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A VALIDATION STUDY
OF ELEMENTARY SCIENCE ISTEP+ SCORES
Glenn Simonelli
Abstract: The Indiana Statewide Testing for Edwral Progress-Plus (ISTEP+) was
designed to assess student mastery of key eduabgjoals. The B grade ISTEP+
Science Test (5-GIST) is part of the ISTEP+ testegime. The Indiana Academic
Standards were developed to guide instructionersthte, and questions on the ISTEP+
were aligned with these standards. Since its inoepthe use of the ISTEP+ exam has
been changed to comply with the dictates of botlaima Public Law 221 and the
national No Child Left Behind act. With these maahtions, the purpose of the tests has
shifted from assessment of individual student acecl@rogress to evaluation of the
quality of the educational institution administeyitihe tests. The validity of this use has
never been established. The purpose of this stittyassess the validity of the 5-GIST
as an instrument for assessing and forming judgsremut the quality of science
instruction in a particular school. ISTEP+ score& oohorts of students in a Midwestern
school district were converted into Z-scores aadked from 3 to 5" grade. A
regression line was established to account fogémeral aptitude and the socio-
economic status (SES) of the students. Examiniagakiduals of the 5-GIST scores
revealed that between 57% and 60% of the variantieei scores can be attributed to the
general aptitude and SES of the students, leawhgden 40% and 43% that can be

interpreted as reflecting the effect of the sclayoktudent learning.
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CHAPTER |
STATEMENT OF PROBLEM AND LITERATURE REVIEW

All public schools in Indiana are required to gt@ndardized testing to assess
academic progress and draw inferences about itistnat quality. A premise of the
testing program is that superior test scores,erctintext of mitigating variables, can be
interpreted as evidence of superior instructioraddition, schools exhibiting superior
scores could be scrutinized to identify factorg tieantribute to their superiority. These
factors could then be replicated by other schoméking to improve the quality of their
instruction. However, before standardized testesean be used to characterize
instructional practices as superior or inferiodiggomakers must be certain that these
scores accurately reflect the instructional quadita particular school and not other non-
school-based variables.

The purpose of this study is to examine a soufewidence for the validity of the
5" Grade ISTEP+ Science Test (5-GIST). The study @xesrthe presumed construct
validity of the 5-GIST using procedures reflectafeconvergent and divergent validity as
described by Campbell and Fiske (1959).

Evolution of ISTEP

According to documents on the State of Indianaddepent of Education (DOE)
web site! the Indiana Statewide Testing for Educational Resgj (ISTEP) was first given
to students in®}, 2" 349 6" 8" 9" and 11" grade during the 1987-8 school year. ISTEP

was originally constructed as a norm-referenced, test was changed to a criterion-

! http://www.doe.state.in.us/istep/2004/pdf/prognGvRpdf
2 pass/fail determinations were made accordingsto@ent’s achievement position relative to the
population of students taking the test.



referenced mod@khortly afterward. Students in each of the gréidesd above were
assessed in language, mathematics and appliedgviiiti 1993 the *Land 1 grade
tests were dropped, as was the applied writinggodf the test for the 5 remaining
grades assessed. For four years the test wasditoit®rced-response questions in
language and mathematics.

During the 1996-7 school year the testing regime significantly modified.
Applied writing was reinserted into the test, andagplied mathematics section was
added. Open-ended responses were once again plaettest, and the test was renamed
the ISTEP+. ISTEP+ was to be administeredinés', 8" and 18 grades. During the
same year the testing date was changed from tiregdprthe fall to allow teachers to
take advantage of test results in identifying weslses in student learning and in
planning appropriate corrective measures. Eachasetws placed in a cohort of schools
that were of similar criteria such as size of stugwpulation and the percentage of
students receiving free lunches. Schools couldsagbeir performance by comparing the
percentage of students achieving a passing sc@&&cim subject with the results of their
cohort schools.

The testing regime remained in this form for 7rgeavith the exception that in
1998 the State Board of Education mandated thalﬂfﬁtgrade ISTEP+ test become a
gateway test—students had to achieve a passing sndhis test to be eligible for
graduation. This marked the beginning of the titamsiof the ISTEP+ test from a “low-
stakes” to a “high-stakes” test. However, at tt@hpthe sanctions were applied to the
students taking the test, not to the schools adieining them. This changed with the

modifications to the Indiana [legal] Code manddigdPublic Law 221 in 1999 that are

® Pass/fail determinations were made accordinggmtimber of correct responses.



discussed below. In fall, 2003, the ISTEP+ progrveas modified to include an
assessment of student science knowledg® igr&de, and in fall, 2004"&nd " grade
language and math assessments were added to trarpro

Policy Applications of ISTEP+

Results of the ISTEP+ test are the primary caténat the Indiana DOE uses to
evaluate the effectiveness of the educational jprogroffered by Indiana schools.
Consequently, school corporations frequently useresults to assess the effectiveness
of new curricula (Harris & Gilman, 2003), intervemt programs (Jerome & Gilman,
2003) or textbook adoptions (Bolser & Gilman, 2003)

Concerns about the use of ISTEP+ test scores lfamosor program evaluation
date from the earliest days of the testing progfunechler (1991) conducted phone
interviews with over 400 Indiana teachers and fagasip interviews with another 65
teachers to determine what they perceived as the coastraints on their effectiveness
in the classroom. The ISTEP test was the fourtht fnequently cited constraint,
mentioned by 16% of the teachers interviewed. Titkerviews were conducted before
any sanctions were contingent upon test resultheatime the interviews were
conducted, the ISTEP test was still a low-stakss te

Indiana Public Law 221

In 1999 the state legislature passed Indiana @ublv 221. This law mandated
that schools be placed in different descriptivegaties based on the percentage of
students in that school achieving a set score @#dSREP+ tests. Language was inserted
into several sections of the Indiana Code mandahiag“the performance of a school's

students on ISTEP and other assessments recommieptteel education roundtable and



approved by the board are the primary and majarggans of assessing a school's
improvement. (IC 20-10.2-5-8ec. 1. [a]).” A school’'s academic performance, ted
consequent rewards or sanctions associated witlpénrmance, were determined by
the ISTEP+ test scores of their students.

No Child Left Behind

The national No Child Left Behind (NCLB) Act, sigth into law in January,

2002, mandates that by 2012 virtually all publib@a students pass a state administered
assessment, and it affixes sanctions to schodisgdo achieve this mandate. These
sanctions include restructuring, the replacemenéassignment of personnel and,
ultimately, school closure. In response to the lde,Indiana Board of Education has
abolished its system of cohort schools. It has ehas use ISTEP+ test results as the
means of determining a school’s attainment of Adég|tYearly Progress (AYP). Each
school is expected to show improvement in the peacge of students passing the math
and language portions of ISTEP+ test until, by 2@l2students pass.

