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Investigations of the Appropriateness of the College Board Science Achievement Tests
for Students of Different High School Science Courses

1. SUMMARY

The appropriateness of the College Board Achievement Tests in Biology, Chemistry,
and Physics for students of different high school science courses was investigated. These
investigations involved six Biology, twelve Chemistry, and eight Physics Achievement
Test Forms introdiced in the 1960's. The comparative fairness of the tests for various
pairs of courses was analyzed. These pairs were: BSCSl-Blue and Re|gu1ar Biology.
BSCS-Green and Regular Biology, and BSCS-Yellow and Regular Biology; CBAZ? and
Regular Chemistry and CHEMS3 and Regular Chemistry; and PSSC* and Regular Physics.

For most test forms three 1nd1cat10ns of their appropriateness for the courses in
each relevant pair were secured The first was raungs of test quest1ons by teachers
‘ of the two courses. The second 1nd1cat1on came from the actual performance of students
of the two courses on the complete science ach1evement test, on questions in the test.
rated appropriate for both courses by teachers on the College Board Scholastic
Aptitude Test - Verbal Sectlon, and on SAT Mathemaucal Sectlon., The third. 1nd1cat10n
© came from an analys1s of the ach1evement test scores of students of the two courses
after ad]ust1ng for the1r d1ffer1ng performances on: the concom1tant measures of the
' appropr1ate Ior—both quest1ons, SAT-V and SAT—

In. 1nterpretmg the three indications of appropr1ateness the follow1ng standards were
taken to show b1as (1) ‘mean teacher rat1ngs differing s1gn1f1cant1y at the .05 level;
(2) actual means on the achievement tests- d1ffer1ng in-one direction with actual means
on the concomitant measures differing in the oppos1te‘d1rect1on; and (3) adjusted achieve-

ment test means differing by more than 15 scale score points after controlling for per-

formance on the concomitant measures through the analysis of covariance.

1Bio10gicai Sciénces Curricul"um' Study
_2Chem1ca1 Bond Approach Project
“3Chem1ca1 Educauon Mater1al Study :

4Phys1ca1 Sc1ence Study Comm1ttee
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In biology, teacher ratings indicated bias in favor of Regular Biology in the first two
test forms studied. These indications of bias were not borne out by the test performance
of students, however. In fact, in bioiogy the lone indication of hias revealed by analysis
of student performance showed that one of these fir;st two test forms was biased in favor
of BSCS-Yellow. On the last four test forms inves;‘itigated, there was only one indication
of bias; that came from teacher ratlngs and 1nd1cated that a test form 1ntroduced in 1966

was biased in favor of BSCS-Yellow.

In chem1stry, there were indications of bias in seven of the twelve test forms as

follows:
Form introduced in: Biased in favor of: Evidence from:
1961 . - ,regular nver CHEMS actual performance
1962 regular over CBA actual performance
.. regular over CBA S : teacher rat1ngs, actual and
1963 . , : adjusted performance
: : regular over CHEMS . teacher ratings, actual and
adjusted performance
1964 regular over CBA ‘ ' teacher ratlngs :
: regular over CHEMS ; teacher ratings
' regular over CBA ‘ teacher ratings’ and a—dJusted
1964 - - - T performance :
B , regular over CHEMS teacher ratings and. ad]usted
- U L .+ .- . performance:- :
1966 B regular over. CHEMS_ ] actual performance

1966 S CHEN'S over regular" o teacher ratlngs S

Teacher rat1ngs on each course were not secured for forms prior to 1963 performance data
are not avallable fer the f1rst 1964 form listed above For the last five test forme stud1ed
only the two indications of b1as on 1966 forms noted above were revealed.

In physics, there were indications from teacher ratings of bias in favor of Regular Physics
"on two test forms one. 1ntroduced in 1965 and one 1n 1966 “Actual performance data supported
the, ratingsfor thev1965 form, but not the 1966 form AdJusted performance data 1nd1cated

no b1as in any of the e1ght forms 1nvest1gated

The ev1dence supports the general conclus1on that the tests re now equally appropr1ate -

for students of regular and spec1al courses in blology,' chemlstry, and phyS1cs

SaE




II. CONTEXT
The problem investigated was: Do students who are equivalent in scholastic aptitude and
science ability but who have studied different high school science courses in a given subject
earn equivalent scores on the College Board Science Achievement Test in that subject?
A. Background
Beginning in the late 1950's and continuing to the present several new high
school science courses were developed by teams of scientists and science
teachers. Since the new courses were thought by many to represent deparwures
from existing courses in terms of content, approach, and Tmphasis, there was
and is interest in and concern about the appropriateness of the College Board
Science Achievement Tests for students of these new courses.
The first science course to attract substantial numbers of students who
later took a College Board Sc1ence Ach1evement Test was the phys1cs course
developed by the Physical-Science- Study Comm1ttee (PSSC) This course was
soon followed by the two chemistry courses developed by the Chemical Bond
Approach PrOJeCt (CBA) and the Chemical Education Mater1a1 Study (CHEMS)
and the three biology courses known as the Blue, Green, and Yellow Ve1's1ons :
developed by the B1olog1cal Sc1ences Cu1r1ct.lum Study (BSCS)
Fornoff (1962) noted that the performances of the first PSSC students who
took the Physics Ach1eve1nent Test, in March 1958 showed that ‘the test did
not adequately measure their achievement. The Board's Committee on
Examinations, therefore, authorized special physics tests for PSSC students.
Such special tests were offered in March of 1959, 1960, 1961, 1963, and in
December of 1961. TFornoff pointed out that the existence of two physics tests
solved the problem of not prov1d1ng a test closely matched to course objectives,
© . but it 1ntroduced two. thers. 'I“he f1rst problem 1ntroduced was that equal scores

on the two tests d1d npt necessar1ly represent equal ach1evement in phys1cs the :

second problem was at some students took the wrong test and such m1stakes

cannot read1ly be: detected and corrected s




' .than s1ngleach‘1evement tests .es1gne

B. Approach

In order to avoid these problems,

special tests were not develcped for students

of any of the courses that followed PSSC. Instead, the approach has been to develop

single tests in each subject that would be appropriate for students of different

courses. Principles that guide the committees of examiners in the development

of such tests include the following: Most of the questions in a test deal with topics

given major emphasis in most courses. The measurement of abilities that should

be developed in all science courses is

emphasized. Questions on topics more

likely to be taught in one course are balanced by other questions on topics more

likely to be treated in other courses.

Questions on topics that may be unfamiliar

to students of some courses are presented with background information so that a

good science student should be able to

the topics in deta1l. In many instance

answer them even though he has not.studied

s,; the comm1ttees of exam1ners have data

on the d1ff1culty and d1scr1m1nat1ng power of proposed quest1ons for students of

different courses secured through the

C. Impl1cat1ons for Ach1evement Tes

pre testing of questions.

ung and Course Dev..,lopment

Coffrman 1971) notes: that colleges mav requ1re appl1cants to subm1t scores f

on certain College Board Ach1evement ’l"ests for one or more of the fo]lowmg

purposes. (1) to. a1d in cert1fy1ng thar a cand1date has or. has not ach1eved a level

of competence in a subJect; (2) to a‘ss1st in placing students in a college course.

sequence;-and (3) to make predictions of college performance in combination with

other information. These purposes are probably best served by a s1ngle test in

each of the three major h1gh school science subjects for the follow1ng reasons.

Most colleges are concerned about student competency in a science sub]ect;

e.g., biology, rather than in a spec1f1c b1ology course; e.g., BSCS (Yellow

of d1fferent h1gh school courses in- tha

believe ,that spec1al ach1evement te sts

At

make any greater contr1but1on to the pred1ct1on of' general college perfog:mance N

'Vers1on) Most colleges do not have d1fferent sequences of. courses for students

t subject F1nally, there is no reason to

des1gned for part1cular courses would

} .
students f all courses 1n tha subj ct.

e e e e s

ey e e St



One may ask why students of a particular course should not earn higher scores
on a test than stur;lents of another course. After all, is not the purpose of developing
new courses the improvement of  the science acﬁievement of students? Tests could
ke developed that focused on th/c_e tnique content of a particular course. No doubt
students of that particular course would be at an advantage on such tests. But the
College Board Science Achievement Tests cannot be so developed, if they are to
sexrve thei_r purposes. They must focus primarily on that broad range of content
that is common to all widely used courses. One price that must be paid in order -
to realize those purposes is that the unique content of each avant-garde course
cannot be immediatély included in the tests. But this seems a small and legitimate
price to pay to meet the purposes of these tests. .

For an outline of the issues discussed in this section see Angoff ( 1971) .

f.tmc*’" *‘
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B1ology Test

"The question below pertains to whether or not you have taken some spec1al courses in’ blology
_ which are.offered by some. schools You are to indicate your answer by blackening ONE and
~ONLY ONE space in-the group of nine spaces labeled Q.on your answer sheet. Read the
question and the statements under it and blacken the space: that corresponds to' the statement
/' that applies to you. ' Your answer to this questlon w111 be used for research purposes only
-~ and will not 1nf1uence your score on: the test. - : :

Questlon. Have you taken or are- you now takmg, one of the courses"
" “in biology developed by | rhe B1010g1ca1 Sciences Currlculum
Study (BSCS) ? .

NOTE: If you were in a BSCS course you either used
¥ ~ ‘paper-covered textbooks which had the symbol
shown at the’ r1ght imprinted on.the covers or
you used one-of the hard-covered textbooks: -

. whose titles.are given below. 1If you used the
~‘papéer-covered- books the color of the covers
‘1nd1cated rhe vers1on of rhe course you took.-

Y

Statemen ts.-

‘%‘v:‘%f_l_ Yes I took th Green Versv1on Of the BSCS course. Sl
: 7 : ;" High School B1olog}0 T

,. 1 took‘ the, Y_ellow Vex s1onvljof the BSCS course.
' Blologlcal Sc1ence




Chemistry Te st

In the group of nine spaces labeled Q you are to blacken ONE and ONLY ONE space, as
described below, to indicate how you obtained, your knowledge of chem1stry . The information
that you prov1de w111 not 1nf1uence your score on the test.. '’

Space 1. Lam TIOW. tak1ng, or’ have taken, “ the chemistry '

- 'course-known as.the’ Chem1ca1 Bond Approach ) S
Course (CBA). (If this applies to you, the . ~ Covalent
_'symbol shown at the right will be fam111ar to’ o ‘
you and you’ will have used- e1ther paper-covered ,
textbook's with pages thé same size as those in Ionic Metallic
this test booklet or a hard- covered textbook )
titled Chemical Systems. )

Space 2. 1 am now taklng, or have: taken the chem1stry
~_course known as the Chemical Education
Material Study Course (CHEM Study) . (If this .
-app11es to you, the Symbol’ shown at the right
“will-be- familiar to-you:and.you will have used
‘either. paper—covered ‘textbooks with pages the
same size as those in this test booklet or'a’
" hard-covered textbook t1t1ed Chemistry An
- ,-rExper1menta1 Sciencel) Uit ;

'Space'3. 1 am ot sure. if T am'tak1ng>, or have taken, _
e el s the CBA or the CHEM Study Course..
" 'Space’4.” 1 am ot taklng‘ or have not taken, either
‘ R _-the CBA or the _CHEM Stu‘dy Course.

you seleoted. The 1nformat1o, “a
will have no effect on your test score..- e

Space i . o ‘v e Space 3: T
1 am now taking, or have taken the phy's'ics PR I am not taklng, or have not taken,
- course prepared by the Physical Science Study . the PSSC. course.

Committee (PSSC).‘ (If you took this -
course, you used a textbook with a strobo-
scopic photograph of a bounclng ball on:

its cover.r): R , :

Space 2

, I am not sure 1f I am taklng, or have
' taken the" PSSC course. ' ;

Spaces 4- 9

» These spaces are to: be left blank

CELLTL




FOR A

The follow1ng chart indicates wh1ch courses were included in these stud1es

Subject Courses ' 2pla%2 Sl;’[ag(')k’e;drby Student
. ‘ j .
Biology _ ' _BSCS, Blue Version .3
BSC” Green Version ' 1
BSCS. Yellow Vers1on , 2
Regular B1ology 6 .
Chemistry ' CBA 1
~ CHEM Study 2
Regular Chemistry 4
Physics , PSSC-- ’ ' 1

’ Regular Physics.

