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L. INTRODUCTION

This report was developed in conjunction with Contraat No. OEC-
0-73-6662 entitled, “The Development of Project Information Packages
for Effective Approaches in Compensatory Education." As its name
implies, the contract c¢ffort was primarily focused on packaging con-
cepts and procedures which would facilitate the replication of sound
educational practices. There was great concern, however, that the
projects selected for replication should indeed be exemplary in pro-
ducing eignificant cognitive achievement beneiits.

Because the selection process was to be based on existing data
derived from a wide variety of experimental and quasi-experimental
evaluation designs, it was clearly uecessary not only to establish
criteria for the statistical and educational significance 9f achieve-
ment gains but also to define procedures for verifying that these
criteria were met. This latter task was not regarded lightly, but it
was, the authors felt, something which could be accoriished in a
straightforward manner by borrowing liberally from the work of Camp-
bell and Stanley (1963) and others. It did not seem likely that wmuch
original work would be required, or that this report would contain any
significant information not already present in widely-read evaluation

texts. These initilal impressions, however, were quickly to be rejected.

It was not long after work on the validation procedure began
that it became necessary to put aside the well-documented issues of

experimental design and statistical inference and to probe the nether-

world intracacies of achievement test scores and normative data.
Facts quickly came to light as this exploration proceeded which ap-
peared to undermine the validity of inferences drawn from nearly all
locally-conducted evaluations. The problems were so fundamental chat
the authors could not bel'ave they were the first to discover them --



yat they were able to find nothiung in the literature which was wmore
than marginally relevaut.

Before they started work on the validation procedure, the authors
considered theuselves reasonsbly sophisticated in both the theory and
practice of educational evaluation. There were, however, a number of
details which had escaped their attention. They were not aware, for
example, that a child scoring in the lowest quartile of the national
distribution could make gains greater than uonth=for-month over an
eutire school year and end up farther below the norm than he began.,
They did not know that a fiftieth-percentile third grader could be
2.5 months below grade level in reading~~or that an educational pro-
gram could appear highly successful if the pre= to posttest interval
spanaed the twelve months from 1 May to 1 May but would resemble an
- dastructional disaster if pupils obteined the same scores on tests ad-
ministered one day earlier.

These outrageous incoherencies were just a few of the "horror
stories" uncovered in the course of routinely examining real-world
evaluation studies. The sad part was that these or similar irration-
alities were so pervasive that not a single evaluation report was found
which could be accepted at face value! Even more dishearteningf-many
of these evaluations followed procedures officially sanctioned by one
or mcre presumably authoritative groups of experts.

With each new discovery it became increasingly clear tha: this re-
port would have new things to say and would have significant implica-
tions beyond the scope of the effort which spawned it. “or this reason,
it has undergone several revisions intended to increase its general
usefulness. The most recent change involved removing as much as possible
of the material which dealt with project selection criteria unrelated
to cognitive achievement benefits. Discussion of these criteria (cost,
availability, and replicability) was clearly specific to the contract
effort and appeared to detract from the uscrfulness of the report for a

broader audience.

While the coverage of the report has changed somewhat from earlier
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versions, its format remains the same. The largest gection of the
report consists of a 23-step procedure for validating the effective-
ness of educational programs using existing evaluation data. It is
not intended as a guide for conducting evaluations but rather for
interpreting data assembled by others using a wide variety of experi-
wental and quasi-experimental designs. As such, its coverage is not
restricted to "good" designs. It encorpasses all of the commonly
employed evaluation models.

Some inferences may be drawn regarding the relative usefulness
of various designs, but the report is really concerned with deficien-
cies and hazards. It follows, then, that emphasis is placed on the
weaker designs which, as it happens, are also the most feasible in
real-world settings, the least costly, and the most commonly used.

One additional point should be mentioned here. The orientation
of this report is that of identifying educational projects which can
be considered truly exemplary, It is necessarily less concerned with
the non-selection of possibly successful projectes than with the
selection of possibly unsuccessful ones. If the goal were to identify
unsuccessful projects for the purpose of terminating them rather than
successful projects for replication purposes, a different orientation
woulc be required.

! :‘;‘. ) \
it



1l. PRELIMINARY SCREENING OF CANDIDATE PROJECTS

The process of selecting and validating exemplary educational
projects is viewed as iterative in nature with each criterion area
examined at several preliminary levels before analysis is undertaken
at the depth which will ultimately be required. The specific stepe
to be taken and the criteria to be used will vary as a function of each
study's particular objectives. The variations, however, should not
represent major departnres from the general strategy which was employed
in selecting exemplary compensatory education projects for packaging.
This strategy is described below.

The process began with defining the population from which projects
were to be drawn, assembling a list of cendidate projects, and solici-
ting available documentation from each of them. When these tasks were
completed, the investigators had in their possession an incomplete
collection of reports, data, and promotional literature on each can-
didate project.

Winnowing this information, identifying and ohtaining neeued sup-
Plementary data, and weighing the resulting evidence was a complex
task. It required a sutstuntial investment of effort including mail
and telephone communication with Project personnel and uaually at least
one site visit. Typically, it was not feasible to apply the entire
pracess to all candidate projects, and some preliminary screening pro-
cedures were required. Projects which passed the preliminary screening
criteria are considered "possible" candidates for validation and all
criterion areas ware systematically investigated in greater depth.

When thare was doubt as to whether or not a project had met one of the
preliminary criteria, the project was not rejected immediately, but
attentloa was focused on the specific criterion in question so that
definitely unsuitable projects could be identified and rejected with

a minimum of superfluous effort.
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Appendix A contains a set of worksheets which were develaped to
facilitate the preliminary screening of compensatory education projects
which were candidates for exemplary status. While the specific cri-
taria applied to this screening effort may not be widely applicable
without wodification, the worksheets should serve as useful models
for any similar types of screening.

The first page was filled in for every candidate project and,
when completed, provided a record of the disposition of the project.
The first two sections, "Description"” and "Prerequisites," were come
pleted as the first step in processing information received from a
project. Information under these headings served to verify that the
candidate project did indeed come from the populatior being considered.
The third heading, "Final Assessment" was used later to summarize the
regults of the investigations in each of the four major criterion areas.

The second page, "Preliminary Screening Criteria" comprises'a
checklist which was used for all projects which met the pPrerequisites.
A project which clearly failed to meet any of the criteria was rejected
without evaluating the other criterion areas, and, where doubt existed,
effort was focused on the questionable area to avoid expending possibly
fruitless effort on the others. Projects which survived the initial
screening were subjected to additional investigation in all areas. Page
three was uged to summarize information tesulting from these additional
investigative steps in the avallability, cost, and replicability criter-
lon areas. Page four was used to describe the tryout design in such a
way as to proéide a4 context for considering the evidence of effectiveness.

The use of forms such as those included in Appendix A for summarizing
and recording preliminary scre ~ning information may give the misleading
impression that the screening process is quite rigorous. In fact, it is
no more than a coarse grouping procedure whereby educational projects
are categorized as (a) apparently meeting the selection criteria, (b)
apparently not meeting the selectlon criteria, or (c) can't tell. Even
the distinction among these groups is not at all cloar cut in the
effectiveness area where misuse of experimental designs and statistical
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procedures is quice common and affects results in ways that are noc
easily decipherable.

It was decided that the detailed validation procedures would be
applied solely to projects which appeared, on the basig of preliminary
screenings, to meet the selection criteria. Only if the number of
such projects which survived validation was inadequate would it be
necessary %o dip into the "ecau't tell" category. At that point,
validation procedures would be applied to those projects which the
lavestigators felt were mosc promising based on whatever circumstantial
evidence they could assemble.

This process would continue, one project at a time, until either
the "quota" was filled or until it became clear that the original
classification had been excessively optimistic and that the probability
of finding additional successes was so remote as to suggest abandoning
the search.
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11I. EVALUATING PROJECT EFFECTIVENESS

Assesaing the effectiveness of an educational project presents an
intrinsically difficult probles. The evaluator faces many pitfalls
which may be broadly grouped into the three categories of measurement,
experimental design, and scatistics. Hazards exist Iln each of these
areas which may completely invalidate any inferences he might draw
about project impact.

Conventions for experimental design and agsociated statistics have
" been developed to deal effectively with evaluation problems in controlled
experimental settings. Standard reference books describing these con-
ventions are widely available (e.g., Winer, 1971) and are well known

to most evaluation specialists. Unfortunately, in the real world of
education it is often impossible to employ tigorous techniques, and it
is extremely rare to find a compensatory education project which eatig-
fies all, cv even most of the fundamental principles of good research
design. The problem is so widespread, in fact, that if one were to
reject all projects with less-than«ideal evaluations, the possibility
of finding even a few exemplary projects would be extremely remote.

Many of the weaker designs have been discussed at langth by
Campbell and Stanley (1953) along with the "threats to internal and
external validit&" associated with each. These author:, however, have
hardly touched upon the related problems of educational measurement.
Scoring, scaling, and norming considerations become particularly im-
portant ‘n those designs which employ non-comparable comparison groups
or no comparison group at all.

The extent and complexity of the experimental and measurement
problems made it clear that a systematic procedure was sorely needed
for reviewing project evaluations, for identifying and assessing the
impact of their shortcomings, and for waking reasonable judgments




regarding project effeitiveness while careiully weighing all relevant
factors. To meet this need, a 23-step decision tree was developed.
The decision ttee was designed to insure examination of each of the

12 threats to valid inference discussed by Campbell and Stanley (1963)
as they relate to specific evaluation designs. It also encompasses
other important considerations such as the type of scores on which
statistical operatious are performed (raw, standard, scale, percentile,
grade~equivalent), whether comparisons are made against control groups
or are norm~referenced, and the bases on which experimental-control

(or norm group) comparisons are made (posttest scores, gain scores,

covariance analysis, etc.).

A procedure of this type cannot, of course, be applied in & vacuum,
It must be tied to pre-established criteria to which each Judgment can
be related. These criteria include (a) the minimum increment of cog-
nitive benefit which will be considered educationally significant and
(b) the minimum non-chance probability level which will be accepted as
statistically significant.

It should be pointed out that the establishment of criteria for
educational and even statistical significance is a matter of policy
decision-making and has only tenuous ties to "science. There are
associated measurement problems, however, which represent scientific
challenges of a non-trivial nature. Most educators, for example, will
agree that the goal (f compensatory education is to raise the achievement
levels of disadvauta;ed children from some starting point to an end point
which 1s closer to the national norm. The question, "How much closer?"
must be answered by the policy makers. Once this criterion has been
agreed upon, however, the problem of how to measure the improvement

must be resolwved.

The use of grade-equivalent scores has appeared to offer g convenient
solution to the problem. It ig intuitively logical that, regardless of
how far below the national norm a child may be, if he makes gains which
are greater than month--for-month he will improve his status. It is
also intuitively logical that if he makes gains which are less than




month~for-month, ae will £fall farther behind the national norm. Unw
fortunately, these fundamentally sound concepts do not stand up {n
practice.