This use of ISTEP+ as the indicator of AYP creatsggnificant change in the use
of the test. As stated earlier, the test was aaifyirdesigned and used to assess individual
student academic progress. The reliability andditgliof this use is assessed annually by
CTB/McGraw-Hill, the authors of the test. (See, daample, the 2003 ISTEP+ Technical
Report, submitted to the Indiana Department of Bdan by CTB/McGraw-Hill,
available from the Indiana Department of Educaji@ut the sanctions meted out by the
dictates of the NCLB Act apply to the school, rfeg students. Despite its intended use,
the de facto use of the ISTEP+ test is now no Iotmassess individual student

academic achievement, but rather to assess thigygqofaieaching within a school. To



date, the validity of the use of the ISTEP+ testevaluate teaching quality has been a de
facto assumption, but it remains to be demonstr&ledsidering the potential severity of
the sanctions imposed on schools not showing AlB reasonable to demand that the
assessment instrument used to apply sanctiondideleeand valid. Furthermore, validity
implies more than merely correlating test questtonspecific content. Validity also
requires that a test be appropriate for its intdngse (Rulon,1946). Unfortunately,
information about the validity of this use of tlesting instrument is not readily available
from the state.

Appropriate Use of the'5Grade ISTEP+ Science Test

The use of the results of th8 §rade ISTEP+ science test (5-GIST) to determine
AYP in science presupposes that the test is ameht®indicator of the quality of
science instruction within any given school. Thgh@osition remains to be tested.
Despite the delineation of both national and sttdadards for science instruction,
(American Association for the Advancement of SceefRAAS], 1993; National
Research Council [NRC], 1996; Indiana AccountapiBistem for Academic Progress,
2002), there are no published reports of studiesigh@nting the accuracy of the test
scores in reflecting the degree of effectivenessoanpetence of a teacher in teaching
those standards, and the appropriateness of thisassfrequently been called into
guestion. (See, for example, Russetlkl, 2004.) Before school corporations can
effectively change curricula or pedagogy in anrafieto raise scores on the 5-GIST,
more information is needed to ascertain that teeaecurately measures science
learning. Additionally, the impact of other formskmowledge such as reading ability,

vocabulary, or math computation skills on scierast scores should be assessed to



determine what areas of instruction are most effe¢or schools to focus on in their
attempts to improve test scores.
Validity Issues

The degree to which high stakes are contingent Up®EP+ test scores relate to
their validity. Validity broadly relates to the deg to which a test score accuately
reflects what it claims to measure. Rulon (1948)gested that validity implies “whether
the test does the work it is employed to do.” HogreWessick (1989a) notes that it is
important to distinguish between the test and ¢segcore. It is the test score to which
validity is referenced. According to Messick (1989ast validity is a “trichotomy” of
three related considerations: content validitytecion-related validity and construct
validity.

Content validity Content validation offers a judgment of how waetkest samples

the universe of the subject matter it purportssteeas and about which conclusions are
drawn (American Psychological Association, 199%e TGrade 5 Science - Guide to Test
Interpretation (State of Indiana Department of Ediony and CTB/McGraw-Hill LLC.,
2003) asserts: “The fall 2003 administration of EPF measured the performance of
Indiana’s Grade 5 students for the first time agiaindiana’s Academic Standards in
science” (p. 3). Specifically, since the 5-GISTusrently administered at the beginning
of grade 5, the grade 4 standards are used asrtipete for the test’s content.

Yet the content validity of the test, although mably assumed, is not beyond
reproach. The 5-GIST is a paper-and-pencil tedtetoompleted individually by students

without collaboration or discussion. The scienagtiea of the Indiana Academic



Standards fortﬁgradé (Indiana State Board of Education, 2000 — 200%¢5 the
following preamble under The Nature of Science &achnology: “Students, working
collaboratively, carry out investigations. They eh&® and make accurate measurements,
increase their use of tools and instruments, redatd in journals, and communicate
results through chart, graph, written, and verbaihk” (p.24). These standards encourage
active, hands-on processes. It has never been dérai@al that these goals can be
assessed through individually administered, foresgonse or short answer tests. It is
difficult to imagine how the ability to work collabatively can be assessed by testing
students individually. Hence, some of the sciekiléspromoted by the standards appear
to be poorly covered by the 5-GIST, if at all, augjgests that content validity is, at best,
incomplete.

Although it is reasonable to assume that test guesteflect content mandated
by state standards for science education, consdiality alone is insufficient in assessing
the appropriateness of the use of the 5-GIST iwith@conclusions about the quality of
science instruction in a school. According to Cractband Meehl, (1959) content
validity is most useful when attempting to correlatbehavior with the behavior required
by the test-taking process. For example, if a gdast required recall of scientific facts
from memory by the test taker, then content vailstatan assure that the test is a
reasonable measurement of the test taker’s repedbscientific information. When
using a memory recall test to assess quality @fungon, however, content validation

alone can not assure the validity of the test.

* The 5-GIST is administered in the fall, roughly Sveeks into the school year. Therefore, it isoaable
to assume that™grade science standards are more appropriatedanieation than 8 grade. The s
grade standards Nature of Science and Technolaggatds, however, contain similar wording.



Criterion-related validityValidity can be explored predictively, by examigitine

content of a test, or affectively, by examining tesults. Predictive validity includes
both content validity and criterion-related valjdiand is beyond the scope of this
investigation. According to Popham (1978), critarrelated validity is an “attempt to
correlate performance on a measure . . . with dagandent—that is external—
criterion.” (p.35) Campbell and Fiske, (1959) refethis as convergent validity, and it
requires confirmation of results by measures inddpet of each other. To assess this
form of validity would require, for example, thatident 5-GIST test scores predict
concurrently or subsequently an independent assegsrhscience achievement such as
the National Assessment of Educational Progres&E®Ar the Trends in International
Math and Science Study (TIMSS). In the case oBH&ST, the attempt is to correlate
test scores with quality of teaching. If the scaeBieved on the 5-GIST were closely
correlated to the results of an independent asssgswhscience-teaching quality,
criterion-related validity could be assumed. Tcegdab systematic attempt has been made
to correlate 5-GIST test scores to other scienseience-teaching assessments.

Construct-related validityAffective validity is often called construct vailigh and

its evaluation is often approached through an ematian of discriminant validity.
Maguire,et al, (1994) define a construct as “the underlyinghamism that explains not
only the behavior on a specific indicator, but otm®n-test manifestations as well.”
Construct validity is an assessment of the appatgmiess of a test to its intended use and
interpretation, and is generally considered to pesafacto test. Messick (1989b)
describes this as “an integration of any evideheg¢lbears on the interpretation of

meaning of the test scores” (p.17). Campbell as#d-(1959) advocate the use of



discriminant validation in attempting to show caoost validity. They argue that the
construct validity of an assessment instrumentisaandermined by too high a
correlation with other tests from which it are sapgd to differ. Popham (1978) lists
three steps involved in establishing constructoitsfi

(1) A hypothetical construct presumed to accoantdst performance is

identified. (2) One or more hypotheses regardisgperformance are

derived from the theory underlying the construg}.The hypotheses are

then tested by empirical methods (p.36).

In the case of the 5-GIST, the hypothetical cartsfrbased on the test’s
current use, could be that the scores on thed#stt the quality of science
instruction within a school. Discriminant validatican be employed to assess the
relative contribution of science instruction to $8& scores by identifying and
removing influences common to the 5-GIST, Englistd math test scores.
Meaningful variability among the residuals can therinterpreted as
contributions unique to specific schools.

Assumptions.

