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oo CHAPTER 1
. DESCRIPTIVN OF MATERIALS, SCHOOLS, TEACHERS, AND STUDENTS

1.1 Materisls and Tyres of Schools

Thls paper is a part of the analysis of the date

obtained from the field testing of Intermedliate Mathematics,

. an eleventh-grade experimental textbook by Zalman Usiskin,
The motivation for the author_to wrife this book consisted
of hix observation of 1) the coverage of many disjointed
topics in eleventn-grade math, 2) the lack of reliance on
géometry, 3) the distorted view of math pfovided.by
.”Algebra 2% clgsses that have little to do with algebra,.
and 4) an eqﬁélly distorted view of applications. '

This textbonk was tested during the 1972-1973 school
Year in four different.types qf schools as shown in the
following table. The classification is based on the use

of Geometrv: A Transformational Avrroacn (GATA) or a non-

transformational geometry in the tenth grade and the Inter-

mediate Mathematics (IM) or a traditional eleventh-grade

text the following yesr. The traditional texts used were

- A . Tenth-grade math

Eleventh- GATA - Traditional
grade math J—

IM A B

—Tradittonal C D
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Modern Alcébra and Trig by Dolciani, Berman, Wootonj MSM:

Alzebra 2 and Trig by Dolciani, et el; and Algebra Two with
Trig by Payne and Zamponi, | _

The teachers in all four types of schools were
Volunteers to be 1in this study.r Pre- and post-tests on
staﬂderd_a1“ ebra content were administered to all of the
groups. Opinionnalres consisting of thirtyftwo questions
in September and thirty-one questions in June were given;

The first twenty questlons on each were to measure feelings

of like, d1s11ke, fear, enthvsiasm, etc. for math and were

from the attitude acale of Aiken and Dreger} The following
teanuestionsmﬁerefconcerned with what the student perceived

math to be and.had statements on applications, relations

ef proof to math, etq. One question asked if the student. planned
on taking math the coming year. The September form contained

one questivn not on the June form whicn asxed -for the

occupation of the chlef-money earner in the famlly. (See
Appendix 1 for a copy of the Opinionnaire.) Opinionnaires

were given to the studerts four times during the year,

During the author's visit to the schools, however, a couple.

of the teechers stated that some of the students anpeared to
"not be marking these reliably{. The: author, in his comments to the
students, then_stressed the lmportance of these opinionnaires.
.Thns, it was decided to. use only the first and last of these
opinionnaires’ for analysis. Only the forms of .the students

who had: completed both of these Opininnnaires were analyzed.

1Lcwis R, Alken, YPersonality Correlstes of Attitude Towards
Mathematics," Journal. of Educational Research, 56: 476-80

EKC (May, 1963).




1.2 Teaéhers

A total of thirteen teachers were involved in this
study, seven with experimental (AC) classes and six - with
control (BD) classes, In Taole 1.2a, it is seen that each

teacher taught one, two, or three clas—:es in this study.

Table 1.2a

DISTRIBUTION OF TEACHERS ANONG CLASSES

No. with No., with. No. with Total No.
one two . three of
‘class classes @ classes classes
Experimental 4. 3 . o 10
Control 1 T 1 12

Thé teachers were asked various éuestions about their
b?ckérounds'in math and their'teaching experience, ’Téble 1.2b
indiéates that in both the experimental (4C) and tﬁe control (BD)
groups, the teachers had approximately the same general
teaching experience and eleventh-gradé teaching experience
although the experimental'group had one inexperienced. teacher.
Teachers ;p both groups had compléted approximately the
‘samne nunber of algebra courses, It should be noted that
two ofitﬁe experimental teachers had no college courses on
algebra. 2heitwo groups of teachers had'neafly the séme
amduntfof fdrmal exposure to the conoepté relating to the
experimental text. Mdre of the.experimental teachers,

' héwever, had actuaily introduced these into their eleventh-grade

curriculunm,
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TABLE 1.2b

SELECTLD CHARACTERISTICS PzZRTAINING TO THE
AND TEACHING 34CKGROUND OF
-EXPERIMENTAL AND CONTROL ToACHERS

HMATHEMATICAL

isometries, etc.

No. of No., of
Experimental Control
Teachers Teachers
Number of years tesching
high school or cnidlege math
including present year
: 1
2-3 .
6-7 2 2
8~ 2 3
Number of years teaching
llth-grade college-bound
math including present’ /
year (
1. ' - 2
2-3 . e 1 3
L-6 . 3 1
7- 1 2
Number of college courses
taken with Pmnha51s on
algebra
. 0 2 1
1-2 1 1
34 4
5-8 3
Nﬁmber of teachers
studying listed tovic in
a formal course
Matrlces 7 6
Vectors 6 5
Groups 7 | 6
Homomorphisms 5 5
Linear transformations 6 L
-Reflections, rotations, y -



- T T T

"TABLE 1.2b-Continued

SELECTED CHARACTEZRISTICS PEATAINING TO THE MATHEMATICAL
AND TEACHING BACKGROUIID OF .
: EXPERIMENTAL AND CONTROL TEZACHERS
No, of No, of
Experimental Control
Teachzrs Teachers
Number of teachers
incorporating listed
toplc into courses
taught
Matrices 6 4
Vectors - L 2
Grqups 5 1
. Homomorphisnms 1 1
Linear Transformations 3. 2
: Reflectiohs,\rétations, 4 2

isometries, etc.
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1.3 Students T

When the study was set up, an attempt was made to
match as closely as possibie the AC schof}s with BD schools
having students of similar interests and yZbility. Table 1.3a

shows the number of students in each'type of school by s€x.

TABLE 1.3a

_ DISTRIBUTINN OF STUDENTS BY SEX AND TYPES OF SCHOOLS

No, of No. of No,., of
-females males - total students
A 52 . 62 ) 114
B 0 89 89
C . 22 - 34 ' 56
D 41 ks : 86
175 230 © . 343

Uhfortuhately there were nn feﬁale students in type B
. schools which made it ﬁgry hara to analyze the Subgroaps
by sex. It also can be seen that there are only half as
many ferale students in this study as there are male |
students. gEven after taking into account the fgoﬁ that
there were no tyoe B females, thefe are still more males,
To check how closely thé schools matched, an attempt

was made to identify each student by the job classification
of the chief money earner in his family. The’student's
response to the question asking for this information was

. . 2
compared to a table of job types with ratings attached.

2 .
Warner, Meeker, .and Eglls, Social Class in America, (Science
Research Associates, Inc.,1949), ppl40-141,
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To accurately determine the socio-economic class.tﬁis

table is used as only gne of the determining factors. Thus,
this gives only an approximation for social class for the
students becauses it is only.a job clsssificatioﬁ. @able 1.3b
compares the experimental eleventh-grade text students (AC)
with the traditional eleventh-grade ‘text students (BD) by
these ratings. (See Apnendix 2 for the complete table of

job listings).

TABLIE 1.3b

.OCCUPATION OF CHIEF HOWEY-ZARNER IN FANILIES
OF EXPERIMENTAL AND CONTROL STUDEZNTS

* , . :NOQ Of I\IOQ Of ;
Occupational Experimental . Control T
Rating Students S8tudents f
1 26 ' 27
2 50 L9
3 35 38
4 24 28
5 22 21
6 10 . 11
7 3 1

170 - 175

Toﬁals

- This almost perfeét one-to-one correspondence was hoped for

v !

but is even closer than was expected,



T : _ : | CHAPTER 2
STUDENT ATTITUDES

2.1 Generai Attitudes

The general attitude of eacﬁ student toward math
was measured by the lirst twenty questions on fhe Opinionnaire.
The student had five possible reéponses: strongly agree,
agree, undecided, disagree, strongly disagree, The student's
responses are scored by giving one point to the response
that indicates the most negative attitude toward math and
giving five points to the response that indicates the most

) positive attitude to;ard math. Thus, the scores for the

twenty questions range from a low attitude of.twenty to
a high attitude of one-hundred. A score of sixty 1s
neutral. Table 2.l1a contains the September and June mean
ééores,.standard deviat?on and t-test value for different
populations, |

.Using'the fact that for these numbers a t-value of
1.960.W6u1d be significant at .05 level, we see that there
are ﬁo significant changes in scorés from September to
.Jﬁne for any of the groups.

Comparing the September AC and Septexzber ED scores
glves a t-value of 3.110 which is a significant difference
in attitudes between the two groups with'the control (BD)

grcup less positive. The 19&5; mean is caused mainly by

8




TABLE 2.1la

MEAN ATTITUDE SCORES AND t-VALUES FOR EXPERIMENTAL AWD
" CONTROL STUDENTS IN SzpPTZIM3BER AND JUNE

Population--Nonth Standard t
. _N Mean Deviation .
A-September 114 76.00 13.8 -0.251
| A-June 114 75.5% - 13.6
. B-September 89, 67,07 14,9 -0,297
B-June o 89  66.3% - 17.8
C-September . 56  67.46 - 14.1 1.437
C-June 56  71.28 14,0 |
~ D-September 86 69.50 15.1 0.307
- D-June 86  70.23 16.2
AC-September 170 73.19 4.4 0.621
 AC-June 170.  7h.1b ©13.9 o
"” BD-September 175 . 68.26 | 15.0 -0.001
BD-June 175 '68.25. . 1741 “
ABCD-September 345 70,69 14.9' 0.396

ABCD-June 345 71,15 15.8
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the tjpe B students who are all méle and attend .a
private schnool. If ele#enth—grade math is required of all
their student: “hen this could account for why thelr mean
scores aré lower. The difference in June between these
two has a t-values of 3.512 which is significant and again
the control group is léss positive. It can be sezsn that
the difference increased by noticing in Table 2.l1la that
the BD attitudes remained constant while the AC scores went
up slightly, although not éignificantly. |

Table 2.1b shows for various groups by sex the mean
attitude scores, the standard deviation, and the't-valdes
for September and June. There are no significant differences
between September and June scores for any of these subgroups
- based on sex. .The.males and females tend to shift ih the same
directions with the éxception of type D schools where.the
.females‘attitudes rose and the males' éttitudés dropped.
It can be noted that none of the mean scores dropped below
the neutral value of sixty, so ail the groups had somewhat
poSitive attitudes towsrds math both in September and June.

Another way of representing this maferial is to use

- - a matrix representation to tabulate the scores. This will

~show whether the students! attitudes have remained the same
or if some, and if so which ones,.havé greatly changed their
- vViews of math: Table Z.fb contains the AC mean scores

and the BD mean scores piotted by September against June
'scores., This frequency distribution table has £en intervals

of approximately nine pointé each in each direction. A
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. TABLE 2.1b

MEAN ATTITUDE SCORZS FOR MALE AND FEMALE EXPERIMENTAL AND
' : CONTROL STUDENTS

Standard.