Because cognitive growth is not a linear function of time either
between or within years, because test publishers do not collect enough
normative data to comstruct more meaningful raw-to=grade-equivalent=
score conversilon tables, and because a lot of interpolation, extrap-
olation, and curve-smoothing is always involved, grade--equivalent
8.0res simply do not behave in a fashion which is consistent with in-
tuitive or logical expectations. These and other technical problems
associated with grade-equivalent scores and grade-equivalent gains
are discussed in detail later in this report and examples of some of the

incoherencies which actually occur in real-world situations were prescnted

in the Introduction., Here it is sufficient simply to say that such
scores do not provide a suitable medium for measuring the achievement
gains that may result from compensatory education projects,

Even if grade-equivalent scores possessed the characteristics
which they are typically presumed to have, the month-for-month measure
of effectiveness would be deficient in that it would systematically
discriminate against projects serving the most severely disadvantaged
children. This systematic bias stems from the fact that increasing

an achievement growth rate from 0.9 to 1.0 months-per-month is clearly
easier than raising one from 0.7 to 1.0. A more equitable measure
would be one which is independent of the initial degree of disadvantage-

ment of the children being served.

A criterion of this type must be defined in terms of an equal-
interval scale with some sort of anchor point. Normalized standard
scures referenced to a national average appear to offer the most appro-
priate medium in which such a criterion can be cast. Using unstandard-
ized and/or criterion-referenced tests requires that success be defined
In some other manner, and there can then be no assurance of equitability

over the entire range of initial disadvantagement.

These considerations led the authors to advocate a definition of

L?ﬂ‘“ :



educational significance which was expressed in terms of standard score
gains referenced to the national norm. A gain of one-third standard
deviation was subsequently agreed vpon as the criterion to be used

for determining exemplary status. Under these conditions, for a pro-
Ject to be considered for packaging, the mean posttest standard score
of project participants had to be one-third standard deviation higher
with respect to the national norm than the mean pretest score of the
same children.

Criteria for gain are project specific, and in other projects
even the desirability of equitability across all levels of initial
disadvantagement might be offset by other considerations. The 23-step
decision tree was developed so as not to be irrevocably tied to either
standard scores or to gains of one-third standard deviation. It is both
more general and more permissive than the specific criteria which were
adopted for selecting exemplary projects under Contract No. OEC-~0~-73-6662.
It is, in fact, independent of any specific criterion.

Many 1f not wost of the steps in the decision tree explicitly call
for judgments from the evaluator. At each step 1t 1is assumed that the
evaluator is thoroughly familiar with the issues involved and 1s qualified
to make a judgment based on complex technical considerations. Each
decision-tree step is accompanied by a discussion which 1s intended to
define the question that 1s to be answered, but little or no attempt
is made to explain the underlying problems. Such explanations are
included in separate appendices in instances where commonly accepted
principles or practices are discredited and where new or unusual approaches

are endorsed.

It 1s assumed that the evaluator is familiar with the relevant
statistical tools and will apply them appropriately in making his decisions.
For this reason, standard statistical procedures are discussed briefly,
if at all. More importantly, it should be pointed out that educational
evaluation is, and probably will continue to be, an inexact science.

Even where the most pcwerful designs are used, it will be possible to
generate plausible hypotheses attributing the observed results to some

.
e
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influence other than the instructional treatment or to factors unique
to the tryout site in question. Where weaker designe are employed,
it will be highly desirable, or even essential, to strengthen the
validity of inferences regarding project effectiveness by amassing

a8 much supporting evidence as possible. In any case, consistency

of £indings across several replications of an evaluation study would
constitute the most comvincing kind of supporting evidence.

Figure 1, on page 46 summarizes the 23-step decision tree in flow-
diagram form. Each step is discussed separately on the pages pre-
ceeding Figure 1. (This page arrangement is intended to facilitate
reference to the fold-out figure.)

The particular path to bu followed through the decision tree
depends, of course, on the specific design employed in the evaluation
study under zonsideration, but each path is structured so as to focus
attention on the design analysis, and interpolation pitfalls likely
to be encountered using that model. Unless a project has been eval-
uated in several different ways, substantially fewer steps will be
required than the 23 which comprise the entire decision tree. Pages
5, 6, and 7 of Appendix A are worksheets for summarizing design char-
acteristics and evaluation decisions.

One other point which should be made with respect to the decision
tree relates to the fact that it has a number of exit points labeled
REJECT. The intent of these exit points is never that the project be
rejected as unsuccessful. What is rejected is not the project but the
evaluation data which, if the decision-tree process has been carefully
<0llowed, have been shown to be inadequate as a basis for reaching any
counclusion with respect to the success or failure of the project.

It should be clear from the above and, indeed, from the decision
tree itself chat exacting compliance with the conventions of experiment-
4l design is not generally feasible in real-world educational contexts.
Throughout this renort the explicit emphasis given to the subjective
components of the evaluation process constitutes a deliberate attempt
to avoid the misleading impression of algorithmic rigor that might

Q
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result if the role of judgment were obscured by rigid procedures, ar-
bitrary criteria, and dubious tests of statistical significance.
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IV. DECISION TREE FOR VALIDATING STATISTICAL SIGNIFICANCE

Step 1
Question Are the test instruments adequately reliable and valid for

the population being considered?

Yes Proceed to Step 2

No Reject test scores as measures of
project success

Comment Appropriate temporal stability reliability estimates should
be used. In general, this means test-retest, or alternate
forms estimates rather than measures of internal consistency
such as split-half. Unfortunately, test-retest or alternate
form reliability information is often omitted from test pub-
lishers' manuals. Reliability coefficients are seldom
available for disadvantaged or other special groups. A
rough reliability estimate for an experimental group with
8 restricted range of test scores (e.g., bottom 25%) may be

obtained from:.

This formula is based on the assumption that the error
variance for the experimental group is equal to the error
variance for the total norm group. If the experimental
group error variance is actually higher than the total

13



norm group error variance this estimate of test relisbility
will be too high (see J. C. Stanley, 1971, p. 362). Floor
effects will further lower reliability for a group in the
tail of a distribution and a8 judgment must be made as to
the magnitude of these effects (see Step 2).

The primary validity concerns are (a) whether the tests are
sensitive to any gains students may be making (judgment
based on comparison of the test content with program con-
tent 1s required) and (b) whether the tests are generally
sensitive to improved reading or arithmetic skills. Widely
recognised standardized tests may be accepted unless there
appear to be glaring problems. Special purpose tests must
be examined closely, and a judgment must be made. Appendix
B discusses considerations relevant to criterion-referenced
tests.,

It should be kept in mind that test administration and
scoring procedures may have important effects on reliabil-
ity and validity. Unless the procedures outlined in the
publisher's test manual are followed closely, the obtained
scores may seriously misrepresent achievement levels. This
problem is particularly acute where the effectiveness of an
instructional program is assessed by means of norm=-group

comparisons,

14



Step 2

Question Are pre- or posttest score distributions of any groups
curtailed by ceiling and floor effects?

Yes Proceed to Step 3

No Estimate the size o€ the effect, record
on the worksheet, and proceed to Step 3

Comment Ideally, the lowest scoring pupil should score above the
chance luvel on the test and the highest scoring pupil
should score below the maximum possible scora, The actual
chance level is difficult to estimate since it depends on
the guessing strategy of each student. For students who
guessed randomly on all items they didn't "know," chance
would equal the number of items divided by the number of
response alternatives per item. However, students often
leave items blank even when instructed to guess, and when
they do guess, their choices are not necessarily selected
randomly from all available alternatives. Because of
these problems, the most practical way of identifying
floor or ceiling effects is inspection of score distribu~
tions for excessive skewness. If the experimental children
encounter the test floor on pretescing, or the ceiling on
posttesting, their gains will be undeéestimated. Gains
would only be overestimated where the ceiling was encount-
ered on pretesting and/or the floor on posttesting. This
lmprobable event could occur where different levels of a
test were used for pre- and posttesting but there is
generally enough overlap between levels so that this type
of situation does not arise.

If the experimental design employs & control group, it

15



would be subject to similar estimaticn errors which would
then need to be coneidered in combination with those of
the experimental group.

16



Step 3

uestion Is there reason to believe that the pretasting experience
may have been at least partially responsible for the ob-
served experimental outcomes?

Yes Estimate the size of the effect, record
on the worksheat, and proceed to Step 4

No Proceed to Step 4

If standardized tests are used, and the experimental
design employs a control group, the pretesting experience
should have little or no effect on the outcome of the
evaluation. Pretesting with criterion-referenced tests

1S
=

may sensitize pupils as to what they are expected to
learn. This sensitization may interact differentially
with the learning experiences available to experimental
and control pupils so as to produce greater learning of
criterion items in the treatwment group.

A more serious problem arises where there is no control
group because, as Campbell and Stanley (1963) point out,
"students taking the test for the second time, or taking
an alternate form of the test, etc., usually do better
than thogse taking the test for the first time [p. 179]"
Since, presumably, children in the norm groups took the
test only once, this spurious increment would be present
only in posttest scores of the program participants and
could thus lead to erroneous conclusions regarding pro-
gram impact. A compounding of this effect would almost
certainly occur if pretesting was the children's first
test-taking experience. Under these conditions, pretest
8cores might be artificially low.

17



Assuning some test-taking sophistication, a tule=of=thumb

estimate for the size of the practice effect would be one

tenth of a standard deviation if the same form of the test
were used for both pre- and posttesting (Levine & Angoff,

1958). Use of alternate fofms would significantly reduce

this effect. '
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Question

Step &

Is there reason to believe that knowledge of group mem=
bership nay have been at least partially responsible for
the observed experimental outcomes?

Yes Estimate the size of the effect, record
on the worksheet, and proceed to Step 5

No Proceed to Step §

Knowledge of group membership may produce the Hawthorn
effect in members of the experimental group or the "John
Henry" effect in the control group. [The Hawthorne

effect is the occurrence of a performance increment which .
results, not from the efficacy of a particular treatment,
but simply from an awareness that something special is
being done. See Whitehead (1938) and Parsons (1974) for
further explication. The John Henry effect arises when
those who do not receive special treatment make an extra
effort in an attempt to demonstrate that they can do just
as well without it.] There are other spurious influences
of this type which may also confuse the issues. Children
may deliberately score poorly on a test in order tn get
into a special program or to keep from graduating out of

a4 program they enjoy. They may also gcore poorly to punish
a teacher or developer they dislike.

In theory, many of these effects could be experimentally
controlled through use of a placebo treatment as is com-
monly done in medical research. In practice, however,
this approach is not feasible and the educational re-
searcher is left in the unenviable position of having
no experimental or statistical technique for controlling
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such influences. Although they have a tendency to dise
sipate with time, the researcher has no real recourse but
to rely on his own experience and Judgment in deciding
whether experimental outcomes should be attributed to
treatment effects or simply to knowledge of group member-
ship.
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Question

omment

Step 5

Is there reason to belicve that student turnover may have
been partially responsible for the observed experimentsl
outcomes?