Exammees were categor1zed as students of the regular course if they indicated that 't_hey were , .

not students of the spec1al" ‘courses

B. Checks on the Accuracy of Exam1nee Responses Regardmg the Courses They Stud1ed

There has been concern about the accuracy of the exam1nee responses regardmg -

courses stud1ed Several checks on the accuracy of these response.; .1ave been made

o These checks’"'havei alwaysf1nvolved ask1ng staff members of schools attended by

e 'exammees to prov1de 'nformat1on on th sc1enceﬂcourses the exam1nees have stud1ed

In most of these checks a:ltst of exam1nees was'sent to each school along w1th the e .
"'courses the exam1nees sa1d they stud1ed The schools Were asked to ver1fy or re]ect
the exam1nees cla1ms. . v ‘ ”
One check focused on exam1nees who. sa1d they were ‘not sure about the1r course,
as well‘ as those ‘who'made uninnerpretable responses not in keep1ng w1th the d1rect10ns

and those who fa1led to respond.

S1nce most of the compar1sons of performance were based on groups of exam1nees

1dent1f1ed solely on the baS1s of exam1nee responses : there were understandably some

. qualms about the val1d1ty of these compar1sons Hencer ‘Vfor the ]anuary and May tests :

'of 1967 all three sub]ects complete analyses of performance for samples based on Co

hool ver1f1r‘auons were carr1ed out

FullText Provided by ERIC.
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C. Ratings of the Appropriateness of Test Questions for Students of Different Courses by

~Teachers of the Courses

These ratings of appropriateness by the teachers actually serv._J two purposes:
(1) idendfication of subsets of items in each science achievement test that could
serve as an unbiased measure of achievernent‘in that science; and (2) direct judgments
.of the appropriateness of tests for different courses. |

The following procedure was used in securing the ratings and identifying the
questions appropriate for both courses under comparison in all investigations except
the early ones in chemistry. About ten teaCher's of course X and ten teachers of
course Y at a rating conference were directed to answer all of the questions in the
test (to insure careful conS1deration of questions) and 1o record the1r rat1ngs of the
‘appropr1ateness of each que stion for the course they represented. A teacher was asked

1o give each questlon one of the followmg three rat1ngs' , appropr1ate and emphasized S :

appropr1ate but’ not emphas1zed or 1nappropr1ate. The numbers 2 1 or O respec—
t1ve1y were assoc1ated W1th the ratings.

Append1x I contains a copy of the wr1tten d1rections for rating questions that was

In order to serve' as a rater f‘the ap' r r1ateness of test questions for course X o

"a teacher had to be actively engaged 1n teach1ng course X Ord1nar11y a rater was a

'teacher of on1y course X. A few raters were act1ve teachers of courses X and Y

,but such teachers prov1ded rat1ngs for on1y one of those two courses. , -
The questions selected for the unb1ased measure of ach1evement were those rated
uniformly and equally high by both X and Y teachers._ 'I'he selected questions were
those that had rat1ngs with high means and low var1ances for course X or coursc Y
teachers considered separately, and equal mean rat1ngs for both courses.v At 1east

B 20 questions Were selected for most test forms stud1ed'f"-" '

If the appropriateness of a test for courses X Y and Z was under study, onc

subset of que ‘

ns appropriate for both X and ,Y was used in-comparing: the appro

. pr1ateness of the full test for X and Y students Ano_ther subset £ questions ‘appro- e

BA FuliText Provided by ERIC
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For the early investgations in chemistry, appropriateness ratings were obtained
from CBA and CHEMS teachers only. It was assumed that the questions were appro-
priate for regular students and hence_ no ratings from teachers of regular courses were
secured. In the early chem1stry investigations, the raters were instructed to rate each
question as either appropriate or 1nappropr1ate for the course they represented Each
rating of appropriate was as51gned a value of 1 and each rating of 1nappr0pr1ate was
assigned a value of 0. Then substantial numbers of questions that had relatively high
appropriateness ratings wexre selected for the unbiased 'measure of achievement in
cheristry.

D. Actual Test Performance of Examinees in Different CourSes ‘

Foxr rnost of the comparisons the scores of examlnees in two- courses on (1) a
complete sc1ence achievement test (2) a subset of the ach1evement test rated equally

appropriate for both courses, ‘ard (3) the Scholastic Apt1tude Test were used Several

of the comparisons in chemistry- took no account of SAT performance. All of the com-

parisons except for the first 1.wo in chemistry were for s01ence ach1evernent tests given

in ]anuary or May. E

E Ad]u sted Test Performance of Examinees ‘in Different Courses

The f1nal goal was to obta1n the mean test scores on a given sc1ence achievement
test form to be expected of two groups of examinees from two different courses who
were equivalent in science ability and in scholast1c apmtude. The stat1st1cal technique
for obta1n1ng these mean scores was the analys1s of covariance. o

According 1o Lindquist (1953) there are seven conditions to be met in the analys1s
of covariance before valid tests of the significance of differences between adjusted
mean scores can be made. These seven conditions are:

1. Students in both course samples are drawn at random from the same ‘:

parent population or selected from the same parent population only o
on. «.he baS1s of scores omn- the concomitant variables i; e. the

appropriate for-both que stions and SAT

2. Scores of students on the appropri te for 'both questions and SAT

' -V,-‘ii'are not differenmally affected by th vcourses the students studied g
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The achievement test scores for both course samples are random
samples of those for corresponding course populations.

The regression of achievement te.st scores on apprgopriate--ﬁor-bcyth
scores and SAT scores is the sarne for both course populations.
This regression is linear. | .

The distributions of achievement test scores for each of the two course popu-

lations are normal.

Both of these distributions have the same variance.

A discussion of how well the experimental design met each of these conditions follows:

1.

W1th respect to the f1rst cond1t10n, it could be assumed that a parent

1 populatlon conS1sts of all ‘students who take a g1ven sc1ence ach1evement

test form., The Students in the regular and spec1al course samples for ‘

this test were not drawn at random from th1s parent populanon nor were

' _they selected from 1t only on the baS1s of scores on the appropr1ate-for both

'they stud1ed

The thlrd cond1t10n is that the achlevement te'st scores for bo h samples

questlons and SAT Students ended up in- the regular or spec1al course

’populatlons for the test on the baS1s‘of thelr 1nd1catlons of the courses

‘. ‘The second cond1t10n 1s that performances on the approprlate for—both

kS ‘questlons and on SAT are not d1fferent1ally affected by the courses students

studled These effects are probably sllght If questlons are Judged by
teachers of both courses to be appropr1ate for both courses, achievementv
on these questlons is probably not d1fferent1ally affected to an appr601able
degree by the courses studied. D1fferent1a1 effects of courses on SAT

performance are hkely to be even smaller.

in-a comparlson are random samples of those for the corre spond1ng
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were drawn systematically from regular and special course populations,
respectively. Tests were made of the significance of differences between
population and corresponding sample means. Even more important for a
given cornparison between course X and course Y wae the following
consideration: The difference between the X sample'and population means
should not differ significantiy from the difference between the Y sample
and population means. " Figure 1 illustrates the criticality ef this con-

sideration.

FIGURE 1
Examples of Various Relationships Between Course X Sampleand Population Means and
Course Y Sarnple and Population Mean _ ‘
Example 17

X Sample Mean T L ' ' L Y  Sample Mean'

)

| X Populat10n Mean Y Populat‘ion Mean

Example 2 - »

'X"Sample Mean - LA R FRREA :Y.Sarnple._Mean

X Population Mean ' | Y Population Mean

Example 3

X Sample“ Mean

Y Sample Mean E

Y Populauo y Mean> R

X Population Mean _ -
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The comparisons pbased on samples in examples 1 and 2 of Figure 1 will be valid.
In example 3 the difference between the X sample and population means is
populat1on

between the Y sample and

ent from the differenc>
1id. Compar1sons

markedly differ
n samples will be’ mva

Here the compar1son based o

means.
e regular. sample and popul

the difference between th ation means was
ifference between the spe

in which
cial sample and

icantly different from the d

signif
level were ruled outof ¢

population means at the .01 onsideration.

ondition 4 Were made for e All

ach comparison.

4. Two different tests of c
pes of the regression lines

comparisons in which errors of estimate or slo
for the two samples differed significantly at the .01 level were ruled

out of

conS1derat10n. -

5 and 6 Cond1t1ons 5 and 6 w111 be assumed
7.' : Cond1t10n 7 is’ contalned in cond1tion 4 The sat1sfacuon of conditiOn 7 was ‘

tested for by the tests of
on-line's-for the two cours

t1mate about the regress1

the S1gn1f1cance of the d1fference between the errors

e samples under

of es

, compar1son .
t1ons between ach1evement e

Another cond1t10n to be met 1s that correla
tantla;.

€s on the concom1fant var1ab1es be pos1t1ve and subs

scores only for perform

ch1evement

test scores and scor
ance on

to ad]ust ach1evement test

. It is reasonable
Correlat1ons betWeen a

t ‘are closely related to 1t. ,

measures tha
m1tant var1ab1es were foun

d for both

test scores and scores on the conco

samples in each comparison.

V. DATA AND DISCUSSION

The data comp11ed will be pre sented and d1scussed in the followmg order:
A. Nurnbers and Character1st1cs of Examlnees 1n D1fferent Courses . ; o
s Stud1ed -

spon se s. Regardmg Course
ou r'se s

B Accuracy of Exammee Re
for Students of D1fferent C

C Ratmgs of the Appropr1ateness of Te st Quest1ons

Course s

by Teacuers of the

Ric

G
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D. Actual Performances of Examinees in Different Courses on:
1. Complete Science Achievement Tests
2. Subtests of the Achievement Tests Rated Appropriate for Different Courses
3. Schoiastic Aptitude Test (SAT)

E. Adjusted Performances of Examinees in Different Courses on the Science
Achievement Tests After Taking Account of Performances on Subtests of

Achievement Tests Rated Appropriate for Different Courses and SAT

A. Numbers and Cheracteristics of Examinees in Different Course Categories

The total numbers of examinees taking the Biology, Chemistry, and Physics
Achievement Tests in recent school years are given in Appendix IIL.

The numbers of examinees studymg the different courses in each science
are given in Appendlx IV These data and- some add1t1ona1 data all drawn from

Swmeford s statistical reports (1962-1969) are dep1cted m F1gures 2 4.

In these three graphs the uncertams mcluded those exammees who indicated

that they were not sure about: the course they took as Well as those who fa11ed

to respond and a few who marked spaces that Were to be left blank Those

kb1ology exammees who 1nd1cated they stud1ed a BSCS course but were: ur.certam

' of the versmn were mcluded 1n the BSCS (All Vers1ons) category
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Figures 2-4 reveal that more students take the Biology and Chemistry Tests in
- May than in January; and I:hat'for biology, "chemistry, and ph'ysics, students in

spec1al courses const1tute a larger proport1on of the examinee group in May

than in January. Data presented by Fornoff Kastrinos, and Thompson (all 1969)
show that compared to the ]anuary exam1nees ‘the May examinees in all three
subJects include more ]LII‘IIO"‘S, more students from 1ndependent schools, more
res1dents of the, Northeast, .and more students of the new. cour ses.
One genera11zat1on supported by the data is that the numbers of exam1nees
- who have studied the lead1ng new courses in each sub]ect has been 1ncreas1ng
whereas the number wh:) have stud1ed the regular courses has been decreasing.
The regular course category is a catch-all for all examinees who did not think

they took one of the new courses that is specifically named. The regular courses

are not as d1verse as one m1ght th1nk, however. Drawmg on data reported by ) ‘
Fornoff Kastrlnos, and Thompson (all 1969) the followmg Table 1 on textbooks ; :
used in regular courses by samples of exam1nees in- 1965 1966 was constructed B | E
It clearly shows that-for both m1d- school-year (1965~ 1966) senior examinees
“and end—of- school-year (1965- 1966) Junlor examinees in blology, cl1em1stry,

vand phys1cs the Holt, R1nehart and W1nston ser1es of textbooks t1tled Modern

' :Blology, Modern Chem1stry, and Modern Physws, respect1vely, were the

predom1nant texts in regular courses

L o

quff o

e
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TABLE 1

Textbooks Used in Regular Courses by Samplés of Mid-School—Year (1965-66)
Senior Examinees-and End—of-School-Year (1965-66) Junior Examinees
in Biology, Chemistry, and Physics

Leading ‘ Mid=Year Senior End-of-Year Junior
Regular-Course . L
Subject ) Textbooks Examinees Exsminees

Total No. Percentage Total No. Percentage
Reporting Using Each Reporting Using Bach
: Reg. Text . _Reg.. -Text

Biology i , : 1,554 , 598

1. Modern Biology v . o L L 36%

2. Expidriné'Biologx,FScienceg S 5 - v - .6
V. of Living Things~”. &~ L e

Chemistry o : . 1,331 ) 678

1. Modern Chemistry =~ 56 L e b

2. Chemistry and.You . s Co b

Physics a ’ 7-”; ' B . e : . ,,1;312 : . ,5. ." — 706  ‘

1. _Moderh‘Physics,: :, o S RS - T o "30

5. Puysies, an Exact Seiemee . i WL aooonoooran

3. »EXPioring'Physiéé* S B A R ’ 3 G T . -3

~
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B. Accuracy of Exarhinee Responses Regarding Courses Studied

Several checks were made on the accuracy of the examinee responses to the
questions about courses studied that appeared on the front covers of the tests.
The first data on this matter were compiled by Stickell ( 1965) for the

BSCS biology students who took the May 1963 Biology Test and are shown in

Table 2.
TABLE 2
Accuracy of Examinee Responses Regarding BSCS Biology Courses Studied
May 1963 Biology Test ]
Number of Number Whose . ‘Number Whose Number Whose
Examinees Who Responses Were Responses Were Responses Were
Said They Verified by Denied by . Neither Veri- Perc=ntage
Course Studied Course Their Schools Their . Schools fied Nor Denied Agreement®
BSCS Blue 250 T 226 11 ‘ i3 95%
BSCS Green 95 55 28 T - 66
BSCS Yellow . 170 : 123 43 4 4 h

*The percentage agreement was found by leldlng the number - ‘whose responses were verified by the
number whose responses were either verified or denied and multlplylng by 100.