It is assumed that students within a classroomvatidn a school vary in
their academic strengths and weaknesses and #sa ifdividual differences
affect performance on ISTEP+ tests. Beyond intedestit variability, individual
students vary in abilities across content domairtsus, a student might score
higher on one section of the ISTEP+, such as thteenaatics section, than a

different section, such as English. In that samass;lhowever, another student



might have achieved the converse result. Additigndiere may be general
abilities that account for a percentage of ovgreiformance on all tests.
Furthermore, strengths and weaknesses tend talble stcross time. Ding and
Davison (2005) found that over time higher and loalality students learned at
approximately the same rate, so that students begjithe testing regime below
acceptable levels remained below the level fod giéars even though they showed a
comparable rate of intellectual growth. Similardiimgs were also reported in a
longitudinal study by Rescorla and Rosenthal (20@4jch concluded that initial
grade standardized achievement test scores wéreng predictor of future scores. In
addition, just as students vary within classroont gchool buildings, classroom
climates and teacher quality vary within schooigelwvise schools themselves vary in
important ways.

The 8" Grade Science ISTEP+ Test

If the researcher’s assumption that ISTEP+ scaresignificantly impacted by
factors other than teaching quality is born outh®ytests suggested above, then it is
possible to examine the primary question of thé®aech project: to what extent do the 5-
GIST scores reflect the quality of science insiarctvithin a school?

Recall the researcher’s assertion that students differing inherent strengths
and abilities, and that these are reflected by3fi& P+ test scores. That being the case, it
is reasonable to assume that many students’ abiliti science will be different from
their abilities in math and language. Accordinghis assumption, students strong (or
weak) in math in 8 grade are likely to be strong (or weak) in matbirgrade, but not

necessarily likely to be equally strong (or weak)anguage in 8 grade or science if'5

10



grade. Therefore, comparing individual studentE8+ achievements relative to all the
other students in the state of the same grade4tscore) across years should yield a
closer correlation betweerfand 6" grade math scores, and 8nd &' grade language
scores, than betweeff §rade math ano"Bgrade language, an(f'@rade language and
6" grade math. By extension, the same patterns sheutvident when comparingd'3
grade math and'5grade science, and’3rade language and'grade science, assuming
that the 5-GIST is actually assessing sciencetphbifid knowledge. Finding an equally
close or closer correlation betweeh @ade math and5grade science score as/thh 3
grade math and"Bgrade math would suggest that the test is doinefter job assessing
math ability than science, or at least that boghstare assessing the same skills, and calls
discriminant validation into question; likewise f8f grade language and' §rade
science.

If, however, the earlier statistical tests suggiest quality of teaching has a
stronger impact on test scores than other factar) as innate ability, then it should be
possible to identify schools performing exemplamgsce instruction by identifying
schools with large numbers of students whose seisogres exceed expectations given
their language and math scores. Likewise, schoilslarge numbers of students whose
5-GIST scores are significantly below their langeiagd math scores can be
characterized as offering inadequate science pmogra

Some preliminary analysis has already been conduStedents in Cohort 1 who
took all three (%, 5" and 6" grade) ISTEP tests in the same school were grouped
according to school. The average change in Z-dvetieeen the'3and 6' grade math

and English tests has been calculated for eacle $yosubtracting theBgrade math or

11



English score from the”Ggrade score. This reveals whether the scoresddttidents in

a school typically improved or declined over tinedative to the state population.
Additionally, ch grade math and English scores were averaged trgatld subtracted
from the §' grade science score to offer evidence of the tyuaiscience instruction in
that particular school. The results of the invesgimn can be found on the graphs that
follow. The graphs show the changes in Z-score&emet by students who took alf'3
through &' (Cohort 1) or % through ' (Cohort 2) grade ISTEP+ tests in the same
school. The purpose of restricting the samplesity these students is to minimize the
possibility of having the effects of instructionather schools brought into host schools

by transfer students reflected in the host schdets'results.

12



Figure 1

Mean ISTEP Z-Score Change for Cohort 1 Students Wiok All 3rd, 5th and 6th

Grade ISTEP+ Tests in the Same School (Includirig @®nfidence Intervals)
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® The change in science score value was determipedHiracting the average of the Engliahd Math
scores from the Sciengscore.

13




Figure 2
Mean ISTEP Z-Score Change for Cohort 2 Students Wiak Both 3rd and 5th Grade

ISTEP+ Tests in the Same School (with 95% confidentervals)
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Clearly, there is a difference between schooliw much student test scores
improve or decline over time. Many schools showssaititial changes. Some schools
show improvement of over 0.5 standard deviatiom3) (8 some areas; other schools
show declines approaching the same magnitude. Hnerebvious differences between
the scores of the 5-GIST and those of the Engimshraath tests in many schools. If it
can be established that these differences areaddysefluences unique to individual
schools, then schools offering exemplary sciensguction and those exhibiting
inadequate instruction can be identified. It is clear, however, if this difference is the

result of the quality of teaching offered by thé@al or by other factors. Furthermore,
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the changes are not always consistent from thieyiar (Cohort 1) to the second (Cohort
2). Significant differences between cohorts in batpact magnitude and direction are
apparent in many areas. This raises the quesdhete unique science achievement

variance between schools, or is it accounted fasthgr factors such a SES, gender, etc.?
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CHAPTER I
METHODOLOGY

The purpose of the research is to explore scHtette on science teaching and to
assess the reasonableness of using scores achieteel 5-GIST to draw conclusions
about the quality of science teaching in individsthools. The study attempts to
determine if there is meaningful, unique variantthe science achievement test scores
between schools after factors independent of tegduie accounted for.
Sample

The sample population is approximately 1,900 sttglgna Midwestern
suburban/rural school corporation. Students weaeqal in one of two cohorts. Cohort 1
is composed of students who were fhggade in 2001. Students in Cohort 2 were'h 3
grade in 2002. Table 1 shows the 2 cohorts anteitescores that have been received for
all the students in the school corporation:

Table 1

Tests Taken by the Two Cohorts Whose Scores Arentbxal in this Study.

2001 2002 2003 2004
Cohort 1 | & grade English 5" grade | 6" grade English and
and Math Science | Math
Cohort 2 & grade English 5" grade English,
and Math Math and Science
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There were approximately 1,000 students in Cchard 900 students in Cohort
2. Four students from Cohort 1 were retained befkimg the 5-GIST in 2003. Their
scores are discarded.

All students were assigned a random ID code afiguwheir scores to be tracked
from 3% to 5" or 6" grade, depending on their cohort. In additiondaies scores achieved
on the different tests, the following informatiomswecorded: school, reduced/free lunch
status, ethnicity, use of an individualized edumaprogram (IEP) and limited English
proficiency; classroom assignments were not recbrddditionally a school stability
variable was developed. Test scores were examingetermine if students took botf{ 3
and 8" grade tests in the same school. If both tests teden in the same school,
students were considered to exhibit school stgbilibus, it is possible to examine both
individual effects and school effects, but it ig possible to examine classroom effect.
For the purposes of this study, variance betweassoboms within schools will not be

explored and thus that source of variability w#l &ttributed to uncontrolled error.

