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lj‘oreword.

The National Right to Read Office within the U.5. Office
of Education (USOE, has the responsibility ol admunistening
Tutle VIl (The Nahonal Reading Improvement Program) of
Public Law 93-380 as amended by Public Law 94-194. In
Public Law 94-194, a congressional charge 1s given to the
Commussioner of Education "to carry out, either directly or
through grants or cuntracts:

1. Innovatien and development projects and activities of
nationzl significance which will show pronuse of hav-
ing a substantial impact in overcoming reading defi-
ciencies in children, youth, and adults through
incerporation mto ongoing state and local educational
systems throughout the Nation, and

2. Dissemunation of nformation related to such pro-
grams.”’

After gcareful review of the “research to classroom prac-

ce” type uf efforts, the Basic Skills Program Office deter
mined that the most effective vehicle for moving research
into classroem practice is the classroom teacher. Classroom
teachers must be guided into solving their vwn instructional
problems, utilizing 2 systematic process. The turn-around
time for classroom improvement mu * be short if it is to be
of use 1o the students currently needing assistance

To this end, Dr. Alvin Loving, then serving as 3 Right
to Read technical assistant and I, a5 Program Developrent
Branch Chief, organized a steering committee in December
1-4, 1975, ‘0 examine the problem and a solution.

*Kight to Read Premises

Every'ieacher of reading must be the catalyst for effective
learning of all children in that classroom.

Individualized and group instruction which use problem-
solving techniques to find effective methads and materials
must become a part of the teaching style of every teacher.
The target of effective instruction should be children who
are reading at grade level. The grade level norm could be
based on national testing norms or.criterion-refcrenced
norms developed by the teacher or system reading staff.
Il the child learns to read effectively as indicated by either
of the two measurements, success has been achieved.

The Steering Commuttee agreed that:

(1) the focus of the problem-solving medel should be on
teaching practice as contrasted with reading theory
or tradition,

(2) the crux of the problems of ineffective readers is as-
sociated with the nature of the reading instruction
children receive.

(3} more efiort should be directed to arding the classroeam
teacher in his/her effort to teach reading

(4} reading for ali children should be targeted at grade
level achievement

(5) preblems dealing with: instruchionasl effectiveness and
management should become the focus of attention
of any problem-solving model.

(6) teachers should be guided in assessing systematically
the impact of specific materials ard methods with
different kinds of children.

The Basic Skills Program Office accepted these conclu-
sions and based on them and Right to Read’s program
rationale, had a model developed with accompanying in-
struments to entable the reading teacher to resolve his'her
problems by:

1. identifying the problem.

2. assessing pupils and developing a d:agnuslu profile.

3. selecting from possible sulutivns thuse bert suited o
the students’ needs,

4. implementing and analyzing the results and ther ef

fect onn student achievement.

The model provides a procedural vuthne fur wunducting
actwve classroom problem-solving i reading. It represents
the first concentrated attempt to get classroom teachers to
examune the elfectiveness of their instructivnal practites in
a systematic manner,

Shirley A. Jackson
Bast. Skilis Director



Key to Statistical Models in the ICPS Models

Decision Sample
Mode! Description Tree Equation Study Tabies
Binomial p- 28 p. 40 p. 53 p. 58 T.p.8L. D, p. &Y
Chi Square One Sample p. 28 " p.40 p. 53 - C, p. 69
Chi Square-Two Sample p. 29 p. 40 p. 53 p. 53 C.p. 69
McNemar p. 28 p. 40 p. 53 C p. 69
Mann-Whitney U Test A p. 68, , p. 76, K,
p. 29 p. 40 p. 3 p- 63 p. 76
Kruskall-Wallis p. 30 p. 41 p. 56 p. 62
Spearman Rank p. 29 p. 41 p.36 - f’ﬁ"_@l——__-—. P, p. 80
Difference of Correlations p. 29
Kendall Coefficient of Concordance: W p. 30 p- 41 J p. 57 p. 61 R p.80
Kolmogorov-Smirnov LT po 40 p. 33 p. 61 E p. 69
Sign * p- 40 p- 54 p. 63 D, p. 69
Randomization/Matched Pairs p. 40 p- 54 p. 63 A, p.68
Fisher's Exact p- 40 p- 4 p. 60 Lp 71
Randomization/two independent samplés p. 40 p- 55 T, p. 81, B, p. 68
Cochran’s Q p. 40 p. 55 p. 59 C p. 69 _
Friedman Two-Way p. 40 p- 55 p. 60 ' C. p. 69, N, 78
Chi Square-K independent sample p 4 P 55 C p. 69
Contingency Coefficient p. 4! p. 56 p.59  C p.69
Kendall’s Partial Rank p 41 p- 56 Q p. 80
Wilcoxon p. 43 p 34 p. 65 G, p. 7
Runs p- 53 F.p. 70
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Introduction

In recent years, the pubhc schools have been character-
1ized by change and nnovation resulting from changing
demographic factors. new curncular offerings, and vaned
mstrucaonal methods and technology. Even though much
of this change was intended fo cxert a positive influence
on student perfortnance and attitudes, the schools have
experienced a steady decline in measured achievement per-
formance for many of the nation’s children. This situation
has encouraged a persistent scarch for solutions that will
aid in the reduction of these negative trends. One such
solubon treats instructional methods as a major influence
vn the achievement performance of children. Our efforts
here will pursue aspecis of instructional method necessary
for efficient and effective learning. . Vs

Any mstructional method must provide teachers mlh
skills to use new materials and techniques for selected chil-
dren expenencing different kinds of circumstances In order
to employ new materials and techniques, teachers must
learn to make appropriate selection and to execute com-
petently. Many teachers have never been provided wih
specific traimng that enables them to develop and ymplant
stralegies for selextin, and using instruchonal resourwes
eifectively.

In the area of reading, the selection and execution prub-
Iem 1akes on special significance because of the vast artay
of matenials and approaches that have to be chosen and
matched vath different learners. Teachers are asked to eval-
uale pnnt and noppnnt materials such as wethbooks, prac
tice excrases, filmstops. textbooks, shides, and tapes deahng
with vanous aspects of the reading program. In additiun,
teachers are expected to employ different approaches such
as individualized reading instruction. learming stations.
peet tutoring, and skill development techmgues for Jhil-
dren with different atilities. needs and support resouries.
it becomes apparent (hat . . . the problem we face 15 how
to foster better sele tion of matenals for use N exewuhing
reading nstruction To accomplisi this, more attentiun
must be directed tos ard systematic approaches to problem
dentification, probsem analysis, apphcation of treatments
and reseurce utihizaton. The mastery of these approaches
can lead to a process of problem solving that utiizes rele-
vant resources for meehing the needs of reading teachers
and learneys alike, Opporturaties to learn problem svlv.ng,
and data utilization processes should provide teachers with
a workable pattern for planning. manag'ng and evaluating
learning expenences more efficiently and cffectively.

To assist reading teachers i data utihzation and problen
solving, we have developed this model to present the read-
ing teacher with the necessary technical and practical com-
ponents required for successful selection and execution of
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instructional experiences in reading. We decided to name
the model Independent Classroom Problem Solving (ICIS)
to reflect the actvi®y that teachers will be doing.

The ICPS Model 15 intended to aid reading teachers in
the development of competencics __ the

1. Identification and definition of a problem area.

2. Selection of a specific problem for study,

3. Selection of a working hypothesis or prediction that
guides the problem solving processes.

4. Careful recording of action taken.

5. Analysis of evidence regarding relations between achons
and desired objectives,

6. Pursint of an nsiructional procedure based on specific
data generated on the children to be taught.

7. Accumu'ation and summary of ewnidence ganed from
instruction.

8. Cuntinuous evaleation and retesbing of actions pursued
in instruction.

In order to aid teachers in the learning and practice of
these problem-solving steps. the model was employed o
integrate the steps and focus them on specific problems in
the teaching of reading. Such a model must enable reading
teachers to handle and understand each step individually
and 10 assess their impact ard value on practice outcomes
collectively. The modei employed shduid help reading
teachers *0 understand both the nature of the instructional
process and the resulting changes in the achievement pat-
tern of those being taught The model must also emerge
as a viable approach for understanding the nature and ef-
fects of teaching practice across a variety of content areas
and environmental settings.

When considering the development of a model that helps
reading teachers solve classroom instructional problems,
one should attempt to elicit the views of other professional
educators with differing experience backgrounds. The sys-
tematic and organized approach to problem-sclving pro-
vides 2 common communication mode for professional ed-
ucators to share practice and intellectual experidnces
Without such a common means for comparing the results
of instructional ap, “nachs across a variety of environmental
conditions, improv d practice resulting from classroom
teaching is unlikely to occur to the extent that it makes a
differance. Therefore, the model is likcly to evolve and
change as practitioners from around the country provide
feedback on the actual effects of the model whenemployed
in Jassrooms under different conditions it is crucial to the

meaningful improvement of the model that information

concerning its use be incorporated into the formal pres-
entation for widespread adeption

e
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The intent of this muedel 15 to use a step-by -slep appreach
Lo help reading teachers sulve problems in reading instrue-
tion. As a result of this expenience we expect teachers to
be able 1o employ a systematic prowess for makung key
deaisions invelving instructional practive Our provedure
should enable teachers to apply key elements of the su-
entific method as an approach tu problem so'ving and for-
mulation of practice applications ar t the repurting of
results to others with similar problems. The general pur-
pose of this model will be adieved if it will help teachers
in therr efforts to identify and isolate problems, devise a
plan for approactung the problem systematically, colledt
and interprel relevant data, design reasonable activitiesand
procedures for implementing a solution based on obsen vd
resulls, evaluate the performance of partiupants . . . and
evaluate the effectiveness of the instructional and problem:
solving processes employed. As leachers are provided with
systematic prachice in the use of this madel, 1t s expedted
that they will adopt and adapt a realistic systematic process
for guiding therr instructionaon practice in reading. While the
instructional area of focus 13 reading, this medel 15 nut him-
ited to finding solutions to problems in the reading area
only. Any subject malter area at any grade tevel can be the
focus of the ICPS Model. The ICPS Model can be employed
lo deal with problems associated with- learming content
information, use of reference malerials, attitudes loward
others and self, atttudes toward learning. comprehension
in the contenl areas, special characderistics of subject mai-
ter, approaches Lo leaching subject malter concepts, effects
of organizational patterns on learning oulcomes, effects of
different types of instructional media on learming, and the
influe: ce of demograrhic seclors on learmng subject matter
in a variely of settings. In short the ICPS Model can be
employed Lo find reasonable solutions to most instructional
problems encountered by classroom teachers,

To achieve the purpuses outlined earlier, the develop-
ment of a problem solving model is essential so that leach-
ers can solve instructional problems and improve teaching
practice, Tins process 1s based on Hie presuse Hiat smprocenont
n sbudent achieverrent 1s the direct result of wnproved teadlnng
practice, and fmprovement 1wt teaching prachice 15 a personal and
individual process that 1s the end product of self-conluation. and
from our potnt of view, self-coaluation that leads to mstructional
improvetient 1s (e end product of @ systeniat provess wf probicin-
sofving, Therefore, any allempt to improve teaching practice
must provide a means for teachers lo do systematic self-

evaluation in the context of the activily they want Lo im--

prove. It is this notion that shapes the s cific objectives
that will guide the continued development and implemen-
tation of ICPS. :

Before there is a stalement of specific objectives, il 1s
necessary to indicale some of the beliels that provide the
basic foundation of our approach to bulding and using the
model. These beliel> are:

1. The focus of the model 1s on teaching praclice as con-
trasted with reading lheory or tradition.

2. The crux of the problems of most ineffecuve readers s
associated with the nature of the reading instruction chil-
drent are receiving. In order to effectively improve the read-
ing instruction, the children’s strengths and needs must be
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assessed, a program to meet these needs must be imple
menlted, and the effects of the treatment evaluated
3. More effort should be directed toward aiding the class-
room teachers in their efforts to leach raading, to improve
nstructional methods, and Lo establish selection entena for
evaluating the program’s effectiveness
4. There 13 an ackuesement jevel in reading mast children
should be expected W reach in judging whether the pro
gram implemented is oftective For instance, the expecta-
tion or critenion of program success may be that all children
make ofte year's progress in reading as measured by a par-
ticular test or achieve some measurable standard of per-
formance. -
5. This criterion for instructional effectin encess and man-
agement should become the focus of any effort to improve
reading achievement If the entenion 1 nol being met, it
important to establish the cause of the prblem
6. Teachers should sclect and utilize speafic matenals and
methods for different kin' £ children with different types
of learning problems. The  cian and use should be based
on observed oulcomes resulting from teaching practice
Some methods that can be used to deal with problem
solving are:

Problem

Malerials

Method

Motivation

Placement of
the children

Chuldren not
tollowing n-
structtons ac-
curately

A number of differem
programmed  lessons,
Independent Activily
packus.

Standardiced Dragnes
nc Reading Test
Informai Assessment
Procedures

Tests for deternuning.
(I abibty o follow -
steuchions, {2) hnowl
vdge of Locabulany used
and abwhty to follow
wnitten direchons

Give children more
thorees i setecting the
activities they would
like to do.

Use this Lest for chil
dren achieving below
the average abihty be-
cause this test iy de
signed {0 dwsess specific
skill atihies for se-
lecied groups accu-
rately.

Try vabal instruction,
wntlen nstrucion and
4 combination ol the
two to ind which 1
more effective i am-
proving chuldren’s atal-
uy to follow n-
struchons. ‘

It should be apparent that our understanding and beliefs
will have a significant influence on the stalement of specific
objectives, the methods of developing the inodel, the set-
ungs for testing the model, and the evaluation of the worth
of the model for improving practice

The specific objectives of the ICPS Model are
. To help teachers develop a procedure for identifying the
instructional problems influencing achievement.
2. To help teachers selea, collect and organize data required
to implement the ICPS Model. .
3. To help teachers analyze data and interpret findings
4. To help teachers select solutions based on available data.
5. To help teachers apply data within the context of class-
room inslrumentation.
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6. To help teachers determine the kinds of data they have
or hand and the best method for interpreting and using
the data for instructional purposes.

7. To help teachers evaluate the model’s effectivencess for
solving instructional problems by determining w hatinsight
they have gained by use uf the problem-solving model.

8. To help teachers analyze the realities uf the classroom
and becume more aware of how these realities affect leach
ing praclices. This will be accomplished through the use of
the Classroom Data Profilc Sheet chart method which will
help the teacher construct a data profile of each child and
discover trends and relationships between a group of ttaits,
skills or backgrounds of children in a given classroom

9. To help the teachers conduct a systemalic study of the
instructional process of reading by providing an outline of
specific procedures that can be employed 1o evzluale the
effects of different-instructional methods.

10. To help teachers determine how implementation pal-
terns might vary across varigus problem situations by de-
termining which children benefit most from what kind of
instructional approach.

11. To evaluate the effectiveness of the lodel '

Questions Most Often Asked by Teachers
about The ICPS Model

Rationale

"1. What is the ICPS?
ICPS stands for Independent Classroom Problem-Solving
It is a scif-help model for reading teachers The purposes
of the model are threcfold.
® To introduce and teach reading teachers a systemalic
problem-solving process.
® To help reading teachers improve their instructional prac-
tice by the use of a systemaltic problem-solving process.
® To teach them how to select, collect and report data rel-
evant to their instructional needs in reading
2. Who can use this model?
The model 1s designed to be used by ~lassroom teachers
with access tu their students’ achies ¢mer, ~ores It can b
" used by teachers of any level, teaching any subject
3. In what situation should this model be used?
It 15 best utiized W help a teacher lovk at relationships
between different scores that fepresent performance and
charactenstics that represent expected student behasvior
4. What are the benefits accrued by using this model?
The users are provided with an approach to probl. 1 soly-
ing. The ICPS Model helps them approach instructional
problems more systemalically. With practice the teachers
can develop 2 problem-solving mind sel, refining their ob
sertmtional skills to that they can pick out the relevant var-
iables to look at in any problem situation
5. Does the complete model have to be implemented?
No, after becoming familiar with the different parts of this
problem-solving method, the teachers are encouraged to
use the steps of (he process most useful to thein Once the

T . R E—EEE — — ——

problem-sofving mind set 15 vstabhished many of the steps
can be modified or skipped entirely

In fact, the first step (formulating the problem) 1s the key
step. Often the selution of the problent s cantiumed e Hhe proper
statement of the prubilon 1415 10 the stalement of thy problem
that the relevant vanables of the problem and their rela

tionships become evident,

6. Do I have to read the whole manual from cover to cover
to learn this problem-solving technique?

No, you may alrvady have many of the shifls aeeded
complete the problem-solving method. Refur W 'Steps n
the Problem-Subing Procedure’ 0 Step 8 o delermine
which steps you have already accomphshed snd which
sleps you will need mure infurmation tu wmplete. Then
go directly W thuse steps. It might be helpful to coner the
enhire manual 0 make sure sumething important 15 not
being left oul.

7. What kind of problems is this problem-solving method
used for?

This method is used 1n determing the relatonships between
or among different charactenstics, abilities and skills as
-measured by test scores. It can be used to help teachers to
compare the effectiveness of various teaching technigues

. as measured by achicvement tests. The method can also be

used to determine which of tne varous charactenstics are
associaled wilh various skills or abihtics.

8. What @nd of problems can nof be answered with this.
method? . ’

Questions which are s0 general that there are several parts
to the questions and which have more (han two or three
vanables involved cannot be answered using this method
unless cach speafic part and two vanables can be solated
and the question broken down into component parts.
Anuther type of question which may nut be answerable 1s
one whercin the variables cannot be measured. The infor-
mation needed must be quanl:fml;Lng tv use ths
problemrsolving modcl. [

A third type of question which 1s unanswerable using
this problem-selving method t» one that calls for value judg-
ments. This method simply allows teachers to gencrate.
eapand and vrgamize factual information with which L.
make the,judgments concermng instructiunal practices
9. Is the 1CPS Model designed to develop new theorics
or to help teachers in practice?

Although the results of these studies may add to existing
theory, the main emphasis of the ICTS Model 15 1w help
teachers improve instruction in Reading.

10. How long will it take lo complete a project?

A project can be completed in abuut two weeks, The
amount of ime used s dependent upun the kinds ot ques
tions guiding the project.

11. What is the procedure for using the problem-solving
method |n the ICPS Model?

Step 1: The prublem 1s identsfied. Vs entmls formulating
a question and detvemuming if answening it wall be wort
while. .
Step 2. The hypothests 15 furmulated. A deasten vn ow
to measure variables 1 madv.
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Step 3: The characteristics of the test pupulatwon are de-
fined. ST

Step 4: Methods of samphing are described.

Step 5: A study design is selected.

Step 6: All procedures arc listed.

Step 7: Data is processed. Information and scores are
charted. The statistical analysis most appropriate to the data
is determuned andd the results calculated

Step 8: From the results, problem-solving decisions are
made. The answer to these questions should bedetermined
a. Was the hypotlwsis supported?

b. 15 there a significant difference?

. s there a significant relationslup?

d. What was the answer to my questions?

¢. Was the problem solved?

On the basis of the answers to 2.-¢., decide the next crurse
of action. N

Defining the Problem

12, How does one formulate a gneasurable problem?
The requirements of a problemJSolving question are

I. The problem be of manageable size (i e, it does not
lead the teacher into excess expenditures of time, re-
sources, and commitments).

2. The question must be concrete and explicit {i ¢, what
is being questioned. and who is involved in the ques-
tions must be answered). '

3. The question must be measurable.

In order to formulate a measurable question, the probiem

solver must be aware of the different techniques which are
available to test the implications of the hypothesis. !
13. What kind of test should be l-lsefl to measure the var-
iables?
First, the vanables {i.e., the characteristics or performance)
must be isolated. Then, the test best suited to measuring
that trait for the particular age gioup of the study must be
found. Most tests, test characterlstics and test publishing
companies are listed in Mental Measurement Yearbook by
Buros. Teachers can also develop tests for the variables,
though it is more difficult to esiablish a valid and reliable
test than to utilize a published test already in use

Selecting a Design

/
14. Given a specific problem, how should ori¢'go about
designing a study? ‘
After defining the problem, it must be matched with a ge-
nenc prablem type and that format should be followed
The number of subjects in a group, whether there is a pre
test or a post-test, and what method was used for selecting
subjects, all affect the design selection Consult “Statistical
Model. Study Designs™ in Step 5 which refer to the most
appropriate statistical model in Appendix 1
15. What are experimental and control groups?
These are the groups that are formed when twu ur mure
different treatments wili be given. The experimental group

¥
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will recerve the spedial treatment gind i wontrol group wall

receive the normal treatment, so as to ensure that changes

in the relevant characteristics aren’t Jue to other vanables

Processing the Data

16. What knowledge of statistics is needed in order to
interpret the data? )
All vssential wnformation 15 provided in the manual. ™

_ determine which statistical equation will be needed for the

problem, consult Step 5, Appendices I and 2. Thc proce-
dure for ranking scores 1s a prerequisite to many statistical
equations, and is shown in Step 7.

Results

17. What can be done with the results of the study?
Depending on the results and type of problem solved, the
results can be used to: make the teacher more sensitive to
relationships of certain traits and abilities, provide decision-
makers with evidence supporting needed changes, share
the results with other teachers, make decisions about con-
tinuing present curnicular practices, adding ‘o 1t, or chang-
ing it completelyyand add to existing theory.

18. Which studiés will go into the fmanual and why?
The studies which are most useful to other teachers, or
which have a unique emphasis yill be used in the manual.

Evaluation

19. What are the limitations of the mode]?
The most obvious limitations are the time constraints and
the fact that some results may not Ye generalizable.

The ICPS Model \

The Independent Classroom Problem Solving (ICPS)
Model will be presented in steps that can be studied and
used independently or in concert with other steps. It is
important for the user to understand each step so that the
relationship between the steps are useful and meaningful.
The practice activities are designed to reinforce elements
uf cach step while fucusing attention on how each step
contributes to the total process of problem-solving. ® The
first step in the 1ICPS Moded 15 the dentification of the
problem. Problem identification incudes formulalinﬁ and
evaluating the questions to be answered.  The sccond step
15 concerned with determuming the hy pothess to be tested
This step alsu entards chuosing the best alternative solution
and deading how to measure the vanables sclected for
study. ® The third step nvolves a careful definition and
recording of relevant characteristics of students or subjects.
® The fourth step lisis tvpes of sampling procedures @ In
the fifth step a study design is sclected @ The sixth step

i

-



requires the outline and listing of all procedures employed
in the study. ® Collecting, processing and interpreting the
data comprise the seventh step. Decisions and analysis of
the data are made at this point. ® Step eight determines
whether the hypothesis was supported or not. and gives
plans for the next course of action.

