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ABSTRACT

Out of the tradition of onehavior analysis has come a
system of behavioral measurement which is poth sufficiently exact and
sufficiently general to be used effectively in meeting the problems
of educational accountability. The Standard behavior Chart is a
measurement tool tnat meets the specifications of frequency,
celeration, sensitivity (in order to measure changes in the behavior
of an individual child and ail the behaviors of which individuals or
groups are capable), and standardizaticn (to permit direct comgarison
among the variables differentiating a number of situations., Four
measures--frequency, accuracy, celeration and improvement index (a
combination of accuracy and celeration)--are easily obtained from
this chart and provide direct measures of botn the quantity and
quality c¢f behavior and behavior change. The Standard sehavior Chart
is most effective when it is made an integral part of the teaching
process; teachers and students should be trained in 1ts use so that
it can aid in individualized evaluation, decision-making and
planning. A high speed computer can be used in collating and
analyzing the masses of data resulting from the use of the chart by
teachers and students. Measures of benefit and efficiency can be
obtained through analysis of the data. The iearning Abilities
Development Program in North Carolina, which sought to screen first
graders for potential learning deficiencies and give individualized
service to each one targeted, utilized the Standard Behavior Chart
successfully. (KM)
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U 15 novdbecaning oizer that, stripned to its issantials, the task of
duzaticn is Lo bring about changes in hwman hehavior ia the divecticn of
fuprovament. Tt foilous thaw evaluation of ary aducatisnal vrocren ar enter-

Frise minst necessarily involve some fori of mefsuro.cnt of pehaview an

[

for changa. Tn a viry resl sense, the ci¢ficuities wajch tho ecucaticnal

community has experiencad in coming to grips with the questiens of cost

efficienty, cost effectiveness, and probless of accountabhility in cenerel
ere tracesble to its difficulty in cefining and agrecisg upnn stitehie units
and procedures of behavioral measurcient.

Qut of tne t}adftion cv bchavior analysis, howevar, comics a system of
behavicral mzasurement which is beth sufficiently exact and sufficiently goneral

to permit its effective uvtilization in meeting the prohlems of educational

i

accountavility. Our purpoce in the presant chonter will be two-7old: Tirst, wve
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Will bricfly evamine the nistory and des

At he ixjor combenents sf tnis

N . i

o
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i2asurenznl syctem as it presentiy exists,  Second, wa will illustrale ilie

appiicaoiiity of this systen hv conzid=ring its use in the avaivation of &
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progran aim2d at Lhe early identifTicalion and remediction of the acadenic

provlems of ciiicren possessing insufficiently Ceveolonzd learsing abilities.

kg * * * A

Among the many contributions made by B. F. Skinner to tho experimental
analysis of behavior, periazps nene is more siguificant than his early (1928)
and repeated (e.g., 1950, 1953, 1957} idencification or frequency (number of
responses/unit of time) as the basic datum of the science and any subseouent
technologies. Thus, in 1653, Skinner writes “lhen we extend an experinantal,
analysis to human affairs in general, it is a great agvantage to have a con-
ceptual system which refers to the single individual, creferably withoutl com-
paricon with a group. The study of frequency of response appears to lcad
directly to such a system." Skinner also emphasized the importance of fre-
quercy as a continuous measure of behavior when he wrote, "7.. frequerncy of
response provides a continuous account of many baéic processes. This is in
marked contrast to metheds and techniques which meiely sample a learning
process from time to time where the whole process must be inferred. The
sample is often so widely spaced that thé kinds of details we have scen here are
completely overlookzd." It is perhaps unnecessary to add that frequency is
also a universal unit of behavioral measurement; all behavior, regardiess of
its topography, may be defined in terms of instances of its occurrence and these
instances are countable. Since courtable instances of a repeatable behavior
must take place in time, this second parameter, time, ic also cowmon to all

behavior. Consequently, the combination of count and time into one unit--

frequancy--renders that unit universal, with respect tc its appropriateness as




g unii oi behaviural neasurement.  Skinner's choice of froauceey oo ihe hasic
datur for the ccieace of behavies was obvicusiy a vise ano.

