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Abstract —

Th?_aécuracy of predictions of future student performance on the
basis of graphing'data on semi-]oéarithmic chargg gnd equal interval
graphs was examined. Predictions made for 83 students on the basis of
;eading and written expression data co!]ected.over séven weeks -were
compéred to.actual data co]lectéd for weeﬁs 8, 9, and 10. Ana]}ses of
deviations between pre&ictions and actda] scores indicated.,that'
predi?tions vere more accurate when the data had been graphed on equal

interya] graphs. {mp]ications for training are discussed.

»




Measuring Academic Prograss of Students with Learning

Difficulties: A Compar}son of the Semi-Logarithmic Chart

.and Equa?! Interval Graph Papér

-, Imp]ementat;on*of Public Law 94-i42 requires thaf:an Individual
e ’ Educational Plan (IEP) be written ‘for all handicapped students
receiving -special ‘education serviées. In addition, the same
1égﬁs1ation mandates the‘use,of fair and nondiscriminatqry assessment
o prgctices in monitoring student progress toward IEP objectives. The
use of traditional achievement -and intef]igense tests foh% such
purposes, however, may be a tenuous exercise. Salvia and Ysseldyke
jI'J (}981) warn that many te§t§ lack evidence of validity.or reliability.
Jenkins and Pahy (1978) ,point out that achievement " tests
differentially sample student curricula and ‘therefore provide
o éducators'with questionable data about éctua1 student performance.

And finally, noym-réferpnced tests are not adequately designed to

measure pupil progress (Carvet, 1974; Hively & Réynolds,. 1975).

@ An a1terr3at1’ve assessment strategy ‘is the wuse of repeated

measu;ément and &ime'ser%es analysis of the student's academic‘skil1s.

This methodology has been outlined in several approaches to delivering

() ‘specia] education services: Precision Teaching (Lindsley, 1971),
Excentional feaching (White & Haring, 1976), and Data~Based Program
Modification (Deno & Mirkin, 1977). Common to all three models is the

@ " frequent measurement of student skills on vmarious acaderﬁic tasks
related to IEP goals. The_co]]ected data typically are plotted on
graph paper and the results subjected to a time series analysis. In

. this way, student progress toward IER goals and the effectiveness of

instructional strategies may be evaluated.
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While there are some similarities among these repeated

measurement models, there is an important &ifferencg involving the .
type of graph to be used in charting student data. Proponents of the

4

¥ Precision Teaching and Excéptioﬁé] Teachfng models aoncate -the use of

the Standard Behavior Chart (Pennypacker; Koenig, & Linds1éy, 1972), a

. graph on théh Variables measured along the ordinate (3ertica1 axis)

_are recorded on a logarithmic scale. Those favoring this semi-

1oga;ithmic chqrt claim improvemeﬁt in academic performance is

“ proporticnal, not arithmetical, and is measured and predicted-begt on

the logarithmic scale (Howe11, Kap]én, & 0'Connell, 197?). The

implication for ‘thg; exceptional student who init{;11y may acquire

académic skills at a slow rate is illustrated by White and Haring

(1980).. These authors noted that graphing éypica] student performance

data on an equal interval chart may be misleading since initia]]x

progress is slow, Using the equal interval chart, a successful

instructiona] b]an might be abaﬁdoned because of lack of improvementy

. whereas the same set of student data on the Standard Behavior Chart
will appear more orderly in its display of growth,

However, many propcnents of time séries analysis indicate that

equal interval graphs serve educational needs just as well.  Most

“ graphing procedures used in m;30r texts emphasizing time. series

ana]ysi§ in bdd&ation employ equal interval graphs (Glass, Willson, &

Gottman, 1975; Kratochwill, 1978; O'Leary & O0'Leary, 1972;

Sulzer-Azaroff "% Mayer, 1977). .The dilemma facing practitioners is

choosing the more technically adequate graphing procedure.