Personai Questions Concerning ICPS Model:

I

NOTES:

1]

¢
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Aruitoxt provided by Eic:

;

Formulatlon of t'ie Problem

“The purpose of problent-Solving 15 fo discover anstoers fo queshons
through the application of screntific processes. To be answerable by problem:
solveng, qraestions nudt be ashed m sick o way that cxpertmieniotion or
observation in e red soortd unll yield the wevded snformation. Scentifee
guestions. of course. ;Fimf-!m;dmmrd or sheerly speculative They are
prompied by reflections on the rilotronsiups of different forces md iiflye
ences as we knowe them Problem-solvmg processes allowe ws to fest our
freaches about how cértan forees amd luﬂlmm“i affect one another (P 23,
Barnes)

-

The requirements of a problem-solwn;; question are. (1)
that the problems be wf manageabie size, that 15, 1t should
not lead the teacher into expenditures of time, 1esources,
and cornmitments, {2} the question must be concrete and
eaphat. It must tllanf) who is involved in the question,
what is to be determined, and why it is significant; (3) the
queslion must be measurable, and the results must b&quan-
tifiable terms, symbols, determinations, or expressions of
facts rather than values, inferences, or suppositions The
following exemplifies & good problem-solving question “Is
oral presentation more ettective than written presentation
in improving students’ performance on tests within a class-
room?”’

This problem is manageable in sew.ral ways. First, it
would mvol\rc'a simple comparison between two types of
nstruction, both of which the teacher uses or has used in
his‘her classroom instruction. The teacher has all nec2ssary
resources available to answer the question (S)he has the
subjects, her/his class, and her/his own instructional tech-
niques to use. Little commitment is involved except the
decision as to when to b.gin the study and when to end
it, in other words, how long the study will last.

The problem is concrete and explicit. Those involved are
the students and their performances on tests, as well as the
teacher and the two different styles of instruction. What is
to be determined is whether oral instruction or wntten :n-
struction is more effective. And finally, the reason the prob-
lem is significant is because one type of instmiction versus
another may improve students performance on test scares.

The problem is measurable because the results can be
quantified in terms of test scores and the improvement or
lack of improvement measured. Decisions will have to be
made &s to how the results will be measured. For exainple,
will the teacher use two groups of students? Will (s)he use
different academic subjects for different types of instruc-
tion? Will (s}he use the entire class and give oralinstructions
for a designated period of time and then give writlen in-
structions for an equal period of time? Will {s)he use a post-
test only or will (S)he use both a pretest and post-test?
These decisions will necessarily have to be made to elimi-
nale items which might make the results unclear; however,
the problem 15 measurable, and many of these aforemea-
tioned decisions will be clearer in 2 given classroom because
they are logical.

8 L3

' .

In determining whether a question can be answered us-
ing the problem-solving method, the followmg questions
must be answered: .

1. Do you already know what lhe answer ls?

2. Can the question be answered by use of a test or other
quantifiable data? r

3. Is the queshon prease enough to direct efforts toward
cifiaent and effective ways to find meamingful answers?
4. Does the question clarify what 15 to be determined and

who is involved 1n the question? s -

If you can answer yes to each of the preceding questioris
for a given problem, then the problem is researchable. It
is the objective of this section to teach the user how to
identify and define a problem in instruction

Some llustratwe Examples of Researchable Problems

Problem 1. How does the amonunt of fime spesit i ndin-
duatized wstruction affect readmg performance for sixth grade
students?

+
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Aruitoxt provided by Eic:

N See next page for mnsuers

Following 1s a list of problems. P{n an A i front of each appropnate problem Put an b in front ol cach inappropnate

¢ problem.

oot

. ls'oml presentation more effective than written presentdtion omproving studest performame on tests”

. Is there greater improvement i readity wnipreiension when an sedicedudizod approacs 15 used instead

of the tradtional reading group approach?

. Does homogeneous alnfity groupag produce mure pusiine attitudes toward learming than dues heter-

agencous groufng?

’ .

. Is there a relationship between self-concept and reading achicvemént? .

~

What 1s the relationship between oral language skidls and written liguaye skills as determined by |

Selected Standardized Test?

L

Is there a relationship between Secioeconomic Status and reading acheventent scores?

s L
. This study seeks to prove that fnd attitudes cause dud grades.

»

. What are the factors causing low qc‘hirz:m:&nt in reading?

. What chatiges should T make in my curriculion?
i

. Should the government mandate force busing?

|
w



‘Problem Evaluation

The answers that should nave been given for activity 1:1
are as follows:

. A2 A3 A 4 A5 A
6. A 7.1 8 1 9. I 100 |

The explanation and evaluaticn of these answers are dis- -

cussed further in the paragraphs below.

The first three questions (1-3) are “applied” problem.
solving questions: they were formulated to find a speafic
way tor improve reading instruction. The next three {4-6)
are more “basic” problem-solving questions in that they
were formulated for the purpose of learning more about
specific relationships. Both types of questions can be usefut
to the reading teacher in solving problems in his/her class-
room and improving hissher methods of teaching. These
are examples of good problems because they pinpoint the
relationship to be studied and observable results can be
obtained to answer the question asked.

The last four sample questions (7-10) as¢ not examples ™

of appropriate problem-solving questions. M umber 7 15 not
even stated as a question. The statement reflects the prob-
lem-solver's bias and points to the possibility of subjective,
unscientific interpretation of the results. Questions 8 and
9 could be made researchable by grouping them into
smaller, more specific questions. For instanve, in question
8, one particular possible factor could be isolated, like mo-
tivation, and the strength of the relationshup between mo-
tivation and bigh achievement could be measured. For
question 9, two different methods or maierials could be
implemented at different times, or with different students
and the results of the two programs could be compared.
Number 10 could not be answered using this problem-soly-
ing model because it involves value judgmert and there is
no way to test these values.
Personal questions on the Formulation of a Problem:

I

2.

NOTES.



Achvity 1.2 15 designed to assist you in clanfying prob-
lems and evaluating them tn relaton to the facters that
must be considered in formulabing a problem for systematic
study.

-

Practice Activity

In the chart below, write the problem area which con-
cerns yor then check the appropriate lines below to help

~

define your problem. Then formulate wur problem soiving
question and woite ! below  More than one letter mas be
checked in each sectivn

Additional Readings

Easy: Barnes, p. 12, 27; Ferguson, p. 1
Hard: Slakter, p. 255

Area of concern: Time allotment in instruction and reading performance.

Your area of -concern:
Couldn't

. Who was affected by the -
problem?

. learner

- teacher

. group of [earners

. administrators

. parents

. other
specify

Yes

Couldn’t
Deter-
mine
- What is the goal?
. more effective teaching methods

. more effective evaluation and
placement |

——— c. alleviating inadequate
performance

d. alleviating inadequate behavior
. discovering relationships
. other

. What is the nature of the
problem?

. motivation

. inaterials

. instructional methods

. behaviors

. methods of teaghing

. evalua® on

. other
specify

. .Who can bring about necessary
change?

. leatner

7

. teacher

p of learners
. parents
administrators

* other
specily

specify
. Is this problem worthwhile to

pursue?

a. Will the results help me to teach
better?

b. Will'the results help me make
decisions? '

Expiain

Statement of the problem selving question:

How does the amount of lime spent in individualized
instruction affect reading performance for sixth grade
students,

Your personal statement of an _ﬂ?@’qu:' problem-sofuunyg ques-
tion. .

»

._



‘Step 2: |
Defining the Problem




’ :

Hypothesis Formulation

N

To apply the saentifiv method 0 solving a prublem one Personal questions about the formulatiun and statement
must formulate a hypothesis or possible solution to the of hypothesis:
problem. The fhypothesis 1s a tentative proposition snggested as
a solution ton problem or as an explanation of seme observed state
of affairs. It presents a simple statement of the problem-
solver's expectations relative to a relationship between'var-
iables within the problem. The hypothesis is then tested
with the aid of a systematic problem-solving procedure. )

One must decide whether the hypothesis should be based NOTES:
on specific theory or predict what the outcome will be from )
surveying current research or personal experience.

A hypothesis should consist of a theoretical definition
and an operational definition of terms and/or concepts. For ' *
exaniple, a theoretical definition of intelligence might be the ability
te adapt to one’s environment, but the operational definition of
intelligence conld be those behsviors that are measured on the '
Stanford-Binet Test. Having both an operational and theo- !
retical definition has three advantages for the prob! :m-sol- ’
ver: (1) interpretation of results will be more realistic; (2)
the two definitions will support the techniques of obser-
vation and measurement used; and (3) the problem-solving
precess should be more meaningful. ",

A different example is aggressive behavior. A theoretical } ,
definition could be the intent to injure, hurt, or destroy.

In this case, an operational definition is crucial for the term

“intent” and to whom it is intended. On the one hand, it o
may be the hitting, kicking, punching, and vetbal insults

from one child to another. On the other hand, it-may be

the same behavior measured in doll play. Obwioushy-an op-

erational definition 15 extremely important for the measurement

of results, whereas a theoretical definttion adds more meaning to

hypothesis.

In formutating hypotheses, one must look at all avenues

for testing the statement, choose the most feasible solution
to the problem. and find the standardized or appropriate
test which will provide the most precise data needed to
determine the solution. There are a varicty of testsavailable
for measuring many diverse traits and abilities. For the full
spectrum of tests. and a critique of each test’s uses and
validity, consult Buro’s Yearbook of Tests and. Measuremenl.
A brief list of tests used by previous participants of a prob-
lem-solving model workshop is included in Appendix 2 p.
58_ . ' |

Some [llustrative Examples of Researchable Problems:

Theoretical Hypothesis: Time on task by students has a di-
rect infiuence on their learning performance.

Operational Hypothesis: Students who spend more time
working independently with instructional materials will
make greater gains in measured reading performance than

* students who spend more time receiving direct instruction
from the teacher.

I

{
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Put an O in front of hypotheses that are vperationglly defined, a Tn froid of hypotheses that are theoretially defined, and
a B if they are both.

. There will be significantly more improsement 1n reading comprehension, as measured by the Stanford

Diagnostic Test, when an individvahized reading program 1s utilized than when a traditional group §
reading program is used.

. Chuldren in a racially integrated classtyom will be more academually comfortable. Academically com-
fortable means more iearning will take place.

. Self concept will be improved by learning to read bette;. Self-concept means feehing pusitively or

negatively about oneself.

. There will be a significantly positive relativnship between self-concept and reading achievement. Seif-
concept means a positine or negatnve fechng about oneself, Reading achievement means how well
one reads, Self-concept will be measured by the Couvpersmith Self Esteem !nventory, and the Gates-
MacGinite Reading Test Survey “’E” will be used to test reading achievement.

. Children in a class where a regu'ar teacher 15 absent will not perform as well on the SRA Reading §
Comprehension Test as peers of equal ability who are 10 a class with one teacher of regular attendance. | .
Ability 1s defined as scores recetved on SRA Reading Comprehension. which 15 a machine-scored
achievement battery administered throughout the district.

Answers to Activity 21 1.0 2.7 3.B 4,0 5 O
Wrtite your persenal operational hypothesis:

-ol'éi




. Null Hypothesis

The first step in initiating a sy stematic process in prob
lem-solving 15 to formulate and state the null hypothesis
(Ho). The aull hypolfiests estabhishes a standard agansl
which a problem-sclver tests data statistically . For example,
if a problem solver wants to lest a hunch that a certain
method of teaching vozabulary development will resuli 1n
greater gamns for students than a comentwnal method of
teaching vocabulary development, it suggests that there 1s
_ a need to advance a statement ihat enables one to tesi that
hunch. In order to test the hunch, the problem-solver ad-
vances the nill hypothesis that there will be no (null) dif-
ference iIn measwied reading comprenension between the
two groups regardless of the method of instruction em-
ployed. The problem-solver reaches one group of children
by the conventional method outhnedin the test and another
group by the special meihod of vocabulary development.
After completing a procedure of systernatic problem-solv-
ing like the one outlined in the ICPS Model, vocabulary
data are collected and analyzed for each of the groups
taught. The measured results obtained by each group are
compared stalistically to determine ihe extent the special
method of vocabulary development resulted in a sigruficant
difference (p < .05) tesi result s obtained by the group taught
by the conventional method. If the problem-solver deter-
mines (hat a “statistically significant difference” exists be-
tween two groups, it can be assumed that the observed
difference resulted from the difference in the method of
teaching used. It is at this point that the problem-solver
will make extensive use of the null hypothesis procedure
to make a reasonable decision to guide instruciional objec-
tives and approaches. While the assumption may be en-
tirely justified and the method of instruction employed to
teach vocabulary development may have resulted in in-
creased vocabulary, it is also possible that some undetected
or urrecognized exiernat factor may have produced the
observed difference in vocabulary performance. Therefore,
any conclusion drawn on the basis of the null hypothesis
must be weighied against the possibility of a valid assump-
tion proving to be it ~rrect,

The problem-sol~  -ust keep in mind the fact that the
testing of the null kb .thesis only shows that the resuits
indicate a direttion for further study and future discovery.,
It is not enough io determine that one method made a
difference over another method. The teacher as problem-
solver would not be satisfied with this finding as the sole
basis ior determining 2ll future actions toward teaching
vocabrilary development. As the person responsible for
outliring instruciional directions for many learners, the
teacher as problem-solver would want te know precisely
what influenced the observed difference in vocabulary de-
velopment in termsassociated more wilh quality of learning

no

rather than quantity alone. In this sense the null hy puthesis
strves to direct the application of problem-solving methods
tv assist the teacher in determiming which real differences
wcur when different teaching methuds are employed. Even
though the null hy pothesis does aid the teacher 1n making
2 dx aston about whether there 1s a difference between (wo
methods of teaching. it does not reveal all of the underlying
factors that influenced the results. Testing the null hypoth-
esis 15 just asingle step in helping the teacher as a problem-
solver to understand the nature and impact of instructional
decisions and approaches.
Some Illustrative Examples of Researchable Problems.

Hypothesis: Students who spend more time working i
dependently with instructional matenals will make grealer
gains in measured reading performance than students who
spend more time receiving direct insituction from the
teacher.

Nult Hypothests: Thete is no difference in the measured
reading performance gains for students who spend more
time working independenily than for .tudents who spend
more time receiving direci instruction from the teacher

~
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Write the null aypothesis for each hypothesis listed below.

Hypothesis Null Hypothesis

1. There is a significant correlation between
the number of books read outside of class
and reading achievement in class.

ll 2. There is a significant difference in com-
prehension between children reading ma-
terial only orally and those who read it only
silently.

3. Children will significantly increase their
retention of word meanings if they study the
| words’ etymologies.

4. There is a significant positive correlation
tween children’s enjoyment of reading
and number of books in the home.




Activity 2.3

Personal Questions about writing Null Hypothesis:
1.
2‘
3

NOTES:

Write a hypothesis and null hypothesis fo. each of the following problem-solving questions.

1, Do children understand oral or written instructions better?

2. Do children understand znd retain a story betfer if they read it or listen to it?

} 3. Do children who have laterality problems also have more difficulty 1n reading?

4. Do children understand and learn the material better i they can choose what they read?




ing

-

Step 3
Descr

erib
the Population
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Establishing a Classroom Data Base

One of the key tools required for a classtoom teacher
interested in problem-solving 15 2 classroom data base for
ali learners. The classroom data base (CDB) provides foun-
dational information on each child that reveals demo-
graphic and personal characteristics that might influence
the way each child reacts to instruction in a group setling.
Many times a well-conceived and constructed classroom
data base will reveal important patterns that define the
nature of the group to be taught. Sometimes these class-
room patterns suggest meaningful approaches 1o potential
problem areas or provide a realistic base for interpretalion
of observations and instructional planning.

“The first step in the establishment of a clsssoom data
base (CDB) is the construction of a Classroom Data Profile
Sheet (CDPS). The CDPS 15 a form that lists key descriptive
and numerical information on each child utilizing format
that aids the teacher in spottng key relationships or sig-
nificant demographic patterns. A sample CDPS piciured
below shows the information that should be collected on
all children routinely and some items that might be good
to have on hand when there is a need to find answers to
certain instructional qu- ‘ions. Sometimes solutions are in-
dicated by the nature or the display in the CDPS and no
further study procedures would be called for to des! with
a specific problem. When additional datd’a ired 1o
answer certain questions, the teacher asso t:jnewly
collected data with existing informatiort and be in a better
posthon to make appropriate jnstructional decisions.

Instructions for Using CDPS
Chart

Regardless of the study, the CDPS Chart should include
the whole class when filling out Sections 1-26. Only stu-
dents involved in the study should be incliided when filling
out Sections 27-31.

Mame—the students’ (subjects) names are entered first. Ths is for
your benefit only in collecting data. If the study is pubhished or
any way shared, Federal faw requnres that the name be deleted
from the study.

ID#—tne identification number i$ also ondy for your benefit. This
can be the number of each child’s test iile or one that you give the
students to ensure confidenhality. This may or may not be deleted
from the final study.

Age in Months—this 15 cakeulated using the tollowing formula
y{I) + f=a

= years 4
f = tuli months {over fifteen days)
a = age in months
This calculation s useful when the study requares more vxact meas-
urement of age than years.

Q

RIC

A Fuirmext provided by R

Ses—M 15 rgale,'F 15 female This may be used ta discaver of there

15 a relationship between sex and another vanable, such as ppmber

of books read, achievement or verbal abiity

ihee—W = white B = black O = other

iere is another vanable which may have teanng on the students’

petrformance

Grade Point Average—i.0 = A30=B20=Ct0=D0=F
sum of grades

number of courses

Title I—does this child paricipate w the yile | program?

Special Education_.I$ the child carolled n a specal education

program?

Special Reading Programs—Is the student enrolled i any specal

reading programs in the scheol® List programs e

Bilingual Program—Is the student enrolled in foreign language

prog > yms?

Word knowledge—comprehiension and total work sty skilts These

are all tests the teacher can give o deternine more precisely what
the child’s ability really is m reading,.

Mumbet of Books read by Student—give number of books students
have read during the cuerent year

Responses on reading interest inventory—Lwst major mh.rcsts re-
vealed in interest taventory

The formula 15

Latest available achievement scores—these will be available n the
chuld's hle. These scores will help you to get a clearer, maote Cum-
plete picture of your students’ sttengths and weaknesses

Scores collected for problem Solving—these stures will be gathered
trom the tests You as the teacher will gave the children The data
receved from those will be used tu suppurt or refute Vour by
pothesis.

RS = Raw Score

55 = Standard Score

19
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Classroom Data Profile Sheet

| i b : i
1. Name i f ; , i | _K
| S| Ao . . - 4 -
2 ID# | :
- - .l - -t - - . b - [ A —
3 Age n Months ! i ' | _ : ;
; - — e i 4 N Loy
4 Sex : i H
- S R A T A
5 Raee ! i ' '
- 3 + !. . — - + + " 1
6 Grade-Pomt : ! ,‘ ' »
Average ; I Al . ' :
5 i e i Al ek —-r—! e e —
7 Number of Daxs i Ca | ' |
n Attendance i ' ' ! .
I -t -J[ —-+- = + ——i*—;-l- e ——
$ Mayor Heaith Problems ; I ! ; ! .
A NN AT U A
General Background Fac-i + P ; : \
tors ‘ ! j i ' ! !
et +——— + L
9 Tulel . : I -, : :
“ : — .4 o __-—-L-— .- —--; — e e e
| ! | i
10 Speaal Eduganon i [ ] t e ¢
11 Specal Reading I'ro- 4 i l I
grams._ . | | ] -..«:-'_.;,‘ -
g ;
12 Bilngual Programs H4 ! |
: - e =
Latest Available Reading | i :
Scores ; :
13 World Knowledge i ' )
Vocab RS ' !
- -
S5
14 Comprehension RS |
S5 j »
B
15 Total RS
16 Work Study Skdls RS . —
. 8§ v ’
Background Faclors ’
Educatronal
Latest Available t .
Achievement .
17 No of Books read by Stu- ) 4
dent ! -
18 Scores on Reading Inter- ’
est Inventones
19 Social Studies L&)
S5
20 Math RS
55 ! .
21 Sewnce RS v 0
55 4 1.
22 library ; y
brare Skills RS o | ] |
55 ‘
23 Languge Ads RS i ' L
-+ ; e e ._.-.l...“__, S UV W S
oo ' ! 1 !
. - : ' ]
' \
‘ / “w
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Criterion Checklist for Classroom Data Base )

List types of data you require for your study:
NMTES:

-

,

s

Fd

L)
-

. Did it provide foundational information that might influence the way

each’child Teacts to information in a group setting?

3

. Did it reveal important patterns that define the nature of the group

to be taught?

L

. Did it suggest potential problem arez -?

Did 1t provide meaningful approaches to poténtial problem ‘areas?

. Does it provide a realistic base fo- interpretation of observations and

instructional planning?

. Does it indicate that further problem-solving procedures will be nec- '
essary? '

. Whil more data have to be collected?

N

Additionai Readings

Eacy' Barnes. p. 33, Dixon, p- 31
H.ard: Walles and Roberts, p. 100-

21
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When teachers attempt to gather data on students, they
are usually interested in making observations and then
drawing conclusions from thuse vbservations. | teachers
€ 1 observe ali instances of a population they can, with a
degree of vonfidence, base conclusions about the popula
tion on these observations. This 1s, usually the vase, when
an individual teacher with a single class of students 15 in-
volved. In uther situations where teachers want ty observe
only some instances of a population, they can do no more
than infer that these observations are representatin e of the
population as a whole. Basically, this is the concept of sam
piing, whick involves taking a portion of the populatiun,
making observations on this smaller group and generalizing
the findings to the large population. Sampling assists the
problem solver in studying a portion (sample) of the pup-
ulation rather than the entire population. The small group
that 15 ebserved 1s calied @ sample and the larger group aboud
which the geverahzation s made 1s walled & population. A pop-
ulahon comprises all the members of any woll-defmed Jiss of
people, events, or objects. A sarple s stmply a portwon of Hi
population. -

In order for your study to bc of use to other teachers,
you must also define the important chavactensties of your
subjects that may affect the expenment’s outcome (swe
Classreom Data Profile Sheet in previous section). (Other
teachers may b able to determine how successful your
treatment will be for therr students. by comparing the twy
groups of students on salient charactenstics hke reading
habits. attendance patterns, whether the child has aciess
to a hbrary. and reading interests.) For instanue, 1f your
students are mostly white, m:ddle class, chddren attending
a rural public school, the treatment that may work su.
cessfully for them may not work for children 1n 2 afflue nt
suburban private school. or an urban racially mixed pubik
school. Other characlenstics to be considered are suggested
in the Classroom Data Profile Sheet shown in previous

«hapter.