® The Indiana Department of Education refers toestisiwith an IEP as special education students.
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Table 2

Number of Students in Different Descriptive Categm

Cohort 1 (N=1002) | Cohort 2 (B907)
Number | Percent Number | Percen

Gender

Female 455 45.4% 437 48.2%

Male 547 54.6% 470 51.8%
Ethnicity

Asian 54 5.4% 51 5.6%

African American 44 4.4% 39 4.3%

Hispanic 23 2.3% 25 2.8%

Native American 3 0.3% 1 0.1%

White 820 81.8% 745 82.1%

Multi-Racial 58 5.8% 46 5.1%
Socioeconomic Status (SES)

FreeLunch 236 23.6% 203 22.4%

Reduced Lunch 60 6.0% 59 6.5%

No Reduced Lunch 660 65.9% 641 70.7%

Unreported 46 4.6% 4 0.4%
English Proficiency

Limited Proficiency 55 5.5% 55 6.1%

Proficient 947 94.5% 851 93.8%

Not Reported 1 0.1%
Useof IEP

IEP 160 16.0% 132 14.6%

No |EP 842 84.0% 775 85.4%

Test Scores
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State means and standard deviations for all tEsiglish, math and science) are
available from the state Department of Educatiaalé&scores provided by the local
school corporation were converted to Z-scores—usiatge means and standard
deviations—and thus comparing the achievementdvidual students to all the students
in the state taking the same test. This alloweddbearcher to track individual progress
relative to the other students of the state irstrae grade. By doing this it was possible
to determine if individual student performance ioy@d against the state average from
one test to another.

Checking for Convergent and Discriminant Validation

For this study the"3grade English and math and tHedsade science test scores
received the most scrutiny, but tH& &nd &' grade English and math scores were used to
examine convergent and discriminant validity andheck correlational stability. This
examination was attempted by correlating scienstesteores with those of all other tests.
The process is referred to as discriminant valatit was assumed that the correlation
of the 3% grade with the Bor 6" grade English scores and tHégrade math with the's
or 6" grade math scores would be greater that the atiorlof any of these scores with
the 8" grade science score. If the correlation BfgBade language, for example, is higher
with 5" grade science than witl{'§rade language, then that suggests that factoes ot

than the knowledge of the specific subject beisted may be influencing the results.
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Table 3
Convergent and Discriminant Validity Matrix

Cohort 1

3% grade 5" grade| 6" grade
M E S M

3%grade test Math
English| <100%

5™ grade test Science| <100% | <100%

6" grade test Math | <100% | <100% | <100%
English| <100% | <100% | <100% | <100%

In this matrix, a reliability diagonal does not &xiThe correlation of the score on
any test with itself is 100%, which is essentiatiganingless, so these numbers are
eliminated. The validity diagonal is representedtm®/numbers in bold type. This
represents the correlation of tHé grade math score with th& grade math score and
the 3° grade language score with tHe grade language score. To show convergent
validity, these correlations must be relativelysty. The correlation of the science scores
with the other test scores appears in italics. Agiog to Campbell and Fiske, these
correlations must be lower than those in the vglidiagonal in order to demonstrate
convergent and divergent validity. Both convergamd discriminant validity must be
demonstrated in order for construct validity toassumed.

The matrix for Cohort 2 is essentially the samespxthat the ® grade test scores

are replaced with fifth grade scores:
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Table 4

Convergent and Discriminant Validity Matrix

Cohort 2
3% grade 5" grade
M E S M

3% grade test

Math

English| <100%

5" grade tes

t Sciencel <100% | <100%

Math | <100%

<100% | <100%

English| <100% | <100%

<100%

<100%

Checking Stability of Validity Across Cohorts

R-square values of the test correlations were co@ap and the following table

was constructed to check the stability of the Estgiicience and math/science

correlations across groups:

Table 5

Stability of Correlations over Time.

Cohort 1

Cohort 2

Englishz/Science

R?, (compare with Cohort
2 Englisha/Science R?)

R?, (comparewith Cohort
1 Englishs/Science R?)

M aths/Science

R?, (compare with Cohort
2 Mathg/Science R?)

R?, compar e with Cohort
1 Maths/Science R?)

Evidence for Instructional Impact
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Using linear regression analysis it is possiblstatistically estimate the degree to
which different criteria account for science tesires. Given some common variance
between English, math and science, does there megigaiificant unique variance of
science scores among schools? The goal was to esatiahe contributors unique to the
individual student—essentially demographic data arfdevement—Ileaving residuals
that will be interpreted to represent school impa@be first step was to determine the
contribution of English and math variance to sceewariance. Next the contribution of
demographic data was determined. Once an ideakeggdssion line had been established
the residuals for each school were examined. kgmtialysis only the scores of those
students who took all tests in the same school eteded. This was to prevent the
possibility of the residuals reflecting the instian delivered by a different school due to
students transferring into the school during tistig regime. Since all other common
influences have been removed, the residuals camdrpreted to reflect the impact of the

science instruction afforded by the school.
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CHAPTER 11l
RESULTS
The data analyses of the present study are orghtozaddress each of the
hypotheses and a set of ancillary issues relatdddamenting the convergent and
discriminant validity of the Grade 5 ISTEP+ scieachievement measure. Ultimately, if
that measure is to be used as an indicator ofubkty of science instruction within a
school, the ISTEP+ science achievement measuresimigltaneously possess
meaningful variance that is non-redundant to otticators, while at the same time
cross-validating other indicators. To review, #lident test data were standardized as Z-
scores based on respective state means and staledéations prior to analysis.

Convergent and Discriminant Validity.

Cohort 1.Table 6 presents the convergent and discriminalidity matrix for
Cohort 1. Shown are Pearson bivariate correlatiatispairwise deletions, for all pairs
of tests taken by the same student. That is, tifidesit took the 8 and %' grade ISTEP+
within the school district but not th&' grade, then correlations betweéhahd %' grade
tests only were included in the calculations. Alirelations were statistically significant

at the 0.01 level.
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Table 6
Convergent-Discriminant Validity Correlations

Cohort 1

Grade 3 Grade 5 Grade 6

English| Math| Science | English Math

Grade 3 tests English -

Math | .671 -

Grade 5 test Science| .690 | .682 -

Grade 6 tests English| .735 |.625| .767 -

Math | .664 | .744 | 774 .740 -

Shared Covariance with General Achievem@&neating the Englisfs scores and

the Math.s scores as test/retest yields reliability ratinjs785 and .744 respectively
(bold type). These are higher than the correlat{@abcs) between Englistand Science
(.690) and Mathand Sciengg(.682), but were marginally lower than the cortielas
between Sciengeaand the Mathand Englishscores (.774 and .767, respectively). This
difference, however, should be interpreted withticeusince the Math— Science
correlation is a validity coefficient while Math Math is a reliability (stability)
coefficient.