Yes Estimate the size of the effect, record
on the worksheet, and proceed to Step 6

No Proceed to Step 6

Most often, educational evaluations restrict their reporting
to include only pupils for whom both pre« and posttest
scores are available. Pupils for whom complete data are

not avaiiable are likely to be systematically different

from the others (lower socioeconomic status, more mobile
families, higher abeenteeism rate, higher dropout rate,
etc.). For this reason, care must be exercised not to
generalize the findings to the total group which was pre-
tested,

Where pretest and posttest scores are reported on groups
which are not identical (i.e., some children have pretest
scores only and others have Just posttest scores), systema-
tic biases may be present. Students who dropped out, for
example, may have been the lowest scorers and thus have
contributed to a spuriously low mean pretest score and
spuriously high apparent gain. Pupils entering a project
after it begins may also be atypical and may cause posttest
scores to be either too high or low. If differential turn-
over is observed between the experimental and the control
groups, explanations should be sought out and their impact
on the experimental findings should be carefully assessed.
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Question

Cotment

Step 6

Does the evaluation employ a control group?

Yes Skip to Step 14
No Proceed to Step 7

The term "control group" is used loosely here to connote
any comparison group other than a norm group. While the
distinction between comparison and norm groups is not
entirely clear cut, it 1s assumed that the data available
On norm groups are cross-sectional in nature and do not
include scores on individuals while data from typical
control-group designs are longitudinal records of indivi-
dual students. The latter are amenable to covariance
analysis, while the former are not.

If some kind of control group is not employed in the eval-
uation design, gains made by the treatment group must be
evaluated through norm-referenced comparisons. Compari-
sons of this type are usually reported in terms of either
grade~equivelent gains or some measure of movement with
Yespect to the national norm suih as mean percentile sghift.
Such norm-referenced comparisons are discussed in the
branch of the decision tree which begins with Step 7.
Control group designs are discussed in th- branch beginning
with Step 14,
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Comment

Step 7

Were pretest scores used to gselect the treatment group?

Yes Estimate the size of the regression
effect, record on the worksheet, and
proceed to Step 8

No Proceed to Step 8

It is often the case that children with the greatest
educatioral need are selected for program participation
from a larger group of children. If this selection is
based on achievement test scores which are subsequently
treated as pretest measures, a spurious negative cor-
relation is produced between pretest performance and gains
from pre~ to posttest. This spurious relationship arises
from the fact that scores at the low end of a distribution
reflect a preponderance of negative measurement error while
those at the high end reflect a preponderance of positive
measurement error. Immediate retesting of the extreme
groups (using an alternate form of the test) would show
the so-called regression effect whereby the mean scores

of these groups would move closer to the original total-

group mean than they were on the original test.

The magnitude of the regression effect can be approxi-
mated by estimating the mean pretest ''true" score from

the test reliability. To obtain this estimated mean true
score, the difference between the observed mean and the
population mean must first be expressed in standard devia-
tion units. The difference is then multiplied by the test-
retest or alternate-form (not split-half) reliability co-
efficient presented in the test manual. The product may
than be "translated" back into the units of the observed

mean score to yileld the estimated mean true score.
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Question

Comment

Step 8

Are normative data available for testing dates which can
be meaningfully related to the pre- end posttesting of
the program pupils?

Yes Proceed to Step 9

No Reject norm-group comparisons as adequate
evidence of project success

Some test publishers have collected normative data at
more than one point during the school year while others
have relied on a single data point per year. 1In either
case, it is common practice to publish separate norms
tables for the beginning, middle, and end of each school
year. Obviously, some of these norms sre constructed
through processes of interpolation and/or extrapolation.
These constructed norms, while possibly useful for coun-
gseling or diagnostic purposes, are likely to be in error

- by amounts large enough to invalidate any inferences

drawn about cognitive growth. They should never be used
for assessing the impact of educational influences.

Where real (ac opposed to constructed) norms are used,

they should be thought of as representing data from a
control group. While even the most naive evaluators would
recognize the folly of testing the experimental and control
groups at significantly different times, test publishers'
suggestions that their norms ere valid over three- or even
four-month pe:iods are rarely questioned. Clearly, however,
the treatment group is being compared to a norm group test-
ed at specific times, and unless the testing times of the

two groups correspond very closely, any comparisons are
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likely to be quite misleading. Ideally, the treatment
group should be tested at times exactly corresponding

to real normative datas points. If this is not possible,
linear irnterpolations or extrapolations of a month or
even two months from the specific testing dates on which
the norms are based should not introduce large error
components. Certainly, it is better to interpolate or
extrapolate than simply to use the given norms when the
testing times differ. (See also Appendix D.)

Another possibility, wheze testing times were non-comparable,
would be to make explicit the comparisons which were made.

An example of this approachk might be as follows: '"The

mean score on the pretest (administered at grade level 7.1)
fell at the 24th percentile of the grade 7.6 norm group
while the mean score on the posttest (administered at grade
level 7.8) was at the 36tk percentile of the 8.6 norm group."
While this approach may be somewhat confusing, it is scienti-
fically sound whereas other commonly employed approaches
(e.g., use of constructed norms) are simply not meaningful.
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Question

Do the nurms provide a valid baseline against which to
assess the progress of the treatment group?

Yes  Proceed to Step 10

No Reject norm-group comparisons as adequate
evidence of project success

Ideally, the norm group should be a representative sample
of the population from which the treatment group is drawn.
Thus, disadvantaged children should be compared against a
disadvantaged norm. While work toward development of such
norms 18 currently in progress, none, unfortunately, is yet
available.

When groups of disadvantaged children are compared against
"national" norms they are compared against a composite of
subgroups, some of which may be like them while others are
certainly not (e.g., non-disadvantaged "late bloomers').
For comparisons to be valid, these subgroups must maintain
the same relative positions with respect to one another
over time, as significant among-group changes would in-
dicate differential group growth rates with respect to

the overall norm. At the present time, there 18 no evidence
that different group growth rates occur (despite the im-
plicatiun of "late blooming"). Thus, while there are
potential hazards in using nationally representative norms
to assess the progress of atypical groups, it does not
appear unreasonable to do so.

Where treatment groups are clearly special (e.g., non-

English speaking), national norms should not be assumed
to constitute a meaningful basis for progress assessment.
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One further comment should be made with respect to
normative data for grades above the elementary level.
Since dropouts come largely from the low end of the dis-
tribution, the norm will tend to move up at each grade
level with respect to the non~-dropouts, thus producing
an apparent negative effect on their cognitive growth
rates.
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Question

Comment

Step 10 *

Is the comparison betwesen the treatment group and the
norm group based on pre- and posttest scores or on gain
scores?

Pre~ and Posttest Scores Proceed to Step 11
Gain Scores Skip to Step 12

For gain scores to be useful in norm~referenced compari-
sons, it must be possible to relate them to the available
normative data. A treatment group gain of 29 raw score
points, for example, is uninterpretable unless it ig
possible to determine how large a gain was made over the
same time interval by members of the norm group who were
at the same initial achievement level when the experiment
bagan. In other words, pretest scores must also be avail-
able.

Grade-equivalent gain scores appear to be an exception to
this general rule. It seems that simply expressing gains
in terms of grade-equivalent months per month of project
exposure automatically provides a comparison with "the
average child". Not only is this appearance erroneous,
but scaling and other problems associated with grade-
equivalent gains are so severe that these acores are more
misleading than useful (see Appendices D and E).
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Step 11

Question Have appropriate statisticsl tests been employed to assess
the aignificance of the gain in treatment group performance
relative to the norm group?

Yes Skip to Step 23
No Skip to Step 13

Comment If normalized standard scores are available for both pre-
and posttests, the significance of treatment-related, pre-
to posttest change can be assessed by means of the following

formula:
(X, - X;) - (Expected Gain)
t =
V 012 + 0‘22 - 21’0‘10‘2
N (N-1)
where X; = mean pretest score

X, = mean posttest score

O] ™ pretest standard deviation

0, = posttest standard deviation

r12™ correlation between pre- and posttest scores
N = pumber of cases

Using this formula assumes, of course, that normative data
(for the raw to standard score conversions) are available
for testing dates comparable to the pre- and posttest ad-
ministration times.

The expected gain is derived from normative data and repre-
sents an estimate of the cognitive growth project children
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would have experienced in the absence of any special in-
structional treatment. It is zero where the normalizing
and standardizing of scores has been done separately for
each normative data point, a practice adopted most notably
by the Gates-MacGinitie Reading Tests. A more common
approach 18 to use expanded standard or scale scores whica
comprise a single scale extending across all normative
data points and levels of the tests. Under these circum-
stances, a gain from pre- to posttest is expected even in
the absence of a treatment effect. This expected gain
must be subtracted from the observed gain in order to test
the significance of the treatment effect.

The following steps should be executed in order to calcu-~
late the expected gain:
1. Determine the percentile equivalent of the mean
pretest standard score.

2. Find the standard score equivalent of this per-
centile in the norm table appropriate for the
posttest,

3. Subtract the mean pretest standard score from
the standard score equivalent determined in Step
2. This difference is the expected gain.

Some test manuals provide simplified procedures for deter-
mining the significance of a gain from pre~ to posttest.
These procedures should not be used, however, as they
incorporate assumptions about the correlation between

pre~ and posttest scores which may not be applicable

to the program participants. The significance of the gain
should be determined from data in hand.
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8

Step 12

Are pre- and/or posttest scores available?

Yes Proceed to Step 13

No Reject norm-group comparisons as adequate
evidence of project success

It would be trivial to test simple gains from pre= to
posttest since some cognitive growth is to be expected
even in the absence of any special instructional treat-
ment. What is of interest 1s that portion of the total
observed gain which can be attributed to the special
treatment. To find this gain it is necessary to derive
the gain which would be expected under non-treatment con-
ditions and subtract it from the total observed gain.

The derivation of expected gains normally requires the
availability of pre- or posttest scores (either, of course,
can be derived from the other in combination with the

mean gain). The single exception to this general rule

is the case where scores have been normalized and stan-
dardized separately at each data point. Under this con-
dition, the expected gain is zero regardless of what the
mean pretest score may be. A far more common practice

is to devalop a single equal-interval scale which en-
compasses all data points and all levels of the test.

With the notable exception of the Gates-MacGinitie Reading
Tests, this latter approach has been adopted by all of the
most commonly used achievement tests. Gain scores, under
these circumstances, cannot be meaningfully interpreted
without information about pretest score status.
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Step 13

Question Can appropriate statistical tests be employed to assess
the significance of the gain in treatment group perfor-
mance relative to the norm group?

Yes  Compute appropriate statistics and
skip to Step 23

No Reject norm-group comparisons as adequate
evidence of project success

1f the mean gain, the standard deviation (or standard error)

g
fo)
(3

of this mean, and the mean pretest gscore are available,
the statistical significance of the gain can be assessed
using the following formula:

(Observed Gain) - (Expected Gain)

t=
Standard Error of the Gain

where thé standard error is defined as the standard devia-
tion divided by the square root of the number of children.

The expected gain should be derived from the mean pretest
score according to the following steps:

1. Determine the percentile equivalent of the mean
pretest standard score.

2. Find the standard score equivalent of this per-
centile in the norm table appropriate for the
posttest.

3. Subtract the mean pretest standard score from
the standard score equivalent determined in Step
2. This difference is the expected gain.
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Question

Coument

Step 14

Were the children, either matched or unmatched, randomly
assigned to the experimental and control groups?