We kave Aiccady incicated that behavioral tothsicnics, parricuiarly cdoca-
tion, are concernad prinarily with benevior chence.  In 1968, O, R, Lindzloy
called attenticn to the fect that the fipst derivative of Frewooney with
rcspeét to time yields a measure of cianga in fregquency over time. Applyvirg
tiis notion to the measurement of charging behavior {recuencies, Lindsley
form: fiumber of Movements/unit of time/unit of time. Thus, by describing
changes in the universal behavior unit {frequency) over time, Lindslay has
given us an equally universal measure of bzhavior change. It is perhaps not
suprisjng that from the two most produciive pionzers in the experimental
analysis of behavior (Skinner and Linusley) have come the two measures
necessary to meet. the needs of evaluaticn end accourtability ir education.

One need must be met, however, before we can appiy these univercal

measures to the problems of describing behavior and behavior change within broad

programmatic and educational contexts. We must incorporate these conceptual

units--frequency and celeratior--into a measuring tool or instrument which,

like the metric ruler or cumulative recordér, may be applied to the broadest
possible class of events for which its units of measurement are appropriatsa.
If it is to be useful within the context of educational measurement and eval-
uation, this instrumert must at once possess sufficient sensitivity to immed-

iately reveal changes in the behavior of an individual child while at the

same time being of sufficient generality tc meusure--with equal sensitivity--all
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the behaviors of which individusls or groups of individials ore crnzbloe.
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Finally, if such a teol is i be used across any mubor of situations, °t
shouid be standaird in aature so as to permit direct ccmpa}fson amgng the
varizhbles which difforcntiate tiese severs] situations. A neasurenent teol
meeting these specifications exists and is knowp as ine Stanuard Peivior

Chart. - -
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Figure 1 is a reprcduction of the Standard Behavior cha.t shoi.ng
diagrammatically the majoi types of measurement afforded hy its use. One neotes
inmediateiy that the ordirate of the chart is frequency, tne fundamental vnit
of behavioral measurement. - One also notes that frequencies are scaled in
ratio or logarithmic fashion on the Standard Behavior Chart. Such a scale,
familiar tc natural scientists and engineers, is strange to many psychologists
and educators and therefore requires some Jjustification.

It should immediately be apparent that the range of frequency values afford-
ed by this scale (1,000 per minute to 1 per 1,000 minutes) is many times
greater than would be afforded by an irntervai scale of equal Tlength and
sensitivity. Thus, the ratio scale chosen more easiiy meets the nzeds for
universality we require of any standard measuring device used in education.

There are a number of cother advantages to the ratio, or semi-logarithmic

1

scale which are succinctly described by Schmid:

"The semilogarithmic chart is unequaled for many
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puarposes, espoacially in portroying prenortionst

and percentso, relitionshipns,  In conmarison

with the eritirezic Tine chart, it nossessus st

of the advanitares withoul the disadvartizces., ihis
tyie of chart nov only correctly venresents reletive
charzes but also indicates abselute angunts &t Lhe

Same tima, ...dor the unirilited, the torm
"semilagaritimic,” as well as tha charecteristic
ruling of the veetical axis, may seop Formidable;
but actually the theorstical principles on whi:zh
this chart is based, and also its constructicr
and use are conparatively simpie. Prejudice

and general lack of understanding unfortunatelv
have resulted in considerabia resistance to %he
use of senilogarithaic charts. denerally, rates
of change (celeration) are more significent

than absolute amounis of changs in stctisticai
analysis and presentation. In using the ratio
chart, one can have confidence that relative
changes are portrayed vithout distortion and un
certainty.

{p. 109).

As indicated in Panel A of Figure 1, daily frequencies are recorced on
the Standard Behavior Chart by placing a dot at the intersection ¢f the ver-
tical 1ine corresponding to the appropriate calendar day and the horizontai
line representing the frequency of the behavior observed on that day. Con-
ventions for displaying the length of the daily recording period, as well as
for designating days where the recording opportunity was missed or where the
behavior in question had no chance to occur have been developed and are
described in detail elsewhere (Pennypacker, Koenig & Lindsley, 1972).