Brandstetter and Merz (1978) addressed the issue of the efficacy
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of both graphing‘ procedures. They found higher rates of student
® achievement when data were_chér.ted on" the two types of graphs compared

to not charting data. However, their research did not directly

i compare the semi-]égarithmff chart wizh the equaa interval graph. The-

o question of which graph to use is not a triviaﬁ one.‘ Test standards
‘ % - developed by thé American Psychological Association, American ’

‘ Educatidnal Research‘ Associaiion, and the National Counéi] for
® : Edbcat?iona] Measurement (APA, 1972) require that scaling methods used
in assessment pro .dures be technically adequate. ’*Users of the

Standard Behavior Chart and edua] interval graph must attend to these

recommendations for 'Eng are;_inpegra] to assessment procedures
currantly recommended fof exceqtiona] students.

The research presgn%ed here compares the two approaches. Since
g proponent‘s. of the Stand\'?rd Behavior Chart maintain a‘signif'icant
characteristic of the semfr]ogafithmic chart is the ability to predict
student performance. bette%, we havé focused on an analysis of the
acéuracy of the.d}fferent éredictions generated by each type of chart.
Each .chart produces differént predictions+ -As—may-be seen in Figure
1, the projections of studént performance from the same set of data on
the two. types of charts aée'vgry difﬁerent. The résearéh;brésented‘
here examines efficacy of ﬁhe linéar model (eqLa] intervg] graph) and
_sthe logarithmic model (semj-]ogarithmic graph). i '




. : . - : Hethod |

) - Design o \ . ‘ y

Student performance on direct, repeated méasdres‘of reading and

” written expression were collected wéek]y over a 2 1/2 ﬁonth period for
83 Tow- ach1ev1ng e]ementary students Usingua computér prog;am to
simuiate charting on both equéﬁ 1nterva] and semi- Iogar1thm1c graphs,

" each studené's Qata were entered 1nto the~qpmputer at the end of the
seventh yeek. ,Regréssion equattons:tor each ;et,of student data for
botﬁ charts were calculated.  The slope of each student's performance

I " on both the semi-logarithmic and equal ‘nterval qhart then was use& to

f¢-r ~predict -student performance at weeks 8, 9, ‘%nd 10\\of the daté

‘ collection teriod. The estimates of: student performatce at the§e‘

:htimes were tontrasted.with the actual data collected at weeks 8, 9,
“and }0 ty‘determining the absolute deviation between the sccres.
The size of the deviation scores for the semi-logarithmic chart .
C (]Sgarithmic model) was. tﬁeq combared to the magnitude of the
deviations on the equal inteFVa1 grgfh (equal interval model) for each
" student on each measdﬁb with a paired t+-test analysis. On those
.comparisons where significant diffe;ences were found, the graphing
approach with the smaller average deviation score was considered to be
the one making better predtctions of student performance.

P

Subjects . o ] . ‘

. Selection of thitu low-achieving population resulted from the
3creening of all 785 elementary students from grades 3-6-enrolled in

three elementary schools. The schools were located within communities T e

©

in rural settings,” yet each was within 50 miles of the metropolitan

-
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Twin -City area. ~ According to 1970 Cénsus fidures, the three

communities ranged in size from 2,281 to 6,876. %" .

. ‘ N : ’ A - .
Screening procedures involved a.short duration measure of written
v [

expression that significantly discriminated LD and non-LD students

(Deno, .Marston,. & Mirkin, 1982). aEathn student was adﬁﬁnistered a

story starter.and asked to write a composition. For each student, the
number of «words wfitten ip tﬂe gompo§itidn (Total Words Written) was
computed. ~ Students who had no history of specia1.educatioﬁ services
aind scored at or below the 15th percentile were asked to participate
in the_reﬁedted, direct measurement phase of tee study. Cutoffs for
.‘the 15th percentile a: each 'grade level are shown in Table 1.’
Parental permission was received for 83 students. Twenty-six of the'
studenté were thir;’graders, 17 were fourth graders, 19, were f}fth'
graders, and 21 were eixth graders. Thirty-two of the low-achieving

population were females.” The number of males- and females at each

grade level is presented in Table 2.
3

-

Procedures o - \

A1l 83 students eefe administeree shorto duration measures
designed for direct, repeated measurement of reading (Deno, Mirkin, &
Chiang, 1982) -and w}itten expressionj(Deno, Marston, & Mirkin,, 1982)
on a weekly basis for 10 wéeks. A

