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THE USE OF REGRESSION DISCONTINUITY MODEL
WITH CRITERION~REFERENCED TESTING
~.IN THE EVALUATION-OT--
COMPENSATORY EDUCATION

R.F¥. Boruch
J.S. DeCGracie

1. Introduction

It would appear that within the next year and a half a relatively
uniform procedure for the evaluation of Tiftle I programs at the local

educational agency (LEA) level will be mandated. There.certainly can be

no argument against the need for moré comprehensive evaluation at the-LEA
leQel. An overwhelming argument in suﬁport of ‘this neéd is‘the findings
of Talmadge in 1974. At that time he directeq a search which encompassed
some 2,000 projects conducted at LEAs, all of which had received some form
of official recognition‘fnr“successv”*Under*clqse*scrutiﬁy*dnly‘GNﬁf”thﬁ“MM*““”“M““”“F
2,000 could be found to meet the selection criteria of efféctiveness,
cost, availability and replicability. These findings'plus the intuitive
observations 6f the local education agencies are not lost on the LEAs. If
a survey Qas to be conducted of the LEAs, I am sure that overwhelming T
support for the need for more comprehensive evaluagioh at the local level
woﬁld be evidenced.

_ This paper, then, is not intended as a testimonial. for the exclusion
of such a mandate, but rather as an instructive guide to some of .the problems
and pitfalls which cén be encguntered at the lécal level when highiy

sobhisticated statistical methods are used to investigate program effec-

tiveness at a LEA. Again, this is not to say that these problems and pit-~

-falls cannot be overcome, but they should certainly be investigated to

the fullest extent possible before a general mandate is made.



Within the last year representatives from RMC Research Corporation

and the Northwest Regional Laboratory have made preéentations in Arizona .
concerning the forthcoming mandate. B These presentations drew heavily on
the work by Talmadge published both in the monograph, ”A'Practical Guide
to Measuripg Project Impact on Student Achievement," and "State ESEA

Title I Reﬁorts: Réview and Analysis." In both of these presentations
the models which they felt will be mandated were discussed. 1In general,
there was direct agreement between the gwo presentations. The only disa-
greement was in which model seemed to be the one which would be most used
by the LEAs. The representatives from RMC seeméd to concur with some of
the previous writings of Talmadge that Model B, éhe Control Group Model,
would be extrémely difficult to implement sinqe control groups for Title I
students are not normally available. I would have to tend to agree with
_this feeling. Here, however, I.find myself-at-odds-with-my co=aithor ~ "~~~ o
Dr. Boruch, who addressed this topic in discussing Talmadge's work

seemed to reject the idea of randomized experimental tests bf compensatory

Py

programs out of hand, suggesting that their rarity is due by and large to

a_low feasibility level. At that time, and also documented in Campbell

and Boruch (1975), hé discussed and gave examples of a humber of succeésful
and unsuccéssful yandomized studies in education. He strongly reinforced
the point goncerning the utility and feasibility of randomized field tests

of compensatory programs and of program elements. The represerntatives

Boruch. They felt and strongly urged that Model B, the Control Group Model,
be the one used. Here, however, both authors find ourselves at 6dds with
their reasons for selecting the Control Group.Model: It was stated in the

presentation chat the Control Group Model could be used with equivalent or

5
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nearly equivalent groups. It was further stated that if the groups were

not equivalent enough analysis of covariance could be used to match the

groups. In this case both authors must agree with Talmadge, who stresses
the need for the treatment and comparison group to be sufficiently similar
that they can be consideted as random samples from a singlelpgpg}etion.
The technique of analysis of variance is a technique for redueing the “
error variance in an experiment and it is not a technique which can be

used to balance groups which are not eimilar. The theoryvbehind the analy-

sis of covarilance is that the groups are randomly selected from the same

population. TFurther discussions of this point can be found in Compenéatory

Education: A National Debate, Vol. 3, Disadvantaged -Child, New York:

Brunner/Mazel, 1970, where Campbell discusses regression artifacts in quasi-

experimental evaluations.

T Yo Vo IV T 09 A AL A | A

" The above diSCUSEISH TE 1HETISee to~untderdine~thefactathut the pro-
posed evaluation models are difficult to select and even more.so to imple-

ment. If the original proposer of the models, the consultant hired to

assist the LEAs in selection and implementation of the model, and other -

experts in the field cannot agree, 1t can be seen what problems will face

-”Beéea:ﬁfeéEQQ:N“KMHGﬁBeEUBf7LEAS’ih'reCent"yearS“haVe made significant

the local educational agencies when the mandate is implemented.
The area that is specifically addressed in this paper is the selection
and implementation of one of the evaluation models when the local educational

agency is heavily committed to their own criterion-referenced objective-

commitments to locally-developed objective-based critefion~referenced

testing, which form the backbone for dlstrict generated classroom manage—

ment systems. The Mesa Public School Distrlct is an example of such a LEA.
For 5 years they have been in the process of moving from a total standardized

testing pfogram to a criterion~referenced testing program. These programs

: .6
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on objectives for the given prdgrams developed by task forces of district
~ personnel including classroom teachers, midlevel administrators and district
curriculum.people. Over the pést_S years, it is felt that this effort has
yielded‘a viable classréom mapagement system w;ich leads to the accomplish-
ment of the specific goals and objectives which are felt to be important,
not only at the local school level, but all the way up'to Ege superintendency
and the board of education. The Mesa Public Schools, then, as are other
local educational agencies that have similarly developed their own criterion-
referenced testing programs, are fgéed wifﬁ thé prdblém of selecting one
of the three proposed evaluation models and,_once selected, to use this
model for the evaluation of their ﬁrograms.

. To get a jump on the Federal mandate, the Mesa Public Schools with
the assistance of the Evaluation and Research program, and NIE Project on
Secoudafy Analysis at Northwestern University, attempted to select an
appropriate recommended evaluation model and to implement this model in
its program evaluation. In its selection of a model the underlying assump-
tion was that the district~generated criterion-referenced testing should
furnish the necessary test data for the evaluation. This, then; left
, a“phoiccwbetweeanodél&B,“themCOntnol“GroupMModel,mandﬂMgdgleL,theh“
Regression Model. It was felt that in the Mesa.Public Schools it was
simply not feasible to select students randomly for the program. And it
was also felt that because of the uniqueness of the sgudents being served,
no control group was available'whiCh"coUld”be”ébdsidéfé&gaéwgﬁfahdom
sample from the same population as that of the treatmént group. Therefore,
through a process of elimination Model C or the Regréssion model ptilizing
the theory of regression discontinuity analysis was selected.” In the next
pages, then, you will find the results of that analysis. 1In addition,

" some background concerning the exact program is also furnished.