A property of the ratio scale which is of fundamental importance in the
measurement of behavior and behavior change may be stated as oilows: equal

distarces represent equal ratios. A valuable application of this principle

| in educaticnal measurement may be seen in Panel B. Panel B shows that if, on a
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particular doy, we chart the fregdcncy of movenents carfoined CorieCily i
adasition to the frequency of nove ents porformed incorrectly en @ eiven

caaenmic task, ihe distance Ly wiich these two poinis are separated provides

ar

a measure of the arccuracy of the dey's nerformance. Tats ACCUIracy moasu ¢
may be expressed either as a ratio. a multiple, or a percentagze. In any

case, because of tha equal ratic netuve of the freauency scale, it is clear
that the distance on the chart corresponding to 2 qiven measure of accuracy

will be the same regardless of the overall frequency of the performance t2ing
measured. Thus, it is possible to ccmpare perfeoriances of vastly different
fresiuencies with respect to this measure of their accuracy; since many educa-
tional objectives are stated in terms of either freguency, or accuracy, or

both, the value of an instrument which simultaneously vields beth measures
would appear to be obvious.

In Panel C in Figure 1, graphic representation of Lindsley's celgration
measure of hehavior change is illustrated. By fitting a straiont line to a
series of daily behavior frequencies, celeration may be seen to be represented
by the slope of such a Yine.] The equal ratio property of the frequency scale
dictates that the slope of the celeratiorn 1ine will be a measure of the ratio
or percentage of change taking place over a given period of time. A conveniant
time unit for assessing behavior change is one week; nence, ceierations are
usuaily expressed as ratios or multiples df frequen;; (%2 movements/miaute/week,

+5 movements/minute/week, etc.). These values may aiso be converted to per-

centages. A ceieration of %2, for example, means that the behavior frequency

1Empirica] validation of the practice of fitting straight lines to the loas of
behavior frequencies has becn establisncd by Keenig, 1672,
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is doubling each week, cerresponding to a 1007 weekiy inovoasge.

It is particularly irporiant te noie that fhe celerclion pisswe. like the
accuracy measure, is independent of frequency. Thus, ejual prosortiens of
change in the freanencies of Lze behaviors will be represented by parallel
celeration Tines péssessing identical celeraticn vaelues. rcaardiess of the
initial frequencies of either behaviorn It is therefore possible to directly
assess and compare rates of changes in behaviors that occur with vastly dif-
fering frequencies. As we shall see, this characteristic of the celeration
measure obtained from the Standard Behavior Chart is extremely us2ful in
the evaluation of the effectiveness of educaticnal prosrams which are concernad
with generating improvement in a wide variety of different bhehaviors.

Finally, the last panel of Figure 1 shows how accuracy and celeration may

be combined to yield a composite measure known as the imorcvement irdex. The

improvement index, defined as the ratio of the celeration of correct frequencies
to the celeration of incorrect frequencies, may be regarded as a measure of the
change in accuracy over time. One may calculate as improvement index either by
forming a ratio of the two celerations as just described or by plotting the
accuracy ratios on a daily basis and fitting a celeration line to the resulting
display. The numerical result wili be identical. The improvement index is, of
course, independent of either celeration just as celeration and accuracy are
are independent of basic frequency.

These four measures-~fraguency, accuracy, celeration and improvement index--
are easily obtained from the Stundard Bchavior Chart and provide us with direct

measures of both the quantity and quality of behavior and behavier change. Thus,

A\




6.

by using tnis one insiruwent, vio have &t owr dicposal @ set of behavioral
measures vhich are universal (ay be ipplicd to any Behavior) and stendard

(the uniis remain the scie regurdless of the behavier being measured). Before
illustrating the use of these measures in the evaluaiien of a particuler educa~
ticnal program, let us briefly consider somo of the gencrat stiatcgies for

educational evaluation afforded by the availabiiity ¢f a measurinyg instrumernt

with the characteristics of the Standard Behavior Chart.

Strategies for Educational Evaluation

-

It is wide}y held that effective teaching presupposer centinuous evaluat-
tion. Since the Standard Behavior Chart utilizes boih continuous and direct
measures of behavior it is not suprising that its most effactive application

“oceurs when it is made an integral part of the teaching procecs. Both teachers
and children must therefore become proficient in its use so that it may serve
as an aid to individualized evaluation, decision making, and planning. Exper-
ience has shown that training in classroom use of the Standard Behavior Chart
can be both efficiently and economically accomplished on an inservice basis
(e.g., Haughton, 1972, Pennypacker, 16723). Thus, our major strateay has been
to introduce the evaluation process where and when it is nceded most: at the
level of individual teacher's daily interaction with individual children.