Reading. Lists of words that Qere se]écted rangggly_ﬁrom’ﬁﬁﬁr

3

third grade level of the Harris-JacobsodiﬁdﬁH¥tT§lw( arris & Jacobson,

-8

.-

v s




Grade Level (WRIG) w —cﬁﬁﬁtEd’/’//—’f’—“ﬂ | -
’////////,//Nrw ten expression. Story starters we:e used to obtain weekly | . ~«-ex

aQ

1972) were used for thé feading tasks; these “were administer 2d each -
weeh. FQr each list, the student was asked ‘to read a]odd for, one» -

minute. Test 1nstruct1ons read verbat1m to the SUbJECt were:

Here is a word list-that I want you to read When 1 tell o

you to start, you can read across the page. »Please read <ds v . - e
fast and accurate]y as you can. If you get stuck on any_ of . . )
the words, move on; to the next one. 1 will tell you when to . ~

stop read1ng Are there any questions? Ready? Begin.

The child ther. yas,timed for 60 seconds whila the teacher followed
along andirecorded-mistakes on a sheet idéntjca]'to the_one from which
the‘sfhdent read< If a student did noé‘respoﬁd after approximately
Six seconds, he/she was told to mgie on to the next word. At the-end
of the timihg, récording sheets were c¢ollected .and later scored by ' T
trained judges. For each list, the numbers of Words Read Correctly.
(hRC) and Words Read Incorrectly (wa) were scored. Estimates of
inter-rater agreement ranged from .94 to .98.
| . In addition to reading the third grade lists, .the fourth, fifth, o
and' sixth graders were asked to read a list of Words selected from |
their grade level from the Harr1s\Jacobson list. For exadp]e, each
T =

week the fifth graders read’ both a. third grade list and a fifth grade

Tist. For each of these 1lists, the number of Words Read Correct]y . .
\ L o

\

] ) ~— @
writing os"amp]es from the 83 students. D1rect1ons to the students

[}

were:

I want you. to write a story I am going to read a sentence )
"to you first, and then I want you to write a short story } . @
about what happens. You will have a minute to think about a,

story to write and then you will have three minutes to write . -
it. "When I say p]ease start writing" you may. begin. ‘ .

Ny @,
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Students' responses to each story. starter were scored by a trained
' 7
judge. The compositions were scored for Tota] words Written, Words

.. .
written Correct]y, Nords Written Incorrect]y, and Correct Letter :

, Sequences Written (white & Haring, 1980) Inter-rater agreement was
N 72 o oL

n

Results _
On all t test comp?risons; the .05 ievel of probability was used

_as. the criterion level for significance. In the first analysis, the

-

linéar (eq@a] interva and logarithmic models were .compared on

.

: predictions of student pén{crmance at week 8 based upon’ the slope of . -
® ' " TN ) > .
the first seven weekly measurements. As may be seen in.Table 3, only . —"

i one of the contrasts was significant; the Jifference favored the

linear model in measuring Words Written Incorrectly.

e e e e e o o e e e 8 e e

- . Predlcting week 9 perfoﬁhance frog the s]ope of the first seven
weeks was, the focus of the second- ana]ySi; The resu]ts from ‘this
: ‘ analysis are presented in Tab]e 4, Four of eight comparisons (Words
Reqd Incorrectiy, Total words writtenr Words. Written Incorrect]y, and
. cphrect_Letter Sequences) Qere sijh; icaht; aii differences favored
. ( the ]ihear mode] ~which exhibited e@aiie}‘deviations between predicted L
® ) , andwactﬁi scores. Two ‘othe/s colntrasts, which a]sﬁ disp]ayed lower {

dev1ations for equah 1nterva] graphs,_approached significance (words £ . .

