. A book can be stimulating and informative,

packed with studicd and tested ideas. But it remains, after all,
an inert thing without life, blood, and judgment. There is quite a chasm
between ideas put in print and the effective use of those ideas in the
complex and demanding world of reality around us.

The translation of a theoretical, scientific approach into warm and
human educational practices may easily represent the most rewarding
and inventive challenge of all. The administrator and teacher who would
take the next step of finding ways to convey research ideas and techniques
from a hook to everyday practice need an additional set of suggestions
which have been tested in actual situations with on-the-job school people.

Fortunately, there have been a few attempts to experiment with this
problem, and the results have heen promising. Two of these trials have
been selected as background referents for this chapter.

The Now Jorsey eonferensss. The first experiment was comprised
of a series of ten two-day research training conferences conducted be-
tween April 1953 and May 1954 for sisteen public school people from
x New Jersey public school systemns. The conferences were sponsored by
he Horace Mann-Lincoln Institute of School Experimentation at Teachers
College, Columbia University, and resulted in u publication which pre-
sented detailed descriptions and evaluations of the pracednres emploved. ™
These conferences were primarily concerned with lmman relations prob-
lems such as interactions between consultants and participants and be-
tween administrators and teachers. Relatively little stress was placed upon
technical learnings such as research design and statistical analvsis of data.

The Wlinels sominers. The sccond experiment consisted of a series
of three three-day rescarch training seminars between November 1958
and February 1980. More than 230 superintendents, principals, super-
visors, teachers, and school board members from public school systems in
IMinois participated in the three seminars. Consultant teams were com-
posed of college and public school resenrch specialists. The seminars
were sponsored by the 1llinols Curriculum Program, a branch of the Office
of the linois Superintendent of Public Instruction. The Curriculum Pro-
grsm was then housed at the University of Illinois. This experiment

' || It would be a mistake to assume that the reading of this book—
/
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resulted in a doctoral dissertation report which presented extensive de-
scriptions and evaluations of plans, results, and instriments emploved.'
Also included was a long-time evaluation of what had happened to the
participants, as far as research was concerned, one vear later. The semi-
nars gave emphasis to problems in the technology of school research—prob-
lem identification, hypothesis making, research design, statistical analysis,
and the reporting of results—as well as to difficulties related to interactions
between consultants and learners.

Because the motives and environment for conferences and seminars
away from home scemed different from what might be expected in more
familiar settings, the Illinois Curriculom Program staff members conducted
volunteer follow-np research seminars for approximately forty administra-
tors and teachers in two Illinois school systems. The seminar sessions
were held once each month over one school year. Results were com-
parable to those of the original seminars, and in conclusion a hooklet was
published which contained the reports of several statistical studies con-
ducted in local schools of the two systems.'

PLANNWNG FOR LOCAL RESEARCH TRAINING

Although much remains to be learned concerning the in-school re-
search training of administrators and teachers, sufficient guidelines, tech-
niques, and innovations have been demonstrated and evaluated to offer
valid patterns for individual school systems and individual schools to
adopt and modify for their own use. This chapter focuses on the need
for help from outside sources in staff training; points to where such help
might be secured; describes the nature of efficient training programs;
emphasizes the intellectual climate of research inquiry; and makes a pro-
posal for long-range studies in American schools.

MHelp frem “ewtside.” The individual school probably comes closest
to being the laboratory for learning, and it is here that theories can be
tested against actuality and research results disseminated to others. The
individual school can exercise nore direct control over problems, subjects,
and materials than can more distant institutions such as state, county, or
even system-wide organizations. And the individual school is many times
closer to the leamning laboratory idea than are the national projects which
are currently conducting curriculum studies and making recommendations.

But in spite of the individual school’s advantaged position, sustained
help is needed if staff members are to develop leamings and skills related
to the technology of experimentation. Probably few elementary schools
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(and high schools, too, for that matter) are staffed with a principal and
teachers who are already equipped to undertake inquiry, experimentation,
and research. The necessary attitudes, knowledge, and skills can be de-
veloped as a regular part of the job through a deliberate program of
research training seminars which take priority over other in-service tasks
for a school vear or longer. Training sessions should be held as frequently
as feasible, and certainly more often than once a month.

