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Abstract

Research on the analysis of time-series data has shown that
decisions reached through visual analysis of the data may be
influenced by the statistical parameters of those data. The current
sfudy investigafed the statistical properties of curriculum-based time
series data for 68 resoﬁrcg rbom‘students in four Minnesota school
districts. Data for slope, standard érror of ~estimate, mean level of
performance, and numbek of data points are presented. Implications

for both time-series and conventional pre-post designs are discussed.
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Characteristics of the Time-Series Data Collected

Through Curricu1um-Based Reading Measurement

In their recent volume on single subject research desian,
Johnston and Pennypacker (1980) pointed out that, in contrast ‘to
measurement in the natura1 sciences, which relies on absolute units of
measurement, most research in the social sciences re]ies on relatjve '
Aunits of measurement. As a branch of such research, traditional
intelligence and achievement testing is based, not on standard units
(i.e., number or duration), but on the relative standing ‘of an
individual compared to his/her peefs. While such information may be
useful for classification and placement decisions (Salvia.& Ysseidyke,
1981), it says little about what a student can do on a functioﬁa]]y
imporfant task and tends to be re]afive]y insensitive to performance
over time (Brown, 1976). Thus, data obtained from traditional
assessment provide little or'no information regarding individual rates
of skill acquisition and are of 1little assistance in developing or
monitoring indivjdual educational programs.

In contrast:,the comparatively recent technology of direct and
frequent measurement, as exemplified by curriculum-based assessment
(Deno & Mirkin, 1977) or precision teaching (White & Haring, 1980),
offers a relatively standard unit of measurement, such as wordsxread
per minute, for monitoring student pmogress. Based on sﬁng]e subject’
research methodology (Sidman, 1960), such systems apprcach the
Johnston and Pennypacker ideal of abso]ute" unit measurement, and
provide the teacher with a sehsitive recordimg, over time, of the

changes in a child's academic skills. For the researcher, direct and
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frequent rieasurement offers a constant unit, expressed as a rate, that
can be used for both between.and within subject comparisons. For the
teacher, continuous monitoring of skill acquisition allows direct
assessment -of the impact of various classroom interventions, much as a
researcher would test a hypothesis (Deno & Mirkin, 1977).

Kratochwill, Brody, and Piersel (1979) identify a number of
advantages that single subject or time-series designs offer for
research in the area of learning disabilities. Some time series (such
as the ABAB design) allow the researcher to better establish the
relationship between the dependent and independeni variables. The
emphasis on frequent measuremenf may represent an advantage for both
researchers and teachers.

Learning prob1em§ represent a process, dynamic over time,

and a research strategy that allows monitoring of these

problems, and their relation to an intervention reflects the

- reality of the practitioner's concern. (Kratochwill et al.,

1979, p. 259)

Time-series research designs may offer an alternative strategy in
situations where it may not be possible to meet théu'statistica1
assumptiong necessary to employ conventionai pre-post designs.
Finally, by.focusing on the individual, time-series research designs
allow both the researcher and teacher to more clearly specify
treatment variables and their relation to subject charaéteristics;
"which leads to refined diégnosis and specific tréatment prescription
for exceptional children" (KratochWi]i et al.. 1979, p. 261).

Amony those using time-series designs, there has been a.tendency
to rely on visual analysis of the graphea data. A number of authors

point’ out that such analysis s 1imited by the technical
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characteristics of the data (Jones, Vaught, & Weinrott, 1977: Kazdin,
1976; Parsonson & Baer, 1978). Before an accurate evaluation can be
made of the éfficacy of intervention, the data must show evidence of
stability in the baseline phase. In addition, the variability
exhibited in the data will have an .influence on conclusions drawn from
the data, as yi]] trends exhibited py the data, both before and after
1nterventions; Finaily, the number of data points may also determine
the nature of conc1usions.dréwn. |

The accuracy of judgments made on thg basis of visual analysis
also may be threatened by serial dependency;m Serial dependency refers
_to the fact that, given repeated measures on the same subject,
successive scores are not likely to be dindependent of one another.
The statistical property of serial dependency may have fonsiderab]e
‘ effects on the pattern of data observed (Hartmann,lGottman, Jones,
- Gardner, Kazdin, & Vaught, 1980). Séﬁial dependency and other.
statistical properties also may reduce the reliability of ‘visual
analysis. Jones, Weinrott, and Vaught (1978) demonstrated that
agreement between visual and statistical analyses decreases as serial
dependency increases.