As stated, this is a report of an evaluation of the Mesa Compensatory

Rehding Program supported by Title I funds in the ﬁesa Public Sch;ol
District, Mesa, Arizona. The approach used here to estiméte the prograﬁ's
effects on children's reading ability is the regression-discontinuity (RD)
design proposed in 1960 by Thistlethwaite and Campbell. Partly because
this is a novel application.of a promising but underutilized approach to
program evaluation, we dedicate particular attention to both substantive
estimates of program effect and to the credibility and usefulness of the
RD approach. |

In the following remarks, wgﬁEirst provide background information on

e

the Mesa Compensatory Reading Program (Section 2), and on the basic evalu-
ation design (Section 3). Section 4 summarizes data on reading test
scores collected under the design. Succeeding secgions coverwéﬁe‘results _
of alternative competing analyses: conventional approaches based on linear
models (5) and less conventional épproaches based on nonlinear models
(Section 6). Section 7 is a summary, not so.much of the findings of the

analysis, but more toward the concerns that must be expressed as a result

of the analysis.
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2. Backgrecund: The Mesa Compensatory Reading Program

The Mesa Public School District has operated a Reading Classroom
Management System since 1970 to diagnose, prescribe, and monitor individﬁal
reading skills at all grade levels. The system has terminal goals,
prbgram goals, and'behaviorai objectives for each skill at each gradé
level. Diagnostic assessment tests are administered early and late
within each grade levels; criterion-referenced tests arc used for formative
evaluation. «

Although reliability data has not been collected on tﬁe assessment
instruments, the test items hn&e undergone an iterative method of item
analysis using the responsés from over 12,000 studengs. The District's
Office of Research maintainslthat the resulting tests have evolved over this
period of time, 1970-1975, into wvalid and reliable instruments for
measuring student achievement.

Reading‘services are provided to 25 elementary schools by 20 reading
resource teachers, 25 district reading paraprofessionals, and 35 Title T
supported reading paraprofessionals. Of the 25 schools, 1; have been
designated as Title I schools and receive additional s;;;gges, i.e., in
addition to receiving a district paraprofessional, the 35 Title I
paraprofessionals are divided among the 1l schools. All paraprofessionals
are trained with a 20-hour competency-based program. ‘The major goal of
the reading program is to alleviage reading problems by conceﬁtrutﬁu;
resource;MStQChe primafy grades with first grades receiving the top
priority. Thefefo;e, more students are provided individual attention

at first grade than any other grade. Second grades receive more Scrvices

9



‘than third graders, etc., with each subsequent grade receiving less’
individual services.
Those students that are identified as being educationally deprived

on the basis of the Mesa-developed criterion-referenced tests are given

assistance by the paraprofessionals for approximately one«halgihqpr a day

for four days each week. This assistanﬁe is given in groups no larger

than five students. The students are eiﬁher removed:from the classroom,

or in some case; where the classroom is in an open space, the students are

moved to a separate section of the classroom aréa. The total time during the
IIIIII = school year that the students receive assistance is approximately 28 weeks.

?he first two Qeeks at the beginning of the schoéi year are taken up by

training the paraprofessiodnals énd the last few weeks at the end of the

school year the parapfofessionals are released as this time is not usualiy

exclusively instructional time and the paraprcofessionals are specifically

employed to directly impact the students. The identified students at the

first-gradé-level usually spend the entire year with the paraprofessionals.

At the other gradé levels the students are more apt to be placed back into

-the classroom setting as soon as they acéomplish their specific defi;iehcies

that were identified through the use of the criterion~referenced tests.

On the average, approximately half of the students abové:grade one spend

the entire year with the Title I program, with the other -half spending

appvoximately one~half of the school year with the programf‘

2.1 Selection of Students for Special Assistance
N ' All students are pretested in Septembe;”with the criterion-referenced

‘rests created by the school district's reading program staff, with

10
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exception of first graders who are a‘ministered the Murphy-Durrell Reading

Readiness testﬁ. First graders take the district critérion;réferenced tést
in January for further refinement of subskill needs.

The criteria for selecting students for individual instruction in
the compensatory reading program is based on test scores. Specifically,

a student beginning first grade must score 71 or lower on the Murphy-

Durrell Reading Readiness test. In grades 2 to 6, a student nust score
50% or lower on the school district's criteri&n—reférehCEd tests to be
éligible for special assistance from district and Titie I resources.

At the 11 Title I schools, students identified as neéding.extra
assistance are assigned to a reading baraprofbssional. Using the test
results, the reading resource tgacher prescribes appropriate activitics
which the paraprofessional implements. The rea.ling resoﬁ;ce teacher .
monitors this instruction Weckly and adjusts according to student progiess.

The Title I student thereby receives additional services above and beyond

thie classroom and district resources.

3. ELvaluation Design

The main substantive objectives of the evaluation is to dctermine

11
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whether the Mesa Compensatory Keading Program exerts a notable effect on

children's reading ability and to estimate the magnitude of the effect.

‘Reading ability here is defined operationally as scores achieved by

students on the tests. The maln methodclogical objectives are to better

understand the benefits and limitations of the regression~discontinuity

The basic RD design was developed for those cases in which some
treatment (an award, a program) is offered to individuals on the basis
of ﬁ meritocratic criteﬁiu ;pd phere Eg some nggdvf?_e§;ifatc effects.
This eligibility criteria must be a measurable continuum, such as economic
need, educaticnal need, ang so forth. ‘And, in the §implest application,
individuals must be assigned strictly on the basis of this eligibility;
é.g., those children scoring belowvaicertain score on a reading Lest
receive the program, those scoring above the cutting point do not. The
preprogrém eligibility must be related in a known way (e.g., linearly)
to the post-program score in the absence of any prégram effects.

The post-program score is the dependent variable in such analyses.
Assuning that.the regression of this dependent variable on eligibility
is linear in the absencc_of any program, one then looks for a discontinuity
"iﬁ;the“observed'regression'tominferwpfogram effects. That is, the
regression of post-program reading scores on pfe—program scores for the
program recipient group will differ from the corresponding regréssion
line for the unonrecipient group, providéd that the program has an cffect

f -

(igure 1b). If there is no effect, both groups will be descfibed well .

by the same regression line (Figure la).

12




4, ‘'The Data: Descriptive Statistics and Adherence

to the Design

Reading test scores were availahle “or «tudents in the first, third,...
and fifth gradeé on the instrum ‘n Section 2. The statis-
tical summary of these data is B v .uable 1 and inéludes mean, varianc.,
skewness, and kurfosis for each sample of reéipientsvand nonrecipients
within grade level, for pre-program test scor - {X) and posﬁ—program

scores (Y).=

4.1 Skewness

Though_ Thistlethwaite_and Campbell (1960) do not seem to recognize

. o

ERIC
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it, the skewness statistic serves as a check on the process generating
the RD data. For if a sharp cutting point is used for the pretest, we

would expect scores of program recipients to be negatively skewed

’ i
(bunched near the cutting point) and we would expect nonrecipient scores

to bggpositively skewed, if the overall distribution is symmetric and
roughly normal in shape.