Populatisn--lionth N Mean Deviatinn t
FPemales-September 115 .71.28 15.2 6.744
Females-June 115 72.78 : 15.3
) Mgles-September 230 -70.40 | 14,7 -0,036
" Males-June = 230 70.34 16.1
A Females-September 52 76.63 13.é . =0.232
A Females-~June | 52 _ 76,02 13.9
B Féméles—sépﬁember 0 | »
B Females-June - 0
c Females~5ep£ember 22 66.78 | 15.95% = 0.709
C Females-June .22 70.23 16 .4
D Females-September 41 . .66.90 15.4 0.903
D Females-June s cp0.02 15.8 |
A Males-Sep:ember 62 75.47 v 14.4. -0.129f
A Males-June 62 75.15 13.5 |
B Males-September . 89  67.07 4.9  -0.297
" B Males-June ' 89 66,34 - 17.8
C Males-September 3 67.91  13.0  1.311
G Males-June 3 - 71,97 .- 12.5 |
D MalesQSeptémbér} 45 71.87 14,5 -0.4388
D Hales-June k5 7042 16.6
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TABIE 2.1c

FREQU"NCY DISTRIBUTIONS OF SCORES FRO#M SEPTENBER AND JUNE
OP INIOWHALR=ZS FOR AC AND BD STUDENTS

e
June
20-27 .
28-35 - -
36-43 . e, 2 1
451 20 3l e 2
52-59 T \2 Y2 1 1
69-67 ‘_6\\_6 \‘ 6 - 1
68-75 o 11 \9\ \7\ 3 '2.
76-83 2 2 2 ™1
84-91 . | 1 2 o~ \\\\' \ ‘5

v92-1oo T N \\‘\\

3
20-27 20_35 36-43 44-51 52-59 60—67 68- 7J 6= 83 84-91 92 100

September
§2 .
June
~ 20-27
28-35 El
36-43 e
Lh-51 s )
i 1, -
52-59 9 1 \1\1 S o3 5 3
. . ~o ~\\\\ S o
60-67 | 2 S5 N9 N5 3
o | . : : ~. L -
- 68=75 | 2 N 8\\10 T16 2
76-83 S > 1 2 This 12 TNy
. : . \\ \ -~

. ~ .
: : ' . 1 = 2
© . 92-100 | 3 o J.~\\\‘2
20-27 28-35 30 bj Ll 51 52-59 60 67 68 ?5 6~ 83 84-91 92-100
. September
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shift froi: one interval to the next interval ilndigates a
change of from cne to SEVenteen points. The heavy line
indicates attitudes that did not change intervals. The
dotted 1lines are tn.,se that changed by one interval,
Scores above the lines indicate change in the nezative
direction.and scores below the lines indicate change in
the positive direction. Approximately thirty percent of
the students in each group had attitude cranges of over
one interval. The changes occur i students who previously
had scored at all attitude levels. There is no one group
wvhich greatly changed their attitudes as the changes are
" distributed throughout the attitude range and are both

positive and negative.

A chl-square test was made to compare the distribution
of attitude scores with soclial classes as measured by the
~ Job classification. It was found that social class and
attitude were independent for all groups except the control
group which had a chi-square of §0.0 and the control males
which had a chi-square of 76.9. A chi-square of 72.2 1is
significant at the .10 level which indicates only a
slight dependence of attitude and social class. These
. dependences were found only for June as all the September

scores are independent of social class.
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2.2 Svecific Suestions

Questions numbers twenty-one to thirty-one on the
Opinionnaire are here considered separately, althougn
several of them deal with basically the same tovics. Tgble2.2a
contains the mean for the AC and BD students and the t-value
comparing these two for September and June for each of
these quéstions.

Questions 21,24, and 27 all are about applications
of math. For number 21 a high score is regarded as positve
toward math. Using the .05 sigﬁificance level, where 1.960

3

would be a significant t-value”, there was no significant

14

difference beiween-the experimental and control students

in their answers in September. In June, however, there was
the highly significant difference at the ,001 level. The
AC students themselves changed thelr scores éignificantly
higher and the BD students dropped thelr scores though not
" significantly, This combination made a very significant
difference in thelr June scores. The only subgroup that
changed sigznificantly were the type C females who changed
from 3.68 to 4,36. |

Question 24 hss a low score be;ng regarded as positive.

Table 2.2a shows that although there was nc difference in
scores ﬁetween BD and AC in September, there was a
"significant difference‘}nlJune. The A€ mean 2a8d droppéd
which was an action ih the positive direction. Comparing
the BD males and females shows a significant diffefence

'in June. The females' mean had dropped from 2.86‘%8

3All measurements will ‘be at the .05 significance level
urntless otherwise stated. .




15

TABLE 2.2a

MEANS FOR EXPERIMENTAL AND CONTROL STUDENTS AND t-VALUES
FOR SEPTEIMBER AND JUNE FOR SPECIFIC QUESTIONS

Question Septexrber ' June .
Nunmber S
AC mean BD mean t AC mezan BDmean t

21. Mathematics
has a large
number of applica-
"tions to a wide
variety of situa-

tions. (+) 4,01 3.87 -1.653 4.21 3.75 ~4.509

22, Methematics Is
a collectinn of.
rules which seem .

to come from no- : . . : .
where, (-) - 2,20 2,65 4,174 2,10 2,49 3.805. .

23, Most of the
mathématics usedby -
mathematicisns to-
day was known to
the ancient Greeks,

(=) 2.89 2.76 -1.383 2.64 3.03 5.829

24, Almost all of
the uses of math-
ematics are in

chemistry or ' o ,
physics.(-) , 2.65 2,83 '1.489 2,53 2.81 2.471

25. There are post-
ulates (assumptioans
or axioms) in alge-
bra which have the
same role as postu-
lares in geometry.

(+) . | 3.62' 3,60 -0,229 3.83 3.64 =-2,572

26, Mathematical
‘rules are often
closely related - : : _
“to each other. (+) 3.96 3.85 —1.647 4,02 3.84 -2,516
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TABLE 2.2a-Continued

MEANS FOR EXPERIMENTAL AND CONTROL STUDENTS AND t-VALUES
FOR SEPTEHMBER AND JUNE FOR SFECIFIC QUESTIONS

Questinn September June

Number :
AC mean BD mean t AC mean BI mean t

27. Other than

arithmetic, mathe-

mgtics does not

have too many ' BT
uses outside of

mathematics itself.

(=) T 1.82 2.15 -3.254 1.85 2.25 4,083

28. I usually can

understand mathe-

matics from g book

without a teacher's ’ . X
explanation. (+) 2.69 2.52 -1.445 2,82 2;49_—2.633

- 29, New mathematical
theorems are dis-
covered every year.

(+) - 3.27 3.30 0,247 3.43 3.22 -2.585

30. Proof belongs

to geometry not
algebra,(-) 2.69. 2.87 1.520 2.30 2.74 3.610
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2.58 ﬁhilé the males! mean rose from 2.352 to 3.01, There
seems to be no3simple'éxplanation for the change in the
fehales! séores in the desired direction and thé change in
the males! scores in the opposite direction.

Question 27 has a low score being pesitive. The
table indicates that in Sepﬁember, there existed a signifi-
cant differencé bétween the two groups. The difference |
was‘gfeater in June.because'thg BD mean incre@éed slightly
'though not_siénificantly.in the negative direction. Tne
subgroup of AC shoWed no Significant,dtﬁfereﬁce between
sexes in September but in June the difference was sig-
nificant with the females‘score éhanging from 1.78 to
1.68 and the males‘ scores ffom 1.86 to 1.96,_ Although
neither change was significgnt in itself, the combined
effegt was significant. The buik of the incorrect change
_on the pxt of tﬁe maleé Was caused by the type A males
who changed their megn frou 1.65.to 2.02. Again, no
explanation can be given why the males changed their mean
in the diféction not positively related to math.

In summation for the three questions on appliéations,
all thrée questions showed significant differences in
. June between the experimental and control groups and two of
these originally had no siVﬁificént differencgs in September.
All the diffefences in mean scores were in. favor of the
experimentél stﬁdents.

Questions twenty-two and twenty-six have to dé with

the internal conéistency of'math. ‘Questidn 22 has:'a low



" a purely historical subject or is still growing toéay.
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. score being positive. In Beptember there is a highly

significant difference between the two groups and there

8still is in June because both groups change thelr scores

in the dizection desired. In the control groub, there is
no Significant difference between sexes in September, but
in June there is a significant difference. The females
nave dropped their mean from 2,60 to 2.31.while the males
have only dropned their mean from 2.69 to 2.63.

On -question 26 a high score is desired. Table 2.2a

“indicates that there was no significant difference between

the experimental and control students’ in September and

that in June the diffcrence was significant because of an

‘increase in mean by the. AC students. None of the subgrcups

hed a siznificant difference in scores. N\'
. . \

Thus ‘on the questions of internal] relationships in

| math, there are significant differences between the groups

.in»June for both questions while Scptember had only one

group -with a difference. The changes on bcth guestions

were in the positive direction for the experimental students.

ARuestions 23 and 29 have to do with whether math is

5\

. Qa question 23 a low score is desired., In September there

is no significant difference bétween AC and BD while in

June there 1s significant difference at the .001 level.