Given these difficulties, a numbér'of authors (Gottman & Glass,
1978; Hartmann et al., 1980) have 'recommgnded supplementing visual
analysis of time-series data with sbme form of statistical 5na1ysis.
Procedurés have been developed using ANOVA (Gentile, Roden,i& Klein,
1972), interrupted time series analysis (Gottman & Glass, 1978\, and
the c-statistic (Tryon, 1982). 1In addition, Shine (1975) has proposed
a five-step model for 1ntegrating single subjeqt' and conventional

between gfoups designs.

;

%



During the past five years, investigations at the University of

Minnesota have established, to a considerable extent, the technical

“adequacy of using a curriculum-based measurement system based on time

series data in the classroom. A series of validity studies (Deno,
Mirkin, & Chiang, 1982) showed that reading aloud from a basal reader,
reading aloud from lists of 9isolated words, and guessing the words

deleted from a reading passage (i.e., cloze comprehension) 111 related

closely to performance on standardized tests and discriminated between

phogram and grade placement. These formative measures of reading also
have shown high test-retest (r = .90) and alternate-forms (rs = .89
‘-.92) reliability (Shinn, 1981). Finally, both reading from isolated
word lists and reading aloud from a basal readef were found to be

sensitive to changes within each grade level from fall to spring ahd

across grade levels (Marston, Lowry, Deno, & Mirkin, 1981).

The Minnesota measurement systems include a number !of

. characteristics--absolute unit measurement on a functionally important

task, number correct in fixed time, frequent measurement, ability to
monitor rate of change over time (slope), and applicability to
individual students--that differentiate those systems from traditional

aséessment. Some data have been collected describing the statistical

“characteristics of curriculum-based data. Deno, Marston, Mirkin,

Lowry, Sindelar, and Jenkins (1982) administered curriculum-based
measures to 566 e1emehtary students from three states and described
deve]opmentg] trends in mean level of performance. In a study
1mp1ement1nglsuch measures over a l6-week period, Marston and Deno
(1982) .reported the mean level of performance and the mean slope of

words read correctly across grade and setting.

3
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The purpose of the current study was to investigate further some
of the statistical perameters of curriculum-based time-series data. A
number of questions can be asked of the data:

1. What is the average increase in reading performanee over time?
Does the slope representing this increase indicate significant
growth in reading performance?

The question of rate of growth is especially crucial for resodrce
room students, for they must show greater growth in order to "catch
up" to their peers. While significant weekly improvement in reading
may not necessarily preclude demanding still more of students, a
failure to show improvement beyond random variability would argue
persuasively that the systemxis not challenging enough.

2; What s the mean level of variability (standard error of estimate)
in student performance under a direct and frequent measurement
system?

Student performance on any academic task can be expected to vary
on a daily basis; the record obtained through curriculum-based
measurement obvious}y will reflect such variability. It is important
to know what the average amount of variability is in order to know

what constitutes extreme variability.

3. With what frequency can students be expected to meet their goals
in a system of direct and frequent measurement?

One would hope that alarge percentage of students do in fact_
meet thdir goals, indicating both personal success for the student,
and instructional success for the teacher.

4. What is the mean level of berformance at each grade level?
' Although mean level of performance is, in part, determined by the

baseline level of performance and long-range goal placement, it still'

\'-10
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bears upon the validity of the system. We would in fact expect the
measures to discriminate between the performance of children at
various. grade levels, even if baseline and goal levels were held
constant.

Method
Subjects .

The subjects were 68 resource room students in three rural and
suburban Minnesota school districts. A1l subjec.s were participanté
in research on |the effects of teachers using frequent curriculum-based
measures. Sub%ects ranged 1n'§rade placement from first to seventh
grade; the disfribution of students by grade level is shown in Table
1.