Cohort 2.Table 7 presents the convergent and discriminalidity matrix for
Cohort 2. The pattern of correlations for Cohoi$ 2onsonant with Cohort 1. In this case
the highest correlation is between 5th grade seiamcl math. Reliability ratings were in

a comparable range with Cohort 1. A test of gooslioédit of the two patterns

yields X Z(dfzg) < 10,ns.
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Table 7
Convergent-Discriminant Validity Correlations:

Cohort 2

Grade 3 Grade 5

English| Math| Science| English Math

Grade 3 tests English -

Math | .697 -

Grade 5 tests Science| .735 | .679 -

English| .700 |.621| .767 -

Math | .684 |.755| .807 | .735 -

Shared Covariance with General Achievem@ntalid indicator of science

achievement must be demonstrably independent @&rgkachievement. Table 8 presents
the squared bivariate correlations of Englishd Math achievement with Scienge
achievement and the combined squared multiple ledisa of the combined contribution
of Englishy and Math to Sciencescience achievement. The squared correlation (the
coefficient of determination) reflects the percehshared variance between and among

the independent and dependent variables.
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Table 8

Squared Correlation Coefficients Reflecting GenAdlievement

Cohort 1| Cohort 2

Englishy/Science 48 54
Maths/Science A7 46
Englishs+ Maths/Science .56 .60

For Cohort 1, 48% of the variance in Scie@ehievement is attributable to
variance in Englishachievement; similarly, 47% can be attributedddance in Math
scores. The combined multiple correlations of Estgland Math accounts for 56% of
variance in Scieng@achievement. For Cohort 2, 54% in grade 5 scienbggement is
attributable to variance in Englisachievement; similarly, 46% is attributed to vade
in Maths scores. The combined multiple correlations of Ehgland Math accounts for
60% of variance in Sciengachievement. While the patterns are parallel adtessvo
cohorts, it would be unwise to combine the two etdhadlo do so might mask different
patterns across schools across time.

Note, the EnglisfiScience covariance is greater that the M#8tience
covariance in both cohorts. The covariance withMiag¢h; scores was consistent across
cohorts, but covariance with Englisicross cohorts showed somewhat less consistency.
However, Fisher's to Z transformation yielded an effect size of t82Cohort 1 and .60
for Cohort 2. Both reflect large effect sizes.

Ethnicity as a Moderating Variable
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An assessment of the potential differential rdletbnicity was initially
conducted using linear regression lines with Ehglpedictive of Scienggescores.

Figure 3 displays regression lines for ethnicitthim in Cohort 1. Both Hispanic
(n=6) and Indian subgroups (n=3) were excluded methere are too few cases.
Multiethnicity was also excluded because of thesfimkity of different interpretations of

the term by students. The slope of the regresgiens given in the form of
CeNnce, gop = B0, ENGISN, .+ 840, Where SCience, g, s the
predicted student score on the Scigmnveighin the specific group,

:Bi.group Engl iShsi.group is the slope of Englisachievement on Sciengchievement
for the specific group, ang_gmup is the intercept for the group. Relative impacsiope

and intercept for groups were compafetable 9 presents pairwise comparisons of

slopes and intercepts for ethnicity.

" Statistical comparison of slopes is accompli§tmetidf g = ’Bi ’Bi = ’Bi ’Bi .
=nl+n2- 2 2
%ﬁ_ﬂ %ﬂ + %ﬂ
Statistical comparison of intercepts is accompltiisbytdf s = a-a, = a-a
=nl+n2-

S [Ersg
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Table 9

Pairwise T-tests for Slopes and Intercepts of Etk@roups

[92)

Cohort £
Comparing Slopes Comparing Intercept
IB Asian Afr-Amer Ao Asian Afr-Amer
i.group rou
White 0.70 2.62 1.22 0.17 -1.83 3.65
Asian 0.38 - -0.83 0.41 - 4.07
African American 0.53 0.83 - -0.39 -4.07 -

All t-tests assume infinite degrees of freedomerptetation of ethnic

comparisons is somewhat problematic since sampds $or Asian and African-

American students are small and standard errdegeaf The difference in slopes

between the White and Asian students is signifieatte 0.01 level, i.e. the slope for

white students was greater. The difference in aefgr between the African-American

student population and both the white and Asiadestupopulations is statistically

significant at the 0.001 levelThis pattern can be seen also with Cohort 2.rEigu

displays regression lines for ethnicity within Cah®, and Table 10 the respective

pairwise comparisons.

8 Two-tailed t-test. Outcome >2.58 indicates sigmifice of p<.01. Given the large sample size, pis.01

used to avoid inflating Type 1 error.

° Since the scores are Z-scores, the analysesfantiedly “grand mean centered”.
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Pairwise T-tests for Slopes and Intercepts of Etk@roups

Table 10

ts

Cohort 2
Comparing Slopes Comparing Intercep
:Bi o Asian Afr-Amer Ao Asian Afr-Amer
White 0.74 2.58 -0.78 0.05 | -3.00 2.43
Asian 0.38 - -2.25 0.53 - 3.95
African American 0.88 2.25 - -0.26  3.95 -

As with Cohort 1, the slope for Asian studentsiggificantly different from the

other slopes. This may be a result of a few unusasegs. Conversely, the difference in

intercepts between the three ethnic groups appeds stable (p<.01).

Socioeconomic Status as a Moderating Variable

Linear regression lines with Englispredictive of Sciengescores were

established to assess the potential differentlalabsocio-economic status (SES) as
reflected by reduced/free lunch status. SES reigresdso reveals differences between

groups. Figure 5 displays regression lines for 8B8in in Cohort 1 and Table 11 the

respective pairwise comparisons.
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Figure 5

Regression Lines for SES
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Table 11

Pairwise T-tests for Slopes and Intercepts of SES

[

Cohort 1
Comparing Slopes Comparing Intercept
ﬂi.group Reduced Full Ao Reduced| Full
Free lunch 0.73 3.20 0.87 -0.13 | -3.98 -4.65
Reduced price 0.34 - -3.06 0.26 - 1.04
Full price 0.66 3.06 - 0.24 1.04 -
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The difference in slope between the reduced puneHes and the free and full-
priced lunches is significant at the 0.01 levele Hifferences in intercepts between the
free-lunch students and both the reduced- angfide students are significant at the
0.001 level.

Figure 6 displays regression lines for SES withi€ohort 2 and Table 12 the
respective pairwise comparisons.

Figure 6
Regression Lines for SES
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Table 12

Pairwise T-tests for Slopes and Intercepts of SES

Cohort 2
Comparing Slopes Comparing Intercepts
Igi'gmup Reduced Full Ao Reduced| Full
Free lunch 0.77 0.21 1.46 -0.17 | -1.52 -4.19
Reduced price 0.74 - 0.63 0.02 - -1.09
Full price 0.66 -0.63 - 0.14 1.09 -

The regression lines indicate that free lunch sitglm both cohorts do not
progress as well as most other students based glislgrZ-scores, remaining
approximately 0.3-0.4 SD below the full-price-lundembers of their cohort. However,
for Cohort 2 a pairwise t-test shows that the sagre not significantly different. The
difference in intercepts between the free andgtitte regression lines is significant
beyond the 0.001 level.

Mobility as a Moderating Variable

Precise student mobility data were not availabteahalysis, but an
approximation of the impact of student mobility vessessed by comparing the schools
at which at a given student took tHé grade and B grade tests. Students who took both
tests at the same school were classified as extglsthool stability, while students
taking the tests at different schools within thealosschool district were classified as

mobile. Students who did not have scores for eitiesrd or the % grade test were not
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included in the regression. This would include atudents transferring into or out of the
district between the time that th& and &’ grade tests were administered. Hence, the
“mobile” designation refers to only intra-districiobility.
Figure 7 displays regression lines for schooliltgaln Cohort 1 and Table 13 the
respective pairwise comparisons.
Figure 7
Regression Lines for School Stability
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Table 13

Pairwise T-tests for Slopes and Intercepts of Sc8tability

Cohort 1
Comparing Slopes Comparing Intercepts
Igi'gmup Mobile Ao Mobile
Stable 0.67 -2.46 0.17 1.54
Mobile 0.88 - 0.03

The t-test shows that the difference in slope betwgroups is significant at the
0.05 level.
Figure 8 displays regression lines for school fitgbn Cohort 2 and Table 14 the

respective pairwise comparisons.
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Table 14

Pairwise T-tests for Slopes and Intercepts of Sc8tability

Cohort 2
Comparing Slopes Comparing Intercepts
Igi'gmup Mobile Ao Mobile
Stable 0.72 -0.85 0.08 3.48
Mobile 0.78 -0.17

For Cohort 2 there is no significant differencesiope between the two groups,

but the difference in intercept is significantla 0.001 level.