How your subjects were selected is anotner important
factor to note, as this will help determine tive statstical
analysis used to process the data. There are types of sam-
ples you can select: matched related samples, random in-
deperdent samples.

An independent sample is present when the experimen-
tal and the control groups have been drawn randomly from
the population. Every subject has an equal chance of being
selected for the sample. When the two groups are drawn
in this way it is assumed that they are essentially equal.
Then, the experimental group is given the special treatment
and the control group continues to receive regular treat-
ment and any difference in the performance is assumed to
be due to the difference in treatiment. However, if by the

Q

Selecting and Describing the Samples

nature of your study you cannot assume the two groups
are equal; ay is often the wse 4, educational problem solv-
ing, then all subjects must reveive the same treatment, and
a related or matched sampling must be used

In matched sampling the two groups are divided indi
vidually into pairs that have equicalent characteristics that
might affect performance. Lach member of the pair is then
assigned randomly tu one group or the other, or the sub-
jects are tested twice and each subject serves as his own
wontrel. When matching. it is necessary W make sure the
pawrs are matched over every possible relevant character-
1stie. Otherwise, you will get irrelevawt or possibly insig-
nificant results,

In many instances, a teacher may choose to try a new
treatment with the whole class to see if this method pro-
duces greater gains than the dass as a group made previ
vusly or greater than normally expected at their age and
grade level. This type of study does not require the sam-
pling procedure as putlined. On the other hand if a teacher
wants to divide the class into two or more groups lo test
different methods. these sampling procedures wlll work
quite well. 3

At times it is not feasible to acquire a group that malches
the characteristics of the group receiving the treatinent
being used by the prot .. .a-solver. Ih those instances, it is
pussible fu détermine whether or ne* there are significant
differences between groups receiving treatment and those
receiving no treatment. If there are significant differences
between the performance of groups receiving the treatment
and the performance of groups not receiving treatments,
it can be assumed that the treatment made the difference
in the observed performance changes Most problems in
reading require teachers to work with groups that are not
matched. The procedure for determining the exlent to
wlh. i groups differ on a specific performance should be
followed.

NOTES:
Personal Questions about selecting and describing samples
I .

2.
3.
4

- 23
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Some lllustrative Examples of Selecting and Descnibing
Samples: ‘

Example Ore: A 1cacher is interested individing the class
into three groups that are equivalent in performance on a
common measure of reading. In order 10 select students for
cach of the three groups. a random nethod will be em-
ployed. Arrange all studenls in the class in soiz orderly
sequence: alphabelically by sumame, by birth datc (young-
est 10 oldest or the reverse), any other syslematic arrange-”
ment. Then assign cach student a number. Yrite the
number corresponding to each student on a small piece of
paper and place ali the numbers in a box. Shake up the
numbess thoroughly. Select a number without lociing
the box. Record the first number seleenrd under Grou,
Place the number jn the box and shake before selecting
another number. Record the second number seiected to
Group 2. Replace the number shake and select a thard num-
ber for recording’under Group 2. This procedure should be
repeated until all students are assigned 1o one of the three
groups. Once siudents have been assigned to oi:e of the
three groups, the teachier is ready 1u begin the treatment
phase of the problem;‘ lving process.

Example Two: Students can be divided into sample
groups on the basts of sex. Males students are assigned ty
one group and female students are assigned to another
‘group.

Example Three: Approximately halt of the students in a
classroom were given a speaialized ptogram in reading the
previous year and lhj' teacher is interested in determining
if there has been a cumulative effect on these children’s
reading performance under certain conditions. All siudents
who had the specialized program are placed in one sample
group. The remaining members in the class are put in the
other sample group.

Example Four: In a school that has assigned students to
different classrooms at the, same grade level on a hetero-
genepus basis. For example, a fifth grade teacher might be
interested in employing a different approach to vocabulary
development that is different from the approach suggested
in the regular instructional materials. In order to determine
whether or not this different approach to vocabulary de-
velopment will have lead to significant improvements in
performance, two different fifth grade classes can be
thought of as sample groups. Salient characteristics of each
classromn should be described and a determination of how
cach group compare prior to the administration of 2 treal-
ment to the experimental group.

24
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Example of Sample Description—Data on Fifth Grade,
- Month of Ociober ’

Students  Age in Mos Sex Race  Raw Scorein
Readng,
| 125 F W 87
Py 132 F B 73
3 127 F W 48
4 134 M B 68
5 126 M B 39
6 129 F B 89
7 130 M w 63
8 135 F w 78
9 129 M B 59
10 136 M w 85
1303 5F, 50 5B, SW 689
Mean 130.3 68.9
Range 125—13-6‘ 39-87

The average age of the group s 130 3 months with the youngest
125 months and the oldest betng 136 months Five members of the
sample are female and five members are male. Half of the sample
15 compnsed of black students (2 females and 3 males) and half are
whute students (3 females and 2 maley). The average raw score on
a com-on reading test for members of the sample s 689 with a
rangé of 39-87. The average raw score of 68.9 Iranslates 1lo a 5.4
rcading grade level score. In general. this 15 a cooperative group
of students who work up to ther abity on most occasions  There
are few if any discipline problems and students are highly mot-
vated to complete assigned class work. Reading interests of group
members are vaned and reflect expert patterns of Students from
simihar backgrounds_ These students comy from average working
class backgrounds with parents who are generally supportive of
theur children’s school aclivities.

o)



Matched vs. lndepehdent (Random) Sampling

X N O QO
BN E
*k | k%

Matched
Group 1 GroulLII)

* *

Each member of the population is matched with another member

with approximately the same relevant characteristics.

r

will

(Random) Independent
GroupI °~  Group Ik

. .
O X
*‘ n

Each member of the population has an equal chance to be chosen
in either sample. It is highly probable that the two populations

he approximately equivalent.
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Checklist for Determining Types of Sampl

Mrs. X is a fourth grade teacher who kitows she will be ill for a month and a half. She decides she would like to know
if her reading class wiil be affected negatively by her absence and with the presence of a substitute teacher for that time,
She deades to measure her group against a group campnsed of other fourth grade reading students. from a variety of
dlﬂgrent schools, but cach vf whom will have hs'her regular teacher. The students were all nine years old and of the
same race.

Yes N.A.

No

1. Are the two groups equal?

2. Is it an independent sample?

3..Are there other effects bng;dcs the absence which might affect per-
formance?

. Is there a control group?

. Is it 3 matched samp{c?‘

. Is there a special treatment?

. Is a pretest necessary?

8. Is a post-test necessary?

Discuss this example in a small group, and then consider your own study for consideration.

Additional Readings

Easy: Dixon, p. 32; Barnes, p. 33 Ferguson, p. 112
Hard: Wallis, p. 100; Galfo and Miller, p. 25 :
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Selecting the Study Design

When selecting the design, the main consideration 15 the
type of question asked. The question may involve 2 simple
companson between two measurements, L., test scores.
It may. also deal, with the effects a treatment may have
whenapplied to one/twolthree groups. In thiscase, a pretest
and post-test will be necessary to examine, precisely, the

, effects of the special treaiment. The following summary

tabulates eleven representative study designs. A more com-
plete list of basic statishcal models occurs in Chapter 7 after
a discussion of nominal. ordinal. and interval level meas-
urement, which is a necessary determinant for using the
correct model.

Study Designs:
Statistical Models

1. One Group—Treaiment—-Post-test

E «» Treatment =¥ Post-test

Assumption: neither pretests nor uses a control goup Introduces
a treatment and evaluates the post-test, attnbuting any assumed
change to the treatment. Generally a poor model

Example: a teacher instructs a class on fractions, tests for under-
standing: and evaluates to some assumed standard

Appropriate statlstic: normally. none.

2. Two Groups—Treatment—Post-test

~¥ [ost-test

El — Treatment w—y 1 iost

EZ-—-"

Assumption: two groups assumed to be equal before exposure to
the sante treatment. Tests for difference between the two groups
on the post-test. Atiributes differences to the ability of the groups
to relate to the task.

Example: a teacher assumes boys and Fjﬂs do equally well on math
tests. teaches & math lesson using only sports examples and then
tests to see if boys did significantly better than girls.

Appropriate statistic: Binomial Test or Chi Square for one sample
{Equations. p. 53. Sample Studies, p. 58)

¥

3. Two Groups—Two Treatments—Post-tests

El = Treatment 1 ~>
E2 = Treatment 2 ~7 Post-test .

Assumption: the two groups are assumed to be equal before the
treatments. Treatment 2 may either be a different trcatment from
1 or #o treatment at afl. If no treatment is given to one group, it is

RIC
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called the Cuntrul Group (C), as uppused tu the Expenmental
Group (E).

Example: a teacher may want to take two groups of thildren of
equal ability to test the effectiveness of two separate methods of
teaching a particular reading skill One group is taught by method
A, the other by method B. Both groups receive the same post-test
after the treatment. Any difference 15 assumted attnbutable to the
difference mn the effechveness of one method over the other Or
the teacher may select groups of assumed equal ability’and teach
only one anew learning task and pos‘-test to see if the new method
produced a significant difference in performance between the two
groups.

Appropriate statistic: Binomual Test tEquation. p. 53. Sample Study.
8.

4. Qoe Gronp—Pretest/Post-test

E =—»Pretest —»Treatment=—» Post-test

Assumptlon: the only change between the pre- and post-test is the
treatment. Thus any difference between the pre- and post-test
scores is attributed to the treatment. Note that this model only
difters from Model 1 in gathenng predest information for compar-
1son with the post-test. Jt 1s the avalability of two sets of scores
for companson which makes this model stronger. Its results can
be tested.

Example: a teacher may want to know 1f removal of fear of failure
would increase spelling grades. The pretest would be a spelling
test under normal conditions, the treatment would be an an-
nouncement that anyone who tries will receive a passing grade
and the post-test would be another spelling test after removal of
treatment. Any difference in performance would be attributed to
the change in test conditions assumirg the test to be exactly the
same or equally difficult.

Appropriate statistic: McNemar Test for Significance of Change
{Equation. p. 53).

5. Two Groups—Pretest/1’ost-test

El ~—» — — Docte
B~ Pretest—» Treatment—% Post-test
Assumptlon: two groups are assumzd equal in the pretest, but
different on the post-test following the same treatment. Any dif-
ference in performance would be attributed to the difference in the
ability of the groups to relate to the tazk. Note that this model only
differs from Model 2 because it includes 2 pretest. The presence
of a common pretest soore for the two groups allows the problem
solver t0 test whether the assumption of the two groups being
equal is valid™lt is a stronger mode for this reason because it
operates on one less assumption.

Example: same as Model 2 except that a teacher pretests the boys
and girls to establish their equal abihit before the treatment rather
than assume it.
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Appropriate statistic Bmomial or Chi Square for one sample (Equa-
tions, p. 53, Sample Studies, p. 58).

6. Two Groups-—Two Treatments—Pretest/
Post-Test

g; 3 Pretest <3 [reatment 1 —3 Post-test

™ Treatment 2
E ) Pretest

Assumption: the two groups are assumed tobe equalin the pretest,
but different in the post-test after different treatments. The differ-
ence would be attributable to the differing treatments. Note that
Treatnent 2 may be no freatment at el No treatment groups are
called Controt Groups.

Example: same as Model 3 except that a teacher would pretest the
two groups of children to establish equal ability instead of assuming
equal ability before the treatment Thus, it is 3 stronger model than
Model 3 because it operates on one less assumphon

Appropriate statisticc Mann Whitney U Test or T Test (Cquatwn.
p. 55. Sanple Study, p._63)

Treatment .
No Treatmem‘:‘; Post-test

" 7. Classification of Relationships
Reading Ability
Low Middle {High

Male

Female

Assumption: the distribution of boys and gidls among low, middle.
and high readers. if reading ability were divided into three sets,
would be either relatively equal or sigmficantly different.

Example: the teacher believes that girls generally read better than
boys. She divides reading scores into.low, middle, and high and
notes the number of boys and girs 1n the higher classifications
would be greater. In other worg . there should be a significant
difference in the distribution of girls and boys among high, middle.
and low ability readers. The significance of the difference 1n dts-
tributions can then be tested. An alternative would be to assume
no dilference in the relative distnbution of boys and girls among
reading ability groups and then test.

Appropriate statistic: Chi Square (Equation, p. 5. Sample Study. p
58).

J

8. Relationship Between Two Variables For
One Group

(X

Read- (Y)
Subject # ing Rank  Math  Rank
1 70 5 84 1
2 75 4 83 2
3 84 1 73 5
4 80 2.5 79 3.5
4 80 2.5 79 35
N = XN - YN

Assumption: reading and math tests are independent.

Example: the teacher wants to know whether reading and math
performance are predichve of vach other, that)s, whether there 15
a significant relationship between reading and math scotes for her
his students. (Shhe then lists a reading and math score for each
subject, ranks the scores and the total number of students, and
uses a formula to test the relationship.

Approptiate statistic: Spearman Rank Correlation (Equation. p 56,
Sample Study, p. 64,

9. Difference Between Relationships

Boys Girls

Read- Spell- Read- Spell- . _

ing R ing (R ing (R) ing (R)
85 15 8 3 8 3 8 1
70 5 59 6 86 1 79 3
63 6 61 5 73 5 68 6
8% 15 75 4 62 6 73 5
75 35 8 L5 80" 3 79 3
75 35 85 1.5 80 3 79 3

\ J “Spear \ /
Correlation t:::’:‘ Correlation

Y

Difference of Corre.ations

Assumption: there either 1s or is not a relatonship between the
relationships of reading and speling for boys and girls. Tests for
a significant relationship across groups.

Example: the leacher wants to know if the relationship between
reading and c"-?lhng perfermance is the same for boys and guls
In other words, do girls and boys differ in the degree to which
scores on one test predict the other The relabionship between
ceading and speiling 15 calculated for each group and the relation
ship between the correlations 15 tested.

ir — I,

IAN,- 3} + AN~ 3)
Sigmficance of the difference between two correlation coetficients.

29

Appropriate statistic: z =

35



10. More Than Two Groupy Personal Questions about Selecting the Study Design:
On Jne Variable. L
Reading Scores 2.
Group A B C D Etc . 3.
40 56 51 60 "
65 49 61 63 '
55 49 61 63 5
57 46 58 51 OTES:

Assumption: the groups are not different. thus the test 1s for dif-
ferences between group means.

Example: the teacher designates three reading groups based on
assumed differencesin reading ability. This model a%lows the teacher

to achually test whether assumed differences are real. based on
scores from a reading test,

Appropriate statistic: Kruskal-wallis One Way Analysis of Vari-
ance (Equation, p. 56, Sample Study, p. 62).

11. Helationship Among Three or More Vari-

ables for One Group
. Fear of
Subject # Self-esteean Failure Achievement
1 60 70 60
2 82 &0 75
k} 70 75 65
4 75 70 75
g 5 65 65 65
N = XN YN ZN

Assum‘ption: self-esteem, fear of failure, and achievement are all
independent (have no relationship with one another), ‘

Example: a teacher wants to find out if self-esteem, fear of failure,
and achievement are predictive of one another or if there is a
significantly strong relationship among these three variables,

Appropriate statistic: Kendall Coefficient of Concordance: W (eq"m-
tion, p. 57 Sample Study, p. 61).

To assist’ in selecting the sample/design, the following
table compares a significant difference study and a corre-
lational study. A correlational study basically seeks to find
a relationship between two ideas, concepts, or topics. A
significant difference study seeks to find differences be-
tween two measurements; i.e., performances and scores.
By using the compasison, one can answer questions about
sample, design, and treatment using the checklist in Activ-
ity 51,

30
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Activity 5:1

Example A: Correlational Study ]

Problem !
The relattunship of mobivation and achievement

R Hypothesis '

There is a relationship between motivation as measured by the
Bruwn-Holtzman Survey of Study Haluts and Attitudes and
Achievement Tests.

Nuli Hypothesis
There 1s 1w relationship between mutivabun and achicyemunt.

Procedure

B Give all the students both tests at approximately the same time

under the same set of arcomstances

Resulis

The scores obtained un the achievement test and the motivation
test are ranked for each subjeit and the twa yeures are cumpared
to see if the subject scores hugh on one test whether he will score
high on the other test also. Compare the two scores using a cor-
relational techmique.

Conclusions

If a strong relationship is established. then we have obtained sup-
port for cur hypothesis. We may reject the Null Hypothesis. We
then find there is a strung rdlationship between mativation and

B reading aduevenwent. This could lead you w Juuk fur bettet ways

to motrvate your students. If yuu fuund that there wasn ta strung
relationshie between the teaching technigu@s and performance v
days tardy and perfurmance then preblem-sulbving process will

j begin again.

Q
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Example B: Significant Differences Study

Problem
Is oral or wntten presentation of an instruchun more effechive for
my class?

Hypothesis
~he subjects vall perfurm better un a test of ural rathes than wntten
instructions are given

Null Hypothesis
There will be nu differvnce tsigrificant; in the perfurmance of dif-
ferent groups on the two tests

Procedure

Two tests on the same topic of comparable difficulty will be given
to students within a week to 3 month apart One will be given to
haif the class orally; one will be givers with wntien instructions to
the other half of the class The uther test will be given in reverse
urder, the half recewving vral snstruchons tre first ime will receve
written instruchon this me and vice-versa

Results

The difference between scores and which set of scores was higher 8
will be found and the average difference calculated vsing the %Nil‘ :
coxon-Sign rank test

- Conclusion

3y

Ii the performance un the vrally presented test is significantty bedter
than the performance on the wntten instguchons test, then we
reject the Null Hy pothesis and find suppurt for the hy pothesis that
vrally presented instructions are more effectne than wntten in-
structions. Based on that data, you would present yourinstruchions
orally. and/or train your students to handle wniten instructions
better. If there were no difference. this would indicate both modes
should be used or that the instruction mode has noymportant effect
on the results,

/



Criterion Checklist for Format of Problem-Solving Design/Procedure

Example A Example B Your Own Study

Yes No N.A. Yes No NA. |Yes Nad N.A,

_— — |—_— — | —— — | Amtrving to find if there is a relationstup between any
twa of more lraits, scores, or behaviors?

-

2. Am 1 trying to find iof there is a significant difference
between two sets of scores for one group of subjects?

_ e e | — e — | — —— — 3. Am [ comnparing the performances of two groups of
subjects?

4. Did 1 test the two groups of subjects before the treatment
began (i.c. pretest)?

—_ e o — e | — —— —_ 5. Am | rying to determine whether one group of subjects Yall
into a category more often than another group?

6. Am | compating more than two groups of subjects?

Additional Readings

Easy: Dixon, p. 35: Barnes, p. 52
Hard: Wallis and Roberts, p. 211; Galfo and Miller, p. 153




Step 6:
Procedures_
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Procedures

The procedures of a study includes time and ctrcumstan-
ces of a]l activities involved 1n the problem-solving process.
This sec¢tion outlines what data are to be collected and re-

“ corded, how data are to be collecled, the nature and extent
of the treatmentis to be employed. the instructional tech-
niques and-materials required, and the time required io
complete all activities. A description of any treatment, 1n-
tervention ap‘p\rroach or material used in the study is given
in the procedures section.

In the procedure section the problem-solver should list

. all activities in sequencial order with as much detail as nec-

essary to guide the study process in the direction intended.
This is the point where the' problem-solver should specify
the specific details of what should be done, the nature of
the organization. operationalize the schedule of events,
determine data requirements for collection, recording. anal-
ysis, and reporting. Listing all procedures will iend credi-
bility to your results. It will also assist teachers who are
interested in replicating your study or at the very least
make use of your treatment in their classroom instruction.

The real value of the procedures stage is in the organi-
zation and evaluation of plans for conducting a given study.
It helps the problem-solver to perfect the formation of ideas
and to help localize and pinpoint the problem tha. is to be
studied. Because a careful articulation of procedures pro-
vides assistance in improving the formation of ideas that
refine and further define the problem to be solved. ltisour
assumption that each improvement in idea formation and
problem definition reveals new insights and observations
that often yields new data to improve .judgment and in-
structional practice. Given this important contribution. the
problem-solving process that a well-reasoned statement of
procedures can make, this section should be developed
with care.

Some Ilustrative Examples of Procedures

Example One: In order to determine how the nature of
the time spent by students affects their measured reading
petformance, the class will be divided into thqj groups
that are equated with regard to present measuretl reading
performance. Each group will be taught for 30 minutes per
day for ten consec utive school days The 30 minutes periods
will be divided thusly:

Total No.
Minufes Spent

Within Between
No. of ., Treat- Treat

Groups Minutes Treatment ment  ment

#1 5 . Teachers demonsqua te 50
and explain lesson
20 Student working 209 300

indepe:ndenlly with
instructional materials

5 Sludent!lfeacher 50
interaction

’

|

#2 20  Teacher demonstrate we O

and exXplain lesson .
5  Student'working 50 300

indepéndenlly with

tnstructional

materidls
5 Student/teacher. + 50

" interaction

#3 5 Teacher-demonstrate 50
and explain lesson .