Of course, nobody would expect an individual school staff to start
from scratch in assembling and organizing all of the materials and processes
desired for a sustained series of seminars. But an outside expert or experts
might be obtained to work with the staff and with the principal at the
same time. The whole process of committing a staff to research learnings
becomes a kind of deliberately introduced and wholesome Hawthome
effect, followed by hearty reinforcement, at least during the period of
training.

The principal should participate actively and directly in research
processes. To become an expert leader in the research function, he will
perfect his skill when he has undergone some systematic instruction with
his teachers, has engaged in research study, and has learned to apply his
knowledge in research operations.

Sources of help. The first source of halp may cousist of the periodical
literature which reports complete educational research projects. The pre-
ceding chapter was given over to the identification of these sources. A
school might profitably subscribe to magazines such as The journal of
Educational Research and the American Educational Research Journal for
examples of current research topics and procedures.

The second source includes the locating and obtaining of consultants
to help in staff training and subsequent research activities. Consultants
may be found in colleges and universities, in adjacent school systems, in
state offices of education, and sometimes among the psychological and
guidance personnel of one’s own school system. Larger school systems
such as New York, Chicago, Philadelphia, Pittsburgh, and Los Angeles
have long employed full-time directors of research and staff members
attached to the director’s office. Within the past few years, new positions
designated as “director of research” have been appearing in many smaller
school systems located in cities of about 100,000 population. The central
office in a large enough school system can assist in the provision of con-
sultant help and training and sometimes can cooperate with adjacent
school systems and schools.

Regardless of the source for a consultant, it is crucial to obtain the
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right individual for jobhs of this sart. There have been instances where
a statistical researcher, competent in his own right, inadvertently quenched
more fire than he fanned among naturally insecure beginners. This can
be disastrous. The Illinois Curriculum Program looked for and found
consultants who met three basic criteria. The criteria called for consultants
who were:

1. Experienced educators, knowledeesble with respect to both theory
and practice in schools

2. Reputable producers of research -t might be expected to con-
tribute to improved educational practice

3. Skillful and sensitive persons in the areas of human relations and
group climate.

Individual school groups owe such careful pre-thought both to them-
selves and to the potential consultants. The consultant should be ac-
quainted with what is expected from him and what is needed by the par-
ticular principal and school staff when he is invited. Criteria to aid in
finding the kind of person nceded should be worked out well in advance
if the school’s objectives are to be served.

We cannot leave the matter of subscribing to research journals and
securing consultants without considering the necessity of having access to
funds budgeted for research and development. Expenditures for these
purposes represent legitimate uses of monies formerly taken for granted in
school activities such as institutes, workshops, lectures, and the like. As
school systems become accustomed, as has American industry, to improving
their product through research, regular expenditures for this purpose will
be regarded as quite ordinary.

The nature of training pregrems. In the past, school administrators
and supervisors have tended to use their own graduate courses as the model
for staff in-service programs. Thus, lectures and speeches by specialists,
readings followed by discussions, and demonstration teaching programs
have composed the usual range of techniques employed to bring informa-
tion to school staffs. In other words, the techniques for in-service education
activities lave closely followed the traditional didactic college pattern of
course offerings and direct teaching of “course™ content.

But direct teaching of this sort has heen recognized as cumbrous and
incfficient for some tvpes of learnings. The first obstacle introduced by
college style instruction lias to do with the amount of time required for
learnings to mature. The second obstacle encountered in this essentially
verbalistic approach to learning concemns the failure to translate course
content into immediate hehavior and action.
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During World War 11, the military forces developed a worlsble and
efficient kind of training device which greatly speeds the time ssquived
for new learnings to take hold amd which stasts instruction clese to the
level of desired behaviors. This dmsse is knowsn.as simulation. It bas been
employed successfully in traimmg pssgrams bs fminess and industry and
in certain experimental collegr enmmmrala whese hehavioral types of learn-
ing are desired.