----------------------- R

Insert Table 1 aboui here

A11 students were receiving some resource room instruction and
: had\been receiving such special 1nstruc£10n'for anywhere from a few
months to six years (X -= 1.96 years); The time spent in reading
%nstruction in the resource room ranged from 15 minutes to 105 minutes
per day, with a mean of 46 minutes per day. The students' teachers
averaged two years teaching experience in regular education, and five
years in special education. |
Procedures

The resource fodm-‘teéchers were trained in the use of the
measurement procedures duri%g a series 'of three half-day workshops at

the beginning of the schoo]iyéar. Training was based on the manual,

t\

1i



7

Procedures to Develop and Monitor Progress on IEP Goals (Mirkin, Deno,

Fuchs,  Wesson, Tindal, Marston, & Kuehnle, 1981). The teachers
continued to use the measures over the entire school year. Visits by
observers in December, February, and May, and frequent phone contacts,
prbvided feedback to the teachers on the accuracy of their
implementation of the measures. |

Measurement consisted of one-minute timed samples of reading from
the student's curriculum. Based on the results of preVious research,
the placement level for testing was set at a criteria of 20-29 words
per minute for grades 1 and 2, and 30-39 words per minute for grades 3
through .8. Once this level was determined, passages were chosen
randomly from the placement 1g¢e1 textbook for measurement purposes.
Measureménts were conducted three to five times each week. Both
number of words read correctly and number of errors in one minute were
recorded, and.plotted on an equal. interval chart. Continuous graphed
results allowed teachers to dévelop a visual record of student

progress, like the one represented in Figure 1.

- o e e e D s e D o e

Teachers were instructed to write IEP long-range goals using both
the entry 1level criteria and a desired year-end mastery criteria,
usually 70 words correct per minute with no more than 7 errors. The

formula used in writing the long-range goal is shown in Figure 2.



Shorx;term objectiVes were based on the long-range goals (LRG){
In order‘vto compute the short-term objective, teachers first
SUbtracfed the baseline level of performénce from the criterion level
listed in the LRG. Dividing this difference by.thé number of weeks
‘unti1“£ﬁé annual review, they arrived at.the number of words per week
gain necessary to meet the 1ong-rénge goal criteria. The format used
‘for writing short-term objectives is given in Figure 3.

In additioﬁ, thg teachers were tfained'éf the beginning of the
year, and again'at_mid-year, in the use of the measurement procédures ,
fbr evaluation of .tﬁe instructional program. In order to mdnitdr
student growth, the basé]fhe reading level and the Tlong-range goal
wefe connected - by ~an aimline thét showed the students' desired _
‘progreSS. Every seVen data points, the teachers were to evaluate
| student growth using a decision rule that required‘use of the quarter-
intersect method (white” & Haring, 1980) to determine slope. An
example is givég_jn Figure 1, If'the,student was progressing at a
rate equivalent to B?\grgater'than that indicated by the aimline, the
_instructional program wagfﬁbhtipped; if the projected rate of growth

was Jless than that indicated by ﬁhé\ﬁim1ige, the teacher was to make a

substantial change in the studenf'sprogra;?\\\\\\\\\\\\\\;\\\\\\\\\ '
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Studenf- performance data on direct repeated measures were
collected  and chartedfover a six-month period for 68 resource‘}opm
students.\\Basedvon_these graphed performance data, a slope fbrieaeh

individual was computed by means-of a regression equation. In order

to test the probability that the slope represented a s}gnificant

' change . in the student's reading performahce over fime, and ndt an

artifact of  individual variability, individual slopes were

standardized, and the c-statistic1

was applied to each individual's
data, as‘recommended by Tryon (1982). Othef variables generated from
the graphed data were the student's mean reading rafe'for the entire
year, the standard error of esfimate (SEE), number of interventions,
and total number of data points. Finally, two measures were used to
determine; whether students echieved their reading goals: first,
whether any data points fell above the long- ranqe goal, and second,
the number of data points that\fe11 above the 1evel spec1f1ed for the.
long-range goal. -

Results

The average numbér of measurements per week ranged from near 0 to

4.7, with a mean of 2.8 data points per week The total number ofl

data p01nts over the s1x-month period ranged from 20 to 131 W1th a

“mean of 51.8. The 1ong range goal for those in grades 3-7 averaged 72

words per minute, wh11e for those in grades 1 and 2 the mean "LRG was
53 words pef minute.
The mean slepe (average number of words gained per'week) for all

students was 1.55 words per minute gain per week. The average number

14



10
of words gained per week tended to be greater the lower the grade
level (see Table 2). As noted previously, the c-statistic was applied

to a11 §]opes: conversion of the c-statistic into a z-scorez (Tryon,

\,
'

1982) allows ‘one to determine the .05 level of significance. The
'1arge\ majority of students exhibited slopes that represented
signifjcanf gains in wbrds read correctly. 0n1yA22% of the students'

slopes were insignificant (see Table 3).