This is caused by the fact that there is‘significant change

in the BD mean from 2.76 to 3.03 which i in the negative

direction. A 1arge.part of the AC change is due to the

<4

fact that A changes significantly from 2.82 to 2.55. A

.- g

}
/
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- large part of the BD change 1is due to'the.faot that B changes
signifioantiy from 2.79 to 3.11. Another subgroup that
changes significantly is the type C females who drop their
meah from 3.14 to 2.50. There are slgnificant.differenoes
between the sexes in September for the control schools
wWith the females scoring more positively than the males.
They botn change their means in the negative direction and:
thus are significahtly different in June also; the females
‘ changing-ffom 2,60 to 2.87 and the males changing from 2.89
to 3.17. : _ R | ‘
"Question 29 has a high score being positive, Table
2.2a shows that there was no significant difference in
‘means-between AC and ED students for September but that
bj June, the differe%oe was significant. The AC mean score
nad ohanged'in the positive dizeotion.. Of the possible
| subgroups, type B students, which were all'malef had -
significantly changed their mean in the neg-tive direction '
from 3.37 to 3.11. | |
Thus for the que;tions concerning the oontemporaryu
growth of nmath, both showed no signifioanoe differenoe
between the groups in September and s1gnificqnt
differences -in June w1th the experlmental group moving
in the positive direction. Type B students, who had the
"transformational geohetry,and the traditional‘eleventh-érade
texts, changed significantly in .the negative directinn for

h
Ty e

both questiohs. o
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Questibns 25 and 30 are concerned‘with proofs and postulates
and their relation to aigebra. On question 25 a high score
is desired. Table 2.2a indicates that though there 1is no
significant differencé in September between the experimental
and control students, there is a significant difference
in June. This 1is caused mainly by the AC group which
changes significantly in the positive direction from 3.62
to 3.83. Type C changes significantly from 3.45 to 3.75.
Type D changes significantly from 3.44 to 3.69. ~The.group
of all females also changes significantly from 3.51 to 3.80.
Thé type C females change sigﬁificantly from 3.27 to-3.86.
All the students‘changed their mean significantly in the
positive direction from 3.61 to 3.73. o

Question 50 hés a low score being a positive answer.
In September there w=s no significant difference between
.;ﬁhe AC aﬁd BD groﬁps bﬁt in June the difference had become
significant. This wss largely due to the AC group chahging
sggnificantly in the pdsitive direction. Tjﬁe C students
changed their score significantly from 3.04 to 2.34. "The
group of all males in the study changed their.mean scores
significantly from 2.87 to 2;57 whiéh orought their mean
closer to that of the females. Tyoe_C males cﬁahged sig-
nificantly from 3.03 to'2,30. Ail the -students changed‘
their mean from 2.79 to 2.52 significantly in the positive
| direction. | ' |
For boﬁh of the quesfipns about the relationsﬁip.of

postulates and pfoofs to aigebra, there was no significant
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. difference in mean scores for experimental and control
groups 1in Séptember, but there weré significant différences
in June in favor of the the experimental students. There
weré significant changes in AC and specificall& in C, the
gr. ap which had not used the transformgtional geometry, in
the positive direction,én both questions., Also these two
were.the only gquestions that for the whole study population
'showed signifiéant changes 1in score and these'changes were
in the positive direétion.
~ Question 23 is intended to measure the reading
level difficulty of the text. Tabie 2.2a indicates that
though there was nolsignificant difference iﬁ September,
there was a significant differenée in June with AC moving
toward an easiée un&erstanding of ﬁhe text snd BD. toward
having more difficulty with reading_the text although -
nelther of these changes 1s significagt.
The $tudents were asked in Questinn 31 wﬂefher
they intenqed.to fake math the‘fbllbwing year. The results
of this question were fested against attitude and sogcial
ciass_to see whicﬁ;if elther, had an effect on the student’
pursuing more math. In September when fhe gttitudes were.
plotted zgainst the iﬂfentions toipursue math, a chi-sguare

‘test b

indicated that these two Weré not independent for
the experimentgl students with chi-square of 50.8 for the
‘AC and ze Just barely indapendent for BD with a chi-square

of 30.3 which is significant at .10 levei. In June when

uA chi-square value of 31.5 s significant for 18 degrees

of freedom at .05 level.
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the attitudes were again plot:ted against the intentlions to
pursue math, it was'foﬁnd that the two were not independent
for either group by a chi-square of 42,7 for AC and of 47.3
for BEZ., In the subgroups of the.males for BD, a chi-square
value of 58.7 showed they weren't independent for June,
"7 "The social classes were also plotted against the in-
tention'to continue math. The chi-square of this tabulation

for each group shows these to be independent. Table 2.2b
'compares'the figures for AC and BD for both Septembef and

June, |

'In comparing the September and June responses

on .continuing math, each group and subgroup were analyzed. )

The June scores were dependent on the September. Tabie

2.2c contains these data. The humber of experiméntal

&es responses stays the same while the maybe respoﬁses
_decrease and the no responses increase. For the control

group the no responses stay the same while the maybe responses
decrease and the veses increase. To possibly analyze why

the BD group . increased the number of yes responses while

the AC group increaseé'the numnber of no.responées, it was

notiéed that the BD increase appeared to be in the males

so the type B students (all males) were hand checked. In

June only 6 Sf the 89did not say yes. Recailing that attitude

and the intentlon to pursug math are not lndependent and

that the B group had the lowest attitude, it is possible

that a fourth yeér of math.is required or strongly urged..for theée

O .7 students,
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TABLE 2.2b

NUMBERS OF STUDENTS PLANNING TO CONTINUE IN MATHEMATICS IN
THE EXPERIITZNTAL AND CONTROL POPULATIONS BY '
THE OCCUPATION OF THE CHIEF HONEY EARNER
IN THz FAMILY

) . Experimental Control
Occupation No. of - No. .. No, of No. .
B Students Continuing Students Continuing
September | |
1 26 19 | 27 13
2 | 50 33 | 49 25
3 35 .25 - 38 - 27
L 24 R 28 23
5. | 22 S 21 13
6 10 6 : 11 5
? i 1 | 1 o
. June _ N
o 26 17 : 27 - 17
2 50 31, b9 33
3 35 - 25 .38 31
4 26 17 | 28 " 25
5 22 13 21 20
6‘ 10 /A 11 10
7 3 1 1 0
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TABLE 2.2¢ ° | . L

NUMBERS OF STUDENTS PLANNING.TO CONTINUE IN MATHENATICS IN THE
" EXPERIMENTAL AND CONTROL POPULATION BY SEX

_ "Resvonses
. Populatinn-Month
o ves no maybe
AC
Females-September L2 10 - 22
Females-June 41 | 29 L
Males-September 70 8 18
Nales-June 70 15 11
Total-September 112 18 Lo
Total-June . , 111 o4y 15
BD " ' .
Females-September 18 o 12 - 11
Females-June .21 16 4
Males-September 88 : 15 : 31
Males-June 115 15 L
Total-September 106 - 27 L2

Total-June 136 38




CHAPTER 3
. " TEJCHSR REMARKS ABOUT THE TEXTBOOK

At the end of the year a question form wéslgiven to
both sets of teachers, Some of the questiqns on the
experimeﬁtal form asked specifically about certsin séctions
of the IM text. Both forms asked where difficulties in
subject matter occurred, use of text aids, eté. Only the
questions that‘haé any bearing on attitudes are considefed
here in Table 3a,

The AC teachers felt the.text was fér.average éo
above-average students and thought the reading level was
edsy. They also anproved of the number of applications
while control teachers wanted more épplicatibns. The AC
teache#s fglt stronger about recommending ﬁheir text than
did.the control teachers, Two experimental teachers felt -
they would have trouble with the math but said that they |

- did not.
| The two experimental teachers who wauld not
recommend the book are both type d. One said he would
-not recommend it for students who had Aot studied the GATA.
The otﬁer teacher was indifferent. The only teacher who
“felt that the reading level was hard was a tjpe C teacher.
On fhe questions that ;éked specifically about.sections
of the IM book thefe is a general consistency in.response
-w;?h the exceptibn of two teachers, oﬁe type C and one

‘type A. These are the two teachers who did not list having

QO . ' )
ERIC &% college alsebra.courses. This means that the
A FuiText provided by Eric . 2 5
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teachers who have no background will probably not like
the IM text, although they stated that they had no'difficulty

with the math in the text.

TABLE 3a
TEACHER RESPOISES TO QUESTIONS

No, of No, of

Question Experimental Control
. Teachers Teachers
" In general, I feel that

the book is written for

_a)the above-average 11th
- grade colle*e—bound math <

student 4 1
b)the average 11th grade .

college~bound math student . 3 ' 3

"¢ )the below-average 11th

"grade college—bound math . : _
student o ' 2

- in my school. ' '

Compared with other
mathenatics textbooks I
have taught from, this
book 1is

a)easiér to read and . _
understand v 4 2
b)at about the same level 1

¢ )harder to read and

understand _ ' 1 : 1

What do you think about

the number of apnlications

in this book?

a)too much .

b)too little ‘ Lo ’ L
c)just zbout right 7 2

I

a)would" strongly recommend
- b)would recommend

c)an indifferent to -

d Jwould not recommend

this text to other 11th

grade math teachers,

Y =
oW
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TABLE 3a-Continued

TEACHER RESPONSES TO QUESTIONS

: . No., of . No. of
Question : Experimental Control
"Teachers Teachers

When you first began this
course did you feel that
.you would nave troubles
with the mathematics?

a)definitely
b)sonewnat - 2 . .
c)not really - 5 6

Did you have troubles with

the mathenatics of this

course?

a)definitely

b)somewhat o
c)not really _ i

Before this year, were you
dissatiszled with tha 11th
grade course &s outlinsd
in rmost commercial texts?

a)very much 1. _
b)only slightly i 3 I 2
¢ Jno 2 . L

Has teaching this course
changed your attitude

towsrds 1lth grade math

and teaching 11th grade-
math?

a)yes

b)no -

W




CHAPTER 4
SUMMARY AND CONCIUSIONS

The generél attitﬁdes of the students were the same in
September and June with no.significanﬁ_difference in means
for ary of the possible subgroups. The attitudes appeared

i ' to not be indepeﬁdenﬁ of the occupation of the chief money
earner in the family for all subgroups.

On the ten specific questions of the Opiﬁionnaire
in all the cases where there were no significant differencesf
-iAn September, there Weré.significant differences in June
which favored the eiberimental'Studenté. On the questions
fhat had a significant_difference in_September, there

_ lwas-stiil a'signifiqant differénce in ﬁune and the

_experimental students had moved ﬁhgir.mean in the positive
direction. Generally,.wherg there is a significént -
difference between malé and female means withinnsome_group,
the females alwayé score more positively than the maleé.

A ooﬁjecture might be thét this is' beeause the feﬁales who
take eleventh-grade math ére more’interested in math,

Specifically about applications of math, -all the

experimental teachers had feit thaﬁ'there'wefe a sufficlent
wnumbér of these and their Studentsl means had become more
positive on these questions about appiicatiéns; Only one-

thifd of the control teachers felt their.texts'had enough

e

CERIC D
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‘applications while the means of their students stayed the
Same or bec;me more negative, though not significantly. |

Two~thirds of the expefimental teachers'felt that
the reading level of -the IM text was easier thén most other
texts while only one-thi:d'of the control teachers felt
this way about their texts. Though there were no differences
in the students' means in'September on the gquestion whether
they could understand the text without the teacher's
help, in June the difference was significant with the exper-
imental students feeling they could understand the book
better than the control the students did.