5 Student working. 50 Ino

: independently with

.~ instructional

m-terials

20 Swdentfteacher 200
interaction

“

Students working independently with instructional ma-
terals in Group #1 will receive the greatest amount of
instructional time, students taught by 4eacher demonstra-
tion and explanation in Group #2 will receive the greatest
amount of instructional hme and studeats taught primanly
through the use of Student/Teacher Interaction, Group #3
will receive the greatest:.amount of instructional hme. At
the end of the treatment foF each group a post-test1s au-
ministered to measure charlge$ in measured, reading per-
formance. A statistical test will be appled to deternine if
observed differences are SighigCant-

~
LS
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ICriterion Cheqklist for Problem-Solving Procedure

Below 15 an example of a list of procedures. Wate all information and determune of all needed information 1s hsted in
the following activity. Examples of steps taken in implementing an experimental procedure

*1, | compiled all the data for the CDPS charl.
B 1 1 admunistered the Ginn Test on October 1, 1977 1n the aflernoon during reading class to all students
* 3. 1 then implemented my individualized reading programs by vvaluating Ginn results and deternuiming the appropnate level for each
chitd. Then | compiled a « ork packet for each child and distnbuled them Every Friday Thad a conference with each individual student
to assess his progress and answer any questions. o
4. May 1, I administered the Ginndn the same way as I did on October 1.
5. I compared scores rtfeive;d in October and May to find 1f there was sigmficant improvement

+

Pretest *

' B What was the date of the pretest?,
What time of day was the pretest administered?
. Was it admini* red to the whole elass®
Was it adminis.ered to a smali group?
Who administered the pretest?
How much time was uscd to administer the pretest?

Treatment .

what were the specific activities of the treatment?
What preparation was made by the (eacher for the treatment?
’ How long was the treatment period? -
What materials dre requited for cach treatment?
L)

lfost-test ~

What was the date of the post-test?

What time of day was the post-test administered?

Was it administered to the whole class?

. Was it administered to a smajl group2 a

How much time was used to 2 Iminister the past-lest?
i}

This 13 a more specific look at the problem-solving procedure. After completing the criterion checklist for the above
exar~ple, apply the checklist to your own study and discuss in groups any problems.

- .

Q .
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Your Personal Questions about Procedures:

Additional Readings

Hard: Wallis and Roberts, p. 142
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- Step 7:
Processing the Data
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Processing the Data

When yuu process dala for solving an instructiondl ptub-
iem in reading, you basically will enther wani tu know,
“what s the relationship behween these two tranis?” or s
there a significant difference between two defined groups™”
H you wish to find a relabonship you will use a correlation
technigue hke the Spearman Rho and others .tuch are
listed in the appendix The type of correlativn method vou
use will depend on the [evel of measurement of your data
and whether you wish lo Tind the rclnlmnshlp-bclwu-n lwo
groups or among more than Lwo groups. Il you arelooking
for a significant difference, that 15, a difterence between
two groups Lhat 18 large enough thal it probably cannut be
reasonably allributed to change. you will use the Mann-
Whilney U or another test of this type isted 1n the appen-
dix. Which test of significant difference that you wilk use
depends on several factors: the tvpe of sample used, the
design of the study, the level of measurement of your data,
vhether your groups gre randemly sampled or matched
sampled, the number of subjecls in each group and the
number of groups tesled. Sve the chart in Appendix L. p
52 summaty of the types of statistical methods. . types uf
questions answered by each method, the level ot measitre-

ment, and the equalion

Levels of Measurement

Thelevel of measurement refers Lo how precisety the data
are measured. and there are four levels The least prease
level of measurement 1s the nominal scale shid 1s obser-
valions of unordered vategories. In the ordinal scale the
data can be ranked. The interval level of measureront e
quites Lhal the difference in bwo wonsecutine values be the
same as belween any two other consecutwe values And
the most precise measurement ralio reguires ai absolule
zero s0 one scale value could be said to be twiwe as large
as another value. Below are examples of each leve! of meas-
urcment.

Nominal level—boys, girls, Inchan, Black. White and Ori-
ental. These groups cannol be compared and ordered. All
items or subjects are either in one group or the uther They
cannot be in more than one group.

Ordlnal level—Altitude Toward Reading Scale, Disruptive
Behavior Rating. The values of the different data can be
ranked from the highest to the lowest, but the differences
between consecutive scores are nol equivalent. In other
words, if A = 31 and 8 = 33 and C = 35, you can sav
A<B<C butcannot sayB - A =C - B

38

Interval level—Some 1 Q tests, aspelhng test, avocabulary
test The difference between scures are equivalent so vou
consayB - A =C-B

Ratio Level—Yard stk Very few things in the behavioral
saiences can be measured su preaisely Useng thes level of
measurement one can say X =2y or Abby 1 lwo times as
tall as Bén. ™

In choosing the best technique for processing your dala.
you will want to choose the most powerful test. The most
powurful test 1s the one thal inost often rejects the null
hypothess, there 15 no difference belween groups due to
the treatment wheri s false.

Preparing the Data for
Processing -

Before intercnuial stabistical analysis canbe performed on
the data. howevet, it must be organized and summansed
Descriplive statistics are used for this purpose. Descrptive
statistics may indicale Lhe data’s central lendéncy oF aver-
age. its vanabiity or diversity, the lucation or place of its
scores in relabonship to one another and the correlat! ..
The Lype of descoiptive statistic used will vary depending
on whal infermation is needed and what level of measure-
ment the datais. The lollowing chart summanzes Lhe types
and speafies under what circumstances thev are used.

in addition. most inferential stalistics require that the raw
scores be ranked. The ranking procecure 18 as follows:

I Place all the first sel of seures vn a charl, arranged from
highest score lo luwest sore, keeping all scures for one
individual on the same hne.

2 Number the scores, the highest swore being numbered
L. the lowest the number equal 1o the number of scores.

3 If there are any ties, Lthey are ali essigned the rank which
represents Lthe average of the number of ranks the score -
would occupy.

-

Example

Raw

Scores
38 | 15 = (142} ties are assigyed ranks by aver
8|15 2 aging the number of ranks the
3513 scores wonld occupy.
30| 5@45+6)
15 3
S The fast rank wdf afways equal
28 the neember of scores




-

O

Otdinat

Interval

Types of Measures Levels of Measurements
Nominal
Indices of central tendency Mode (most frequent score}
Indices of vanabiity Range (nv. of scorgs buiween
hughest and lowest)

Indies ot lucation Label or dassifivation (Lategones)
i

Correlation . L

Mudan (nuddle score)

Quartife devialin (no of scures
between the bottom % and top
¥

Percentile rank (percentage of

Mean (average mud valoe)

Vanance and Standard deviation
(the average difference of a score
from the mean?)

Z-score, Z-score and olher stand-

scores = to or less than that ard scores (distance a score from

SCOIC)

Spearman Rank {degree of rela-
tionship between scores)

the mean)

Pearsonr (closeness of agreement
of lwo samples)

Your Personal Questions about processing the data:
1

B W

NOTES: -

[Gee Sample Studies for lllustrative Examples on pages 58-65]
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L

Should I use the
problemsolving method
to ansvrer my question?

- L4

——

Yes

1

Am 1 looking Sor signiticant
difference among variables?

Am 1 looking for a
correlation among variables?

s Y ¢35 eee——

| |
Y
¥ ™~ i'
I Use test of sizmbcant :I:fh'mrrq

Are my dats from
A onesample case?

7

Ave my data nomnal
leved of measutement?

Yoo I
Use Biarmal Test N
. or Chr Square 0

Are my data ordinal
{evel of measurement?

Yp

Use Kolmogorov-Seumon
otie-saniple
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1

Are my data from a two-sample case?

Arve my data from a three
or mora sample case?

i

Are my data from
matched samples?

N Are mv data from
po No rapdom samples?

e

g

Ate my data nemmnal
tevel of measucement?

L

Yo

Use McNetnar Test fo Na
Sigmftrart Changes I

Are mw data nomwal
Tevel of measurementt

YE;

Use Frsher Tost or
No {- Chy Sature for oo

' wdepeadent spoples

Are my data ordinal
level of measurement?

Are fny data ordnal
level of measurement?

)_J
Yo I
o

Use Sign Test

, Vg

@ fann
Whitney U

)
s

Are my data anterval
level of measurement?

Ate"?:y data interval
level of measurement?

— % .
Ygr Yes
e thse Rondowezed Test Use Randomzed Test
foe Matehed Pairs for Two Independent Samples

I —

Are my data [rom matchel <amples?

Yo

Are my data ponnnal
fevel of measurement?

= |

ke Cochran Q No

Are my data ardwnal
fevel of measuremert?

1

Ue Frapdngn Twa- Way
Areafvas of Varmnee




Use Correlation tests

Correlation Tests

S E—

I .

Ares my data comparing

two variables?

Are my data compuring
mere than twe variabien?

Are my data nommnal
tevel of mesurement?

Yes

Are rav data frows randam samples?

the Coritmgencv I
Coffrceent C °

™
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g

Are my dai1a onmunal
tevel of measwrement?

Aret my data ordinal
level ol measurement?

g

Yas
-

e Chy Sqnare for
K-Iderendont Sanlpfm

Are mv daa ordinal
level ol meawrement

e

Use Kraskal- Wallic One Wav

Artalvsee of Varunce

the Spearman Rank Corrclaton
or Keadall Rank Correlaton

T

Are my data nominal
level of measurement?

T
I Yes
.

Use Contmgency

Ne | Coefhierent €

Are my data ordinal
tevel of measurement

»
Lt

Use Kendall Pargial Rank
s or Kenduil Coefficent W

‘ 9
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Parametric versus Nonparametric Test

A parametgr is a charactenstic vlement of a population.
Some examples of the parameters in which we are nter-
ested are the disfribution or how the number of members
of the population are distnbuted in relation to une another.
the level of measurement or how precisely measured the
population 1s, and the vanance or dispersion of the pop-
ulation of scores.

in order to use a parametnc test certain conditions about
these parameters of the populghon must be met. Sincethese
conditions are not ordinarily tested they are assumed to
held. The meaningfulness of the resuiltts of the parametri,
test are as follows:

I. The populatior: of scores must be interval level of mea-
surement.

2, The population must have norm ' distnbution. A normal
distribution is represented by a bell shaped curve _f” \_ in
which fewfl scores fall at either extreme of the distribution,
with a majority falling in the central portion of the distri-
bution. ~

3. All samples must come from either the same populztion
or populations with the same distribittion,

4. All thye scores tested must come from cither the same
population or populations with the same variance or dis-
persiug] of scores,

A ngnparametric test on the other hand does not specify
these conditions for the parameters of the population from

which the sample is drawn. Although one must assume -

when using most nonparametric tests that the observations
(scores) are independent from one another and that the
varmbles being measured have underlying continuity. these
assumptions are few and weak when compared to the par-
ametric test. The nonparametric test can also be used with
ordinal and sometimes nominal level data thus not re-
quiring. such precise measurement (Siegal, p. 31).

The parametric test is the more powerfu test {see the
following chart). That is, it will reject the null hypothesis
when it is false more often than a nonparametric test. The
reason for thisis that because you make more assumptions
about the parameters of the population jn using the test 56
that you have more information on which to hase your
decision. There is fess a chance of making a wrong decision,
and s0 you are free to reject the null hvpothesis with a
smaller significant difference between the experimental and
contrel measures. However, if you use the parametric test
without making all the assumptions needed, then your re-
sults will be meaningless.

The nonparametric test, although not a5 powerful. is use-
ful when one cannot make the assumptions necessary for
using parametric tests. This is often the case when werking
with small groups in a classroom situation. Often the pop-
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ulation of s¢ores are only prdinal or nominal level of data
and thus too requires the use of nonpa ame¢, « rather than
parametnic test. In addibion, nonparametnce methods are
more understandable and usually much easier to apply in
the classroom s, pp. 75-78).

For the reasons stated in the preceding paragraph, most
of the tests found in this manual are nonparametric.

Choose the most powerful method tat 15 possible, given
your study design and the level of mzasurement of vo
data. The characteristics of each test, level of measurement
required, type of question answered. sample problem and
equation are listed on the chart on the next page.

If your results are significant at the 05 level, then you
find support for your hypothesis and may reject the null
hvoothesis. This means that there is onlya 5 percent chance
that your results were due to error or -hance.

‘ Assumptions of Parametric and

Nonparametric Test Compared

Parametric tests. Nonparametric tesis,

Mominal. ordinal or interval
level data depending on the
lest,

Interval fevel data.

No parhicular shape of the
distributicn needed.

Normal distnbution of
the population. . °

Samples thay come from
differently shaped
distnbuticn

All samples must
come from the same
population or
population with the
same shape
distribution
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Matching the Reading Questions
with Appropriate

* Statistical Model and Methods

Qb ‘lh\ere a relationship between reading achievement and self-

concept?

H. 'I"here\gll be asignificant relationship between reading achieve-
ment as meéasured by the SRA Reading Achicvement test and self-
concept as measured by the Coopersmith Self-Concept Scale
Model: Model 8 (Chapter 5 is chosen to find the relationship be-
tween two scores for the same individual.

Method: The Spearman Rank Method .(.::Iapendix 1.2} is used be-
caus¢ the scores (data) will be measured at the ordinal level of
measurement and you want to find the relationship between these
two scores.

Q. Is there a relationship among reading achievement. self-con-
cept and fear of failure?

H. There will be a significant relationship among reading achieve-
ment as measured by the Melropolitan Primary Reading Achreve-
ment test, self-concept as measured by Bookover Academic Self-
esteem test and fear of failure as measured by the Fear of Failure
test,

Model: Moedel 11 (Chapter 5) 15 chosen to find the relationship
among three or more scores.

Method: Kendall's Coefficient of Copcordance (Appendix 1.2) 15
used because the data is ordinal level and vou are comparing three
OF More 5CoTes.

Q. Do children with dominance problems do worse in reading
than children with normal dominance?

H. Children with mixed-dominance as assessed on the Penpheral
Dominance lest will have lower scores on the Sloss Oral Reading
test than children with lateral dominance.

Model: Model 3 (Chapter 5) is used bgCause you are trying to
determine if there 15 a significant difference between two groups
which were not matched with only a posi-test score

Method: X’ (chi-square} for two independent samples {Appendix
1.2} is used because your sample was selected by independent (or
random) sclection and you are trying to find if thete 1s significant
difference belu:een two groups’ scores.

Q. Do my students Team more using an individualized spelling

rogram (EX: Pretest—Treatment—Post-test)?

. The students using an individual spelling program will improve
théir spelling scores significantly in 2 six-month period.
Model: Mode! 4 (Chapler 5) 15 used to deleemuine if there is a
significant différence in your students’ scores,

ethod; The Wilcoxon matched-pairs, sign-ranks test (Appendix
1.2} is the best statislical method for ordinal level data for refated
samples. {The scores compared are both from the same student so
your sample would be considered a matched sample }

Lo

o .
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Q. Will the higher-ability students of the lower-ability students
benefit more from participating tn an Individualized Reading
Program?

H. Students of lower abalily will improve their performance on the
SRA reading comprehension test sigmificantly more than the
higher-ability group.

Model: Model 5 (Chapter 5) » used to determine if there 15 .
significant difference in performance between two different groups
receiving the same treatment

Method: The Kolmogorov-Smirnov 2-sample test {Appendix 1, 2)
15 used because the leval of measuremenl 15 ordinal and you are
trying to determine if the score imprevement of the lower-ability
group 15 sigmificantly more than the ligher-ability group.

Q. Is an individual reading program more effective than a tra-
ditional group reading program?

H. There will be significantly more improvement in reading com-
prehension, as measured by the Stanford Diagnostic Test when an
individualized reading program is used than when a traditional
group reading program is used,

Modei: Modd 6 (Chapler 5} was used to test lwo groups receiving
different treatments to find the sigmificant difference.

Method: The Mann-Whitney U test (Appendix 1. 2} 1s used for
ordinal level data to find sigmificant difference between two groups’
scores, .

i

Your Persunal Questions about matching Reading questions with
appropnate Statistical Methods,

L

2,
3
4
5
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Processing the Data Checklist

Have I ranked, aii scores?

Have | delermi\r-?d the level of measurement of my data?

Nominal \

Ordinal

Interval -

Ratio

Are my groups of subjects related (matched)?

Are my groups of subjécts independent (randomly selected)? i =
Check the design of my study? (see Statistical Model chart)
Determined what statistcal analysis | should use given my study de-
sign, level of measurement, and type of groups—related or unrelated,
and question asked? (see charts)

Calculate my resulis

-

NOTES:

Additional Readings

Easy: Dixon, p. 70, 89, 93, 299; Barnes, p. 46, 75, 78, 85;
Runyon. p. 3, 37, 63, 109, 124, 207, 307, 339; Ferguson, p.
1, 131, 179, 264, 275.

Hard: Siegal, p. 7, 20, 21, 30; McNeinar, p. 14, 16, 19, 39;
Hayes, p. 81, 215; Andrews et al., p. 3; Vallis, p. 213, 384;
Galfo, p. 103; Slakter. p. 255, 265, 382.

tl)f;




Step 8:
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Action Alternatives
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Action Altematives

One uf the expected outcomes of the ICPS model 15 tu
assist the teacher in making decisions based on available
or intenticnally collected information. The completion of
a study should have guided a teacher over the collection.
organization. analysis and interpretation of information re-
lated to the problem to be selved. The enly task remaining
is to select among a varied arrgy of action alternatives. In
short, how are the results to be used to guide-instructional
adiivity?

It should be recognized that the utilization of information
is, in the final judgment, a personal process Individual
teachers acquire data in relation to their own needs, con-
ceptions and perceptions. Since the generation of infor-
mation is to a large extent a personal process, teachers as
data users differ in terms of any variable one would care
to suggest. Therefore, the personal utilization process is
enhanced by watching the teachers’ perspectives as prob-
lem-solvers {o those action requirements guiding instruc-
tional decision making in the classtoom. Taking into
account the personal nature of data utihzation, there are
four general action alternatives that a teacher might con-
sider at the conclusion of a problem-solving procedure.

Conduct additional study on the problem or related as-
pects of the problem.

If the results of the study are insigmificant or reveal sip-
nificance in relationship between variables, the teacher may
be interested in doing additional study. exploring related
questions, or generating additional hypotheses for the same
questions. The teacher may want to change the type of
siudy from one of studying the relationship between var-
sables to cone of finding a sigmficant difference between
them. Additional study mught also be directed toward de-
lineating the sourc2 or sources of the problem, defiming and
1dentifying the variables more precisely. or establishing the
speafic interaction effects between sclected vanables. The.
results of a problem-solving expencnce should increase the
probability of teachers seeking additional answers to sig-
nificant answers to critical instructional problems.

Review related research PaPErS or amcles on the prob-
lem being studied.

Often the results of problcm-solvmg help the teacher to
realize how complex a problem might be and how little
{(s)he knows about the problem. At that point. the teacher
might turn to oth.rs who have been working on similar
problems. Trofessional journals, information systems. li-
braries and resource people can be used to expand the,
knowledge of the teacher on sclected topics related to the
problems of immediate interest. It is possible that the prob-
lem solver might find additional evidence that might sup-
port or refute her/his results or suggest that other approaches

46

to solving the problem might be mure productive and use-
ful. Reviews uof related studies provide the teacher with
additional knowledge to isulate and sulve instructional
problems mere effectively.

Study different instructional approaches.

Along these same lines. the teacher sometimes finds
reading 1n general or subject matter curnculum books that
{s)he may glean some knowledge as to the various tech-
niques involved in dealing with the problem. The teacher
may find different types.of methodelogies or procedures
that can be adapted to the requirements of teachers working
under different circumstances. This alternative could help
the teacher generate other hypotheses and pursue new
teaching strategies and improve general ability to teach.

Share your findings with others.

The fourth type of action alternative is to disseminate the
findings to others. This may include sharing information
about the successful strategies for dealing with selected
problems. The problem-solver might accomplish this by
developing materials, attending professional meetings,
talking with co-workers. or writing articles. In a morebgen-
eral way, the teacher can also put forth the problem-solving
model as an effective way of matching problems with so-
lutions or even show a more efficient modificationof this
model. Both types of dissemination require that the teacher
present information 1n a format that 1s comprehensible and
concise.

Instructional Changes Resulting From the Study

The fifth type of action alternative is to implement specific
instructional changes This might involve refinement-of in-
structional materials. and techniques of presentation As
the problem-solver records the results of his instructional
innovations, it i possible, to determine with greater ac-
curacy the impact of an approach to teaching on the meas-
ured performance of selected students As a teacher makes
incremental improvements in current teaching practice,
there is likely to be a deaded expansion of professional
skills that has greater potency in affecting the achicvement
of children.



Activity 8:1

The following are summanes of hypothetical studies. What action alternatin ¢ would you use in the given situations?
Case I (see p. 56
Question
Tom Reed s doing a study to determine whether the disruptine chaidren in his class like the token economy system
he established in his classtoom. Will his students like it?
Hypothesis: The disruptive students will like the token economy.
N Results: Using the Binomual Test he discovered that there were significantly more disruptive students who like the token
economy than who didn’t like it. \

Conclusion: \

Case II (See p. 64)

Question:
John Stack wishes to find uut if the two tests he gives hus class at the beginning and end of every year measure the
same aptitudes.

Hypothesis. There will be a significantly strung positive relatonship between the scores obtained on the Woodstock test
and the Metropolitan Primary II.

Resulis: Using the Spearman Rho., Mr. Stock supported hus hyputhesis that there'is a significantly strong relauoushlp
between the two tests.

g Conclusion:

hY
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Activity 8:2

Steps In The Problem-Solving Procedure

Dateg Completed

Steps

Data Needed

[dentb g the problens
Eormulaton

Eualuatiae

Formulating the hypothesis
Problem-olvng desgn de-
aded

Proper kst o quaanity

ety the quanits
Listall pruwdurv-.

haty prrovessing

Pretermune the apgeapeiate sta-
Iistieal tost

Caloulate sesylis

Prablemesolvng decsnns

What 1+ the solutionio na prob
lem?

W hat shownd my neat gogese of
action be?

Er aduatsng the Model

Ind | hase trouble wong the
model”

Could | use i musiel gor an
wther “udy ?

Wantht [ use the model tor an
othee problem?

Do 1 1eud the model o teasabie
ot 2 iMp o Hhe gpueadibs ol
westrectn oo nne gaapnls®

Would | dvnge the foemat of
the problem soluang sudel?
L]

Wha was aitected by the probdem?

Who catmed t? .

What ssax the natuze of the problem?

What o the goal tor provement?

Hew sl saiv g thus prablem belp me teach bettes? .

Hew con §use these resualts to make decmanns?

Ant | trvang o discorver whether o relaborshiy evists between two
trants vf wores?

Am | tnang to dcover agmficant ditference between scores?

Companing perfazmance of twa graups of subjects?