This strategy is at obviousrvariance with many traditional evaluation prac-
tices which require independent “pre-post measurement® with instruments presumad
sensitive to the behavior changas assumed to be taking place. Eva?uafion prac-
tices of this sort are demonstrably not a part of the teaching process and are

viewed by most, if not all, teachers as possessing scant validity, owing, as a

.

.
.




rule, to the highly non-represcntativ

I

nature of the infreqguent meacurcnent
occasions. Giving the cvalualion 1991 directly to the teachms for daily use
with children ic, then, an offort to maximize the offsctivensss of the wwalua-
tien process es an intagrel part of ihe teaching nrocass, albeit at the

expense of that form of "objectivity” which is thoucht te bo characteristic

of infrequent, indirect moasuremant.

Instructing teachers and childrer in the use of the Standard Behavior Chart
also insures that the data base for any evaluation vili be orders of magnitude
greater in quantity then that provided by virtually eny other means. ‘It is at
this point that the universality and standard nature of the Siandard venavior
Chart once more prove their incaiculable worth. Because, as we have »een, %he
measures derived from the Standard Behavior Chart may be used to evaluate the
quantity and quality of all human behavicr and human hehavicr changa, It is
both possible and convenient to enlist the aid of the nigh speed computer in
collating and analyzing the masses of data which inevitably result when teachers
and children are encouraged to use ;hé Chart.

The computer can easily digest and store these data {0 any desired level
of sensitivity up to and including a single child's performance on a single
Page of a single arithmetic bouk on a specified day. In order, however, tor
the computer to anaiyze such data and render composite summaries with respect
to meahingful parameters of an educational program, it is essential that an ¥
orderly and logically hierarchial relationship exist betwesen the goals or
cbjectives of a program and the behaviors emitted by the children in tha* pro-

gram. It is therefore essential to involve program administrators at an early

..
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stage in the develcpment of any zvaluation fermai besed on charis of daily

behavior frequencies. The ovi mentioned requiremen: of stating program woals

in behavioral terms now becomes an obsolule necessity since the somputer hac

no way of defining on its cwn which changing behavior frequencies are represcnta-

tive of which programmatic goals. Once a logical hierarchy relating charted

behavior charges to program goals has been established, it is easy to have

the corputer provide composite statements, based on the dailv records made

in the classroom, of tihe degree to which the objectives have been atiained. .
Summarizing the data with respect to one or more of the measures of.

behavior change discussed above may be seid to yield an overall measure of

berefit derived from the program. This sumarization cen, of course, occur

with respect to any independent parameter of the procram or any sub-pepulation
of the perticipants in the program. Since all of the behavioral measures taken
from the chart incorporate a time dimension, one can readily viaw awy iesuit--

ant behavior change in terms of the time taken to produce it and thus arrive

. at a measure of efficiency. Finally, one may add to such statements whataver

cost figures are deemed appropriate and thereby provicde a quantitative basis

for statements of accountability in terms of cost benefit. We feel that a major
virtue of this system lies in the fact that all sucn analyses are based entire-
1y on the directly‘observed and recorded behavior of the individuals served by
whateQer program is being evaluated. The same informetion which guides the
teacher in her daily plarning and decision making constitutes, when assembled

across tne appropriate units of a program, the data base fcr adininistrative

planning and decisicn making at any level of responsibility. Such a system




virtuelly insures that educotional decisions and poiicies are formulated

[}

in consuitation with the ultimatc experts--the cpiidwen thonselves (Lindsley,
1972). N

“Let us tuirn now to an iliustration of this evalvative system as it wes
recently applied to an CSEA Title III Progrem designed to frnrove the learning

abilities of first grade children of a county in Morih Carclina.

THE PROGRAN

The Learning abilities Development Program (LAD) of Albemarle and Stanly
County, North Carolina, had two main objectives in its initial year of opera-
ticn. . First, it sought to screen all rising first graders in the district and
identify those for whom subsequent success vould depend upon marked enhence-
ment of one or more of a variety of learning abi]ities.] Cecond, the
program attempted to provide individualized service aimed at developing in
each child sufficient proficiency in each of the isolated abilities to
insure normal academic progress. This was attempted for each child selected
by the screening process.