‘He next data on t:he accuracy of st:udem: responses were COmplled for the

May 1963 and Tanuary 1964 Phys1cs Tests t:hese dat:a are shown in Table 3.
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The most extensive check on the accuracy of student responses regarding courses
studied was made for the Biology, Chemistry, and Physics Tests given in January and

in May of 1967. The data from this check are presented in Table 4.

TABLE k4

Accuracy of Examinee Responses Regarding Science Courses Studied:
January and May 1967 Biology, Chemistry, and Physics Tests

Number in &a

Sample of Number Whose Number Whose Number Whose
R . Examinees who Responses Were Responses Were Responses Were
H Test Said They Verified by Denied by Neither Verified Percentage
Date Course Studied Course Their Schools Their Schools Nor Denied Agreement®*
Jen. 1967 BSCS-Blue - 500 378 - 63 . 59 86%
BSCS~Green 500 343 91 66 T9
BSCS-~ . ' .
Yellow 496 370 50 76 88
Regular .
Biology 498 271 138 89 66
CBA 439 260 115 : 64 69
CHEMS - 500 S 371 6L 65 85
Regular . . :
Chemistry = 500 hol 5 , 81 96
PSSc . 500 4ok . © ko 56 91
Regular ) : s .
Physics L98 392 - ‘ . 31 ) - 93
May 1967 BSCS-Blue . - 500 S 420 © 35 , L5 ' 92
BSCS-Green : 500 - . } 375 76 . o L9 ) ‘ 83
BSCS- . o : S : : S
Regular - oo A ‘ - ) R . : e
 Biology =~ = k99 , BRI 8T el 78
CBA . .500 ©307 13y : 62 70,
CHEMS ) " 500 C 403 ) : Y 50 90
Regulax - - . . - : o . : o -
Chemistry 500 415 ' 26 ' 59 ' 9k
PSSC 500 392 Li 67 91
Regular . . : ) ‘ ‘
Physics 500 - ) : 392 28 80 93

#The percentage agreement was found by dividing the number whose responses were verified by the number
whose responses were either verified or denied and multiplying by 100. ’

ERIC
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L)

The percentage of examinees in a course category who apparently do not belong
there is fairly high in some cases; €.g., 349 in Regular Blology on the ]anuary 1967
Biology Test, and 31% in CBA on the ]anuary 1967 Chemistry TeSt The presence of
these misplaced examinees in the samples could adversely affect the va11d1ty of com-
parisons of the performance of the groups on the tests. Hence, the analyses of the
1967 tests in all three subjects became of cr1t1cal 1mportance because for these
tests complete analyses of the performance of student response samples and of
school-verified samples were carried out. If the results for the school- ver1f1ed
samples were simiiar to the results for the student- response samples then it could
be inferred that the analyses of the earljer tests, based on student-response samples
only, were valid. The results for the 1967 school-ve__r1f1ed and student response .
samples are presented later in connection with the complete results for all the
samples.

An 1nvest1gat1on of the courses actually studied by exammees who 1nd1cated they
were uncertain of their course was made for the May 1964 Phys1cs Test. Of the
8,151 examinees for this test, 1, 849 fell in the uncertain category. The uncerta1ns o
1ncluded 1 165 who specified they were not sure what course thev stud1ed 9 who
made un1nterpretab1e responses not 1n keeplng w1th the d1rect1ons ancl '675 who
'falled to respond at all A systemat1c sample numberlng 380 was drawn from the
1, 849 The schools of 351 of these 380 students were asked to, 1nd1cate what course" ‘

‘the students stud1ed The schools of the rema1n1ng 29 were not contacted because
school addresses were not ava1lable for 26, two were in fore1gn countr1es, and one .
was a college student. Of the 351 students whose schools were contacted school
replies were received _for 302, of wh1ch 24 (8%) were deSIgnated as students of- the -
PSSC Physics Course and 278 (92%) were designated as students of some other

physics course; i.e., the regular course.

[Aruntoxt provided by eric [ .
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C. Ratings of the Appropriateness of Test Questions for Students of Different Courses

by Teachers of the Courses

Each question in each test form was rated by teachers of the relevant courses as
appropriate and emphasized (2 points), appropriate but not emphasized (1 point), or
1nappropr1ate (0). An exception to this procedure in chemistry is described below.

For each question the mean and standard deviation of the ratings were found for
each relevant course. For each test form the mean and standard deviation of the mean
question ratings for each relevant course were determined. In Tables 5, 6, and 7 the
number of teacher raters involved and the mean and standard deviation of their mean
question ratings for the complete tests and for the highly and equally appropriate
subsets are presented for biology, chemistry, and physics, respectively.

Six of the 18 comparisons in Table 5 show significantly different mean ratings at
the .05 level Five of these six significant differences in mean ratings appear on the
f1rst two tests and all five favor the regular course. The other significant difference.
appears on the fourth test and favors BSCS -Yellow. There are no significant .differences
in mean ratings on the last two tests. In making these tests of significance, the standard
deviation of mean ratings was assumed to be .40 for the May 1963 test.

Appropriateness ratings for a dozen Chemistry Tests are presented in Table 6. | For
the first three tests, only ratings from CBA and CHEMS teachers were obtained it was
assumed that the tests were appropriate for the regular course. Questions in these
first three tests were rated appropriate (1) ‘or 1nappropr1ate (0) ‘For the last nine
tests, ratings on the 2,1,0 s'cale from"CBA, CHEMS‘, and regular teachers are
presented.

If one considers the last nine Chemistry Tests in Table 6; i.e., beginning with the
May 1963 test, there are 18 paired course comparisons (two comparisons for each of
nine tests). Seven of the 18 comparisons show s1gn1f1cant1y different mean ratings at

the .05 level. Six of these seven significant differences in mean ratings appear on the

first three tests and all six favor regular courses. Only one of the seven s1gn1f1cant

differences appears on the last six tests; that one comparison ‘favors CHEMS. In




Test
Date

May 1962

May 1963

Jan. 1966

May 1966

Courses
Compared

BSCS-Blue &
Reg. Biol.

BSCS~-Green &
Reg. Biol.

BSCS-Yellow
& Reg. Biol.
BSCS-Blue &
Reg. Biol.

BSCS~Green &
Reg. Biol.

BSCS~Yellow
& Reg. Bi~«l.
BSCS-Blue &
Reg. Biol.

BSCS-Green &
Reg. Biol.

BSCS-Yellow
& Reg. Biol.
BSCS-Blue &
Reg. Biol.

BSCS-Green &

"Reg. Biol.

Jen. 1967

May 1967

‘BSCS-Yelldw

& Reg. Biol.

BSCS-Blue &
Reg. Biol.

BSCS—Green'& .

Reg. Biol.
BSCS=Yellow
& Reg. Biol.
BSCS-Blue &
Reg. Biol.

BSCS-CGreen &
Reg. Biol.

BSCS~-Yellow
& Reg. Biol.
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TABLE 5

Biology: Teacher Ratings of Appropriateness

Mean Question Retings

Highly and Equally
Appropriate Subset

Complete Test of Test

No. of Number Number
Teacher of Stand. of Stand.
Raters Questions Mean Dev. Qgestions Mean Dev.
2 wo  NEe CR v
: wo IRt e T 8 o
: w0 L Ul 20 %
: wo I e THB
: wo 113 w0 1S s
: wo I3 2o 1% IS
3 wo O NE O s NE B
5 wo  1E 1 Ine B
% w0 DA o3 30 R
= N - PR R
: w lmom o= 3
5 oo L 2 e 3B R
N v A TR S N1
0 e 2= IR
5 wo TR s rh R
n wo LT = IR
7 L - 39 e W
P e % 50 A

O

*Means significantly. different at .05 level
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Test
Date

Dec. 1961

Mar. 1962

May 1962

May 1963

Jan. 196L4

May 196h

Jan. 1965

May 1965

Jan. 1966

May 1966

Courses
Compared

CBA &
Reg. Chem.-

CHEMS &
Reg. Chem.

CBA &
Reg. Chem.

CHEMS &
Reg. Chem.

CBA &
Reg. Chem.

CHEMS &
Reg. Chem.

CBA &
Reg.. Chem.
CHEMS &
Reg. Chem.
CBA &

Reg. Chem.

CHEMS &
Reg. Chem.

CBA & )
Reg. Chem.

" CHEMS &

Reg. Chem.

CBA &
Reg. Chem.

' CHEMS &

Reg. Chem.

CBA &

Reg. Chem.
CHEMS &
Reg. Chem.

CBA &

Reg. Chem. .

CHEMS &

" Reg. Chemn.

CBA &

Reg. Chem.
CHEMS &
Reg. Cher:"
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TABLE 6
Chemistry: Teacher Ratings of Appropriateness
Mean Question Ratings
Highly and Equally
Appropriate Subset
Complete Test of Test
No. of Number Number
Teacher of Stand. of Stand.
Raters Questions Mean Dev. Questions Mean Dev.
b 95 LTT .28 76 .89 .1k
5 95 T2 .30 Th .86 .16
6 100 .65 35 67 .86 -18
5 100 .62 .36 67 .8k AT
5 95 LT6 .29 ol .90 .13
6 95 .72 27 70 .86 .15
9 1.30 .51 1.82 .09
10 - 95 1.76* .29 20 1.92 .11
10 1.40 .48 1.83 .13
10 95 1.76.'e .29 20 1.92 21
8 ' 1.39 .5k 1.84 .09
9 95 1.55° .38 28 1.82 -1k
9 - 1.b0, = .57 1.85 .15
9 : 95 1.55° .38 31 1.85 12
9 1;21§ .53 ‘ 1.78 .10 -
12 95 v1.56* .36 » 20 S 1.78 .15
12 R 1.b1y k9 1.79 14
12 95 1.56 .36. 30 1.79 15
9 : C1.13 .50 1.88 .10
9 95 1.56 © .hh 20 1.88 .10
10 ' 1.5k R 1.92 .09
9 95 1.56 . .ub 20 1.88 .10
7 1.58 .40 1.89 .09
T 95 1.55 L3 20 1.90 .11
8 1.54 b2 1.91 10
7 95 1.55 43 20 1.90 11
8 1.58 .ho 1.90 .05
9 95 1.54 b9 26 . 1.90 .10
9 1.60 .38 ‘ 1.88 12
9 93, 1.5k b9 29 1.88 . 11
9 - id.220 0 W51 o 1.TT .10
12 95 4y w1.36 0 .52 19 1.77 .20
12 7 153, 0 .39 1.82 - .1b
12 .9 . 1.3_6* .52 31

‘*Means signifiqsﬁtly différent at .05 level

1;82
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PABLE 6 (con't)

Mean Question Ratings

Highly and Equally
. . Appropriate Subset :
Complete Test of Test P

No. of Number Number
Test Courses Teacher of Stand. of . Stand.
Date Compared Raters Questions Mean Dev, @estions Mean Dev.
Jan. 1967 CBA & 9 - 90 1.60 L3 38 1.85 211
Reg. Chem. 11 1.55 .36 1.85 .1k
CHEMS & 11 90 1.65 .37 Lk 1.83 .16
Reg. Chem. 11 1.55 .36 1.83 .15
May 1967 CBA & 9 90 1.58 L2 31 1.87 .11
¢Reg. Chem. 11 1.62 .36 1.87 A1
CHEMS & 11 90 1.67 .33 45 1.8k A7
Reg. Chem. 11 1.62 .36 1.84 .13

ERIC
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chemistry there is convincing evidence from teacher ratings that the tests have evolved

so as to be as appropriate for students of CBA and CHEMS courses as for students of
¢

by

regular courses.