) . - 4 - - o
The mean standard error of estimate, a measure of variability,

was 10.17 words. This means that student data varied;‘Qh,the average,
4+5.09 "words pér minute ‘around the slope. The SEE's ranged frbm 8.45
words (grade 2) t6 11.56 words (grade 4) (see Tab]e'4). The amount
of variability in the graphed data showed an increase from secbnd}to
third grade, then tended to level off for grades 3 through 5. Table 5
pfesents average and ﬁigh Tevels of variability for first and second,

and for third through sixth grades.

~ The distribution of mean number of words read correctly by grade
is presented in Table 6. Although mean number of ' words read.corkect1y

for any given student is determined in large part by the levels at

" which the baseline and long-range goal are set for that student, the

mean performante did tend to increase with grade level.

15
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Insert Table 6 about here

As can be seen in Table 7, students had little difficulty meeting
their-long-raﬁge goéis- Over 85% did so at least once. In fact, the

mean number of data points'falling at or above the long-range goal -

level was 8.2. Thus, many students equaled or exceeded their goal a

number of times over the course of the six-month period.

Although teachers were trained in evaluating the data, and were
encouraged to make changes in the students' educational prdéfam if the

i:ta warranted, few interventions were implemented by teachers (see

Table 8). The mean number of program changes implemented per student

was .65 for the entire school year.

‘Student Time Series Data ‘ /

Examples of individual student time serie§ are presented in

IR

Figures 4-7; these were chosen from actual stﬁdgnt.data to provide

"c1ear illustrations of statistical properties/ Regression slope,

standard error of estimate, mean for the yeaq{ and total number of
data points are reported for each graph and may be compared with the

sample means in Tables 2, 4, 5 and 6. Connected points represenf

1§
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words read correctly from text in one minute, X's represent words read
1ncorrect1y in the same time .interval. The first three to six data
points before the vertical .line represent baseline sampling to
determine level of placement for measurehent; due to the initial
;f’fhihmpjing procedure‘described above, some of the baseline measurements
may bgﬁhigher or lower than post-baseline measurement. The diagona]
drawn from the baseline to the long-range goé] represents fhe aimline
K\‘ set by?the teacher at the beginning of the year. This aimline may or
~ may not reflect the actual rate of student progress as expressed in

the slope. J

Note that individual variations 1in rate of acquisition,
variability, and mean level of performance preclude ‘description of
student time series dafa,by any sing1é statistica] property. Both
Figure 4 and Figure 5 show re]ative1y‘steéb slopes, yet differ greatly
in the variability around those slopes. The standard errors of
estimate. for Figure 5 and 6 are more similar, but Figure 6 shows a
much flatter slope."Fina11y, although the mean levels of respond1ng
are very similar for the data presented in Figures 4 and 7, the rate
6f acquisition differs greatly.

| Discussion

The currfcu]um-based measﬁpéﬁent system described herein provides
teachers with a method of f&aﬁing éurriculumv decisions based on
ana]ysis of time .series data (Deno & Mirkin, 1977). Since Both

]

(
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training in statistical analysis.-and access to statistical proqra%s

\may be limited for teachers, it is 1ikely that de;isiohs about the

data will be_based primarily on visual analysis. .Given the concerns
expressed rébérding the limitations of visual analysis of time series

data, it is important that the statistical properties that determine

“the accuracy of visual inference be thoroughly explored. The present

study has investigated statistical characteristics- such as trend,

.variability, level of performance, and number\bf data points in time-

series data ohtained from resource roém students.

Perhaps the most important property of time series data. that
directﬁy infiuences visual analysis is the trend of the data. The
slopes presented for grades 2-5 are very'Simi]af tb those ‘obtained by
Marston and Deno (1982) for resource room students _and, like thatt
sample, tend to be flatter than fhe slopes obtained for students in
either regular education or Title- I programs in the Marston and Deno
sample. Caution must bé used in comparing across differént samp1es.
Neverfhelesg, given that the 'purpose of‘ special education is to
accelerate educational progress so thgt students fn éuch settings may
return 'to the mainstream, these results could be viewed as rather
discouraging.