The program was situated in Stanly County, North Carolina, the county
seat of which is the city of Ablemarle. Nearly all of the 42,000 residents

of Ablemarle and Stanly County are native Horth Carolinians who enjoy a

]Ne eschew the term learning disabilities for its obvious negative comnotations
as well as the logical impoussibility of its empirical definition. Cbservation
of a child's behavior reveals only his abilities--inferring the presence of

a disability provides nothing of additional value to those whose responsibility
is to improve the child's behavior.




lover middle class wey of 1ife, supporicd predominanily by small farm agri-
cuiture and the textile industry. All.isush the wmedisn familv income in the ]
area is stightly eabove the median for the state, the average arnual expendi-

ture per child in the public schoel system ranks necer the bolicm of all

districts in the state of Horth Carolira. Thu 2w ?rcgram was launched

in a community whose cultural homogeneity might invile the label “provincial'

and which is not given tn displays of largesse or behaif of its educational
institutions.

The staff of the LAD Program cons“sied o¥ a director, 3 certified resource
teachers, 6 teacher aides, ard a secretary. The resuurce teachers, and fre-
quently the teacger aides as well, spent a portion of each work day in the admin-
istrative center assembling materials, comparing procedures and prcgress, or
participating in informal training sessions conducted by the Director. The

majority of their lime, however, was spent in the 15 elementary schuni scattered

throughout the city and county. Aithough arrangements varied from school to ,

school the teachsr and her two aides typically removed target children from
ongoing classroom activity and worked with them on an individual pasis in
storage closets, empty classrooms, empty offices or lounges.

The initial activity of the LAD staff involved assisting first grade
teachers in the administration of a gross screening device to the approximately
720 first graders in the district. The instrument used in the initial screening
required the teacher to evaluate each child on a five point scale in each of 9

areas: reasoning ability, speed of learning, ability to deal with abstract

ideas, perceptual discrimination, psychomotor abilities, verbal comprehension,
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verbal exprossion, nummer and spice relations, and crectiviuy.

One hundred and cightly children woere initially selected in the program on 1

. .t s of low evaluaticon in one or more of these 9 areas. ¥ach chil

selected was then further evaluated by a member of the LAD staff using the

Remedial Diagnostic Form developed by Robert A. Farrald (1271). A total of

9C children vere again selected as. positive and wer2 targeted for individuali-

zed assistance by the LAD staff. Of these, a total of 18 had only brief contact
of a referral nature with the program, leaving 62 whose charted behavior formed
the basis of -our evaluation. ’

Early iﬁ the year, the Director conducted extensive staff training in the
area of remediation of learning abiliities; the crientation of this training
and the basic materials and techniques used may b2 found in the works of
Ferrald (1971) and Valett (1967). Tn addition, the first author and his stalf
conducted inservice training, marked by periodic follow-ups, in both the use
of the Standard Behavior Chart and the tactics of precisely defining and
recording appropriate target behaviors.

The professional staff then bzgan, on an itinerant basis, the task of
indtvidually assisting zach selected child in the enhancement of one or mnore
of the learning abilitias judged insufficient by the two screening devices.

Specialized curricular materials were either developed or purchased for use

with each child. The 1ist of such materiais is too extensive to be catalogued

here; it ranged, however, from the Peabcdy Language Kit and Frostig materials
to teacher-made card games, sandpaper letters, and macaroni stringing devices.

As soon as the child and the member of the LAD staff became acquainted, an

effort was made to determine which behavior(s) was respoasible for the judged
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insufficiency. Fcr example, if the screcning 1rstres aes indicated the prescnce
of arrestied gross motor davelopuent, the ioucher michl beg'n yocording steps
taken on a 10-foot balance beam. In the event this bebavior chesnd a need for

improvement, a variety of behavioral teciniques such ws shaping end fading

were introduced, with the results -ecorded daily on the hehavior chart.

Simidar-tactics were used to enhance behaviors uriderlying acadamic abiiitiess

for example, in order to erhance visual form discrimination, various symbol
naming, letter naming,and matching-to-sample tasks would be tried and the results
charted. Together, the teacher and child would view the proarcss displayed on
the chart; in the event that improvement was not evident, new procedures would

be tried until one w.s eventually found which produced success.

THE EVALUATION .