Appropriateness ratings for eight Physics Tests are shown in Table 7. For the
first two tests two different methods were used to pick the appropriate-for-both
questions. In the first method the emphasis was on selecting questions that had PSSC
and regular ratings with high means and low variances. In the second method the
emphasis was on picking questions that had equal PSSC and regular ratings. The
reader will recognize that these were two considerations in picking all sets of appro-
priate-for-both questions. For the first two Physics Tests the effect of emphasizing

one or the other of these considerations was studied. The effect was appreciable as

will be shown and discussed in Part E.

In Table 7 only two of the eight comparisons (January 1965 and May 1966) show
significantly different mean ratings at the .05 level and both favor the regular course.

D. Actual Performances of Examinees in Different Courses on the:

1. Complete Science Achievement Tests

2. Subsets of the Achievement Tests Rated Appropriate for Different Courses

3. Scholastic. Aptitude Test

The actual mean test scores ‘of the examinees in different courses on the Science

| Ach1evement Tests are. g1ven in Appendlx V. The mean scores in Appendlx V are all

on the same College Board Scale wh1ch can extend f-rom 200 to 800 Data on the )
actual test performance of samples of those examinees in the different course cate-
gor1es will be presented next. The mean scores of these samples will be set forth: by
subJects. Some of the samples for the early studies were not samples at. all but
simply all the examinees for whom the relevant: data could be assembled For later
studies systematic samples we‘re- constituted with answer sheets drawn at evenly
spaced intervals from the answer sheets of all examinees ina giv,en,course. From
many of these systematic samples the examlnees for whom no- SAT scores were

available were excluded thus y1eld1ng reduced syr'tematic samples. In other mstances,

reduced systematic samples were drawn at evenly spaced 1nterva1s from lists of







Test
Date

May 1963

Jan, 1964

May 1963
Jan. 1964

.May‘1964‘

- Jan. 1965 -

Jan. 1966
May 1966
Jan.” 1967

May 1967

* Courses

Compared

PSSC
Reg.

PSSC
Reg.

PSscC
Reg.

. PSSC

Reg.

Phys.

Phys.

&
Phys.

&
Phys.
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TABLE T
Physics: Teacher Ratings of Appropriateness
Mesn Question Ratings -
fighly and Equally
Appropriate Subset
Complete Test . of Test
No. of - Number L Number L
Teacher of Stand. of" Stand.
Raters Questions. Mean Dev. Questions ¢ Mean Dev.
Emphasis on picking ques-
tions whose ratings had
high nieans and low vari- -
ances among the 10 raters
for each course
10 1.k0 .48 i 18 .19
10 > 1.51 .30 17 . 1.68 .19
10 1.50 .55 . 1.89 .20
10 7 1.52 R a1 1.76 .13
Emphasis on picking ques-—
: tions with equal ratings
. for both. courses. .
10 . 1459 .23
© a0 1.587 . .28
10 6. C 22 ¢
10
12 e
10 »
10 .
9 L
“10° o
9 75 .
1év o T R :
10 T ase 3
11 -, T RN 1.82
9 1 1.59 .3k o 1.82 %13 .
11 : 1.54° .49 L 1.87 1k '
28 ~ :
9 > 1.59 1.87

#Means significantly different at .05 level

LRIS
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examinees for whom ail the relevant data existed. For the Biology Test of May 1963 the
reductions in the systematic samples for the BSCS courses were due to lack of verifi-
cation from teachers that examinees studied the course they said they did as well as
unavailability of SAT scores. For several of the studies inn chemistry, achievement
test performance was adjusted only for performance on subsets of the achievement
test rated equally appropriate for both courses and not on SAT; in these instances
the systematic samples suffered no reduction due to the unavailabilgit:y of SAT scores.

In every instance the mean scores in Tables 8, 9, and 10 are for a systematic
sample or for a reduced systematic sample. The mean scores are for a systematic
sample if no number of examinees is specified for a reduced systematic sample.

For all achievement tests given in May 1963 and thereafter, the significance of
the difference between the achievement test mean score of all examinees in a course
category (data in Appendix V) and the achievement test mean score of the sample
shown in Tables 8, 9, or 10 was determined. The sample means that differed signifi-
cartly from their population means at the .05 or .Gl level are designated by appropr1ate
footnotes in Tables 8, 9, and 10. As discussed in the Uesign Section an important
conslderanon in each comparison was that the regular course sample-mean not differ
from the regular course populauon mean by a significantly different amount than the
spec1a1 course sample mean dlffered from the special course populat:lon mean. Com-
parisons for which rhe differences between differences were s1gn1f1cant at the .05 and
.01 levels are ident:ified;by a's and‘A‘s, respecuvely, in Tables 8, 9, and 10.

The data on the actual test performances of the examinees that appears in
Tables 8, 9, and 10 will now be presented in graphical form. iIn Figures 5, 6, and 7 the
actual mean scores on the complete science achievement tests of the populations and
of the samples of examinees -from different courses will be presented. These graphs
allow one to identify at a glance the samples that differed markedly from their popula-
tions. Figures 8 through 12 pertain only to the sarnples. In Figures 8, 9, and 10,

the actual mean scores of samples of biology examinees are shown. Similar data

for chemistry are presented in Figures 11 and 12, and the analogous data for physics 1

appear in Figure 13. - -»35




€0T 0 | 86 926 | 96 | HT'TL T €01 a%_a 66t - - €029 *To1g *Fey pue %3‘ S
0T gt | Tot 00S | $6° | SL°6 ¢ 1ot 02§ gon - | g6t 20T uas1n-60SE - ©Re | 20V0
€01 g | 86 926 | ¢e°¢ | TL'TT £0T | 8%S 667 - - €029 .Hoa *Fay pue | 9961 , _ ,
20T | 486 | 20T ngs | 0ots | gerET ce 00T 6LS g - | sen 29e°T anlg-g0sg | . SN | 20V0
€6 €6 | 16 €6¢ | 8¢9 | 976t o 6ot | 92¢ o1 . ¢6n 08* $ “[otg ‘B puE: | 996T
66 2es 86 6£G | 809 94 ST 80T 194 T . oen TS #0TT9x-808d ~uep
£6 €6 | 16 ges | L6%€ | 6L°8 i 60T | 9e¢ o, .| 6 0ghS *Totd *Fay pwe | - 996T
60T 60§ | 91T nos | e | 6L LTT 6os L¢E. QLE 9En ussIn-g0sd ‘usp
N £6 €6 | 16 ggs | 16t | abvet % 6ot | 9es o0 o6h 081" ¢ *Torg *Sey pue | 996T
96 0ss | T6 645 | Te*s | oT°qT ToT 645 gen - Son 144 anTg-505e ‘uBp
! 26 2es | 68 6sG | €' | 220t 20T |- wes o TET _ aeT . - L00°L *Totg “Fay pue mmmﬁ,
- Ll 12 | 86 qts | | 9o°et 0e 66 196 | € LT qLT . MOTT5-508d fegt
: 26 2es | 68 6cs | ome | 926 I 20T |  12S €T ¢QT L00° L ~Totq *Bey pus | €961
, 68 96¢ | TOT Log | e'w |-enol 61T | "gL9S 9 86 86 ussan-goed | - AeW.| -OVI
} ™ - ) )
i 26 2ES | 68 6eS | €' | Ly°TT 22 20T 12s €T gt Loo®L *ToTg 39y pue | £96T | -
L6 656 | 96 9¢¢ | g€ | 90°€T 16 414 AN . 962 952 snTg-g0sg | .- BN oVl
66 | ot¢ | 96 €16 | 8°€ | 6E'TL 0z 20T 2rs HeT - 431 oLL*0T *To1g ‘8o P | ‘2961 :
, Gt 1S | KT fos | L€ | nerel et 1828 iV 70T #0T #OTT3X-5D8. Rejl | OV
: 6 | ots | 96 | €16 | o€ | w6 I 20T | ats gt ¢gT olLéoT | ‘Tota *Sed pwe | 296T |
; BTt ogn | 20t g | 0°€ | 08'8 L6 694 0g “9ET 9T 43319-508€ Kot | TOVX
66 0TS | 96 gT¢ | L€ | 06°6 61 20T 216 U(98 2 6t oLLf0T Totg *Jsy pue [ 296T :
60T oT¢ €6 g04 2'n €9°6 el | mo,m -0t 8¢ 8¢ anTg-s08d Facing TOVH
: as eS| as FEET as B SUO T3S as ueey; , STdures J19® aTdueg AI0d378) UOS TIBAWO) wpwa IO
3 Jo *oj o1 -megsAg peonpsy | 219B8UWa1SAS 85.IN0) aspuf) $9SInoj 4S8, 9581
“ 38l JELEETY 3555 Uy BT S3UTWeRE JO ISQUNN
Jo gerang :
VS :
, L
_ 451
. 1sag, spngridy OT3SETOYSS Y3 U0 Pue ‘uosTredwo) ISpul S8SIN0) U30E J10J sye1adoaddy petey S48 JuUSMAASTYIY A30TOTH
I 8yg Ul suotlssnp jo mpmmo..sm uo €s3s89y, .pnmagw...E% ABoTOTg 9y} UO SS3UTWEXYH AgoTotg Jo ssTdweg JO SOUBMIOIISS TeNnq9y
! B g FIavL v
_O
&l

Aruitoxt provided by Eic:

E

'
:
i
]
i
3}



e e i AP T T S

-33-

|
i

T8AST 60* 9B sussHW

TeAST TO® ¥ sussw uotyerndod pue ardues TeT03ds
uorgendod pue oTdwes TeToads

USsA3aQ 80USISIJIP WOIJ

UssK]aq POUSISIITP WOIF

quaxajJTp ATIUBOTITUITS .SUBSH :o..nv.m._.dmom pue ordwes JeTNSaI USSAJRQ monwnmmmﬂad.‘

quaxa1yTp ATgweorJTudrs suesm uoryeTndod puE admes JeTNSad USSAYSM SDURISFIT(,

_ ToAST TO® 3B uesl voteendod weysy - ISMOT ﬁpqmoﬂm.a.nm..nm el m.ﬂs.mmm

ToAST TQ° 2B UBsW uotqeTndod ueyl ISUSTY A79uedTITUIIS UeSW w.ﬂsmmm

TSAST G0* 9B uesm uopyeTndod weyy IaUSTY ATquweoryTudTs Uesl w.ﬂa.mm.m

00T 2 S0T 616 | 9€°0T LEhe 0¢ 01T 925 664 - Loz‘s *Totd °3ey pue L96T
90T ons 0T 926 | 90°0T | TE'le 901 ¢8hs 006 - gete noTTa%~-50se As 20vd -
oot | #es | ot | 61§ | wote | 26l 6 0Tt 925 661 - iogt | -Totd ey pwe | L96T -
601 e 144 90T g0¢ | €6°L 28°9T 80T Q16 006 - £12°T usa1n-80Sd Lo | 20V ;
00T 124 60T 616 | To*L 72°9T 26 01T 92¢. 66% - Lozg* s *ToTd *Fey pue 1961 .
T0T X4 €0T GnS | 86°9 6T* 6T £0T 954 00§ - 806 T anTg-s0se feyl |- 2ovd
2ot HES T0T #eS | 98°L o *HT ¢ 01T 218 g6h - 40| *Tot1g- *F3y pus L96T :
00T g€q 66 g€e6 | eg®L | AT Ot 9 60T 926 96t - T60°T #OTTaE-80SE ‘wep | TOVd:
2ot HES T0T #ES | 16°9 2e 4T 26 0Tt rAKS " g6n - 668t *T0Ig “88Y pus L96T
20T 914 60T 605 | 6T°L 78 €T | g6t 005 - 699 us3I19-80sd *uep Tovd
20T #eg | TOT #eS | 68°L 86 €T ¢ 0Tt 218 g6H - 66g° 1 *Totg *89ay pue L96T
£0T 618 L6 Lyg | 00°L 69T L TOT LES 006 - g6L anTg-50s4 ‘wep | TOVd
€0T | 0fS | g6 926 | 60°¢ | T8ET cz €0T | 78S 66h - - c0z9 | ‘Totd Sew puwe | 996T .
20T les | 66 Les | 66°h LrAL g6 148 Lén - glete noTTax-808d fey | 2090
as usal as uBai as FCE suotlsend | Us uBa) STdmeg OT® aTdueg K10939%) :omﬂnm%ao 97e( | WIOJ "
Jo *of ~waqskg psonpey 0T9BUaSAS 88IN0) Japun §35I00) ,pm.wa. 183J
BEET TeqI3p 3881 "UoY 388l ‘Uoy UT S39UTHEXY JO I3qumy ,
Jo gesang £30T0Td
IvS
(3,000) g TIAVL
O
&l