Additional Demographic Variables.

Table 15 below lists the slopes of the regressimslfor the other demographic

variables.
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Table 15

Regression Lines of Other Demographic Variables

Cohort 1 Cohort 2
Demographic Number Slope of Number Slope of

Variable Regression Regression
Gender: M (n=357) | 0.75*G3E + 0.20] M (n=329) | 0.80*G3E + 0.07
F (n=282) | 0.67*G3E + 0.07| F (n=290) | 0.67*G3E + 0.02
Limited English:| Yes (n=22)| 0.39*G3E + 0.27| Yes (n=24)| 0.76*G3E + 0.15
No (n=617) | 0.72*G3E + 0.14| No (n=594)| 0.73*G3E + 0.04
IEP: Yes (n=104) 0.84*G3E + 0.09| Yes (n=86)| 0.69*G3E —0.15
No (n=535) | 0.65*G3E + 0.19| No (n=533)| 0.70*G3E + 0.08
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Table 16

Pairwise T-Tests for Slopes and Intercepts of Ofr@nographic Variables

Cohort 1 Cohort 2

Variable Igi'group Slopes Ay Intercepts IBilgmup Slopes Ao Intercepts
Gender

Male: 0.75 1.38 | 0.20 2.19 0.80 242 | 0.07 0.90
Female: 0.67 - 0.07 - 0.67 - 0.02 -
Lim. English

Yes: 0.39 | -1.06 | 0.27 0.40 0.76 0.27 | 0.15 .093

No: 0.72 - 0.14 - 0.73 - 0.04 -
Sp. Education

Yes: 0.84 2.03 | 0.09 -0.97 0.69 | -0.08 | -0.15 -1.63

No: 0.65 - 0.19 - 0.70 - 0.08

None of the differences in slopes or interceptsgdaificant at the .01 level.

Significance of Covariance.

Despite different regression lines for some ofdbmographic variables, a test of
significance of the variables revealed that modtdit have a statistically significant
impact on test scores when combined with the effetthe Englishand Math scores on
the Sciencgscores. Table 17 shows the impact of demogragriaiMes when combined
with 39 grade test scores.

Cohort 1.Checking for covariance between Scigrsxores (dependent variable)

and English scores (independent variable) reveals an adjiéted .476. This is
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statistically significant beyond the .001 level.diiy Math; as an independent variable
increases Rto .560, accounting for 56% of the variance ireicig scores. The large
percentage of the variance in Scigjgeores due to“i'%grade scores tends to mask the
influence of most of the demographic variables. ®hly other variable shown to be
significant was SES.

Cohort 2.Both SES and school stability appear to influetest results. No other
demographic variables were significant below the.p5 level. The improvement iR
value achieved by adding school stability to thglishs, Scienceand SES regression is
0.002, which is so slight it is effectively insifioant. Therefore, to generate a consistent,
meaningful regression formula across cohorts, &nlglishs and Math scores and SES

will be applied as control variables.
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Table 17

Adjusted R and Significance of Demographic Variables

Cohort 1 Cohort 2
Dependent variablesSignificance| Adjusted R | Significance| Adjusted R
English >.001 476 >.001 .560
English >.001 .560 >.001 .597
Math >.001 >.001
English >.001 561 >.001 597
Math >.001 >.001
Ethnicity 151 .304
English >.001 571 >.001 .603
Math >.001 >.001
SES >.001 .002
English >.001 .560 >.001 .602
Math >.001 >.001
School Stability .359 .003

Regression Lines

Cohort 1.Creating a regression line for the three independariables (§ grade
Englishy and Math scores plus SES) and then examining the resiésakntially
removes the outside influences and allows exanainadf individual school effects and a
comparison of the relative quality of those effe€sr Cohort 1 the regression formula is

Sciences = 0.417*Englishz + 0.374Maths+ 0.139*SES - 0.181, wheré&ciences equals
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the predicted Z-score on the Sciefiénglishs equals the Z-score on the Enghisbst,
Math; equals the Z-score on the Mathst andSES equals socioeconomic status as
inferred from free/reduced school lunch status.

Cohort 2.For Cohort 2 the formula for the regression ls&dences =
0.492*Englishz + 0.313Maths+ 0.107*SES— 0.225, with all variables the same as for
Cohort 1. Combining these two formulae result$mfollowing formula for the
regression line for both cohort&iences = 0.453%English; + 0.341Math3+ 0.124*SES
—0.206. This is the formula used for the reshefriegression analysis.

Table 18 shows the mean residuals for Cohorts Rasfdhe Sciengescores

according to the school that administered the S$eigpst.
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Table 18

Mean Standardized Residuals According to School

School Number | Cohort | Mean | Cohort | Mean
1 1 -0.189 2 -0.171

2 0.077 -0.328

3 0.141 -0.262

4 0.202 -0.338

5 0.237 -0.075

6 0.123 0.510

7 -0.197 -0.624

8 0.294 0.124

9 0.025 0.132

10 -0.030 -0.288
11 -0.035 0.003
12 -0.553 -0.281
13 0.416 0.026
Total 0.089 -0.092

The standard error of the estimate (SEE) for botiods is 0.647. Although there
are differences between cohorts within a schodJlinases they are less than the SEE.
The residuals, which are interpreted as the “schtiett,” show marked differences from
the raw ScienggZ-scores. In all cases, school effect refers ecetfifiect of the school that
administered the SciengeSince school stability was not shown to havegaicant
impact on the residuals, the effect of intra-disttiansfers betweer®and %' grade is
discounted.

Figure 9 is a graph of the residuals listed in &&l8. In this chart the scores are

adjusted to account for the scores on the Engéisll Math tests and SES.
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Figure 9

Mean ScienceResiduals Controlled for EnglighMath; and SES According to School
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Most schools appear fairly consistent across cehvhere there are some
differences, they are statistically small and uguaks than 0.5 SD. Schools 6, 8 and 13
appear to exert a positive school effect, relativstate means, while schools 1, 7 and 12
appear to exert a negative effect. The other sshamgbear to have an effect close to the
state norms.