A totai of 337 charts resulted from the contact made hy the LAD staff with
the 62 children served directly during the first year. Each chart was a record
of one child's performance of one particular behavior; e.g.,"says alphabet letter
correctly, "identifies missing object incorrectly, etc. in the appropriate
blanks at the bottom cf the chart (see Figure 1) were recorded the name and
identifying numbers of the child, the resource teacher and/or teacher aide work-
ing with the child and the school attended. 1In the blank marked Label was put
a number signifying which of the 53 possib]e']earning abilities (Valett, 1967)
the particular recorded behavior was judged to represent.

Vertical lines were drawn on each chart to identify points in time at which

major curriculum or procedural changes were introduced, as well as at the begin-

ning and end of each project. Thus, any adjacent pair of these so-called
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phase lines marks the temporal boundaries of the phases of @ nroject. cach phase

corresponding to the period of applicetion of a aistinct set of materials or pro-
cedures.  For each pnase, the LAD toachers reporigl che pumber of contact miputcs
that had occurred during that phase. Celeration lines were tit, cither freehand
or by tiie method of lezast squares, to the frequencics piotted vithin each

Fhase ard the resulting numerical celeration value wis enterad cn the chart.

When all the charts. had becn prepared in this tashion, they were transferred

to the Behavior Research Company for coding, coiputer storage, and analysis.

A macroscopic view of the temporal dimensicn of the service provided by
the LAD Program is furnished by consicering calendar weeks of involvement in
the program on the part of the children served. A total ot 2,058 child-project-
weeks of service was provided during this first year; on the average, each
child participated 1n 5.4 projects each of which lasted an average of 6.1 calen-
dar weeks. i

A total of 172 different behaviors were recorded in accumulating the total
of 337 charts. This data testifies to the wide variety of cbservable behaviors
which may be indicative of insufficient Tearning abilities and to the scope of
the efforts on the part of the LAD staff to customize the'r tactics to meet the
needs of the individual children. Another indicator of the extent of individual-
ization of instruction is furnished by the fact that a total of 996 differentr

phases were reported; a rnew phase was initiated whenever the charted data indi-

cated that soine procedural change would be recuired tc generate furthor




improvement.

For ihiz entire progian, a total of 85,230 teaching minutes vare renorted.
The avairrge nuwiher of teochine minutes ner project, then, is 253; the average
number of teecning minutes per child in the progrem is 1,372 while the averags
number of teaching minutes per phasc was 86 (s.d.=95.0).

A major conceptual parameter of the progrem vas Valett's extensive Tist of
learning abilities.” Althouch Valett's list inE]udcs 53 such abilities, behav-
jors related to only 19 of these abilities were observed and recorded by the
LAD staff. Table 1 summarizes tineamount of activity that occurred on behalf of

remediation within each of these 19 ability arecas. The totz] number of projects

represented, 333, does not include 4 behavior modification projects, the targets

of which are not readily classified under any of the 1istgg Tearning abilities.
Summing the number of children served within each ahility area across tha

ability areas yields a total of 116, implying that most children received

assistance with respect to more than one ability area. Table 2 shows that, in
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fact, 60% of the target population were judged to require assistaice in two or

more ability areas. These data suggest that the Tisted learning abilities are
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not mutually exciusive al the function2) Tevel;y if a child displavs an insu’-
ficiency in one of the abilities, he is likely to disriay insufficiencies in
others as well, It may be of interest to future rescarchors to attomt 3

functional redefiniiion of these ability areas <n’terms of non-everlagiing

behavior clusters.

The effectiveness of the services provided by the LAD Program within each

of the ability areas is summarized in Teble 3. The charts withir each ability
area were subdivided according to uhether the aim of the projact was to increse
(accelerate) or decrease (decelerate) the behavior beirg recorded. The g2o-
metric means] of the within-phase celeration values within each ability area

by target grouping were computed. These valuss, together with the total

number of vizeks for which each value is representative, are presented in

s

3
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Insert Table 3 about here
Since the geometric mean represents the average weekly ratio of hehavior
change, raising the average value to the power given by the numer of weeks

yields a ratio value equivalent to the average tota]l behavior change achieved

in each ability area-target grouping. Consider, for example, *the ability "audi-
tory sequencing." The geometric mean weekly ‘accelevation in those proiecis where
the aim was to accelerate the behavior tas x1.6. Since thic rate of increase

]Appropriate messure of central tendency for logarithmic vaiues.