£
3
iz
H .
i

37




el

_34-

- - - - | 059 LA #oT | LLS - ez wThcel ‘moy) *Bay @mﬁ,
0t . o
- - - - | 6E°9 61" 4T L6 1S - 69¢ S6h°E 3 SWAHD fel | 2OWH
- - - - | 92y 70 TT 0z HoT | LLS - [ wtet ‘way) "I | 7961 _
- - - - 2l 20°'0T 66 Ges - ¢ot wg R VI fel | 20WH
- - - - | s gL°TT gotT | T8¢ - 0LE TT9° 1T ‘way) 8oy | €961 .
02
- - - - | l2's 612t 90T | I4S - 0LE T 3 - SHHHO el oV
- - - - | 9e's gL°TT 0z goT | T8¢ - oLE TI9° L ‘may) *Bay | €96T -
- - - - | q0°¢ qret 20T | 66§ - 0LE 09¢ 3 ¥ £ep. oy
- | - - |- | eer | wEE| 6 | 656 - 0S¢ - ‘mow *Bay | 2961
- - - - | 6Tt LA 8 L2s§ - son - 3 SHIHD Lo | TOVH
- - - - | ggrer 19°2t - 66 645 - 06€ - ‘mey) B9y - | 2961
- - - - | énet LT 4E g6 | 9ms - 0TE - 3 Y& £=y |- TOVH
- - - - | ggrat | o6z L9 oot | eg¢ - 92k - ‘moyp *SoU | 296T
- - - - | ¢9°T1 gL 62 w6 26t - 2s - 3 SHEHO 300 ) gl
- - - - | 9o°et GQ EE 19 90T | 2E§ - 92 - ‘wey) *Sed | 2961 ‘
- - - - | 69*0T LL*0E 26 86H - L0T - 3 ygd | - T8 |- OV
- - - - | 16°€T 70 6€ il 60T | 19§ - 9l2 - ‘mey) 834 | T96T
- - - - | erat HE*6E : 0ET | €SS - (23 - 7 SWEH) 03¢ | OVI
- - - - 00°8€ 9l 60T | T9¢ - 9le - ‘wey) 39 | - T96T
- - - - ‘ 89°6E TTT | LES - 19 - 3 Ve *oaq | " OVI
as BN as pcEN as c el | suotisend as ey sTdusg o13® aTdms3 AX08s%8) uostredmwo) 99%d ‘ WIOq
Jo *oN -ma1s4g @mo«.amm 019emWa1SAG EL:balen) Ispl $3SJM0) 1S3 1S3
Lredci T8qIap 3891 ‘WY 3s8T *UOY UT sesuTweXy JO JIaqUMyl
Jo 18sqng £xysTmsyy o0
()
Ivs o
1s3] opna1ady 0T3SBTOUSE 8yl GO PuB tgostaedwo) J9pun s9Sano) Yiog I0F aye1xdoaddy pajey S3IS8] JUSERASTUIY ‘ArasTway)
sy} UT SsucTissnd JO s3asqug uo ¢5159] qQUeWAASTYSY AIjSTWSY) Y} WO sasumwexy AI3sTwey) Jo soTdreg JO S0UBWLIOFISd TBNIIY
@,
6 FIEYL o

E

Aruitoxt provided by Eic:



-35-

9437 TO® 7B Susau

uotqeTndod pue atdiures TeToads usamlaq moamnm.wm

ToasT 60 3B uesU votgemndod ueyy &

TsAST TO® 2B uUesW notgerndod weyl I3

Tp WOIJ JUSISFFTP ATquedTITuUdTs suesw uotgerndod pue ST

dures *3aY nmmspwn, monmpmmm..ﬁf.

amoT ATqUBOTITuSTS UBSW mﬂsmwm

8Ty AT3UBOTITUITS UBSU a1dueg

o

L6 €09 20T | T6S | ol°g Ghece ¢ 60T| S5 00§ - GT2 g ‘mey) "oy L96T
¢6 | goo | o6 | ong | sotg | 68°€R f 1| 9LS 00§ - T21°8 3 SHEHD Feil | 20V
L6 £09 20T | TS | 6€°9 89°4T - 60T| - 496 006 - gl ‘mey) *Jeyw | L96T
L0T | %8¢ loT | g2¢ | 8$°9 AR Y| j2es 00$ - 196 ® yad S fe | 20vd
€6 879 86 gss | ¢ctoT | €9'2e 20T| - €8¢ 00$ - TLE K ‘usyy *8ey %2. -
46 829 ToT | gh$ | 9T°0T | Of°ez fif 7oT| $65S 006 - geg'e 3 GWIHD ‘uep | TOVd
6 | gt | g6 | 8ss | 026 | 9E%6T c 20T| €85 006 - TLE Y ‘mewy *FoU | LO6T
20T | 019 60T | nES | mT°6 66 LT 8 €0T| 995 6Et. 005 0TS 7 Va0 ‘wep | TOVa
69 109 26 66 | HE'9 05°9T I T0T| €96 L6t - 1686 *mey) “So¥ 9961
66 009 96 ehs 99 9£°9T T0T| 296 g6t - Lectg 3 SWIHD - feW 20v0
68 109 26 645 | ET°H 16°0T ¢t T0T| - €95 Lét - 7686 ‘usy) °9ey 9961
0T | 966 7oT | 2€6 | 02" TH°0T T0T| GhS 96t - T3T°T % Vad £l | -20V0
- - - - 90*9 :.ﬁ. 62 90T| 6LS - 006 L60¢¢ ‘usyy *Fay 9961
- - - - L9 of* 9T oTT| 99% - 004 g6z‘e 3 SHAHD S rmep. | TOVO,
- - - - 0L*¢ €genT | . 90T| 6L - 00% L60%¢ ‘uwey) *FoM | - 996T )
- - -] - | g6 | wer|T F JRad{ A - 005 LeS 3 Vad ‘wep. | TOVO
- - - - 90"t of"TT 0z g6 | T18S - 0LE Gese T ‘wsy) 8y G96T
- - - - I | LT°TT 96 | €ELS - 0L Lo0¢¢ 3 SHEHO feyy | 2OV
- - - - 90 o TT 0z 86 | 186 - 0LE Ggs Tt ‘may) “FaY G961 .
- - - - g6t ae° 0T €6.| LS - 79€ €60°T 3 vad feyy | 2OVN
16 629 20t 646 I L0 0z Tt 1«% o149 0LE ghE® 9 ‘wey) Sy €96T
76 ££9 26 gss | ench 9L TT got|’ 1lS LEE 0LE TELT % owaHy | . twer | TOVN
L6 629 20T 65¢ 6L°% L0t 0z Tt iﬁm 49 0Lt ghe® 9 'uay) 38y 6961 o
LoT | $T9 OTT | €fS | 68°H 9° 0T g0T| 9N 85¢ 0LE LTS 3 vEd susp | TOVN
as | uwes as | wseW | a@s ussy | stoTyseny as | ussp a7dwsg 0138 aTdmeg Kx08338) uosTIeduo) ageq | wog

Jo *Of -wapsAg psonpsy 019Bma9S4A] 9sam0) Isapuf) SISINOY 1s3a

ok:ing TBAQI3A 91sal *Uyoy 1sal *Udy Uy S9QUTWBXEY JO JIaqUN
Jo 29sqng AxgysTmayp
Ivs

(3,u0d) 6 FTAVL

. tRiC

[Aruitoxt provided by exic [N




TeAsT ¢p* 98 wesm uoTgeTndod ey IssoT .3pqmma.mwnmﬁw tra s w.mms.mmm
M ' T3AST. TO* 78 uBsU moﬂm?mom uey} JeMOT ATIUBOTITUBTS UBSE wamﬂwm,‘m‘_
TaasT To* 98 uesu uotyendod ueyy ISUIIY hiﬁoawqm.a uBal Smad.mm,
] 96 €29 gotT | 646 | %0°9 £2°€T 0 00T 285 005 - 169°2 *sfyg 83w | L96T -
16 649 €01 996 | €L°¢ 2g°6T 96 m»om 006 - 6292 3 -088d £ey | -20Vd
: 26 619 TOT | 886 | 88'f £9°L 2 0T 696 g6h - gezc | shug 9ew L96T L
; 69 geg 66 gns | oLk 6L°8 16 n8¢ 006 ) - L90“€ 3 0SSd - ‘wep | TOVd.
06 | Leg | €6 | €95 | €0y 16°0T o %6 (129 ges - g9z eskuz *Seg | 9961 |
g | 199 | €6 28S | e8¢ gs Tt 96 0£9 HT$ - - onoste I fe | 2DV
68 629 00T | €46 | 691 ge ot - 96 286 LS g6H 664°E *sAyd *Fa9 | 996T ;L
. 98 &9 00T | 095 | 6L 05°0T 96 065 9L S6n 9€9°2 § 0884 | o Cuer ..Hp&_wnu
% 69 | ne9 | L6 | wss | Lth g¢-g . 96  9l¢ 25 oLg 900% 1 styg sy | o6t | %
18 249 96 296 | oSk £9°Q - 96 6LS €TE 0LE on9°e 3 085d *uep TOVH -
g | 959 | 16 | ogs | 66°€ 9¢°6 o € T19¢ T n69°€ ‘sfuyd "oy | 196l -
gl 089 06 009 | 8T*4 92'0T 19 6LS 0EE . 0LE 8092 8- 088d Lol | 20VW
" 06 0%9 00T | 615 | 6L°€ £6°¢ It 26 946 © g9t - 0LE Gege *sduyd *Fay H96T . ,
18 099 €6 66 | 6L°€ 66*9 66 +144 449 0LE 9£0°2 3 088d ‘uep | TOVH
96 | 2£9 86 66 | LL°€ 9L 2. 26 £9¢ 6€ 0LE 95t ‘Y *sfug "3y £96T Lo
08 299 86 996 | 06°€ HG'g 86 265 69€ o0lg 1eree 2 0SSd fel | 201
as e ay as usay as uBsl| | suotlsend ag  uedy . m.EEmm‘ o198 sTdmreg £Lx03398) uostIeduwo) ELL:Td WwIo d
Jo *of -wa1sLg painpsy Bk ELERN 85IN0) Ispuf) S9SJNn0) LE-ENA 1S3y,
e TeqIep 3s9L "Hoy 3s8] *Udy UT SOSUTWEXY JO I3qumy
: Jo qesqng soTsAug ,
IV — .
98] spnyrady 0T3SBTOUDS U} UO pue ‘uosTIedmo) Ispult S8SIN0) Y3o0d 103 sqeTadoaddy paded S3S8L JUSWSASTUDY 30TsAud
5y] UT SuUCIASSNy JO sissqng UuC ©sS3S3L JUSWIASTUDY SOTSAUJ 9yl U0 SISUTWRXH SOTSAUd JO saTdireg JO 20URWLIOJISd Tenjdy
0T FI4vL {
_O
&l

Aruitoxt provided by Eic:

E




-37-

Samples were drawn and analyses of test appropriateness were done for Biology Tests

given on six of the test dates listed in Figure 5; these six dates were May 1962, May 1963,
January 1966, May 1966, January 1967, and May 1967. The performance of four samples
of students on each of these six tests was analyzed. Twenty of the 24 samples means did

not differ significantly fror their population means. The four sample means that did

differ significantly from their population means were as follows:

1. May 1962, BSCS-Yellow, Sample mean significantly higher than population mean

at .05 level

2. May 1963, BSCS-Green, Sample mean significantly higher than population mean

at .01 level

3. May 1966, Regular, Sample mean significantly higher than population mean at

.05 level

4. May 1967, BSCS-Yellow, Sample mean significantly lower than population mean

at .01 level

For two comparisons (BSCS-Green and regular, May 1966 and BSCS-Yellow and
regular, May 1966) the differences between regular sample and population means were
significantly different from the differences between BSCS sample and population means
at the .05 level. The one comparison that will be ruled our of consideration because
the difference between the regular sample and pdpulat'isn means is sign'ificantl;r differ-
ent from the difference between the BSCS sample and population mean at the .01 level
sticks ou: plainly in Figure 5. It is the comparison betw.een Regular Biology and
BSCS-Greer in May 1963.