Figure 10 and Table 19 compare the marginal mebitne gesiduals for cohort

and school effects.
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Figure 10

Estimated Marginal Means of Standardized Residdet®rding to School
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Table 19
Tests of Between-Subjects Effects for Residuals
Source Type llI df Mean F Sig.
Sum of Square
Squares
Corrected | 71.269(a) 25 2.851 2.970 .000
Model
Intercept 712 1 712 742 .389
cohort 6.966 1 6.966 7.257 .007
school 40.566 12 3.381 3.522 .000
cohort * 21.260 12 1.772 1.846 .037
school
Error 1180.731 1230 .960
Total 1252.000 1256
Corrected 1252.000 1255
Total

a. R Squared = .057 (Adjusted R Squared = .038)

46




Because of the large number of subjects, a sigmte level greater than .01 is
considered not significant. Table 19 shows a sicgnit (<.001) effect of schools on
Science scores. It also shows a significant cohort eff€x27). However, the difference
in school effect between cohorts (see Table 18pmwoximately 0.18 SD, which,
although statistically significant, is of little gwtical significance as it represents a
relatively slight difference in terms of actual sslement. Although the school effect is

statistically significant (.000), interaction be®veschool and cohort is not (.037).
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CHAPTER IV
DISCUSSION
The results of the 5-GIST are used to assessutiléygof science instruction

offered by schools. The validity of such a use@sbeen shown in the research
literature. The purpose of this study is to deteenif there is meaningful variance
between schools in the scores of the 5-GIST thanho& be accounted for by general
aptitude and SES. Any variance independent of tfeeters may reasonably be
attributed to school effects. Many of the resuftthe analysis yield insights into the
validity of using the 5-GIST scores to draw conmus about the quality of science

instruction afforded by the administering schoain@ergent and Divergent Validity

Matrices

Divergent validity is reflected in Tables 6 andrfie 3 — 6th grade (for Cohort
1) and & — 5" grade (for Cohort 2) are, effectively, reliabilitpefficients and range
from .700 to .755 over two or three years, depandjpon the cohort. Validity
coefficients between Sciencand Engliskand Matlg for Cohort 1 and the Sciencand
Englishs and Matlg for Cohort 2 range from .621 to .807 or squaredetations from
.386 to .651. Interestingly, for Cohort 1 the ctatien between Englistand Math
scores (.740) is not as high as the correlatiomotf these tests with the Scient&67
and .774, respectively), which suggests a cognitiaéurity effect, i.e. age. This pattern
is similar for Cohort 2, but perhaps less unexpkstace all three tests were

administered during the same year. The high degfreevariance between the three tests
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suggests that all three are influenced by the ggreaomenon, which will be referred to
as “general aptitude” in this studfy/.

In any case, the validity coefficients suggest Hté&ence achievement, reflected in
performance on the ISTEP+ measures accounts famnar independent from general
achievement reflected in English achievement, Mathievement, or the combination of
the two. Thus, there remain other influences orstience test scores that are
independent of general ability.

Regression Lines for Ethnicity

A comparison of regression lines across ethnicggoaveals that, even
controlling for general achievement, differenceswerall achievement (reflected in
differences in intercept) remain. Sciegperformance of African-American students
consistently lagged behind those of white and Astadents who achieved similar scores
on the ¥ grade English test. Most cases show a growthefisercy of over 0.5 SD.
However, that observation must be tempered dueetéoiv number of African-American
(25) and Asian (22) students. Differences in tlopalifor Asian students from other

students may be more a function of the “flatnegghat slope relative to the others.

9 The label “general aptitude” may be unfair, as thiplies that certain groups of students may be
cognitively below other groups. Yet, the Z-scoréthe 3° grade tests have the greatest predictive facility
for later test scores of any variable. The argurtteattconsistent school effect from befofeéggade

through %' or 6" grade is the major influence on scores is diffitmisustain when looking at the influence
of SES, as measured by free-lunch status ®ograde Z-scores. Students paying the full pricetfeir
lunches achieve significantly higher scores thasétstudents receiving free lunchesvery school. This

is the case with both English and math scores—émyeschool full-price-lunch students outperformefre
lunch students. Whether or not this relates diyaotigeneral aptitude is open to question—“testrigk
ability” may be a more accurate term—nbut the argurtieat the K-3 school effect of every school is
having a greater impact on one group of studergs e other is difficult to accept. A more likely
explanation is that this discrepancy results frastdrs independent of school effect.
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Again, the low number of Asian students permiteva finusual results to unduly
influence the slope of the Asian regression*fine

Regression Lines for SES

A comparison of regression lines across socioanangroups reveals that, even
controlling for general achievement, differenceswerall achievement (reflected in
differences in intercept) remain. Sciegperformance of poorest students (those on free
lunch) consistently lagged behind other studertte. dhusual slope of the reduced-price
regression line for Cohort 1 (Figure 5) is sigrafit but difficult to interpret. A review of
the test scores for these students suggests theglttively low number of reduced-price
students has allowed the poor performance on ibastest by a few students scoring
near or above the 1.0 level on tHégsade English test to unduly influence the slope o
the line. (Removing the 4 students with the higlsestes on the Englisitest from the
regression analysis changes the slope of the sagreléne to .62, which is almost
identical to the slope for full-priced-lunch stutieh Despite the anomaly with the slope
of the reduced-price regression line for Cohoit ik, clear from the difference in
intercepts between the free- and full-price-lunetression lines for both Cohorts that
SES does have a major impact on Scigactievement. (See Tables 8 and 9.)

Regression Lines for School Stability

For Cohort 1, the regression lines for schooliBtgldliffer in slope and intercept
and appear to converge toward the upper end cfddle (around 0.5 SD) indicating that

the impact of geographic mobility may be more deémtal at the lower end of the

1 A likely explanation is that several non-nativeéigsstudents havé“3yrade English scores depressed
because of their lack of English proficiency. Bg time these students have entef®dide their English
skills have improved and have less of an attengatffect on their test scores.
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achievement scale. This compares to regressios faresthnicity and socioeconomic
status that seem to imply a consistent advantagesadvantage.

However, Cohort 2 revealed no significant differemnt slopes between the two
groups, although the difference in intercepts wasicant at the 0.001 level. In both
cases school stability appears to have a positipact on test scores, although the
distribution of the impact across ability levelsiea between cohorts.

T-tests of Additional Demographic Variables

A surprising result of the t-tests for IEP stagithat the difference in intercepts
between students with an IEP and non-1EP studsmististatistically significant. This
may be because general aptitude is already acabtorten the Englishand Math
scores. The distribution of students with an IERuscated with a median score on, e. g.,
the Englishtest of-0.73. Thus, meaningful comparisons arelprobtic.

Impact on SciengeRegression

Of all the demographic variables, only SES was shtmnhave a consistent,
statistically significant impact on Scieraeores. Both ethnicity and school stability
influences were accounted for—or at least subsumeithin SES. Adding SES to
general aptitude accounted for a combined 57%ef#niance in Sciengachievement.
That still leaves 43% of Sciencachievement unaccounted for. The next issue tatwhi
the achievement data were addressed was whetbhendeipendent 43% of Sciegce
achievement could be meaningfully disaggregatdzbtmterpreted as the “school effect”.
Quite clearly, significant differences in overdllScience achievement were observed
among schools, even when the influence of previmineral achievement and

socioeconomic status were statistically controlled.
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Interpretation of Residuals

Figure 11 shows the mean Scienseores for students of Cohorts 1 and 2
according to school. This chart shows how the stted@ a particular school performed
relative to the state meafss shown in the graph, Schools 1, 5, 6, 8 and [Li3aale
Science scores above expected performance, while Schamtsl 20 were consistently
below state averages. For some schools, Figuras@on mean achievement controlled
for general achievement and socioeconomic statstudents) paints a picture of the
school’s effect on Sciengachievement markedly different from that pictumredrigure
11. The gains registered by schools 5, 8 and 1&are modest after accounting for the
general aptitude and SES of the students, while@dhstill shows a positive school
effect. School 10, which showed Scienseores below state means, nonetheless appears
to show a school effect closer to the “expectedamé&chools 7 and 12 however, appear

to show a negative school effect on Scigrsoeres.
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Figure 11

Mean SciencgZ-scores According to School Unadjusted for SE8miitude
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Although this does not translate directly into taag quality—other factors such
as overall environment or quality of resources @ap have an influence—it is probably
reasonable to assume that teaching quality, deisdéte ability of teachers to influence
test score¥, is a significant component of school effecthosld be noted, the particular
classroom assignment of the students is not redomsité the test scores, individual

classroom effects could not be determined.