Few interventions, however, were made in students' educational
programs to accelerate the slopes. The slopes obtained from this
saﬁb]e may thus represent a baseline level of performance that could-
be accelerated given greater attention to planned interventions. It
is interesting to note that most behavioral literature views the ideal

stable baseline as one with minimum - acceleration or deceleration

18
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(Hersen & Barlow, 1976).' In tasks such as reading, however, jn which
we expectacontinuous acquisition (at least until high school), lack of
accelerat&on may be neither necessary nor desirable. Many students
may{ﬂjn fact, be referred Vor speciai placement because tﬁey fail to
exhibQQ the continuous vauisitioe characteristic of most elementary
Etudenés The slopes obtained for this sample may thus repreeent a
base11ne 1eve1 of rate of acqu151t1on that is 11ke1y to be lower than
the rate of acqu1s1t1on for students in regular educat1on In such a
case, the purpose of interventions is not to 1ncrease\or decrease the
'meah Jevel of responding in relation to a stable base11he: but rather

to increase the rate of acquisition (s]ope)vin relation to the current

rate. » o T

o

Decisions about .when to implement such intervenfions may be f.,

highly 1nf1uenced by the degree of variability of the data (Hersen &
Bar1ow, 1976). The standard error of estimate data presented here
thus’«mayr be critically 1mportant‘ iq interpreting the data. 'The
'current reeu]ts, if validated by eonf%nued stydy, may provide "norms"
of moderate and high variability that cou]d be'usee to quide teachers
in decision making. A high degree of var1ab111ty in student scores
might provide a caution in m§#1ng decisions based on those data, and
might indicate the need to bring the var1ab111ty under control before
p]ann1ng educational 1nterven;\ons.\ On the other hand, a well planned
1ntervent1on might in itself reduce the rate of v£r1ab111ty

Teachers in the current sample seemed aware that externa1 or
historical events cou]d affect the varfap111ty of student performance
A number of teachers noted that increased var1ab111ty often seemed to

- !
-

15
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coincide with reports of increased instabi?ity in the student's nhome
situation. The teacher's comments congerning the time series data.
presented in Figur2 7 represent that teachier's hypotheses concérning
the causes of variability. The fact that time series data encoﬁrage
formu?ation of hypotheses that may. then be tested represents another
advantage of the tiMe«sefies'.design over conventional bre-oost
measurement. |

As mean ?evéi cf performance was controlled, to a certain extent,
by levei of curriculum placement (i.e., all students initially were
placed in material in which they read 20-39 words cdrrect1y per
minute) one would expect to detect few develoﬁmenta] trends in the
- data. Nonetheless, though not statistically significant, certain
trends do appear. Mean level of performance tends to increase by
grade level, while rafe’of'acquisition as represented by the slope .
tends to decrease from grade 2'through grade 5. These results tend to
support the findings of Deno et al. (1982) that groW%h‘on academic
time series measures can be represented by a curve thatéis nebative1y
accelerated; that is, rate of acquisifion is greétest ac}oss grades 1,
2, and 3 and tends to accelerate 'at a slower rate fér students in
grades 4, 5 an& 6. ‘. -

The ideal rate of academic growth has yet to beidetekhined in
;petia] education. Lindsley (1982) argues fhat it_is;betterth'set
higher goals and demand steeper 1éarhing s?bpes andvthét,'by setting
goals too 16w, We7are in danger of traiﬁpng the chiﬁq_to meet our
lower expectations. On the other hand, goals éet unrea1$§tica11y"high
may te unattainable for the student in a resource room seﬁﬁjnq énd may

only add to that'student's experience of frustration in eduéation.
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The ma1or1ty of students in the present analysis reached their
goa1s at least once, and the number of data points. at or above the
1ong-range\goa1 level (X =.8.2) indicates that the goal was, for the
most part, solidly attained. The goals set by curriculum-based
measurement thus seem to be eminently reachable to the majority of
resouhce room students. In addition, the significance of the c-scores
for the majohity of slopes indfcates that the obtained slopes
hepresent real trends for 'these students, and not merely random
variation. |

The current study has begun to de11m1t some of the statistical
character1st1cs of curr1cu1um based time series data. G1ven the
relatively low rate of acqu1s1t1on represented by the s1opes for this
- sample, one ‘would hope . that such ,character1st1cs are mod1f1ab1e.
Further research is needed to determine whether it 1is possible to.
accelerate rate of acquisttion either by manipulation of goals and
aimlines, or by increasing the rate of teachers' interventions.