Samples were drawn and analyses of test appropriateness were done for Chemistry
Tests given on eight of the test dates shown in Figure 6. January 1964 was the single
omission. Twenty-two of the sample means did not differ significantly from their
population means. The two sample means that did differ significantly from their
population means were as follows:

1. January 1965, Regular, Sample mean sign'ificantly higher than population mean

at .01 level .

2. May 1967, CBA, Sample mean significantly lower than population mean at

.05 level
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The two comparisons that will be ruled out of consideration because differences
between Regular Chemistry sample and population means are significantly different
from differences between special course sample and population means are immediately
apparent in Figure 6. They are the compariscns between CBA and regular and between
CHEMS and regular in Jamiary 1965.

Samples were drawn and analyses of test appropriateness were done for Physics
Tests given on all of the test dates shown in Figure 7 except May 1965. Three of the
16 sample means did differ significantly from their population means. They were as

follows:

1. May 1966, Regular, Sample mean significantly higher than population mean
at .01 level
2. May 1967, PSSC, Sample mean significantly lower than population mean at
.01 level
3. May 1967, Regular, Sample mean significantly lower than population mean
at .05 level
Fortunately, in each comparisbn the difference between the regular sample and
population mean was nearly the same as the difference between the PSSC sample
population mean. None of thé differences differ significantly at the .01 level; none
of the comparisons need be ruled out. |
In Figures 8 through 13 the actual mean scores of samples of examinees from
differém: courses are shown. In any one figure the mean scores of examinees from

only two courses are arrayed. One of those courses is the regular course, and dashed

\‘1 w o,
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lines are used throughout to indicate the mean scores of the regular-course examinees.

Artention is directed to the differences between mean scores of samples on complete
achievement tests and the corresponding differences between the means of the same
samples on the subtest and on SAT-V and M. For example, if course x ¢xaminees
score higher than course Y examinees on a complete achievement test, one would
expecr course X examinees to score higher on the _appropriate-for-both subtest and
on SAT-V and M, also. If they do, there is evidence that some or all of-'che superior
perfor —-ance of the X examinees on the achievement test can be ascribed to their
superior science achievement and scholastic aptitude. On the other hand, if X
examinees score higher on the achievement test, but: lower on t:hev appropriate-for-
both subtests and on SAT, there is evidence of .achieyement test.bias in favor of
course X. T following figures are a useful first approach to the differing perform-
ances of examinees from difference courses on achievement tests and related
measures. No particular significance should be at:t:ached to the absolute value of
the mean scores on the appropriace-for-both subtests. The ’e subtests had w1dely
differing numbers of items and all the subtest scores are certainly not on\,;-_;:he same
scale.: | .

The data in Figure 8 show that, eXcept for the May 1962 B1ology Test, the |
BSCS-Blue examinees score cons1st:ent:ly h1gher than the regular ammees on the
complete B1ology Ach1evemem: Tests, on the appropnate for borh subtest:s, and on-

SAT Vv and M.

For all six of the tests. shown in F1gure 9 the exammees t:hat: score h1gher on t:he 0

achievement tests also score h1gher .on the. appropnat:e for both subtests and}on'

SAT- V and M. For f1ve test dates t:he regular anmmees score h1gher than the

g

BSCS- Gleen examinees on all measures. The. BSCS Gree sample of May 1963
was very at:yp1cal and not represem:auve of its populauon. » The sample mean was
567 whereas the population mean was 505. The sample mean was s1gn1f1cant:ly
higher than the population mean at the .01 level, Furthermore, the differe'nce

between the BSCS-Green sample and population means was significantly different

from the difference between the Regular Biplogy sample and population mea'n» at the.

:“' »
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Figure 8

Biology: BSCS—-Blue and Regular Sample Means on the Complete Biology Achievement Tests,
on Subsets of the Biol. Ach. Tests Rated Appropriate for Both Courses, and on SAT - V
and M
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Figure 9

BSCS-Green and Regular Sample Means on the Complete Biology Achievement Tests,
on Subsets of the Biol. Ach. Tests Rated Appropriate for Both Courses, and on SAT - V
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.01 level. The comparison between BSCS-Green and regular in May 1963 will not be
analyzed or considered further.

On all six test dates in Figure 10, the BSCS-Yellow examinees score higher than
the regular examinees on the achievement tests and on the appropriate-for-both sub-
tests. The SAT means are closely clustered, but in May 1963 the regular examinees
scored higher than the BSCS-Yellow examinees on SAT, suggesting possible bias in
this achievement test in favor of BSCS-Yellow students.

In Figures 11 and 12 only chemistry data from May 1963 and later are presented
although earlier data are given in Table 9. The reason is L... ‘a€ chemistry investi-
gations prior_to May 1963 did not involve ratings from teachers of regular courses;
the test questions were simply assumed to be appropriate for regular students.
Beginning with the May 1963 test the appropriate-for-both subtests were identified
on the basis of ratings for both regular and special courses. The result of this
change was an appreciable drop in the number of questions in the appropriate-for-
both subtests.

For January 1965 in chemistry the difference between the CBA sample and

“_ population means and the difference b'étween the CHEMS sample and population

means were both significantly different from the difference between the regular
sample andvpopulatiori means at the .01 level. Neither chemistry comparison for

January 1965 will be analyzed or considered further.

45
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Figure 10
Biology: BSCS-Yellow and Regular Sample Means on the Complete Biology Achievement Tests,
on Subsets of the Biol. Ach. Tests Rated Appropriate for Both Courses, and on SAT - A
and M
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Figure 11

Chemistry: CBA and Regular Sample Means on the Complete Chemisﬁry Achievement Tests, .
on Subsets of the Chem. Ach. Tests Rated Appropriate for Both Courses, and on SAT - V
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Figure 12

Chemistry: CHEMS and Regular Sample Means on the Complete Chemistry Achievement Tests,
on Subsets of the Chem. Ach. Tests Rated Appropriate for Both Courses, and on SAT - V
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Figure 13

Physics: PSSC and Regular Sample Means on the Complete Physics Achievement Tests, on
Subsets of the Physics Ach. Tests Rated Appropriate for Both Courses, and on SAT - V
. and M
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A major feature of the acwal performance data presented in Tables 8-10 and
deprcted for the most part in Figures 8- 13 is that the students from the course in
each comparison who score hig}_ler on the achievement test almost alwcys score
higher on the appropriate-for-both items and on SAT-V and M. If one takes as the
indication of bias that one course in a comparison have the higher mean on the
achievement *=st and the other course have the higher mean(s) on all available

concomitant measures, the data can be summarized as shown in the chart below.

Subject Comparison Comment
Biology BSCS-Blue & Regular No indications of bias

BSCS-Green & Regular No indications of bias
BSCS-Yellow & Regular No indications of bias
Chemistry CBA and Regular There are indications of bias in

favor of regular students on .¥O0
tests, May 1962 and May 1963,

CHEMS and Regular Or three tests, December 1961,
May 1963, and January 1966,
there are indications of bias in
favor of regular students.
Physics PSSC and Regular There is an indication of bias

in favor of regular students on
the January 1965 test.

For the January and May 1967 Biology, Chemistry, and Physics Tests, checks on the
accuracy of student respbnses regarding courses studied were made. These c.cLis
involved aski;xg schools to verify or deny the responses'of their students regarding the
courses they studied. In Table 11 the test performanceé in January and May 1967 of
student-response sampleé énd of school-verified sa::«p’.e's are presented., Each school-
—-vyerified sample is a subsample of the‘ corresponding student-response sample.

The data in Table 11 are from 18 student-response samples and 18 corresponding
school—vérified samples; there are eight samples of each kind in biology, six in
chemistry, and four in physics. In 17 of the 18 cases, the school-verified sample
had a higher mean score on the achievement test than rhe corresponding student-

responsé sample. The lone exception is the Regular Biology sample of January 1967,
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In all 18 cases the differences in mean scores on the complete achievement test of
student-response and school-verified samples are accompanied by differences in the
same direction in the mean scores on the appropriate-for-both subtest and on SAT-V
and M.

Considering the 12 comparisoas based on school-verified samples, for six of six
ﬁcomp‘arisons in biology and both comparisons in physics higher means on the science
achievement tests are associated with higher means on all three concomitant variables.
This same pattern holds in chemistry for the appropriate-for-both questions, but there
2re some exceptions in the relationship between performance on the Chemistry
Achievement Test and SAT.

E. Adjusted Performances of Examinees in Different Courses on the Science Achieve-

ment Tests After Taking Account of Their Performances on Subsets of the Achieve-

Tests Rated Appropriate for Different Courses and on SAT

The mean scores on the science achievement tests expected of students in the regular
and special courses who were equivalent in perforizance on the appropriate-for-both
subsets and on SAT will be presented in Tables 12, 13, and 14 for biology, chemistry,
and physics, respectively. The most valid adjustments and comparisons are for those
instances where there were no significémt differences between the two courses under
comparison in terms of three considerations: (1) The difference between the regular-
course population and sample means not significantly different from :“e difference be-
tween the special-course popu’_lation and sample means; (2) the regression-line slope
for the regular course not significantly different from the regression-line slopc for
the special course; (3) the standard error of estimate for the regular course ot
significantly different from the sfandard error of éstimate for the special course.
Significant differences in each of these three categories at the .05 and .01 levels are
identified by lower-case and capital letters, respectively, in the tables. No adjusted
means are presentt . tliose instances where difiz:ences in any one of the three
categories were significant at the .01 level. This will preclude the possibility of
attaching importance to the results of invalid comparisons. Adjusted means that were

significantly different at the .05 and .01 lévels.are marked by d's ancd D's, respectively.
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TABLE 12

Adjusted Performances of Samples of Examinees on the Biology Achievement Tests:
Mean Scores to be Expected of Examinees Who Performed Equivalently on the
Subsets of the Achievement Tests Rated Appropriate for Both Courses
and on SAT-V and M

Expected Mean Scores on Achievement Tests and Differences
Between Means After Adjustment for Performances on:

Test Courses Under Number of Both Ach. Subset

Date Comparison Examinees Subset of Ach. Test SAT-V and M and SAT-V end M
Meens Diff. Means Diff. Means (Diff.

May BSCS-Blue 30 ° 511 0 . 50L -8 10 -1

1962 & Reg. Biol. 15h 511 512 511

May BSCS~Green 80 L88 14 491 —10 Lho6 - _ >

1962 & Reg. Biol. 154 502 - 501 198

May BSCS-Yellow Tl 51k 5 529 17 518 1e

1962 & Reg. Biol. 15L 519 - 512 517

May BSCS-Blue 112 528 o 535 527 ’

1963 & Reg. Biol. 131 538 -0 532 30 539 -12

May BSCS-Green 36

1963 % Reg. Biol. 131 A A A

May BSCS-Yellow 53 535 57k 547

1963 & Reg. Biol. 131 53L 1 519 53D 529 18 4

Jan. BSCS-Blue 438 546 549

1966 & Reg. Biol. 461 538 84 533 16 v0 B

Jan. BSCS-Green 357 515 -1 5117 2 519 b b

1966 & Reg. Biol. L61 516 515 - - 515

Jan. BSCS-Yellow L1 534 8 cd 533 ¢ 533 6 4

1966 & Reg. Biol. L61 526 527 . 527

May BSCS~Blue LE3 562 o 563 5 559 _

1966 & Reg. Biol. 499 561 558 562 ’

May BSCS~Green LO3 535 531 536

1966 & Reg. Biol. 499 53€ -le 539 -8a 535 e

May BSCS-Yellow Lot 5kt 551 ‘ - 5L8 _

1966 & Reg. Biol. 499 552 ->8 54T he 551 3.8b

(Table continued on next page.)
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TABLE 12 (con't)

Student~Response Samples for January and May 1967 Tests

Between Means After Adjustment for Performances on:

Expected Mesn Scores on Achievement Tests and Differences

Test

Courses Under Number of Both Ach, Subset
Date Comparison Examinees Subset _of Ach., Test SAT-V and M and SAT-V _and M
Means Diff. Means Diff. Means Diff.
Jan. . BSCS-Blue 500 518 531 520 ‘
1967 & Reg. Biol. ko8 531 -13 D 518 13D 529 -9D
Jan,  BSCS-Green 500 501 _ .4 508 - sob
1967 % Reg. Biol. 198 508 1 501 505
Jan, BSCS~-Yellow L96 515 525 517
1967 & Reg. Biol. 198 523 -8p» 512 13D - 521 - b
May BSCS~Blue 500 534 _ 543 53k :
1967 & Reg. Biol. 499 skt 13D 539 b sip - 3P
" May BSCS-Green - 500 520 - 522 o 521 _p
1967 & Reg. Biol. 499 52k 522 ) 523
Meyki < BSCS-Yellow 500 533 543 534 _
1967 % Reg. Biol. 199 sip.  ~ 87D 531 12D 540 6D
School-Verified Samples for January and Ma.z 1967 Tests
Jan, BSCS—-Blue 378 525 53l 525 _
1967 & Reg. Biol. 211 536 "D 523 it d 536 D
Jan. BSCS-Green 342 513 -1 516 5 513 -1
1967 & Reg. Biol. 271 51k 511 51k
Jan. BSCS~-Yellow 370 517 526 518 _
1967 & Reg. Biol. 271 . 525 -8a 513 134 523 >
May BSCS-Blue k20 5h0 548 541 _
1967 & Reg. Biol. 31k 556 .‘16 D 545 3 555 D
May BSCS-Green 375 534 0 ’ 535 1 53k -1
1967 & Reg. Biol. 31k 534 53k 535
May BSCS-Yellow L32 538 545 538 -
1967 & Reg. Biol. 3 545 -7 535, 10 Sul 60

& pi fferences between'

differences between

Di fferencesv between

o ‘A a o w- o,

kAd,justed means are slgn:.fn.ca.ntly d:.fferent a.t

dlfferences between'

regllie.r—c ourse

special-course -

regular—-course

sample

sample '

 Semple.
'specie.l—cours e:

sample -

Sta.nde.rd errors of. estimate a.re sn.gnn.flcanthr
Standa.rd errors of est:.me.te a.re slgniflca.ntly
Ad;justed means a.re slgn:.flcantly d:.fferent at

.and population

and popule.ti on

‘and populetlon,
‘and popula.t:.on:

.05 level
,01-.1level

observed means
obser'ved means

-observed means
robserved ‘means

Regress:.on—l:.ne slopes a.re slgnlflca.ntly dJ.fferent e.t 05 1eve1
;Regresslon-llne slopes ‘are slgnlflcantly dJ.fferent a.t 01 1eve1 )
dlfferent a.t 05 1eve1
dlfferen'c at 01 1eve1 s

are significantly

at .05 level.

different from

are -significantly. dJ.fferent from

-at’ Ol level. .




TABLE 13

Adjusted Performances of Samples of Examinees on the Chemistry Achievement Tests:
Mean Scores to be Expected of Examinees Who Performed Equivalently on the
Subsets of the Achievement Tests Rated Appropriate for Both Courses
and on SAT-V ,and M

Expected Mean Scores on Achievement Tests and Differences
Between. Means -After Adjustment for Performances on:

Test Courses Under Number of ‘ h B ) Both Ach. Subset
Date Comparison ¢ Examinees Subset of Ach. Test SAT-V_and M and SAT-V and M
Means Diff. Means Diff. Means ' Diff.

Dec. CBA & . 64 . 551 . e '

1961 Reg. Chem. 276 558 - 7D

Dec. CHEMS & ' 32 . 552 a

1961 Reg. Chem. 276 561 -9

Mar. CBA & 107 519 8 D

1962 Reg. Chem. 426 527 -

Mar. CHEMS & 52 517 12

1962 Reg. Chem. 126 529 -

May CBA & 310 c

1962 Reg. Chem. 350 !

/

May CHEMS & . L05 ‘ B

1962 Reg. Chem. 350

May CBA & .. 370 552

1963 Reg. Chem. 370 585 =33 D

May CHEMS & 370 5Ly

1963 Reg. Chem. 370 585 -4l eD

May CBA & 365 533

1964 Reg. Chem. 225 565 =32 bD

May - CHEMS & 369 538 32 D

1964 Reg. Chem. 225 570 -

Jan. CBA & 358 .

1965 Reg. Chem. 358 ' A " : A A

Jen. CHEMS & 337 . .

1965 Reg. Chem. 358 ) A e A . LA
. May CBA & 36L4 - 561 . -10 D
1965 Reg. Chem:. 370 571 o

May CHEMS & o300 568 _ g

1965 Reg.. Chem. ' 370 - '

Jan.  CBA & CUs00 . osLL o

1966  Reg. Chem.. .~ 500 . 560 9

Jan. CHEMS & . 500 566 b

1966 - Reg. Chem. . _ 500 577 : :

(Table continued on next p'é.g‘e._)
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TABIE 13 (con't)

Expected Mean Scores on Achlevement Tests and Differences
Brtween Mea.ns After Adjustment for Performances on:

Test Courses Under Number of : ) Both Ach. Subset
Date Comparison Examinees Subset of Ach. Test SAT-V _end M and SAT-V and M
Means Diff. Mesns Diff. Means Diff. '
May -~ CBA & L96 550 _ 8 a - s <
1966 Reg. Chem. ko7 558 T _ .
May -  CHEMS & 493 563 0 SR B 563 2 b k :
1966 -  Reg. Chem. kg7 562 561 5
Student—-Response Samples for January and May 1967 Tests » {
Jan. CBA & 439 578 ¥ a 575 -2 578 ¥ a L
1967 . Reg. Chem. 500 57k v 57T 574 E
!
. . { .
Jan. CHEMS & 500 ' 594 596 i
1967 . Reg. Chenm. 500 - B 58). 10 d 582 1D ;
May CBL & 500 5hy = 541 S5hk v I
1967 Reg. Chem. 500 553 -:%.D 555 . -1k D 552 8o [
May CHEMS & 500 573 575 . S 573
1967  Reg. Chem. 500 567 6a 565 0¢ 567 6o
School-Verified Sample‘s for Jsnuary and May 1967 Tests
Jan. CBA & 260 592 585 592
1967 Reg. Chem. sok 582 10D 586 -1 582 10D
Jan. CHEMS & 371 603 :
1967 Reg. Chem. Lol B 590 134 . €
May CBA & 307 559 555 559
1967  Reg. Chem. 415 565 6 568 13 d 565 6a
May CHEMS & 403 578 6 a 580 9 578 6 D
1967 Reg. Chem. 415 572 571 572
8 pjfferences between regular-course sample“and,popul!.afion o‘bservec_l'meens are signlflcantly different from
differences between special-course sample _and population observed means at the .05 level
A Differences between regular-course sample and population cobserved- means are sign:.f:.cantly“different from
" differences between speclal—course sample: and population observed means at -the .01 level"
® Regr_ession;line slopes ‘are slgm.flcs.ntly d:l.fferent at .05 1e1re1 -
B Regressior_x-line slopes a.re slgnlflcantly dq.fferent at 01 1eve1
¢ Stendard"errors of estlmate are slgnlflcs.ntly d:l.fferent ‘at 05 level
o€ ._Sta.ndard errors of ‘estimate. are signlflcantly d:l.fferent at .01 1eve1
. ,j’“ AdJusted meens. are s1gn1f1cent.:.y different at 05 1eve1 B "_' ; .
b Adjusted means are slgnlflcs.ntly dlfferent at
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TABLE 1b
Adjusted Performances of Samples of Examinees on the Physics Achievement Tests: %
Mean Scores to be Expected of Examinees Who Performed Equivalently on the ]
Subsets of the Achievement Tests Rated Appropriate for Both Courses %

end on SAT-V and M

Expected Mean Scores on Achievement Tests and Differences
Between Means After Adjustment for Performanceés on:

Test Courses Under Number of ' ' Both Ach. Subset

Date Comparison Examinees Subset of Ach. Test ~  SAT-V _and M and SAT-V and M
Means Diff, Means Diff, Means Diff.

May '63 and Jan. '6L Tests Using Questions for Subset Chosen with Emphasis on Selecting Questions
Whose Appropriateness Ratings had High Means and Low Variances

May PSSC & 369 572 582 573 _
1063  Reg. Phys. 359 sey "D s 8o 583 1o D
Jan. PSSC & 356 . 558 551 © 555

1964  Reg. Phys. 363 . 556 A sey - 13 cd 559 M

May '63 and Jan. '6L Tests Using Questions for Subset Chosen with Emphasis on-Selecting Questions
with Equal Mean Appropriateness Ratings for PSSC and Regular Courses ’

May PSSC & 369 580 L 582 8 578 0
1963 Reg. Phys. 359 576 5Th 578
Jan. PSSC & 355 551 ‘ 551 : " 550
1964 Reg. Phys. . 363 s63 TP sey, T3P 565 15 ©D B
Moy PSSC & 330 573 6 570 0o - 5T1 2
1964 Reg. Phys. 337 567 570 569 i
Jan. PSSC & 313 575 569 B 572 _ i
1965 Reg. Phys. 332 577 2 582 134 519 T |
1
Jan. PSSC & L6 589 585 -3 587 2
1966 Reg. Phys. . k5T 583 588 585 i
May PSSC & 51k 623 620 10 a4 621 -9 oD g»
1966 Reg. Phys. 538 628 - 630 630 ¢ o
Student-Response Samples for Jan: ry and May 1967 Tests
Jan. PSSC & 500 5713 573 _
1967  Reg. Phys. 198 sgo -~ 149 B 580 7D
May PSSC & ‘ 500 588 - 598 589 '
1967  Reg. Phys. 500 gor B3P © 501 T goo =~ "D
School-Verified Samples for . Jenuary end May 1567 Tests
Jen. Pssc & . . MOR . 5T9 - w_g - 583 o . 579 6 a
1967 Reg. Phys. C392 . 585 AT 581 . 585
May PSSC & . L. .392 0 595 608t o596
1967 = Reg. Phys. . 392, ° . - 608 -13.D 594 - 1k D o7 TP
| @ pirferences between fegulaf—éoﬁrse éample:and ﬁopuiafion'ébservéd'meéﬁéﬁdré sighifiéénfiy differént from
differences between special-course sample- and population observed means at the .05 level - :
A pifferences between regular—cgurse>sample'and.popplation'obsérvedlmeans are significantly different from
differences between special-course sample ‘and population observed means at the .01 level C ’
b Regression;lipevslopes‘are‘significantly,different at .05 level" : .
B Regressioneline-slopes_are’signifiqantly daifferent at .0l level,
¢ Standard errors’ of estimate are”significantly,different“atf.05 level - . -
c Standard'errdrs:ofjeStimatéfare‘signifiCantly different ‘at .0l level
d pajusted means are significantly. different at .05 level. R
D : : . L

“Adjusted means are significantly different at ;01 level:
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For the May 1963 Biology Test the data are for school-verified samples; for the January
and May 1967 tests in biologﬁr, chemistry,land physics data for both student-response and
school-verified samples are presented. For the other tests the data are for student-
response samples.

The adjustments reported in Tables 12, 13, and 14 are réasonable and proper only
if fairly strong positive correlations» exist between scores on the achievement tests and
scores on the concomltant variables. The correlations between achievement test scores
and scores on the appropriate-for-both questlons cluster a little below 90 These
correlations are spuriously high since the appropriate for-both questlons were in'the -
achievement tests. The correlations between achievement scores and SAT scores tend
to be around .65. The correlations were Judged to be sufficiently strong to make the
adjustment of achievement test scores for performance on the concomitant measures
reasonable and proper.

Tables 12, 13, and 14 contain the adjusted mean scores of students of regular and
special courses on six Biology Tests, nine Chemistry Tests, and eight Physics Tests.
The differences between the adjusted mean scores of students from regular and special
courses are categorized in Table 15 by course comparisons and by direction and magni-
tude. The data in Table 15 are based on student-response samples; the data for the

school-verified samples in January and'May, 1967 are not included in the categorization

. ————

displayed in Table 15. The comparisons in physics on the May 1963 and January 1964
tests using the appropriate-for-both questions' chosen with empha'Sis_on selecting .
questions whose ratings had high means and- low variances are aiso e""luded The

comparisons for wh1ch no ad1usted means. are shown in Tables 12 13, and 14 are not

' shown in Table 15..