" The intentions of the students to pﬁrsuevmath as
récorded in June gre dependénﬁ nn thelr responses 1n'Se§tember.
Ai%hough'inugéﬁféﬁﬁg%“fhe"attituaes and intent to continue
math are.independent, they are slightly dependent iﬁ Juﬁe.
The cbntrol grouﬁ had an increase in the number of students
continuing math whiie there was no such increase in the
éxperimehtal grdup. | |

The experimental teachers Weré moré poSitive on their
teit than the control teachers were oh thei:s with the
'excéption.of‘the'éxperimentél teaﬁhgrs who ?advno dollegé, 
'algebraa. | ' _

The only_Specific>questions that had the whole study'
population change-significantly their reSpoﬁses were the two
‘on the relafion of proof'and postulate to algebra, "Thus, the
elevehthfgrade math appeérs to show this relationship to all

the students, regardless of text,

4
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APFENDIX 1
OPINIONNAIRE

[

Do not write inside box

Period

Name
~ School ‘ Peacher
AN
DIRECTIONS: Each of the statements on this opinionnaire-expresses a -
feeling or belief which a person might have towards
mathematics. You are to express the extent of agreement
between the belief or feeling given in each statement and
-your own personal feeling or belief. The five choices are:’
: Strongly disagree (SD), Disagree (D), Undecided (U},
Agree (3), Strongly agree (SA). Circle the letter which
best indicates how closely you agree or disagree with the
feeling or belief expressed in each statement as it con-
cerns you. '
/.
l. I do not’like mathematics. I am always under SO -D U A SA
, a terrible strain in a math class.
i; 2. I do not like mathematics, and it scares me . SD D U A- SA
A to have to take it. : L
; 3. Mathematics is very interesting to me. I - 'SD D U A SA
- . enjoy math. courses. - ‘
E 4. 'Mathematics is fascinating andffun.. : SD D U A
5. Mathematics makes me feel secure, and'at' . SD° D U A sa
i the same time it is stimulating. ' : ) :
6. ‘I do not like mathematics. My mind goes - SD D. .U - A SA
blank and I.am unable to think clearly when N
working math. ‘ .
: 7. I feel a sense of 1nsccur3ty ‘when attempting .. 8D .'D U A SA
: mathematics. : :
! 8. Mathematics makes me feel uncomfortable, . SD D U A SA
- restless, irritable, and impatient. '
9. -The feeling that I have toward mathematics | - 8D D U A sa
’ . 1s a good feeling. S
10. Mathematics makes me feel as though I'm lost SD D U A

in a jungle of numbers and can t find my way

Q . out.

'SA

SA



11.

12.

13.

14.

15.

16.

17.

i8.

19.

20.
21,

22,

- 23,

24,

25..

Mathematics is something which I enjby

. a great deal.

When I hear the word math, I have a
feeling of dislike

I approach math with a feeling of hesi-
tation -~ hesitation resulting from a fear

of not being able to do math.

I really like mathemetics.'

Mathematics is a course in school which

I have always liked and enjoyed studying.
I don't like mathematics. It makes me
nervous to even think about having to do
a math problem.

I have never liked math and it is my most
dreaded subject.

I love mathematics. I am happier in a

math class than in any other class.

I feel at ease in mathematics, and I 1like

it very much.

I feel a deflnlte positive reaction to
mathematlcs’ it's enjoyable.

Mathematics has a large number of appllca-
tions to a wide variety of situations.

Mathematics is a collectlon of rules Wthh :
seem to come from nowhere. '

Most of the mathematics used by mathemati-

cians today was known to the ancient Greeks.

Almost all of the uses of mathematics are
in chemistry or physics.

There are postulates (essumétions or
axioms) in algebra which have the same’
role as postulates in geometry.

31

SD

Sb

SD

SD -

-~ SD

SD

SD

- 8D

SD

- SD

SD

SD

SA
SA

SA

SA

SA

Sh

SA

SA

- SA

'SA

SA
SA

SA



26.

27.

28.

29.

30.

31.°

.32

_3-

Mathematical rules are often close;y - SD
related to each other.

Other than arithmetic, mathematics does SD

" not have too many uses outside of mathe-

matics itself.

I usually can understand mathematics from SD
a book without a Leacher s explanatlon.

New mathematical theorems are discovered " 8D
every year.

Proof belongs to geometry, not algebra. o SD

®

U

A

What exactly does the chief money—earner'(father, mother, step-
father, guardian, etec.} in your family do for a living?

know it.

: Please
try to give the job title (ox jOb descrlptlon) as best as you

SA

SA

SA

"SA

SA

. Yes No . Undecided

‘At the prcﬁcnt time, do you think you'w1]l take mathematics durlng

the neyt school year (73-74) éither in high school or college?
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APPENDIX 2--SCALE FOR RATING OCCUPATION

Rating , Proprietors Business
Assigned to Professionals ard Managers . Men

Occupation
. lawyers, doctors, Business wvalued
dentists, engineers, at $75,000 and
1 judges, hignh-scnool  over
- superintendetnts,

veteriharians,

ministers, (gradu-~

ated from divinity

school), chemists,

etc. wkih post-grad-

ate training,

"architects,

Regional and
divisional man-
agers of larsze
financial and
industrial
enterprices

o

2 : High-school teach-

ers, trained nurses, at $20,000 to

. chiropodists, chiro- $75,000
practors, undertaker, '

" ministers(some
training), newspaper
editors, librarians
(graduate)

Business wvalued.

Asst. lanagers
and office and

- department man--

agers of laige
businesses,
assist. to
executives, etc.

Business wvalued
at $5,000 to
$20, 000 :

Socilal workers,
_ grade-school
3 teachers, optome-
trists, librarians
(not graduate)
undertakers asst, _
minister{no training)

All minor
officials of
businesses

Business valued.

" ' . - at $2,000 to
$5, 000
5 + Business valued"
at $500 to
$2,000
| ~=.-—-= - ... ._Business_valued
p . at less than T

. ' $500
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APPENDIX 2--SCALE FOR RATING OCCUPATION-Continued

miners -

Rating for Clerks and Manual Protective and Farnmers
Qccupation Kindred Workers Workers Service VWorkers
1 Certified Public Gentlemzn
Accountants Farmers
Accountants, Large farn
2 salesmen of real owners,
' ~estate, of farm owners
insurance, vost-
masters ‘ .
Auto salesmen, Contractors -
bank clerks and
3 cashiers, postal
clerks, secretaries
‘to executives,
supervisors of
rilroad, telephone,
ete., Justices
of the peace
Stenograpners, Factory foremen, Dry cleaner
. bookkeepers, . electricians butcher,
k- rural mail cler¥s, plumbers, )own sheriffs,
rail-road ticket carpenters\busi railroad en-
agents, sales watchmakers)ness gineers and
people in dry conductors
s “monds 'stofe, etc. : ,
- Dime store clerxs, Carpenters, plumb~ 3arbers, Tenant
hardware szlesmen, ers, electricians, f{iremen, farmer
5 besuty operators, (apprentice) butchers
telephone operators timekeepers, .&pprentice, -
' lineman, tele- practical
phone or telegraph,nurse, police-
radio repairmen, nen,sesm~
medium-skill stress,conks,
worXers bartenders
Houjders, Baggage men, Small
seniskilled nigat police-~ tenant
6 workers, men and - faruers
assistents to: watehmen, taxi
- cayptenters,ete. and tiick
drivers,gas
station
attendants,
wailtresses
Heavy laboy, Janitors, Migrant
7 migrant work, scrubwouen, farm”
' odd-job men, newsboys

laborers




. APPENDIX 3--PARTICIPATING SCHOOLS AN TEACHEAS

* Schools

Teachers

Ad=ms Hign School
' Rochester, Michlgan

Adrian High School
Adrisn, pichlgan

Fermville High School
Fennville, lMichigan

Gonzales United High School
Gonzales, California

‘New Trier West High School
Northfield, Illinois

Niles West High School
- Skokie, Illinois

Notre Dame High School
- “Harper Woods, Michigan

Wauwatosa East High Schonl
Wauwatosa, Wisconsin

Wauwatosa West High School
Wauwatosa, Wisconsin

John Guerrieri
Joyce Krull

Sam Ewing

S. D. Hoffman |

Pamela Bailey

Joanne Oravec
Herbert Wolf

Donald Field
Robert Murphy

James A, Berch
Maxrk Recor

Thomas H. Duffy

‘Tom Fitzpatrick
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STUDY OF 1ll1th GRADE MATHEMATICS

SECOND REPORT

There are three parts to this report. The first pdrt

involves only students who used.Intermediate Mathematics

and deals with their ability to understand éoncepts unigue

to this approach, as based upon performance on a special

exam given to these students. The second and third parts
compare experimental and control students on-ﬁhe ETS Algé—
bra II exams. In the second part, we ask the question:

Which poéulations performed relatively more strongly on
which items, aécounting for differences in the populations

in June? 1In the third part, we ask: Which populations per-
_forqed better on the entire tests, accounting for differences

in the populations in September?



Concepts Unique to Intermediate Mathematics

Following this report, a copy of the Intermediate Mathe-
matics Final Exam is given. This exam was designed to test
conéepts found in IM which are not in most standard 1llth grade

texts. The items were chosen to reflect the general and

~specific areas as described in Table 1 on the next page, where

an item analysis is given.

Two features are immediately evi@epp from the tablef
First, the exam was hard, a mean score being only half cor-
rect. Second, the "A" group performédvmuch béé;é; than the
"e" group fhere "er dées not mean "control") - this is due
ﬁdfe'to'thébﬁﬁtﬁre'SE”Eﬁé classes .than treatment, in my o-
pinion. Last September, a couple of "A" classes were shifted
from average to above-average students too late for me to
make any compensation. The QA" group had studied GATA, the
"C" grouwp had not.

An average A student énswered 53.7% of the questions,
an averége C student 41.0%. Oné'way to equate the‘groups
is thus to add about 13% to the scores of C students. Hav-
}pg addqu;h;§ percentage (modified C<ip:thé tablé), we sub-
éfacf modified C from A and mﬁltiply by 100 to gétvaﬁ ad-
justed difference in percentages. —z

.....