Yes Skip to Step 18
No Proceed to Step 15

A "yes" answer to this question implies that, prior to

the beginning of the experiment, a pool of eligible childrca
existed and each child had an equal chance of being assigned
to the treatment group. It further implies that assignment
was made on a purely chance basis without any knowledge or
consideration of the characteristics of the pupils (except,
of course, where matching was done prior to assignment).

I1f a matching procedure is employed, it should be imple-
mented as follows. The entire pool of eligible children
should be organized into carefully matched pairs on the

basis of pretest scores and other potentially relevant
variables (e.g., sex). One member of each pair should then
be selected at random for assignment to the treatment group.
The remaining member of the pair would, of course, be assign-
ed to the control group.

Note: Matching after assignment to treatment and com-

parison groups is a fundamentally unsound practice. (See
Step 15.°
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Question

Comment

Step 15

Is there evidence that members of the experimental and
control groups belong to the same population or to pop=
ulations that are similar on all educationally relevant
variables including pretest scores?

Yes Proceed to Step 16
No Skip to Step 19

As Lord (1967) has pointed out, "If the individuals are
not agsigned to the treatments at random, then it is not
too helpful to demonstrate statistically that the groups
after treatment show more difference than would have been
expe=ted from random assignment--unless, of course, the
experimer.ter hus special information showing that the
nonrandom assignment was nevertheless random in effect
[p. 38]." Where pre-existing, intact groups are used as
experimental and control groups, it is not apprcpriate
to assume that they are even, in effect, random samples
from a single population. The probadility that they may
be must be investigated empirically. At the very least,
the two groups must not be significantly different in
terms of pretest scores. They should also be comparable
in terms of socioeconomic status, age, sex, and racial
and ethnic composition. School size and setting (urban -
rural) as well as neighborhood should also be comparable.
Even with these factors equated, serious selection biases
are common. Such biases are introduced when teacher or
student participation is voluntary or when experimental
groups are selected by principals or teachers.

A coummon design error where comparable, intact groups
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cannot be found is that of mat:ching memberas of the treat-
ment group with specific membets of other, non-comparable
groups. The assumption here is that a comparable control
group can be constructed through the matching process.

The fallacy inherent in ihis assumption is that the selec=
ted subgroup is atypical of the group from which it is
drawn and will show a regression toward the mean of that
group on posttest measures. Campbell and Stanley (1963)
describe this type of post-hoc matching as '"a stubborn,
misleading tradition in educational experimentationm,"

and as a "hazard" which is "frequently tripped over [p. 219]."
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Quastion

Comment

Step 16

Are post-treatment comparisons made in terms of posttest
or gain scores?

Posttest Scores Skip to Step 20
Gain Scores Proceed to step 17

Two types of gain scores are frequently used in educational
evaluation, "raw", and residual gain scores. Comparisons
between treatment and control groups based ou raw gain
scores (posttest scores minus pretest scores) are iden-
tical to comparisons based on posttest scores where the
between-group posttest difference has been adjusted by the
full amount of the pretest difference. Ex=ept in the case
where the correlation between pretest and posttest scores
is perfect, this adjustment is excessive. A pretest-
posttest correlation of less than one implies that the
pretest scores reflect some variance not included in the
posttest scores. This variance, which is typically called
measurement error, may reflect a large number of extraneous
influences, some of which are random, while others represent
systematic differences between the groups. In either case,
variance due to measurement error is not relevant to post-
test scores and represents a portion of the pretest scores
which should not be subtracted from them. Since high
pretest scores have . greater absolute amount of measure-
ment error than low pretest scores, the use of raw gain
scores will produce a spurious negative correlation between
pretest status and gains. In other words, the higher the
pretest score, the lower the gain. Thus, where the experi-
mental group has lower pretest scores, the use of gain
scores will increase the probability that a non-significant
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treatment effact will appear significant. If the experi-
mental group is initially superior, valid inferences may
be drawn about the treatment effect if the raw gain scores
of the two groups are found to be significantly different.

Residual gain scores are not gain scores at all but are
differences between observed posttest scores and posttest
scores predicted from the regression of posttest on pre-
test scores for the experimental and control groups com-
bined. Where the regression line for the combined group

1s a weighted average of the within-group regression

lines, residual gain scores are equivalent to posttest
scores adjusted for pretest differences through covariance
analysis. This equivalence, however, does not hold except
where the two groups have comparable pretest score dig-
tributions. In fact, where pretest scores are substantially
different and posttest scores are equal, the slope of the
combined-group regression line approaches zero and the
residual gain technique obscures the effect of pretest
differences completely. Since residual gain scores sys-
tematically under-correct for pretest differencee, their
use is always undesirable. Where analysis of residual gain
scores indicates that an initially inferior treatment group
has outperformed the comparison groups, the success of the
treatment can be accepted. Where results under these cir-
cumstances are non-significant, or where the treatment
group scored higher than the controls on the pretest, the
results of the analysis should be regarded as inconclusive
at best. There is a very real danger that a successful
treatment will be rejected using this procedure and some
other form of analyeis should be undertaken if at all
possible.
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Question

Coument

Step 17

Can data be obtained which would enable application of
covariance analysis techniques, would such analyses be
appropriate, and is there a reasonable expectation that
they would produce significant results?

Yes Conduct covariance analysis and proceed
to Step 23

No Skip to Step 21

Wherever pretest differences between experimental and
control groups have resulted from random assignment
Procedures, covariance aralysis should be employed, if
possible, to adjust for these differences. Where the
treatment group was superior on the pretest, this type

of analysis will significantly reduce the probability of
incorrectly inferring a treatment wag successful when it
was not. Conversely, where the treatment group was
initially inferior, covariance analysis will significantly
reduce the probability of rejecting a successful treatment
as unsuccessful. In both instances the covariance adjust~
ment will increase the accuracy of posttest measures so
that the true magnitude of program impact can be deter-
mined.

There is, of course, no Justification for the extra comp~-

utational labor required for covariance analysis if the

two groups obtained equal scores on the pretest,
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Question

Step 18

Were pretest scores collected?

Yes Go back to Step 15
No Proceed to Step 21

If assignment of pupils to experimental gnd control groups
has been truly random, it is not essential to collect pre-
test scores since valid inferences can be drawn from post-
test score comparisons. If pretest scores are collected,
however, more powerful statistical tests can be employed.
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Question

Corment

Step 19

Is the control group superior to the experimental group
on the balance of educationally relevant variables?

Yes See Appendix C

No Reject control group comparison as adequate
evidence of project success

"Educctionally relevant variables" include, but are pro-
bably not limited to, pretest scores, socioeconomic status,
age, sex, racial and ethnic composition, and school and
community factors. Where there are significant differences
between experimental and control groups on one or more of
these variables, "true" experimental designs cannot be
employed. The alternative quasi-experimental approaches
which may be adopted all rest on sets of assumptions of
verying degrees of plausibility. If it could be assumed,
when dealing with non-comparable groups, that they would
respond in a similar manner to the presence or absence of
the variable under investigation, there would be no real
problem. Because this assumption is untenable, however,

it is generally necessary to make other assumptions about
how their responses would differ. One such assumption
which 1s relevant here and appears "safe" is that a group
which is initially superior to another group in cognitive
development will continue to grow at a rate equal to or
greater than that of the initially inferior group, other
things being equal. If, then, the initially inferior
group outperforms the initially superior group after ex-
posure to a speclal educational treatment, it is probably
safe to conclude that the treatment was effective. On the
other hand, if the treatment had been administered to the
initially superior group, it would not be possible to reach
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any conclusion by comparing its growth rate against that
of the initially tnferior group.

Other assumptions could be made which would permit the
quantification of growth rates and thus enable compari-
sons to be made in both directions and with the appear-
ance, at least, of greater precision. Assumptions of this
type, unfortunately, tend to require massive doses of faith
since there is little in the way of empirical data to
support them. Until such data are assembied, the possibly
arbitrary decision has been made to reject as inadequate
any experimental-control group comparisons where the ex-
perimental group is initially superior to the control

group.

41



Question

Comment

Step 20

Have covariance analysis techniques been employed to adjust
for initial differences between groups?

Yes  Skip to Step 23
No Go back to Step 17

Where assignment to either the treatment or the control
group has been random or "random in e lect" (see Step 15),
analysis of covariance is the most powerful statistical
technique available for testing treatment effects. If the
analysis has been done correctly, its findings ﬁay be ac-
cepted at face value.

Covariance analysis must not be regarded as a substitute
for truly comparable groups. It can only be used where

its assumptions (effectively-random assignment and homo-~
geneity of regression) are met and where initial differences
between groups are not excessive. It should be noted that
even where regression is statistically non-heterogeneous,
small differences in regression line slopes introduce error
into the computations. These errors interact in a multi-
plicative fashion with the size of the between-group dif-
ference. A small e?ror multiplied by a big difference
becomes a big error. For this reason, it is common to use
the 10% level for rejecting the hypothesis of homogeneous
varilance. Use of the 20%/1eve1 would be appropriate when
the difference between group means in large.
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Question

Comment

Step 21

Have appropriate statistical tests been employed to
compare posttest or gain scores?

Yos Skip to Step 23
No Proceed to Step 22

A wide variety of statistical tests and procedurcs can be
used for testing differences between groups. Raw or
(preferably) standard score comparisons may often be made
cu either posttest or gain scores using parametric sta-
tistical tests such as Student's t for independent means
(t for correlated scores where pupils were matched prior
to assignment to groups) or analysis of variauce. However,
the data should be inspected to confirm that the assump-
tions of these tests have been met, since score distribu-
tions from apecial educational programs are likely to be
badly skewed.

Where parametric test assumptions are not met, non-parametric
tests such as the Mann-Whitney U or the Kolmogorov-Smirnov
test are appropriate but are less powerful than their para-
metric equivalents. Non-parametric tests must also be used
where comparisons are made between posttest grade-equivalent
scores (assuming random assignment). There is no meaningful
way in which grade-gquivalent gains can be compared.

The cautions regarding the drawing of valid inferences from

galn=-gcore comparisons discussed in Step 16 should be care-
fully observed.
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Question

Comment

Step 22

Can data be obtained which would enable appropriate tests
to be made?

Yes Obtain data, compute appropriate
statistics, and proceed to Step 23

No Reject posttest and/or gain score
comparisons as adequate evidence of
project success

Where inappropriate statistical approaches have been
adopted, there 1s no choice but to seek out the information
needed to conduct appropriate tests, If raw or (preferably)
standard score summary statistics (means and stundard devia-
tions) are available, t~-tests could be done. _.n many cases,
unfortunately, all calculations will have been done in-
appropriately (e.g., by using grade-equivalent scores) and
it will be necessary to 80 back to individual test scores

if meaningful analyses are to be done. If this procedure

is followed, raw or grade~equivalent scores should be con-
verted to their standard-score equivalents iefore any
arithmetic operations are performed on them. Appropriate
tests are discussed in Steps 17 and 21.
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Comment

Step 23

Do analysis results favor the treatment group at the pre-
selected level of statistical significance?