[ Read Corrvectly, p = 054 MWords. Read Incorrectly on " Yerade Level

Material,.p ¥ .069). T - oL
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Week 10 estimates based upon the seven-week slope were examined

“in the third analysis. As can be seen in Table 5, four of the eight

4

coftrasts were significant at the .05 level; again, .these favored the

linear mode}. The comparison for Words Read Incorrectly on Grade

‘Level Material approached sighificance (p = .056), with smaller

3

deviations demonstrated on equal interval grapis.

.
. 8 g 0 S e P e e M S m mg ww e e e e e =S SO o s me =

TP D e s 0 0 g b s e T e e e e Ay e e W e g e e

In"the final analysis, the deviation scores for weeks 8, 9, and

10 were summed for each student and then averaged for each .graphing

N

approach (see,Jhﬁle 6). Again, predictions made by ‘the linear model

were significantly more accurate in four of eight cases, with a fifth

- contrast approaching significance.

N S b w0 e e e e e e e S g W e WY D e e e Ay =S b =S =S e e me

. Discussion
The research described here focused on only dne aspect of
graphing, the use of time series data to predict future performance.
Yet, this in itself is quite significant when the writing of IEP goals,
is considered. White anq Haring (1980) propo%ed that an analysis of

the silope of student data is useful in pﬁoducing goals ang objectives.

N

|
“<J
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Thus, generating predictions from time séries data is helpful in the
delivery of special services to the exceptional ;tudent. The question
asked here s, which graph should be used 1in charting student
performance?

' Our research indiqates~that predictions of student performéhce
for weeks 8, 9, and 10, based on seven wqus of data in reading and
written expression, are more accurate when data are graphed‘on the
equal interval ch:rt. In no cases did comparisons showing a
significant difference favor the Standard Behayior Chart.

The mosf important implication of this research i% for-training.
It has been our persona1 experience that educators resist using the
Standard Behavior Chart for reasons ranging from "it's overly complex"
to "it's difficult ;o understand." In many instances, those
disqouraged by the seﬁi-]ogarithmic graph but interested in grqphing
are more willing to use equal interval graphs. If increasing the
likelihood that special educato}s will use repeated measurement

strategies in their educational planning, interventions, and

assessments is a function of the typé'of graph they prefer (usually

the equal interval chart), we be]ieve' the research presented here

provides an empirical basis for making that choice.

&

N
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Table 1

Screening Criteria for Measure of Written Expression

Sample Cutoff for
Grade - .Size Mean 15th Percentile
3 190 177 9
® .
4 - 185 : 22.7 12
5 225 30.5 19
6 185 36.4 24
.i .
“
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® Table 2
Distribution of nges by Grade Level
@ . Grade , Male “*+  Female
3+ ’ I [ RV o
4 ' 10 © 7
® 5 14 .5
6 " 13 ’ 8
- ' \ [
L
o
. L)
o
@




Table 3

Comparison of Lineaf and Logarithmic Models in Predicting Performance at Week 8

. _ Sample Type of Mean Standard -
Size Graph Deviation Deviation T-value Probabi]i&{
Reading Measures ) e \
Words Read Correctly 75 EQ Interval  9.55 " 1.6 1.67 100
3rd Grade Level Log 9.84 8.3~ _ f
Words Read.Incorrectly 75 EQ Interval 2.87 1.1 .83 409
3rd Grade Lével _ Log 3.24 3.8 T
Words Read Correctly 55 EQ Interval 5.99 4.7 .29 772
Grade Level S Log 5.97 4.6 ‘
Words Read Incorrectly 54 EQ Interval 2.77 2.6 1.62 J1
_ Grade Level Log 3.12 3.1
“Written Expression Measures
Total Words Written 75 EQ Interval 6.90 5.2 1.35 .183
: Log_ 7.7 5.7 .
‘Words Written Correctly 75 EQ Interval 6.49 5.3 1.20 232
Log 7.05 6.6
Words: Written Incorrectly 75 EQ Interval 1.81 1.5 2.45 016
: - Log 2.42 2.7 ) .
Correct Letter Sequences 75 EQ I'nterval 28.38 21.3 1.60 15
for Writing Task - Log 29.89 23.8




Table 4.