For the posttest, we would expect scores which are initially skewed
negative to become less negatively skewed if the treatment has an effect.
That is, students would become more spread out in their.qbi¥§EXk(this
assumes that the effect is not completely additive). The nonrecipicent group
scores would also become less skewed, unless the posttest has a low ceiling, .
in which case we might expect positive skew to become more negative.

For the data at hand, we have what one might expect of the distribu-
tion of program recipients' gcores. They are skewed negativély, suggesting

that a sharp cutting point has been used. And the negativity decreasces

13



probably because of treatment effects, random.errors'of measuremcnt,
and other factors. This is true for each grade level ex%mined except
the tﬁird, where level of skewness does not change.
_ » e
The sample distributions for the nonrecipients runs counter to

’y. * expectations, however. With strict adherencé + an RD approach and with

a roughly symmetric distribution of scores on X one would expecﬁ the

nonrecipient sample to have a positive skew or possibly little or no

skew.” "But in the data at hand, all samples are negatively skewed at

pretest (X); the skew is notable for thé first grade, negligible for the

fifcth. This suggests that some data may be missing, that students are

not assigned to program strictly on thé basis of eligibility scores, and

that the tests may have a low ceiling effect, especially for the fifth-

grade group.

4.2 Variances

For truncated distributions of fallible observations, one would
expect some increase in variance from pretest to posttest; and indeed this
is reflected in the data. The coefficient of vgriation behaves quite

erratically and is uninformative.

4.3 Adherence to the Design

The counter~intuitive statistics for skewness implies a faillure
to adhere to a strict cutting point, and a need to review the informqtion'
wo have on assiénment of.childrcn to the program,

0f 25 elementary schools in tﬁe district, 11 received Title I funds
during 1973-74 on the basis of need. Need here is defined by low

average cconomic income level of families within the district according

' 14
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to a weighted mean of the number of students identified under free lun.h,

ADC, and the 1970 U.S. Census.

Within a school, the nominal cutting points for assignment. to services

O
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‘and fifth grades. However, there was no strict adherence to the cutting

are, as indicated earlier, 71 for the first grade, and 50 for the third

B A A S A AT

point. 1In fact, sone program recipients received very high scores in the
pretest, and there were - ‘tantial number bf individuals who did score’
above the nominal cutti. » bv o did receive services. The percentage

of students in each grade level in each szgfoup is given Beiow.

N First Grade - Third Grade Fifth.Grade

Eligible Recipients 347 17 .32 C15
Ineligible Recipients 485 45 A1 .20
Incligible Nou- 358 .38 .57 .65

Recipients

The number of individuals with high scores who receive services suggest

that teachers are attempting to service as many students as possible.

Most such students actually need the servied T ~However, if need~is-defiped
soluly in terms of the criterion, many do not. .There may be several

reasons Eqr this phenomena. Reaaiug program teachers may fecel, compelled

to make contact, however brief, with as many students as possible to

satisfy some vague idea that the more students they serve, the most valuable
their contribution will appear to be. The '"program recipient" label

itself may be misleading insofar as some of these students may receive

only brief attention--enough, say, to establish further that they nced

little or no help. At this stage of the research we know little about

15




which explanation is true. Other dota on duration or frequency of
service to a student are essential for establishing an explanation, or at

least establishing the extent to which ineligible recipients are receiving

nominal tutoring.

In any event, we conclude that the adherence to the original design - E

is best for the third grade and fifth grades where respectively 117 and

\

20% of c¢hildr =she.  pretest scores are high aje assigned to the program.

Adherence .5 worst for the first grade. The implication of nonadherence ‘.fﬁ

to the original design is that the original design models and analysis

determined by those models cannot be used without modification.

5. Linear Regression Approach

5.1 Eligible Recipients, Ineligible Nonrecipients
The analyses in this section are based on thc X,Y points for
eligible ; ...gram recipients and the corresponding R ts for program

nonrecipier=s who were ineligible for the program. 1ta on children who

were ineligible for the program, i.e. scored above & .c cutting point
on their reading pretest, but received the program are put aside temporarily.
One of the simplest approaches to analyzing data from am RD set

i
up is to assume that posttest is linearly related to pretest within each

group. That is, one assumes

T 4. . . I(0,0%
Vi 5% PRy e e;) - 1(0,0%)

il il
and
Y, =0y T By te, gy v 100,09
for the pregram recipient group (1) and the nonrecipicnt group (2) respect-
ively. 'lo assess the program's impact, assume that under null conditions,

the regression lines are identical:

' 16
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“agsumptions Rold, we may infer .that the program exerted an influence on

-slope, intercept, or both parameters, and then conduct some other tects

)

_ i -~ 2 _ 2
lg: oy = o5 By = Bylo,” = g,

The test of the hypothesis is clear-cut (see Chow, 1960;'Gulliksén &

Wilks, 1954, for example). If :he hypothesis is rejected and the other . '

AT IV S AT VI W T TR T I A A G T TR e T v
: X '

on the data. Linear fits are illustrated in Figures 2-4.

2 _
5.11. “0‘ o0 =y

variances differ from group to grbup. The usual4testsho£uhypothésis

2 - . ' ;
. 'The preliminary examination suggests’ that

suggests thar thw coniditional wafiances do indeed differ for recipients
and nonrecipi-.nt groups. Specifically, we employ the usual tests for

equality of vaegam-cx to find:

First Grage  © = 3.57 df = 58, 155
Third Grade  F = 3.48  df = 154, 276
Fifth Grade F=4.91 df = 53, 230

which are eac . -fgnificant (two-tailed F, p < .05). Variation about the

linear regress:ion lines‘'is comsistently greatcr for the program recipient

groups. (Not. % Lt variance about some other fitted curve may be

homogencous; w. :weoider this possibility below.)

12, E.. w = o3 By = B,. If e to ig .
5.1 iy 1T O Bl Bz If we choose ignore variance

differences in this particular case, we find that the fitted fégression

1ines for recipiet.: differs natably from the line for nonrecipients,

i
regardless of grade. The raw statistics are presented in Table 2. The
I statistics based om che null hypothesis given above are:

17




First Grade ¥

= 8.89 with 2. 213 df;
Third Grade F = 10.69 with 2, 430 df;
= 1.52 with 2, 283 df.