Yes Review all evidence compiled during the
validation process and use Judgment to
decide whether the statistical test re-
sults can reasonably be attributed to
project effects.

No Reject evidence as being inadequate to
validate project success

Glvern a statistically significant result, the attribution
of cause is still at issue. The final step in deter-
mining the statistical significance of a treatment effect
requires careful consf&eration of each of the extraneous
effects identified in proceeding through the decision
tree and an attempt to estimate their contribution, in
aggregate, to the apparent impact of the treatment. It
is, finally, left to the judgment of the evaluator to
assess the magnitudes of these effects, weigh their in-
fluence in the evaluation results, and conclude whether
or not the treatment was effective.

45



_ | DU HJIL ) [BINKNIG LUNEPITBA JOJ DALY, UOIBIDRY °* “.1]

0 :
N soy ~
...wa.hvﬁ:._ «l :r.»«..— ..J..-.<.~.W.J o TS0 éANea
. D cvouery)
I s . . . , . e . .
rFTY HV4C, o SR — "0 —<-‘¢.1..’J SIVAN o SI1VIS N .
IS 1Ris0S HERL S ? araagicon ! T S NAT “dONdAV
| R |
ae o CH [N .
LN any .
-
L WHO N L WAV
Pryy 18 s IVadn
NV M L MVH.
et ' L
LELN * -
.ﬂ STV} T,
—4 .&C.rruc?ﬂ.lr SIS
(B PR BNIRY | ) BIITR Y .
| SPSER | .
4 te .
Oalo
o g
# f“ oy AR
S iy .
B fw l..uﬁ :Z— usee) <ay oy FETY .
ﬂ.mz.ﬁ?...mu TR RITI T « THVAY . .=<.:p.:..|— 1 h.:..:,...J_ R R . . RIS e _..”.4 N m
L4 femg: . PR de b v . v “pate . oL [ N 9 I ] ) Yo,
— avan Sy NIV e Y SISUIvNvY Ty N THONS on BRI & b4 (HODIN aﬂl..lz BAOHY - NOLEY 1 1IN g Y IR TR = o A My Y LN
tograsavt BY Ay RIIE N 15 607 1Ha AS T 1Sent arvmass R {V FENER] ISt e Bmrgann SV HETS LA
| DR | . : | SRR o
; oo [ I e (31 Y =t "l =1 4 ..
prarn s
.-.’(. .
MNP . NETRY “l ._..<.::J. ! lﬂ:.:_.n.:l__ _quluuﬂ_ﬂ.ﬂ IOVdRT) “..I_l.ﬂ.mil._ —_—
!
AUMELIAS vy AN Y N HOOS —IL (HOINR ¥ GUOY 1 ¥y ey (HOLSIN Vy anoon vy SRR IS 1t
AL SOLEIV R SN I $T R P agviiased odwvieiee-. g §ALVINLIN T} 1 qivivies! boyronmtist
| SRS | L e edd | SR | | R | | QR | O |
v [ -1 * ﬂ
el Uy ) [N LELY {ua o) sag LAY Y CETY - .._ i
1 - P —— \ 4
@ MLy w INTL SV P « THY IO eloatind who i A TN H
- NIV o IBLAY SV ONTIS 1) lugd ¢ IVH'K g INHON PO e HANIH 1] fgd AN NI _ PERNEEE ) Y RISTRY SR
A el AEAY LAY . Y auany el 5N e, ) .
AN JUE PAN Sumyew IR HVIR ’ ICEEXE A TR 1N IN1gns ERTUIE IS LUD R & m cry
— 1 ol - R L v G t I B
S

Aruitoxt provided by Eic:

E\.



R IR

HERTLER SN

- 2)LLOT L1 [BINSNMES JunepIreA J0) 231] UojgIoa(
O
uay w0y ~
caiunavy t .w.:.rm." o T IMESSO < ANOU
R FTROR) A0 e . L] WIVAY fat -
Ty ¥ o TS} - dOud4V .lnl..ﬂ SIvey o LA .
IS 1isod HERL &' t d1aawon ! T INEIY *dOMASY
i
ug [ we [ L .
-2 ary 0
W I 14 [ WAIVY
eTy 11 IMa e R LA IR}
HIN SRR HiY _MVH..
. el b -
:?— *
! © TSIV, 2 I
— .&...E.r:;l/';. SIVS
1 1 AL00!L ) ROERNIY
| SRS |
1
o
o g %
o . 1Y\ s bt
BRI . - ey SIVLS feg ]
. N AR
EILES ALt
— | i
d J....|a~ .../.~ uteny EETY ay e, LRI
o ———— —-———
' m.z.ﬂ.«.,.r.,.." B HTIERN ¢ 1N i TIVAY B DRI { ._.:..:LJ. PRETII IR . CHOIN ) ] .:....4“
— HU e :.lll.ﬂ SISUIVEY g ™Y BB Ty NTHOOW o NIV 0 b &8 (THOD AR ¢I|:|/. Aavony - NURRENRES . Y BTN - TG ERi1LY
Iogeananst : MY AL ’ MVAL 1oasara s rtrson foaavisf B S TITI N ERTRY RENNE ST [T SN 1 o-uvenen
| SRR | - J - L d
4 Pore 1 Ue. uwl wi :l 0! .
n..l.l...zq.”.m..u“ v i i MR "ll._..n.ﬂﬁ.—.-. "ll;l....ﬂ._.wﬂ“ "I J...l.ﬂ_.m._.“ .q.l..m.,...._lr.ﬂ
1 ..:."E.:.qlﬂ Wy YTy STIOOS —|L (O ¥y AU 1 Yy g UNODIH ¥ aMoO 1Y v)
[ A IR N AN , RIDIA ALY R ISTR T, I arviiasgd T dwvwieo it L ALvneIs g Vatvicrsat
Lo e d v _ _ Le e S | b b ey
ul <
LN ure-y o [ 3] PR3 110e S0 -2 LR
N . 3 1 . L \
sang PR LT A EN 8 ST ] :.:4~. e THVIROD REEER] REEEEN
< STVIS -— AARRER) O~ m qriva s DN Led ¢ JVITIN g NN Mo LI AYRLST N b I 1D feged IR NE RS
bt o - » "y arany 1N o g
R IRNLY Moo, 1 Sproy .:...:f:;“ Mgz T TNOY RENNTTR KRN o Moo
11 ul “ - ] L Yy [N t ©
OF
o =)
i
et e e o e iae . e« o
- .- - - - . - S . _— Ewm.




V. ADDITIONAL CONSIDERATIONS

The decision tree presented in the preceding section of this
report should enable reasonably unequivocal conclusions to be reached

regarding the existence or nonexistence of some treatment impact.
Difficult as that decision-making process may be, even more difficult
questions arise in assessing the practical value of the observed

impact. Relevaut questions include, "What is the educational signi-
ficance of a third-of-a-standard-deviation (or any other size) gain

on a standardized reading achievement test?”, "What is the significance
of a five-point gain in reading comprehension as opposed to a comparable
galn in vocabulary?", and "Is a moderate-cost treatment which produces
moderate gains more educationally significant than a costly treatment
which produces larger gains?"

Consideration of these and related questions quickly brings to
light the difficulty of making even gross-level decisions in the ab-
sence of a metric for quantifying educational significance. And many
would argue that scores on standardized achievement tests in no way
satisfy the requirements for such a metric. Unfortunately, the lack of
a presumably adequate metric for educational significance does not
relieve decision-makers of their responsibility to choose among and
act upon the alternatives available to them. Neither does the lack
of an adequate metric imply that all measurement is infeasible or that
decisions must be made without useful guidance from educational research.
Standardized test scores do consritute meaningful indices and, if
appropriately interpreted, go a long way toward achieving their ultimate
nbjective.

Basic to the entire quantification issue is the sometimes overlooked
fact that educatious. significance is an inherently subjective concept.
While scales may be constructed from the consensus of experts, it must
be acknowledged that they will be culture-bound and situation-specific.
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Furthermore, thers will be educators of substantial stature who will
disagree with any set of consensus-based priorities and telationships.

A simple illustration can be drawn from standardized reading
achlevement tests where it is common practice t& provide separate
scales for vocabulary, ccmprehension, and occasionally other component
skills. Clearly these subtests could be weighted and combined in g
nusber of different ways to yield a "Total Reading" score., Some
educators might argue that vocabulary and comprehension are equally
important aspects of reading while others might claim that comprehen=-
sion was twice-~-or five timege-or even ten times as important as vocabu-
lary. It 1is clear that this issue cannot be adequately resolved through
empirica’ esearch and can only be dealt with by "majority rule" or some
similar, equally unsatisf{actory expedient.

Despite the fervor with which this issue may be debated, the
method of combining vocabulary and comprehension subtests scores to
obtain a total reading score appears, upon closer examination, to be
little more than g pseudo-problem. The two subtests are so highly
intercorrelated (typically, r = ,80) that even very different weighting
systems have almost no impact on the ordering of total scores. In other
words, students will fall into very nearly the same order whether comp-
rehension scores are given ten times the weight of vocabulary scores or
the two scales are equally welghted. Although tie empirical evidence
may be less complete, it appears that many widely debated issues in
educational evaluation today can be deflated with the same sort of
demonstration, Clearly, the argument that standardized achievement
tests ought not to be used for assessing cognitive growth can be quickly
invalidatad if the correlations between test scores and other measures
purported to reflect component skills more adequately are shown to be
high.

The conclusion, then, must be that standardized tests, with all
their deficiencies, do provide a useful metric for assessing the basic
skills of reading and math. Standard scores on such tests, although

not comprising ratio scales, do provide a means of quantifying gains,
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of relating observed gains to gain expectations in a reasonable manner,
and of measuring the impact of special educational programs on cognitive
growth., At tho same =ime, it 1s clear that they do not provide a
couplete answer to the kinds of questions raised in the first para-
graph of this section. The difficulty in coming to grips with these
questions lies not in determining the size of the gains but in deter-

mining their value.

The value issue was alluded to above in discussing the relative
value of gains in vocabulary as opposed to comprehension. In this
gituation, at least, the issue was shown to be a pseudo-problem and
it was implied that many similar issues might be of far greater theore~
tical than practical concern. The absolute value of achievement gains
may also pale into relative insignificance when examined in the context
of real-world contingencies. An achievement gain of "X" standard-score
points 1is likely to be worth exactly the amount of money a school
district is able or willing to spend to obtain it--and this, in turn,
will depend on the needs of the children in the district and perceptions
of the relative priorities existing among them. If needs can be ade-
quately defined, relative comparisons among the alternatives available
to fit them are sufficient. Absolute scales of educational significance
may be required for the typical kind of cost-benefit studies seen in
the harder acience and engineering areas but educational issues need
not be defined in that manner.