The Illinois Curriculum Pengpmes developmk amd tested ahind of simu-
lated training that was used swtie-wshicle for the sessarch tesming seminars
which were compressed into tmm~day time spams. A traiming device from
the armed forces offered leadssmethe seminars. Duwring the war, the serv-
ices operated a so-called dry-mum faw waining millary men in battle comdi-
tions, where the dangers of guiimg dhst and the hemards of real shootimg
were chmminated. Adapting this idee. 2 “dry-sem” ssaining device in ve-
search pmmactices was developed whirk peovided a sssting for practice and
skill devslopment in a threatdmee snd psycheingically safe enviromment
where mistakes are nontoxic. Wie dwwiee stressad whole person learning
where pasticipants could feel, act sslithink the leasming experience rather
than just listen or talk abewt whes Ghey weme lamming. Small groups of
teachers and administratem. with camssltant tsams, were organized into
research groups to perform “thindife-sizc™ sassassh projects on the spot.
The participants used each etlus s “samgles” smd employed synthetic,
but real enough, research preblems which interested them. They identified
a problem, stated hypotheses, chose a research design which fitted their
problem, selected a statistical test, collected the data, statistically analyzed
them, came to decisions, and received immediate feed-back in terms of
group critiques.

All of this was done in a “not-playing-for-keeps” atmosphere where
freedom to admit one’s own lack, and then learn, were prized. In the
beginning stages of new, unfamiliar, and sometimes threatening leaming
episodes, a “dry-run” experience not only permits but also encourages
uninhibited learning and skill development. Anyone participating in a
simulated learning situation knows that he is only practicing and that real
people and real events will be neither harmed by his ignorance nor helped
through his genius. Later, after confidence and courage have been built
through demonstrated successes and generous reinforcement from the
trainer (consultant), a rather rapid transition can he made to real research
problems involving real puugle in real lemwwing situations. This brief
description of training simulation esmtains many implications for
the sort of consultant & principals and teschers.
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Nurturing the intellectual climate of research inquiry. Repeatedly
throughout this book, we have adopted the bias that rescarch represents
an intensely personal commitment; it must belong to the researcher. Thus,
the independent questions and doubts of practitioners, who are the pre-
sumed “consumers” of practices recommended for school use, form one
quite necessary origin for studies designed to check and demonstrate the
worth at home of popularized and geweralized innovations. It might be said
that practices hitched to recently esteemed approaches to teaching—such
as phonics, modern mathematics, paagrams for the gifted, ability grouping,
televised instruction, enrichment, srience fairs and competition, language
laboratories, teaching machines, departmentalization for elementary schools,
et cetera, et cetera—should not he precipitously adopted in the absence of
many original research studies, and replications of research studies, per-
formed in the individual schools contemplating revised teaching.

Of course, popular and relatively recent innovations like those men-
tioned in the preceding paragraph represent only one source for needed
studies. They are listed because of their currency and implied insistence
and hecause they confront schools with pressing and immediate problems.
They are not listed to imply a resistance to innovations in general or to
suggest a retreat to the status quo. Innovations call for different kinds of
thinking and are irritating enough to he generally beneficial. But if their
effects are sometimes good, they may become powerful when selectively
tested and followed through into practice on the basis of local research
trials. On the other hand, the habit of conducting local pre-tests and
rescarch trials hefore committing a school to innovations, qua innovations,
undoubtedly would result in throwing out a proportion of the “new” prac-
tices on the educational horizon.

The usual and customary practices which have become part of the
baggage carried along by any school staff form another necessary point
of origin for studies designed to check what may be too comfortably
accepted and to help invent fresh “bright ideas” which have not occurred
to others. In their own private worlds, many principals and teachers may
have long “known” better ways to teach almost anything to almost anyone.
Their secret knowledge may have been kept buried (and probably was)
bece 15 they lacked acceptable ways to develop and verify it. With the
gaining of knowledge and skill in research and development, this private
world of truly experimental research can be widely shared with colleagues
and others interested in public schools.

It is tempting in a book such as this to organize and list groups of
potential studies deemed to be beneficial for someone to pursue somewhere.
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But this temptation soom deflates itself bacause good studies begin with
good problesss amd good questions which have been idemtified by imdi-
vidwal rescaschers who care ensugh to chase them through the rigom «f
careful rescanch. Practitioners can be helpad %0 learn and soquire insighas
and skills in selation to the methods sud seshmiques for asmdacting resssssh
stwdies, but selasting what is worth issentigeting feem sn endless wmmnber
of possible cheisss and deciding upen essstive wess ® mmmstigate &, is a
quite personal ssutBur that really canmst he done bv an eamuider. In affect,
this process of sslasting and deciding provides the mther guscious imtellec-
tual climate within which research inquiry Sousishes.