These adjusted differences indicate that study of the

geometry seems to make no relative difference in learning

b T e -



Table 1: IM Final Exam Item Analysis
Percentages Correct

No. . Content Total A C Adj. - C A-Adi. C

Transformation ideas in GATA: ,
1 Congruence 79 87 65 78 7 9
6 Preservation properties 91 93 86 99 C -6
11 Size transformations 89 ~ 93 82 95 -2
19 Parallelism 55 57 51 64 -7
25 .Composition 60 65 49 62 3
Groups
2 Definition ‘ 62 65 57 70 -5
7 Identification 38 45 25 38 7
12 Negative identification 32 32 32 . 45 -13
20 Isomorphic groups 44 52 29 42 10
26 Isomorphism comp. nos. 28 32 22 35 -3
Matrices ‘ : | '
3 Finding images 67 74 54 67 7
8 Non-matrix for transf. : 35 40 25 38 2
13 Matrix for transformation 65 = 72 52 65 4 7
21 Transf. composition 50 55 . 42 55 Q
27 Scédle transformation 51 58 39 52 6
Transf. in algebra _

4 Similarity in conics 27 36 11 24 . 12
9 Scale transf. of graphs 25 26 25 38 -12
14 Symmetry in conics 52 60 35 48 12
22 - Translation of graphs 57 59 54 67 -8
30 Scale transformation 26 31 15 28 3

Special developments .

5 ' Periodicity 34 40 23 36 4
. 10 Slope ' 50 48 52 65 -17
18 Cosine and sine ' 34 38 28 41 -3
23 Relations and functions 31 32 28 41 -9
28 Complex numbers 26 32 14 27 5
‘Miscellanecus . -

15 Corresponding properties - 30 28 34 47 -19
l6 Estimation and abs. value 60 @ 64 52 65 -1
17 . Intervals and approximation 60 66 49 62 4
24 Logarithms ' 58 .- 66 43 55 11
29 Complex number mult. = 63 67 55 68 Sl

Number of students 186 121 65
Mean ' - - 14.8 16.1 12.3
Standard deviation 4.85 4.7z 4.00-

Reliability .76 .75 .64
Mean % correct - .49 .54 .41
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of the geometric ideas found in IM but does make a difference
in the learning of matrices. This may be beca;se transforma—_
tions are learned before matrices. Since the learning of
matrices comes quickly after transformations, it is hest
-tb have assimilated the transformations.’

Special developments using transformatiOnslwere relative-
1y better learned by those not having the geometry, dué to
performance on Question 10.

Although thefe are differences in individual problems,
the learning of groups, transformations in an aléebréiC"set—
ting, and various miscellaneous special developmenﬁsnare not
affected by having gfudied GATA.

' Questions 4, 14, 20, and 24 relatively favor those who
studied GATA. The first two are vety geometric in character.
: The latter two deal with isomorphic grouvps and it is possiﬁle
that this is due to classes in population C not having enough
time to study isomorphism in as much detail as population A.

Questions 9,10, 12, and 15 most,relati&ely favor those
who did nqt_study GATA. Except for 12, the questions ére
the most identified with manipulative skills. They suggest
possibly that schooié which did not use the geometry spent
more -time on manipulative skills in the algebra, consistent
with the standard courses in.both cases.

~*'  But one must caution any’ overall interprétation’ OF these

Scores. The use of relative performance forces nearly equal

- numbers of questions to favor one group or the cther. It
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can determine no overall trends.

It isrmost difficult to judge overall perforhance on
indiyidual questions; 30% corréct on a difficult question
may be better than 70% on an easy question. These questions
have never been standardized so there is no relative stan-~
dard of performance. With these factors in mind, let us look

at each of the six categories.

_Transformation ideas also in GATA: Question 25, on composi-
tion, is t}icky. -iny the resﬁlts of Question 19 are disap-
ppipfing. Combined with Question 14 in a different category.
ﬁhey seem to indicate that visualization of tranéformations
is not very godd at this level. The bther questions about
transforﬁations show a level of competence equal to any in.
any of the traditional questions on the ETSJtestsf (Average
dOmpetence on traditional skills on the ETS tests for these
students was 65%.)

:Grougs: Two experimental'classes skippéd (did not study)
thé maﬁérial on groups. . This'affects‘the scofes. Question
‘7 may have had higher scores if choiceé A and‘C had been
switched: more students thought choice A than choice C.
This is pretty tricky and in conjunction_with 2 we might say
dthat studegts knew prepty.&ell what thg definition of gfdup
is. Questions 12 andﬂzpwiddigafé:ppgt;;heuideaTof correspond- -

ing groups of powers and multiples leading to logarithms\was
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either not discussed or not understood. Question 26 is poor-
ly worded- so that choice F is not totally incorrect. 62%
answered either F or G. ;

Matrices: 3 and 8 are disappointing; 8 does notﬂséem

to be difficult, and one would wanta higher percentage on

the easy Question 3.

Transformations in algebra: ‘The most disappointing
question of the entire test is 4, dealing with the similarity
of all parabolas. I am at a loss to expiain this result as
there is a seétion devoted to the idea in IM. Question 9
is tricky; the easier question 22 shows that the idea was
'réaSOnably well qnde;stood. Questions 14 and 30 show that
IM classes did not do well on those questions.related-td
transformations and conic sectiohs, ‘Perhaps some material

was skipped: later we note that‘thé~ETS exam only covers

parabolas and circles and IM classes performed strongly.

Special developments: Question 5 was not studied by
ﬁany classes, as it comes late in the book. Qpestion 18 is
difficult, being iike a C exercise in the text. Question
23 is quite easy and'shqws that,fhe writing is misleading;
‘students believe transformations are more general than fela—
tions. OQuestion 38 is also not difficult, but one would not

know this from the performance.

Miscellaneous: Results are pleaéing‘with the exception

)

of the difficult Question 15; .16, 17, 24, and 29 are not



~easy quéstions.

In summary, these items seem to indicate that more wdrk
is needed with corresponding propertiés and revision is needed
with functiOns and perhaps with some conics. They also seém

to indicate that GATA is not necessary for IM except as it
might give more time to discuss later topics in IM and Qould.

help skills with matrices.




ETS Final Exam Item Analysis

The reason for having half the students in each class
take_forﬁ A in June (form B in September) and the other half
téke the forms in reverse was to have twice as many questions
to analyze, 80 instead of 40. .

Here are the total score results on the two exams.

June scores were analyzed for all students who had taken the

correct September exam.

BA Exp. BA Cont. AB Exp. AB Cont.

PopulatioﬁJTZumber) 88 94 94 - - 95
Mean score | 26.9 23.3 | 25.2 '22.8
Standard deviation ' 7.74 5.75 7.18 6.80
Reliability of test 0.91 0.78 0.88 0.86
Average‘% correct Exp (65.0) Cont(57.5)

t

Table 2 (next page) gives percentages correct for each
of the 80 items on these exams. Scores of the lower control
population are adjusted up 7% so that one can compare rela-

tive performance. This adjuétment does not say anything about

which group is better - this is done in the next section by

adjusting for scores in September. This adjustment only'

. enables one to see which items were strong or weak for the

particular populations.k
. The table speaks for itself and there is no need to look
at eachuquestion. Positive differences indicate controi rela-

tive strength; negative differences indicate experimental
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Table 2: ETS EXAM ITEM ANALYSIS

Percentage Correct

Cont AQ4j
Item No. Content Area Cont., Cont-Adj. Exp. -ExXp.
o Radicals '
Al Cube root 95 102 96 6
Bl " " 88 95 82 13
A6 Addition of square roots 76 - 83 75 8
B7 " " " . 62 69 63 6 -
A26 Equations 50 57 .67 -10
B36 : " 59 66 62 4
Exponents _ :
A2 * Fundamental property 92 -~ 99 92 7
B2 " " 93 100 87 .13
A8 Zero exponent . 87 94 89 5
- B1O o " : N 86 93 88 5
All Negative exponent 71 78 85 -7
B13 oo " 60 67 78 -11
A34 Fractional exponent . 23 30 18 12
B37 " " 45 52 43 11
A2l Equation . 83 LU 85 -5
B% " - 98 135 97 8
Quadratic Sentences
A4 Solving : 71 78 76 2
B6 . " | 77 84 81 3
A27 Find eguation given roots 48 .56 53 3
.B21 " " " " 60 ’ 67 58 9
A3l Condition for equal roots 55 - 62 57 5
B27 " " " " 60 67 57 10
A36 Nature of roots 63 . 70 59 11
B20 " " " , ' 60 67 - 66 1
A20 System with inequality 69 76 84 -8
B25 Inequality 50 57 © 51 6
Polynomial Operations .
A5 Linear o 76 83. 84 - -1
B4 " | 86 93 86 7
A9 Applying distributivity v 61 68 - 77 -9
B9 " o : 73 80 73 7
-A22 Multiplication ‘ - 47 54 - 70 -16
B26 - " 44 .51 57 -6
. Systems , ‘ '
a7 . Simple 2 by 2 - - 72 79 77 2
3

Bll [TH “n " on . § 69 76 , 73
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Percentage Correct

: ' . Cont Adj
Item No. . Content Area Cont. Cont-Adj. EXxp. -Exp.
Systems (cont.) .
al3 2 by 2 involving variable 55 62 72 -10
B8 howooo S " 32 39 57 ~-18
A25 Linear-quadratic 46 53 54 -1
B3l . " ' 28 36 38 -2
Word Problems ; ,
A30 Numerical 68 75 79 ~4
B18 : " 78 . 85 90 ]
Al0 Coin 68 75 8l. -6
B12 " 75 82 87 -5
) Lines N
Al2 Slope . - 65 72 66 6
B16 " o ' 70 77 70 7
Al7 Equation from graph _ 42 49 49 0]
B34 " " " 33 40 40 0
A28 . No. of solutions from graph - 8l 88 78 10
Blg n n n - " " 74 81 78 . 3
Progressions (Sequences) :
Al4 Recognition of geometric 39 46 56 -10
B23 Recognition of arithmetic 46 53 48 5
A24 nth term _ 38 45 76 -31
Bl14 " " . 62 69 72 -3
Factoring .
aAlS Fraction simplification 18 25 36 -11
B15 " " ST 40 47 40 7
Al8 Difference of two sqguares . 50 57 76 ~19
B24 " " " " 21 28 21 7
240 Coefficient from factor 49 56 56 0
B33 " " o _ .50 57 © 56 1l
Logs . .
Al6 Traditional definition : 61 68 51 . 17
B38 " oo 28 35 40 =5
A39 Multiplication property 32 -39 52 ~13
B32 Division property ‘ . 24 31 34 -3
Conic Sections . -
Al9  Circles : 49 56 54 2
B29 " ' 52 59 90 -31
- A23 Parabola equation from graph 52 59 51 8

B28 " " i " 12 . 19 33 ~-14
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Percentage Correct

: , cont Adj
Item No. Content Area Cont. cont-Adj. Exp. -ExXp.
: Complex Numbers oo ‘ '
A29 Multiplication 39 - 46 73 -27
B30 " 37 44 64 =20
A32 Powers of i : 31 38 40 . =2
B22 1l o 1] 25 32 23 9
A38 Condition for imaginary nos. 16 23 38 ° =15
B40 , . " " "o ] 50 57 ' 55 2
A35 . f£( ) notation " 70 77 73 4
"Bl7 " " 86 93 73 20
A37 Absolute value - 2 dim. : 58 65 52 13
‘B39 " " -~ 1 dim. 65 72 - 6l 11
A33 Linear inequalities - 2 dim. 66 73 75 -2
B35 " " = 1 dim. 42 49 50 -1

B A3 Fractional equation 86 93 91 2

B3 " " | 80 87 g6 1
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strength. The reader shéﬁld be careful not to consider any
one question too seriously. With so many itehs, some variance
must be expected. For example, Item 9 on Form A {(polynomial
operations) :avors control, while the almost identical item
9 on Form B favors experimental.