(whick may also be reed as £07/veck) occurred for a total of 7.1 weoks, the
: 7.
average total frequency chergs is %23.13,{1.6 ]). Thus, wo could say that

if the aggregate of all the behaviors began at a freauency of 1 movement/minute,
by the end of the intervention, that aggregate behavier was occurring at & fre-
quency of 28.13 meveients/winute. The reader imay make sinilar irterpretations
concerning the other ability area-target combinatiors.-

Perhaps the most interesting information to emerge from Tab.e 3 is found on
the bottom Yine. Across all children and all nrojects where the objective was
tc increase the freguency of the recordsd behavior, the aver:je weekly celer-
.at?on was x1.2, meaning that, on the average, the program produced 20% ner

week improvement in all such charted bzhavicrs. Similarly, where the objective
Was to decrease the frequency of the recorded behavior, the overall mean weekly
celeration was :1.3--the overall weekly reduction of thesa behaviors Was,
therefore, 23%. Assuming, for the sake of illustraticn, that in the absence of
systematic intervention no change in these behavior frequencies would have been

observed, we now have a useful approximation of the composite benefit which

resulted frcm the implementation of this program.

What of changes in accuracy ¢f the academic performances charted? He recail
recall *hat the measurerent of accuracy requires the simultaneous charting of
the frequencies with which a movement is performed both correctly and incorrectly
on a given day. By forming the ratio of the celerations of these two sets of

frequencies as they change over days, we produce, as the reader will recall, a

measure known as the improvement index which, in essence, is the ratio describing

the weekly rate of change in accuracy.

g




Of the 337 projects analyzad from the firse yeai of the proorem, 234 wers

memvers of acouracy natri-nairs of prejects whoere corrict and incorrset fre-

3

quencies are charied simu?taneous]}. In other vords, ¢ totsl of 162 difforent
correct-incorrect pairs uere recorded. The improverent index wes coonuted for
every phase within each of these pairs of projectks. Coilecling all of the
improvement indices for cach learning ability and computing their geomatric

mean yielded the results displayed in Table 4. Examinition of Table 4 reveais

that the greatest weekly improvement inicuracy was achieved in those projacts
falling in the ability category—"auditory sequencing.” Referance to Table 3
shows that the major source of this improvement in accuracy is to be found in the
extremely rapid deceleration of errors (:4.3); the acceleration of correct
frequencies being only x1.6. Further examination of Table 4 suggests that the
abilities of "body localization" and "word attack skills" yielded the least
improvement in accuracy. For "word attack skills! for example, no general
decrease in incorrect frequencies was observed so all the improvement i< con-
tained in the x1.2 geometric mean weekly acceleration of correct frequencies.
The reader may make similar interpretations concerning the cther abiiity areas
for hinself,

Overall, the geometric mean of ali improvement indices (taken across children

and abilities) is x1.6. In other words. in those cases where accuracy was




recorded, the averagz weekly increase in accuracy ‘:es over 67!

The foregoing analyses sheuld be viewed not as exhsusiive, but as
illustrative of tihe class of evaluative analyses which result from the piarriaae
of the Standard Schavior Chart and the high specd cosnuter. For examele, &
complete analysis was performcd using teachers as the major pirameter so that
the efficiency and productivily of each feacier working within each ability
area as determineq. These aata are now guiding the lirecter in depioyment of
his staff.

Given summary data of this sort, it is a simple wetter ¢o take the final
step of adding cost figures to érrive at cost henefit statements based on
recorded changes in the behavicr of ihe population served. For example, the
reader will recall that a total of 2,058 child-project-weeks of data were
accumulatec during the first year. Dividing this number into the total cest
of the program and multiplying the result by the average number of projects
conducted on each child yields an estimate of the cost of bringing the service
of this program to onc child for one week. During that week, the average
‘benefit cbtained was a 20% increase in the frequsncy of each accaeleration tzr-
gef, and a 23% decrease in the frequency of 2ach deceleration target, or, over-
all, a 60% increase in accuracy. One mav regard the cost of these benefits
then, as being approximately equal to the cost of each child-project-week.