In their search for effectiye compensatory education projects to
package, the authors decided they would consider any treatment which
produced one-third of a standard deviation gain with respect to the
national noim. Above that point, choices would be based on judgments
reflecting the size of gains, costs, replicability, availability, target
group served, variety of approach, etc. Their original guess that the
choices would be relatively easy to make and unequivucal was substantiated.
While this example may be atypical, it seems that the alternatives avail-
able to fill a specific need will rarely be so numerous as to preclude
sound decision-making by qualified, well-informed, and thoughtful judges.
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APPENDIX A

PROJECT SELECTION CRITERIA WORKSHEET
SUMMARY PAGE

PROJECT TITLE

Date Initials

DESCRIPTION
Approach

Pull-out - Whole class

PREREQUISITES
Content
Grades
Tryout population

Number of tryouts

PACKAGING CRITERIA
I.  Availability

II. Cost

II. Replicability

IV. Effectiveness
Statistical Significance

Educational Significance
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PROJECT SELECTION CRITERIA WORKSHEET
PRELIMINARY SCREENING CRITERIA

AVAILABILITY

Accessibility:

[0 can be visited for validation

[[] Personnel are cooperative

[[] Procedures, results, and costs are documented
Acceptability:

(] Operational in public schools

(] Not primarily a single commerecial product

COST

(] Equipment plus special personnel less than $400 per pupil
[[] Initial investment less than $1000 per pupil

D (Alternatively) Per-pupil cost over a three year operational period
including start-up costs should not exceed $735

REPLICABILITY

D Operating programns are provisionally considered replicable unless a
major component clearly cannot be readily duplicated. Components
include: materials, hardware, personnel, and environments.

EFFECTIVENESS

[J Norm and/or control group with comparable test dates
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AVAILABILITY

COST

=

PROJECT SELECTION CRITERIA WORKSHEET
NOTES

REPLICABILITY



PROJECT SELECTION CRITERIA WORKSHEET
NOTES

EFFECTIVENESS

Description of tryout design(s)
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PROJECT SELECTION CRITERIA WORKSHEET
ANALYSIS OF PROJECT EVALUATION

Complete a separate sheet for each validating site or combination of sites for which
separate data are reported,

PROJECT TITLE

Tryout Group

[. Tryout Summary
A, Experimental group description
1. Number

2. Grades/Ages
3. SES/Ethnic
4. Pre-project achievement level
5. Schools/Classrooms
6. Selection procedure
7. Treatment period dates
Hours per week

B. Comparison group description (if same as experimental group write ''same")

1. Number

2. Grades/Ages

3. SES/Ethnic

4. Pre-project achievement level

Scnools/Classrooms

h

6. Selection procedure
7. Treatment period dates

Hours per week
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PROJECT SELECTION CRITERIA WORKSHEET
ANALYSIS OF PROJECT EVALUATION

C. Norm-referenced (standardized) tests

Pretest Posttest

Name Exp/Cont| Date N Date N |Data reported

D. Other measures (student, teacher, parent, other)

Criterion-referenced tests
Intermediate/Formative data
Opinion/Attitude data
Critical incidents

Classroom grades

Attendance/Discipline records
Other
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PROJECT SELECTION CRITERIA WORKSHEET
ANALYSIS OF PROJECT EVALUATION

11. Evaluation of Effectiveness

A. Factors affecting statistical significance

1.

2.

3.

4.

S5,

6.

7.

Adequate tests
Ceiling/Floor effects
Pretest effect

Group membership effect
Student turnover

Experimental/Control analysis steps

Experimental/Norm analysis steps

B. Educational Significance

C. Other outcomes; unexpected outcomes
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APPENDIX B

Norm-referenced versus Criterion-referenced Tests

While use of criterion-referenced tests has been advocated for at
least ten years (Glaser & Klaus, 1962), educational projects are still
evaluated predominantly in terms of commercial, norm-referenced tests.
The reluctance of educators to «bandon familiar testing paradigms is
understandable in view of the continuing confusion over the exact dis-
tinction between the conventional norm-referenced test and the new cri-
terion-referenced instruments. This confusion is clearly evident in
recent articles by Airasian and Madaus (1972), Jackson (1971), and
Popham and Husek (1°71), and in a review by Davis (1973) of eight 1972
AERA papers on criter.un-referenced testing.

The confusion appears to result from conceptualizing criterion-
referenced tests as an alternative to norm-referenced tests. In fact,
norm- and criterion-referenced tests do not represent mutually exclusive
test categories nor do they represent the ends of a continuum. On the
contrary, the "norm" and "criterion" descriptors refer to completely
independent test characteristics, both of which should probably be
included in the description of any test. The nroblem is further com-
plicated by the fact that, although there are real differences between
tests that are labeled "norm-referenced" and those labeled "eriterion-
referenced," these labels do not capture the salient distinguishing

features.

The dominant characteristic of tests that are labeled "criterion-
referenced" is that their content is clearly defined in terms of some
performance dimension of interest. This relationship permits direct
interpretation of individual scores in ways which have immediate prac-
tical implications (e.g., time required to run a mile, or proportion
of the 3000 most frequent English words that the individual can define).
The misleading label apparently derives from the failure to distinguish
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between the dimension being measured and the scale adopted to measure
it. This failure 1s not surprising in the context of training program
development which first popularized "criterion-referenced" testing.
Por example, Glaser and Klaus (1962) wrote:
Two kinds of criterion standards are available for evaluating
individual , roficiency. First, a standard can be established
which reflects the minimum level of performance which permits
operation of the system. . .At the other extreme, proficiency
can be defined in terms of maximum system output. The stan-
dard of measurement is then expressed as a function of the
capabilities of other components in tie system. The man loading
8 Navy gun, for example, never needs to load more rapidly than

he receives shells from the magazine below decks, In this case,
a fairly absolute standard of proficiency is available.

In this and similar situations, it has become popular to say that
a performance criterion has been established and the test used in
measuring performance need only tell us whether or not the criterion is
reached. It might be more informative to say that the test measures a
performance dimension (speed of loading), that system requirements dic-
tate a specific cutoff gcore, and that in the interest of economy it
would be adequate to dichotomize the speed of loading scale about this
cutoff. Everyone below the cutoff would get a score of '"too slow."
Everyone above the cutoff would get a score of "fast enough. "

The term "norm-referenced" has rivaled "eriterion-referenced" in
terms of confusion generated. Any test becomes a norm-referenced test
48 soon as a norm group of one or more entities is defined and scores
of those entities are obtained. Of course, 1f the norm reference is to
be of any use there are many properties that the test and the norm group
must have. ‘The required properties depend entirely on the intended uae
of the test, but one typically desires relevance and proper sampling for
norm groups, while tests should provide reliable and efficlent quantifi-

cation.

The relative independence of norm referencing and performance
referencing can be illustrated by an instrument used to select students
for pilot training. Successful tests for this purpose can and have been
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developed using what are ususlly referred to as conventional norm-
referenced test devalopment procedures. It should bs clear from the
above discussion, however, that norm reference 1s not the salient
characteristic of such tests. While validation groups must be uged
to develop and scale the tests, the ultimate criterion is flying
Success, and is not dependent on standings in relation to any norm
group. Once & reliable test has been developed which correlates
highly with a measure of Pilot success, a single cutoff score, or
criterion, could be determined, and applicants could be scored either
pass or fail.

At the same time, neither the procedures for developing the test
nor the final appearance of the test would classify it as "eriterion-
ferenced.” That 1s, it is unlikely that the population of pllot skills
would be sampled at all. Of course, one could say that the final in-
strument defined something called "pilot aptitude" but it is doubtful
whether the concept could be identified from the test items or that
one would feel enlightemed to know that a person who scores "X" or
more points on this aptitude could be taught to fly. An "aptitude"
as measured by correlated items is simply not what we usually mean by
a performance dimension. In short, this most familiar type of test is
neither particularly "norm-referenced" nor particularly "criterion-

referenced."

It should be noted that the concepts discussed above are not new
and have been recognized by varisus authors (e.g., Glaser & Nitko, 1971;
Davis, 1972). Bven these authors, however, preserve the norm/criterion-
reference categories. Regardless of the terminology which is ultimately
adopted, it must be recognized that new and useful measurement tech-
niques have been introduced in the process of attempting to define and
develop criterion-referenced tests. It should be emphasized that is 1is
the categorization that is aproductive, and not necessarily the tech-

niques which have been developed.



Implications for Project Evaluation

In contrast to the pilot-trainee selection test which was neither
norm- nor "performance"-referenced, the commercial reading and math
achievement tests used in project evaluation are both norm-referenced
and performance~referenced. The norm group properties need little
Comment except to point out that the usual norm groups are not typical
of disadvantaged students (see Step 9 of the decision tree) and the
experimental groups are not tested at the same time of year as the
norm groups (see Appendices D and E).

The performance dimension that is defined by standardized tests is
somewhat arbitrary, and it may well be argued that substantial improve-
ment 18 needed here. Raw scores are seldom reported in a meaniagful
way and items are probably chosan on the basis of discrimination rather
than as a sample of a carefully defined performance domain. The prob-
lems are almost certainly v se in testing reading than in testing math,
but they reflect the basic difficulty in dafining what is meant by
reading skill and measuring it.

While commercial standardized tests are clearly not optimal in-
struments for research purposes, there 1s no reason to believe that
teats developed according to "criterion-referenced" procedures provide
better measures of project effectiveness in basic skill areas. Com-
merclal tests clearly sample important aspects o: reading and math
achievement and are relatively efficient and reliable instruments.

They also provide normative data that permit comparisons among projects.
However, ''criterion-referenced" or other special-purpose tests may be
used to assess project effectiveness 1if enough 1s known about their
properties to justify estimating the significance of gains. One re-
quirement, of course, if that both the statistical and educational
significance of observed gains must be assessed agalnst the gains which
would be expected under non-treatment conditions. 1In the absence of
normative data, the computation of expected gains clearly necessitates

the use of a control group evaluation model.

e
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APPENDIX C

Estimation of Treatment Effects from the Performance
of an Initially Superior Comparison Group

.In many educational evaluations the only available cumparison group
is one which is initially superior to the treatment group. Using con-
ventional statistical tests, the treatment group must surpass the com-
parison group by a statistically significant amount on the posttest
before it can be inferred that the treatment was effective. This re-
quirement is unduly restrictive and could result in the rejection of
many successful projects, especially where pretest differences yere
large. There are, however, several quasi-experimental regression
models which are applicable at least in certain instances and which
may permit reasonably convincing conclusions to be drawnm. Where the
required data are available and the effort appears warranted, applica-
tion of one of these models may be indicated. Three such models are

discussed below.

The model which appears most immune to plausible alternative
hypotheses is the regression-discontinuity model (Campbell & Stanley,
1963). A comprehensive development of this model and related statis-
tical tests is available (Sween, 1971). The model requires that treat-
ment and comparison groups be developed from a single original group by
assigning all members below a fixed cutoff score to the treatment con-
dition and all members above the cutoff to the comparison group.1
Separate regression lines are then computed for each group and the

1. Step 15 of the decision tree requires that a non-comparable control
group be initially superior to the treatment group. This restriction is
not strictly relevant to the regression-discontinuity model which could
be applied equally well to the evaluation of special programs for gifted
students where the comparison group was initially inferior.
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difference between the lines is tested at the point wherz they intersect
the pretest cutoff value.