Here we list average adjusted differences by content

~area:

Table 3: ETS EXAM DIFFERENCES BY CONTENT AREA
Area No. of guestions Ave. Diff. (Adj Cont - Exp)

Radicals 6 4
Exponents 10 . 5 :
Quad. sentences v 10 ' 4 o
Poly. ops. s 6 ’ -3
Systems 6 -4
Word problems 4 -5
Lines 6 4 -
Progressions - 4 =10
Factoring ' 6 -3
Logs 4 -1
Conic sections 4 -9
Complex nos. -6 -9
£f( ) notation 2 12
Abs. value 2 12.
Lin. ineq. 2 -2
Fract. eqgns. 2 2

One can only make significant conclusions ébout differences
when they do not follow content patterns in differeﬁt texts.
Conic sections, fuﬁction_notation. and absolute value seem
most surprising. I would no£ have surmised any differences
in these. The oéher aifferences seem explainable either by

random fluctuations or by the fact that some of the content
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comes léte in either IM or the control texts and so is like-
ly to be skipped.

The reader may wonder what implications there are for
IM, given tﬁese general and specific data. Revisions will
rewrite some of the material on functions. It was already
planned to simplify some of the sbsolute value material bﬁt
relegate other ideas to a later chapter. The extra work with
corresponding properties mentioned in the first part of this
report may include earlier work with fractional'exponents.
The other large differenees in exponents (except fqr negative
exponents) are misleading; the percentages of correct answers
for IM studentsare very high and could not be improved much.

In general, the ETS exams stress skills. Whether IM
generally helps or hampers.skills cannot be judged from the
type of ahalysis given above. A more global analysis, taking
into account knowledge known at'the beginning of the year,

is needed.
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ETS September-June Comparison

In pre-test post-test studies such as thié one, a common
way of analyzing data is to use analysis of covariance. One of
the assumptions made in such analyses is that the scores on
tests are normally distributed (i.e., distributed like the famil-
iar bell-shape curve). Table 4 shows the frequency distribu-
tions for the two ETS June tests for Experimental and Control

populations.

Table 4: FREQUENCIES OF SCORES ON ETS JUNE TESTS
qum A Form B
Ccont. ‘ Ex.. Score cont. Exp.

2 1 ' 7 2
8
9
10
2 .11
B 12
2 13
14
15
16
17
18
19
20
21
22
- 23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

38 -
39
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The table shows a curious result: withlthefexception of
the Form A Contrcl distribution, the frequencies ére distributed
bimodally - they peak twice. Form A Experimental peaks around
21 and then around 35; Form B Control peaks around 19 and
26; Form B Experiménfal peaks around 22 and 31. Thus one
cannot assume normal Qistributions for this '‘population. But
one can assume that if the test had been given to a larger
nuﬁber of students, the distribution would have been normal.

All this'makes any conclusions from covariance to be.
- fraught with poséible error, but it does not make covariance
:éhalyses impossible. Herelthey are with some kéy-statistics
given.' The idea is to calculate an adjusted‘June mean for
each group'on eaéhvtest whiéh depends upon the scores of the
students on the test;they took in September.

" Table 5: MEANS AND ADJUSTED MEANS FOR ETS JUNE TESTS,
BASED UPON ETS SEPTEMBER TESTS

Sept. mean June mean June adijusted ﬁean
Sept. A, June B: Exp: - 16.37 25.17 ~24.05
Cont: 13.57 22.75 23.85
Sept. B, June A: . EXp: - 16.21 26.87 ' 25.26

e iee e - LI . Cont: -f. 12f365_;’ - 23.26 S 24.77

The difference in adjusted means is not significant

(either educationally or statistically), suggeéting that the -

reason experimental students outscored control students in June
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was entifely due to the fact that they knew more in Septgmber.'
This would seem to indicate little difference on standard
content performance between IM and control students.

Some may wonder why students in a nonstandard book would
score as well on standard content. There seem to be the foi—
lowing contributing factors: (1) The 1llth grade course dif-
fers quite a bit in different schools, so there really is not
a sténdard»course even when students study from the same text.
If this is so, IM’may not real;y be so nonstandard. (2) Teachers
in a new book.may feel guilty about not teaching ﬁraditional
material and so may aétually emphasize'traditional stuff more
ﬁhan they normally would; (There is evidence that at least
6dé_§gperimental ﬁeééhér omitted all nonsfandard'content af-
ter around December of the school year.)

The following are probably not factors. Teachers in

~experimental materials try harder. There is no evidence to

support this. Indeed, all teachers in a study usually try

a little harder. Hawthorne effects? The newness of materials

‘often makes things more difficult for a teacher, counterbal-

ancing any Hawthorne effect. Hawthorne effects on stqdénts
do not last for an. entire year, as anyone knows.who has tried
something new but lousy.

Experimental studénts were brighter and perhaps coyari—

ance is not telling the whole picture. The difference in’

"June and September means (amount of 1earning?).is higher
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for control than for experimental students on each test.
In final summary, this analysis agrees Qith many other
analyses done with the tenth grade GATA - i.e., standard con-
tent performance does not seem to be much affected by the use

of simple nonstandard approaches to it.

s




STUDY OF llth GRADE MATHEMATICS

Third.Report

This third and last report has three parts. First is
a summary of teacher opinions, second is a summary of planned
changes in the text in light of all the data collected, and

third is a tentative revised section sequence.
Summary of Teacher Opinions

In the first report of this.studj, Jeanﬁe HaYman sum-
- marized the opinions of teachers in the formal study. Here
we sumﬁarize the épihiqhs of all teachers who took the time
to fill out and return the long opinionnaire. ' Nine teachers
. ety
did so, so we have two more opinions here than in the first
report. This report aiso attempts to be a little more explicit_

and is able to give connections with possible changes in the

materials.

-7
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Opinions were asked about the ease, niceness, difficulty,
and unclarity of some sections or chapters, and whether some
were skipped that teachers would have liked to cover. Here

these opinions are summarized by section. Where opinions seem

to cover an entire chapter, these are also noted. Parentheses -

indicate numbers when more than one person felt a particular
‘way. When there are no parentheses, the opinion is that of

one teacher.

CHAPTER 1: (Addition and Multiplication of Reals) Easy

2: (Further Properties of Real Nos.) Easy

2.5 easy
2.7 unclear (3), hard (2), delete
2.9 hard
2.10 unclear
3: (Transformations) Nice, hard, easy (6)
3.8 hard '

3.9 nice

4: (Matrices) Nice (3), easy (8)
o . 4.5 nice
4.7 unclear

5: (Lines and Circles)
5.4 _unclear, nice
5.6 unclear

6: (Systems and Applications) Delete; hard, systems easy
6.1 hard , .
6.4 hard (2), skipped
6.5 hard (3), skipped
6.6 hard (4), skipped
6.7 . hard (4), -skipped
6.8 hard (2)

7: (Rotations, Sines, and Cosines) Nice (2}, hérd, easy
' 7.3 hard
7.4 nice (3)

PNy,
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7.5 nice (3), hard

7.6 nice (4), hard, easy

7.7 nice (2)

7.8 nice (2), unclear, delete

8: (Groups) Delete, nice (2), hard (2)
8.2 delete

8.3 delete
8.4 nice
8.5 delete
8.6 nice
8.7 hard
8.8 delete (2), nice, unclear

8.9 delete (2), hard, unclear

8.10 delete (2), nice, hard, unclear (2)

9: (Complex Numbers) Unclear, nice (2), easy (5)
9.6 nice
9.7 nice

10: (Quadratic Sentences) Nice
10.2 hard (2)
10.4 rice
10.6 unclear, hard
10.7 unclear (2)

11: (Quadratic Relations) Nice (2), hard, skipped parts (2)
‘ 11.4 unclear (2) o o
11.5 delete, nice
11.6 delete (2)
- 11.7 delete (2), nice
11.8 -delete :

12: (Functions) Easy (2), hard
12.3 nunclear
12:4 nice
12.5 unclear
12.6 hard
12.8 nice, delete
12.8 delete

Sy

13: (Exponents and Logs) Nice, easy
13.6 hard, nice '
13.7 nice (2), hard _
13.8 unclear, hard (2), nice
13.9 hard (2), nice
13.10 nice (2), hard

: 14: (Trigonometry and Circular Functions) Nice, hard (2),
o ~ easy, skipped




14.3 nice

15: (Advanced Manipulative Techniques) Nice, skipped (2),

hard
15.2 hard
15.4 unclear
15.5 hard

15.6 hard (2)

16: (Sums, Sequences, and Statistics) Hard, skipped
16.5 nice 3
16.7 nice
16.8 nice, skipped
16.9 hard
16.10 hard
16.11 hard

17: (Summary) Nice

It is obvious that teachefs were not of one mind when
it came to these.judgments. It is nice that most sections
‘are #épFédented in' §dhe way. This makes it easy to consider
revisions. All those where:ﬁore than one person found it

- hard will certainly ke rewritten.

Only 5 people retﬁrned the ;éxtbook use forﬁ."This
is too bad, for as one can see in the following table5'there
was incredible variance as to the use of the text. fGATA.

means that the.students had studied that geometry.)




NO. OF DAYS SPENT ON EACH CHAPTER (INCLUDING EXAMS).

Teacher 1 2 3 4 5

GATA GATA ' GATA
1 10 13 9 10 4
2 14 | 17 10 10 6
3 15 30 10 7 4
4 17 13 15 7 5
5 12 16 . 10 : 10 9
6 12 19 20 12 8
7 10 - - 19 10 - 10
8 11 | 10 : 12 11
9 9 18 11 15 10

10 9 , * 15 15 11
11 12 * 8 15 13
12 11 5 15 10
13 14 8 15 14

14 20 5 5 104
15 14 5 ' 8
16 | - | 5 5 11

17 . | 5 5

*supplemented with material like that found in these chapters.
#supplemented with more trigonometry.