A prgpusl G long-range ressardd stufs. While the neocanch
process itself is esssmtially creative, persemal, swsl foaglie, the comtinuing
educationaljob tese done through researeh obmismaly isdmavy, huge, and
almost ovespowesimg. This imbalance between the masds and the func-
tions of pssple in research becomes a major pasless on the national
scene. To #Mustrate the large dimensions of imprewing educational practice
in American schosls, we can look at some sslected 38864 statistics which
indicate the magnitude of the enterprise.

® In 1963-64 in Amevica there weve ahout 82,000 public elementary
schools and 25,000 public secondary scheols.

® Envrolled in these schools were 418 million pupils (increasing et
the rate of 1 milllen pupils per yoar for the last 11 years).

® These 41.8 million pupils were tought by 900,880 teackers in the
public elementary scheols and 650,000 seschers in the public secondery
schools, for a totel of 1,550,000 teachers.

® Expenditures for this enterprise totaled $17 billion, making public
education one of Americe’s greatest businesess.'®

In the past *o manage and improve this “big business,” we have
improvised with minimal expendituses for research and development of
any sort and only a tiny handful of pesple who profsssed to be reseaschers.
And these people have been located mostly in colleges and universities—
not in the public schools where learning takes place.

This state of affairs has put a stamp on educstional research and has
given it certain general characteristics. Educational research studies tend
to be fragmentary and discontinuous. They tend, for the want of resesrch
personnel, to be performed once and mever again. Their empirical tests o
ideas tend to be located in one school or achool system, in one part of the
nation, to be assumed as valid for schools or classrooms .

The task is sheerly great in size and daring. To meet the challenge,
we had best think in terms of messive on-going research studies in nu-
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merous situations acoms Ghe coundry, sapposted b isdigrnous local funds.
When we thisk of pussmg cdacstional problen: bemg attacked simul-
tamssusly in a thousasd scise i dtwice located » .l parts of the country,
rather than in eme somen] svstem adjacent to © . wmiversitv. we can get
1 feeling for what revesrch putensly can do.

To accomplish anveheny ke the shift whic' & suggested here. two
'reseges in our thimlmmg em wesearch seem obviou  The first comcerns the
'wed for greathy imereasing the numsher of peopl 10 engage in research.
crtnimly, the pasl «f move than eme and ome-halt million administrators
mul teachers in Ammerican sohools is potentiallv rich amd inviting. These

aer-the people immumed in the natwral laboratories for educational experi-
memtation. If we have the wit to match them with the esllege and wmiver-
sitv vessarch specislists, whe heve the knowledge but lack the mmmbers
and Go-qppustunitins the wasspmwer problem cam be ressived. The second
claugyr-onmserns tho-imancing of smearch and development in local school
svetwms. and echook. When seguler schosl funds can be aanually

for wasuush, then cupectations can be seviowsly evolved. Reseasch grants
l—ﬁm—tand#%forthe-n—bﬁkd
theonglh wmiversitivs, scem @ ensst 2 limiting influence en the research
that duss get dowe. Unfortumately. the gramters generally insist that certain
himgds of research projects, furnssd en certain ressasch asuns, me the ones
wasthy of swpport. Sewdies mmst be highly gewssslizable. and local needs
sve dovalued. Implinly, this esst of bias rules out nusserous projects that
incal psople would ke eager @ pursue.

When local schesl people can gain recognition plus additional fnancial
remuneration for their contwibutions to the science of education, then a
motive force may be put in motion which will carry itself. Wiem school
practitioners in lasge enough numbers ean jain as equals the ssssarchers
n education and eswduct dweir close-ts-home type of experismmtation,
and when financial support fer research permits practitioners to do the
-uofstudlestl-ttheyldymmndoin many schosls, then we
may be in that favesable pesition to develop a meassive attack on our best

problems.
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