The mode.. is rigorous iu the sense that, {f the procedures are
followed correctly, rejection of the null hypothesis fur any reason
other than a treatment effect is extremely implausiblg. There are two
considerations, however, which severely restrict the applicability of
the model. First, it is difficult in a school environment to enforce
assignment to treatment groups solely on the basis of pretest scores, or
even of scores reflecting both pretest performance and a teacher rating.
Second, the model 18 not sensitive to changes in regression line slopes
unless these changes are accompanied by a discontinuity of the regregssion
lines. This requirement Yepresents at least a potential problem aince
compensatory education projects are often individualized on the basis of
student need. Such individualization could produce the greatest improve-
ment in those students farthest below the pretest cutoff score thereby
effecting a flattening of the treatment-group regression line slope not
accompanied by a discontinuity at the cutoff point. At least one com-
pensatory reading project known to the authors appears to produce this
kind of effect.

In short, regression-discontinuity analysis 1s recommended for all
cases in which the conditions for its implementatioa are met and a posi-
tive result can be anticipated. It seems unlikely, however, that such

cases will occur frequently.

The remaining two models offer wider applicability at the expense
of entailing more tenuous assumptions. The simpler of the two uses a
regression line calculated from the control group pretest-posttest dis-
tribution to estimate what the treatment 8roup posttest scores would
have been under a "no treatment" condition. Like the regression-
discontinuity model, it also requires dichotomization of a total group
into treatment and control components about a particular pretest cutoff
score. The model owes its origin to the technique of Karl Pearson for
estimating total group test validity when criterion measures are avail-
able only for those who scored above some selected cutoff point. The
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estimacion technique 18 exactly analagous to that dealt with here.
Selection (pretest) scores are available for an entire group but there
is no indication of how the subgroup below the cutoff score would have
done on the pusttest had they been treated in the same manner as the
group which scored above the cutoff.

Horst (1966), Chapter 26, provides a discussion of the issues and
presents formulas for generating unbiased estimates of the mean, standard
deviation, and pretest-posttest correlation for the total group based on
the foilowing statistics: (a) the mean pretest score of the total group,
(b) the mean pretest score of the restricted (control) subgroup, (c)
the standard deviation of pretest scores for the total group, (d) the
standard deviation of pretest scores for the restricted (control) sub-
group, (e) the standard deviatiom of posttest scores for the restricted
(control) subgroup, and (f), the correlation between pre- and posttest
scores for the restricted (control) subgroup.

Given the estimated total-group statistics, a total-group regression
equation can be developed. This equation can then be used to compute
estimated posttest scores from pretest scores of the treatment group,
These scores will provide an unbiased estimate of how the trestment
group would have done had they not received the treatment--and there
need be no concern with regression effects, since these influences are
automatically considered by the procedure.

In practice, of course, there 1s no need .o calculate the posttest
mean or standard deviation or the pPretest-posttest correlation or the
total group in order to get a total-group regression equation. The
estimated regression equation for the total groun 1s identical to the
regression equation for the restricted (control) group. Thus, one
needs only to calculate the regression equation for the control group and
use 1t to obtain estimated posttest scores.

The basic equation for Predicting treatment group posttest scores
is: ¢
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4,

.

Yo ® Xebg + kg

vhere bc is the slope of the control-group regression line and kc is the
Y~axis intercept.

If the mean pretest score of the treatment group is substituted
for xT in the above equation, §T will be the estimated mean posttest
score. The difference between the observed and estimated posttest scores
can then be tested using the following formula:

)2 (N=3)

F = pT (YObS B Yest
1,N‘3 -

2 bol2 — K2 =2 V7 - 2
° y Zbec X b C° X + prC (Yobs Yest)

where Py = proportion of pupils in the treatment group
® Pproportion of pupils in the control group
N = number of pupils in the combined group

02 = weighted average of the treatment- and control-group
posttest variances

02 = weighted average of the treatment- and control-group
pretest variances

= sglope of the control-group regression line

b = weighted average of the slopes of the treatment- and
control-group regressi lines

Less powerful but computationally simpler non-parametric tests are also

appropriate (e.g., Kolmogorov-Smirnov).

The third approach employs a generalized multiple-regression model
derived from a statistical test in Winer (1971, p. 141). Of the three
models presented in this appendix, it is the only one which does not
require the development of experimental and control groups by dichoto-
mizing a single original group at a specific pretest cutoff score. A
complete mathematical development of the model with appropriate tests of
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significance is provided by Horst (1974).

In the simplest case, the first step in applying the generalized
multiple-regression model is to calculate a regression equation for the
pretest-posttest distribution of the combined treatment/comparison
group. The pretest score may be considered the "predictor" variable
while the posttest score is the "criterion" variable. The variable of
interest is the "residusl variance;" that is, the posttest score variance
which is not predicted by the pretest regression equation.

The second step is to add a "treatment" term as the second predictor
in the regression equation and calculate the residual variance about the
new regression line. in the simplest case, the treatment term s a
dichotomous variable which would be given a value of "1" for each student
in the treatment group, and "0" for each student in the control group.
There 1is, however, no reason why it could not be a continuous variable
reflecting, for exsmple, the hours of treatment exposure.

The last step is to test the significance of the difference between
the residual variance computed from the first prediction equation, and
the residual variance predicted from the second equation. The addition
of the treatment variable in the second equation amounts to adding a
constant to each treatment group score. Graphically, the result is to
generate two parallel regression lines passing through the means of the
treatment and control groups, respectively. The slope of these lines 1is
the weighted mean of the independent regression lines for the two groups
and will, in general, differ from the combined group regression line
slope. The Y-axis difference between the lines can be interpreted as
the treatment effect. This treatment effect is algebraically equivalent
to the effec* calculated in analysis c¢f covariance (see Winer, 1971,

p. 768). The significance of the effect is determined by testing the
difference between the residual variances from the two prediction

equations.

The model is a "multiple" regression model in the sense that any

number of predictors can be incorporated in the regression equation in
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addition to pretest and treatment variables (e.g., teacher ratings, SES,
etc.). The model is "general" in the sense that a variety of effects
can be examined singly, additively, and interactively. For example,

by including a "treatment group" times "pretest scores" term it is
possible to test whether treatment and control regression line slopes
are significantly different. Finally, by including squared or other
power terms, the shape of the regression line can be tested.

While the two latter models have somewhat broader applicability
than the regression-discontinuity model, a corresponding increase in
caution is indicated in their use and interpretation. In their simplest
forms, both models essentially test the significance of deviations from
8 single straight regression line. The basic assumption is that the
regression ..ne would have been straight had there been no treatment
effect. The plausibility of this assumption, however, should be gub-
Jected to careful scrutiny before a significant departure from a straight
line is construed as evidence for a treatment effect. The shape of the
pretest-posttest regression line is a function of the test properties,
scaling technique, and the similarity of the tested group to the norm
8roup. Unfortunately, the values of these variables are not readily
available.

Given that the line is straight, it is also necessary to assume
that the s ope and intercept of the "no treatment” regression line vary
from group to group (and must therefore be estimated from the non-
comparable controls). This aesumption also lacks empirical support.
One may argue that if the slope varies from group to group, then it may
also vary from subgroup to subgroup within a given group, resulting in
a curved total-group regression line even without a treatment effect.
This argument must be answered independentlv for each test instrument
and requires the examination of regression lines for groups in which
all students receive homogeneous treatment. In short, while these two
models provide powerful tools for identifying a variety of potential
treatment effects, their use in selecting among alternative hypotheses
requires both a thorough understanding of the assumptions of the models

and reasonable assurance that the assumptions are met,
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APPENDIX D

Effects of Non-comparable Testing Dates on
Experimental Group versus Norm Group Comparisons

An important part of the development of commercial achievement tests
is the collection of normative data from a8 large sample of students. The
normative data permit the transformation of raw scores into percentile
scores, standard scores, or grade-equivalent scores which provide useful
informatioa about the meaning of individual raw scores in relation to the
particular norm group in question. The importance of having a relevant
norm group 1s discussed in Section IV of this report. The importance of
having comparable .est dates for experimental and norm groups is also
referenced there but 18 discussed here in greater detail.

There is convincing evidence that learning, as reflected in achieve-
ment test scores, is typically not uniform over the calendar year (Beggs
& Hleronymus, 1968). It is not possible to generalize as to the nature
or causes or the aon-uniformity, but one widely recognized factor that
appears to operate in cevtain situations is the effect of "forgetting"
over the summer months. This effect 1is 1llustrated by the hypothetical
"obser..d score" line in Figure D1.

The normative data for many widely used commercial tests are col-
lected during one short interval of the school year, typically February
or Mar:h (e.g., California Achievement Test, Comprehensive Test of
Basic Sk.ils, SRA Achiavement Series, Stanford Achievement Tests). In
order to estiuate appropriate scores for fall and spring, the single data
points from successive years are simply connected with a smooth curve as
illustrated by the broken line in Figure D1. 1t is obvious that, for
the hypothetical data in the figure, this proceaure systematically over-
estimates the expected fall score and underestimates the expected spring
score. It should be clear that if the estimated fall and spring scores
were used as the comparison standards for a special instructional progream,
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the program might appear to give unusually good results when actually
the improvement was exactly the same as that achieved by an "average"
group of students. It can be seen that observed norm~group mean scores
in October are far below the estimated scores. This means that an ex-

- perimental class scoring exactly at the norm-group fall mean would appear
to be doing very poorly when compared to the estimated fall noram~group
mean. In the spring, assuming that they continue to do exactly as well
as the norm group, the experimental class would score well above the
estimated spring score. In fact, if the estimated fall and spring scores
of Figure D1 were used to assess the progress of a typical norm-group
class during a given school year, one would get the erroneous impression
that a very poor class had been transformed into a very good class.

All types of scores which are estimated by interpolation between
data points are likely to introduce systematic errors into educational
evaluations. These include, in general, standard scores, percentile
scores, stanines, and grade-equivalent scores. Grade-equivalent scores
are characterized by additional problems which are discussed in detail
in Appendix E. Even expanded standard or scale scores may be somewhat
distorted by curve-fitting procedures required to achieve articulation

between levels of a test.

It must be emphasized that the data points in Figure D1 are purely
hypothetical and that different, conceivably even opposite effects might
de found with specific tests or norm groups 1if the data were available.
However, in the few tests which do report normetive data . ~om two points
during the year (e.g., Gates-MacGinitie Reading Tests, and Metropolitan
Achievement Tests) the effect illustrated in Figure Dl does appear to be
present (see Appendix E, Figure E5). The implication of these data 1is
that tests which provide normative data for only one point in the year
should not be used for norm-referenced evaluation of fall-to-spring gains,

and that, in general, it is not advisable to extrapolate or interpolate

very far from observed normative data.
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APPENDIX E

Problems With Using Grade-equivalent Scores
in Evaluating Educational Gains

Evaluation reports for experimental educational projects frequently
Present results in terms of grade-equivalent scores or grade-equivalent
gains. The apparent simplicity and ease of interpretation of grade-
equivalent gcores has probably been responsible for their widespread
adoption. Unfortunately, however, this apparent simplicity is entirely
illusory, and there is ample evidence to contraindicate the uge of grade~
equivalent gcores or grade-equivalent gains for any purpose whatsoever

in educational evaluation.