Tunts tno groups of sabjedss before the trealgnent, pretest

Determune whedber one geoups of subjects (M5 ipto ont category mane
viten than another group

{ [RILTRNTENN (21 N than twer REOUprs of subjpects

What traies do 1 wont to measre?

Ix there a standardized test e that traet?

[hoes this test meastiee thes tzant etiedinels ag my pupits desel?

12tk i dabie G e

Is it tows costh o terme ot time aed mones?

Obtun the stormanon w veur secords te complete the € DEPS

Summanae the results (0 g s the pereentage of male-bemale, on free
lanc ke prpgeam-aof on it black-wlhite mean age, ¢tc )

When and iender what aroamstanoes were the pretest and posd-test
poen’? 3

Lresenidse it dletad sohat the treatsient entaded

Complete the CI Chart

flank Wl the seares

Determine the Jevel of measutesiont Nopopal Oedinal inters af apd
Ratio

Are subpect growps matched?

Are sabiect groups randomdy selected?

What 1 the statistical design of i study?

t aok up cqizalions tog the appraprate test

Flug i Values trom vour data

Check the approprate cdhart to delertiune sipmtianes

1ad 1 sappatt poy s petheses? .

1 1 amw oz i guestions?

Should | mantath my program?

Shauhd | madits my program? Hew?

Shoutd [himplement a nes program® What? .

Should | wer e a tew hapothesas .:m@nph'mvnt anvther study?

Nooo Yes Lt specatec probilers

S e § I8l specihe zeamins

S hes o Wb put?

In what was?
Plarmmy,
~ welesomp matenals
selectmg mcthods
— = selechng ataties
ldentitvmg speofic insttudional problems

inwhal vy ?
— Hae e workshops
Havy less noorhoadi W
Ins lude more ndormation i the manwd
Simphts the manuad
Include mote examptles i the sarkshop and msusl
Semd ot hiteralute and sample guestions shead of time sa the
teadhers can start tormubdion ot protihem e toze the wotkJwop
Slapl eathier an the scheod vear
—— Thn e more teedbach tan the workshop sapeevisies
Sunpiit the proldem-solvng method

Ulht.'!



Steps Completed Using The Problem-Solving Model

Actions Taken
Not. Com. N.A.

Steps

. Identify the problem.
a. Formulation.
F b. Evaluation.
2. Formulate the hypothesis.

a. Appropriate test or method for quantifying results
3. Defining populatiol

a. Obtain all informaiion for the CD.P S

. Sampling procedure sclected.

. Problem-solving design decided.

—_— 6. List d all procedes.

7. Data processing.
a. All scores and tnformation are charted
b. Determine statistical analysi %o be used
—_ c. Calculate results.
8. Problem-solving decisions.
a. Did I support my hypothesis— ‘ -
Is there a significant relationsiup? o)
b. Did ! find the answer to my question’
c. Did 1 solve my problem?
d. What should be my next course of action? «
¥ : 9. Evaluation and feédback.
a Did | have trouble using the model?
b. Could | use the model on another problem?
¢. Would | use the model en arnother problem?
d. Did | find e model valuable in helping provide quality instruction to
my pupils?

Additional Headings

Easy: Dion, p. 2, Bames, p. 52, 108
Hard: Walls, p. 23, Galfo, p. 299; Slakter, p. 382.
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This concludes the ICPS Model as a process for making systematic instruc-
tional decisions. The material shown in the Appendix is intended to assist
teachers who are planning to conduct a formal study and would like to apply
statistical tests to decide whether observed differences are significant. It is en-
tirely possible that teachers will need some assistance in using some of the
information in the Appendix. However, the information is within reach of most
teachers.
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Appendix 1:
Statistical Equations*®

GLOSSARY OF SYMBOLS

Upper left-hand cell.on a 2 = 3 table, number of 1ases
observed in that cell -

Alpha. Level of sigruficance = probabiih of a Type Terrur

Upper right-hand cell in 2 2 x 2 table, number of cases
observed in that cell.

Beta Power of the test = probabilsty of a Type Il emor

Lower left-hand cell in a 2 x 2 {able, number of cases
observed 1 that cell

Contingency coeffiaent,

A random variable wluch:follows the chi-square disinbu-
tion, certan values of winch are shown i Table C of the
Appendix.

A statistic whose value 15 computed from observed data

The statishe m the t nedman two-way analysis of vamance

Tanss.

A difference score, used un the cuse of matched pairs, b=
tamned for any pair by subtractng the score of une mem
ber from that ot the other

Diegrees of freedom.

Lower right-hand cell in a 2 % 2 table, number of ase~
observed 1n 1 1at coll.

The maxumurn difference between the two cumulatine dis
tnbutions in the Kolmogoiov-Smurnow test

Under H,, the expected number of cases in sth wew and the
Jth column 1n a x? test

Frequency, 1.e., number of cases

The F test. the parametne analysis of vananee

Under H,, the proportion of vases in the populatiun whos
scores are equal to or less than X This 1s a statistic m the
Kolmogorov-Smamnov test

In the Moses test, the amount by which an observed value
of 3, exceeds ue — Zh, where ne ~ 215 the minimom
span of the ranks of the control cases

In the Cochran () test. the total number of “successes” In
the jth colurmnn (sample)

In the Moses test, the predelermined pumber of extreine
control mnks which are dropped foom each end of the
span of control ranks before s, 1s detemuned

The statistic used i the Kruskal-Wallis one way ahalysis
of vanance by ranks

The null hypothesis

The alternative hypothesis, the operatibnal statement of the
research hypothesis,

A vanable subscnpt, usually denoting rows

A vanable subsempt. usually denoling colummns,

In the Kolmogorov-Stumov test, the number of observa
wons which are equal to or less than X

In the Kolmogorov-Srumon test, the numuratos of

In the Cochran Q test, the total number uf “suwesses” an
the rth row.

Mu The population mean:

The population mean under I,

The populabon mean under I,

The number of independently drawn cases in i single ~am
ple

*All tests were adapled trom Siegel, Signey, Nonlarametr Stutistu
. for the Behuvort Scienes, MeGrane-fidl Beok Co , New Yark, 19%
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The wotal number of idependee.dy drawn cases used na
stabistical tes!

The cdserved number f (oses an the sth pow and the ph
calumn i a x° kst

Probabuity as=oaatea with the - urrence under H, of a
value as extreme as o mare exu ne than the obseryed
vaiue.

In the bwomial test, the propus o of "successes™.

In the bionopzal test, 1 — P

The statisti ustd w the Cochran fest

The number of nuns,

The Pearsor: preduct ioment corrlation coefficent

The number of rowe i a A X r jabic.

The satn of the rapks i the gth colum 1 or san ple

The Spuarman rank cormelation coefficent,

The mean of severad rs's

In the Kendall W, the sum of the squares of the deviations
of the R, fror the mean value of R,

In the Moses test. the span or range of the ranks of the
control cases

Ir the Moses st the span or £ age of e ranks of the
wshtrul 1ases after / cases have been dnipped from each
extrerne of that range

A statstic m the Kendall r.
i the Kolmagorov-Siumov teste, the observea ~umulative
step funchoen of a random sample of N observauan:.
Sigma The standard dewatien of the populabion When a
subscmpt 1s gven,  standard error of a sampling dis-
tnbuton, for eample. all - the standard e of the
sampling distnbution of

The vanance of the population

Sumnatwh of.

Stdent's ¢ test, a parametine test

The number of chseniations 1p any tied group

In the Wikooaon test, the smaller of the sims of Iike-signed
ranks

A correchon factor for tes

Tat1 The Kendall rank corretation coeffraent

The Kendall partial rank comelatian coefficient

The stat »hie i the Mann-Wintrey test

U = ppt, ~ U, 2 mansfometon in the Mann-Whitney
test

The Kendall coefficent of concordance

In the binomal test, e number of cases in one of the
Braups

Any observed score

The mean of a ample of observatons

Dr 1abon of the observed value from wowhenoe = | o
numally distnbuted Probabilibes assoqated under H,
with the occurrence of values as extreme as vanous Z's
are gaven an Table A of the Appendix

ul

M- W
Appendix gives binomual coeffiaents fos N from 140 20

Factonal N' = NIN - DIN - 2) I For example

8 = GDmRND = 120

01 Tables » af the Appendis giees factonals fur N
from | to 20

The bircimal coefhcient (1) = Table Tof the

v
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X = ¥} The absolule value of the difference betyreen X and ¥ That X=Y
is, the numencal value of the difference mgerdless of Xz=Y
sign. For example, 5 - Y =3 -5 =2 X=¥

X=Y X is greater than ¥ X=¥

X<y Xislossthan ¥

One-Sample Cases

X1sequalio Y

X 15 equal to or greater than Y
X5 equal to or dess than ¥

X 15 pot equal to X

tivel of Characteristics

Test & Design Models Measurernent Tvpe of Question Answaered Table of the Test
Binomial Tes! Norpinsi Praporttan of T and 3 wbmerved T for § ) ( MY Used nopunal level

inosample J an ! a of factanals X e with discrete

populaion hatudg the Py alue [} 1ur POO Mnluply  oategones Power

speahed in i potheas? LX BDe by 207 a 2aaded ¥a% when N=6

Treatment Post-test bove do bater {lwn gitke e teat) 63% when N
. Marh, svhen lzwsons use cpoersts

mamples?

Chi Square X Test Numunal Is there o sgnificant diftenence C tor X" whea Used svevoral

-

£,
E, Treatment Post-test
£,

berween eapecieu group
frequencies and observed group
freque neies? EX—-Winch level of
quastinping 15 used muost
frequently n elass? Iy it userd
sigmficantly more than otiers®

\" = K'l o

K = naimber of

€ ARgOnIes

Tne greater X w,
the smialler the

. ~ababthty that

u, served frequensy
+ np from the
evewied frequency
population

categornes, 20% of
catagories have a
frequency of 5 or
moce. I frequency
s lower, categories
must be combined
Lt &5 a goodness-of-
fil-test

Kolmogerov-Sminov Nornmal and

I5 the dicergence ben -oen a

E for D tlor a 2-

The test can be

significa * Improvement in test
score: en aral instrachians
nstesd of woitter wnstruchions
are iven’

One-sample Test Ordinal theorencal and an observed taifed tosi) used for categones
distnbiztion due to cince or are having very low
E Treatment Post-test they from different populations? frequency {lew
E¥ Does a child from a fagh, subjects 10 cach
mediem, or low ecoronug status category) It s a
hare a mgmibcantly hsgher drop- more powerfui test
out rate? than chi square.
One Sample Nommal Is distribnbion randomly Fand F, for the Thus test s used to
Run Test sclected? How many nuns G limats between detertmine whether
identical scores appearmg whnch r nwst fajl. a sample 1s really
consecuthaly) are 1r sample? If r {ails abave or randomly selected
below limuts, then If r falls above F
sample i baased ur betow F, then
the sample s
biased
-,
Two Related Summples
Level of Characterislics
Tast & Design Models Measurement Type of Queslion Answered Table of the Test
McNear Test " Nomnal is there 15 a wgmbheant C For X i the expected
Pre- Post- difference between pretest and Degroes of frequenaies of the
E o5t Treatment 'y, post-test scoves? LX Is there a freedom = 1 sample are small

use Binomal test
instead of
McNemar 4+ D
must equal 6 when
vA+D=z=6

power =95%
ASA+D pets larger
the power dechnes
to 63% »
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Sign Test

Post-

Pse- g o
[ tost T realment test

LN

Ordwnal vathin
Palr‘i

Are there sigmbicantly more or
fewer plus signs then minus
signs? £X Wil chuldren’s scores
on spelbng tests increase or
decrease if they have bme to
stady thewr words
independently durmg class?

D ar P {2-tatled
test) A for Z scare
{for large samples)
t1-tailed test)

Use this test when
you can not rank
wil_the scores but
you can judge the
greater score of a
pair This test
measures the
directhon of the
difference withi
the paus
measured. When
N =6 the power of
the test is 95%, but
as N is larget the
power of the test
decreases o 63%

Wilcoxon Matched-Pairs, Sign
Rank Test

Pre- Post-
E g5y Treatment .

Otdwnal Is there a sigmificantly greater
. increase in the frequency and

the magnitude of the positve
values 1n relatwon tu the
negahve values? EX_ Are
childeen who attend nursery
school more socially perceptve

\ than therr matched peers who
do not attend nuarsery schoul

G for T(1 and 2-
tarled test)

For this test you
need a continuous
distnbution. Since
it utilizes more
information, the
Wilcoxon 15 a more
powerful test than
the sign test_ ts
power equals 95%

Randomizabion Test

Pre- Post-
E ost Treatment gy

interval What s the exact probablity
under the Null Hyputhesis that
our vbserved data has occurred?
LX What s the probaiulity that
20 students n 50 would have

[ Q' of 120 oy above ?

When N - 12 A
for Z

A continuous
distribution 15
necessary to

rforny ths tesl,
ﬁl )—'gu? need not
assume that you
have ainormal
distnbution. Thiss
one of'the most
powerful
nonparametnic
tests. 3t is better to
use the Wilcoxom
Test f N > 12,

Two Independent Samples

Level of Characteristics
Test Measurement Type of Question Answered Table of the Test
Fisher Exact Probabthty Test Numunal or Du group I and graup Il differ S for fattonal (N1 This test s the
Qrdinal sigathcantly? £X Do children in  for significance of most powerful one

E Pre- Treatment I Post
C test Treatment 1] test

a segregated classruom for EMI
differ 1in achievement from
childeen also classified EMIH
who are mamnstreamed?

3

for Nomanal or
Ordinal fevel data
Use it when N is
small (A+B I3
C+D 14) and
when the data his
nto two discrete
categones

54
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E, Treatinent 3

Chi Square test for Independent  Nomunal Do two groups differ with C for X* Use Chi square
Samples " respect to one characteristic? EX 1 X7 - C value that whon 20 N 40f
Do boght or dull students show 1ty sigmibicant exprcted
more improvement academucally  df = (r-Dik-1) r= frequencies are 5 or
it a highly structured program no of classifications  more, use the
of 1h an open classroom? k=no of groups Eisher testof N 20
or the expected
frequency s less
than 5.
Mann-Whitney U Test Ordinal Have two independent groups i fur 3’8 This 1s a very
been drawn from the same K for 9<n’<20 powurful test. Use
population? X Do children = largest gronp 4 as an alternative
E, Pre- Treatment | Post- with dorminance problems have  to find U to the t-test when
E, test Treatment Il test more trouble reading than When n°>20 use A the data is only
chutdren with lateral dominance?  for Z ordinal letrel or
when the groups
, are unequal.
Randomization Test for Two Interval What is the significant &( This 1s the most
Independent Samples difference between the means of 1 17 (<5 ) ) powerful non-
two independent samples when B for Tetest parametric test of
E, Pre- Treatment | Post- n, and n, are small® n _ central tendency.
E. test Treatment 1! test LX Are group A’s scores froma d ¥ == =35 You do not have to
different population then group : assume a pormal
8's scores? distnbution or
homogeneity of
variance when n,
and n, are large.
the Mann-Whatney
. U test would be
more effective than
. the randomized
test and should be
used
e
A
K-Related Samples
Leve] of Characteristics
Test Measurement Type of Question Answered Table of the Test
Cochran Q Test Neminal or Po K-related samples differ Cfor Qdi=K-11lf  Use this test only
Dichotormized signthcantly among themselves®  C- @ then Qs for nomunal or
E, Treatment 1 Orchnal EX. Is there a difference sigmficant df-K.1 dichotomous daia.
Pre-' Post. between three matched groups K= number of If N is too small
E, Treatment 2 whichi receive three different categones., the results will no
test test types of instruction? longer have the
E, Treatment 3 distribution of Chi
square.
Friedman Two-Way Analysis of  Ordinal Were K samples drawn fom Cfor xr* df =K-1 This test 15 very
Varience? same populabon? Do rank totals 1 Xe? C thenatys  powerlul. It should
vary signiflcantly? EX Do three  sigmficant N for be used n
E, Treatment 1 groups of students’ achievement  Xr? when preference to the
Pre- Post- scores differ with three different K=3n=2-9 k=4 Cochran Q@
E, Treatment 2 types t teaching techniques? n= 2.4 whenever the data
test test 1 approprate

/
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K-Indepandernt Sempisa

\

Level of Characteristics
Test Measurement Type of Questions Answered Table of the Test
X! for K Norinal or Are samples from same C for X di=(K- Lirt the number
Independent Samples Ordinal population? EX WAl children -1} K=number  of groups. When
’ with parents who have different  of columins there 15 more than
E, Treatment 1 levels of education read the r=number of I group. the Chi
Pre- Post- same number of books outside ToWS square tesl 15
E, Treatment 2 ol class for enoyment? insensitive Lo
test test order, K or R must
C Treatment be greater than 1.
And 80% of the
categories must
have an expected
frequency of 5 or
b4 A Y more
Kmskal-Way{ Ordinal Are K samples from the same OforH This test requires a
One-Way, Analysis of Varience population with respect to df=K-1 continuous
averages? EX Do children from  For large N use C distribution. This
E, Treatment 1 different Socioeconomuc classes  for H test has 95% of the
‘s Post- achieve significantly different: powet of F lest
E, Treatment 2 grades in school? {the equivalent of
test test ~ the parametnc test).
C Treatinent 3
4
Correlations
Level of Characteristics
Test Measurement Type of Question Answered Table of the Test
Contingency € Nominal What 15 extent of associabion C for C df=(K-1) This test has the
Coefficient C between two attnbutes? EX, (r-1) same limitations as
Sub- (X) ) How much relationship 15 there X3, in that it is not
ject Read'g Math between oral abihty and woting very powerful, but
# Scote Score ability? sometmes it 15 the
1 720 84 only alternative.
2 75 83 Also you can’t get
3 84 73 a perfect correction
4 80 79 {can approach it
5 81 8 though with a
N= larger N)
Spearman Ordinal Are indwviduals ranked smilarly P for rs (1-taled) This test 15 0% as
Rank on two charactenistics? EX Do 4=N=30 powerfulas
Correlation children who score lughn Pearson Product,
Coefficient Math alsg get hagh scores in the comparable
Rs{Rho) Reading, parametric test.
Kendall Partial Ordnal Is there a third There i$ no test of

Rank Correlatton
Coefficienl: lau Xyz

Sub- Corre- {Z)
ject  Jalion  trant
# X ¥y

1 90 93 91
2 85 9 86
3 8% 91 95

vanable causing
correlabon between
xand y? £X Can
level of parenial
eduecabtion :nfuence
relationship
between
achtevement and
SOCIOCCONOMIK
status?

Q for 1o xvz of N2210 use A for

sigmhcance for this
test because the
distribution 15
unknown. Use this
test to control for
vanance when you
cannot control for
ovutside factors in
the study

6]
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Kendall Coefficient
of Concordance:
w

Sub- Trait  Trait

ject  Score  Score

Trant
score

Z

23
16
18

Ordu
¥

What is degree of vanance
among several (K) rankings of N
objects or wdwiduals? £X How
close1s the mtenudge
agreement on ranking children
i a class zecording to
dhsruplive behavior? Order
entihes according te consensus
and clusters of vanables

R for W

s K=
Je=ns7

When N= 7 C for
Xodf=N=1

This test measures
civergence of the
actual agreement
vith perfect
agreement. A
sigmfiicant W
rieans Judges are
using the same
cnteriano jucze
This dces not sell
whether the criteria
is the rght one -
with which 1o
judge subjects,

O

# (x) o
1 15 20
2 21 13
3 14 17
N
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Binominal Test

The Binomial is a goodness-of-it test It1s useful in determining
whether itis reasonable to beheve that the portions (or frequencies)
within a given sample could have been draw n frum a populatiun
having a specilied value of P. P—is the proportion of cases (n one
class within a population. The data must be nominal level and
separated into two discrete categones such as. male and female,
in-school and out-of-school, member and non-member. There 15
no comparable pa.ametnc test which 1s:2pplicble to data measured
at the nominal level. However, when the relahve power of the
Binomial test was measured, the tesults showed it to have 95% of
the power of a paramerc test to reject the null hypothesis when
N-6. As N grew power went down to 63%

Tom Reed is doing a study to determine whether the dissuptwe
children in his class like the token economy system he established
in the class, (see p. 47)

1 Null Hypethesis: There will be no difference betweens the
number of disruptive students who hke the token economy
and the number of those who don’t, .
Hypothesis: The disruptive student witi Iike the teken econ-
omy
Statistical Test:

it The binominal test 15 chosen because the data are in two dis
crete categories (disruptine nondisruptic ¢ and the design i
of the one sample 1ype {he only asks the pupil preterence
onke).

11 Sig_ngﬁcance Level: Let probabity - - 05. N = the number o
distzpave students = 1V

w  Data

Names

John \
Susie .
Fred .
Larry
Mary .
Tina .
Tom .
Kathy v
Dan .
am .
Bill .
Terry R
jean .
foan .
Rob N

Disruptive Non-Disrupiives

"

Disoplive student = N 10 N =10
P = the expected number of disruptive stu-
dents who hike the token economy oc-
curring by chance.
Q = 10 disruptive students - P

Y The Equation }.T ) PIQN-1

i=9
Table D gives the probabilities associated with the occur-
tence under the Null Hypothesis.
vi. Rejection region: He will ind support for s hypothesis if
the number of disruptive students who don’t hke the token

58

pendix 2: Sample Studies

economy 15 $o small that the probability of that number of
students occurnng under the Null Hy pothesis is equal to or
less than P = @5

wvii  Decision. Only one of the 10 did not like the token economy.
Looking up in Table D with N = 10and X = 1, we ind I
= 01l Since 011 < 05 the hypothesis 1s supported Mr
Reed’s students did enjoy using the token system.

Chi-Square Two-Sample Case

This test 15 used to compare the number of scores in two or more
categories with the expected number of scores 1n those categorves,
based on the null hypothesis. This good ness-ol-fit-test can be used
with nomunal level data. There s no informahion iy the literature
as to the power of Chi-square to reject the false null hypothess,
However, 1t 15 suggested that il the stabshcian's data is ordinal
level or higher, the Ko!mogorov-Srhurs.ov or some otne: test be
used because they use more informabon and therefore would have
more power o reject the nult hypothesis,

Example

Helen McBnde felt that her second graders who were read to by
their parents enjoyed reading more than those whose parents did
not read to them. Some of her students’s parents did not read to
them but had allowed their children to attend Story Hour at the
hibrary. Helen decided to find out if there was a difference between
the three groups preference for reading

1 Hypothesis: The students whose parents read to them wili
have a lugher score on the reading enjoyment test than those
whose parents do not.