The data in Table 15 make it clear that there is little bias in the sC1ence achievement o
tests. When the observed achievement means are adJusted for performance on the

appropriate-for- both questions then for none of 17 comparisons 1n blology, for four of

17 in chemistry, and for: none of eight comparlsons in physlcs do the differences be- -

tween ad]usted means of regular and - special students exceed 15 scale score pomts

If means ‘are. adJusted for performance on SAT only, then for three of 17 comparisons

_—
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’ for—.both _questions_ and

in biology, for none of four in chemistry, and for none of seven in physics do the
differences between the adjusted means of regular and special students exceed
15 scale score points. If means are adjusted for performance on the appropriate-
for-both questions and on SAT, then for only one of 16 comparisons in biology, for
none of five in chemistry, and for none of e1ght in phys1cs do the differences between
the -adjusted means of regular and special students exceed 15 scale score pomts

The comparisons shown in Table 15 and discussed in the preceding paragraph
are for student response samples. For the ]anuary and May 1967 tests in biology,
chemistry, and physics comparisons were made for both student-response samples
and school-verified samples. It is assur_ned that comparlsons based on school-
verified samples are valid because these samplesfcontain ‘few misplaced students.
If the comparisons based on student- response samples yield results .closely similar
to those based on schonl-verified samples in January and May 1967 then it is
reasonable to assume that all of the earlier comparisons based on student-response
sampies only are as valid as the comparisons based on school-verified samples.
Scrutiny of the results from the two types of samples for 1967 in Tables 12, 13,
and 14 show that the results are closely similar. From the three tables one can
read out for the January and May 1967 tests a total of 33 differences between adjusted
means based on student-response samples and contrast these with a total of 33 differ-
ences between ad]usted means based on the corresponding school-verified samples.
In eight cases the differences based on the two types of sample., are identical,
21 cases the differences differ by 4 points or less, and in only four 1nstances de the
differences differ by more than 4 scale score p01nts It seems entirely reasonable
to conclude that the comparisons based on student response samples are as_valid as
comparisons based on school verified samples. . -

In chemistry, considermg only student response samples there were 17 vahd
comparisons (n1ne between CBA and regqu and e1ght between: CHEMS and regular)
in which adJustments were made for performance on appropriate for -both questions,

but only five valid comparlsons (two between CBA and regular and three between

CHEMS an<1 regular) in Whlch ad]ustments were made for pertormance on appropriate-' :

SAT Th1s procedure resulted from the thought that the
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appropriateufor-both adjustment was the more appropriate, critical, and meaningful one
to make, The data in Table 13 show that the adjustments using appropriate-for-both
questions only yield results nearly identical to th- =g obtained when adjustments for all
concomitant variables are made. In no instance do the differences between adjust:ed
means resulung from ad]usting for only the one concomit:ant: variable differ by more
than 1 point from the dlfferences between means resulting from adJustlng for all con-
comitant variables.

In biology andphysics as well the adjust:rnents for all concomitant variables yield
results similar to the results of adjusting only for performance on the appropriate-
for- I3ot:h questions. However, the similarity is not quit:e as striking as that observed
for chemistry. If one looks only at the ]anuary and May 1967 results for school-
verified sarnples, it is clearly'apparent: that the adjustments involving all concomitant
variables are much more closely similar to the adjustments involving the appropriate-
for-both questions only than to those using SAT only. This is to be exnected since
correlations between the achievement test scores and appropriate-for-both question
scores are higher than correlations between achievement test scores and SAT scores.

A final topic for discussion is the differing adjustments that: resulted for the
May 1963 and January 1964 Physics Tests from using two different sets of appropriate-
for-both quest:ions. . When the Physics Test means were adjust:ed for performance on
a set of approprlate -for-both questions chosen with emphasis on picking questions
that had PSSC and regular teacher ratings with h1gh means and low variances, the
regular adJUSIIEd mean exceeded the PSSC mean on the May 1963 test by 12 points,
whereas the PSSC mean exceeded t:he regular mean by 2 pOlntC on t:he January 1964
test. When the emphasls was on p1ck1ng quesuons wn:h equal PSSC and regular rat1ngs,
the PSSC mean exceeded the regular mean by 4 polnts on the May 1963 test and the
regular mean exceeded t:he PSSC mean by 12 pomt:s on the ]anuary 1964 t:est: These
results- 1nd1cate rhe sens1t1v1ty of the stat:1st:1cal adJustlng procedure to the questlons
selected to serve as the course free mea ure of sc1ence ach1evement As dlscussed
in Part: C on t:eacher rat:1ngs the - procedure ult:1mat:ely adopt:ed t:ook bot:h considera-

tions 1nt:o account:. Questlons wn:h h1gh “and equal regular and spec1al rat:1ngs wcre ;

' ‘selected for the measures of course free sci 'nce ach1evement:.
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VvI. CONCLUSIONS

The ev 1dence cleaxly supports the general conclusion that the College Board Sc1ence
Achievement Tests are equally-approprlate for students of regular and special courses
in biology, chemistry, and physics. —.

The appropriateness of six Biology Tests for BSCS-Blue and Regular Binlogy was
studied. On the first two tests there were indications from teacher ratings of bias in
favor of Regular Biology, but these were not borne out hy analyses of student test
performance. On five of the six tests studied, the BSCS-Blue means were higher
than the Regular Biology means. After adjusting for performance on the questions
rated appropriate- for- -both BSCS- Blue and regular then none, out of the, six tests was
found to be biased. An adJustment using all concom1tant var 1ables was excluded for
one test because the regress1on-hne slopes were significantly d1fferent at the .01 levzl.
The adjustments on the remaining five tests using ail concomttant. variables revealed
no bias,

The appropriateness of six Biology Tests for BSCS-Green and Regular Biology was
studied. On the first test, there was an indication from teacher ratings of bias in
favor of Regular Biology, but this was not borne out by analysis of student test perform-
ance. The adj usted student performance on one of the six tests was excluded because
the difference between the BSCS- Green popu;atlon and sample means was s1gn1f1cantly
different at the .0l level from the dlfference be_tween the Regular Biology population

and sample means. On the ,remaining five Biology Tests the Regular Biology means

-were higher than BSCS Green means in every case. Regular Biology means were

higher than BSCQ -Green means on all concom1tant measures, also 1n every case.
Afte*' adJustment for performance on concom1tant measures, none of the tesrs was
found to be biased. | | '
The approprlateness of six Blology Tests for BSCS Yellow and Regular B1ology was .
>tud1ed On the f1rst tw0 tests Lhere were 1nd1catlons from teacher raungs of blaS in

favor of Regular Blology, but these were not borne out ‘by analys1s of student test .

: performance - In fact, on the second test, the Regular Blology students scored con-

“ERIC
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; s1derab1y hlgher on SAT—V and M but the Bscs Yellow students scored mg '

:r on the :
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Biology Test. The analysis of covarijance adjusting for all concomitant measures showed
that this test was biased in favor of BSCS-Yellow. On all six Biology Tests, BSCS-Yeliow
means exceeded Regular Biology means. Adjustment only for performance on questions
rated appropriate for both courses revealed no bias in any of the six tests. Teacher
'rat:inge indicated the fourth test was biased in favor of BSCS-Yellow.

The appropriateness of 12 Chemistry Tests for CBA and Regular Chemistry was

studied. The teacher ratings indicated that the fourth, fifth, and sixth tests were biased

in favor of Regular Chemistry. On the fifth test no data on student performance are
availabie, but on the fourth and sixth tests analysis of student performance clearly sup-
ported the teacher judgments. On these two Chemistry Tests, the regular students 5

scored considerably higher, even though the CBA students scored higher or nearly as

high on the questions rated appropriate for both courses. The performances of CBA and ' 4

Regular Chemistry students on 11 Chemistry Testc were analyzed. One of these tests
was excluded because the samples were not representative of the populat:ibns. On the
ten remaining tests the means of Regular Chemistry students surpassed the means of
CBA students in every case. Valid adjustments for performance on the questions rated
appropriate for CBA and regular revealed two biased tests (the fourth and sixth); both
favored Regular Chemistry. Means on four Chemistry Tests were adjusted for per-
formance on all concomitant measures. One of t:hoee tests was the one already
excluded because of nonrepresentative ‘samples. Another was excluded because of
significantly different regression- line slopes. For neu:her of the two rema1n1ng

tests did a.d_]ust:ment: for all concomltant: varl.;oles reveal any b1as. For the

last five tests studied, there were no 1ndlcat:10ns of b1as from any source' .

The approprlat:eness of 12 Chemlst:ry Test:s to‘ CHEMS

favor of CHEMS

Act:ual performance on the fourt:h' and
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Student performance on the fifth test was not analyzed. For the 11 tests on which student
| performances were studied, one test was excluded because of nonrepresentative samples.

On eight of the ten rema1n1ng tests the means‘of Regular Chemistry students were higher

than the means of CHEMS students., Ad]ustments for performances on appropr1ate -for-

both questions were ruled out on two tests because of significantly different regress1on-

llne slopes. On the eight remaining tests adjustments for performances on appropr1ate for-

both questions revealed bias in favor of Regular Chem1stry in the case of two tests;

these were the fourth and sixth tests. Means on four Chemistry Tests were

adjusted for performance on all concomitant measures. One of these tests was the one

aly eady excluded because of unrepresen*atlve samples. No bias was found in the three

remammg tests after adJustmg for all concomitant var1ables.

The last Chem1stry Test show1ng bias from ad]usted performance data in favor of
Regular Chem1stry was, 1ntroduced in May 1964 Five Chem1stry Tests 1ntroduced s1nce

then have shown no; blas except: for an 1nd1catlon from actual performance of b1as 1n favor

‘of regular over CHEMS»for tne ]anuarv 1966 test and an 1nd1catlon from teacher ratlngs

of b1as in faVor of CHEMS over regular in. the May 1966 test. Ad]ustments us1ng only

the approprlate for- both questlons and ad]ustments us1ng all concom1tant varlables y1eld

nearly ide' in chem1stry Hence the small number of Chem1stry Tests for

Tests for PSSC and Regular Phys1' s was:

The appropr1atenessof elght Phys1cs

. on e1ght Physms TeSts were studled On seven of the e1ght tests the PSSC means
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teacher ratings of appropriateness, and these teacher ratings were not borne out by
student performance. Both teacher ratings and anaiyses of student performance indi-
cated that Chemistry Tests introduced in 1963 and 1964 were biased in favor of
Regular Chemlstry over CBA and CHEMS On f1ve Chemlstry T.,sts mtroduced

since then, however, there were no 1nd1cat:10ns of blas in favor of regular over CBA;
there was one indication from actual performance of- b1as in favor ‘of regular over
CHEMS; but one indication, also, from teacher ratings of b1as in favor of CHEMS

over regular. There were no 1nd1canons of b1as from ad]ust:ed performance data

on the last five Chemistry Tests studied.
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APPENDIX I

SCIENCE ACHIEVEMENT TESTS < -rm PACL
Question Rating Form

T have rated the questions in terms of their appropriateness for:

Modern Biology Modern Chemistry Modern Physics
BSCS (Blue Version) CBA _ PSCS
BSCS (Green Version) ___ CHEMS
BSCS (Yellow Version)
Appropriate | Appropriate Aprropriate | Appropriate
And But Not In- And But Not In-
No. | Answer | Emphasized Emphasized | sppropriste | No. | Answer Emphasized Emphasized appropriate
1. 22.
2. 23.
3. 2k,
k. 25.
5. 26.
6. . 27.
7. . » 28.
8. ' . 29.
9. . : : 30.
0. ) : : 31.
1. ‘ ) ‘3e.
! 12. | 33.
s | : : R 35.
5. S 36.
16. ' 2 st
17. ;. ) v : _38. _
18. " ! . R
19. _ | | .
20. | 4. : _ *
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APPENDIX IT

.

DIRECTIONS FOR RATING TEST QUESTIONS

Check the course for which you are rating the appropriateness of the questions.

For each question, enter the answer (A, B, C, D, Or E) in the column headed Ansver and then place
a check in one of the three columns that follow.

Check the column headed Appropriate and Emphasized if the question is based
on material that is emphasized in the course for which you are rating the

appropriateness of ‘the questions.

Check the column headed Appropriate But Not Emphasized if the question is
one which you think students who have completed the course should be. able
to answer even though the question is based on material not emphasizad in
the course.

Check the column headed Inappropriate if you think that students who have
completed the course should not be expected to know the answer to the

gquestion.
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APPENDIX III
Total Numbers of Examinees Taking Each Science Achievement Test per School Year

Test Year

1962-63 1963-64 1964-65 1965-66 1966-67 1967-68

Biology 32,888 41,270 48,894 50,506 52,613 60,776
Chemistry -~53,156 61,110 65,729 66,997 65,628 67,816
Physiecs 28,4662 29,192 30,076 28,528 28,435 29,1k

@Includes 27,152 examinees who took the Physics Achievement Test and 1,31h who
took the PSSC Physics Achievement Test
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