The problems with grade-equivalent scores can be divided into logical
and scaling considerations. The logical considerations are weil covered
in many of the teachers' guides accompanying commercial tests. Specifi-
cally, a sixth grader who obtains a grade-equivalent score of four on a
test is not really like a median fourth grader at all. Similarly, a
second sixth grader who obtains a grade-equivalent score of eight is not
like a median eighth grader. All that can be said is that these two sixth
graders obtained the same scores as median fourth and eighth graders
reading sixth-grade material. Since their experiences, training, and in-
tellectual growth rates have been very different from the students in
higher or lower grades, it is not very meaningful to make implicit com-
parisons between them--particularly since these comparisons contain no
information as to where the two children stand with respect to the achieve-
ment score distribution of their sixth-grade peers.

From a program evaluator's standpoint, the scaling problems are even
more troublesome than the logical ones. There are two primary considera-
tions: first, the overall relation of "reading skill" to "school grade"
is not linear as grade-equivalent scores would imply. This makes the

computation of mean grade-equivalent scores inappropriate. Second, the
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relation of "reading skill" to "school grade" is not well behaved (i.e.,
not smooth) over short sections of the curve. The typically jagged
norm-group data curve is difficult to work with so test developers
usually do some '"'smoothing."” This smoothing introduces systematic
lnaccuracles when grade-equivalent scores are used in a project eval-
uation. The effects of these two kinds of problems; as well as several
others,are illustrated in the following discussion by hypothetical data,

and by actual curves from published reading comprehension scales.,

The effect of the non-linear relation between reading skill and
school grade is illustrated schematically in Figures El and E2. Figure
El illustratee the commonly used format for graphically representing
student progress in terms of grade-equivalent scores. The apparent sim-
Plicity of this format obscures important fundamental information about
the acquisition of skills such as reading which are typically learned up
to a certain level, and then maintained at that levei throughout adult-
hood.

The format of Figure E2 is probably more appropriate for representing
reading achievement. No significance should be Placed on the exact shape
of the curve or the values in the figure. It is simply intended to suggest
that the average student ‘earns to read fairly well by the time he com-
Pletes junior high school and thereafter makes relatively small gains in

reading speed or comprchension (as distinguished from vocabulary).

The reading skill of the 50th-percentile student in each grade, as
measured on an achievement test, defines the grade-equivalent scores for
the grade, so values on the reading-skill axis may be directly inter-
preted as the grade-equivalent values for each level of reading skill.

It can easily be seen that, on this hypothetical ;:urve, "half" the sixth-
grade reading skill is represented not by a third-grade score, but by

a second-grade score. Similarly, a fifth grader would be half way be-
tween third and ninth grade in terms of reading skill, while on a linear

scale, the half-way point would be sixth grade.

While a curvilinear relationship between grade and skill level would

be sufficient to invalidate most mathematical operations performed on
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grade-rquivalent scores, there 1s some evidence that actual learning
curves are considerably more irregular, and that curves for faster and
slower learners are not necessarily the same shape as those for average
learners. In general, averaging badly scaled grade-equivalent scores
for students of different ability levels precludes any precise interpre-

tation of group perfcrmance.

Table El presents an example of what can happen when scores on a
non-equal interval scale are averaged. Two hypothetical students were
chosen to represent one standard deviation below the mean and one stan-
dard deviation above the mean, respectively, on the Gates-MacGinitie
Reading Comprehension Scale. Normative data from grades 6.1 and 6.8
were arbitrarily selected. In this case, using the gain computed from
standard scores as the "correct" gain, the mean grade-equivalent score
overestimates the true gain by 3.5 months. While the selected example
may not be typical with respect to the magnitude of the observed effect,
its direction will hold for any negatively accelerated curve, i.e.,

the shape 1illustrated in Figure E2.

The second major scaling problem results from the local irregulari-
ties in the learning curve which are discussed in detail in Appendix D.
The primary cause of these irregularities appears to be the forgetting
that occurs over the summer vacation. This phenomenon produces the
commonly observed situation in which a class of children achieves lower
raw scores on a given test in September than they did the previous June.
As illustrated in Figure E3 for example, a single raw score could be
the median score for both grades 4.8 and 5.4. While logically, both
grade-equivalent scores should be assigned to this raw score, this prac-
tice 1s considered overly confusing, or unesthetic, and is not widely
adopted in commercial { sts. Instead, some "smoothing" of the data

points 1is done as represented by the solid line in the figure.

The smooth line 1s used to assign grade-equivalenc values to raw
scores. Thils procedure results in a single grade-equivalent value for
each raw score but systematically exaggerates the apparent learning gains

in experimental situations which use fall and spring testing. For example,
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TABLE El

Mean Scores for Two Hypothetical Students
October and May
- Gates-MacGinitie Reading Comprehension Survey D

Raw Score Standard Score Grade-equivalent

Pretest - Grade 6.1
Student A (84 %ile) 22,50 40,00 3.95
Student B (16 %ile) 46,50 60.00 9.60
Mean 34.50 50,00 6.78
Grade-equivalent 5. 40 6.20 6.78

Posttest - Grade 6.8
Student A (16 %ile) 27.50 40,00 4,55
Student B (84 %ile) 48.00 60.00 10.90
Mean 37.75 50, 00 7.73
Grade-equivalent 5.95 6.80 7.73

Grade-equivalent Gain .55 .60 .95
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&8 showm in the figure, a fifth-grade student who scores "6" in Novem-
ber and "12" in May is exactly at the median of his class, but his
grade-equivalent scores would indicate that he had progresacd from
grade 4.6 to grade 6.4=-an eighteen-month gain in six months.

The result of using "smoothed" grade~equivalent scores is illus-
trated graphically in Figure E4. In this figure, the broken line repre~
seuts the "national norm" in its comonly (mis)conceived linear, month-
for-month growth-rate form. The points connected by the solid line are
grade-equivalent scores achieved by the median child at each grade level
as derived from the smoothed Figure E3 curve. The Jagged curve reappears
in Figure E4, but in this context it is inherently confusing because, im~
piicit in the concept of grade~equivalent scores, is the notion that the
median student's scores "should" fall along the dotted line "national
norm." Clearly, they do not, but it is difficult to explain to t .2 upn-
in..tiated why the median "grade-equivalent score" for students at grade
4.0 18 5.4, and the grade-equivalent score corresponding to grade 5.2 is
4.6, If a grade-equivalent scores is not, in fact, the score of the
median studemt at that grade level then the interpretation of the score
becomes so diffilcult as to preclude its usefulness. It aﬁpears that,
in some evaluations, this confusion has led educators to be unduly im-
pressed by very ordinary achiever - nt gains.

It should be noted that this scaling problem is different from the
problem of uon-comparable test times for norm and €xperimental groups
discussed in Appendix D. Apperndix D points out the problems in extrap-
olating mld-year norm data to fall and spring test dates. The current
problam applies to tests which obtain fall and spring norm data but do
not accept the data at face value. In both cases the procedure ig to
artificially smooth an irregular curve, and the effect on project eval-
uations 1is to spuriously inflate the apparent amount of learning. It is
generally impossible to estimate from information presented in test
manuals how much these factors influence test scores or even whether
there is any effect at all in specific instances. However, while evidence
on the exact magnitude of the effects is sparse, it seems clear that the
effects are relatively pervasive.
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An additional problem that complicates interpretation of grade-
equivalent scores is the restricted range of the typical achievement
test. In general, a single test is developed for use in three or
fewer grades. Most test companies develop a series of tests of in-
creasing difficulty to cover the entire range of primary (and sometimes
secondary) grades. The result is that students scoring more than a
year ur two "below grade level" may be out of the norm range that was
used to develop the test. For example, a test designed for seventh
through ninth grade is usually normed on seventh, eighth, and ninth
graders. Data may also be collected from sixth and tenth graders.
However, the manual may report grade-equivalent scores as low as second
or third grade. Obviously, these are simply projected scores since no
second or third graders were ever included in the norm group for the
test. The error in estimating what median third graders would have
scored 1f they had taken the test is thus added to the problem of in-
terpreting an unequal-~interval scale.

Actual data 1llustrating the above effects are given in Figures E5
and E6. Figure E5 displays grade-equivalent scores for the 16th per-
centile students (approximately the mean of the bottom quartile). The
scores were taken from the manual of a widely used reading test. They
wvere derived from normative data cnllected by the test developers and
reflect the same type of data as ".he hypothetical smoothed curve in
Figure E3 except that the vertical axis 1s scaled in grade equivalents
rather than raw scores. The data have been smoothed, according to the
accompanying technical manual, but the extent of the smoothing is not
reported.

It will be noted that within-year gains are, in general, closer to
month-for-month than are between-year gains. We cannot tell from the
reported information to what extent (1f any) the smoothing has reduced
this effect. It is important to keep in mind, however, that the only
reason the effect is observable at all is that the test in question in-
cludes normative data from two points in the school year: October and
April. The reported norms which are plotted in Figure E& (October,
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February, and May) are extrapolated from the two actual test dates.

Many widely used tests preclude the detection of any discrepancy be-
tveen within-year and between-year learning rates by collecting norm-
ative data at only one time during the year anc extrapolating to provide
intermediate '"norm data' (see Appendix D).

It will elso be noted that the appuarance of the curve changes after
grade six. It is not clear what produces the change but it seems likely
that one factor is the relatively high drop-out rate of low scoring stu-
dents in junior and genior high school. The sixteenth-percentile stuy-
dent in the high-school norm group probably stood relatively much higher
in his first-grade peer group distribution simply because first-grade
distributions include a large number of slow students who drop out before

reaching high school.

Figure E6 presents data from a study by Tallmadge (1973) of all
California Title I students. This curve is analogous to the schematic
curve illustrated in Figure E4. It is based on a variety of tests and
includes the effects of both smoothing and non~comparable norm times.
These effects are undoubtedly confounded with those of other extraneou

variables, as Tallmadge points out:

There is some danger in interpreting Figures 1 and 2 as if
they represented longitudinal data. They do not--the data are
cross sectional and each year's growth is represented by a dif-
ferent sample of pupils. For this reason it is not strictly
legitimate to talk about losses over the summer, We do not
know how those children represented by each pretest point on the
figures scored at posttest time the year before. Still, {t
seems reasonable to assume that many, and perhaps most, of the
children served by Title I in the sixth grade this year were
also served last year in the fifth grade and in earlier grades
and vears as well. Until data are acquired over at least a
12-montl, interval (ideally from posttest one year to posttest
the following year), questions of this sort must remain un-
answered.

Hopefully, it 1s clear from the above discussion that the apparent
simplicity of grade-equivalent scores obscures their basically complex
nature. While they may serve some purpose in individual counseling and
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guidance, the purposs for which the achisvement tests were designed,
the current widespread use of grade-equivalent scores in evaluating
educational prograss can only be considered extremely unfortunate.
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