Fifth Grade F

Ft A SR AR A PRy

We ignore tligplevels; they are not as advertiséd ow account™o

the heterogeneity in variance,

e

I¢ is™clear that slopes within grades differ notably so that
effects of a program may not be domplgtely additive as the ﬁodels here
imply. The slope difference for fifth graders is not»substantial.

Conditional on the models, using the nonrecipient group asAa
standard, and ignoring ineligible recipients entirely, we would be forced

to conclude the following from this analysis.

First Crade. Students who are low on pretest scores are positively

s e ‘affected by the program; étudents who are near the cutting point are not
affected or affected negatively. This follows from regarding the
regression for nonrecipients as a standard, and.examining the whole line,
not just‘elevation of the line.

Sincéusisbéérdiffer between'groups,'using.elevation as an indicator
of trecatment effect.is difficult. If we take the mean level of Y of the
recipient group and examine it with respect to predicted (from nonrecipient
line) we conclude that the efféct is positivé. If we considér only the
elevation of Y for nonrecipients at the cutting point, we must conclude
cither no effects or negative effects.

Any of these inferences may be wrongldue to (a) possible floor/ceiling
effects or (b) selection.gffects on the nonrecipient regression‘line;

or (c) both factors.

18
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Third Gradé; Students in the revcipient group who aré low on pretest
scdrés appear té be negatively affected by the program, if the nonrecipiénts
regression line is taken as a standard. The further away from the cutﬁing

T point they fall, the worse off they appear. Again, these conclusions’
follow from considering the whole regression line, not just elevatian.f

Since slopes again differ between grouﬁs, using elevation alone
an indicator of program effect is difficult., If we take the mean 1evel
of Y for recipients relative ;pvthewpredic;ed_(frOm qogrecipignps)(to.
estimate efgécts, we must conclude that the_qyerall prdgrqm ihpéct‘is‘
negative. The impact based’ on ptedictioﬁ at lhe cutting point is’nﬁli
?r.negatime.

Again, these inferences may be wrong due to (a) ceiling and/or

floor cffects, or (b) selection affecting the nonrccipient line, or (c)

both.

Tifth Crade. Students who are near the cutting point are affected
positively or negligibly by the program; those whose pretests are very

low are affected negatively. The standard here is the nonrcecipient's

complete regression line.

Considering elevation only, we conclude that on the average,

the mean level of Y is reduced for recipients relative to predictions

made from the nonrecipient line. The contrary is true if we focus on
the cutting point.
Again, cciling effects and selection for this data may be critical

amdé may obviate conclusions.
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5.13. Within-school Regressious. The pooled linear regression

lines for grades 1, 3, and 5 for eligible recipients and nonrecipients

‘are difficult to interpret. If the couventional model and approach is

espoused, the program effect would seem to be negative.

* One possible problem with the approach is misspecificaﬁion of the
models in the conventional approach., In particulu., i vnat children
are stulents .at some 11 different schools. - It'is possible that most

students in thé program recipient group are students of one cluster of

schwols, and most of those in the nonrecipiént group are-students—in-

another cluster. If this is the case, even in the absence of anyiprograﬁ
?fiect; there may'bé differences in the regression of preteét on posttest
which are a function of school differences rather than program differences.
In order to assay the possibility, a within-schools analysi; is justified.

The estimates of slope and intercept for each school and for
eliéible.recipients and nonrecipients is given in Table 4 ., -~'Also-given
is the size of the ineligibic recipient group.

a. In all but three of the schools, the sample size witﬁin the
recipient group is wmarginally adequate. The following inferences stem
from the larger sample groups. | |

b. “The slopes for recipient groups always exceed those for
nonrecipient groups, suggcsting.that the misspecification of model
‘because of gross school-related variables is not really the problen.

Even within :school, slopes differ above and below the cutting point.

c. The ‘higher slope: phenomena occurs if there are very few

ineligible xecipieﬁts (as in schools 6 and 8) as well as when there are

a number of such recipients (e.g. schools 1 and 9).
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d. Items b and c above raise the distinct possibility that the
regression line is simply nét linear. The nonlinearity might, be_
caused by ceiling effects.

e. Iteﬁs c and d also sugges: that selection ma; «affect :lope
unifofmly and regardless of the number of selectees, i.e. of imeligible
nonrecipients, In particular, a peculi#r sedecction strategy used by
teachers in assigning inelig#ble kids to prmgrams may influence the
relation between Y and X for the nonrecipiamts, since points lower on

v e andL O X.are”takeufgutﬁqi%thggg;groupé. Tt may influence the
- regression of Y on X for the selected group, and make no different from

the regression for the unselected group.

A

Selection effects cannot influence the eligible recipient group

though. All deserving kids get the program.

llow can we get a picture of how selection affects the nominal
nonrecipient slopes? One option isﬂEé compare distfibutions on X.oflﬁhe
ineligible recipients and recibients-} With substantial overlap, the
elfect is likely to be small; with little overlap, the effect could be
large. Also, some outside explanation (e.g. by teachers)
could be helpful. |
f. Finally, it appears that
(i) if a selection effect is operating, it operates for
all schools:
(ii) if a ceiling cffect is operating, it opcrates for
all schools; /
(iii) or toth

to produce slope differences.
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g. Items a throﬁnh f assume that the nact of program is strictly
adéigi;;;"if at ol , slopes will éhangr consequence. It must
then be ndnadditive for exch school.

Assuming nonadditivity of effect still makes programs look worse.
One would expect an increase slope with more effective tfeatmenﬁ and

indeed that is what occurs. llowever, mean levels go down suggesting an

—

overall decline in ability: the better students get better,  the worsc

students get much worse.

»
]

5.14. i B; = B,. The slope differences between lines for

eligible recipients and nonrecipients are marked within both the third
ind first grades. The usual F statistic for testing differences between
slopes is a crude indicator of the level of that difference: ™

21.5 with 1 and 430,

Third Grade F

First Grade F =17.8 with 1 and 213.
Again, because variances-are heterogeneous, the usual alpha levels are
not as advertized. If we use the Cochran-Cox approach to testing the

difference given heterogeneous residuals, we find these statistics

significant,

A

,
ESH R

5.15. Deviations from predicted values at the cutting point.

iy

Still another way of appraising the impact of the reading program is to

examine performance of ;program recipients whose pretests scores lay in

the vicinity of the cutting point. Presumably, if the program cxerts an
effect on these individuals and if the regression line for nonrecipients
can be taken as a reference, program effects will be reflected by the

extent to which actual values of recipiemts' posttest scor=s deviate

22
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from predictions based on the regression line.
' More specifically, we use as a basis for prediction the regression

line based on nonrecipient data:

Yi_a+8xi+ei e, ~ (0_,0)
for which
Y., = a + BX,

is the prediction equation. We ‘substitute the mean value of Xi for

individuals at or near the cutting point into the equatign”andnsowestimate,W,.Q“Mw;?:

" .

the mean Y for this mapgindl group. To formally assay the difference,

between a predicted value, Y., and an actual value Y., we use

with N - 2 degrees of freedom.
Results of testing the hypothesis that predicted and actual- values
are identical yields no contradicfory'eVidqug. The reading programs

appear to add nothing-to the level of performince of students near the

cutting point for first, third, or fifth grades. In particular, the t

statistics are:

First t= with df =
Third L= ~.048 with df = 276
Fifth t = .337 with df = 230

Remarks: One reason for scrutinizing recipients whose pretest |
scores fall near or at the cutting point is the suspicion that these

children might receive most attention in a special program. Teachers
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might regard them as most promising, more easily rehabilitated or taught,
and so forth. Ehlsvsusp1c1on is relnfgkced by the interaction effect,
i.e. different slopes of the regression lines from group to group.
However, the’evidence accruing from the tests just déscribeq suggests
that this "most malleabie——best treated" sequence probably does not occur

in any grade.

5.16. Deviations from predicted values: Deviations selected a

Qosterlorl. Now suppose that program staff can dedicate substanLlal Ltime
and energy. to only a few, students, given the largc number ofhéfgdcnts in
éaghrpfggrém. The supposition immediately suggests that, rather than
gssﬁme that all studenﬁs labelled as "recipients’ got special attention,
we should search for outliers, i.e. marked deviations [rom the regression
line;;wguch outliers.-might .reflect positive effects, when teachers focus
much greater attention on & few children; of they might reflect negative
effects, when for example teachers ignore some low-calibre students or |
label them as such.

The third and fifth-grade data do support this view iﬁ‘a limited
way. For if we Iook at deviations from the (control) regression line,
we find some significant departures. In the fifth grade a cluster of 7
sLudents with marked p051L1ve deviation and a cluster of- 5 students with

negative deviation ylelded the following t ratios (for test of deviation

from the line):

[}

£ = 3.64 with df = 230, X = 39.4, Y = 93.47;

L

L= ~4.10 with df = 230, X = 31.28, Y = 23.80.
For a cluster of 5 students with positive deviations and a cluster of 9

students with negative deviations, all in the third grade, we have:
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276, X = 21.80, Y

u
i
]
i}

£ = 2.27 with df 89.20;

24,44, Y = 26.67.

it
it
>
i
1

~5.63 with df = 276,

"We conclude that at least some students are affected subsfantially by
being in the reading program. A few appear to profit greatly; still others
appear to be inhibited markedly by the program.

Remarks. Recall that earlier tests showed-tﬁat the variance about

the (linear) regression line differed from group to group. The outliers

Fo—

chosen here for more intensive examination appear to be important in

producing the heterbgéneity of variance, those of which they are not the
only cause.

Note also that we have attached no particular p-value to any of
the t statistics abéve. If the potential aeviations had been identified

beforehand, then the tests constructed, then p levels would be as adver-~
o
tised in ordinary tables and each statistic would deviate significantly

at least at the .025 level (two-tailed). Because the deviations were

chosen a posterioti,_hoyeyer, we know that the usual p valucs are

S 3

inappropriate. The actual p values are greater than .025 but.we are
unable to compute them. The test is suspicious in this respect.

5.17. Double extrapolation: Differences between predicted Y's at

margin, predictions based on ER, NR, IR, NR + IR. Sween (1971) and

Campbell have recommended that in the simplest case one examine predicted
values of Y at the cutting point to help establish the existence of an
effect. In particular, onc predicts a Y from the regression line for the

program recipient group (Y/XOFR) at the margin (XO), and one predicts. a
Y at the same value of X oni’

0’ but using the nonrecipient line (giving Y/X

We adopt a siwmilar but more elaborate strategy in this scction.
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Specifically,.we compare predictions of Y when predicted values at X0 are

based on equations from
" Eligible recipients and nonrecipients
Eligible recipients and ineligible recipients

Eligible recipients and the combination of nonrecipients and
ineligible recipients : ’

Algebrairally, we examine

”~ ”~ /\ ”~ A o)
Ypr = Opr T Bpp ¥y versus Y = ot Byr o
Ypp = Opr F Bgp Xy versus Ypp = o + B X,
- Ypp = Qpp * Bpp X versus Yio o oop T %+ R Y Bk + 1R %o

using, where possible, a t statistic since the variance of these predicted
values can be estimated. o

The first comparison is most dirgct when the design is adhered to
perfectly. In the current data,.such an estimator is biasédvto the

extent that the nonrecipient sample is biased by selective assignment of

dineligible students to the program. The second comparison is of interest’

in that it can prowvide us with some information:abbut ;he effegtkdfi
sclection on regression liﬁes. The third compariéion will yield dn
estimate of the joint effect of treatment and selection.

The result of conducting a test of the equlity of predicted‘Y and
X. for each comparison listed above, for each grade level, is unrcemarkable.

0

In hrief, predictions at the margin do not differ. The maximum t value

"of -1.26 (for the first-grade students) is significant at the 207% level;

all remaining t's are considerably smaller, in the range -.15 to .38.
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(Incidentally, the criterion t value is constructed under the prescription
given by Cochran and Cox to recognize inequality of variances.)

We infer from all this that the hypothesis of 'no program effect" at
the cutting point is a tenable one for each grade. Again, the analysis

is based on lincar models and recognizes no effect on ceiling or floor

on test scures.

5.18. An Approach to Analysis which Recognizes Ceiling Effects.

[

It's clear that ceiling effects can complicate interprctation of RD data.
Indeed, ceiling effects, if unrecognized, can‘lead-to analyses which make
program cffects look harmful when in fact they afe negligible (Appendix I).
This section offers a tentative approach to data analysis which fecognizes

ceiling effects and avoids biases in estimates of program effect.

Consider Figure X.1l, which rep:eéents a null condition. The dotted
lines represent fitted regreséions; the solid lines represent the relation
between posttest and pretest, including a‘ceiling on posttest. The
vertical line again represents the cutting péint.