Null Hypothesis: There will be no difference 1n reading per-
ference among the three groups

n.  Statistical Test: The Chi Square 1gst 15 chosen because the
data is categoncal or nonunal level of measurement and be-
cause Mrs. McBride wants to compare a theoretical distnbu-
tion with the distpbution of scores which actually occurred.

m  Level of Significance: Let a (alpha) = 05, N = 30 students.

w. Computation Data

Parent read Children attend | Children not

te children Library hour read to Totai
hke to | Expected 5 5 5 15
read [{under the

null

hypothesis)

Observed 9
don’t | Expected 5 5 5 15
hke to | (under
read | nullObserved | 4 8
Total 0 10 10 30

Q
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Equﬂio‘n
' - '
1. o =22(0 EE)

x* = chi square

O = observed scores

E = expected scores
*

5 = add t!w SUIE _'feach cell . . .
2. x:=(9-5)'+(6-a)+(2—5)-+(I—5)'+(4—a)-

5 5 5 5 5
{8 ~ 5§
+-—_
5 H
o 6,1, 9 6 1,9 32
X'= 3 's 357557575

Y= 104 di=f DH-1D-2-D@~-1)=2

3. ConsultTableC. df =3 5.99 = cnhcal value of Chi-Square

v.  Region of Rejection; In order to reject the null hypothes:s,
Mrs. McBride must have 5.99 or more.

vi. Decision: Chi-Squate = 10,4 which is greater than 5.99. There-
fore, Ms. McBride may reject the null hypothesis at the .05
level. She finds support for her hypothesis that the children
who have someone read to them will enjoy reading more. She
decided to start reading aloud to her class.

_Cochran Q Test

The Cochran Q tests for significance difference among three ot
more matched sets of data that are at the nominal or dichotomized
ordinal level of measurement. The test can be used to compare the
same subljects under three or more conditions, or three or more
different sets of subjects under the same condition. The power of
this test 1S not know n, however the fact that it should be used with
nominal or ordinal level data makes companson between the Coch-
ran Q and parametiic tests meaningless, Patametne test must have
interval level of measurement. The statistician is cautioned, how-
ever, not to use the Cochran Q if the daia is interval level of
measurement, as some of the information may be wasted

Example

Mary Stewart was interested n finding out what teaching
method would increase reading enjoyment for the children in her
6th grade Title 1 reading program. The three methods she employed
were as follows: 1) a traditional round-robin oral reading approach;
2) educational comic books were used in class as supplementary
readmng matenals, and 3) ime was provided during class to go to
the hbrary for selechon of books. Mary would ke to know if there
15 any difference tn enjoyment for the three methods of instruchion

The following is an outline of Ms. Stewart’s study:

1. Hypothesis: There will be a sigmificant difference of reading
enjoyment for the three different methods of instruciion
Null Hypothesis: There will be no diffzicuce in the reading
enjoyment for the three methods.

fi. Statistical Test: The Cochran Qs chosen because the data are
for three related groups and ate dichotomized as yes and no
reading enjoyment.

w.  Stgnificance Level: Let a (alpna) = .01, N = 14 (students)

vi. Data 0 = noenfoyment | = enjoyment

'
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Educa-

Trach- § tonal | Library
Names twonal | Comics| Time Lt L2
Tod 0 0 0 0 0
Anna 0 1 1 2 4
Sue 0 1 0 1 1
Kenny 0 0 0 0 0
Steven 0 | 0 1 1
Marne (] (] 1 | 1
Mike 0 0 1 1 |
Barry 0 1 1 2 4
Lenore 1 1 1 3 9
Kathy 0 0 1 H 1
Craig 0 0 1 1 |
Terry 1 0 1 2 1
John 0 1 0 | |
Joey 0 1 1 2 4

G =21G =71G=9IL =18lL!=33

v. Computation
Lo _tk - B(kXG? - (EG)Y
) kZL, - 2L}

20 LB3-D3d+49+8) - 8

’ (3)(18) - 33
_23(134) - 18 Q—@
T B4 e 33 ]

Q=13657 .

3. Consult Table C, withdf = k=1 = 3 - | =2
The figure under .05 column in row 2 = 3.9

vi. Rejection region: One may reject the null hypothesis when
the value of Q 15 larger than the figure histed for the signih-
cance level of .05,

vi. Decision: Since Ms. Stewart’s data yielded a Q = 3657 which
is larger than the necessary 5.99 for significance at the .05
level, she can reject the null hy pothesis. ghe finds support for
her hypothesis that there 1s a significant difference among
methods of teaching for increasing reading erqoyment.

Contingency Coefficient: C

The Contingency Coefficient C 15 2 measure of relahonship or
the extent of association between wo sets of attributes It 13 the
only test of its kind for data which 15 nomunal scale. that is of an
unordered senes of frequencies. This test is not powerful in re-
jecting the false nufl hypothesis, but i1s uniguelvy useful with its
ease of computation and freedom from restnchive assumplions
aboul the population.

Example

John Stock felt that there was arelabonship between luw acheeve
ment and disruptive behavior He wanted to determine the
strength of this relationshup 1n s fifth grade students Thes part
of his study follows:

1. Hypothe:is: There will be a significantly strong positive re-
lationship between the low scotes obtained on the achieve-
ment test and ratings of disruptiveness.

Null Hypothesis: There will be no relationship between low
achuevement and disrupliveness,

u. Statistical Test: The Contingency Coefficient C was chosen
because the data of one of the variables was categoncal (dis-
ruptive/nondisruptive) and also Mr Stock was sceking to dis-

cover the strength of the relabonship.
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Level of Significance—Let a {alpha) = .05, N = 15 students

iv. Computation
Data
Below 50 Above 50
Percentile Percentile | Total
Dhsruptive 5 8 5 2 16
Nondisruptive k] 2 k] 4 6
Total i 6 16
Equations
T l- 01 =Ei r_ r
xt=xy ELEEV 2 '}2}.}. = add the sum ot differences of
' cach cell.
O, = observed number of cases
in a cell.
Ei, = expected number of cases
in a cell, alf chances being equal
w89, 2-9 @2-3 @-3
5 5 3 3
- 27 272 5 5 64
1 = = — — — E— I —
X =95+ 95+ 1+ 13 T 15+‘15+15 H
=42 '
2. o C = conhngency coefficient
C o= |t x! = value of x* for data
N +x = number of subjects
_ 426 \/ 4.26 " -
¢ _\/16 426 V026~ = 48
46 = 5
3. Consult Table C. .46 15 sigmficant at .5 levet
v. Rejection region; The null hypothesis will be repecied € =
.05 significance or less
vi. Decision: Since C was not significant at the 05 level, Mr

Stock can not reject the null hypothesis Therefore, Mr. Stock
does not find suEport for his hypothesis that there 1s a sig:
nificant relabonshup between disruptis eness and luw achiews
ment.

Fisher Exact Probability Test

v. Computation
I Refer to Table 1
2 A+B=9 C4+ D=6, gotothis row under Totals in
the Right Hand Margin
3. B = 8, therefore go to 8 under the B (or A) column
4. D = 0, therefore go across the 0 to find the level of sig:
mificance, whach 1s 0.1
vi. Re]el::)i;n Region: The null kypothesis will be rejected of D
=a. ;
Decision: Since D = 0 which 15 less than the 2 needed for
signifcance at the 05 level, Mrs. Mitchell’s hypothesis 15 sup-
ported. She can reject the null hypothesis. She can therclore
conclude that there was a significant difference in adjustment
between the two age groups.

Friedman Two-Way analysis of Variance by
Ranks

The Friedman test 1s to be used to derermine if three or more
samples differ significantly from one another and thus come from
different populations. The samples must be matched and be meas-
urable at the ordinal level of data. This matching may be achieved
by studying the same group of subjects under three or more con-
ditions or by assigning matched groups to the different condibons
Although the exact power of the Friedman test is not reported,
Friedman compared the results of his test with the results of the
F test, a pafametnc test, and the companson shows the Fnedman
statistical test to be equally as powerful as the F test.

Example

John McGee was interested 1n discovening whach of three meth-
ods of teaching was most effective in helping his fifth graders to
learn vocabulary words. The iirst method he tried was to have each
child look up the definitions of the words only. In the second
method, he divided the children into groups with each group giv-
ing a report on the etymology of each word The third type was
to have the students ~rite stones using the words. His study fol-
lows:

E

Q

This test 15 used to determine if one of two independent samples
has significantly more scores in one of the two mutually exclusive
categories than the other The two groups must be cinall 1n size
andbe measurable at the nominal or dichotomial ordinal level The
Fisher testis the most powerful one a teacher can use on data that
meets these specilications

Example

Joan Mitchell noticed that the chuldren in her hrst grade ass
who seemed least well adjusted were also the youngest children
chronologically. She wanted to discover if there was a significant
difference between the adjustment ratings betiween the group of
children whose birthdates fell between October | and December
1 and those hornin other months An outline of her study follows:

Hypothesis: The children born between Cetober 1 and De-
cember 1, 1972 will be rated as having adjustment problems
significantly more (requently than the other group

1. Null Hypothesis: There will be no difference in adjustment
ratings between the two. groups.

ii. Statistical Test: The Fisher Exact Probability Test was sclected
because the catagories—adjusted and maladjusted—are r+1-
tually exclusive. and since the N s small.

li. Data
Adysted  Maladjusted
youngest children A 1 ) 8 9
older children C 6 b 0 6
7 8 15
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1. Hypothesis: Theie will be sigmificant difference ainong the
group’s performatce under differen conditions
Null Hypotehsisi There will be no sigmificant duference
among the treatments.

n Statistical Test: The Fnedman Two-Way Analysis of Vanance
was used 1n this case because the data was ordinal level 1n
measurement with matched samples

i Significance Level: Let 2 (alpha) = 05 N = 9 {the number
of students in Mr McGer's reading class)

v Duata

Names Scores

Defr- Ety-

mitions Ranks | mology Ranks | Stones Ranks
Mary 5 I 8 2 9 3
Greg, & 2 9 3 7 i
Tom 7 2 6 1 9 3
Rence 6 2 7 3 5 1
Tony 8 2 9 3 7 |
Ray 8 i {1} 3 9 2
Ann 9 3 8 2 7 |
Ruck 5 1 9 3 8 2
Martha 10 i 9 _I_!__ 7 _I_

R = 17 R = 20 R = 15
)



v. Computalion
12
taem—— — ¥ () - N |
I Xr Nk T D (r) th+ I3
N = number of rows
k = number of columns

R, = sum of ranks in cach individual column
% = directs one to sum the squres of the sums of ranks
over all three teaching methods
: 12
2 o —— .
2 X' = SO 1)(289+ 00 + 228 -39+ N
12
= —— -
X! = 08 918 - 108
Xet = .11 (806)
Xr! = §8.66

3. Consult Table N where K = I N = 9
Significant at the 05 level = 622 = Xr?

vi. Rejection region: The rejection region for the Null Hy pothesis
of all values of Xr¥ which are so large that the probabihty
associated with thar occurrence under the null hypothesis 15
equal to or less than a (alpha) = (5 (6.222)

vii. Decisions: Since the X' = 88.66 15 considerably larger than
the 6.222 to considerably larger than the 6.222 to find signif-
1cance at the .05 level, Me. McGee finds support his hypoth-
esis. He can reject Null hypothesis, that all the treatments
help his students equally.

Kendail Coe!;ﬁcieut of Concordance: W

The Concordance W is used to measure correfation or strength
of relationship among three of more sets of scores.” Such a measure
may be particularly useful in studies of inter-test or mter-udge
reliability or in studies of clusters of vanables. A high or significant
value of W maﬁ be interpreted as meaning that the tesis or judges
are applying the same standards in ranking the vambles under
study. Clusters of variables are studied in the example below

Example

Mrs Dema Jane Martin had the 1dea that some of her students
felt that the work she assigned was too difficult to perform. there-
fore they didn't even try to hsten or make their best cfforts She
wants to find out if there is a refationship among the variables lack
of self-estaem, reading comprehension scores and fear of fallure
scores.

1. Hypothesis: There will be a signaiicant strong relationship
among the three vanables. sclf-Csteem tas measured by the
Self-Esteern questonnaire), fear of falure (as measured by the
test of that same name) and achievement {as measured by the
SRA Reading Comprehension Test).

Null Hypothesis: There will be no significant .clationship
among the variables.

ii.  Statistical Test: The Kendall Concordance W was used in this
study to find the strength of rclatronship among three vary-
ables and the data is ordinal level in measurement

T i, Significance Level: Let a (alpha) = 05. N = 15.

iv. Computation
Data

Q

RIC

Aruitoxt provided by Eic:

Self- | Fear of (Rﬁ -
SRA | Esteem | Failure - R . Sy
Student Rank |Rank [Rank R, NN
Debbic 12 14 12 K 1373 188.51
Linda 3 4 4 | -1327] 17609
Patnck 2 [ 3 1| -1327F 176 00
Allen ] 10 B 29 473 237
Stove 13 12 4 39 1473 21697
Alice ] 3 5 9 1527 233 17
Wilham 7 6 7 20 427 18 23
Pam L] 9 10 27 27] 745
Terry 10 8 9 27 203 745
joan 4 | 2 7 1727 | 298.25
Mike 14 13 13 40 1573 | 4743
Fred 5 2 1 8 16 27 264.71
Marty ] . 7 [ 19 527 2777
Sue 9 15 15 3o 1473 | 21697
Kevin 15 13 12 40 1573 247 43
5 M2 M
N N
= 2348 89
$
Equation W= T (N~ N

IR},
$ ;E (R, - T\IL *sum of observed deviations from the mean

of R, = 2348.89
k = number of sets of rankings = 3
N = number of subjects {students} = 15

L. 2348 B9
T NI2(3R(15° - 15)

_ 234889 _ _2%389
VIZ(9) B360) ~ 2520

W = 932 Since N 7 find x* {chi square)

2 x*=K(NN-1)W
X = 3{15 - 1).932
= 39,144 -

df =N-1=215-1

4. Consult Table C. (If N 7 consult Table R) df = 14
Critical value for .05 = 23.68

v.  Rejection region: In erder to reject the nuil hy puthests x” must
be equal to or greater than 23.68

vt Decision: 39.144 15 greater than 23.68, therefore Mrs Martin
may reject the null hypothesis at the .05 level of significance.
She finds a significan! relationship among the three vanables
of achievement, sclf-esteem and fear of failure :

*The data must be ordinal or ordered in 1ex ¢l of measurement

Kolmogorov-Smirnov Onc-Sample Test

This 1s a goodness-of-fit test It 1s used to determme the degree
of agreement between the distnbution of a set of sample values
(observed scores) and some spealied theoretical distribution The
Kolmogorov-5mirnov test is useful with ordinal or ordered level
of dala, particularly if the number of sccres in each Catégory s
small. This test 1s more powerful than its Counterpart the chi-square
test in rejecting the null hypothesis when it is false, so the stabs-
tiaan has a better chance of getting significant results by using the
Kolmogorov-Snuuov test than by using the chi-square test
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Example

John Stock’s Sth grade students are classified as having the luw et
language arts ability of all fifth graders in the school Most of these
studenls have been in this low grouping throughout grade schoul
Many of them have also been discipline problems throughout ther
grade school days. Consequently, John as instituted & pusnt s stem
to try and improve the disapline in his room e wants to find
out if the class likes the potnt system. 0 he admunistered a ques
tonnatre to hos studenls. His study follows,

i.” Hypothesis: The students will rate the poinl system sipmin-
cantly highly as measured by the questionnaire
Null Hypothesis: The number of students who rate the point
system high will equal those who rate it low,

H.  Statistical Test: The statistical test whichis appropnate to Llest
this hypothesis is the Kolmogorov-Smicnos test because the
data is of ordinal scale and it is compared with a thcnn.'llc\I

distribution.
m. Significance Level: Let a (alpha) = 01, N = 20. number ot
students.
iv. Computation
Data,

Score on Quesionnatre (10 = high pref-
crence}

11213141507 78)92]10

f= numberof subjects| 0| O[ 1o |2 4]3|2F4F} 4

choosing rank )

(X} = theoretlcal cu-f 1] 2| 3| 3| 5| 6| 7| 8] 9|10
mulative chstri | 10 jo[ 1010 |10} 107 10| 10] 10| 10
bution under
H,

$250) = observed curt 0| 0| 1| 1} 3} 7/ 10112} 16]20

mulative dis-[ 50 [26 (20|20 |20} 30| 30[20] 207120
tnbution

L8y = | 2) 4] sl 7] 7f 5| af 4] 2f

20120120¢820120120720120120

highest . (X) - S, (X)

Equalion . .

l. F,(X) - S4{X) = DHighest D = 7220 = 3.510 = .35

2. Consult Table € .01 probability. N = 20, Significant D = 336

v. Rejection region: To reject the null hypothesis D .56.

vi. Decision: John's data shows 35 which i5 less than 356, Ile
can reject the null hypothesis and finds support for lus hy:
pothesis that his students hke the paint system.

3

i

Kruskal-Walis One-Way Analysis of Variance
by Ranks

Thus test 15 used to determine whether two or murc inde penJuont
samples comes from the same populalion or whether they can be
said to besignificantly different from one another, The test assumes
that the variable under study be at least vrdmal Jevd of measine-
ment and havé an underlying continuous distribution. This means
that the variable may have any value in a certain interval. not
restricted to isolated values. The Kruskal-Wallis test has a relative
power of 95.5% compared to the parametric F test.

Example -

Joan Rollinson taught twenty-seven third graders. who had var-
tons levels of abilitics, She is trying to find the most efficient maode
of giving Instructions for the children in her clgss.

62 .
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Hy pothesis; There will be significant difference in performe
ance on the st among the three groups mewening vral ine
struclions. wrntten instructions and bolh.

Null Hypothesis, The performance uf the diflerent groups
will be no ddferent.

Statistfcal Test: I?igrubk.ll Wallis test is chusen bes ause Juan
15 looking for stat(stical sigrutieance AMONE b f mgre »amr
ples and the data i urdinal level in measurement
Significance Level: Leta (alpha) = 05, N = 30 number of
sludents,

Computation
Data
Oral Rank Wnitten  Rank Both  Rank
17 75 1 15 20 1.5
18 35 14 12 19 35
15 1.1 13 13 20 1.5
17 7.5 16 9.5 18 5.5
o 95 ¢ on M| 198 35
R = 410 Ri= 635 Ry= 135
Equation
a 12 R}
M= GRap 2N 2N+
I T
N'- N
N = number of scores
R, = sum of the ranks of 2 column squared
N, = number of scores in a column

T - ' - t{whentis thenumber of tied scores i atied group of
SCOres

Nute. N, =

LY

15 unly used tu correct for ties I there are no e

delete this part from the equaton

H=_12 @ (3.5¢ (132 -305+1)
15{15+1) 5 5 5
6+64+6+646
{5 =13
H = 12 1681
240 5
D i~
3%0
=133%2+ 7938 + 3445 - 48
20
Leoo1-
12
H = 10.12 .
Consult Table O. sample size = 5555, p = (M9 = 578
Rejection region: Ms. Rolinson can reject the null hypothesis
if the M derived from her data 1s greater than the Hon the
chart (5.78)
Dedsion: Since her H = 10,12 which s larger than 5.78 she
may reject the null hypothesis. Ms. Rollinson dovs find sup-
port for her hyputhesis that there i significant difference in
performance with different type of instruchion  She would

the retore. use buth vral and wntten instrusbivas to fashitate
her pupils perlormance

3969 | 172.25

5 . 5 -4

£



E

Mann-Whitney U Test

This Lest should be used to determine whether two independent
groups have been drawn frum different populations, and w hether
they are significantly different. The data must be at least urdinal
level of measurement. Mann-Whiteney U is une of the .onust puw
vriul nonparametric tests. When compared tu the parametrn T
test, 1t had 95.5% of its power ty reject the nufl hypothesis Mann-
Whitney U 15 a useful alternative to the T-test. then, when the
assumpbons of a parametric st cannot be made

Example .

Marlene Prscitelh noticed that her students with dominancy prub
lums in the remedial reading <linie seemed to have mote problems
with reading comprehension than the other students. She deaided
tv hnd vut if thyre was a sigmificant differenie betneen the tuo
groups. Her study follows:

t. Hypothesis: There will be a sigmbcant difference 1n achieves
ment between the students who have lateral dominance prob
lems and those who do not.

Null Hypothesis: The two groups were drawn from the same
population; there will be no significant difference 1n perform-
. ance.
Statistical Test: The Mann-Whitney U test 1s chosen because
the data 1s ot the ordunal level of measurement and Marlene
is looking far significant difference between two independent
groups.
Significance Level: Let a {alpha) = 05. N = 2, students with
dominance problems. N = 6 students with nu domunance

problems
v Compulation
Data
N I| 41| 45 |
N 2 78 73 82 90 51 68
1 0 |s|m|ms]e]n]s]|a
NP, PN g TN TN, TN TN,
\ * U = No. of N's preceding Ny's.
U=20

2. Table]N, =6 U= 0N, = 2 Significant at .036.

v. Rejeclion Region: The U has to be so small that there weold
only be .05 chance or less thal 1t could have occurred by
chance. in other words the significant level must be 05 or
Tess.

Decisions Since the significance level for Ms Pls%elte!t's data
is equal to .036 which 1s less than 05, she finds support for
her hypothesis thal students with laterality problems also
have difficulty in Teading. She may reject the null hy pothesis

Vi

Randomization Test for Two Matched
Samples

This test is a useful and powerful nonparametnic technique for
testing the significamt difference between the means of twu
matched samples when the two samples are small. It requires at
least interval measurement uf the vanable being studied. There s
no assumption of normal distnbuttons or humogeneity of vananwe
(which means the two samples dont have to scores equidistant
from one another) hke the comparable T test assumes. The Ran-
dormization test efticiently uses all information and therefure its

Q
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power lo reject the false null hypothesis 15 essentiall 100%. An
example is shown beltw, However, if the samples are large, the
Wilcoxon test may be more efficienito use

Example

. Mike Brown s wonuerned that ¢ of By studunts aren’s dung,
as voell un his tests ag they atevapable of duing He feels that they
get tun anxious and feul they will Aunk the st To vanly thys
observativn he administered the Fear of Falure test and found a
hagh negatine » urrelation bebwven the sceres un that test znd his
own teading tests, Mike therefore deaded to g the student an
optwn to retake the test as often as they want He wants o find
out if the students wall do better on the tests of they feel tess pra s

sure. s study is shown below,

1. Hypothesis. Thore will bu g signsfnant inoecase in reading
scores when the students are given an opliun to retake the',
tests, : .