It is recognized that in later chapters, the small numbers. -
of days usually represent skimming or choosing selected topics.
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What does this data show? Only that there are teachers
or classes which can covér the book and they d§ this by going
through the first part quickly. Theré are other classes or
teachers who have great difficulty covering even half the
book. Four out of the five could get through Chapter 13, and
this is what I would call the general minimum for a course
of this type.-

Before teaching.fhis book, five teachers were only slightly
dissatisfied with.contemporary texts, 2 were satisfied, and
1 was greatly dissatisfied. -The course cﬁanged the attitudes
of 3 of 7 who taught the course. People supplementea witﬂ

B ammrdméroblems, trig, logg,.ahd conics.

All teachers used the notes to the teacher, chapter tests,
and answers to exerciseé, in vafying amqunts.x Fivé‘teaéheré
wanted students to have answers to odd ekercises, two wanted
them to héve all answers, and 1 for easy exercises. The sum-
-mary chapter 17 was liked and thought helpfui and effective
by those who used it. One person thoﬁght it was difficult
tb understand.

Specific questions were asked about a variety of topics
and developments. With respect:to groups,‘only 3 of 8 delayed
“the definition until Chaptér 8¥n fhe others had given if |
" earlier. Two of the 3 liked the delay, "the other did not.

(I see no reason to change even with tﬁis daté.)» ihe‘delaying_

of functions did not bother any of the teachers, all of whom
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delayed. (It is curious that this was delayed.Whereas groups
were not.) |

The usefulness of the grbups chapter as a unifier was
consurred by 5 teachers, but 1 teacher felt that the material
forgotten made the chapter hard, and 2 teachers wondered if
the unification was appreciated as much by the students as by
the teachers. (A subtle and probably accurate point; but
I'd rather have more than meets the eye than less.)

Delaying factoring until after the quadratic formula
bothered only.one teacher. Three teachers thought they'd
have trouble withtthe material, but none said they did. Only
one teacher mentipped.a partisular topié (statistics) that
was hard to understand.

Everyone felt that the number of applications was "just

.about right," neither too little nor too much. Four of 8

"teachers wanted the application sections 10.6 and 13.2 -inte-

gréted into the text. I disagree with this on the grounds
that ~~the applications are integrated throughout the rest
of the book and it is a needed change. There is also tﬁe
pedagogical double-bonus in that ssme teachers will nst skip
thé section because theydon't skip~anything, whils at the same
time it’ points out that teaching some appiications is as im-
portant as teaching mathematics.

'All but one teacher felt there were not too many problems

in Sections 6.5 — 6.8. All but two teachers felt that there
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were enough problems in Chapters 1, 2, and 5. 1In certain cases
problemswill be added or deleted in these chapters, but there
will be no Arastic changes in numbers of problems.

Specific feelings about difficulty and opinions about
niceness of develOpmeht compared with others known to the

teacher were sought for the following topics:
slopes,of perpendicular lines - easy.(4), average (2), hard (1)
nicest (1), about as nice (6)

operations with complex numbers - easy (3), average (4)
o N nicest (6), about as nice (1),
.- - . e L e Lo - L A nOt as nice (l)

definition of sine and cosine - easy (3), average (4)
- R : nicest (4), about as nice (3)

formulas for cos(x+y) and sin (e+y) - easy (2), average (4),
: ' ' hard (1)
nicest (6), about as nice (1)

logérithms - easy (2), average (l), hard’(2)
nicest (3), about as nice (3)

laws of exponents and corresponding properties - average (6),
hard (1) ,
~nicest (2), about as nice (3),
not as nice'(2)

graphing of conics - easy (1), averége (2), hard (2)
nicest (3), about as nice (1), not as nice (1)

functions -~ easy (3), average (4)
nicest (3), about as nice (4)

- The  above are rather positive responses. As indicated
elsewhere, the material on corresponding properties will be

" modified to make it more clear (and hopefully bring out the

ni€eness < of the ideal). = -7 TENE
*7-" Peachers were asked whether they agree or disagree with
certain possible changes in the text. Responses.to,all'wefé

R _ : .
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5 mixed, and almost all in equal amounts! Here is what is-now
planned knumber of teachers agreeing or disagreeing with the

change) .
Sections 6.5 to 6.7 will be moved back (4 agree, 3_disagree).

Development of complex numbers will be kept as it is (5
agree, 3 disagree).

y - - Difficult material from 6.1 will be deleted (3 agree, 3
2 o - disagree).

Section 2.9 will be about where it is (5 agree, 3 disagree).

-_ Work with/corresponding properties will be increased (6
agree, 2 disagree).

The most general questions on the form concerned overall

'difficulty,“readahility, and recommendatlon. ATeachers were
solit as to whether the book was written for the’above—average
or average 11th grade college—bound math student (4 for above-
aQerage, 5 for average). Yet 5 of 8 thought the ‘book was
easier to read and understand than other math boohs they had
taught from (2 thought about the same, 1 thought more diffi-
.cult).: This either means that standard books are very difficult'v.
to read or that the-c0ntent makes teachers feel the book is:
for.above—average students. Finally, S teachers-felt they

: ' _ would strongly recommend the text to other llth grade math

teachers ( he questlon was not worded well enough .to tell if

3 o this meant they would recommend it for students, but 1t seems

| ; . from other responses that thlS generallzatlon can be made), 2

P ae —_,,:_....a. . - — -

. —— e et -

would recommend l was 1nd1fferent and l would not recommend.
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Summary of Planned Changes in the Text

and the Reasons for Them

There were seven goals in the writing of Intermediate

Mathematics, that the materials should (1) cover the standard
content, (2) be at the level of the average llth grade college-
bound méthematics student (i.e., be no more difficult than other
téxts at this level), (3) give a reasonable picture of mathe-
maﬁics with- particular attentiénrto some fuﬁdamental.concepts
of algebra and linear algebra, (45 give a picture of the
multitude and variety and nature of'appliCafions of mathe-
matics, (5) make use of previous learnings’inigeometry to
a greater extent than is now done, (6) make the 1llth grade
course more continuous and unified instead of flitting from
topic to topig, and (7) bé iﬁplem;ntable.without teacher re-
tr;ining.

Quite ambitious! We now examiné each goal and see to

what extent (if any) it has been reached.

l. Coverage of standard content. On the ETS tests,
comparative weakﬁesses of’iM studenﬁs were found on fractional
exponents, f( ) notation, and graphing of absolute value sén—
tences in one and two dimensions. The material on fractiénal
exponents- will be presented éérlier in the text, s§ that more
students:§ill have én opportunity to study.it. (See (3) below.i"

More questions on £( '} notation will be given. An attempt
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will be'ﬁade to simplify the copy on absolute value now in
sections 2.9, 6.1, and 12.7, but no additional work is planned.

The ETS tests in general seem to indicate that standard
content was learned as well by IM students as by the controls.
The above weaknesses are minor and so it seems that this goal
has been reasonably reached.

2. Difficulty level. Teachers judged the book as for

average or as for above average students in about equal num-
bers, yet most felt the bodk was easier than other texts at
this level. It is difficult from these reactions to deter-
‘mine whether the book has mgt this goél. Right now I would
say -that it seems that the béok is about even with others in
difficulty and perhaps easier in readability - this paradox

is probably caused by a feeling that the content is more strange
to these students (and teachers?) or (wrongly, in my opinion)
that the work with groups and matrices and transformations
may be more appropriate for better stﬁdents. What mathematics
is about we should not keep from'avérage students. There
will be no compromise with the attempt to make this book for--
.average students, for it is those students wﬁo need an im-

ﬁ&OVed mathematics course more than any others.

3. Picture of mathematics. There are several important
‘concepts in mathematics which are missing from this book:
Vector, limit, continuity, neighborhond, etc. Tt is impos-

sible to do all of this in a single year. But in line with




the other goals of the book, I have tried to make the book
éive'as accurate a picture of mathematics as it can, including
major ideas from algebra (group, isOmofphism) and linear
algebra (transformation, matrix) not normally applied at this
level. The attitude questions show that IM students better‘>
realize that mathematics has not been the same since ancient
times and is still growing. I can oaly hope that this goal
has been reached; at leasf the data does not contradict that
hope.‘ >
Of all the newer concepts, the idea of cofresponding pro-
perties énd isomorphism is the one that seems to need most
rmimprOQements. ’Thi5mwill be introduced earlier in thé book
“and used tomdeﬁelbp“ff&ctional"and.reai exponents. There will
be én attempt to make the material on groups a littie easier.
Matricéé and transformations seem to belat the‘propg; dif-
£ficulty level as almost al; £eachers judged-thése chapters

to be among the easiest in the book.

4. Picture of applications, From my questions asked
:ﬂwinformally to classes, in spite of the pe;fbrmancé“on both
the opinionnaire and on the.ETS"exams,li feel E?gt studehts'
still identify apélicationé with>word problems aﬁd'éet péyéhed’
-out before they stért. ‘That is, ﬁhe data.seéms to support.
the fact that the_studenfs*do have a pretty good pictﬁre of

the enormity of ‘applications, but.my emotions tell me that
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there still is almost no comfort with these.
What will be done? Since the traditional word problems

have few real applications, these will be moved back in the -

book and treated as what they are - puzzle problems. The

'simpler necessary translations (e.g., hovmuch do m items

at 30¢ cost?) Wil be moved even earlier in a chaptef devoted
ﬁo modeiing. Distance formulas will be treated as atﬁempts
tovmodél sé that emphasis will be gi&en to the modeling idea.
Things like reflections as modeling mirror images, rotations_v
as modeling physical ;urns, and symmetry as modeling balance
will be mentioned.. All this can be done by‘rephrasing things
and not~adding content so will—not add to the length of the

book.

5. Use of geOmetry; it is hoped thét teachers were
aWare that, withvthe exception.of Chapters 1 (rea; numbers) ,
13 (exponents and légs),,lS (advanced maﬁipulation), and 16
(sums, seéuences; statistics), the material is'approaéhed;
i?'a_very geometric manner. The use bf transformations en-
ables this course to be tiéd in wiﬁﬁ geometry to an extent
virtually impossible by any other known approach. Again I
can only hope that the student seés that gebmetry need not be

distinct from algebra. No changes are anticipated.