The displaj emphasizes that in principle, at least, the symptoms of
negligible effects are:

(a) small negative difference, ?k - Y&R’ between means (projected

s

o

27



or actual) of R and NR groups at the cutting point.
(b) greater slope in the R group than in thevNR group;
(c¢) lower bound (floor) fqr the R group is chance-level
score.
Note also thﬁt the relative slopes of R and NR are predictable under this
null condition, 1f the point of discontinuity in the true regression can
be idéntified and a few assumptions are made. That is, under null
conditions, the slope for R and a segment of the true slope for NR wilil
be identical; one is observable (R) and we may assume the segment for NR
is the sdme as that for the R. Given this information and some reasonable
guess as to the point of discontinuity (i.e. ceiling)(and a few simplifying
assumptions, it is a matter of algebra to compute an estimate of the
complete regression'line'for the NR group. If this algebraic estimate
differs much from the nbserved line, then we will know that there is some
inconsistency, i.e. that -the null condition is not fairly represented by
the data.
Consider Figure X.2, which represents a situation in which there is
a notable treatment effect exerted at least at the cutting point. In
this case, it is possible to discriminate betwecn HO aﬁd HA‘by verifying

that the difference between (projected or actual) values of Yk and YNR

at the cutting point is positive. It is a weak test in' the scnse Lhat a
subs&antial negative difference characterizing the null condition may
have been overcome by the program to produce a positive effect.

It may be ﬁossible to examine Yﬁ relative to an estimated slope

segment (solid line) for the NR group. That is, given the observed

O
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slope~for—the-NR-group;—given--a~reasonable-guess-as—to-where-the -
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flattening begins, and a simplifying assumption, it would be possible to

compute an algebraic estimate of the true line segment's slope. Comparing

the observed Y. to thd project of .the line segment at the cutting point

b

+ would produce a more-powerful test, but one which is likely to be imprecise.

Figure X.3 illustrates a situation in which the program effect is
additive; that exerted Uniformiy along the full range of pretest scores
in the R group. One symptom here is-again the elevated position of ?kﬂ‘ -
relative to Y, , at the cutting point. A second symptom is the cléser

NR

match Lctween ?h computed at the midpoint of XR and the projection that
Y based on the regression line computed from the NR group. Again both
tests are weak, the first being weak for the reason described in the

8

preceding paragraph. The second is weak because the vertical distance

~

and an estimated YR estimated from the NR group at ik depends

between ?R

on the magnitude of the ceiling effect. If most members of the NR
group scored ac¢ or near the ceiling, that distance would be appreciable
unless the treatment effect was quite large.

Figgre X.4 illustrates a situation in which treatment effects are
excrted only iﬁ the lower range of the X variable. The symptom of an
cffect is elevation of posttest scores for children with low scores on
the pretest; the elevation is above chance level scoring, which is one
standard for an.OptimiStic (nonconservative test). The slopes are
more informative in that if the slope for R is less than that for the
NR group, it must follow that the program exerted an influence un low-
scoring children. There is no other competing algebraic interpretation,
though there may be competing empirical ones.

Figure X.5 represents a situation in which program effects are

et 1.
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strongesr = children who score low on pretest iad effects are weakest
for childreix scoring high on the pretest. Two syuptoms determine the
inferenzxt. Flrst, the (prosscsd or actual) ?k at the cutting point

equdls ¢~ gﬁﬂ“ldSIYNR

less the the slope for the NR.group. Third, the imercept at X = 0 for

. Secound. e slope for the K gtoup equals or is

the R gr . + sgression line equals or exceeds theih<nirCé§Euf0f the NR
group.
The syrmtoms of negative wrogram effects are - istrated in Figure

X.6. llere :he general elevation of the regression is reduced relative to
what it woulid be under null conditions. Estimating what the null condi-
tion would be is again possible only if the point at which ceiling

effects begin can be guessed at. The same perspective can be used to

examine the possibility of negative effects occuring only for the most

it

able children (Figure X.7).

Negative effects on the least able children will be no more detect-
able especially unless floor effects become influential. TFrom Figure
X.8, it's evident that such negdtive effects will be demonstrated by
steep élOpe for the R group relative to the NR group and a negative

(projected or actual) difference Y ~Y

R NR at the cutting point.

Unless one tries to estimate null regression lines using a ﬁlnusiblc
(guessed) value of.ceiling, it is impossible to discriminate bectween
this negative cffect and null conditions. It may not be worth the
trouble of other evidence or theory 5uggests that ncgaﬁivc program

cffects are implausible.
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5.2 Ineli:gi: e Proogram Recipieats

RecaZ™ -jyp thwersriginal design plan was nvi. carried out compiletely.
Ineligible gty w “%- il receive services. To umderstand the impliwztions
for analysis, 4 nesc 30 determine how closely the ineligible recipients

1_;“u;““,M _”resemble“theaoéher;@fbugs;"-~ |

The inefi: -le: pragram recipients are much more similar to pregram
nonrecipients 4@%h tuhey are to eligible programi-recipients. Nonetheless;
the differenc = >etiveen the ineligibles and the nonrecipients is still
notable and o iﬁx&mx£:£r0m4gtade to grade.

In partic ux, pretest means for. ineligibles are consistently

+~smaller than, .:t s¢lose to, pretest means for nonrecipients in the first,
thifd, and fif:e. gradés.(Tables 1-2). Posttest means show a similar
pattern. The diZfersnces are significant in each case (using the
dehran—Cox test for equality of means with unequal»variances).
K “Variance of nretest and posttest scores also differ across ineligible
';;Eipients, noorecipiemts, and eligible recipients of the program. Again,
the ineligible wrerimZients and monrecipients are most similar with
‘respect to variabiTery of scores; however, the differences are still
significant and In the same diréction regardless of grade level. The
variance of.pretest scofes of ineligibie'recipients ié, cxcépt for the-
first grade, always smaller than.the variance for the nonrecipient
“gréubggévidently; &he:fneligiﬁlés afe being selected on implicit tcaéher~
criteria .such that they constitute a more homogencous group. The post~
test scores for ineligible recipients always exhibit more variabiliEy

than the nonrecipicnts' scores probably because of ceiling effects on

the latter.
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A visual inspectimn of the lincar regression p- vameters fior the

various groups again suggests that ineligible recip..:mits resemble the

noenrecipients more closely than they resemble the e.igible reciipients

(Tables 3 and 5). It is clear that in the first gr =k, however,
A_”:regression,lines.fon,recipient and ﬁonrecipient grouﬁasdiffgr, primarily

with respeét to elevation (the slope differences is smmﬂl)."Eur‘the

third and fifth grades, the differences are very smmll. Tests .of the

hypothesis that the intercept and slope are identicai. yEeld F ratios in

the 3-8 range, but residual variances differ a bit; wresidual varfances for

AR L2 U el A

the ineligibles are consistently about half again as large as the residuals

for the nounrecipient data, so the conventional test's alpha level is not . ii

A

as advertised.

The 1R, NR, and ER groups differ with respect to simple descriptive

: e : o
parameters and regression parameters. Despite the clese (visual similarity
of the IR and Nﬁ groups, they too differ from one another and from grade
to érade. Given that the IR-and NR groups are ''comparable' in the sensc
that they resemble one another, and that one group réceiveg‘the program
while the other does not, one might think that a covariance approach
might be used to cstimate the program's effect. The appreach is
inappropriate, however, in part because required asshmptions about
homogeneitry of slope and residuals do not.hold, and also. bctauserghc
underlying modelé are almost by definition misspecified. That is,
something other than pretest scores_is‘being used as the bamis for
assigning incligible students to thé progfam.