We must quickly add that these calculations do not take into account the
cost to the children, and ultimately to society, of withholdina such benefits.
Only when accurate data becone available relating drop out rates, drug offenses,

and delinquent acts in general to the presence of undetected and/or
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unreradiated early deficioncies in key Tearning abilities wiil tho capleve
picture of the benefits providad by a program such as thic become knewn. In
the meantimz, the poteniial contritution of conlinuous anc dirces neasurotonl
of behavior freguencies tc an effcctive, humane ind accountabie educational

techncloay has, we believe, finally been realizad.
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Figure 1.

Figure Caption

Basic Measures of Behavior and Behavior Charge
Furnished by the Standard Behavior Chart
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Learning Ability

Throwing

Body Locelization

Balance and Rhythm
Directicnality

Laterality

Auditery Acuity

Aucitory Decoding
Auditory-Vocal Association
Auditory Memory

Auditory Sequencing

Visual Acuity
Visual-Form Discrimination
Visual Memory

Visual-Motor Fine Muscle
Coordination

Fluency and Encoding
Word Attack Skills
Reading Ccmprehension
Number Concepts
Social Maturity

Table 1

SUiERY OF ACTIVITY WITHI EACH

LEARNING ABILITY SAMPLED

Num. of Frojects

333

Total. Eum, of
Teaching *in.

4nn
180
3554
178n
1080
7639
3720
540
1140
2160
2an
3988
31165

13360
3303
600
3nn
a58n
19n

8523n
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erent Children
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Table 2

FREQUEKCIES OF CHILDAEH SERVED ULTH RISPECT

TO DIFFLRENT NUDLERS OF ABILITIES

Nunber of fbilities

W N -

Mumber of Childran

25
26
7
a4

% of
Total

4n
4?
11

100
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Table 3

GEOMETRIC MOAN VERKLY CELERATISHS FOR ACCLLERATE (AY PECILETS
ARD DICELERATE (D) PROJLCIS CROUPED ACCOZDING TG 1HE LEARNING ABILITY SAMPLED

Tetal Total

Learning Ability Meckly Coloretion”  Projacts veels ieeklv Cxlorstion  Prejocs i
Throwing x1.9 4.3 1.7 a,3n
Body Localization +10.0 A +11.0 40
Balance and Rhythm x1.3 €2.0 :1.2 58.70
Directionality . x1.2 8.6 :1.8 &8.60
Laterality x1.2 28.0 1.5 28.00
Auditory Acuity x1.3 55.2 1.7 86.5n
Auditory Decoding x1.4 27.2 :1.3 27.2n
Auditory=Vocal Association x1.2 4.1 2.0 410
Auditory iemory x1.5 12.8 31.8 12.80
Auditory Sequenzing X1.6 7.1 14.3 7.10
Visual Acuity x1.2 4.4 :1.4 4.4n
Visual-Form Discrimination x1.6 25.9 :1.8 25.90
Visual Hemory x1.2 322.2 11.2 3i7.20
Visual-Motor Fine Muscle
Coordination x1.1 207.8 +1.8 167.1n
iuency and Encoding x1.4 19.4 :1.3 19.4n
Word Attack Skills x1.2 1.6 x1.0 1.60
Reading Comprehension x1.2 9.3 - -
Number Concepts x1.1 132.1 :1.2 131.0n
Social Maturity x1.2 19.4 1.2 10.40

—————

Grand Geometric Mean = x1.2 Grand Geometric Mean = +1.3




Tabhle 2

GEGUZTRIC MAflS OF INPROVIFENT IHPICES FOR

EACH LEERNING AZILITY

Learning Ability

Throwing

Body Localiza%ion

Balance and Rhythm
Directionality

Laterality

Auditory Acuity

Auditory Decoding
Auditory-Vocal Association
Auditory lMemory

Auditory Sequencing

Visual Acuity

Visual-Form Discrimination
Visual Memory

Visual-Motor Fine Muscle Coordination
Fluency and Encoding

Word Attack Skills

Reading Comprehension
Number Concepts

Social! Maturity

Grand Geometric Mean

Geormetric Mean

x3.2
xT.1
%x1.6
X2.2
x1.8
x2.2
x1.8
£2.4
x2.7
x6.9
x1.7
x2.9
x1.4
x2.0
x1.8
x1.2
x1.3
x1.4

x1.6
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