]

Comparison of Linear and Logarithmic Models in Predicting Performance at Week 9

o~

Sample 0 Mean Standard
Size Group Deviation Deviation T-value Probability
‘Reading--Measures O,
Words Read Correctly 76 EQ Interval  9.69 9.0 1.96 ",054
3rd Grade Level Log 10.15 16.2
Words Read Incorrectly 76 EQ Interval 2.81 1.3 2.52 .014
* 3rd Grade Level \ Log 5.36 8.9
Words Read Correctly 54 EQ Interval 7.30 7.3 1.25 217
Grade Level . Log 7.13 6.9
‘Words Read Incorrectly 54 EQ Interval 3.14 2.9 1.86 .069
Grade-Level Log 3.90 4.7 ‘
Written Expression-Measures
Total Words Written 78 ~——EQ_Interval  8.62 7.0 2.58 012
‘ ‘ Log - 9.85 8.2
Words Written Correctly 78 EQ Interval 8,237~ 6.9 1.8 .9
) Log 9.85 121 77—
Words Written Incorrectly 78, EQ Interval 1.94 1.9 2.04 ‘\“*;045_;\\
, Log 3.19 5.7 N
. Correct Letter Sequences 78 EQ Interval 36.12 30.1 2.95 .004
For Writing Task Log 40.51 35.2




Table 5

Comparisonlof Linear and Logarithmic Models in Predicting Performance at Week 10

s

Sample  Type of Mean Standard .
Size Graph Deviation Deviation T-value ,Probability
Reading Measures
Words Read Correctly 79 EQ Intervatl 13.56 9.8 1.64 105
3rd Grade Level 'Log 14.05 10.6
Words Read Incorrectly. 79 EQ Interval 3.43 1.3 2.12 .037
3rd Grade Level Log. 8.50 21.3
Words Read Correctly 54 EQ Interval 10.11 9.5 1.67 101
Grade Level ' Log 9.82 9.2 4
Words Read Incorrectly 54 EQ Interval 4.37 5.1 1.96 .056
Grade Level Log ‘5..80 7.7
Written Expression Measures
Total Words Written 79 EQ Interval - 9.87 8.6 2.95 .004
' ) Log 11..29 9.2 "~
Words Written Correctly 79 EQ Interval 9.31 8.3 1.44 L1583
: Log 12.53 21.4 )
Words Written Incorrectly 79 « EQ Interval 1.75 1.6 2.21 .030
; Log- 3.26 6.2
AN N ) .
< Corréct Letter Sequences 79 EQ Interval 43,03 346 2.19 .032
for Writing Task Log 48.27 - 40.9




Table 6

Comparison:of Linear and Logarithmic Models in Predicting Pefformance at Weeks 8, 9, and 10

Sample Type of Mean Standard )
Size Graph Deviation Deviation T-value Probability
Reading Measures .
‘Words Read Correctly 72 EQ Intérval  10.90 7.8 1.51 136
3rd Grade Level® Log 11.24 3.7
‘Words Read Incorrectly ~ 72 EQ Interval 2,89 2.2 1.99 .050
"3rd Grade -Level -+ +  log 4,92 8.8 ,

Words Read Correctly 51 °  EQ_Interval . 774 5.7 1.17 .248

* Grade Level N Log - 7560 5.3 , A
- Words-Read TncorrectTy ~ 507 EQ Interval =~ 737337 3.0 1.78 081 .

Grade Level ' Log 419 ' 4.8

" Written Expression Measures

Total Words Written 72 EQ Interval 8.67 5.1 2.59 012

Log 9,54 6.1

Words Written Correctly 72 EQ Interval 8.17 5.3 1.4 162
‘ . ) Log- 10.06 12,7

Words Written Incorrectly 72 EQ Interval 1.87 1.3 2.23 .029 .

Log 2.81 3.8
Correct Letter Sequences 72 EQ Interval ‘36\61 22.2 2.39 .020
for Writing Task 27 .4~

Log
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