Now despite ghe IR-NR di%ferenéeé, we might choose ‘to peal thesc

data on grounds that any evident differénces are entirely a fumction of
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tha selection process rath  than T any 'treatment” effect. Doing so,
ma™ permic us to make morz owerful tests.. If indeed tle :~"eatment
influence the IR groun, then tusts which compare ti::zo data with

v

ER . Zara —re likely to be weuk.

lines for :the eligible recipient group are equal t0“resiﬂualfvari?ncc
for the combined nonrecipient and. imeligible recipient group result in

the following ¥ ratios for

2 ' 2
i : O = .
Hp: o, ° (ER) = 0y ,° (MR + IR):

H]

 First Grade, F 2.11 with 58 and 285 degrees of freedom;

h

Tidrd Grade, F = 2.89 with 54 and 327 degrees of frecdom;

Fifth Grade, F = 4.11 with 53 and 299 degrees of freedom.

The F statistics suggest that residuals differ notably, and that
variance for eligible recipients is consistently greater than residual
variance fer the combined NR and IR group. The implications are mﬁny
and complicated. ileterogeneity of variances may be induced by:

Program cffects on recipientss and, to a lesser cxtent,
on the combtmed'group;

» Poor fit of m linear regression to one or both caregories

of data, Z_.=. abaowe and below the cutting point;

- A natural rellation between wariance of obserwations and

rhe X variable;

- Other reasons.

If we ignore the heterogenecity and proceed to apply a conventional

33
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F zest for
HO: (ln;,‘.'!)ER = (a, B)NR + IR

we ubtz=im relatively langz ¥ statistics for grades 1 and 3, and an

incowsuwrshle Fofor the £fT= grade.

1044 with 2 and 343 degrees of freedom;

iZrgt Grade: " F =
Third Grade: F =7.%: with 2 and 481 degrees of freedom;

34




6. Results of Fitting Quadratic Functions

First Grade (Figure 5)

The collinearity of 1.an¢iX2 make this analysis useless. Within
the recipient grdup amd the nonrecipienmt group, corrclations between X
and.x2 exceed ,99. Giaphical results suggest that a quadratic is not a

gawd Fit. The interpretation based on the quadratic fit is nonsense.

Third. Grade (Figure 6)
The cwollinearity problizme makes this analysis useless. The graphical
results appear more sensibille. Interpretation suggests that the program

is harmful, a conclusion we do not accept at this stage.

Tifth Grade (Figure 7)

Again, coilineaxjty of X and X2 make,rhis:amnlysis;suspect. The
graphical results zme a bit more sensible looking ‘than the preceding two
analyses. DMoreover, !lie chart suggests that ‘the program exerted .
positive effect. Agoain, we do not accept,ﬁﬁisvﬁauclusiOn for the Fifth
grade an the baswus o tifiz evidience alone.

IvidemtTrr, Tittirg.a quudratic does not solve the problem of :ciling
cffects at all. The: Fifth-grade.data look decent, but the. first and

third-grade datu are confusing. The ineligible reciplents may account

for the peculiar results.
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7. Summary

The point that is made in this papar does not need Helaboring. It
would appear that the wori shown in usimg =egression discontinuity evalu-
ation at a local educational agency is memmmental. It is realized, 85 was «
pointed out in the presentation by Nortihmwast Regional Educational Labora-
“tory when they presented tlhe models in A#fzona, that forms will be designed .
so that the evaluator .at the LEA can simpZy take from box 3, place in box 6,
nultiply by box 7, etc. It is difficult tw accept that such a'> process
will produce the.desineiﬁi results. If the 2valuators at the LEAs are given
only those directions amnd asked to use é tachnique suzh as the one presented
in this paper, it would ?bé hard to belieww that the resulitiing information
w<;u1d be much better tham that Talmadge found in his stwmdy #= 1974. It
would appear from this exaipla that mot only Is the .ttéc:hmﬁqus very diffi-
cult to implememt, but alse o interpret. .Also, criterbion-referenced data
by its very mnature may uot i=nd dtself zmd certainly doesnot lend itself
easily to the::Regressimzm Mwdel. Criteriiom~referenced tests are designed
so that a high proportion e tthe stmdent= <an a:t:tm‘tmmstéfyya,t:: the com-
pletion of the program. Im the case:of :theMesa. Public %e¢hools the under-
lying program i&= designed armwmnd a wmEnimal iset of objectiwses :for that speci-
fic grade level. It is felx :that these: are the most impertant objectives |
and are the objectives that 11 of the =wudewrs stoulil acromplish by the
end of the year. Enriciwent @bowe thim:minimal set oif cujectives is then
left up to the classwoom:‘teacher.. It is Teadized c.erzazﬁmly that the better
students go far beyomd this mimimal set of objectives amd in fact may .enter
a given grade l-eve‘liwith". these set of objeztives mastermil. It is, then,
up to the teacher through other';'pres:cripti&m.metﬁods to Jetermine an in-

dividualized course of Imstruction far :thaxt student. However, because of



rhis we sec that a high proportion of the students do attain a high degree
©of mastery by the end of the year. ™
The authors would again like to re-emphasize their commitment to
comprehensive and valid evaluation at the local educational agency level.
They would also like to acknowledge the significant efforts and work by
Mr.. Talmadge. As Dy. Boruch stated at.the Conferénce On Minority Group
Testing: | - | '
"Mr. Talmadge has attacked an enormously ﬁomplicated'problemnwith
energy and with an awareness of some lessons hard won during the
past few years. We admire his fortitude in doing so. The paper
itself touches on man& of the techniques which have p?gduced biasedb
- results in evaluative social research and so desegyes recognition
for its scope and tentative style. The paper also represents an
improvement over,the‘ﬁractices of many school districts angd contracts
in the matter of estimating the impact of.educational programs. With
a few remarkable e#ceptions those practices haQe fesulted in 5 dismal
array of evaluation reports and findings which badly undercut rather
than enhance school disfricts' own efforts to improve edué;tion in
difficult settiﬁgs."
In conclusién the authors would like to reiterate tﬁeirbconcerhs
for the implementation of the selected evaluation models at éhe LEA levei.
This is not to say that the comprehensive evaluation should be precluaed
" at this level, but only that there is a need for valid and reliable informa-

tion concerning the evaluation of compensatory education from the local

school districts.
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Figure lb. Null Conditions .

Program
Recipients

Nonrecipients

Figure 1b.