Null Hypothesis: There will be ny differencs an the two scares

u.  Statistical Test: The Randomization Test lor Maiched Pairs 15

chosun because the interval level of measurement 15 used, the

samples are matched and Mike 15 {ovking for significant dif-
ference

Significance Level: Let a (alpha) =

m. 05. N = number of pairs

o = 8.
#iv. Computation
Data
Dhficrences betweenoplionino ©

Names option
Tna +19
Ed +27
Marty -1
Larry +6
Pam 4 a7
Michelle , 1.3
Amy -4
Tom. +3

Six most extreme positive outcome (@ -
(alpha) = .05}

Outcomes | Ed.
i +19 +27 +1 +6 +7 +13 +4 +3 80
2 +19 +27 -1 46 +7 I3 +4 £} 78
3 +19 +27 41 +6 +7 +13 +4 -3 W
4 +19 +27 +1 46 +7 +13 -4 +3 A
5 +19 +27 -1 +6 +7 +13 +4 =3 72
6 +19 +17 =1 +6 +7 +13 -4 +3 70

v. Rejection region: Mike Sdata falls into une of three sixextreme
outcomes than his scores represent a sigmficant difference of
a {alpha) = 047 .

Decision: Swince Mike's set of data did match one of these |
extreme outcomes, he achwved sigmificant results at .05 prob-
ability (alpha). He can reject the null hypothesis and finds
support for lis hypothesis that giving a retake option on his
tests will improve ks studenis’ scores.

vi.

Sign Test

The Sign test uses plus and nunus s1gns rather than quantitive
measutes s ite Jata 11as partwularly wseful with data which can
nut be guantitatively muasuted but in which i is possible to rank
with respect tu cach uther the two members of each par The onl
assumption s that the variable measured has a ~rlinuous distn
bution. that 1s, the data win take an any valiie Thas toal 15 10 be
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used when the subjects are drawn from matched samples This
can be accomplished erther L, using the subjdts as ther uwn
controls {testretest) or by usig different submats whih are
matched in respect to the elevant v anables The pewer of the Sign
test to reject the false null hypothesis 1. about 95% when N b,
and as the sample increases its eventual puwer s 637 A sampl
+problem is shown below N

Example

Joe Risk’s sith graders having been labelled “'truublemahers”
early in their grade school careers were constantly disrupting ns
reading dlass. AsMr Risklelt these distuptions were not conductve
tolearn ; esther for the troublemakers or the other class members,
he decided lo try a token economy in the class to decrease the
acting qut behavior He put the class on a point svstem, in which
the class as a whole could earn points for partiapating in class and
points were taken away for disruptive behavior The puinis earned
went toward the privilege of getting out of class early on Friday
Mr. Risk wants to find out if this point system 15 an effective way
of controlling behawvior. A synopsis of his studv follows

1+ Hypothesis: The children will receive a higher behavioral rat-
ing after the use of the point system. where | = distuptive
and 5 = well behaved
Null Hypotehsis: There will be no difference before and a' ¢
the use of the point system

. aabiztical Tesk The sign test was chosen because the meas:
urement is ordinal and the samples matched

i Significance Level: L=t a {alpha} = .05. N = 7 students (this
may be reduced if there are ties)

iv. Computation
Data

Carectien of

Mame Pre-ratng { Postrating  Dhfference Sign

Frank
Eddie
Miich
Rita
Suzanne
Leta
Tom
Rick
Mike
James
Chns
Bob
Barb

|+ e &

ALNAMAAAAVVYAAATLAAAR
[E R RN Y MRV SRVCRYIIS WS S N

A I A

B 0 R 0 W e e N e g G e B W)
L R R R I R W N RN VTR Sy v
B I R N S N AN L S L

N = 15X = number of fewer signe = 2

1  Consult Table DN = 15, X = 2. p = 004
v. Rejectlon reglon: Joe may reject the null hypothess of p -
05

vi.  Decision: Since p = 004 whichs less than 05, Joe can reect
the null hypothesis and finds support for tus hypothesis that
the point system reduces disruptive behavior He will con-
linue to use the point system

The Spearman Rank Correlation Coefiicient:
Rank

—_—
LY
L a5 st sumetunes called rtho s one of the bedd knotn
nr <teal 1t was developed to determine the amount ot

RIC

Aruitoxt provided by Eic: ' 4 -

2 Consult TabieI" N = 15 agnihcarne devel

relatonship between vanables whith mid be measurable at the
ordinal level Huwever, no relatwnships can b established using
this test, unly degree of relabonship  The more the ranks wuhin
two sets of scozen agree, the o gher the pusilivg wirelation, the
more they dnerge Irdm vne anuther, the bagher the Regative -
relatwon If there is nu dissernable patteen tu the varaables sarance
n relabion to one another than there 15 smd o be fow corn tatwn

" or little relations, i1p between the scores The Spearman Ranx Cor-

relation test has 9% oi the power ta reject the null hvpothess of
the Pearson 1, a comparable parameton tes!

Example

John Stock wishes to find out # two tests he grves his class at
the beginming and end of every vear measure the same aptitudes
The two tests are the Woodstock Reading test and the reading
section ot the Metropohtan Primary 11. He will determine this by
finding the strength of relationship betwoen the scores s biith
graders obtained on the two tests (see p 473 A synopsis ol this
portion of his study follows

1+ Hypothest : There will be a signidianthy strung positive re-
lationship between the scores obtamed on the Woadstock fest
and the Metropohtan Pamary 11 -
Null Hypothesis: There wall be enther no relatanship or neg-
abive relabonship between the scores obtained

N Statistical tesk: The Spearman Rank test witl be used because
Mr. Stock wishes to find the strength of relationshep and the
data 15 ordinal level of meaRurement

m  Signiflcance Level: Let a (alpha’ = 05, N = 15 (studenis or
sets of scores)

w.  Conpulation

Kletra
poh |
tan
Woend n
slock = | man
st n tdiffezence) | thillerenied
Name score Rank | score Rank di it
Jean 14 4 0 0
Tony 4 4 0 0
Rachel 13 11 2 4
Tim 5 3 2 4
Ann 10 12 -2 4
Lela 3 2 1 1
Tammy 1 1 0 0
Rick 7 9 2 4
Ruth 8 6 2 4
Mary 2 ) -3 9
Phullp 12 10 1 1
Clark 12 10 2 4
Kevin 6 7 -1 1
Mike 15 15 (] ¢
Pam 11 | 13 -2 4
’ du < 40
Equation
1 B ar
s = ——-—-N, N
& (4
r 15y - (1)
L o
T3 s
re = | 210
° 3360
s = 1 07
rs = 93

(M. tntwal value
of s = 425

v Rejection region. It « r ~wore s Jargier than the undial calue
ol 15 Listed in T then e can rejed the nuldl by potheas
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wi Decision: Since Mr Stock’s value 93 was barger than the cnit-

ical value 425 ke can reject the null hvpothesis and hnd up

port for lus hypothests that there 15 a relationship between

the Metropulitan Prnimary and Woodstock Reading fests

Wilcoxon Matched-Pairs Signed.Ranks Test

Thas test 13 used 1o determine of there 1s sigmbcant difference in
direction and magnitude between paies of scores For example af
a teacher 1s ainterested an ascertaiming whether more achievement
scores increased or decreased and whether there was a higger dif-
fetence m the scores which increased or those which decreased,
then {shhe would use this me* od

Teacher will use Statistical Models 4, 3, or 6 1n conpunction sith
this test The data must be ordmnal level, 1 ¢ the teacher must be
able to make a judgment of greater than between any par's two
perfurmances

1f all b*s<e cntena are met then use this method rather than the
Sign test, as the wilcoxon 1s more powertul than the Sign, that 1s,
1t wses more information than the Sign When compared 1o the t-
Test {a parametnc test), 1L fuund to be about 959 as efficient
This 15 powerful lor a nonpar imetric test

Example
Kathleen Bergman s trying to determine ff the PLATO pre-
grammed instruction techmque improves children s learming
1 Nu" **ypolhesis: There will be no increase in the achevement
s+ » pblained or: the pre and post test given to the children
e and after treatment
Hypothesis: There will be a sigmificant increase in the achieve-
ment scores oblamned on the prelests and post tests
u  Stalistical Tesl: The wWilcoxon Matched-Paws Signed-Rank
Testis chosen becaus. the studv emplovs two related samples
(two sets of scores for each child) and 1 yields dfferent scores
which may be ranrked in order of absolute magnitude {absolute
difference in the two sCaTes)
m  Significance Level: L o (alphd) = 025 N = Number of
pans of scores or number of chuldren manus any paies of scores
whose dilference wes zefo

Q
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Rank
12-2 = with
A= Post | Dnifer- less fre-
Pretest test ence Rank of quent
w Data score | score d L sign
John 63 82 14 8
Suz 42 69 27 9
Fred 53 55 0
Larry 74 73 -1 -1 (-11
Tim w 13 o 5
Mary 5! 58 7 b
Rob 43 56 13 7
Terry 80 76 -4 3 (=13
Joe 50 60 0
Mac 79 82 3 2
Los %0 85 -5 -4, (-)4
Ed 40 70 30 10 BT
v Equabon—none for N = 23
(For N # 25 theequation s = 7 = T - N(N + |)
4
N{N+ 12N+ Iy
24

Nn this study = 10 < 25 Therefore go darectly to Table G
Find 025 ynder one taded test Find 10 under N

w1, Rejeclion region: Since the direction of the difference 1s pre-
dicted (1 ¢ the scores will increase). a one-tailed test 15 ap-
propnate. The region of rejection consists of all values of T
so small tnat the probability associated with thewr occurrence
under the Null Hypothesis 15 less than or equal to a {alpha)
= 025 for one-talled test.

v “ecision: Only three children in the study regressed while
using PLATO Looking at Table G with N = [0and T = 8,
50a T = 8 allows us to reject the Null Hypothesis at a (alpha)
= (25 for a one-talled test We find support for Kathleen's
hypothesis the children do show significant increase in the
achicvement scores obtained on the pretest and post test
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Appendix 3: Tables

List of Tables*

Table A

Tabe of Probabiiies Assocated with Values as Extreme as
Observed Valucs of 2 in the Nommal Distnbubion

TableB  Table of Cntical Values of t

Table C  Table of Cnheal Values of Chi Square

Table D Table of Probabiibes Assonated with Values s Small as
Observed Values of x in the Binomial Test

Table E  Table of Critical Values of D wn the Kohnogorov-Srimaov
One-Sample Test

Table F Table of Cnticad Values of ¢ in the Runs Test

Table G Table of Critical values of T in the Wilcoxen Matched-Pars

. Signed-Ranks Tost

Table | Table of Critical Values of D (or Cin the Fisher Test

Table J Table of Probablities Associated with Vatues as Small as
Observed Values of U in the Mann-Whitney Test

Table K Table of Cntical Values of U the Mann-Whitney Tust

Table L. Table of Critical Values of Kin the Kolomogorw-Smmov
Two-Sample Test

Table M Tablé of Critical Values of D n the Kolmogorov-Snumov
Two-Sample Test

Table N Table of Probabiditics Associated wath Values as Large as
Observed Values of X! in the Fnedman Two-Way Analves
of Variance by Ranks

Table @  Table of Probabiliies Associated with Values as Large as
“m~rvad Values of H in the Kruskal-Wallis One-Way Anal-
¥815 of Vanance by Ranks

Table P 1abl> o Cnbical Values of s, the Spearman Rank Cotre-
lationy Coefficient

Table Q  Table of Probabilites Assoqated wilh Values o« Larste as
Observed Values of $in the Xendall Rank Corelaton Coet-
hcient

Table R Table of Cuucal Valies of < iy the Kendall Coethaent of
Concordance.

Table S Table of Factonals

Table T Table of Binomual Cocfficents

*All tables from

Siegel. Sulney Nonparametr Slatistwes, New York, N Y Publsher,
McGrav-Hill Company. 1956, pages 312

O
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Table A, Table of Probabilities Associated with Values as Ex- Table B. Table of Critical Values of ¢ -,
treme 25 Observed Values of 2 in the Normal Distribution

The body of the table gsvel one-tailed probabilities uader Hy of @ The left hand Leved of ssgnsficance for one-laifed test
murgedl ealumn gaves vanous welues of 7 e une deomal place The tugr row e 5 5
vanous values to the second deamai vlace Thus. for aample the wne-taned pod 2 = 1 | 0 I 02 | o ' vos | 000’
ltorzs = Msp = 4562 df Level of sigaufance fus tuo-taded test
1 w foadlealoowloloes|ow|wlwl|lw 20 i s " ol a
[ 5000 | 4960 | 2920 [ 4880 | 4530} 4801 | 476l | 4721 4681 ) 41 I 1078 534 12 fos M 2 01657 | ewelo
1 4602 | 4562 | 4522 | M3 | H43) WO | 4w | 9925 | 4286 | 4247 £ 886 1900 1w 965 w925 1 598
2 407 | e8| W] w0 | o5z ] 013 )] 973 9w | 997 | wee 3 [ 638 2153 1182 14 S #41 1291
3 3820 | 83| 7S | 3007 | % | 3ea2| WM | ass7 | a0 um L] 1531 21m 257 (%2 1 6l #610
4 a6 | H09 | 3z aase| 3330 3264 | 228 | 92| 15a| M2 s 1476 2015 2871 1S 1032 & 859
’
5 aoss | dos0 | 005§ 2921 | 2046 | 2912| 2877 | 23| 2810 27 b 1440 198 2397 1143 1ror 5 950
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Glossary

ABILITY TESTS

Tests that purport fu me..uee an indinosdual » oy er-all tachiv i
duing given things Often a distin o 1w attemy ted between that
facthty whach results frum heredty and that which results 1rum
tearming In Such cases, abidity tests are sswually apphied to the  na
bve” aspect and @ hievemient tests to the Lurned aayedt

EX—I) tests, Dorminance tost

ACHIEVEMENT TESTS

Tests that purport to measure an indwidual pertormance of coun-
petence reElive to a given subject, usually a subject taughtin the
schools Achieverment tests are concerned with learned outcomes
(generally knowledge and'or understanding) rather than “native
capacity or ablity to learn the subject

EX—Metropoltan Achievoment Tests, MacGimtie

AGE EQUIVALENTS

A method of expressing scares on standardized Wats The raw score
typical of pupis of different ages » determined and then o »
pupil’s raw score may be converted to the age to which ot pertains
Usually given in years and months

EX—mMental age = 12 6, reading age - 10 4

APPLIED RESEARCH

Ams to solve an immediate practical prablem it 15 research per-
formed i relation to actual problems and under conditions in
whach they are found 1n practice

EX=—I5 orai presentation or wriltten proseilatui mote ettective i em
proving sttidends  perforntance on fals® I rembing wosiprebensaan o
proved by using the mdwrdualied approach a« upposed 1o the
tradeio wl reading group approach?

RAR GRA 'H
Any graphic presentabion that uses bars of various length to sem-
bohze differences 16 quaniity, size, amaunt, vic

i

3145678 9%

(]
-—

Sue Bl Joe  Tima

BASIC RESEARCH

Has as its aim obtaining data that can be used to formalate, expand.
or evaluate theory. Its essential aim 5 to expand the fronliers of
knowledge withoul regard to practical apph-atior., thoagh the e
sults may be used Lo solve pracuical problems

EX—Is there a relattonship betv. een disruptive behavior and read-
ing achievement? Is there a relabonship between oral language
skills and written language skills®
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BIMODAL

A distnbution of measures, partiabarhy ost soores, with tao Jou
ot central fendency tather than v A supirinial indication of
hl]‘[un’“‘!dlll} i~ the preseme ot b mande s e pamtvd osufes ur
seure antevale whose freguenay s apprecably Ioss than that of T
modes Bimuodality in a distnbubion can bu suggestive ol several
atinbutes of the group or uf the test or uwer measuning prowedure

<tn gse Bt often indicates that the group whivh 1s bimodal involves

two subgroups having importani mean differonces s to age men-
talty. reading atihty. nationahis, et
Ex—

"

v,

Number of students obtaining this seore
¥

WIS 0 I8 M 3E 4 4
CENTRAL TENDENCY

In & distebubion of scores OF Other Measures, the pont or ntenal
which a plurahity of manmty of seeres ends o duster Laless there s
such @ dustering, the distabution has nu weniral tende i

1 X—Ail distmbutions have a contral tepdena

Number of students
oblaining this score

20 W 4 5

Scotes on tocabulany rest
4 . |

This distFibrution daes ol haee a central tendemy

ubsaiming *his scere
1%

“\umber of students
19

Scores R X0 0 4 SO

‘r
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CHECK LISTS
A device used 1n Observabion to Jirect attesstion 1o factors to be
observed 2nd somehimes W ponade space for recording ravrgs ar
comments relative to them
EX— f

1 Can read accurately at a rate of 15 wordsirwnute

2 Can diserimminate between two sumiarly spelled wards

s, Can folfow -rally given direction

C.A., (CHRONOLOGICAL AGE}

A ctuld's age expressed in vears and montas Used in rechoning
the intelligence quotient and any other index volviag & compar-
tson between skill or knowiedge and age.

EX—Billy 1s five years and thiee months old HISCA - 53

CLASSIFICATION

One of four basic forms of raeasurement {types of measurement
symbels), lnvelves the establishnf®ni of cates Jnes {(classihcalion),
the designation of symbols for "he categones, and then the as-
signinent of the symbols to phenamena according to the category
to whith they befeng. This s sometinaes referred to as the Noemanal
Level of measu rement

EX—Blood typing. draft classthcations A B, C, D F as course
marks

COEFFICIENT OF CORRELATION (r)
A measure of the degree with which the vanation of une vanable
15 assotlated with vanahinn of another vanable

EX—-., .

Intelligence  Grades Conclusion
Joe 113 2 35¢gpa
Sue w3 {4 25 gpa If vou have hugh -
Fred e Gy 203gpa telhgence voeu'll
Linda 130 4h 10 gpa have high grades
CONCEPT

Y .

An abstraction from observed vvents. it 15 a word that represents
the imilantics or common aspects of vbjerts ur events that are
otherwise quite different from One another The'purpose of a con-
cept 1s o simplify thinking by including a aumber of evtns under
one general heading.

EX-——Words such as chair, dog, tree, hquor and thousands of others
n our language represent common Aspects of otherwise diverse
things ’

t

CONSTRUCTS

Higher tevel abstractions that cannot be eavils dlustrated by point-
ing to speahd obyects ¢z weats

EX—Problem-solving ability, motivation: justice or mtefligence

CORRELATION .

The statestical techmique used for me - ning the degree of rela
tionship between two varmables is callea correlatine Correlation
shows us the extent to which values tn one vanable are binked or
related to values w another vanable An ymporfant use of such
measurement 15 in predicnion When correlational analysisindicates
some degree of relationship between two vanables, we can use ik
wformation about one of them to make predictions about the uther
EX-—Having found thzt mielhgence and achievement are vorre-
lated, one can make predictions about the feture achtevement ut
school children from the resuits of a test of intelhgence grven at
the beginning of the school year The accuracy of such pre-liction
15 a function Of the degree of refationship. that s, the extent of the

correlatt:  The lgher the coreelation, the more accurate the pre-
dictions. .

re
CRITERION

Anything with which » measunng procedur 15 compared in de-
teemupng 1ts validity Specihcally & meastinng procedure tor o

Q
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given phenomenon for which exemplary vahdity 15 claimed or as-
sumed and with wnich other sumitar procedures are asked 1o have
hugh posive correlations

EX~-To show your reading program's effectivencss, you deade all
children must advance one yearin abibty toread The smprovement
goal of one year 1s yoo. ntenion

CUMULATIVE FREQUENCY

A column 0 2 conventional tabulanion of scores or other measures
that shows the frequency Of scores up 1o and including any gven
nterval.

EX—

Mo of sadenrs L umulabive
oecRlang wort S I equency
H 9% 4

3 ¥5 5

3 Wy 4

b 75 3

1 Al i
DERVIED SCORE

A test score that has been converled to an index of rank, scale
posihion, or classifications as disbinct from a raw score. whichis the
number of cotrect responses Or the immediate numencal woght
gven the test Percentile rank. standard scores. mental age
EX—4& child gets 9 spelbng words nght out of 10, he got a 90%
He did better than all the rest of the class His denved score s A

DEPENDENT VARIABLES .

Vanables that are a consequence of or dependent upon antecedent
vanables In iesearch studies. the dependent vanable is the phe-
nomenon that 18 w1 object of study and investigabion 10is the one
that must always be assessed

EX-—This 15 somenmes called assigned vanable

DESCRIPTION

. Aninformal type of measurement expression used fo indicate dhe

w

status of phenomena in which ordinary language 15 used The
nformation 15 not quanbfied Ths 15 also called the Nominal level
of measurement. ‘
EX—Scale rank and classthication symbols associated with appraisal
of atizenship. study habits, social adjustment

DESCRIPTIVE RESEARCH

Dascnbes and 1nterprets what 5. 1t1s concerned wath conditions or
relationships that exast. practices that prevail. behefs. points of
view. or atfitudes that are held. processes that are gong on. effects
that are being felt, or trends that are developing

EX—There are severaf subcategones of descriptive research

a  Case studwes

b -Surveys

¢ Developmental studies
d  Follow-up studres

¢ Documentary analywis
{ Trend studies

g Come'ahonal studies
DEVIATION

Departur 2 from a givestcondiion In particular, the nemendal dif-
ference batween a test score or other measure of an admvidua) and
gven poind of reference. usually the mean of a group of st scores
or Other theasures

EX—-The class average on a test
large deviation

#, Ml recewed 2 35 This s a

DISTRIBUTION
A table or graph showing the scores or other measures found tor
a groun, w) arranged that the number who have a given score or

who fal withun » grven range of scares » apparent
EX—




Q
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Number of people 6008
reCeIvIng score

) 4000

joio

00

EQUIVALENT FORM

Either of two forms of a measunng instrument. particularh astand
ardized test wihich s parallel in content. difticulty, and nurme, but
different as Lo terms

EX—Stanford-Binet Forms L and M

EVALUATION

The process of assigning sumbols to phenomena These svmbols
signify the worth of the phenomena relatie t some scheme of
value

EX—Grading student’s paragraphs A, B. C, D or F

EXPERIMENTAL DESIGN

The conceptual framewotk within winch the expenment 1s con-
ducted #t serves iwo functions [ provides opportumity fo- the
compansons required by the hypotheses of the expenment and 1t
enables the expenmenter through his statistical analysis of the data
to make a meamingful rnterpretation of the results of the study
EX- .