2 This is the de facto definition of the term. Isisnply articulating assumptions inherent in thearee on
the exclusive use of standardized tests to drawlasions about school quality for NCLB purposese Th
author does not necessarily endorse this definition
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CHAPTER V
CONCLUSIONS, LIMITATIONS, FOLLOW UP AND RECOMMENDATONS

The study sought to answer two questions abouB4BEST:

1) Is there evidence of the construct validityle# test?

2) Can the test be used to make reasonable inkEsebout the quality of science
instruction within schools?

The analysis appears to answer both questiongiaftiimative, albeit with
gualifications. Independent residual variance BIST test scores was uncovered after
accounting for factors independent of teachingtharmore, this finding was consistent
across cohorts. Some variability between cohortis e expected due to changes in
teaching staffs from one year to the next, yeg\asced by the similarity of the two
regression formulae for the cohorts, repeataldigears robust. Assuming positive
content validation, it would be reasonable to codelthat this unique variance is a
reflection of the science content knowledge ofttdst-taker.

The variance in the between-school mean residugalsosts the contention that
the 5-GIST can be used to identify differencemquality of science instruction offered
by the schools. In the school corporation inveséidan this study, two schools (#6 &
#13) showed a positive effect on science scoremefof two cohorts in excess of 0.4
SD. Conversely, two schools (#7 & #12) showed scofea cohort lagging more than 0.4
SD. Long-term tracking of school effect, particljyawvith schools making concerted
efforts to improve science instruction, would bsidable to determine to what extent

school effect can be improved.
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However, it must be emphasized that this analgsmly a first step in the
process ultimately leading to the use of 5-GISTresn fairly and accurately assessing
the impact of schools on student learning. Themeare some reservations about the use
of the test as the sole indicator of quality. Fissibstantial differences remain between
what is measured in a paper and pencil test of letrye and important objectives related
to process skills among students. It has yet tehioevn that the ability to perform active
scientific processes such as inferring, investiggtor controlling and manipulating
variables can be accurately assessed throughirrgtesbgram that relies so heavily on
reading and writing ability, (as evinced by theth@prrelation between Englishnd
Science test scores). Better controls are needed for sisgeschool variance; test scores
provide only a limited picture of the impact of ingtion on students, and that picture is
often distorted by influences outside of schootsitcol.

Some notable influences on 5-GIST scores indepémdénstruction were
revealed by the analysis. The single greatestenfte was the general aptitude of the
students as reflected by the scores achieved ddi’theade English and math tests.
Ethnicity, SES and school stability were also sheavimpact scores and were reflected
in statistically significant differences in regriesslines and/or intercepts. However,
when considering the impact of these variablesai discovered that accounting for SES
alone, in combination with general aptitude, wadli@ant to account for the effect of all
three variables. Thus, if test results are disagagesl according to general aptitude and
SES, further disaggregation by ethnicity and mopitiay not be necessary.

IEP status did not prove to have a significant iobmen test scores. Students with

IEPs are usually given test accommodations, aiscoibssible that these accommodations
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are sufficient to allow them to record achievensamtilar to their regular education peers
of similar general ability and SES. However, iimgportant to remember that these
results apply only to the 5-GIST and can not beneks indicators for other subject
areas. It would be interesting to see if IEP staasa significant impact on subsequent
English and math test scores.

Limitations

The classification of school stability/mobility wdstermined by comparing the
school at which the'8and ' grade tests were taken. It is likely that many iteob
students—e.g., those that moved betweéart & grade, or moved after taking thd 3
grade tests but then moved back to the same sbeémke taking the B grade tests—
were not classified as mobile. Hence, the impachalbility on test scores may have been
diluted in the analysis. The inability to identdystatistically significant student mobility
effect on the 5-GIST should not be interpretedrasfahat student mobility does not
impact test scores, but rather, as a possibledtmits of available data.

Although school effect does appear to be identiéa this study, teacher effects
are not. Data about the individual class assignsnefithe subjects, and hence, the
teacher responsible for the science educationeotibject, are not recorded and
therefore not available for analysis. Variationsha effectiveness of science education
within a school must of necessity be treated aw .err

The school corporation participating in this stusliargely suburban and rural,
homogeneous and generally of higher SES. Replg#tils study in other school
corporations, particularly urban corporations asewith more diverse populations,

would broaden generalizability.
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The validation established by this study shouldbetonstrued as content
validation. Although the study appears to idengéifgychool effect on test scores, this does
not confirm nor deny that the tests are an accuedlection of the degree to which the
test-takers have mastered the science conceptzracess skills as mandated by the state
science education standards. A separate conteditiah study would be required to
verify this.

Follow Up

Several follow up studies would be desirable. Ailsinstudy examining 8 grade
English and math scores could be undertaken tetestistency of results across
subjects. In particular, it would be interestingée if the discovery that IEP status did
not have a statistically significant impact on 53GIscores is found also with English
and math tests. Repeating this study with a thaftbct would help refine the regression
formula and strengthen conclusions about the statisignificance of the difference
between cohorts and between schools. Beginningeispring of 2006, students in
Indiana take a second science assessmefitgnagie. Comparisons of'&nd 7' grade
science tests scores will be possible in the neard.

Using regression to identify exemplary and inadégsahools goes beyond the
intentions of this study. However, a reasonableaiskese results would be to
investigate schools showing consistently positsieos| effects to see if uniquely
effective educational strategies can be identifietthose schools and reproduced in other
schools.

Recommendations

57



Although unique between-school variance in scoras ientified by this study,
this should not be construed as an endorsemeheafde of the 5-GIST as the sole
instrument for the labeling of schools. While appnaately 40-43% of the variance was
attributed to school effect, the major influencéthe test scores—accounting for
between 57% and 60% of the variance—were genetith@p and SES. While such a
large percentage of variance attributable to fadtwdependent of instruction may not be
an issue if the sole use of the test is to asbesscience content knowledge of the test-
taker—the use for which it is designed—it can ob&is objective evaluation of the
quality of instruction provided by an institutidfithe results of the study are consistent
across subject areas, then many schools may bstlyrganctioned unless these outside
influences are taken into consideration in theysisl As was shown in this study, it is
possible for schools to have a positive effect ugtolent science learning and still
achieve results below state means.

The stated goal of the school reform movement improve the quality of
instruction. The universal administration of a testly partially sensitive to teaching
influence, as the sole indicator of instructionaality affords only a limited view with
which to pass judgment. It is hoped that the resufithis study will initiate a

reevaluation of the current use of the 5-GIST.
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