Treatment Effect, Strictly Additive
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Figure 4. DPosttest regression on p%etcst for PLfeh~grade

students; eligible recipients (0), and nourecipients (+), nominal

cutting point at X = 50.
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Table 1
Descriptive Statistics for Scores of TFirst, Third, and Fifth

Grade Children on Reading Tests

First Grade N Mean -~ Variance Skewﬁess Kurtosis
Eligible Recipients x 60  60.12 91.77 -.98 79
" y 60  50.05 511.20 =19 -.88
Nonreccipient x 157 93.63 48,31 -1.45 1.32
" y 157 87.43 174.86 ~1.58 2.28

Third Grade

Eligible Recipients X 156 33.36 144,54 : -.43 -.88

" y 156 65.07 291.56 W =,55 .43
Nourecipient x 278 74.51 134.03 -.13 ~.94
" y - 278 88.066 77.03 -2.05 8.3

Fifth Crade

Eligible Reaipients x 55 41.51 50.11 , -1.02 1.14
| L y 55 64.26  369.23 -.59 .62
Nonreeipient x =~ 232 78.13 185.32 - 46 -.97

" oy o232, 87.91 | 141.67 ~1.40 o 1.25
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Table 2

Descriptive Statistics for Ineligible Re¢ipients

. N ‘Mean Variance Skewness ~ Kurtosis .

X 130  85.4 72,52 . .08 -1.32
First Grade o ‘ ' '

Y 130 70.52 ,  349.93 -.70 W21

X 51 61.94 178.42 .23 .80
Third Grade : S

Y 51 81.26 157.15 -.92 ' 1.11-

X 70 70.14 151.75 .20 ~1.15
Fifth Grade

Y 70 82.04 159.49 -.97 - .67
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Table 3

Estimates of Parameters in Linear Model (Y = a + BX + e, e ~ I(O,sz

| :s 8 . R , SE(@) SE(B)

First Grade :

Recipients 37.80 .20 09 18.79 .31

Nonrecipients  12.05 .81 | 42 12.99 | . iy
Third Grade '

Becipients £D . 85 .73 .51 3.49 . 10

Nonrecipients  €3.77 .33 — '3.09 .04
ifth Grade-

Recipients 22.44 1.00 .37 14.58 .35

Nonrecipients 37.90 .64 .73l 3.11 : .04‘
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Table 4

Estimates of (Linear) Regression Parameters for

within-School Analyses

N ' o B J—"T‘
N %.x
50-1. 9 18.83 .99 . 16.17
511 46 5899 .78 : 7.61
52-1 T I — — -
50-2 3 133.67 -1.45 17.41
552 63 58.77 42 6.34
522 7
505 3 36.15 .55 7.48
51-5 43 18.13 .87 9.24
52-5 s E— _— ——
50-6 7 -32.03 2.22 17.47
51-6 11 ©18.91 .85 6.60
52-6 s E—— D memm emeenm
50-8 9 8.57 1.46 18.69
51-8 27 22.83 .82 10.33
52-8 2 E— e — e
50-10 13 39.33 62 16.34
51-10 12 55,40 .51 12.88

52-10 8 me——e- e e
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Table:S

Linear Functions Fitted to Data on Ineligiblie Program Recipients

~n

o

™

R s _sE®)

 First Grade  11.8 .69 .31 1583 a8

Third Grade ~  50.80 .49 .35 1186 .19

'Fifth Grade 39.85 .6l . .59 .77 - .10

R

19 N




~ Table 6
Linear Functions Fitted 'to Data on Combined [neligible

Program Recipients and Nonrecipients:

>

~ A Z — 2

o B R oY X X ox
Firet Grade -12.98 1.03 .50 244,44 89.9 75.9
Third Grade 59.70 .38 47 75.01 72.6 . 145.9
Fifth Grade 34.21 .69 .74 78.88 . 76.0 207.0
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Appendix: Effect of Ceiling on Observation of Yv

‘in RD Analysis: Graphical Interpretation

1. In the simplest case, Y above a certain level will be unmeasurcable,

and because all units are then assigned the maximum score, we have

Y = o+ BX - for Y <Y,

Y =Y . for Y >,

0

as in Figuve.1l. What we observe is a discontinuous regression line,.

actually two lines.

2. If, in the case just described, one tried to fit a singlé line to the
observations, the slope and intercept estimétor would appearkas in

Figure 2. The fitted line o,

Y =a' + B'X

would be such that

0<B'"<B and ac<a'< Y,

3. Now suppose further that there is some point on the X axis which for

theoretical or design reasons is thought to define two sections of the

_{-'.

b .

%i ) data to which different regressions must be fitted. For example, the
cutting point in Figure 3 might indicate the separate scts of pbints
to which regressions must be fitted in a regression dﬂscontinuity
analysis. Again, if one ignores or does not recognize the ceiling

_effects, -fitting the regressions to thid TefE §1de will yield
Y=o0'+B8'X

ERIC:

Aruitoxt provided by Eic:




‘the gap.

where 0 < B' < R and 0 < a'< YO’ and for the right hand side,

Y =a" + (0)X = YO

In general, therc will be a gap between the end of the line Y = a' +
B'X and the line Y = a" = YO.

cutting point and point of natural unrecognized discontinuity, the greater

' The greater the. latter distance between .

Figure 4 illustrates the consequence of phasing the cutting point_below_ -

rather than above the point of natural inflection in the line, i.e. below "

1

the discontinuity produced by the ceiling. In this instance, below the

cutting point we have fitted

A

Y =o'+ BR'X
where o' = o and B' = B, and above the cutting point we have fitted
Y=d"+ B"x

where 0 < B" < B and 0 < a" < YO. Again, there is a gap between lines-at
the cutting boint, this time showingtthelright-hand éurve at a highef level. -
The point of all this is that a ceiiiﬁg effeéf;‘if unrecognized, Qill
produce biases in estimates of slope and intercept parameters.

The consequence of this in a regression discontinuity analysis can
be dangerous. Suppose, for example, that ali the diagrams.really reflect
only -null conditions, and curves are fitted as in Figures 3 and 4.’ The
inference one woulq draw from fitted lines in Figuré 3 (if the left-hand
side represents program recipients) is that the program harmed its fécipients
éinﬁe (a) average elevation of the left-hand sidelis depressed at the

average X and at the margin relative to the right-hand line, (b) the slope
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increased as a consequence of treatment C when in fact no such

change occurred).

Aruitoxt provided by Eic:




Figure 2

True Relation Between Y & X

Observed Relation Between Y & X (with ceiling) ‘
Fitted Regression of Y on X . S

Cutting Point on X Axis, Regressions Fitted , B
Above and Below Cutting Point : - : T

Ceiling on Y, Y AxiB‘ :

FIGURES TOR APPENDIX
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