The findings‘of thisﬁstudV<join previous literature (Gottman &
Glass, 1978; Hartmann et al., 1980) in arguing for both visual and
statistical analysis of time-series data. It is especially apparent
from an examination 'of‘_individua1 data that no single statistical
phopehty of time-series data can be used to rank order individuals,
since individua] students may vary on a number of such dimensions
simultaneously. Such a finding has implications beyond_time-series
analysis, since standardized testing genera11y rank orders students on
the basis of a mean score at one point in time. Analysis of time-

. series data suggests that two students with the same mean may have

Qi
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arrived at that mean through very different rates of acquisition.
Thus, curriculum-based time-series measurement may provide a more

accurate and complete record of student educational progress.
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Footnotes
The authors \gratefu11y acknowledge the contributions of Or.
Gerald Tindal -in directing our attention to the c-statistic as a
method of time-series'ana1ysis;
‘ 1The actual calculations involved in fhe‘cistatistics as cited by

Tryon (1982), are:

N-T
Iy oy 32
N It e D
N
7z (X, - )2
i=1 !

where the numerator of the right hand term is the sum of the (N-1)
squared consecutive differences associated with the time series.. The
denominator - is tWicé the sum of the (N) squared deviations of the
time-series data points from their norm.

~ 27pe standard error of the c-statistic is

sc = N+2
| N-1) (N+1

The c-statistic may be converted to a z-statistic and tested for

significance through the following ratio:

7= &
,Z " Sc
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Table 1

Distribution of Students by Grade Level

Grade __;‘Number of Students - Percentage
1 | B T 2.9
2 18 26.5
3 ’/,/) .15 | 22.1
. R ’
4 : : 6 23.5
5 BT 17.6 |
6 o 3 _ 4.4
7 2 2
T TTT—
b
4 :
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Table 2

Mean Slope or Average Number of Words Gained Per Week?

Grade ' Mean ' Standard Deviation
2 1.78 1,21
3 1.62. o L7
4 1.42 . .92

5 1.36 .66

%Means and standard deviations are not neported for grades 1, 6, 7,
and 8 due to low N's.




Table 3

Students with Significant Increasing Slopes

23

Frequency Percéntage

Students with Tnsigni%icant slopes . 15 - 22%

‘Students with significant slopes 53 - 78%




Table 4

' Mean Standard Error of Estimate at Each Grade Level

o Standard

Grade Mean . Deviation
2 8.45 2.27
3 10.06 ' 4,29
4 . 11T56 5.39

5 10.35 4,43
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Table 5
Standard Error of Estimate

Normal and High Variability

Percentﬁ1e 
Mean Median 75th 90th
Grades 1 and 2 8.36 8.24 9,91 10.63
Grades 3 through 6 10.65 9.36 -13.97 16.51

3u
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Table 6

Mean Number of Words Read Correctly

Standard
Grade Mean Deviation
2 42 .24 10.59
3 51.23 8.71
4 : 54.13 8.97
5 54.27 10.88
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Table 7

Number of Students Reaching Long-Range Goal at Least Once

Frequency Percentage

Students not reaching long-range 10 14.7%
goal ‘ : .
Students reaching long-range goal 58 ) 85.3%

at least once
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Table 8
Number of Interventions Implemented in

Student Instruction Programs

Number of Changes " Frequency
0 45
1 12
2 4
3 4
4 3
v
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"Figure 1. Example of individua1 Time-Series Data.
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Condition

Behavior

Criteria

LRG: In weeks, when
(total # weeks)
presented with stories from
Level . . '
(#) (reading series),

student will
read aloud

at the rate of 50
wpm or better
5 or fewer errors.

Figure 2. Format for Long-Range Goal: Reading




Condition ‘ Behavior Criteria
STO Each successive week, when | student will at an average .
presented with a random read aloud increase of
selection from Level /
- T#H) ' (repeated-actual
of - - . performance/total #
(reading series), . weeks) words correct/
’ minute and no increase

in errors.

Figure 3. Format for Short-Term Objective: Reading
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