6. cContinuity. The book was designed so that, begin-

ning with Chapter 3, each chapter is heeded at least a little

for the next, until Chapters 14-16, which can almost be taken
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' ‘in any order. Some changes will be made and it is hoped that
.this continuity will not be 1essehed.

The movement of applications and modeling to Chapter
3 will connect with Chapter 2 because the. properties of real
numbers and distancg were chosen with applications ih mind.
Modeling will naturally iéad in to the geometry (modeling
the physical world) of Chépter 4. There still Will be a
discontinqousléadfinvﬁo the material on sines and cosines
(Chaptér 7 isvonly slightly needed) but this cannot be avoided.:
Extending the materiél on isomorphism now makes nth régﬁé
a mathematicél motivatioﬁ for complex numbers in addition to
the existing geometric motivation. Othér.chapteré.are left
nearly the same, except that the always discontinuous ad-
vanced manipulative techniques will be iengthened.

Itﬁis hoped that fhe chaﬁges might increase ﬁhé.continqipy
and integrative nature of'thé bqok and continue the natural

"spiralling" which is always one of the features of a unified

appfoach.

7. Implementation. Having come through 6 goals in

vreasonably good shape, I am-worried é@put this'qne. The préblemv‘-
here is not that teaChe:s félt'inadéquéteVT uﬁanimously, teachers
?elt that they had no problem_with the material. But those

who did not have solid mathematicé baékgrouﬁd ﬁisjudged dif- "~

ficulty -and skipped many of the sections which are keys to

o ' really understanding what is and has been goihg on. For exam-
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ple, it was common in my visits to schools to note,thatzsec-
tion 11.5 on scale transformations was being skipped. Hére
is the extension of the‘graph translétion ﬁheorem and an ex-.
tension which.can ease so much of what follows. -

Skipping the material on groups (as two teachers did)
nullifies the developments df complex numbers’and logéritﬁms,
each of which is designed to giVe students more of a feeliné
for what is going 6n. And if these things are skipped, it
is.natural’to‘ask: For what reasons did we study all that
stuff on transformations and matrices at the.heginning of
the book?

it seems to me that the problem is not so much getting“
‘people to teach IM/%% getting teachers to realize the éower
of some of the ideas therein so that if they ever teach this
content (from wﬁ?tever source),-they will realize what is
useful and not paés it over. Six years ago, few mathematics

teachers knew anything at all about transformations and certainly
little about their power in geOmef#y. In'sqme_areas bf the
country, this situation‘has}been furned éround. But teachers
séém to fear groups a little more.than transférmations,’and
I don't know if this‘fear caﬁ easily be overcoﬁe. ‘The 8th

(and most subtle) goal of IM is to turn this fear around.
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CHAPTER 5:

INTERMEDIATE MATHEMATICS

Tentative Revised Section Sequence

"ADDITION AND MULTIPLICATION OF REAL INUMBERS

Sentences and Solutions
Equations Involving Only Addition .
Equations Involving Only Multlpllcatlon

.The Group Prcperties

Repeated Addition and the Dlstrlbut1Ve Property
Repeated Multiplication and the Power Property
Halves and Square Roots
What Is a Real Number?

FURTHER PROPERTIES OF REAL NUMBERS

Order and Inequality

Linear Sentences

Solving Linear Sentences

Sentence~Solving Involving Two or More Varlables
The FOIL Theorem

Real Number Lines and One~to-one Correspondence
The Nested Interval Property v -

APPLICATIONS AND MODELING

o
The Variety of Appllcatlons of Mathematlcs 6
Modeling® -6
Modeling Distance On a Line : 2
Modeling "Nearness" 2
Modeling Distance In a Plane -2 _
Translating Real Situations Into Mathematics " new

TRANS FORMATIONS

Reflections

Notation for Transformatlons
Translations

Rotations

Composites of Transformatlons
Composites: of Reflections:
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Congruence .

Size Transformatlons and Similarity

Symmetry

MATRICES

Introduction \ 4.1

Matrix Multiplication 4 4.2

Applications of Matrix Multlpllratlon to 4,3

Transformatlonb _

Matrices for Certain Reflectlons : 4.4

2 x 2 Matrices and Transformations 4.5

Matrices for Certain Rotations 4.6
4.7

Which Transformations Have 2 x 2 Matrices?



CHAPTER 6: LINES AND CIRCLES

6.1 - Vocabulary and Notation 5.1
6.2 Equations for Certain Lines 5.2
6.3 Equations for All Circles 5.3
6.4 Translation Images of Graphs 5.4
6.5 Equations for All Lines - 5.5
6.6 Equations for Lines Satisfying leen Conditions 5.6
6.7~ Midpoints 5.7
6.8 Inequalities Related to Lines and Circles 5.8
CHAPTER 7: SYSTEMS
7.1 Compound Sentences 641
7.2 Systems 6.2
7.3 Strategies for Solving Systems 6.3
7.4 Applications of Systems : v _ new
7.5

Systems Larger than 2 x 2

CHAPTER 8: ROTATIONS, SINES, AND COSINES

8.1 Rotations About the Origin 7.1
8.2 - Using Tables of Sines and Cosines 7.2
8,3 Obtaining Values of the Sine and C051ne' 7.3
8.4 The Rotation Matrix . : 7.4
8.5 Formulas for cos (x+y) and 51n(x+y) 7.5
8.6 Polar Coordinates 7.6
£ 8.7 Different Names for the Same P01nt 7.7
8.8 Spiral Similarities 7.8

CHAPTER 9: GROUPS

9.1 Groups Involving Real Numbers 8.1
9,2 Group Properties with Composition of 8.2
. . Transformations s
9.3 Groups Involving Transformations ‘8.3 h
9,4 The Spiral Similarity Group . 8.10
9.5 ° Inverses of 2 'x 2 Matrices 8.4 -
9.6 Groups InVOIV1ng Matrices 8.5
9.7 Solving Systems Using. Matrlces 8.6
CHAPTER 10.. GROUPS OF MULTIPLES AND POWERS oo
10.1 Isomorphic Groups 8.8
©10.2 Examples of Isomorphic. Groups 8.9
.10.3 Corresponding Properties of Integral Multlples 13.1
and Powers :
10.4  Growth Functions - A Need for More Exponents. . '13.2
10.5 Rational Multiples and Powers - ' 13.3
10.6 The Radical Notation for nth Roots : - 13.4

10.7 Real Multiples and Powers ’ | 13,5~




CHAPTER 1l:

11.1
11.2
11.3
11.4
11.5
11.6
11.7
11.8
11.9

CHAPTER 12:

12.1
12.2
12.3
12.4
12.5
12.6
12.7 .
12.8
12.9

CHAPTER 13:

13.1 .
13.2
1303
13.5
13.7
13.8
13.9
13.10

CHAPTER 14:

14.1
14.2
14.3
14.4
14.6
14.7
14.8
14.9

CHAPTER 15:

15.1
15,2
15.3
15.4
15.5
15.6 ’
15.7

THE COMPLEX NUMBERS

The Complex Number Plane

Addition of Complex Numbers

Multiplication oi' Complex Numbers

Relating Addition to Multiplication

Special Complex .Numbers

The a+bi Notation

Manipulations in a+bi Notation

Are There Positive or Negative Complex Numbers
Summarizing the Various Types of Numbers

QUADRATIC SENTENCES

A Mathematical Application of Complex Numbers
Manipulations Involving Square Roots
Equations Involving Radicals

Completing the Square

The Quadratic Formula

Checking Answers in Quadratic Sentences

A Typical Application of Quadratic Sentences
Equations for Some Parabolas
Quadratic Inequalities. ‘

QUADRATIC RELATIONS

Introduction

El;ipses and Hyperbolas
Equatlons for Some Ellipses
Equations for Some Hyperbolas
Scale Transformations

" More Equations for Hyperbolas

More Equations for Parabolas
Reflection Images of Graphs
Translation Images of Conics
Quadratic Systems

FUNCTIONS - A UNIFYIﬁG CONCEPTl,

Function - A Special Type of Relation
Function - A Special Type of Correspondence
Transformation - A Special Type of Functlon
Composites of Functions

Termlnology Associated with Functions

Functions of Variation

Functions with Several Defining Sentences
Functions with Disconnected Graphs
Approximating Functions by Linear Functions

~

LOGARITHMS - SN

“What are Logarithms?

Common Logarithms

What Number Has a Given Common Logar1thm°
Applications to Arithmetic

Further Applications of Logarithms  °
Logarithms to Bases. Other than 10
Logarlthmlc Scales
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10.1
10.2
10.3
10. 4

10,5~

10.5=~
10.6
10.7
10.8

"11.2

11.3
11.4
11.5

1l.6

11.7

11.9
11.10

12,1
12.2
12.3
12.4
12.5
12.6
12.7

" 12.8

12.9

13.6
13.7
13.8
13.9 -

13,10

13,11~

new



CHAPTER 16:

16.1
16.2
16.3
16.4
16.5
'16.6
16.7
16.8
16.9

CHAPTER 17:

17.1
17.2
17.3
17.5
17.6
17.7
17.8
17.9

CHAPTER 18:

18.1
18.2
'18.3
18.4
18.5
- 18.6
18.7
18.8
18.9
18.10
18,11

CHAPTER 19:

19.1
19.2
19.3
19.4
19.5

TRIGONOMETR? AND CIRCULAR FUNCTIONS

Radian Measure
The Sine and Cosine Functions
Symmetries of Sine Waves

"Trigonometry - The Law of Cos1nes

Trigonometry .- The 'Law of Sines

The Secant and Cosecant Functions

The Tangent and Cotangent Functions
Trigonometry - The Right Triangle
Applications of Right Triangle Trigonometry

ADVANCED MANIPULATIVE TECHNIQUES

Factoring Quadratic Expressions

Solving Polynomial Equations

Division of Polynomials

Fractional Expressions

Operations with Fractional Expressions
Sentences Involving Fractional Expressions
Puzzle Applications Involving: Rates

More Puzzle Applications

Mathematical Applications

SEQUENCES, SUMS, AND STATISTICS

Examples of Sequences

Linear (Arithmetic) Sequences
Exponential (Geometric) Sequences
Sums of Finite Segquences

- Notation for Sums

Sums of Infinite Seguences -

Simple Statistics

Pascal's Triangle

The Binomial Theorem ‘

Counting, Subsets, and Probability
Binomial and Normal Demnsity Functions

SUMMARY: THE MANY FACETS OF \MATHEMATICS

Mathematics as
Mathematics as
Mathematics as
Mathematics as

Language .
Language (cont')
Study of Relationships

a
a
a
a Study of Commonalities

'Mathematics as an Aid in Applications
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16.11
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