One group —= pretest —= trealment  — posi-test

Exp. group === pretest — treatment | =™ post:test

Control group = treatment H—

EXPERIMENTAL RESEARCH

A scienthic investigabon in which an investbigator manipulates and
controts one or more Independent vanables and obsenves the de-
pendent vanable or vanables fgr vanation concomitant to the ma-
rupulation of the independent vanables [ts major purpose I1s to
determine “what may be ”

EX—Will subjects recenvang individuahized instruction achieve
more than the students receiving tradinonal reading group instrue -
tion? :

EX POST FACTO RESEARCH

Simlar to expenmental research except Investigator cannot diredtly
mampulate independent vanables

Ex—Dhd my students achreve less than a cumparable<Jass b ause

. they didn't have a regular teacher?

EXTERNAL CRITERION

One needs an external cnterion that 15 Lnowi. to be a measure of
the vanable svolved and ran be yse § to compare one’s predictions
Success in college, as reflected by grade point average 15 & ciearly
defined external enterion for vahdating those tests that are con
structed for the selection of college applicants

EX-—Number of library books re ad ouw'side of class assignments 15
an external criicrion of reading «xjoyiaent

FREQUENCY

Refers tn statistirs to the number of tmes a score 1s tepeated vr fe
the number Xf scores appeanng in a given nterval

EX—Joe and Sally got 85% on the speHing test. Fred. Donna. Shirley
and Bob got 80% Frequency for 85 = 2 Frequency for 80 - 4

84

FREQUENCY DISTRIBUTION

A systematic arrangement of individual measures from haghest to
lowest The use of this technique merely involves makirg a fist of
the individual measures in a column. with the highest measure at
the top.” the next haghest. second from the top. continuing down
unti} the fowespmeasure 15 recorded at the bottom of the column
EX—

# ol prople ne

£ t watds vt st leegun my

R -

A1
S
3
1

GRADE EQUIVALENT

The grade for which the ability i< tvpical

EXx—hathy 15 achieving at the 4th grade lecel. 3rd month on the
Metropobtan Achievement sty Fler grade equivalent s 43

HISTORICAL RESEARCH

A procedure supplementary to observation A process by which
the hustonan seeks tv test the truthtulness o the repurts of ubser-
vatwons made by others Jts major purpose 15 to tell what was -
EX—Tracing the evaivation of the open classroom

HYPOTHESIS

A tentative proposition suggested as a solutton to a problem or as
an explanation of some phenomenon 1t presents in simplet form
a statemoent of the resvarcher's expectations relative to a relation:
ship between vanables with the problem 1€ s then tested in 2
research study

EX--Students who attend a remedial nrading dimic five hours a
week will improve thar scores on the Metropolitan Primary
Achievement Tests sigmficantly mere than students who attend
the chme for only three hours a week

INDEPENDENT VARIABLES
Vanables that are antucedent 10 the dependent vanable are called
independent vanables Thisis the factor that1s measurably separate
and distinct from the dependent varable bul may relale to the
dependent vanable Many factors that may function as independ-
ent vanables are discomanate aspects ot the environment, such 2s,
social class, home environment. and classroom conditions [n ad-
dition, charactenstics of the indnadual himselt such as age. sex,
intethigence and motivation—may be independent vanables that
can be related to the dependent vanable
EX-=A chitd’s height (dependent vanable) would be dependent to
a certain extent gpon his age (iIndependent vanable) These terms
are uiten ysed even in the absense of umpsnical ur theoretical rea-
sons for censidenng one {0 be the antecedent and the other to be
the consequence They are wsed to indicate the dicechon of pre
dichon—ifrom ndividuals” positions on the independent vanable
to thewr posiions on the dependent vartable This 15 sometimes
calied tho active vanable Examples of Dependent and independent
vanablus

1 Reading achseveniont 1D V § 1 affected by Self-conaept (1 V)

2 Word knowledge (D V) s dependem un Secal e atatus
iv)

3 Reading achrevensent (2% j s dependent un Readiy crovment
Iy

INFERENTIAL STATISTICS

The process of gong from the part to the whole A populaton

compnses all the possible cases (persons. objects or events) that
whstitute a known whoie A sample¢ s & purtion of a population
EX~A representative sample of 1000 six year vld children vblain

a mean raw score of 48 un the WISC It 15 then inferred that the
average” 6 year old will obtain a seore of 48 »f the WISC
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INFERRED DIMENSION

A property or quality of a phenomenon nol itself observable but
imput or mferred to a phenomenon.

EX—A child’s knowledge 15 measured by an [ Q test

INTERCORRELATION

A term applied to cach of the correlations among a group of tests
Usually displayed in tables showing the correlauon of vach test
with each of the other test. They are then used to show the extent
of interrélationships among & certain group of Yests

EX—If 2 child scores hgh on the reading comprehension tests m
Cates-MacGinte test, then he will probably zcore lagh’on the vo-
cabulary test.

INTERVAL 5CALE

Not only indicates the relative posthon of individuals but also pro-
vides addihonal information about these pesitions because this
type of scale uses predetermined equal mtervals Such scales do
not necessanly have a true zerg pownl. Arbitrary zero points may
be used, but such points are by no means absolwte. Consider -
teligence tests, for example. In thase tests there are zero ponts
and it s concelvable that one’s score covld be zero, but zero scc res
in these tests do not aean zero mielligence. For this reason 1t 15
not possible to comrare an inteligence test score ui 75 with a suure
of 150 and say the latter score 15 twice as high as the furmer
EX—~—Number of correct spelling words ot ap vsam  Score un the
Stanford-Binel tesl.

LEVEL OF SIGNIFICANCE

A stanstical lerm used to indicate the amount of copfidence in
whether or not the difference between t.vo means. two percentages
or other comparable measuves 15 statisbically sigrificant (not due
to chance} Also referred to as sigmificance of difference and sta-
tsticaf difference-

EX—If Suzie gol a 93% on a spelling est and Bill gol a ¥%, 15
Suze a s:§mficanlly belter speller, or 1s her better score simply due
to chance

MEASUREMENT

The assignment of 2 symbol, often a number. soas to charactenze
the status of a phenomenon relative to some dimension, usually
by indicaling ils scale posiior. its rank, or s classificaion per this
dimension.

EX-=Joe got 15 out of 20 spelling words correct, or 75% of them
correct This i a measurement of correct rephes Ji the score he
recesved 15 the fourth lughest test score, 135 a measurement of vas
rank compared 1o ~thers

MEAN
The most widely used measure of central tendency 1s the mean,
which 15 popularly known as the average or trthmetre gierage It
is the sum of all the valites 1n a distnbunion dswided by the number
of cases. In terms of a fe wula st X = EXAN
where. X = the mean

E = the sumi of

X = pach of the values sp thee dastnibubion
N = nembe: of cases

EX--The average or mean Reading; test score -

Jo -

Sally -
Mike -
Tom »

A3 g e

A4 - b - A

MEDIAN

Thz score or puint that divides o drinbiabion oF cores .G tivo
equal geoups with half of the seores talhing above ard haif belor
Ured as a repleszniatice score Or & neeazure Of central endency

Q
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18 21 b6 1815 the renter score, il s the

EX—Scores 4 12
median

MODE
The score or measure that occurs most frequentiy 1n a distnbution
EX— 3 students got % on thewr exam

6 students got 85 on their cxam

1 student got 84 on his/her exam

B students got 80 on thewr exam

mode=§

No. of Pupils
12345678

80 84 B85 99  Scoies

NOMINAL SCALE

The simplest type of scale and provides the lowest level of quan
thication of the objecls to be measured A nonunal scale simply
sarts objests, of classes of objects, into mutually exclusive cate-
gones. Qur data will oniy tell us how many of the .ubjects belong
to each group.or how many students of a class are boys and how
many are guls. Dividing individuals into such calegones as smokers

* and nonsmokets. Democrats, Republicans. and independents, el-

ementary. jumor high, and secondary, tall and short. and so on,
are aj; examples of nominal scales.

EX—When we label the expenmental units 10 a study as groups
A, B _, and D, or when we divide the students of a dass intoboys
and gurls, we are using a nonwnal scale in each of these examples

NORMAL CURVE

A symmeincal distiibution of measures with the same number of
cases at specified dislances below the mean 35 above the mean Its
mean is the pomt below whuch exactly 50% of the cases are located.
The median and the mode in such a distnbunon are identical values
and coinaide with the mean. In a normal curve, most of the cases
concentrale near the mean

EXemm

NORMS

Statisties based Upon a standardization group or a group thal i1s
purported tc be representative of a much larger population These
norm. are thus assumed to be representative of large prou
EX—all ffth-grade chuldren or all twelve-year-olds, grade, age
peicenhle, and standerd score norms are the tost common forms

OBSERVATION ,

The most widely used and usually most crude method of behavioral
iweasurements involves direct percepfion of the dimensiors of the
shenomenon being measured With appropnate altentional, per.
ceptual, and recording ads. observation can be a hughly rehable
procedure

£X—Frequency count—Phalhip got out of Ms scat wathoul permus-
stogr Six bmes sn the ARY ramute reading penad  Irierval count—
Matv was not attendwmng to she lesson for 40% of the thurty second
mturvals recorded

, 85
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OPERATIONAL DEFINITION

Ascnbes meaning 0 a coneepl or constract by speatving the vp-
erations thal must be pertormed 10 urder to measure thy conuept
This type of definilion s cosenhial 10 research, sinwe data must be
wllected interms of ubservable events. Whenwne dehines a concept
ur cunstruct operatonally, he chouses dissnminable cvents as in-
dicators of the abstradl concept and devises vperabons te oblain
data relevant to the concepts An operativnal defimtion thus refers
1o the operations by which an inveshigalor may measune a concept
These are essenbal to research because they permil investipalors
to measure abstract concepts and constructs and permit a scientist
to move from the level of consiructs and theory 1o the level of
observation, upon which saience 1s based

EX—Operationahized defimhion of achievemnent—scores obtained
on the Stanford Duagnostic Achievement Test Operationabzed
definiton of reading enjoyment—number of bouks read oulside
of class, not for assignmenls

ORDINAL SCALE

The use of the ordinal scale permits the sorting of ubjects orclasses
of objects on the basis of their standing relative 1o ¢ach other Tlas ™
scale not only categanzes but also ranks the objects on the baws
of some criienon A teacher who ranks has students on the bass
of their inteligence, achievement, class parttopation, disciphne,
creatmity, or anv other characiensic 15 making use of an ordinal
scale.

EX—Rank i class, percentile rank, percentiles

POPULATION

Used i an abstract sense in measurement and statistcs tonduate
any given group of things, the total group in question not just part
of ul

EX—Al the pupis in'the sixth grade n vour schuol di-tnct i the
population from whyth vour sample (the chwldren 10 vour -axth
grade class} 15 laken’

PRACTICE EFFECT

itrs known that a performance of any task alfects a reperformance
of that task, usually i the direction of improvememt Practice effect
15 the term for the sigmificance of such reperformance when the
same test is admintstered to the same individual more than once
EX—When pupils do betier on a qu:- the second time ol 15 given
n a week, is this because they know the matenal better or because
they have had practice with the question

PRETEST

Any measunng inst-ument (usualty an achievement test} admin
istered prior to a penod of wstruchion, an expenment, or other
arcumstance of interest As a rule pretests are use< to estabhsh
the 1mtal status of pupils so that the amount of thewr earning mav
be judged from the resulls of a later retest

EX—Students are given the Metropohtan Pnmary Acluevement
test in September and agawn in Mav. The tests 1n September would
be a pretest

PROBABILITY

As applied to behavioral measurement, the concept that any meas-
ure or slatistic 15 somewhat subject to chance vanaton Hence 1t
deviales from some theoretically “true” measure Such deviation
s commonly called error and its probable extent can be determuned
and stateéd mathematically See Level of Signuficance

EX—There 15 .05 or 5% chavce that these scores were vtlamed by
chance.

PRODUCT ANALYSIS

A basic procedure of educaitonal evaluation in which the things
that pupils produce i the course of insiruction are apprawed 1n
appropnale ways and given sCores of ratings

EX—Compositions, puthnes

86

.

PRODUCT MOMENT FORMULA

A widely used formula tor the corrcdati 0o thivent Set Za b the
standard score Tor vanable v T the pairs ot Za'> and 24 s lus tach
indn wdual are muluphed. thva added tur oll individuals and &
«uded by thy numiber of casts, the rsult o the product moment
furmula for the corn lativn cocftionnt The correlation coetfiaent
i the mean of the U of products ol » andard souses tor T two
vanables
Ex_.., r - LM

H

Zx = Z - seores lor all «
Zv = Z - scores for all v
n = number ol subjects

PROFILE

An analytic graphic presentabon of a pupil « crores on a tes) bat-
tery, scores On parls of a given teat marks moseveral school sub-
jects, ralines on several persanality variables, cie

EX—

MM T

Mark Snow™s achisvement scores

Maih Reading Science

RANDOM SAMPLING

The basic charactenstic of random samphng 15 that all members of
the population have an cqual and independent chance of beng
included 15 the sample That s, for eueey pan ol elements x and
y. x's chance of being selected equals v + chance, and the selectuon
of x i o way alfecls ly's probability of selection

Ex—Mary, Joe and Sally are in Ms Brown s class She deades 1o
choose 2 of them 10 do an expenment She puts all of therr names
tn a hat. They all have an equal chance 1 be chosen and it one s
chosen this does not aifect the chances of the others beang chosen

-

RANGE

The difference belween the laghest and kewest scores 0 a given
distnbution of scores

EX—If the highest score 10 a distribution os 74 and the lowesl as
30, the range wonld be R = 74 - 30 = 44

RANKING

The process of ordenng the constiluen & of a group o terms of
some dimension Rank numbers indica e the relabive position of
the constituents

EX~Scores on a reading achievement sl

S 63 61 6o &0 [:X1] 5 51

R 1 2 4 1 4 L) 75

TATING

A diredt apprasal uf a dimension i e of sottie Jesonplive sale
or vetbal dassification scheme

EXw.Children are rated by their teacher for their disruptive be.
havior 1 - very disruptive. 2 - average. 3 = gonet

RATIO SCALE
The highest level of measurement s prosdied by a ratw saale In
addition to having equal intervals. a rabo scale measures from a

iy




meamngful zero Most physical measures have a meanmgfu! zero
The scale used in educatin measarements ate seldum of this level
of measurement,

EX~Ustng a rat1o scale we can say that John 15 48 inches talk, Ralplh
15 45 inches tall, and Paul 15 44 inches tall, hut using an nterval
scale we are only able to say that John is 3 inches taiter than Ralph,
who 15 one inch taller than Paul Not only can we say that the
difference between 69 and 90 pounds 1« the same as the differencee
between 90 pounds and 120 pounds, but we can sav that 120
pounds 15 twice as heavy as 60 pounds We can do this because
zero weight is an actual possibility

RAW SCORE
The first quantitave untreated result obtained in sconng a test
Ex—bill fm 98% on vocabulary test

hHl got 83% on vocabulary test

Tony got 78% on vocabulary test

READING GRADE

A type of "riorm” score derived from standardized tests that states
a pupil’s ability to read n terms of grade equivalents Reading
grade means the school grade whose average performance s must
like that of the pupil in queshon. By nterpolation. the reading
grade be frachional As wath reading age, reading grade refers only
to a given standardized test

EX—Ann recetved a 6.3 on the Gates-MacGiaties Test She is per-
forming at sixth grade, three month level of achievement.

RELIABILITY

The extent to winch a measunng device 15 constant \n measurng
whatever it measures.

Ex—Wll Greg recen e approximately the same score on the Read-
ing Achievement test 1f he takes it a Secund time two weeks after
he took it the first time?

RESEARCH PROBLEM

A question concerning the relationships eosting between sets of
events {vanables) in education. Research 1 conducted 1n onder 1o
find answers to these queshions. One of the most fruitful sourues
for the beginning researcher is s experence as an edncational
practittoner. Decaisions must be made daly about the probabie of-
fects of educational expenience on pupil behavior

EX—What 15 the effectveness of usimg verbal nstructions com-
pared to wntien ungs?

RETEST (also called a Post-test)
A test readmsmisiered at the end of a peniod of mstraction or ather
activity, the result of which s to be compared with an earheradmin-

- 15traton of a test,

E

EX=—A list of spelling words are gwen at the begimning of the week
to determing whi ' words a chuld needs to fearn  After working
on the words ali week, a test s given Frday to find if the pupihs
learn the words The test on Fniday wonld be considered a retest
or post-jest

RHO Q)

The rank-diffcrence inweasure of corretaton  Individuals are as-
signed Fanks with respect io cach of two vanables, and for vach
indwideal the difference () in rank s determaned. These daffer-
ences are squared and summed for all cases and substitution s
made 1n the following tormula

1-6Ed
EX-=  Qirho} = ST
SAMPLE

A sample 1s a porhion of a population ‘
EX_The duldrenin Ms Smith's class 1s a- - wple of the population
of sixth grade students in that district Reading Group A 1s Ms
Smath’s class 15 a sample of her sixth grade class.

Q

RIC

Aruitoxt provided by Eic:

Uk Lk B
[T CO | I | B

_“_

SCALING

Mcasurement in terms of defined and precise umits that represent
gven amounts or degrees of some dimension. Scale numbers 1n-
dicate the number of units and herce the amount or degree of the
dimension Scale nummbers reier to a fixed point of reference, usu-
ally a zero.

EX—Rate your agreement with this statement on a scale of 1 to 5
1 = strongly agree

agree

undeaded

disagree

strongly disagree

+

SCORING

A process of assigneng a score (usually a namber or letier symbol}

to atest or pupi! product. For a test, this 1s often done by comparing

a paper with the key, marking the questions answered correctly

and adding up the lotal.

EX~Bill got 9 words nght Score = 9
Judy got 15 words nght Score
Ruth got 12 words night Score

15
iz

Wi

SELF-EVALUATICN

Any of many concepts and procedures concerned with an ndivid-
ual observing and judging lus own performrance, achwevement, or
adjustment.

EX—Coopersmith Self-Esteem Inventory

STANDARD DEVIATION

An index of vanation n a group of mesures It represents the
square raot of the mean of the squared deviatiuns of the individual
measures.

Ed
EX— SD = o
&' = difference between score and mean
n = number of subjects

STANDARD SCORE (z score}

A general term refernng to any of a number of scores that indicate
how many standard dewiations 2 measwrement 15 above or below
the mean. It 15 found by determiming the difference between the
raw scote (X) and th- mean (X} and dwiding by the standard Je-
viation (5}

XX
Ko = m—
E Z S
Bills score

Class average
Standard deviation {equation needed)

el
now

STANDARDIZED TESTS

Tests, usually pubhshed, which have been preadmunstered to a
pupulation of known charactenstics and ¥reld scores sn terms of
this population Tlos population 15 selected <o as to be a repre-
sentative samp'e of Lhe total population for which the test s de-
signed

EX—=Stanford-Binet Intelhgence Test. Metropolitan Primary
Achwevement Test, Ginn Reading Achievement Test

STANINE

Any on¢ of nine intetvals on a scale oi standard scores The “stan-
ine”” {(abbreviation [ standard-mng) scal@ spans the normal curve
in nn@ intervals of s1z¢ equal to one half of a slandard score The
stamin@ inlervals haye values from 1 to 9 and the rddie interval,

5, extends from standard scomr - Ve to + %

EX—

31




Q
ERIC
e o

STATISTICAL PROCEDURES

Basic melhods of handling quanhtahive informahon in such a way
as to make that information meamngful. These procedures have
two principal advantages for the researcher First, they enable lm/
her to describe and summanze his observations Such techmques
are called descriplive slalistics. Second, they help hum/her determine
how reliably (s}he can infer thar phenomena observed in a hmited
group; ¢ sample, will also occur 1n the unobserved larger population
of concern, from which the sample was drawn. In other words.
how well (s)he can employ inductive reasoning to snfer thal whal
(s)he observes in the part will be observe.d in the whole, For prob-
lems of this nature (s)he will need to employ trferential statestecs
EX—Finding the mean score—descriphive statistics Fandang of there
is significant differences-inferential statishcs

STATISTIC(S)
Any denved quantity obtained from a set of raw scores or meas-

ures
EX—N. mean, standard deviation, median, mede, quarble devia.
hon, correlabion coefficient

TESTS
Any of a great number of procedures in which indvidvals respond
to a common stimulation 1n comparable ways and which yield a

measure of the \individuals with respect 1o one or more dimensions
EX—Achevement tests, Personahty tests, Spelling tests, Perform-
ance tests, Ability tests

VALIDATION

The process of estabhshing on the basis of empincal data the va-
hdy of a test. usually a standardized one. by companng iis results
with one or more cnlena Typically involves, as a minttum item
analysis, comrelauon of results with other test scores, analysis uf
distribubions of scores, and determination of rehabiitv

EX—S¢e lest manual of Mental Measurement Yearbouk by Buros
1o find out about a test vakdabion

VALIDITY

The extent to which an instrument measures what 1L is supposed
10 measure

EX—A test measures a pupt’s reading comprehenson not size of
vocabulary or general knowledge

VARIABLE

A concept that can take on different vaiues

EX—It can vary within an individual from one time to another.
between individuals at the same ume, between the averages for
groups. and so on. Social class, sex, motivation, inteligence quo-
tient, and spelling test scores are other examples of vanables Ed-
ucational researchers are nterested i determiming how such
vanables are related to each other

VARIANCE

The mean of the squared deviation scores

3 .(X.X)?
—_— = N —
EX ==X N

X - X = difference between score and muan
N = number of subjects
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